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ABSTRACT (074

Obijective: The purpose of this study is to investigate
possible effects of the slice thickness on volume
estimations with Cone Beam Compute Tomography
(CBCT).

Materials and Methods: Intraosseous  cavities
representing bone defects on femoral condyles of bovines
were scanned by CBCT. Consecutive slices at 0.1 mm,
0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 1 mm, 2 mm, 3 mm, 4
mm, and 5 mm thickness were used to estimate the
volumes of the cavities using Cavalieri principle of
stereological methods then compared with the volumes
obtained by Archimedean principle.

Results: The volumes estimated by Cavalieri principle in
0.1 mm, 0.2 mm and 0.3 mm thickness slices were
consistent with the volumes obtained by Archimedean
principle (p>0.05). For all the defects on the CBCT
images, the volumes of the defects which were calculated
with Cavalieri principle in 0.1 mm, 0.2 mm and 0.3 mm
slice thickness were found to be consistent with the actual
volumes, however, the volumes that were calculated in
0.4 mm, 0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm
slice thickness were found to differ from the actual
volumes.

Conclusion: When volume calculations were made by
Cavalieri principle, the thinnest slice section should be
chosen to make calculations consistent with actual
volumes.

Keywords: Radiography, Dental, Cone Beam Computed
Tomography, Quantitative  Evaluation,  Cavalieri
Principle

Amag: Bu calismanin amaci Konik Isinli Bilgisayarli
Tomografi (KIBT) ile hacim hesaplamalarinda kesit
kalinliginin olasi etkilerini arastirmaktir.

Materyal ve Metod: Sigir femur basinda kemik
defektlerini taklit eden intraosseoz Kkaviteler KIBT ile
tarand1. Kavitelerin stereolojik bir metod olan Cavalieri
prensibiyle hacim hesaplamalarinda 0,1 mm, 0,2 mm, 0,3
mm, 0,4 mm, 0,5 mm, 1 mm, 2 mm, 3mm,4 mmve 5
mm kalinliginda ardigik kesitler kullanildi. Hesaplanan
hacimler daha sonra Arsimet prensibiyle hesaplanan
hacimlerle kiyaslandi.

Bulgular: 0,1 mm, 0,2 mm ve 0,3 mm Kesit kalinliginda
Cavalieri prensibiyle hesaplanan hacimler Arsimet
Prensibiyle hesaplanan hacimlerle uyumluydu (p>0,05).
KIBT goriintiilerinde tiim defektler i¢in, 0,1 mm, 0,2 mm,
0,3 mm kesit kalmliginda hesaplanan hacimler gergek
hacimlerle uyumluyken, 0,4 mm, 0,5 mm, 1 mm, 2 mm, 3
mm, 4 mm ve 5 mm Kkesit kalinliginda hesaplanan
hacimler gerg¢ek hacimlerden farkli bulundu.

Sonug: Cavalieri prensibiyle hacim hesaplanalanacagi
zaman, ger¢cek hacimle uyumlu  hesaplamalar
yapilabilmesi i¢in en ince kesit kalinlig1 secilmelidir.

Anahtar Kelimeler: Radyografi, Dental, Konik Isinl
Bilgisayarli Tomografi, Kantitatif Degerlendirme,
Cavalieri Prensibi

! Abant Izzet Baysal University, Faculty of Dentistry, Department of Dentomaxillofacial Radiology, Bolu, Turkey
2 Karadeniz Technical University, Faculty of Dentistry, Department of Dentomaxillofacial Radiology, Trabzon, Turkey
3 Karadeniz Technical University,Faculty of Medicine, Department of PublicHealth, Trabzon, Turkey



The Effect of Slice Thickness on The Volume Estimations Performed by Using Cone Beam CT

INTRODUCTION

The use of three-dimensional imaging methods
for the maxillofacial region has become
common due to the limitations of two-
dimensional images obtained by conventional
radiography. Cone  Beam  Computed
Tomography (CBCT) was developed for
several medical applications, such as
angiography®? mammography? and radiotherapy
guidance® 24 and it was approved by the Food
and Drug Administration (FDA) in 2001 for
the visualization of maxillofacial tissues. It is
also used in almost all areas of dentistry.3 57
Using CBCT, it is possible to obtain sectional
images on the axial, sagittal and coronal
planes. From these images, the volume of an
anatomic or pathologic structure in any plane
can be calculated with Cavalieri principle.
According to this principle, the volume of an
amorphous object can be calculated by
multiplying the total area of the sections,
which are taken randomly from the overall
structure of an object, and the lengths between
these sections.®

In the literature, there are several studies
which use CBCT images for volumetric
calculations®*2, however, only few studies
published regarding the effect of the slice
thickness on these calculations.

The aim of this study is to investigate the
effect of slice thickness on volume estimation
by applying Cavalieri principle to CBCT
images.

MATERIALS AND METHODS

In this study, 13 bovine femurs were used and
30 different intraosseous defects with different
volumes were created on the femoral condyles
by using an oval tungsten carbide burr. The
upper borders of the defects were filled with
dental stone (Fig. 1).

168

Fig.1: Intraosseous defects on the condyle of bovine femurs

CBCT scans of intraosseous cavities were
taken with Kodak 9300 Cone Beam 3D System
(Kodak Dental Systems, Carestream Health,
Rochester, NY) with the following parameters
5x5 c¢m field of view, 0.09 mm voxel size, 84
kV tube voltage, 5 mA tube current, and 20. s
scan time for the defects with a diameter
smaller than 4.5 mm and 8x8 cm field of view,
0.2 mm voxel size, 90 kV tube voltage, 4 mA
tube current, and 8 s scan time for defects with
a diameter is larger than 4.5 mm.

Cavalieri principle was applied to
calculate the volume of each intraosseous
defect. For this purpose, each defect was
obtained into consecutive sections of 0.1 mm,
0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 1 mm, 2
mm, 3 mm, 4 mm and 5 mm using 3D-
DOCTOR software (3D-DOCTOR Able
Software Corp, Lexington, USA). There were
no intervals between sections. The planimetry
method was used to calculate the surface area
of these sectional images (Fig. 2). The
software automatically gave the total volume
by multiplying the total surface area with the
section thickness. This procedure was followed
for all defects in every section thickness.
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In order to analyze the relationship
between the number of sections and defect
volumes, measurements were categorized
under 10 different groups such as 1-5, 6-10,
11-15, 16-20, 21-30, 31-50, 51-100, 101-200,
201-300 and 301-570, according to the number
of sections. The average absolute percent
variance values of each group were compared.

RESULTS

The results of the volume estimations using
CBCT images and the actual volumes via
Archimedean principle are shown in Table 1.

Table 1: Actual and estimated volumes of intraosseous defects

(mm?)

Actual 0.1mm 02mm 03mm 04mm 05mm 1mm 2mm 3mm 4mm S5mm

3419 34.281 34.665 35501 36.349 34573 32.043 32233 31479 26,754 13672

83 81,716 83211 83671 82.974 82791 79.864 83.34 64.304 70.42 38.797

2017 200.849 201638 202.056 2026 201.194 204.463 197.12 213.401 217.718 230.741

w7 aes  ams  awmz  wes  ars a7 a9s s 168
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Sample Kolmogorov-Smirnov normality test
was applied for all samples. The actual
volumes, which were determined by the
Archimedeans principle, and the volumes that
were calculated using Cavalieri principle in 0.1
mm, 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 1 mm,
2 mm, 3 mm, 4 mm, and 5 mm section
thickness, were compared with Paired Sample
T-tests separately. All statistical tests were set
at the 95% confidence level (p< 0.05).

The Paired Sample T-test was used to
compare the volumes, which were calculated
in every section thickness by Cavalieri
principle, and the actual volume, separately.
The Paired Sample T-tests showed that there
was not a statistical significance between the
actual volumes and the calculated volumes in
the 0.1 mm, 0.2 mm and 0.3 mm section
thickness, however, there was a statistically
significant difference between the actual
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volumes and the calculated volumes in the 0.4
mm, 0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm, and
5 mm section thicknesses (Table 2).

Table 2: Evaluation of the results with the paired sample t-test
(p>0.05)

Sig. (2-tailed) Sig. (2-tailed)
0.1 mm 0.169 1 mm 0.015
0.2 mm 0.056 2mm 0.037
0.3 mm 0.078 3mm 0.004
0.4 mm 0.030 4mm 0.031
0.5 mm 0.032 5 mm 0.016

According to the average absolute variance
percentages of the volumes of the defects which
were calculated by Cavalieri principle, the
lowest variance was 1.1% at the 0.1 mm section
thickness and this value was followed by the 0.3
mm (1.25%), 0.5 mm (1.26%), 0.2 mm
(1.28%), 0.4 mm (1.58%), 1 mm (1. 8%), 2 mm
(1.86 %), 3 mm (2.3%), and 4 mm (3.72%). The
highest variance was calculated as 8.59% at the
5 mm section thickness (Table 3).

Table 3: The percent deviance of the measurements (from actual
volumes) that were calculated by using Cavalieri principle
according to number of sections.

Group 1 2 3 4 5 6 7 8 9 10

Section
number

Percent

- 69% 2% 2% 2% 1% 1% 1% 1% 1% 1%
variance

1-5 6-10 11-15 16-20 21-30 31-50 51-100 101-200 201-300 301-570

In the volume calculations by Cavalieri
principle, the measurements that were performed
to investigate the effect of the number of sections
were categorized according to the number of
sections. The groups were categorized according
to number of sections as 1-5, 6-10, 11-15, 16-20,
21-30, 31-50, 51-100, 101-200, 201-300, 301-
570 and named as Group 1, Group 2, Group 3,
Group 4, Group 5, Group 6, Group 7, Group 8,
Group 9, and Group 10. For each defect, the
percent variance (deviance of volumes calculated
by Cavalieri principle from actual volumes) was
calculated and the group average was
determined.

In the calculations performed using
Cavalieri principle, the maximum deviance
was calculated as 6.9% in the measurements
that were done on sections 1-5. This variance
was 2% on sections 6-20 and it was 1% in the
measurements done on sections 21-570.
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DISCUSSION

The pathologies which cause resorptions in the
jaw lead to bone defects.®® Knowing the
volume of these defects is important for the
diagnosis, treatment plan and the evaluation of
treatment outcomes?? and this can be
visualized with 3D imaging techniques.'®!2
Cavalieri principle is a common technigue
which is used for volumetric calculations and
stereological methods and it enables the
calculation of the volumes of amorphous
objects which cannot be isolated from the
outside environment on 3D radiological
images.> 1314

In the literature, there are several studies
which use CBCT images for volumetric
calculations. Bayram et al.® calculated volume
of nine condyles in the dry human mandible
and Kayipmaz et al.® calculated volume of
osseous defects in the sheep mandible.

In the volumetric calculations performed
using Cavalieri principle, the thickness of the
section affects the accuracy of the calculations.
To investigate the effect of section thickness
on volumetric calculations in Computed
Tomography (CT), Magnetic Resonance
Imaging (MRI) and CBCT images, different
section thicknesses were used. Odaci et al.'®
calculated volumes of 10 lumbar vertebrae
whose volumes changes between 26 600 mm3
and 34 300 mm? on CT images using Cavalieri
principle in 3 mm and 5 mm section thickness.
Even though calculated volumes were higher
or lower than actual volumes in both section
thickness, there was no statistically significant
difference between actual volumes and
calculated volumes. Similarly, Bilgic et al.'®
also calculated volume of an intervertebral disc
whose volume changes between 8 780 mm?
and 15 360 mm? on CT images using Cavalieri
principle in 3 mm and 5 mm section thickness.
They could not find any statistically significant
difference between actual volumes and
calculated volumes, in this case either. In our
study, also we found that the absolute variance
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of calculated defect volumes in 3 mm and 5
mm thickness from actual defect volumes were
found to be lower than 5%.

In Sezgin et al.’s!®!" study, six defects
between 155 mm? and 565.7 mm? were formed
on the two sheep mandible and scanned with
CBCT. The volumes were calculated in 0.2
section thickness and 0.8 interval, in 0.6 mm
section thickness and 0.4 mm interval and also
1 mm, 1.4 mm, and 2.2 mm section thickness
using Cavalieri principle. Results were then
compared with the actual volumes and the
calculated volumes in thin sections were found
compatible with actual volumes.

In our study, the calculated volumes in
thin sections (0.1 mm, 0.2 mm, and 0.3 mm)
were compatible with actual volumes,
however, the calculated volumes in thicker
section were different from actual volumes.
The section thickness was found more
effective on defects with a diameter less than 1
cm, but larger defects were affected less. The
highest average variance from actual volume
was 60% and it was found at the 5 mm section
thickness of the smallest defect. The smallest
average absolute variance was 0.001% and it
was at 0.1 mm section thickness of the defect
with 10 802 mm?®volume. When we look at the
volume-to-section-thickness relationship in all
defects used in this study, the lowest average
variance from actual volume was seen at 0.1
mm section thickness and the highest average
variance was calculated at 5 mm section
thickness.

When volume was calculated using
Cavalieri principle, the number of sections also
affects the accuracy of the calculations. Sahin
et al.’® reported that 8-15 sections were enough
to calculate volume of a liver on MRI images
by Cavalieri principle and they did not find
any significant difference between actual and
calculated volumes. We also found compatible
results in our study which was calculated with
six or more sections, however, we could not
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get compatible results which were calculated
with five or fewer sections.

CONCLUSIONS

Consequently, the thinnest section should be
chosen to be able to find the closest volumetric
value to the actual volume. As volume
increases, the effect of section thickness
decreases and when the number of sections is
fewer than five, a significant difference was
seen between the actual and calculated

volumes.
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ABSTRACT 0z

Objectives: Eugenia caryophyllus clove has been Amac: Eugenia caryophyllus binlerce yildir
used as a traditional medicinal herb for thousands of geleneksel sifali bitki olarak kullanilmaktadir.

years. It is used as an analgesic for tooth and
toothache with the effect of eugenol substance
included in clove. Eugenia caryophyllus is used at
toothpaste and some mouthwash. The aim of this
study was determined of in vitro cytotoxic effects
Eugenia caryophyllus on fibroblast cells.

Materials and Methods: Cytotoxic activity of
Eugenia caryophyllus were incubated at 24 and 48 h.

Results: In the present study, toxicity of clove that
is used as a pain reliever in dentistry has examined
on fibroblast cells. The ICso values of Eugenia
caryophyllus were found 57.92 + 0.98 ug/mL in 24
h, 37.97 £ 0.74 pg/mL in 48h.

Conclusions: It is found that the acceptable level of
cytotoxicity of Eugenia caryophyllus. There is need
to further studies in this area.

Keywords:
Cell culture

Eugenia caryophyllus, Cytotoxicity,

Karanfil igerisindeki §jenol maddesinin etkisi ile dis
ve dis agrilar1 igin analjezik olarak kullanilir.
Karanfil, dis gargaralarda
kullanilmaktadir. Bu g¢aligmanin amaci Eugenia
caryophyllus in vitro sitotoksik etkileri fibroblast
hiicre hatlar1 lizerinde belirlemistir.

macunu ve bazi

Gere¢ ve Yontem: Eugenia caryophyllus'un
sitotoksik  aktivitesi XTT testi kullanilarak
degerlendirildi. Eugenia caryophyllus 24 ve 48
saatlerde inkiibe edildi.

Bulgular: Bu ¢alisgmada dis hekimliginde agr1 kesici
olarak kullanilan karanfil toksisitesi fibroblast
hiicreleri  lizerinde  incelenmistir. Eugenia
caryophyllus'un 1Csp degerleri 24 saat de 57,92 +
0,98 ng / mL, 48 saatte de 37,97 + 0,74 pg / mL
olarak bulundu.

Sonug¢: Eugenia caryophyllus'un kabul edilebilir
diizeyde sitotoksisitesinin oldugu bulunmustur. Bu
alanda daha ileri ¢aligsmalara ihtiyag¢ vardir.
Anahtar  kelimeler:  Eugenia
Sitotoksisite, Hiicre kiiltiirii

caryophyllus,
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Investigation of Cytotoxic Effects of Eugenia Caryophyllus (Clove)

INTRODUCTION

Nowadays, the extraction and evaluation of pure
and especially main active component of medical
plants and essential oils of these plants is very
important both in scientific and in terms of
economy.* The pharmacological properties of
essential oil and its components are also
examined and it is stated that they may be
beneficial in medicine, cosmetics and industrial
areas.? Essential oils are used in medicine from
ancient times to the day. The use of herbal
extracts for treatment of various human diseases
has a long history. The abuse potential of herbal
products causes serious side effects. As a result
of pharmacological investigations on these
medicines based on their intended use in folk
medicine, some biological effects have been
scientifically explained. Clove is a spice obtained
from Syzygium aromaticum tree.® Cloves can
also be used by being kept in the mouth for a
while, and also used as a spice. it keeps your
breath fresh and clean. Cloves are used
extensively against bad breath due to their
beautiful smell. Cloves contain 15-20% volatile,
13% tannin, 10% fixed oil. Eugenol is major
component of clove oil. The effect of "eugenol”
contained in it is used as a local drug against mild
to moderate dental and gingival pain.* In
addition, eugenol has antiviral and antimycotic
effects. Cloves contain 15-20% volatile, 13%
tannin, 10% fixed oil. Flower buds and flower
stalks are dried and used. Eugenol obtained from
carnauba is used as antiseptic and analgesic in
modern dentistry.®> Its use is in the mouth
chewing or their beans are boiled in water and
drink. Cloves are frequently used in dentistry.
The aim of this study was assessment of in vitro
cytotoxic effects Eugenia caryophyllus on
fibroblast cells.

MATERIALS AND METHODS
The Reagent

Phosphate buffer saline (PBS) tablet, trypan blue
solution, dimethyl sulfoxide (DMSO), XTT
assay and another chemical were purchased from
Sigma (St. Louis, MO, USA). Fetal bovine
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serum (FBS) was obtained from Biochrom
(Berlin, Germany). Penicillin-streptomycin was
purchased from Gibco (Paisley, UK) and trypsin
EDTA solution from Biological Industries
(Kibbutz Beit Haemek, Israel). Dulbecco's
modified eagle medium (DMEM) was obtained
from Lonza (Verviers, Belgium).

Eugenia caryophyllus (Clove) Qil

Eugenia caryophyllus essential oil was used in
the study. Eugenia caryophyllus essential oil
was purchased from Art de Huile.

Cell Culture

Mouse fibroblast (ATCC-CRL-6364) cells
were purchased from (ATCC). Cells were
grown at 37°C in a humidified incubator in 5%
CO,. All media were supplemented with 1%
penicillin (100 U/mL) and streptomycin (100
ug/mL), and 10% fetal bovine serum (FBS).
Cells were counted by a cell counting device
(Olympus). Fibroblast cells were seeded in
plates with a density of 5x103,

Cytotoxicity Assay

Cytotoxicity was quantitatively evaluated by the
2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide (XTT) method. The
cells were seeded in 96-well plate in growth
medium then treated with different concentrations
of test compounds and incubated in a humidified
CO; atmosphere at 37°C for 24 and 48h. After the
incubation, 100 uL XTT was added to each well
for another 2 h incubation. The optical density
values were measured at 475 nm with a microplate
reader.’ The all cells were treated with Eugenia
caryophyllus (Clove) (200 - 6.25 pg/mL), and
incubated for 24h and 48 h. All absorbance was
compared to control samples (cells without any
test compound) which represented 100% viability.
Cell viability was determined as in Eq1.

[oDsample—0Dblank]
ODpozitifcontrol—-0Dblank]

x 100

Cell viability (%):[
(Equation 1)
OD plank: dead cell with DMSO

oD positive control- viable cell
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Hepokur C

Statistical analysis

Data were expressed in the form of arithmetic
mean =+ standard deviation (x£SD). Statistical
analysis was performed with Sigma Plot 12.0.
All determinations were computed independent
triplicated (n=3).

RESULTS

The cytotoxic effects of Eugenia caryophyllus
in fibroblast cells are shown in Figure 1 and 2.
Eugenia caryophyllus were studied at two
different incubation times of 24 h and 48 h. The
IC50 values of Eugenia caryophyllus (Clove)
were found 57.92 + 0,98 pg/mL in 24 h, 37.97+
0.74 pg/mL in 48h.
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Figure 1. Cytotoxic effect of different concentrations of Eugenia
caryophyllus in fibroblast cells for 24 h (n=3).
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Figure 2. Cytotoxic effect of different concentrations of Eugenia

caryophyllus in fibroblast cells for 48 h (n=3).

DISCUSSION

Compounds of natural product in play an
essential role in human life, acting as health-
protecting agents. Scientists have always been
interested to active compounds of natural
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sources. Natural products are an extremely
important resource for medical agents.
However, although a new approach to drug
discovery emerges day by day, none of them is
as important as the place of natural products in
drug development.’®

Cloves has biological activities such as
antibacterial, antifungal, insecticidal,
antioxidant properties. And also, cloves have
been used as flavoring and antimicrobial agents
in food industries.®>*° Clove oil strengthens the
immune system as it is a source of iron, calcium
and omega3.!! Strong biological activities of the
clove oil is mostly due to the presence of
eugenol in high levels. In ancient times clove oil
and dry carnation seeds were used to treat
infection.

Because of anti-inflammatory effect is
directly used in toothache and before mucosal
injection by dentists. Oral ulcers such as oral
gingiva and mucosal areas are also added to the
mixtures as antimicrobial and analgesic. Clove
used against mouth odor are used as a natural
solution in removing dental pain. It is used as a
drug against dental and gingival pain of mild to
moderate severity with the effect of eugenol
substance contained in clove. This material is
also found in toothpastes for killing bacteria. It
also has pain killer and germicidal properties.*?

According to the GC-MS results of Cloves
in the studies conducted when the literature was
examined; Results showed that the extracts
were complex mixture of  numerous
compounds; many of which were present in
trace amounts. The concentration of eugenol
varies from 77-95%.1314 Other studies of
Eugenia caryophyllus was investigated for
cytotoxicity; Tragoolpua and Jatisatienr stated
that strains or isolates of viruses may affect the
range of inhibition by Eugenia caryophyllus.®
Prashar et al. Clove oil and these components
are generally recognized as ‘safe’, but the in-
vitro study here demonstrates cytotoxic
properties of both the oil and eugenol, towards
human fibroblasts and endothelial cells. Clove
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oil was found to be highly cytotoxic at
concentrations as low as 0.03% (v/v) with up to
73% of this effect attributable to eugenol.®
Machado et al., S. aromaticum essential oil and
eugenol did not caused a significant alteration
on the viability of treated mammalian cells
when compared to control cells. Our results
compare to literature, cytotoxicity of clove has
showed lower.

CONCLUSION

The acceptable level of cytotoxicity associated
with Eugenia caryophyllus. It is seen that the
effect of many natural substances such as cloves
on cytotoxicity should be examined. Such
studies will help to reveal substances that can be
used naturally for humanity. We will try to
expand this work in our next publication.
Eugenia caryophyllus oil may use active
substance for medicine.

REFERENCES

1. Toroglu S. ve Cenet M. KSU Fen ve
Miihendislik Dergisi. 2006; 9(2):12-20.

2. Hammer KA, Carson CF, Riley TV. Journal
of Applied Microbiology.1999;86: 985-990.

3. Cortés-Rojas DF, Souza CRF, Oliveira WP.
Clove (Syzygium aromaticum): a precious
spice. Asian Pac J Trop Biomed. 2014;4(2): 90-
96.

4. Cansian RL, Vanin AB, Orlando T, Piazza
SP, Puton BM, Cardoso RI, Gongalves
IL, Honaiser TC, Paroul N, Oliveira D.
Toxicity of clove essential oil and

its ester eugenyl acetate against Artemia salina.
Braz J Biol.2017; 77(1):155-161. doi:
10.1590/1519-6984.12215.

5. Mahmoud H, Mina KA, Hassan R.
Analgesic effect of clove essential oil in
mice. Avi J Phytomed. 2011;1:1-6.

6. Gezegen H, Hepokur C, Tutar U, Ceylan M.
Synthesis and Biological Evaluation of Novel
1-(4-(Hydroxy (1-oxo-1,3-dihydro-2H-inden-
2-ylidene) methyl) phenyl) -3-phenylurea

176

Derivatives. Chemistry Biodiversity. 2017;14
(20): doi: 10.1002/cbdv.201700223.

7. Heinrich M, Bremner P. Ethanobotany and
ethanopharmacy-their role for anticancer drug
development. Curr Drug Targets. 2006; 7: 239-
245.

8. Thirumal M, Kishore G, Prithika R, Das S,
Nithya G. In vitro anticancer activity of Tecoma
stans (L) ethanolic leaf extract on human breast
cancer. Journal of Pharmacognosy and
Phytochemistry. 2016; 5(4): 331-334.

9. Jasna I, Suzana DB, Dusan M, Mihailo R,
Irena Z. Evaluation and improvement of
antioxidant and antibacterial activities of
supercritical extracts from clove buds. J Funct
Food. 2013;5:416-423.

10.Nazrul 1B, Jaripa MD, Nemai CN, Farhana
A. Constituents of the essential oil from leaves
and buds of clove (syzigium caryophyllatum
L. Alston). African J Plant Sci. 2010;4:451—
454,

11.Bressler K, Ron B. Effect Of Anesthetics On
Stress And The Innate Immune System Of
Gilthead Seabream (Sparus Surata), The Israeli.
Journal of Aquaculture Bamidgeh.2014;
56(1):5-13.

12.Ho YC ,Huang FM, Chang Y C. Mechanisms
of cytotoxicity of eugenol in human osteoblastic
cells in vitro. Int Endod J. 2006; 39(5):389-393.

13.Trajano VN, Lima EO, Souza EL, Travassos
AER. Inhibitory effect of the essential oil from
Eugenia caryophyllata Thumb leaves on coalho
cheese contaminating microorganisms. Ciéncia
e Tecnologia de Alimentos. 2010;30(4):1001-
1006.

14.Singh J, Baghotia A, Goel SP. Thunberg
(Family ~ Myrtaceae): a  review.Eugenia
caryophyllata International Journal of Research
in Pharmaceutical and Biomedical Sciences.
2012;3(4):1469-1475.

15.Tragoolpua Y, Jatisatienr A. Anti-herpes
simplex virus activities of Eugenia
caryophyllus (Spreng.) Bullock & S. G.


http://tureng.com/tr/turkce-ingilizce/cytotoxic
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cort%26%23x000e9%3Bs-Rojas%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=25182278
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Souza%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=25182278
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=25182278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3819475/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cansian%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vanin%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orlando%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piazza%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piazza%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Puton%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardoso%20RI%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gon%C3%A7alves%20IL%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gon%C3%A7alves%20IL%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Honaiser%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paroul%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27382998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toxicity+of+clove+essential+oil+and+its+ester+eugenyl+acetate+against+Artemia+salina
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ho%2C+Y-C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Huang%2C+F-M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chang%2C+Y-C
https://doi.org/10.1111/j.1365-2591.2006.01091.x
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tragoolpua%2C+Y
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jatisatienr%2C+A

Hepokur C

Harrison and essential  oil, eugenol.
Phytotherapy research. 2017;21(12):1153-58.
16.Prashar A, Locke IC, Evans CS.
Cytotoxicity of clove (Syzygium aromaticum)
oil and its major components to human skin
cells, Cell Proliferation. 2006;39(4):241-248.
17.Machado M, Dinis AM, Salgueiro L,
Custodio José BA, Cavaleiro C, Sousa MC.
Anti-Giardia activity of Syzygium aromaticum
essential oil and eugenol: Effects on growth,
viability, adherence and ultrastructure. EXp
Parasitol. 2011;127:732-739.

177

Corresponding Author
Ceylan HEPOKUR
Cumhuriyet University,
Faculty of Pharmacy,

Department of Basic Pharmaceutical Sciences,
Division of Biochemistry

58140, Sivas, Turkey
: +90 346 219 10 10 ext 3913
: +90 346 219 16 34

Tel
Fax

E-mail : cozsoya@gmail.com



https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Prashar%2C+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Locke%2C+I+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Evans%2C+C+S
https://www.ncbi.nlm.nih.gov/pubmed/21272580
https://www.ncbi.nlm.nih.gov/pubmed/21272580
mailto:cozsoya@gmail.com

Cumhuriyet Dental Journal: 2018; 21(3)
Doi: 10.7126/cumudj.444396

RESEARCH ARTICLES

THE RELATIONSHIP BETWEEN THE SLOPE OF THE
MESIOANGULAR LOWER THIRD MOLARS AND THE PRESENCE OF
SECOND MOLAR DISTAL CARIES: ARETROSPECTIVE STUDY

Mesioangular Pozisyondaki Mandibular Uciincii Molar Dislerin Egimi ve Komsu
Ikinci Molar Diglerin Distal Yiizeyinde Ciiriik Varligi Arasindaki Iliski: Retrospektif

Bir Calisma

Ahmet ALTAN?, Emrah SOYLU?

Makale Kodu/Article Code 1 444396

Makale Gonderilme Tarihi :16.07.2018
Kabul Tarihi 1 31.07.2018
ABSTRACT (074

Obijective: The purpose of this study was to examine the
relationship between the degree of mesioangular
mandibular third molar teeth and the presence of distal
caries in the second molar teeth.

Materials and Methods: In this retrospective study,
panoramic radiographs of 617 patients (328 females, 289
males) with impacted teeth in partially erupted
mesioangular position were examined. The angle
between the mandibular occlusal plane and the occlusal
surface of the mandibular third molar was measured.
Third molar teeth in mesioangular positions with an angle
between 11° and 30° were classified as Group 1, an angle
between 31° and 50° as Group 2, and an angle between
51° and 70° as Group 3. For each group, the presence of
caries in the distal contact point of adjacent second molar
teeth was detected.

Results: A total of 816 mandibular third molar teeth in
the mesioangular position were analyzed. Of these, 439
(53.8%) were in females and 377 (46.2%) were in males.
The prevalence of caries in the distal aspect of the second
molar teeth was 34.5% in males and 21.4% in females
(p<0.001). A statistically significant difference was found
between the groups (p<0.05). The results showed that a
slope of 51° to 70° in mandibular third molar presents a
higher risk for caries formation in the distal aspect of
second molar teeth.

Conclusions: Early prophylactic extraction of impacted
mandibular teeth with a slope between 51° and 70° may
prevent caries formation in the distal aspect of adjacent
second molar teeth.

Key Words: Oral surgery; dental caries; third molar

Amagc: Bu caligmanin amaci; mezioangular pozisyondaki
mandibular ti¢lincii molar dislerin egimi ile komsu ikinci
molar diglerin distal yiizeyindeki ¢iiriik varlig1 arasindaki
iliskiyi incelemektir.

Gerec¢ ve Yontem: Bu retrospektif ¢caligmada, alt cenede
kismen slirmils mesioangular pozisyonda gomiili disi
olan, 617 hastanin (328 kadin, 289 erkek) panoramik
radyograflar1 incelendi. Mandibular okluzal diizlem ve
mandibular ii¢iincii molarin okliizal yilizeyi arasindaki ag1
olgiildi. 11° ile 30° arasinda bir degere sahip
mezioangular ii¢iincli molar disler Grup 1 olarak, 31° ve
50° arasindakiler Grup 2 olarak, 51° ve 70° arasindakiler
Grup 3 olarak siniflandirildi. Ardindan komsu ikinci
molar digin distal temas noktasindaki ¢iiriik varlig1 tespit
edildi.

Bulgular: Mesioangular pozisyonda toplam 816 adet
mandibular tgiincii molar dis analiz edildi. Bunlardan
439'u (%53,8) kadmlarda, 377'si (%46,2) erkeklerde
goriildii. ikinci molar disin distalinde ¢iiriik prevalansi
erkeklerde %34,5, kadinlarda %21,4 idi (p <0,001).
Acisal degerlere gore olusturulan gruplar arasinda
istatistiksel olarak anlamli bir fark goriildii (p <0,05).
Sonuglar, 51° ile 70° arasinda bir egime sahip mandibular
liglinci molar dislerin, ikinci molar dislerin distal
yiizeyinde ciiriik olusumu igin daha yiiksek bir risk
arzettigini gosterdi.

Sonug: 51° ile 70° arasinda bir egime sahip gomiilii
mandibular {iglincii molar dislerin profilaktik olarak erken
cekimi, komsu ikinci molar dislerin distal ylizeyinde
¢liriik olusumunu 6nleyebilir.

Anahtar Kelimeler: Oral cerrahi, dis ¢iirtikleri, tiglincii
molar dis
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INTRODUCTION

Teeth that are completely or partially within the
bone and soft tissue with no placed in occlusion
for various reasons, despite passing the normal
eruption age, are called impacted teeth.
Impacted teeth may cause various pathologies,
such as pericoronitis, infection, unrestorable
caries, root resorption in adjacent teeth,
periodontal bone loss, cystic lesions, and
neoplasms.! The impacted position can be
horizontal, vertical, mesioangular, distoangular,
buccolingual, or inverted.? Shiller stated that
when the angle between the mandibular
occlusal plane and the occlusal plane of the
third molar is between 11° and 70°, the tooth
position is mesioangular.> Mesioangular and
horizontal positions are more frequently
associated with pathological conditions.*

The teeth with the highest impaction rate are
mandibular third molar teeth.* Removal of an
impacted third molar is one of the most
commonly performed procedures in oral
surgery. These teeth are surgically removed for
prophylactic, orthodontic, and  prosthetic
reasons, or for the diagnosis of associated
pathologies. The caries formed in the distal part
of the second molar teeth justify prophylactic
removal of the third molar teeth. McArdle and
Renton® reported that distal caries in the second
molar will not develop in the absence of the
third molar. Furthermore, there is a higher risk
of caries formation in the second molar distal
associated with partially-erupted mesioangular
mandibular third molar teeth.

The purpose of this study was to examine
the correlation between the degree of
mesioangular mandibular third molar teeth and
the presence of distal caries in the second
molar teeth by measurements performed on
panoramic radiographs.

MATERIALS AND METHODS

In this retrospective study, panoramic
radiographs of 617 patients (328 females, 289
males) with impacted teeth in partially erupted
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mesioangular position were examined. All
patients were transferred to the Department of
Oral and Maxillofacial Surgery, Faculty of
Dentistry of Gaziosmanpasa University
between September 2013 and August 2017.
This study included 816 mandibular third
molar teeth in the mesioangular position. This
study was approved by the local Ethics
Committee (Project no: 17KAEK160).

Shiller’s method® was used to determine if
teeth were in the mesioangular position.

According to this method, the angle between
the mandibular occlusal plane and the occlusal
surface of the mandibular third molar was
measured (Figure 1).

Figure 1: Orthopantomograph showing how angulation of the
third molar was measured.

Angular measurements were made using the
Image J software (National Institutes of
Health, Bethesda, MD, USA). Values between
11° and 70° were determined as being
mesioangular positions. The mandibular third
molar teeth in mesioangular positions were
then categorized into three groups. Third molar
teeth with an angle between 11° and 30° were
classified as Group 1, an angle between 31°
and 50° as Group 2, and an angle between 51°
and 70° as Group 3. For each group, the
presence of caries in the distal contact point of
adjacent second molar teeth was detected from
the panoramic radiographs. Patients with pre-
existing restorations in adjacent second molar
teeth were excluded from the study.
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Two of the authors reviewed the panoramic
radiographs. Prior to the investigation,
calibration of the examiners was undertaken
until intra-examiner reliability and
reproducibility was achieved. To evaluate
intra-examiner agreement, Cohen’s Kappa test
applied. When those X-rays causing a
difference of opinion were analysed by both
clinicians together, a consensus was reached
by discussion.

IBM SPSS Statistics for Windows, version
20.0 (IBM Corp, Armonk NY, 10504, USA)
was used for statistical analyses of the study
data. Normality and variance were tested using
the one-sample Kolmogorov-Smirnov test. In
multiple comparison of measurements of the
groups with normal distribution, One-way
ANOVA test and Tukey post hoc test were
used. When the p value was less than 0.05, the
difference  between the variables was
considered statistically significant.

RESULTS

Panoramic radiographs of 617 patients were
examined in this study. The age of the patients
ranged from 16 to 54 (average: 25.64 + 7.03)
years. Age and gender distributions are shown
in Table 1.

Table 1: Age and gender distribution of patients with
mandibular third molar teeth in the mesioangular position

Age groups Female Male Total
16-20 101 55 156
21-25 135 78 213
26-30 45 71 116
31-35 30 43 73
>36 17 42 59
Total 328 289 617

A total of 816 mandibular third molar teeth in
the mesioangular position were analyzed. Of
these, 439 (53.8%) were in females and 377
(46.2%) were in males. The prevalence of
caries in the distal aspect of adjacent second
molar teeth was 27.5% (n = 224). There was a
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statistically significant difference between the
gender of the patients and the prevalence of
caries in the distal second molar teeth (p<
0.001). The prevalence of caries in the distal
aspect of the second molar teeth was 34.5% in
males and 21.4% in females (Table 2).

Table 2: Presence of caries on second molar distal aspect
associated with gender

Distal caries in second
molar
Yes No Total
94 345
Female 439
(21.4%) (78.6%)
130 247
Male 377
(34.5%)* (65.5%)
224 592
Total 816
(27.5%) (72.5%)
*p<0.001

A statistically significant difference was found
between the groups when the prevalence of
caries in the distal aspect of the adjacent
second molar teeth was evaluated. Group 3 had
the highest ratio of the three groups (Table 3).

Tablo 3: Presence of caries in the distal aspect of the second
molar teeth

Groups

Group 1 Group 2
11°-30 31-50
(mean208+5.1) | (mean40.3'+5.4)

Yes No Yes No Yes No p P12 P13 P23

124
(84.9%)

246 121 222
(75.2%) | (35.3%) | (64.7 %)

Distal caries in 22 81 " "
second molar | (15.1%) (24.8%) <0.05 | 0070 | 0.000% | 0.006

*p<0.05

DISCUSSION

The prophylactic removal of an impacted tooth
is defined as the surgical removal of the tooth
when there is no pathology or symptom
associated with the impacted tooth. The
removal of a third molar tooth associated with
a pathological condition is usually an easy
decision. Some authors advocate prophylactic
extraction of impacted third molar teeth due to
the possibility of causing pathological
conditions, such as caries and periodontal
disorder.2™® However, some researchers
believe there is insufficient evidence to
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prophylactically extract these teeth.1% ! Distal
caries of mandibular second molar teeth are a
common  complication  associated  with
impacted third molar teeth. In this study, the
relationship between the third molar teeth in
the mesioangular position and the presence of
caries in the distal aspect of second molar teeth
was examined. We found that the prevalence
of caries was highest in teeth with a slope
between 51° and 70°.

There is a higher risk of caries formation in
the distal aspect of adjacent second molars
associated with partially sustained
mesioangular mandibular third molar teeth
compared with other angulations.® 12 In
previous studies, the prevalence of caries
formation in the distal aspect of adjacent
mandibular second molar teeth has varied
between 7% and 32%.7° 13 In this study, the
prevalence rate was 27.5%. This range of rates
may be related to cultural differences between
patients, such as oral hygiene habits, socio-
economic status, and diagnostic methods used.
In this study, we believe that the evaluation of
the mandibular teeth, in the mesioangular
position only, may result in a higher rate.

The relationship between the slopes of the
impacted third molar teeth and caries
formation in the distal aspect of second molar
teeth was examined in this study. Ozec et al.®
reported that values of 31° and 70° led to a
significant risk of second molar distal caries.
Falci et al.' reported that when the angulation
of mandibular third molar was between 31°
and 108° there was a greater possibility of
distal caries on the second molar. Chang et al.®
emphasized that mesial angulation of 41°- 80°
causes a higher incidence of adjacent second
molar caries than in other angulations in the
Korean population. The increase of the slope
can increase plaque retention and food package
on the distal surface of adjacent second molar
teeth. In our study, mesioangular values
between 11° and 70°, which were measured
according to the Shiller® method, were divided
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into subgroups. We found the highest caries
risk in the distal aspect of second molar teeth
between 51° and 70° (average: 60.61° + 5.91)
in Turkish population. The results of this study
are similar with the literature.

Caries formation in the distal aspect of
second molar teeth is a long-lasting process
that evolves over time and increases with
continued exposure to the oral cavity. It has
been reported that the incidence rate of caries
in the distal aspect of second molar teeth
increases with age.> ® 4 In this study, the
prevalence of caries in the distal aspect of
second molar teeth was higher in males than in
females. We believe this is because of the
number of young people between the ages of
16 and 25 was higher among women.

Extraoral  radiographs  have  lower
sensitivities than intraoral radiographs in
detecting proximal caries.'>® Demineralization
is important in the detection of caries by
radiography. Panoramic radiography may not
detect early caries lesions with inadequate
demineralization; however, deep caries lesions
that have advanced to the dentine can be
detected. Akarslan et al.’® reported that when
interproximal  caries were detected in
mandibular molar teeth, there was no
significant difference between bitewing and
periapical radiographies, but panoramic
radiographs were less accurate for this
diagnosis. Intraoral radiographs, such as
bitewing, are not routinely used in the
impacted third molar tooth surgery. In this
study, which was conducted with panoramic
radiographs of patients with complaints of
impacted third molars, the detection of caries
by extraoral radiography can be considered a
weakness of the study.

CONCLUSIONS

The results of this study showed that a slope of
51° to 70° in mandibular third molar teeth in
the mesioangular position presents a higher
risk for caries formation in the distal aspect of
adjacent second molar teeth. This data will
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help clinicians in making decision on
prophylactic extraction of third molar teeth
without  symptoms. Early  prophylactic
extraction of impacted mandibular teeth with a
slope between 51° and 70° may prevent caries
formation in the distal aspect of adjacent
second molar teeth.
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ABSTRACT

Obijective: The purpose of this study was to evaluate the
effect of eight different surface treatment and three
different composite resin on the microleakage in the repair
of a nanohybrid composite resin.

Materials and Methods: For repair procedure standard
size blocks prepared with nanohybrid composite resin
Filtek Z550 (3M ESPE) were classified into Group 1
(control), Group 2 (frez), Group 3 (frez + silane), Group 4,
Group 5 (Al203 + silane), Group 6 (tribochemical silica
coating), Group 7 (laser), Group 8 (laser + silane). The
prepared samples were subjected to 5000 termal cycles and
surface treatments. Each group was divided into three sub-
grups for application of repair composites (Filtek 2550, G-
aenial Flo (GC) and Vertise Flow (Kerr)) the lower
subgroup was separated. After the repair treatment, the
samples were again subjected to termal cycling. Then, a
microleakage test was made and the data evaluated
statistically.

Results: The surface treatments for each composite resins
were not statistically different when evaluated among
themselves (p>0.05). The composite resins for each
surface treatments were not statistically different when
evaluated among themselves (p>0.05).

Conclusion: Additional equipment and costly methods for
surface treatment in composite restorations did not make
any difference due to microleakage.

Key Words: Composite repair, Cojet, Er:YAG laser,
Al2Os3 air abrasion, microleakage, self-adhesive composit
resin

! Ankara Sincan Agiz ve Dis Saghgi Merkezi, Ankara, Tiirkiye.

0z
Amag: Nanohibrit bir kompozit rezinin tamirinde sekiz

farkli yilizey islemi ve ii¢ farkli kompozit rezinin
mikrosizint1 tizerine etkisini degerlendirmektir.

Materyal ve Metot: Tamir islemi igin nanohibrit
kompozit rezin Filtek 2550 (3M ESPE) ile hazirlanan
standart boyutlardaki bloklar yiizey islemlerine gére Grup
1 (kontrol), Grup 2 (frez), Grup 3 (frez+silan), Grup 4
(Al203), Grup 5 (Al20s+silan), Grup 6 (tribokimyasal
silika kaplama), Grup 7 (lazer), Grup 8 (lazer+silan) olmak
tizere ayrildi. Hazirlanan 6rneklere 5000 kez termal siklus
islemi ve ardindan yiizey islemleri uygulandi. Her grup
tamir kompozitleri (Filtek Z550, G-aenial Flo (GC),
Vertise Flow (Kerr)) uygulanmak iizere 3’er alt gruba
ayrildi. Tamir igleminden sonra 6rnekler tekrar termal
siklus islemine tabi tutuldu. Daha sonra mikrosizint1 testi
yapilip veriler istatistiksel olarak degerlendirildi.

Bulgular: Her bir kompozit igin yiizey islemleri kendi
arasinda degerlendirildiginde istatistiksel olarak farklilik
yoktur (p>0,05). Her bir yiizey islemi i¢in kompozit
rezinler kendi aralarinda degerlendirildiginde istatistiksel
olarak farklilik yoktur (p>0,05).

Sonu¢: Kompozit restorasyonlarin tamirinde yiizey
islemleri icin ek cihaz ve maliyet gerektiren yontemler

mikrosizint1 yoniinden farklilik yaratmamuslardir.
Anahtar kelimeler: Kompozit tamiri, Cojet, Er:YAG

lazer, Al203 hava abrazyonu, mikrosizinti, kendinden
adezivli kompozit rezin

2 Cumhuriyet Universitesi Dis Hekimligi Fakiiltesi Restoratif Dis Tedavisi AD., Sivas, Tiirkiye.
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GIRiS

Kompozit restorasyonlar estetik &zellikleri,
standart kavite preparasyonu gerektirmemeleri,
civa ile ilgili kaygilarn ortadan kaldirmalar
nedeni ile posterior bolgede amalgamdan fazla
tercih edilir olmustur.! Adeziv prosediir ve
kompozit rezinlerdeki gelismelerde ¢ok biiyiik
asamalar kaydedilse de halen mikrosizinti,
asinma, kirik, renklenme ve sekonder ciiriik gibi
basansizhiklar ¢esitli nedenlerle olusabilmektedir.?
Bu gibi durumlarda restorasyonun tamamen
yenilenmesi; zaman, daha fazla dis dokusu
kaybi, pulpal travma ihtimali ve yiiksek maliyet
gibi dezavantajlar1 da beraberinde getirecektir.
Bu nedenlerle restorasyonunun yenilenmesi
yerine daha konservatif bir yaklagim olan tamir
islemine dncelik verilmesi dnerilmektedir.>*

Tamir isleminin basarisi eski ve yeni kompozit
arasindaki baglanmamin giiciine baghdir. ki
kompozit  tabakasi  arasindaki  baglanma
polimerize olmamus oksijen inhibisyon tabakasi
sayesinde gerceklesir.5® Ancak yaslanma ve su
emilimi, oksijen inhibisyon tabakasinin
kalkmasina, doymamug ¢ift karbon-karbon
baglarinin azalmasma dolayisiyla tamir islemi
gerektiginde eski ve yeni kompozit arasindaki
baglanma giiciiniin olumsuz etkilenmesine neden
olur.”® Bu durumun oniine gegmek icin tamir
edilecek restorasyon yiizeyine makromekanik,
mikromekanik ve kimyasal olmak tizere ¢esitli
yiizey islemleri uygulanir.>° Frez, air abrazyon,
lazer, asitleme gibi yontemlerle  yiizey
ptriizlendirilerek mekanik baglanma, adeziv
rezin, silan gibi ajanlar uygulanarak islanabilirlik
ve kimyasal baglanma, tribokimyasal kaplama ile
hem mekanik hem de kimyasal baglanma
arttirllmaya ¢ahsilir.™*® Ancak halen en etkin
kompozit tamir protokolii ile ilgili fikir birligine
varllamamistir.**  Biitin  bu yiizey islemleri
arasinda elmas frez ile asindirma ve ardindan
adeziv rezin uygulamasi klinikte en yaygin
Kompozitin  elmas
frezlerle piirlizlendirilmesinin yiizeyel tabakay1

kullanilanilan  yontemdir.

kaldirarak kompozitin yiizey enerjisini yiikselttigi

ve bdylece tamir materyalinin  mekanik
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retansiyonunu artirdigi bildirilmistir.*>*® Yiizeyin
piirtizlendirilmesi i¢in alternatif bir metot olan air
abrazyon uygulamasi, cihaz igindeki haznede
bulunan asindirici oksit
partikiillerinin basingli hava yardimi ile dar bir
tiipten gegirilerek yiizeye piiskiirtiilmesidir.” Agri
hissini ve lokal anestezi ihtiyaci azaltmasi, 1s1,
vibrasyon, basing, ses ve koku olusturmamasi,
gibi avantajlar1 vardir.'®

alliminyum

Giinimiiz dis hekimliginde kullanim alan
yaygin olan Er:YAG lazerler yumusak doku
tedavisi ve kavite preparasyonunun yani sira
tamir isleminde yiizey hazirligi icin de
kullanilmaktadirlar.?*? Er:YAG lazer 1s1masi
sirasinda enerji, su molekiilleri ve biyolojik
dokunun su igeren bilesenleri tarafindan segici
olarak sogurulmaktadir. Bu durum, suyun ve su
bazli organik bilesenlerin buharlagmasiyla
birlikte bu islem esnasinda ortaya gikan 1s1
miktarima gore ¢esitli termal etkiler ile
sonu¢lanmaktadir (Fototermal buharlagsma).
Sert doku islemlerinde su buhari iretimi, doku
icindeki i¢ basincin artmasini tetiklemekte ve
mikropatlama adi patlamayla
genlesmeye sebep olmaktadir.?* Bu dinamik
etkiler, dokunun ¢Okmesine neden olarak
termomekanik veya fotomekanik kesimin
gergeklesmesini saglar. ErYAG lazer ile sert
doku kesiminde; inorganik bilesenlerin 1siy1

verilen bir

biriktirmeye baslamasindan dnce, su ve su bazli
organik bilesenler, lazer enerjisini hizli bir
bi¢imde sogurmaya baslamaktadir.??

Tamir igleminde mekanik preparasyona ek
olarak adeziv ve silan gibi kimyasal ajanlarin da
baglanmay1 arttirdigi bildirilmistir.®? Silanin
iki fonksiyonel grubu vardir. Silanol grubu
kompozitin doldurucu partikiillerindeki silikaya

baglanirken — metakrilat grubu  rezindeki
metakrilat grubu ile kopolimerize olur. Bu olay
ilave polimerizasyon reaksiyonu ile
gerceklesir. 2%

Tribokimyasal silika kaplama islemi,

kimyasal olarak daha reaktif bir ylizey elde
edebilmek
parcaciklarinin basing altinda piiskiirtme ile

icin  silika kapli alumina
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yiizeye gomiilmesidir ve rezinlerin restorasyona
adezyonunu arttirmak icin etkili bir yontem
olarak 6nerilmektedir.?

Kompozit rezin ile baglandig
arasinda meydana gelen mikro

bakteriler, agiz sivilari, molekiiller, iyonlar ve

yizey
araliktan

hava gecisi gergeklesmektedir. Bu durum
mikrosizint1  olarak adlandirilmaktadir.?’
Mikrosizint1  ile beraber restorasyonda

renklenme, sekonder ¢iiriikler, postoperatif agri
ve pulpa iltihab1 gibi komplikasyonlar, daha ileri

durumlarda ise restoratif materyallerde
kirilmalar ve restorasyon kaybi
goriilebilmektedir.  Yeterli bir baglanma

arayiizdeki mikrosizintiy1 dnleyebilmelidir.?2 Bu
nedenle mikrosizinti, tamir restorasyonlarinin
klinik basarilarinin degerlendirmesinde 6nemli
bir parametredir.

Calismamizin  amaci  nanohibrit  bir
kompozit rezinin tamirinde, sekiz farkli yiizey
islemi ¢ farkli kompozit rezinin

mikrosizint1 lizerine etkisinin incelemesidir.

Bu
asagidaki gibi kurduk.

veE

baglamda  sifir  hipotezlerimizi

Hol .
kompozit
etkilemez.

Her bir yilizey islemi igin kullanilan

rezinler mikrosizinti  skorlarini

Ho2: Her bir kompozit i¢in kullanilan yiizey
islemleri mikrosizint1 skorlarini etkilemez.

MATERYAL VE METOT
Orneklerin Hazirlanmast

kullanilan
firma
Standart
hazirlanabilmesi i¢in silikon 6l¢li maddesinde
4x4x4 ve 4x4x8 mm boyutlarinda negatif
bosluklar olusturuldu. 4x4x4 mm’lik bosluk

Aragtirmamizda materyallerin
Tablo 1°de

boyutlarda  6rnek

igerikleri ve isimleri

verilmistir.

yaslandirilacak ornekler icin, digeri
yaslandirilan 6rneklerin tamiri igin kullanildi.
Filtek 2550 (3M ESPE, St Paul, MN, ABD) iki
tabaka halinde

yerlestirilerek

4x4x4 mm’lik  bosluga
500 mW/cm?
yogunlugundaki halojen 151k kaynagi (Hilux

151k
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Ultra Plus, Benlioglu Dental, Ankara, Tiirkiye)
ile 20 sn polimerize edildi. Kompozit bloklar
hazirlanirken yipranan silikon 6l¢ii bosluklar
yenilendi. Bu sekilde, yiizey islemleri
uygulanip tamir edilmek {izere 192 adet
nanohibrit kompozit blok hazirlandi. Standart
bir yiizey olusturmak amaci ile 6rneklerin tamir
islemi icin kullanilacak yiizeylerine su
sogutmasi altinda 15 sn boyunca sar lastiklerle
polisaj islemi yapildi (Reddish Stone, La
Loggia, Italya). Dort ornekte bir lastikler
degistirildi. Ardindan 24 saat 37C’de serum
fizyolojikte bekletildi.

Tablo 1. Calismada kullanilan materyaller ve icerikleri
icerik

Materyal, iiretici firma

Filtek Z550
3M ESPE, Almanya

Bis-GMA, Bis-EMA, UDMA, PEGDMA,
TEGDMA silika, zirkonya/silika pargaciklari
GPDM, HEMA, 4-Metoksi fenol, Nano-iterbiyum
floriir, baryum cam, nano-boyutta koloidal silika,
cinko oksit, aktivator, stabilizator ve renklendiriciler

Vertise Flow
Kerr, ABD

UDMA bis-MEPP, dimetakrilat, silikon

dioksit,stronsiyum cam, lanthanoid florid, pigment,

foto initator

Primer: MDP, HEMA, hidrofilik dimetakrilat,

kamforokinon, N,N- Dietanol-p-toluidin, su

Bond: MDP, Bis-GMA, HEMA, hidrofobik

dimetakrilat, kamforokinon, N,N-Dietanol-p-toluidin,
kolloidal silika

G-aenial Flo
GC, Japonya

Clearfil SE Bond
Kuraray, Japonya

Bis Silane 3-(trimetoksisilil) propil-2-metil-2-propenoik asit,
BISCO, ABD etanol
Yiizey islemleri uygulanmadan once

kompozit bloklar termal siklus cihazinda
(Gokgeler Makine, Sivas, Tirkiye) 5.000 kez
isisal  dongiiye tabi tutuldu. Termal siklus
uygulamast Orneklerin, sirastyla 5°C ve 55°C
(£2°C) sicakligindaki banyolarda transfer siiresi
5 sn ve bekleme siiresi 30 sn olacak sekilde
gerceklestirildi.

Yiizey Islemlerinin Uygulanmast

Kompozit bloklar farkli yiizey
uygulanmak tizere 8 gruba, bu sekiz grubun her

islemleri

biri de farkli kompozitlerle tamir gérmek tizere
ticer alt gruba (n=8) ayrildi (Tablo 2). Boylece
mikrosizinti testi i¢in toplamda 24 grup elde
edildi.
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Tablo 2. Gruplar

Yiizey Islemleri Tamir Kompozitleri

Filtek Z550 (Grup 1 Z550)
G-aenial Flo Universal ( Grup 1 GA)
Vertise Flow (Grup 1 VF)

Grup 1: Kontrol

Filtek Z550 (Grup 2 Z550)
G-aenial Flo Universal ( Grup 2 GA)
Vertise Flow (Grup 2 VF)

Grup 2: Frez

Filtek Z550(Grup 3 Z550)
G-aenial Flo Universal ( Grup 3 GA)
Vertise Flow (Grup 3 VF)

Grup 3: Frez+Silan

Filtek Z550 (Grup 4 Z550)
G-aenial Flo Universal ( Grup 4 GA)
Vertise Flow (Grup 4 VF)

Grup 4: A203
Filtek Z550

Filtek Z550 (Grup 5 Z550)
G-aenial Flo Universal ( Grup 5 GA)
Vertise Flow (Grup 5 VF)

Grup 5: A2Oz+silan

Grup 6: Filtek Z550 (Grup 6 Z550)
Tribokimyasal silika | G-aenial Flo Universal ( Grup 6 GA)
kaplama Vertise Flow (Grup 6 VF)

Filtek Z550 (Grup 7 Z550)
Grup 7: Lazer G-aenial Flo Universal ( Grup 7 GA)

Vertise Flow (Grup 7 VF)

Filtek Z550 (Grup 8 Z550)

Grup 8: Lazer+silan G-aenial Flo Universal ( Grup 8 GA)

Vertise Flow (Grup 8 VF)

Asagida belirtilen
seklinde hazirlanan kompozit O6rneklerinin

yiizey islemleri kiip

sadece tamir edilecek ylizeylerine uygulandi.

Grup 1 (Kontrol); Bu gruptaki &rneklere
herhangi bir islem uygulanmadi.

Grup 2 (Frez); Her bir yiizey su sogutmasi
altinda 2 mm c¢apinda elmas fissiir frez
(837314111534012C, M&A Diatech,
Heerbrugg, Isvigre) kullanilarak 5 kez
agindirildi. Her 4 Ornekten sonra grenlerinin
asinma ihtimaline kars1 frez yenisi ile
degistirildi.

Grup 3 (Freztsilan); Frez uygulamast bir
gruptaki  gibi  yapildi.
piiriizlendirildikten sonra her bir 6rnege ince bir
tabaka silan (BIS-Silane, BISCO, Inc. 1100 W.
Irving Park Rd. Schaumburg, IL 60193, ABD)
uygulandi ve {iretici talimatlar1 dogrultusunda
30 sn bekletildi. Hava spreyi ile 5 sn

kurutularak silan uygulamas: bitirildi.

Oonceki Frezle

Grup 4 (AlOs3); Hazirlanan ornekler air
abrazyon cihazi (Kavo Rondoflex 360, KaVo
Dental GmbH - D 88400 Biberach, Germany)
ile 2,5 bar hava basinci ve su sogutmasi altinda
50 pm partikiil boyutlu Al,0s tozu (Kavo, KaVo
Dental GmbH - D 88400 Biberach, Germany)
kullanilarak piiriizlendirildi. Piiskiirtme basligi
orneklere 5 mm mesafede ve dik a¢1 yapacak
sekilde tutuldu. Piiriizlendirme siiresi 5 sn ile
sinirlandirildi.
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Grup 5 (Al:Ostsilan); Al;Oz uygulamasi bir
onceki gruptaki gibi yapildi. Her bir o6rnek
ptriizlendirildikten
gecildi.
dogrultusunda silan ince bir tabaka siiriildiikten
sonra 30 sn bekletildi ve hava spreyi ile 5 sn
kurutuldu.

hemen sonra  silan

uygulamasina Uretici  talimatlar

Grup 6 (Tribokimyasal silika kaplama); Cojet
kullanilarak (3M ESPE AG - ESPE Platz 82229
Seefeld - Almanya) ayni firma tarafindan cihaz
icin Ozel iretilen 30 um partikiil boyutlu toz
(Cojet Sand, 3M ESPE AG - ESPE Platz 82229
Seefeld - Almanya) 2,5 bar hava basinci ile
puskiirtiildii. basligi
yiizeylerine 5 mm uzaklikta ve dik aciyla

Piskirtme Ornek

tutuldu. Plriizlendirme siiresi 5 sn ile
sinirlandirildi. Her bir ornege,
pliriizlendirildikten =~ hemen  sonra  silan

uygulandi. Diger gruplarda oldugu gibi silan
ince bir tabaka olarak siriildi, 30 sn bekletildi
ve hava spreyi ile 5 sn kurutuldu.

Grup 7 (Lazer); Er:-YAG lazer (Smart 2940D
Plus, Deka Italya)
uygulamasinda parametreler 150 mJ enerji

Laser;  Florence,
diizeyi, 10 Hz frekans ve 700 ms uzun atim

olarak Dbelirlendi. Pirizlendirme 10 mm

mesafeden 10 sn boyunca uygulandi.

Grup 8 (Lazer+silan); Er:YAG lazer ylizey
isleminden sonra yukarida anlatildig: gibi silan
uygulandi.

Kompozit Orneklerin Tamiri

Tamir i¢in ylizey islemi uygulanan ornekler 3
alt gruba ayrildi. Tamir kompozitleri Filtek
Z550, G-aenial Flo (GC Dental Products Corp,
Kasugai, Aichi 486-0844, Japonya) ve Vertise
Flow (Kerr Italia, Salerno, 1talya) olarak
belirlendi. Vertise Flow kendinden adezivli bir
kompozit rezin sistem oldugu i¢in Vertise Flow
ile tamir edilecek oOrneklerde ayrica adeziv
sistem uygulanmadi. Diger kompozit bloklarin
islem yiizeylerine ise tamir kompoziti
eklenmeden hemen 6nce iki asamali kendinden
asitli adeziv sistem (Clearfil SEBond, Kuraray

Medical, Tokyo, Japan) uygulandi. Uretici
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firmanin talimatlari dogrultusunda primer
aplikator yardimi ile 20 sn uygulandi ve hava ile
hafif¢e inceltildi. Daha sonra adeziv baska bir
aplikator yardimi ile uygulandi ve o da hava ile
hafifce inceltilerek 1sikla 10 sn polimerize
edildi. Her bir 6rnek adeziv uygulandiktan
hemen sonra 4x4x8’lik silikon 6l¢ii bosluguna
ilk konumuna uygun olarak yerlestirildi. Olgii
de

Biitiin  tamir

boslugunun kalan yar1 hacmi tamir
kompozitleri dolduruldu.
kompozitleri 2 mm kalinliginda iki tabaka
halinde yerlestirildi. Ust tabakanmn islem
gormiis kompozit ylizeyine tagmamasi i¢in
bitim sinirina dikkat edildi. Her bir tabaka 20 sn
igmlandi.  Ornekler kaliplardan cikarilarak
tekrar 20 sn ismlandi. Yukarida anlatildigi

sekilde polisaj yapildiktan sonra list yiizey harig

ile

diger yiizeyler ¢ift kat tirnak cilasi ile kapatildi.

Tamir islemi goéren kompozit rezin
bloklara mikrosizint1 testinden 6nce termal
siklus cihazinda 1000 kez, 5°C ve 55°C (£2°C)
sicakligindaki banyolarda transfer siiresi 5 sh ve
bekleme siiresi 30 sn olacak sekilde 1s1 dongiisii

uygulandi.
Mikrosizinti Testi

Boya penetrasyon yontemi i¢in termal siklustan
cikarilan ornekler %0,5’lik konsantrasyonda
bazik fuksin soliisyonunda 24 saat bekletildi.
Ornekler yikamp kurutulduktan sonra tamir
hattina dik olarak orta noktasindan her iki
yiizeyi de kesici olan separelerle ayrildi. Bir
iki  ylizeyde
penetrasyonu tamir hatt1 boyunca
stereomikroskop (SMZ 800, Nikon, Tokyo,
Japonya) ile x40 biiyiitmede incelendi. Sonuglar

ornekten elde edilen boya

su kriterlere gore skorlandi:
Skor 0; tamir ara yiizli boyunca hi¢ sizint1 yok.

Skor 1; tamir ara yiizii boyunca yariya kadar
Sizint1 var.

Skor2; tamir ara yiizli boyunca yaridan fazla
Sizint1 var.

Skor 3; tamir ara yliziiniin tamaminda sizinti
var.
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Istatistiksel Degerlendirme

Verilerin analizi SPSS for Windows 11.5 paket
programinda yapildi. Siirekli degiskenlerin
dagilimi  Kolmogorov ~ Smirnov  testiyle,
varyanslarin homojenligi ise Levene testiyle
arastirildi. Tanimlayict istatistikler ortanca (en
az- en ¢ok) bigiminde gosterildi.

Gruplar arasindaKi farkliliklarin
degerlendirilmesinde Kruskal Wallis testi
kullanildi. Aksi belirtilmedik¢ge p<0,05 icin
sonuglar istatistiksel olarak anlamli kabul
edildi. Olas: biitiin ¢oklu karsilastirmalarda tip |

hatay1 kontrol edebilmek i¢in Bonferroni
Diizeltmesi yapildi.

BULGULAR

Yiizey islemleri ve materyallere gore
mikrosizintt  skorlart  degerlendirildiginde

gruplar arasinda istatistiksel olarak 6nemli
farklilk  yoktur (p>0,05).
ortalama Skor 0 sonucu gostermistir (Tablo 3).
Bir grubun disinda diger biitiin gruplar 0 (Resim
1) ve 1 skorunu (Resim 2) gostermislerdir.
Sadece bir grupta (Grup 1 VF) 2 skoru (Resim
3’¢  higbir

Biitin gruplar

3) gorilmis, skor grupta

rastlanmamustir.

Tablo 3. Mikrosizint: testine ait bulgular. Yiizey islemleri sabit
tutuldugunda materyaller arasinda yapilan karsilagtirmalar,
Kruskal Wallis testi, Bonferroni Diizeltmesine gére p<0,00625
icin sonuglar istatistiksel olarak anlamli kabul edildi. Materyaller
sabit tutuldugunda yiizey islemleri arasinda yapilan
karsilastirmalar, Kruskal Wallis testi, Bonferroni Diizeltmesine
gore p<0,017 ic¢in sonuglar istatistiksel olarak anlamli kabul
edildi.

755047550 Z550+GA Z550+VF p-degeri T
Grup L

(K’Eﬁt ) 0(0-0) 0(0-1) 0(02) 0,007
gr“e‘;)z 0(0-1) 0(0) 0(0-0) 0,804
Grup 3

(F’r‘;’;ﬂ" ) 0(0-0) 0(0-1) 0(0-0) 0,130
gluz%j) 0(0-1) 0(0-1) 0(0-1) 0318
Grup 5

; A:‘Z%m"an) 0(0-0) 0(0-0) 0(0:0) 1,000
Grup 6

(Tribokimyasal silika 0(0-0) 0(0-1) 0(0-0) 0,044
kaplama)

el 0(0- 0(0-1 0(0- 0358
o ) o) ) :
Grup 8

(Lr:fm”an) 0(0-1) 0(0-1) 0(0-1) 0,056
p-degeri | 0155 0781 0.110
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Resim 1. Skor 0

Resim 2. Skor 1

Resim 3. Skor 2

TARTISMA

Bu ¢aligmada kompozit restorasyon tamirinde
sekiz farkl yiizey islemi ve biri eski kompozit
ile aym diger ikisi farkli olmak {izere ii¢
kompozit rezinin (nanohibrit, kendinden
adezivli, yliksek dolduruculu) mikrosizintiya
etkisi degerlendirilmistir. Mikrosizint1 testi
sonucunda elde ettigimiz verilere gore sifir
hipotezlerimiz; “Her bir yiizey islemi igin
kullanilan kompozit rezinler —mikrosizinti
skorlarini etkilemez.” ve “Her bir kompozit
kullanilan  ylizey
skorlarim1  etkilemez.”

rezin  igin islemleri

kabul
edilmistir. En yiiksek mikrosizint1 skoru olan 2,

mikrosizinti
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yalnizca Grup 1 VF’de (kontrol, Filtek
7550+Vertise  Flow) tek bir  Ornekte
goriilmiistiir.

[statistiksel olarak fark olusturmamakla
birlikte skor 2 sadece kontrol grubunda Filtek
7550’nin Vertise Flow ile tamir edildigi grupta
goriilmiigtiir.  Vertis Flow gliserol fosfat
dimetakrilat (GPDM) monomeri igerir. GPDM
hidrofilikligi yiiksek giiclii asitleme etkisi olan
bir monomerdir.?® Geleneksel kompozitlerle
karsilastirildiginda  self-adeziv materyallerin
hidrofilik monomerleri su absorbsiyonuna daha
egilimlidir. Bu durum matriksin sismesine ve
polimer zincirin kirilmasina neden olarak
kendinden adezivli kompozitlerin mekanik
ozelliklerini zayiflatir. Boylece termal siklus

gibi  yaslandirma  yontemlerinden sonra
kompozit-kompozit arasi baglanma dayanimlari
azalir, 303!

Kullandigimiz kompozitlerin hepsi i¢in
yiizey islemleri arasindaki farklilik Onemsiz
cikmustir. Hosani ve ark. Er:'YAG lazer ve
elmas frezle agtiklari kavitelerde mikrosizinti
degerlendirmesi yapmuslar, gruplar arasinda
istatistiksel fark olmadigini bildirmislerdir.
Uygulamalarin zaman kiyaslamasini da yapan
yazarlar lazerin frezden birka¢ kat uzunlukta
zaman aldigini da belirtmislerdir.®* Kompozit
yiizeyine Er:YAG lazer uygulanan bagska
calismalarda da dental
dokulardakinin konik
mikrokavitelerden bir
olusturdugu, mekanik
baglanma icin istenmeyen bir durum oldugu
bildirilmistir.3334%® Tabatabaei ve ark.* yaptig1
arastirmada frez preparasyonunun hem mikro
hem de makro-retantif alanlar olusturarak
baglanma i¢in daha giivenli yiizeyler yarattig
sonucuna varmustir. Yaman ve ark.’da® yiizey
islemi olarak Er:YAG lazer ve elmas frezi
karsilastirdiklar calismalarinda bizim
caligmamiza paralel olarak gruplar arasinda
acisindan fark
bulamamuglardir. Vertise Flow’ un yiizey islemi
uygulanan gruplarinda mikrosizint1 skorlar

lazerin  ylizeyde,
iyi
olusan

sinirlt,
uniform

aksine

puriizlilik bunun

mikrosizinti istatistiksel
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biraz daha iyidir. Bu kompozit rezinin
kullanildigi  gruplarda ek adeziv sistem
uygulamasi yapilmamistir. Daha 6nce yapilan
pek ¢ok caligmada Vertise Flow’un baglanma
dayanimi diger gruplara gore ozellikle ek
adeziv  kullamilmadiginda  daha  disik
cikmstir. 40 Bizim ¢alismamizda frez+silan,
Al,Os+silan ve tribokimyasal kaplama ek yiizey
islemleri bu kompozitin baglanma dayanimini
kontrol

arttirarak  mikrosizintt  skorlarim

grubuna gore diigiirmiis olabilir.

Calismamizda inceledigimiz diger bir
yiizey islemi de Al;Os ile hava abrazyonudur.
Kompozit yiizeyine air abrazyon
uygulandiginda aliiminyum oksit partikiillerinin
kinetik
doldurucu baglantisinda degregasyona

enerjisi 1stya doniiserek matriks
ve
doldurucularin organik matriksten kopmasina
neden olur. eski

Boylece restorasyonun

ylizeyinde baglanti i¢in uygun bir yiizey

olusur® Bir c¢alismada®* air abrazyon
uygulanan ylizeylerin baglanma i¢in daha
elverigsli oldugunu belirtilirken bagka bir

calismada®® frez ile air abrazyona gore daha
yiiksek baglanma dayanimi elde ettikleri
bildirilmistir.
Tribokimyasal silika kaplama yontemi
baglanma dayanimin1 artirmada iki farkli
mekanizma ile Al,Os; ile air abrazyon
yonteminden ayrilir.!># Birincisi, Cojet ile
yilizeye piuskiirtiilen silika baglanma alaninin
artmasin1 saglar. Ikincisi, metotla kombine
kullanilan silan ek olarak kimyasal baglanma
Boylelikle Cojet
dayanimmi artirmada avantajli hale gelir.
Rodrigues ve ark. SEM ile inceledikleri
orneklerde, silika
yonteminde daha diiz ancak topografik olarak
mekanik retansiyona daha uygun ylizeyler
goriildiigiinii  sdylemislerdir.’? Ancak bizim

saglar. sistemi baglama

tribokimyasal kaplama

calismamizda mikrosizintt yoniinden fark
yaratmamistir. Wendler ve ark.’da*® (elmas
frez, fosforik asit, silan, tribokimyasal silik
kaplama) farkli  ylizey

bes islemini
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kargilagtirdiklar1 ~ ¢aligmalarinda  baglanma

dayanimi agisindan fark bulamamiglardir.

Tamir gorecek kompozit rezinin markasini
veya icerigini bilmek c¢ogu kez miimkiin
degildir. Bu nedenle ¢aligmamizda eski
kompozit ile ayn1 ve iki tane de farkli kompozit
kullandik. Farkli kompozitler iyi
ozelligi ile kavite duvarlarina kolayca adapte
olabilen akiskan kompozitlerden (G-aenial Flo
ve Vertise Flow) tercih edildi.* Lazaridou ve
ark. kontak
alanlarinda amalgam tamiri i¢in giivenilir
oldugunu ifade etmistir.*® Bizim ¢alismamizda
da G-aenial skor
ortalamasi sifirdir ve hi¢bir 6rneginde skor 2’ye
rastlanmamustir. G-aenial flo’nun akiskanlik
ozelligi ile yiizeyi iyi 1slatmasi, uygulama
sirasinda  hava kabarcigr olusma riskinin
ve stresi absorbe edebilmesi
mikrosizinti  sonuglarim1  olumlu  etkilemis
olabilir.4"48

1slatma

G-aenial Flo’nun  okliizal

Flo’nun mikrosizinti

azalmasi

Calismamizda  silan  kullanilan

kullanilmayan gruplarin mikrosizint1 skorlar

Ve

arasinda anlamli bir farklilk bulunmamustir.
Literatiirde silan ile ilgili ¢elisen sonuglar
Mobarak ve El-deeb siloran bazli
kompozitlerde yaptiklar1 tamir ¢alismalarinda

vardir.

silanin  sizinttya  etkisinin  olmadigini
belirtmiglerdir.*® Silanin baglanmaya olumlu
etkisinden bahseden arastirmacilar, baglanma
dayaniminin rezin ve doldurucular arasinda
kurulan kimyasal siloksan bag ile arttigini ifade
ederler.8* Silanin ayrica yiizey 1slanabilirligini
artirarark, adeziv rezinin infiltrasyonunu
kolaylastirdigi ~ bildirilmistir.?*  Ozellikle
tribokimyasal silika kaplama isleminden sonra
silan kullaniminin baglanmay1 arttirdigi ifade
edilmistir.5:-® Ancak bizim ¢aligmamizda silika
kaplama uygulanan gruplarda da mikrosizinti
El Askary

tamir calismasinda,

acisindan fark olusturmamustir.
gercgeklestirdigi silanin
baglanma dayanimindaki etkisizliginin kalin
ara yiiz tabakasi nedeniyle olusabilecegini
soylemislerdir.>* Bizim sonuglarimizda bu kalin

tabaka ile birlikte, silan-zirkonyum iliskisi ile
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aciklanabilir. Filtek Z550 zirkonyum doldurucu
icermektedir. Silan zirkonyum ile reaksiyona
girmediginden zirkonyum doldurucular rezin
matrikse mikro poroziteler aracilig
tutunur.® Dolayisiyla zirkonyum doldurucular
nedeni ile silan tam olarak etkisini
gdsterememis olabilir.

ile

Calismamizda yaslandirma yontemi olarak

stk kullanilan  yapay
yontemlerinden termal siklusu tercih ettik. ISO
TR 11450 standartlar1 6rneklere 5°C ve 55°C
deki su banyolarinda 500 siklus uygulanmasini
uygun bir yapay yaslandirma test bigimi olarak
gostermistir.>® Giin i¢inde a1z ortaminda 20-50
kez termal siklusun tekrarlandig
diisiiniilmektedir.>” Addison ve ark.%® ise, agir1
1s1sal degisimlerin giinde en fazla 10 defa
gergeklestigini ve 3500 defalik 1sisal ¢evirimin
yaklagik olarak 1 yillik klinik kullanima esit
bildirmislerdir. Mikrosizinti
calismalarinda  kullanilan  siklus  sayisi
literatiirde 100-50000 arasinda degiskenlik
gostermektedir. Crim ve ark.>® ve Gale ve ark.>’
siklus

en yaslandirma

olacagini

sayist ile siiresinin mikrosizintiy1
etkilemedigini belirtmiglerdir. Literatiirdeki bu
bilgiler dikkate alinarak bizim calismamizda
iizerine tamir iglemi yapacagimiz kompozit
bloklarini yaslandirmak igin termal siklus sayist
5000 segilirken, tamir islemi sonrasi 1000

olacak sekilde belirlenmigtir.
SONUCLAR

kompozit

ylzey
arasinda

Calismamiz  smirlar1  igerisinde

farkli
rezinler

restorasyonlarin  tamirinde

islemleri ve kompozit
mikrosizinti agisindan fark yoktur. Tim yiizey
islemleri i¢in silan kullanimi  ve tamir
kompozitinin eski kompozit ile ayni ya da farkl
olmas1 mikrosizint1 skorlarinda anlamli bir
degisiklik olusturmamustir. EK materyal-cihaz
kullanimini gerektiren ve buna bagl olarak da
maliyeti arttiran yiizey islemleri yerine daha
pratik olan ve kliniklerde hali hazirda bulunan
frez ile piiriizlendirme ve adeziv rezin kullanimi
onermekteyiz. Ek olarak tamir islemi eski

kompozit rezinden farkli geleneksel ya da

191

kendinden adezivli akiskan kompozitler ile de
yapilabilir. Ancak bu sonuglarmm klinik
aragtirma sonuglari ile de desteklenmesine
ihtiya¢ vardir.
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ABSTRACT 0z

Objectives: The aim of present study was to evaluate
the effect of different factors on the stress distribution
of a molar tooth by finite element analysis.

Materials and Methods: A 3D tooth model of a
maxillary molar tooth was created for present study.
The cavities (Class | and Class Il) were created in the
computer model. The cavities were restored with three
different restorative materials (resin composite,
amalgam and glass ionomer cement) in the computer
model. Two thermal load (5 °C and 55 °C) and two
mechanical load (mechanical singular load-
perpendicular and mechanical distributed load-
perpendicular) used in this study. Twelve study groups
were created. The von Mises stress distribution was
evaluated.

Results: Von Mises stress values were not statistically
significant different among the groups for restorative
material and mechanical load factors (p>0.05) while
there were statistically significant differences among
the groups for cavity geometry and thermal load
factors (p<0.05).

Conclusions: Within the limitations of our study, the
higher Von Mises stress values were found in Class |

cavity for cavity geometry and 5°C for thermal load.

Keywords: Cavity geometry, restorative material,
thermal load, mechanical load, finite element analysis.

Amag: Bu calismanin amaci bir molar digin stres
dagilimi {izerinde farkli faktorlerin etkisini sonlu

elemanlar analizi ile degerlendirmektir.

Gere¢ ve Yontem: Calisma ic¢in bir maksiller molar
disin 3 boyutlu dis modeli olusturuldu. Kaviteler (Sinif
I ve Smf II) bilgisayar ortaminda olusturuldu.
Kaviteler bilgisayar ortaminda ¢ farkli restoratif
material ile (kompozit rezin, amalgam ve cam
iyonomer siman) restore edildi. Bu c¢alisma i¢in iki
termal yik (5 °C ve 55 °C) ve iki mekanik yiik
(mekanik tekil yiik-dik ve mekanik yayili yiik-dik)
kullanildi. On iki c¢alisma grubu olusturuldu. Von

Mises stres dagilimi degerlendirildi.

Bulgular: Restoratif materyal ve mekanik yik
faktorleri igin gruplar arasinda Von Mises stres
degerleri istatistiksel olarak anlamli bir farklilik
gostermezken (p>0,05), kavite geometrisi ve termal
yiik faktorleri igin gruplar arasinda istatistiksel olarak
anlaml bir farklilik vardi (p<0,05).

Sonuclar: Calismamizin sinirlar1 dahilinde, en yiiksek
Von Mises stres degeri kavite geometrisi i¢in Sinif [

kavitede ve termal yiik i¢in 5 °C’de bulundu.

Anahtar Kelimeler: Kavite geometrisi, restoratif
material, termal yiik, mekanik yiik, sonlu elemanlar

analizi.

L Ordu University, Department of Machinery and Metal Technologies, Vocational School of Technical Sciences, Ordu, Turkey
2 Ataturk University, Faculty of Mechanical Engineering, Department of Construction and Manufacturing, Erzurum, Turkey.
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INTRODUCTION

The aim of restorative dentistry is to provide a
natural teeth appearance, accurate diagnose
and treatment. Different restorative materials
may be used for the dental treatment.?
However, the restorative materials present
certain drawbacks such as thermal and
mechanical stress. Restored teeth are exposed
to mechanical stress at different levels since
occlusal forces, and the durability of the
restorations mostly depends upon these
stresses.

In addition, many factors such as the type
of the restorative material, cavity geometry,
and thermal fluctuations, affect the stress that
occurs on restored teeth.?2 The oral cavity can
be exposed to thermal fluctuations. These rapid
fluctuations create thermal stress.*

The Finite Element Analysis (FEA)
method, which uses advanced computing and
modeling techniques, provides a reliable means
of determining the biomechanics of restorative
materials. Computer-aided quantitative studies
have also become a very important tool in
dentistry, particularly in the identification of
the source of failure, offering satisfying and
reliable results when combined with FEA. In
addition, experiments that could not be
performed on patients can be done in the
computer environment using FEA. Moreover,
analyzing the durability of the restorative
materials when exposed to occlusal forces by
this method could be quick and cost-
effective.>®

There are different studies related to the
effect of variable cavity geometry, occlusal
forces and thermal changes on stress
distribution.®** However, study related to
thermal stress distribution at tooth-restorative
material interface bonding has been very
limited.® The aim of present study was to
evaluate the effect of different factors such as
cavity geometry, restorative material, thermal
and mechanical load factors on the stress
distribution of a molar tooth.

196

MATERIAL AND METHOD
Modeling of Tooth

An extracted maxillary left first molar tooth
was used for the 3D tooth model. The 3D

tooth model procedures were made according
to Toparli et al.* and Hashemipour et al.’
recommendations (Fig. 1).

T = PO ¥R = Te—T—TT g
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Figure 1: Preparing a three-dimensional model using the
Mimics program before Solidworks program.

Meshing

Mesh (72.621 elements and 104.665 nodes)
was obtained automatically using the ANSYS
13 Workbench (Swanson Ansys Inc., Houston,
USA). Figure 2 is shown the meshed model.

0.000 5.000 10.000 (mm)
e
2500 7,500

Figure 2: The meshed model.

Cavity Preparation

The cavities were prepared in the computer
model.

Class | cavity (5x3x2 mm?) was prepared on
the occlusal surface of the tooth (Fig. 3).
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Figure 3: The preparation of Class | cavity.

Class Il cavity (5x3x2 mm?) was prepared with
the cervical margin 1 mm below the
cementum-enamel junction (Fig. 4).
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Figure 4: The preparation of Class Il cavity.

The cavity was restored with three
different restorative materials (resin composite,
amalgam and glass ionomer cement) in the
computer model. The restorative materials
commonly used for restoration in dentistry are
preferred for this study. Table 1 presents the
mechanical properties of restorative materials
used in present study.*’

Table 1. The mechanical and thermal properties of the tooth and
the restorative materials used in this study.

Modulus of N N - Thermal Thermal
Materials Elasticity P‘;Sg; s Spg;g'&'ésat Expansion Conductivity E:(er}a
(GPa) g Coefficient (1/°C) __(W/m °C) g
Enamel 80 0.33 750 11x10° 0.84 280
Dentine 20 0.31 1302 11.4x10° 0.63 200
Pulp 0.003 0.45 4200 180.1 x10° 0.0418 100
Resin 15 0.24 820 34x10° 1.26 200
Composite
Glass 6
lonomer 108 0.30 1177 35x10 0.615 210
Amalgam 35 0.35 240 25x10° 231 105C

Thermal and Mechanical Load

To simulate the sudden intake of hot and cold
food and drink, two thermal load (5 °C and 55
°C) used in this study.!? The tooth was
assumed to initially have a uniform
temperature of 36.5°C, the temperature was
assumed to change from 36.5 to 5 or 55°C,
respectively.
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Mechanical loads were within the ranged
10-431 N in the intraoral.* Two mechanical
load (mechanical singular load-perpendicular
and mechanical distributed load-perpendicular)
used in this study. Mechanical singular or
distributed loads of 270 N at an angle of 90°
were then applied on the restorative material in
the longitudinal axis of the tooth at
temperatures of 5 or 55 °C.

The von Mises stress distribution was
calculation using ANSYS 13 Workbench
software.

Study Groups

Table 2 presents the twelve experimental
groups created in present study.

Table 2: The distribution of study groups
Study Groups Cavity Restorative Material  Thermal
Geometry Load

Mechanical Load

Group 1.1 Class | Composite Resin 5°C Mechanical Singular Load-Perpendicular
Groupl  “Group12 Class | Composite Resin 5°C  Mechanical Distributed Load-Perpendicular
Group 2.1 Class | Composite Resin 55°C Singular Load-

Group2  “Group 2.2 Class | Composite Resin 55°C  Mechanical Distributed Load-Perpendicular

Group 3.1 Class 11 Composite Resin 5°C Mechanical Singular Load-Perpendicular
Group3  “Group32 Class Il Composite Resin 5°C  Mechanical Distributed Load-Perpendicular
Group 4.1 Class Il Composite Resin 55°C__ Mechanical Singular Load-Perpendicular
Group4  “Group42z __ Classil Composite Resin 55°C___Mechanical Distributed Load-Perpendicular
—Group5.1 Class | ‘Amalgam 5°C Mechanical Singular Load-Perpendicular
Group 5 roup 5.2 Class | ‘Amalgam 5°C__ Mechanical Distributed Load-Perpendicular
roup 6.1 Class | ‘Amalgam 55°C jechanical Singular Load
Group6  “Group 6.2 Class | Amalgam 55°C Distributed Load-Perpendicular
Group 7.1 Class IT Amalgam 5°C Singular Load-
Group7  “Group7.2 Class 11 “Amalgam 5°C__ Mechanical Distributed Load-Perpendicular
Group 8.1 Class IT Amalgam 55°C____ Mechanical Singular Load-Perpendicular
Group 8 Group 8.2 Class Il Amalgam 55°C Mechanical Distributed Load-Perpendicular
Group 9.1 Class | Glass lonomer Cement 5 °C Mechanical Singular Load-Perpendicular
Group9  “Group9.2 Class | Glass lonomer Cement _ 5°C___ Mechanical Distributed Load-Perpendicular
Group 10.1 __ Class | __Glass lonomer Cement 55 °C____Mechanical Singular Load-Perpendicular
Group10 "Group10.2 _ Class| __ Glass lonomer Cement _ 55°C __ Mechanical Distributed Load-Perpendicular
Group 11.1__ Class I__Glass lonomer Cement___5 °C echanical Singular Load-
Group 11 “Group 112 Class Il Glass lonomer Cement 5 °C Mechanical Distributed Load-Perpendicular
Group 121 Class 1l Glass lonomer Cement 55 °C ical Singular Load
Group12 “Group122  ClassIl _ Glass lonomer Cement 55 °C Distributed Load-

Statistical Analysis

The effect of different factors on stress
distribution were analyzed with Kruskal-Wallis
and Mann-Whitney U tests using SPSS 13.0
for Windows (SPSS Inc, Chicago, IL, USA).

RESULTS

Von Mises stress values were not statistically
significant different among the groups for
restorative material and mechanical load
factors (p>0.05) while there were statistically
significant differences among the groups for
cavity geometry and thermal load factors
(p<0.05).

Von Mises stress distribution of according
to cavity geometry and thermal load factors are
shown in Table 3 and Table 4, respectively.
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Table 3: Distribution of descriptive statistical data according to
cavity geometry factor (MPa).

Von Mises Stress Distribution (6M)

Cavity Geometry Standard Standard

Median Deviation Error

Mean Minimum  Maximum

Class | Cavity 73.73 72.60 26.17 7.55 38.1 106.9

Class Il Cavity 49.60 45.90 17.18 4.96 30.2 75.2

) 0.024

Table 4: Distribution of descriptive statistical data according to
thermal load factor (MPa).

Thermal Von Mises Stress Distribution (M)

Standard Standard
Deviation Error

Load Mean Median Minimum  Maximum

5°C 80.20 77.90 20.19 5.83 48.9 106.9

55°C 43.13 4135 11.84 3.42 30.2 64.6

P 0.001

The higher Von Mises stress values were
found in Class | cavity for cavity geometry and
5°C for thermal load (Figure 5 and 6). Von
Mises stress distribution according to study
groups are shown in Figure 7.

Figure 5:
a- Von Mises stress distribution b- VVon Mises stress distribution
of Class | cavity in Group 1.1.  of Class | cavity in Group 2.1.

Figure 6: a- Von Mises stress  b- VVon Mises stress distribution

distribution of Class Il cavity
in Group 3.1.

of Class Il cavity in Group 4.1.
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Figure 7: Von Mises stress distribution according to groups.

DISCUSSION

Restorative materials and tooth structures in
the oral cavity expand when exposed to cold or
hot food and drink.** Temperature changes
create thermal stress on restored teeth.
Differences in the thermal and mechanical
properties between the tooth structures and
restorative materials promote the development
of stress.’>" The induced stress may cause
cracking within the tooth or failure in the
tooth-restorative material interface bonding.*®
20 The type, elastic modulus, and rigidity of
restorative material are very important to the
tooth-restorative material interface bonding.
Our study mainly focused on stress and
thermal analysis of a restored molar tooth,
using FEA and calculate the stresses and
thermal fields present.

The thermal expansion coefficients of
restorative materials and tooth are used in the
thermal stress analysis. When there is a
mismatch between the restorative materials
and the thermal expansion coefficients of the
tooth, there will be expansion or contraction in
the restorative material during thermal
changes.? The present study demonstrated that
stress distribution created by cold exposure
was greater than with hot exposure. This result
was comparable to the other studies.®?

Evidence shows that the depth and width
of cavity play important roles in fracture
resistance of restorations.?®?* Valian et al.?®
reported that by occlusal extension of the Class
Il cavities, the amount of stress at the interface
increased. However, Chang et al.? found that
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by increasing the cavity dimensions, the stress
at the interface did not increase. We found that
the higher Von Mises stress values were found
in Class | cavity for cavity geometry.

In vivo studies have reported different
findings on occlusal forces at the posterior
region. In addition, practical occlusal force in
clinic is sometimes larger than the normal
occlusal force. Fu et al.?’ reported that the
biggest occlusal force can achieve 480 N for
the maxillary first molar. Two mechanical load
(mechanical singular load-perpendicular and
mechanical distributed load-perpendicular)
used in the present study. Using of different
mechanical load may cause different von
Mises stress distribution.

Tooth decay can be treated with various
restorative materials and different restorative
application techniques. Today, the use of
aesthetically pleasing materials has increased
in response to patient demand. However,
clinicians should consider not only the
aesthetics of the restorative material but also
its biomechanics and durability when selecting
a material.? The cavity was restored with three
different restorative materials (resin composite,
amalgam and glass ionomer cement) in this
study. However, we found that the stress
distribution of this restorative materials were
similar. Using of restorative materials with
different mechanical and thermal properties
may cause different von Mises stress
distribution. However, our study results should
be supported by clinical studies.

CONCLUSION

e The higher Von Mises stress values were
found in Class | cavity for cavity geometry
factor.

e  The higher Von Mises stress values were
found in 5°C for thermal load factor.
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ABSTRACT oz

Objectives: In this study, the time-dependent toxic
effects of QMix ™, ethylene ediaminetetraacetic acid and
chlorhexidine irrigation solutions on human osteoblast
cells were as evaluated.

Methods and Materials: Human osteoblast cells were
grown as monolayer cultures at 37°C in an atmosphere of
5% CO2 in air and 100% relative humidity. Cells were
exposed to ethylene diaminetetraacetic acid (EDTA),
chlorhexidine (CHX) and QMix™ for 4 hours and 24
hours.  Cell viability was assessed by a 2,3-bis(2-
methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino)carbonyl]-2H-tetrazolium hydroxide kit
(XTT) assay. The differences in the mean viability of
human osteoblast cells were evaluated statistically.

Results: There was a statistically significant difference
between the mean percentage of viable cells in the test
solutions and control group, both after 4 hour (p<0.001)
and 24 hour exposure (p=0.004). The mean percentage of
viable cells decreased statistically significantly with the
increase in the time of exposure in the EDTA, CHX and
QMix™ groups (p<0.05). After 4 hours’ exposure, the
EDTA and QMix showed statistically a less toxic effect
than did CHX (p<0.05). There was no statistically
significant difference between the toxicity of the
irrigation solutions after 24 hours” exposure (p>0.05).

Conclusion: All irrigation solutions tested showed
various toxic effects on the human osteoblast cell line.
The increase in exposure time also increased the toxicity
of irrigation solutions on the human osteoblast cell line.

Keywords: Chlorhexidine; Ethylene Diaminetetraacetic
acids; Toxicity; QMix™.

Amac: Bu calismada, QMix ™, etilen diamintetraasetik
asit ve klorheksidin irrigasyon soliisyonlarinin human
osteoblast hiicreleri hatt1 lizerindeki zamana bagl toksik
etkisi degerlendirdi.

Materyal ve metod: Human osteoblast hiicreleri, %5
COz2 ve %100 bagil nem igeren bir ortamda 37°C'de tek
tabakali olacak sekilde kiiltiire edildi. Hiicreler 4 saat ve
24 saat boyunca etilen diamintetraasetik asit (EDTA),
klorheksidin (CHX) ve QMix ™ 'e maruz birakild1.
Hiicre canliligi 2,3-bis(2-methoxy-4-nitro-5-
sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium
hydroxide kiti (XTT) ile degerlendirildi. Human
osteoblast hiicrelerinin ortalama yasayabilirligindeki
farkliliklar istatistiksel olarak degerlendirildi.

Bulgular: Deney soliisyonlarindaki ve  kontrol
grubundaki canli hiicrelerin ortalama yiizdesi arasinda
hem 4 saatlik (p<0,001) hem de 24 saatlik (p=0,004)
uygulamanin sonrasinda istatistiksel olarak anlamli fark
gOriildii. Canli hiicrelerin ortalama yiizdesi, EDTA, CHX
ve QMix™ grubunda uygulama siiresinin artmasi ile
istatistiksel olarak anlamli derecede azaldi (p<0,05). 4
saat siiresince uygulamanin ardindan CHX‘e gére EDTA
ve QMix istatistiksel olarak anlami derecede daha az
toksik etki gosterdi (p<0,05). 24 saat siiresince
uygulamanm ardindan ise irrigasyon soliisyonlarinin
toksisitesi arasinda istatistiksel olarak anlamli fark
bulunmadi (p>0,05).

Sonug¢: Bu calismada kullanilan irrigasyon soliisyonlar1
human osteoblast hiicre hatti {izerinde ¢esitli derecede
toksik etki gosterdi. Uygulama siiresinin  artmasi
kullanilan irrigasyon soliisyonlarinin human osteoblast
hiicre hatt1 tizerindeki toksisitesini de arttirdi.

Anahtar Kelimeler: Klorheksidin, Etilen
diamintetraasetik asit, Toksisite, QMix ™,
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2 Department of Endodontics, Faculty of Dentistry, Cumhuriyet University, Sivas, Turkey
3 Department of Biochemistry, Faculty of Pharmacy, Cumhuriyet University, Sivas, Turkey
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INTRODUCTION

The inability to completely clean root canals by
mechanical shaping has increased the interest in
irrigation solutions.* There are many irrigation
solutions with different contents in endodontics,
but none of these solutions can provide all the
properties expected from an ideal irrigation
solution. For this reason, efforts to determine
the ideal solution are continuing.?*

EDTA is a commonly-used chelating
agent in endodontic treatment. It is used to
remove the smear layer by acting on the
inorganic components of dentin.> However,
EDTA is used in combination with NaOCI in
endodontic treatment because of a lack of
sufficient  antibacterial  activity  against
endodontic bacteria when used alone.5 ’

Another irrigation solution commonly
used in endodontic treatment is chlorhexidine
(CHX). Being the most effective member of
the bisguanide group, CHX is a cationic
detergent with a broad antimicrobial
spectrum.® The substantivity which allows the
antimicrobial effect of CHX to persist even
after application, gives it a unique feature
advantage.® In addition, this feature prevents
the formation of resistant microorganisms, and
provides a great advantage in endodontic
treatment.'® 1

QMix™ is a new solution containing
EDTA, CHX, and a detergent. This newly-
developed solution has the ability to remove
the smear layer through the use of EDTA,
contains the antimicrobial and substantivity
properties of CHX, and has alow surface
tension due to its detergent content. Thus, all
the positive properties of the included solutions
are collected in QMix™ 1214

One of the most studied topics in dentistry
is to find the most appropriate materials that
can be used in treatment, and to use them in
the most appropriate way. In this sense,
biocompatibility is accepted as one of the basic
requirements when it comes to the use of any
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dental restorative material in clinical

practice.'> 16

The lack of biocompatibility with regard
to the materials used, leads to the possibility
that degeneration may occur in terms of
structure, proliferation, adhesion and enzyme
systems, and therefore in all vital functions of
the cells in the related tissue.”
Furthermore, the biological properties of the
materials used have a significant effect on the
success of endodontic treatment.® For this
reason, we aimed to investigate the
biocompatibility of the EDTA, CHX and
QMix™ ysed in root canal irrigation in vitro.
The null hypothesis of the study tested was that
there is no difference among the tested
irrigation solutions in terms of toxicity.

MATERIALS AND METHODS
Cell cultures

Human osteoblast (hFOB 1.19; American Type
Culture Collection, Manassas, VA; #ATCC
CRL-11372) cell lines were obtained from
commercial sources for these studies. Cells
were cultured in Dulbecco's Modified Eagles
Medium (DMEM; Sigma Chemical Co., St.
Louis, MO) supplemented with 10% fetal
bovine serum (Sigma, St. Louis, MO, USA),
penicillin (100 U/ml; Sigma, St. Louis, MO,
USA), and streptomycin (100 g/ml; Sigma, St.
Louis, MO, USA) at 37 °C in a humidified
atmosphere of 5% CO2 in air. The culture
medium was changed every 3 to 4 days.

96-well plastic tissue culture plates
(Linbro, Flow Laboratories Inc, McLean, VA)
were filled with 200 pl of medium containing
2x104 hGFs in each well. The plates were then
incubated at 37 °C in a humidified atmosphere
of 5% CO2 and 95% air for 24 hours to permit
attachment of the cells to the plates (Figure 1).
After 24 hours, the medium was removed, and
the hGFs were rinsed three times with 200 pl

phosphate buffered saline (PBS). All
manipulations of the specimens were
performed wunder a laminar flow hood
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(NUAIRE, Plymouth, MN) to avoid

contamination from outside organisms.

Figure 1: Inverted microscope images of cultured human
osteoblast cells before processing.

The study groups were identified as
follows:

Groupl: Control (Fetal bovine serum)
Group 2: 2% CHX (Drogsan, Ankara, Turkey)

Group 3: 17% EDTA (Imident Med, Konya,
Turkey)

Group 4: QMix™ (DENTSPLY Tulsa Dental
Specialties, Tulsa, OK, USA)

Cytotoxicity assay

2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino)carbonyl]-2H-
tetrazoliumhydroxide kit (XTT) (AppliChem,
Darmstadt, Germany) was used for
cytotoxicity testing. An XTT solution was
prepared by mixing the XTT agent (Labeling
reagent)/activation agent (electron coupling
reagent) at a 50/1 ratio. The intensity of the
orange resulting from formazan is proportional
to the number of live cells (Figure 2). The cell
viability was determined by an assessment of
the intensity of the orange color observed at
the end of the incubation period, which was
done using a micro plate reader
(Multiskan™ FC MicroplatePhotometer, Ther
moScientific, USA) in the reference range of
490 nm. The incidence of live cells was
calculated using the following formula: Cell
viability (%) = (sample/negative control)” 100
(OD 490 nm).
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Figure 2: Inverted microscope image of the formazan crystals
formed after XTT assay applied after application of test solutions
on human iosteoblast cells.

At the end of the first 4 hours, the XTT
solution was added to the plate to measure the
4-hour effect, and the viability of the cells in
each test group was analyzed through the use
of an ELISA reader (Multiskan ™ FC
Microplate Photometer, Thermo Scientific,
USA).

The same procedure was also applied to
measure the 24-hour effect at the end of the
first 24 hours, and the viability of the cells was
analyzed. Thus, XTT outputs showing cell
viability obtained by living and dead cells at 4
and 24 hours were obtained. For each irrigation
solution used and for the control group, 5
specimens were prepared.

Statistical analysis

The data were analyzed using SPSS 13.0
(SPSS Inc, Chicago, IL) statistical software.
The results of the XTT assays was calculated
as percentages relative to the control (100% =
no toxicity). The results were submitted to the
Kolmogorov-Smirnov’s test to evaluate the
normal distribution. It was found that the data
did not show a normal distribution. Therefore,
the cytotoxicity data were analyzed using
Kruskal-Wallis and Mann-Whitney’s tests. The
level of significance was set at 0.05.

RESULTS

The toxic effect of the test solutions on the
human osteoblast cell line based on exposure
time is shown in Table 1.
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Table 1: The viability of human osteoblast cells after exposure
to EDTA, CHX and QMix™ solutions for 4 hours and 24 hours.

Control EDTA CHX QMix™

Mean +SD Mean +SD Mean+SD Mean +SD
4hours  99.4+0.8%  73+£8.6% 53.6+ 73 57.2+6.5°%¢
24hours  98.6+2.1%  38.6+57% 35+48% 2946580

Results are expressed as the percentage of cell viability relative
to control group. Data are shown as a mean =+ standard deviation.
Different superscript uppercase letters in the same column
indicate a statistically significant difference (p<.05). Different
superscript lowercase letters in the same row indicate a
statistically significant difference (p<.05).

As a result of the study, when the exposure
time was 4 hours, there was a significant
difference in the toxicity of the solutions
(p=0.001). When the exposure time was 4
hours, CHX was more toxic than EDTA
(p=0.008). However, there was no significant
difference between EDTA and QMix™
(p=0.16) and CHX and QMix™ (p=0.421).
When the exposure time was 24 hours, all
solutions were more toxic than the control
group (p=0.004). However, there was no
statistically significant difference in the
toxicity between EDTA and CHX (p=0.31),
between EDTA and QMix™ (p=0.56), and
between CHX and QMix™ (p = 0.151).

DISCUSSION

Not only the antibacterial and smear removal
properties of the irrigation solutions but also
the biological effect of the surrounding tissues
have an important role in the success of
endodontic treatment.!® In this study, the time-
dependent cytotoxicity of three different
endodontic irrigation solutions (EDTA, CHX,
and QMix™) was evaluated. As a result of the
study, there was a statistically significant
difference among the test solutions in terms of
toxicity. For this reason, the null hypothesis of
this study was not accepted.

No matter how much prevention is
attempted during endodontic treatment, there is
a risk that the solutions used may extrude from
apical to periapical tissues.
As a result, if the solutions are not
biocompatible, they can cause damage to the
surrounding tissue or delay healing in the event
of an existing pathology.?
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Osteoblast cells are important in the
regeneration of bone tissue, so damage to
osteoblast cells may delay the healing of
periapical pathology.? 2 For this reason, a
human osteoblast cell line is preferred in this
study.

In vitro cell culture studies assess
systemic, local, and other reactions that can be
caused by dental materials in animal and
human experimental models, thus providing
information on the biocompatibility of
materials. In vitro cell, culture cytotoxicity
assays are commonly used in biocompatibility
studies because they are reliable, reproducible,
controllable, simple and provide short-term
results.® 2 Various methods have been used
for the evaluation of cytotoxicity, including the
evaluation of flow cytometry, MTT or XTT,
WST-1, WST-8 assay and lactate
dehydrogenase (LDH) activity.?* In this study,
the XTT test method which is reliable and easy
to use in the evaluation of cytotoxicity, was
used. This test method has been used in many
studies evaluating in vitro toxicity.?

In this study, except for the control group,
increased exposure time with regard to all test
solutions increased toxicity. Vouzara et al.?®
reported that an increase in the exposure time
of EDTA and CHX on human lung fibroblasts
cell line (6, 24 hours) increased toxicity. Li et
al.?” reported that CHX toxicity on the murine
macrophage cell line increased with the
increase in exposure time (1, 2, 4 hours).
Similarly, Giannelli et al.?® reported that an
increase in exposure time (1, 5, 15 minutes)
increased the toxicity of CHX on osteoblastic,
endothelial and fibroblastic cell lines.
AlKahtani et al.?® reported that the toxicity of
QMix™ on the human bone marrow
mesenchymal stem cell line increased with
increased exposure time. The result of these
studies is compatible with those of our study.

Similar to the results of our study,
Mollashahi et al.*® have shown that the toxicity
of EDTA and QMix™ sgolutions on human
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apical papilla cell lines increased with
increased exposure time, whereas in the case of
the CHX group, toxicity did not increase with
an increase in exposure time. This is in
contrast to our study findings. This can be
explained by differences in the cell line,
concentration of the solution, evaluation assay,
and exposure time in the two studies.

As a result of our study, when the
exposure time was 4 hours, CHX and QMix™
showed higher toxicity on the osteoblast cell
linethan did EDTA, and in the control group.
When the exposure time was 24 hours, the
toxicity of the test solutions was not
statistically significant. Prado et al.®!' and
Vouzara et al.? reported that CHX was more
toxic than EDTA on the human lung cell line
when the exposure time was 4 hours and on the
Balb/c3T3 cell line when exposure times were
6 and 24 hours, respectively. Trevino et al.®
reported that CHX is more toxic than EDTA
on Human Stem Cells of the Apical Papilla in
organotype root canal models. In contrast to
the results of our study, Mollashahi et al.*
found that EDTA and QMix™ were more
toxic than CHX, and that EDTA was more
toxic than QMix™ on the stem cell of human
apical papilla cell line. This may be due to
method  differences involving  different
exposure times and different cell lines.
Although the intrinsic mechanism leading to
the high toxicity of CHX is not completely
known, this may be related to the inhibition of
DNA and protein synthesis, mitochondrial
activity, and cell proliferation.®® The low
toxicity of EDTA can be explained by the
release of dentin-derived growth factors, which
areimportant for the survival, proliferation, and
differentiation of cells, as noted in various
studies.®

CONCLUSION

All the irrigation solutions used in this study
showed toxic effects when compared to the
control group. Increasing the contact time of
the solutions used in the study with the
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osteoblast cells leads to increased toxicity.
When exposure time was 4 hours, CHX was
found to be more toxic than the other solutions.
But further in vivo and in vitro investigations
are needed to obtain more information about
the biocompatibility of these solutions.
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Dijital Panoramik Radyografilerin Dental Implantlarin Dikey Olciimleri

ABSTRACT

Objectives: Panoramic radiography (PR) is the most
commonly used technique to evaluate the dental and
associated structures. The aim of this study was to determine
the accuracy of panoramic radiographic images (PRIs) in
planning the dental implant treatment and the magnification
rate of a panoramic device for anterior, premolar and posterior
regions.

Materials and Methods: Eighty-eight patients with PRIs
were taken after implant surgery were included to the study.
A total of 240 dental implants (53 anterior, 69 premolar, and
118 molar regions) of which actual vertical lengths were
known, were re-measured on post-operative radiographic
images using the scaling tools of the panoramic system to
determine the magnification rate and the accuracy of PRIs.
Because the data had normal distribution, the paired t test was
used for the statistical analysis (p<0.05). The magnification
rates of the three regions were calculated as the ratio of the
radiographically measured vertical length of the implants to
the actual vertical length of the implants.

Results: A statistically significant difference was found
between the actual and measured vertical length of the
implants on the PRI (p<0.05). However, the correlation rate
was found close to 1 for all regions. The difference between
the actual and measured vertical length of the implants on the
PRI was 0.50 mm for the anterior region, 0.97 mm for the
premolar region, and 0.83 mm for the molar region. The
magnification rate of the panoramic system corrected by
Cliniview™ (Instrumentarium Corp., Tuusula, FINLAND)
software was found around 1 for all the regions.

Conclusions: Due to their readily accessible nature and low
radiation dose, PRIs can be used in implant surgery for
vertical measurements with 1 mm confidence interval.

Keywords: Dental implant, Panoramic radiography,
Radiographic examination, Radiographic magnification,
Vertical measurement

oz

Amag: Panoramik radyografi (PR), dental ve iliskili yapilari
degerlendirmek i¢in en sik kullanilan tekniktir. Bu ¢alismanin
amaci, dental implant tedavisinin planlanmasinda panoramik
radyografik gortntiilerin (PRI) dogrulugunu ve anterior,
premolar ve posterior bdlgeler igin bir panoramik cihazin
biiyiitme oranini belirlemekti.

Gerec ve Yontem: Implant cerrahisi sonras1 PRI'lar1 almmus
olan 83 hasta calismaya dahil edildi. Onceden dikey
uzunluklar1 bilinen toplam 240 adet dental implant (53
anterior, 69 premolar ve 118 molar bolge), PRI’nin biiyiitme
oranini ve dogrulugunu belirlemek i¢in, panoramik sistemin
Olgim araglart kullanilarak ameliyat sonrasi radyografik
goriintiiler lizerinde tekrar dlgiildii. Verilerin normal dagilima
sahip olmasi nedeniyle, istatistiksel analiz i¢in eslestirilmis t
testi kullanildi (p <0,05). Ug bolgenin biiyiitme orani,
implantlarin 6lgiilen dikey uzunlugunun, implantlarin gergek
dikey uzunluguna orani bulunarak hesaplandi.

Bulgular: Implantlarin gercek dikey uzunlugu ve PRI'dan
Olgiilen dikey uzunlugu arasinda istatistiksel olarak anlamli
fark bulundu (p <0,05). Bununla birlikte, korelasyon orami
tiim bolgeler igin 1'e yakin bulundu. Implantlarin gergek dikey
uzunlugu ve PRI'den 6lgiilen dikey uzunlugu arasindaki fark,
6n bolge igin 0.50 mm, premolar bélge igin 0,97 mm ve molar
bélge icin 0,83 mm idi. Cliniview™ (Instrumentarium Sti.,
Tuusula, FINLANDIYA) yazilimi tarafindan diizeltilen
panoramik sistemin biyiitme orani, tiim bolgeler i¢in 1
civarinda bulundu.

Sonuglar: PRI'lar, kolay ulasilabilir olmalar1 ve disiik
radyasyon  dozlar1  sayesinde, implant  cerrahisi
planlamasindaki dikey dl¢iimler ig¢in 1 mm'lik giiven araligi
ile kullanilabilir.

Anahtar Kelimeler: Dental implant, Panoramik radyografi,
Radyografik inceleme, Radyografik biiyiime, Dikey 6l¢iim
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Accuracy of Digital Panoramic Radiographs on the Vertical Measurements of Dental Implants

INTRODUCTION

Prior to dental implant surgery, it is necessary
to determine the vertical height and width of the
bucco-lingual bone in which the implant will be
placed, location of the nasal and maxillary sinus
floor, mandibular canal site, mental foramen,
the submandibular gland fossa and the location
of the possible lesions in the maxilla and
mandible.* Determining the exact location of
anatomical structures in relation to the size of
dental implant increases the success rate of the
implant surgery and avoids damage during
surgery. This can only be possible with proper
and careful radiological examination.?®

To date, radiographic methods such as
panoramic, periapical and occlusal radiographs,
conventional tomography (T), computed
tomography (CT) and cone beam computed
tomography (CBCT) have been used for the
pre-surgical implant planning. Clinicians
should determine the optimal imaging method
for every patient.®® Naturally, choosing a
radiographic method that provides sufficient
diagnostic information for treatment planning
with least possible radiation dose (ALARA
principle: as low as reasonably achievable)
should be the goal.®

Determination of the bucco-lingual width
of edentulous region needs cross-sectional
images that can be obtained from T, CT, and
CBCT.® Recently, the use of CT and CBCT has
been increased.! Studies showed that Ts and
CTs are more reliable than intraoral and
panoramic radiographs.0:1t However,
expensive imaging devices have several
disadvantages including having high radiation
dose, formation of CT streak artifacts in the
presence of pins or metal restorations, and
inability of the patient to move during long
exposure time. In addition, CBCT performs
highly to visualize anatomical structures,
periodontal and periapical bone defects, and
evaluation of the implant sites.? 5 °

Non-uniform magnification rate causes
dimensional measurements to be restricted in

PRDs.*52  Nevertheless, PR is an easily
accessible and widely used technique. It
provides imaging of both maxillary and
mandibular dental arches along with their
neighboring tissues; residual dental roots, apical
or bone lesions and distance between remaining
teeth with a low radiation dose in a short time.>
13 Studies have reported that PRIs are reliable to
assess the posterior mandibular bone height
when the patient is appropriately positioned,
and cross- sectional imaging is not necessary for
each patient.21*1" Frei et al.!® stated that PR
provided sufficient information for implant
length selection. Sakakura et al.” reported that
the majority of dentists (82.6%) chose PR in the
dental implant planning because of the broad
coverage and economical reasons. However,
having image distortion, and not giving the
width of alveolar bone and the cross-sectional
dimension of the bone are shortcomings of
PRIs. The width of alveolar bone can be
determined by various clinical tests. The width
of alveolar ridge, the presence and size of
lingual undercuts can be examined manually in
an edentulous region. If necessary, an
impression can be made for an accurate
evaluation.® A well-trained surgeon can
evaluate the width of the posterior mandible
with his experience and decide whether it is
suitable for implant placement. However,
muscles and connective tissues can affect the
clinical appearance.®

Vazquez et al.!* have studied the
magnification rate of the Scanora® unit
(Soredex Orion Corp., Helsinki, Finland) and
they recommended that the magnification rate
of other panoramic devices should be verified.
Some authors have reported that the reference
objects of known dimensions should be used to
precisely determine the magnification rate.*8 1°

The purpose of this study was to determine
the reliability of PR in vertical bone
measurements prior to dental implant surgery
and to determine the magnification rate of the
Instrumentarium Dental™
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ORTHOPANTOMOGRAPH™ OP200D
(Instrumentarium Corp., Tuusula, FINLAND)
(OP200D) instrument for anterior, posterior and
molar regions. The null hypothesis of this study
was ’there is no statistically significant
difference between actual and measured vertical
length of the implant on the PRI’.

MATERIALS AND METHODS

A letter confirming ethical approval for the
study was obtained from Pamukkale University,
Faculty of Medicine, Ethics Committee
(number: 60116787-020/32012). Eighty-eight
patients with no pathological lesions or bone
disease who had undergone implant surgery at
the Pamukkale University, Faculty of Dentistry
(Denizli, Turkey) with a clear PRI taken in the
correct position after the implant surgery were
included in the study. PRIs were randomly
chosen from the patient archive of the
Dentomaxillofacial Radiology Clinic. None of
the PRIs were obtained specifically for this
study. All radiographs were taken by using the
same panoramic machine (OP 200D) and by the
same x-ray technician (S.C.) who used a
standard exposure protocol (66kV/10mA/16s).
All patients were positioned using a bite block
according to the manufacturer’s instructions
during the exposure of PRIs. The 240 dental
implants (53 anterior, 69 premolar and 118
molar region), which dimensions were
previously known, were measured on the
postsurgical PRIs by a dentomaxillofacial
radiologist (BK. A. who didn’t participate in the
surgery) with the scaling tool of the panoramic
system (Figure 1).

Using postsurgical PRIs, the magnification rate
was determined for each region by the
following formula:

Measured length of the implant on PRI /Actual
length of the implant

Statistical data analysis was performed using a
computer software (SPSS 21.0 version IBM
Corp., Chicago, IL, USA). The Kolmogorov-
Smirnov test was performed to determine
whether the data showed a normal distribution.
The paired t test was used to analyze the
difference between the measured and actual
vertical length of the implants (p<0.05).
Pearson correlation analysis was used to
determine the correlation between the actual
length and the measured length of the implant
(p<0.05).

RESULTS

A statistically significant difference was found
between the measured and actual size of the
implants in all regions (p<0.05). The difference
between the actual size and measured size of the
implants were 0.50 mm in the anterior region,
0.97 mm in the premolar region and 0.83 mmin
the molar region (Table 1).

Table 1. The relationship between the actual size of the implants

and the measured size on the PRI of the implants according to the
regions (M +SD).

Measured Actual size Averages
Region size n of t p

(M £SD) (M £SD) differences

Anterior | 11.89+1.55 | 11.84+1.55 53 | 0.50+0.12 | -2.97 0.005

Premolar | 11.12£1.46 | 11.02+1.44 69 | 0.97+0.12 | -6.40 <0.001

Molar 10.40+1.53 | 10.32+1.50 | 118 | 0.83+0.12 | -7.47 <0.001

M: Mean; SD: Standard Deviation
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The correlation coefficient was close to 1 for all
regions (Table 2).

Table 2. Pearson correlation between actual and measured values
according to the regions.

Correlation

Variables n coefficient P
Anterior Reglon Actual Length&Anterior 53 0.997 <0.001
Region Measured Length
Premolar Region Actual Length &Premolar
Region Measured Length 69 0.9% <0.001
Molar Region Actual Length &Molar Region 18 0.997 <0.001

Measured Length

The magnification rates was close to 1 for all
regions (Table 3).

Table 3. Magnification rates according to the regions.

Region of implant Magnification rate

Anterior region 1.004 (ranging from 0.98 to 1.02)

Premolar region 1.008 (ranging from 0.98 to 1.03)

Molar region 1.007 (ranging from 0.98 to 1.03)

In the user manual of OP200D, the
magnification rate is specified as 1.3. However
the manual also states that Cliniview ™ software
automatically corrects the growth rate. In this
study values corrected with Cliniview™
software were accounted.

DISCUSSION

The choice of implant length and width is
generally determined by the volume and density
of the existing alveolar ridge, the location of
adjacent teeth and vital anatomical structures,
the type of prosthesis, and the treatment
protocol. Theoretically, longer and wider
implants should be preferred in order to resist
the loaded forces and avoid fracture risk after
prosthetic treatment.® On the other hand, studies
involving new implant designs/surfaces have
reported that the failure rate of short and long
implants is comparable and there is no
relationship between implant diameter and
survival ratio.? 2% On the contrary, it has also
been argued that cases with fresh sockets
require larger and/or longer implants to ensure
primary implant stability and to reduce the
distance between implant and bone socket
walls.2r However, Vazquez et al. pointed out
that protecting the mandibular canal was always
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their priority. They reported that the use of short
implants does not jeopardize the long-term
implant success rate and may reduce nerve
injury risk associated with implant placement in
the posterior segment of the mandible,
especially when the mandibular canal is
difficult to localize on the radiograph.?

Schropp et al.® argued that the choice of
implant size was greatly influenced by the
radiographic technique used for presurgical
treatment planning. They also reported that the
lack of cross-sectional information may lead to
the use of shorter and narrower implant sizes.?
However, they reported that the implants
planned with cross-sectional imaging could not
be considered more successful. In addition, they
reported that there was no consensus on the
need for cross-sectional imaging when a
panoramic radiograph was already present.®

The information provided by cross-
sectional images are valuable in giving detailed
and 1:1 images, detecting lingual undercuts in
the posterior zone of the mandible. If lingual
perforation occurs during implant operation,
this can result in life-threatening bleeding
and/or airway obstruction due to the impact on
the large arteries of the mandibular base.’® In
order to avoid the complications associated with
mandibular canal, it is recommended that the
distance between the lower limit of the implant
and the mandibular canal should be at least
2mm taking the magnification rate of the PR in
consideration.® ® 4 Although CT and CBCT
images are known to give detailed and 1:1
rearranged images, it is recommended that the
distance between the implant and mandibular
canal should be at least 1.7 mm. This value is
similar to the recommended value for PR.?
CBCT may be preferred when 3D imaging is
required, but effective radiation dose of CBCT
is much higher and more expensive than
traditional dental radiographs.t ° For these
reasons; we preferred to plan this study on PR.

PRIs tend to underestimate the distance
between the alveolar crest and the upper border
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of the mandibular canal.* Underestimation of
this  distance is less harmful than
overestimation. In the case of an
overestimation, a long implant may damage the
nerve.’® Frie et al.?® found a magnification rate
of 1.27 £ 0.01. They also showed that the height
of the wvertical bone measured by spiral
tomogram was 1 mm longer than the height of
the bone measured by PR. Because spiral
tomograms tend to overestimate the distance,
assessment of the vertical bone height can be
risky if measured only by spiral CT.?

There are also studies reporting that PR
shows overestimation in posterior mandibular
measurements.* ®> Rockenbach et al.* estimated
that PR overestimated linear measurements on
the mandibular field. Nevertheless, they stated
that PR and linear tomography of implant site
measurements can be used safely with a safety
margin of 2 mm.

The accuracy of bone measurements on PR
has been questioned because of the
magnification and distortion (Table 4).242°

Table 4. Magnification rates found with different PR devices.

Author (s) Device / Company Magnification rate
1.26 (mandibular premolar
region)

Kim et al [1] Panoramic Radiograph/ Orthopantomograph® /

Instrumentarium 1.25 (mandibular molar

region)

1.31 (mandibular premolar

Park et al [6] region)

; i ®
Panoramic Radiograph/ Cranex™ / Soredex 127 (mandibular molar

region)

1.171 £0.057 (not depending

Panoramic Radiograph/ Promax / Planmeca on region)

Yim etal [8]

1.270 £0.051 (not depending

Panoramic Radiograph/ Ortho Stage / Asahi on region)

1.28 +0.01 (premolar region
Vazquez et al ® gion)

[14] Panoramic Radiograph/ Scanora® / Soredex
1.27 +0.01 (molar region)

1.27 £ 0.01 (not depending on

Panoramic Radiograph/ Cranex Tome®/ Soredex "
region)

Frieetal [18] -
Spiral Tomogram 1.52 +0.01 (not depending on

region)

Knowing the correct magnification rate will
allow more precise selection of implant size. A
previous study on imaging procedures of
implant treatment has suggested that the correct
magnification rate should be determined for the
calibration of the region to which the implant is
to be applied. % ° For this reason, we aimed to
determine the correct magnification rate for the
OP200D in this study.

It has also been reported that the use of bite
blocks reduces positional errors while PRIs are
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taken.5 & 14 Therefore, in our study the patients
used bite blocks and their positioning was done
according to the manufacturer's instructions.

No single implant trademark was used in
this study. In addition, grouping of maxilla and
mandible was not performed in implant
measurements. These are the shortcomings of
this study.

CONCLUSIONS

Within the limitations of this study, following
conclusions can be drawn; the magnification
rate of OP200D is close to 1 and it gives errors
less than 1 mm in vertical measurements made
with Cliniview™ software. Therefore, except
the cases where the location of the mandibular
canal and lingual undercuts in the posterior
region of the mandible cannot be clearly
detected and cross sectional images are
required; PRs with known magnification rates
can be used with easy access, low radiation dose
and low cost, in the vertical measurements with
a 1mm confidence interval.
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ABSTRACT oz

Objectives: To compare the incidences of dentinal defects
caused by Reciproc and WaveOne GOLD NiTi files
during root canal preparation and to exam the effect of
number of file usage on the incidence of dentinal defect.

Materials and Methods: Two hundred seventy
mandibular incisor teeth were randomly divided into 3
different groups as follows: negative control (no
preparation performed) (n: 30), Reciproc (n: 120) and
WaveOne GOLD (n: 120) groups. The specimens were
sliced at 3, 6 and 9 mm from the apex. Microscopic
pictures of the specimens were taken with the aid of light
emitting diode and the dentinal defects were examined.

Results: There was no statistically difference among the
WaveOne GOLD, Reciproc and control groups in terms of
dentinal defect formation. The number of dentinal defects
occurred in apical region in Reciproc group following 4t"
use was found to be statistically higher than 1%, 2", and 3
use in WaveOne GOLD group (p < .05).

Conclusion: All the NiTi files tested in present study were
found to cause defect in root canal dentin but there were
not significant difference among the WaveOne GOLD,
Reciproc and control groups in term of total dentinal defect
formation

Keywords: Reciproc; WaveOne GOLD; Usage; Crack;
Dentinal Defect

Amag: Kok kanal preperasyonu sirasinda Reciproc ve
WaveOne GOLD NiTi kanal aletlerinin neden oldugu
dentinal defekt vakalarini kargilagtirmak ve ege kullanim
sayisinin dentinal defekt insidansi iizerindeki etkisini
incelemek.

Materyal ve Metot: iki yiiz yetmis adet mandibular
kesici dis ¢aligmaya dahi edildi ve rastgele 3 gruba ayrildi.
Negatif kontrol grubu (n =
yapilmadi, 120’ser dis de reciproc ve waveone gold

30) herhangi bir islem

gruplarina yerlestirildi. Orneklerden apeksten 3, 6 ve 9
mm uzakta olucak sekilde yatay kesitler alindi ve light
emitting diode lazer yardim ile g¢ekilen fotograflarda
dentinal defekt varligi arastirildi.

Bulgular: WaveOne GOLD, Reciproc ve control gruplari
arasinda dentinal defect olusumu agisindan istatistiksel
olarak anlamli bir fark yoktur. Resiproc egesinin 4.
Kullanimi sonrasi apical bolgede olusturdugu dentinal
defect sayisi WaveOne GOLD grubunun 1., 2. ve 3.
Kullanimlar1 sonrast olugan sayudan istatistiksel olarak
anlamli derecede fazladir (p < ,05).

Sonug¢: Caligmamizda test ettigimiz tiim NiTi egeler kok
kanal dentininde defect olusumuna neden oldu ancak
WaveOne GOLD, Reciproc ve kontrol grouplari arasinda
toplam dentin defekti olusumu agisindan istatistiksel

olarak anlamli bir fark bulunmadi.

Anahtar Kelimeler: Reciproc; WaveOne Gold;

Kullanim; Catlak; Dentin defekti
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INTRODUCTION

Root canal preparation is one of the most
important phases of a successful root canal
treatment.! As a result of the contact between
the file and the canal walls during root canal
preparation, momentary stress accumulations
may occur and these stresses may cause defects
in dentin.2 Occurring dentinal defects may
result in vertical fractures due to recurrent
endodontic treatments, restorative procedures,
and occlusal loads.®

Under favor of their clockwise rotation, the
reciprocal single-file systems, which drew
attention and became popular since they were
introduced to the market, decrease the level of
stress that the files are exposed within the canal
and increase their cyclic fatigue resistance in
proportion to continuous rotation file systems.*
Reciproc (RPC; VDW, Munich, Germany) and
WaveOne  (WO; Dentsply  Maillefer,
Baillagues, Switzerland) are the most popular
single-file systems that complete 360° with
different degrees of rotation in clockwise and
counterclockwise directions.®

WO files were recently modified to
WaveOne GOLD (WOG; Dentsply Maillefer)
files. While maintaining the reciprocation
movement of file, its cross-section, dimensions
and geometry were changed. The cross-section
of file was altered to parallelogram having 2
cutting edges. Moreover, the off-center design
that ProTaper Next (Dentsply Maillefer) files
have was used also in WaveOne GOLD files.
The most significant change in files is the
production employing GOLD heat treatment.
GOLD heat treatment is performed by reversing
the M-Wire technology utilizing pre-production
heat treatment, and by manually heating the file
after production and then slowly cooling it. The
manufacturer company claims that new GOLD
heat treatment increases the flexibility of files.®

In many studies, it has been reported that
the cyclic fatigue resistance of NiTi files
significantly decreased following the clinic use
for long time.” 8 But, in literature, there is no
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consensus on after how many uses the NiTi files
should be discarded. In their in vivo study on
examining the cyclic fatigue resistance of
ProFile (Dentsply Maillefer) files after the use,
Yared et al.® have reported that there was no
statistically significant difference between the
files that have been used in molar teeth and the
non-used files. Researchers have emphasized
that ProFile files could be securely used in 4
molar teeth having averagely 3 canals. But, on
the other hand, Wolcott et al.!° have reported in
their in vivo study that the ProTaper Universal
(Dentsply Maillefer) NiTi files, which they
have used in shaping totally 4652 canals, can be
securely used in up to 4 canals.

In comprehensive literature review, no
study examining the effect of number of use of
NiTi files on the incidence of dentinal defects
was found. For this reason, the aim of present in
vitro study was determined to be the
comparison of incidences of dentinal defects
caused by Reciproc and WaveOne GOLD NiTi
files during shaping the mandibular incisor
teeth’s root canals and the examination of effect
of number of file usage on the incidence of
dentinal defect. The first null hypothesis of
present study was that there would be no
difference between the dentinal defect
incidences of Reciproc and WaveOne GOLD
files. Second null hypothesis was that the
number of use of files would have no effect on
the incidence of dentinal defect formation.

MATERIALS AND METHODS
Specimen Selection

Two hundred seventy mandibular incisor teeth
having straight canals, which have been
extracted due to periodontal reasons, were
selected. The soft and hard tissues around the
teeth were mechanically removed using a
periodontal curette. The crowns of teeth were
removed from the enamel-cement junction
under water-cooling in the way allowing 14 mm
of root length. The radiographic images of teeth
were taken in mesio-distal and bucco-lingual
directions. The teeth have calcification, having
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history of previous root canal treatment,
involving internal and/or external resorption, or
fractured and/or having immature roots were
excluded. The selected teeth were kept in
distilled water at 4°C for the experimental
procedures.

The roots of teeth were wrapped with
aluminum foil and then embedded into acrylic
resin (Imicryl, Konya, Turkey).! After the
acrylic resin set, the teeth were taken out from
the resin, and the foils were removed. To
simulate the periodontal ligament, the resin
blocks were filled with viscous silicon
impression material (Express XT Light Body
Quick; 3M ESPE, Neuss, Germany) and the
specimens were then placed into the resin
blocks again.

Root Canal Preparation

The canals of teeth were penetrated using #10
K-file (Dentsply Maillefer) until the tip of file is
seen from the apex. The working length was set
to 1 mm shorter than this length. For all of the
specimens, the glide path was created ensuring
the apical diameter of #15. For each of
specimens, 20 ml 1% sodium hypochlorite
(NaOCIl) was used during the preparation. The
entire procedure was executed by the same
endodontist having 5 years of experience.
Thirty non-treated specimens were assigned as
negative control group.

Root Canal Preparation
Group 1: Reciproc

A hundred twenty specimens in this group were
then divided into 4 sub-groups (1A, 2A, 3A and
4A), 30 specimens in each. The specimens in
Group 1A were prepared using 30 non-used
Reciproc R25 (25/.08) files and VDW Gold
Reciproc (VDW) endodontic motor utilizing
“Reciproc ALL” program of endodontic motor.
And then, these files were used in preparation
of specimens in Groups 2A, 3A and 4A,
respectively. Thus, the dentinal defects on
specimens in Group 1A were examined after 1%
use, those of specimens in Group 2A after 2™
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use, those of specimens in 3A following 3" use,
and those of specimens in Group 4A after 4™
use.

Group 2: WaveOne GOLD

A hundred twenty specimens in this group were
then divided into 4 sub-groups (1B, 2B, 3B and
4B), 30 specimens in each. The specimens in
Group 1B were prepared using 30 non-used
WaveOne GOLD Primary (25/.07) files and
VDW Gold Reciproc (VDW) endodontic motor
utilizing “WaveOne ALL” program of
endodontic motor. And then, these files were
used in preparation of specimens in Groups 2B,
3B and 4B, respectively. Thus, the dentinal
defects on specimens in Group 1A were
examined after 1% use, those of specimens in
Group 2A after 2" use, those of specimens in
3A following 3 use, and those of specimens in
Group 4A after 4" use.

Assessment of Dentinal Defects

Under water-cooling (Isomet; Buehler Ltd,
Lake BIluff, IL, USA), the roots of 270
specimens were cut perpendicular to tooth axis
at 3, 6, and 9 mm distant from the apex, and 3
slices were obtained from each specimen.
Trans-illumination was applied to the slices
from 1 mm distance in mesial, distal, buccal,
and lingual directions using light emitting diode
(LED; LED Light; Denshine Technology,
China) device. The digital images (4 images
from each slice) were taken under x25
magnification using a digital camera connected
to stereomicroscope (Olympus BX43, Olympus
Co., Tokyo, Japan). Totally 3240 digital
images, 360 from each sub-group, were
examined in terms of the presence of any crack.
The images obtained were randomly assigned to
2 experienced endodontists, who were not
involved in the preparation of the specimens, in
order to determine the presence or absence of
dentinal defects. To define crack formation, 2
different categories were made (“no crack” and
“crack”) in order to avoid the confusing
description of root cracks. “No crack” was
defined as the root dentin without cracks or
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craze lines either at the internal surface of the
root canal wall or the external surface of the
root. “Crack” was defined as all lines observed
on the slice that either extended from the root
canal lumen to the dentin or from the outer root
surface into the dentin.*

Statistical Analyses

In examining the intergroup incidence of
dentinal defects, Chi-Square test was utilized.
The level of statistical significance was set to
5%. The statistical analyses were performed
using SPSS 21 (IBM-SPSS Inc., Chicago, IL,
USA) software.

RESULTS

In present study, totally 3240 images from 810
tooth slices were examined. The distribution of
the numbers dentinal defects caused following
1%, 2" 3" and 4™ use in RPC and WOG groups
by the apical, middle, and coronal regions are
presented in Table 1.

Table 1. The Number and Percentage of Slices with Defect after
Different Number of Usage at Each Level (n =30)

WaveOne GOLD Group

Reciproc Group

3mm smm 9mm 3mm 6mm 9mm
n (%) (%) n (%) s %) n (%) (%)
n (9% n (%)

@6 BETH)  12(0%)° 108 14067

8(267%)°  12(40%)°  10(333%)°

ol
Group
5 1w w@w

15.60%)
16(53.3%)*  11(36.7%)"
18 (609%)" 14 (46.7%)"
16.60%)*

10 (33.3%)° 15 (30%)* 9(30%)"  14(467%)°  B(26.7%) 15 (30%)*

2 ad 0@ 18 (60%)*
2 (733%)°

26 (6.7%)"

9(30%)"  15(50%)°
1@ 17 (56T 12(40%)°

10(33.3%)° 18 (60%)*
20 (66.7%)"

25 (83.3%)°

IR
£

2 an 2@ 15 (50%)* 0(@67%)°  18(60%)° 13 (43:3%)

Povalue <05 > 05 >.05 >05 >0 >.05 >0 >05

*Different superscripts indicate statistically different at p = .05.

It was determined that the total number of
defects in RPC and WOG groups increased
following 1%, 2", 3 and 4" use in proportion
to control group but the difference was not
statistically significant (p>.05) (Figure 1).

Control Group

Number of Total Dentinal Defect

RCP WOG
st 2ad 3rd m
Number of Usage

RCP WOG RCP WOG RCP WOG

Figure 1. The number of total dentinal defects in the WaveOne
GOLD and the Reciproc group after 1, 2, 3 and 4 usage. There
was no significant difference among the groups (P > .05).
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On the other hand, the number of dentinal
defects occurred in apical region in RPC group
following 4™ use was found to be statistically
higher than the control group and 1%, 2", and 3"
use in WOG group (p<.05). Furthermore, no
statistically significant difference was observed
between WOG and RPC groups in terms of total
dentinal defect formation (p>.05).

DISCUSSION

In present study, it was aimed to compare the
incidences of dentinal defect caused by
Reciproc and WaveOne GOLD NiTi files
during shaping the root canals of mandibular
incisor teeth and to examine the effects of
number of use of files on the defect formation
incidence. According to the obtained results, it
was determined that dentinal defects formed by
all of the tested NiTi files but there was no
statistically significant difference between the
defect incidences among the RPC, WOG and
control groups. For this reason, first null
hypothesis of the present study was accepted.
Moreover, it was determined that the number of
the usage of files didn’t affected the total
dentinal defect formation incidence during the
root canal shaping procedures, second null
hypothesis was also accepted.

The manufacturers of WOG and RPC NiTi
files recommend using the files on single tooth.
Based on the preparation of 4-canal maxillary
first molar tooth, the files were assumed to be
used for 4 times in the present study.® It has
been reported that use of larger files in shaping
the root canals increased the incidence of
dentinal defect formation.'* For this reason, in
present study, the apical diameter of files was
determined to be 0.25 mm, and no larger file
was used. Moreover, in order to protect the
microstructure of dentin, 1% NaOCI was used
as irrigation solution. Thus, it was aimed to
ensure most of the dentinal defects to be related
with the mechanic preparation.

It has been reported that the forces applied
while extracting the teeth and the stress during
storing the teeth and obtaining the slices might
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cause dentinal defect.’® This may explain the
formation of dentinal defects in negative control
group, where no intervention was made in
present study. The studies employing classical
method of sectioning have failed in determining
these defects in negative control groups (16).
When illumination was applied on the obtained
dentin slices, the light moves along the dentin,
but it stops at the point of any crack on dentin
and thus the presence of crack and/or fracture
can be determined.® In study of Coelho et al.*,
the dentinal defects could be determined in
many specimens in negative control groups by
employing LED. For this reason, LED trans-
illumination was employed in present study.

The use of reciprocation movement with
single-file NiTi systems in preparation of
straight and curved root canals rather as an
alternative to continuous rotation movement
became very popular.’® Under favor of higher
degree of reciprocation movement of file in
counterclockwise (cutting) direction than the
movement in clockwise (relax of file) direction,
and the file moves towards the apical. It has
been reported in many studies that the
reciprocation movement increases the fatigue of
file by declining the tension and compaction
forces that the file is exposed to within the
canal.’® According to the manufacturer, the
single-use NiTi files can be use in up to 3-4
canals in the same molar teeth or for the same
patient (6). But, however, the root canal
preparation procedure may lead defects on the
file’s surface?® and this might decrease the
cutting efficiency of the file.?! Pirani et al.?
have reported that, in their study on examining
the surficial properties of RPC and WO NiTi
files after 1%t and 3™ use, the number of use
didn’t significantly affect the amplitudes of
defects seen on the files. Researchers have
argued that the use of files up to 3 times would
be safe. Similarly, Gambarini et al.? have
examined the cutting efficiencies of Twisted
File (Axis/SybronEndo, Orange, CA, USA)
files after 1%t and 10" use, and have reported that
the number of use of files didn’t significantly
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influence the cutting efficiency. On the other
hand, Seago et al.?* have investigated and
compared the cutting efficiencies and
flexibilities of HyFlex CM (Coltene-
Whaledent, Allstetten, Switzerland) files after
1% and 10" use and after sterilization and
reported that the cutting efficiencies
significantly declined after 2" and 3" use and
7%, 8" and 9™ use. Moreover, the micro-cracks
and defects on the surfaces of NiTi files used in
SEM studies and the deteriorations on the
cutting edges have been reported.? Although
the differences were statistically non-
significant, the deformation may be shown as a
reason for the increase in the dentinal defect
incidence seen in specimens alongside the
increase in the number of use.

El Nasr and El Kader? have reported that
the mechanical properties of the alloy, of which
the files were made, affected the dentinal
defects occurred while preparation of the root
canals. Plotino et al.?’, in their study on
comparing the cutting efficiencies of RPC and
WO NiTi files, have reported that RPC files had
statistically ~ significantly  better  cutting
efficiency than WO files. The authors have
attributed this result to the cross-section of RPC
file and its positive cutting angle. Moreover, the
authors have argued that, regardless of the
movement type of the files, the cross-section
played significant role in their cutting
efficiencies. Similar to the study of Plotino et
al.?®, the studies have reported that NiTi rotary
file systems having S-shaped cross-section and
2 cutting edges had advanced cutting
properties?® Besides the cross-section of files,
also their efficiency in removal of debris play
significant role, because unremoved debris
within the canals would occlude the cutting
blades of files.* It is thought that, under favor
of the S-shaped cross-section of RPC file used
in present study and the off-center design of
WOG file, they have high level of dentin
removal efficiencies and thus high level of
cutting efficiencies, and that this caused
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dentinal defect at the statistically same level
with control group.

Similar to the results of present study,
Coelho et al.’® have investigated the dentinal
defects caused by ProFile (Dentsply Maillefer),
TRUShape (Dentsply Maillefer) and WaveOne
GOLD systems during shaping the mesial
canals of mandibular molar teeth by using light-
emitting diode and reported that there was no
statistically difference between the
experimental groups and the negative control
groups. Moreover, Karatas et al.®® have also
examined the dentinal cracks on mandibular
incisor teeth caused by ProTaper Universal,
ProFile Vortex (Dentsply Maillefer), ProTaper
GOLD, Reciproc (VDW, Munich, Germany),
and F360 (Komet Brasseler, Lemgo, Germany),
and reported that there was statistically non-
significant  difference  between ProTaper
Universal, ProFile Vortex, ProTaper GOLD and
Reciproc groups in terms of dentinal defect
formation. These results corroborate the
findings of present study.

Kim et al.®? have reported that the stress in
apical region during root canal shaping was
higher than the medial and coronal regions.
Despite the results of that study, Versluis et al.*®
have reported that the level of stress occurring
in coronal and middle third during root canal
shaping was 3 times higher than the stress in
apical third. Similar to the results of Versluis et
al.’s study, even though the difference was
statistically non-significant except for the 4™
use groups, more dentinal defects were found in
medial third in present study. The deformation
at the tip of files is believed to be the reason for
more dentinal defect in apical region after 4"
use.

Even though it was paid importance to
imitate the clinic conditions in laboratory
environment in present study, especially in the
studies on examining the mechanical properties
of teeth, many external factors such as storing
the teeth after extraction and until the sectioning
procedure affect the results of study.®* For this
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reason, as stated in study of Coelho et al.®, the
use of teeth extracted using periodontal reasons,
which require very low level of force during
extraction, and the careful storage of these teeth
until the sectioning procedures would allow
more successful outcomes.

One of the limitations of present study is
the difficulty of standardization of apical
pressure applied by the operator during root
canal shaping procedure.

CONCLUSION

All of the NiTi files tested in present study were
found to cause defect in root canal dentin.
However, it has not been revealed yet if the
dentinal defects occurring root canal shaping
have any effect or importance on the success of
endodontic treatment from clinical aspect. For
this reason, in vivo studies examining the role of
dentinal defects, which occur during root canal
shaping procedures, on the endodontic failure
are needed.
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Bir Grup Tiirk Hastada Karabelli Ozelliginin Degerlendirilmesi

Magrur KAZAK

ABSTRACT

Purpose: Dental morphological characteristics are useful
for providing information in phylogenic and genetic
studies and also for understanding variations within and
among species. Carabelli cusp is expressed in several
degrees and in different frequencies among humans; thus,
it is helpful in comparing and characterizing populations.
The objective of this retrospective study was to evaluate
Carabelli’s trait (CT) in a group of Turkish patients.

Materials and Methods: In this study, 213 patients
between age of 14-65 (mean age 29.99 + 10.04) were
analyzed retrospectively according to presence or absence
of CT on permanent maxillary first and second molars. All
data were statistically analyzed using the IBM SPSS
version 22 program (IBM SPSS, Turkey) and the chi-
squared test; p < 0.05 was considered as statistically
significant.

Results: Prevalence of CT was found to be 47.9% in the
selected Turkish group. Incidence of CT in any of the teeth
on #16/26 was 46.9% and 4.2% on #17/27. Incidence was
detected more on #26 (43.2%) than on #16 (40.4%).
Bilateral presence of CT on #16/26 was detected in 78%.
CT was seen in 50.7% of females and in 42.9% of males.
There was no statistically significant difference between
genders (p > 0.05).

Conclusions: Expression of CT can be placed in moderate
prevalence group. There was no sexual dimorphism in its
occurrence in the studied group. CT can be a valuable
criterion to determine differences among various
populations and a significant insight into the migratory
patterns in a selected geographical area.

Key Words: Carabelli’s trait, Non-metric trait, Dental
morphological feature, Sexual dimorphism, Maxillary
molars
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Amac: Dis morfolojik 6zellikleri, filogenetik ve genetik
caligmalarda bilgi saglamak ve ayrica tiirler i¢inde ve
tiirler arasinda varyasyonlart anlamak igin yararlidir.
Karabelli tiiberkiilii insanlarda gesitli derecelerde ve farkli
frekanslarda  tespit  edildiginden,  popiilasyonlart
karsilagtirmakta ve karakterize etmek de yararhdir. Bu
retrospektif ¢alismanin amaci, bir grup Tiirk hastada
Karabelli 6zelliklerini (KO) degerlendirmektir.

Materyal ve Metod: Bu galismada, 14-65 yas aras1 213
hastanin (ortalama yas 29,99 + 10,04), siirekli maksiller
biiyiik az1 disleri KO’nin varligina veya yokluguna gére
retrospektif olarak incelendi. Tim veriler, IBM SPSS
stirim 22 programi (IBM SPSS, Tiirkiye) ve ki-kare testi
kullanilarak istatistiksel olarak analiz edildi. p < 0,05
istatistiksel olarak anlamli kabul edildi.

Bulgular: Segilen bir grup Tiirk hastada KO siklig1 %47,9
bulundu. 16/26 numarali dislerin herhangi birinde
Karabelli goriilme oram1 %46,9 iken 17/27 numarali
dislerde bu oran %4,2 olarak belirlendi. KO’nin goriilme
orani 26 numarali diste (%43,2) 16 numarali disten
(%40,4) daha fazla bulundu. KO’nin iki tarafli olarak
16/26 numarali dislerde goriilme oram1 %78 olarak
saptandi. KO, kadmlarm %50,7'sinde, erkeklerin ise
%42,9'unda goriildi. Cinsiyetler arasinda istatistiksel
olarak anlamli bir fark belirlenmedi (p> 0,05).

Sonuclar: Calisilan grup KO acisindan orta derece
prevalans grubu iginde degerlendirilebilir. KO’nin
olusumu agisindan cinsiyet farkliligi bulunmamaktadir.
KO, ¢esitli popiilasyonlar arasindaki  farkliliklari
belirlemek ve segilmis bir cografi alandaki gdgmen gruplar
hakkinda 6nemli bir fikir edinmek i¢in degerli bir kriter
olabilir.

Anahtar Kelimeler: Karabelli 6zelligi, Metrik olmayan

ozellik, Dis morfolojik o6zellik, Cinsiyet farkliliklari,
Maksiller biiyiik az1 disleri

Bezmialem Vakif University, Dentistry Faculty, Restorative Dentistry Department, Istanbul, Turkey.
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INTRODUCTION

Carabelli is a tubercle, cusp, or groove usually
found at the palatal surface of the mesiopalatal
cusp of maxillary permanent first molars and
maxillary deciduous second molars.23# It can
also be detected on the maxillary permanent
second and third molars, although considerably
less frequently than on the first molars.*
Carabelli cusp has usually been found
bilaterally.* Although it was pointed out that
the frequency appeared to be higher in men than
in women, no significant sexual dimorphism
was observed.®

Carabelli’s cusp is absent in some people.
Due to numerous variations in cusp size and
shape, the term Carabelli’s trait (CT) is
customarily used.®

The phenotypical appearance of the CT is
a result of interaction between genetic and
environmental factors.® The genetic factors
underlying the expression of CT are best
represented by the upper first molars, which are
used as the key teeth for population
comparisons.’

All human populations have some degree
of dental morphological variation. It is
commonly accepted that dental characteristics,
such as size, shape, presence, number of cusps,
and the size of the dental arches, are genetically
determined.®

In the literature, it was found that the
frequency of this structure varies from
population to population.®t® Interestingly,
studies about the prevalence of CT in the
Turkish population have not been reported to
date. Substantially, this trait may provide a
valuable criterion for racial differentiations
among various populations and a significant
insight into the migratory patterns of
communities in a selected geographical area.
Also, CT can be useful in establishing
phylogenic relationships among closely related
populations.* Therefore, it would be important
to investigate this trait among nations which
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were not previously considered. Herewith, the
aim of this retrospective study was to evaluate
the prevalence of CT on maxillary permanent
first and second molar teeth in a group of
Turkish patients.

MATERIALS AND METHODS

In this retrospective study, dental records of 420
patients referred to the Restorative Dentistry
Department, Faculty of Dentistry, Istanbul
Aydm University in Istanbul, Turkey from
January 2014 to January 2015 were examined.
The project has been reviewed and approved by
the Ethical Committee of Istanbul Aydin
University, Faculty of Dentistry, Istanbul
(25.11.2015 and No: 073). All healthy
permanent maxillary first (16/26) and second
molars (17/27) as well as the 16/26 and 17/27
molars that did not have dental caries or
restorations were included in the study. In
addition, four permanent maxillary molars that
missed on any side were also eliminated. After
excluding improper data, a total of 213 patients
between age of 14 to 65 were evaluated
according to the presence or absence of CT.

Statistical analysis

All data were statistically analyzed with the
IBM SPSS version 22 program (IBM SPSS,
Turkey) and the chi-squared test. P < 0.05 was
considered as statistically significant.

RESULTS

A total of 213 patients (852 teeth) between age
of 14 to 65 (mean age 29.99 = 10.04) were
examined. Of the total patients, 36.2% were
males (n:77) and 63.8% were females (n:36).
The male/female ratio was 1:1.77. The
prevalence of CT was 47.9% for the entire
studied group. The incidence of CT in any of the
teeth on #16/26 was 46.9% and 4.2% on #17/27
(Table 1).
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Table 1. Prevalence of CT in the studied Turkish group

# Presence Absence Total %

16/26 100 113 213 46.9%

17/27 9 204 213 4.2%

The incidence of CT was detected more on #26
(43.2%) than on #16 (40.4%) (Table 2).
Table 2. Prevalence of CT on # 16, # 26, # 17, # 27

# Presence Absence Total %
16 86 127 213 40.4%
26 92 121 213 43.2%
17 7 206 213 3.3%
27 7 206 213 3.3%

The incidence of CT on #17 and #27 was the
same (3.3%) (Table 2). Bilateral presence of CT
on #16/26 was 78%; on #17/27 was 55.6%
(Table 3); and on both #16/26/ and #17/27
simultaneously, it was found to be 1.9% (Table

4).
Table 3. Bilateral presence of CT on # 16/26, # 17/27
4 Bilateral Total %
presence
16/26 78 100 78.0%
17127 5 9 55.6%

Table 4. Bilateral presence of CT on all molar teeth

4 Bilateral Total %
presence

16/26 78 213 36.6%

17/27 5 213 2.3%

16/26/17/27 4 213 1.9%

CT was observed in 50.7% of the females and
in 42.9% of the males; there was no statistically
significant difference between genders (p >
0.05) (Table 5).

Table 5. Incidence of CT according to gender
Gender

CT Female (n:136) Male (n:77) p

n (%) n (%)

Presence 50.7% (n:69) 42.9% (n:33) 0.269
Absence 49.3% (n: 67) 57.1% (n:44) 0.269
p>0.05 Chi-Square test
DISCUSSION
Dental morphological traits are important

because they are genetically determined, do not
remodel during lifetime, and can be compared
equally among different populations.’® CT is
one of the non-metric traits that is considered to
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be the most commonly occurring dental
morphological feature.’*® In  European
populations, the frequency of CT varies from 51
to 90%, which means it is included in the
moderate to high prevalence group.®4 However,
the prevalence of this trait was 0% in Eskimos,
11% in Japanese, and 21% in Chinese
populations, which means it is categorized in
the low prevalence group.**”1® The prevalence
of CT in the current study was found to be
47.9% which is lower than the European
incidence and higher than the Arctic and Asian
averages. This result can be
explained as follows: Turkey is an Eurasian
country with land in both Asia and Europe.?
Because it is located on two continents, it is
necessary to focus on which groups the Turkish
population belongs to. In 2001 Hanihara &
Ishida?! divided the populations into six main
groups (Eastern Asia, Arctic/New World,
Pacific/Oceania, Central/South/West  Asia,
Europe, Africa) on the basis of linguistic,
ethnological, and geographical backgrounds. In
that study, Turkey was included in the West
Asia group with two other countries (Israel and
Cyprus); it was a subgroup of the
Central/South/West Asia population. In another
study by Hanihara?? Turkey was included in the
West Asia group together with Afghanistan,
Iran/lraq, Israel, Syria/Palestine, and Cyprus.
Reviewing the literature revealed that no studies
have been conducted in Turkey about the
prevalence of CT. Therefore, the studies
previously done in the countries that were
involved with the same group as Turkey should
be focused on in order to correlate the presence
of CT.

countries’

In one Iranian study, the cases of 500
adolescents were investigated, and the
prevalence of CT was found to be 96.6%.%° In
another Iranian study, 356 random cases were
evaluated, and a total of 214 cases (61%) had
Carabelli’s cusp.?® Although Turkish and
Iranian populations were categorized in the
same group, the prevalence of CT in both
studies was found higher than in the present
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study. These findings can be attributed to the
fact that more individuals were evaluated in
those studies. Different methods used in the
studies could also have produced different
results.

Cyprus is another country that should be
evaluated for the prevalence of CT. Evaluating
the first inhabitants of Cyprus and where they
originated from, it was found that the most
common origins of the early immigrants were
from areas where the island was viewable from
the mainland, including parts of present-day
Turkey and Syria.?* In 1977, Angel® evaluated
the prevalence of CT in Cyprus and found that
the frequency varied from 0% to 0.07% on M?
and 0% to 0.37% on M. In the same study,
Syria was examined for CT, and the frequency
of this trait was found to be 0.07% on M?and
0.32% on M. Interestingly, the prevalence of
CT in both studies was found to be lower than
in the present study, even though Cyprus, Syria,
and Turkey were categorized in the same
population group. This can be attributed to the
differences among the selected groups.

Peretz & Smith?® evaluated the dental
morphology and pathology of middle Bronze
Age populations in Israel and observed the
frequency of Carabelli’s cusp on upper first
molars. They found its incidence to be 25%-
46%. The result of this study is consistent with
the findings of our study.

In the literature, CT was found most
frequently in first upper molars and was usually
detected bilaterally.>+1%27-2% A correspondence
between the higher prevalence of CT on 16/26
than on 17/27 and bilateralism is prominent in
the literature, and this was found also to be the
case in our study.

Simultaneous bilateral involvement of CT
on maxillary permanent first and second molars
accounted for 1.9% in the present study; this
was in agreement with Falomo’s findings.®

In some studies, no significant sexual
dimorphism was observed in the occurrence of
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the trait;®%3° however, in other studies,
contrasting results were obtained.®** In the
present study, no statistically significant
difference was detected between genders (p >
0.05) in terms of CT, although it was found that
the trait was more frequent in females (50.7%)
than in males (42.9%). Therefore, the results of
the current study appear to confirm the
suggestion made by Synder et al.** that sexual
dimorphism varies between populations.

The limitation of this study was that it was
conducted in a small group of patients who
applied to the faculty. Therefore, based on the
results of the present study, performing a study
with more patients will benefit using Carabelli
trait as a valuable criterion for determining
differences between diverse populations and for
gaining an important insight into groups of
immigrants in a selected geographical area.

CONCLUSIONS

1. The expression of CT can be placed in the
moderate prevalence group.

2. There was no sexual dimorphism in its
occurrence in the studied group.

3. CT can be a valuable criterion to determine
differences among various populations and a
significant insight into the migratory patterns in
a selected geographical area.
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ABSTRACT

Objective: This study investigated the effect of ozone pre-
treatment on the microleakage of class VV composite restorations
after using two different bleaching agents with laser activation.

Methods: Forty non-carious maxillary central incisor teeth
extracted for periodontal disease were included and randomly
divided into two main groups (n=20). Group 1: Bleaching agent
including 40% H,0, was activated with laser (Diode 980 nm,
Gigaa Dental Laser Cheese, China). Group 2: Bleaching agent
including 35% H,0, was activated with the same laser. Then, the
teeth were randomly divided into two subgroups (n=10). Ten
specimens in each subgroup were subjected to ozone treatment
(Ozonytron XP-OZ, MIO International, Germany) for 30 s, while
the remaining untreated specimens were left as control group.
Class V cavities were prepared on the buccal surfaces and restored
with composite resin (Filtek 2550, 3M ESPE, USA). Following
thermal cycling (5-55°C, 5000x%), the specimens were kept in 0.5
% basic fuchsine for dye penetration within a period of 24h. Then,
the teeth were sectioned longitudinally. The depth of staining
along with the tooth-restoration interface was examine under a
stereomicroscope and recorded.

Results: There were no significant differences between the two
bleaching agents in terms of microleakage of restorations (p >
0.05). The ozone pre-treatment didn’t decrease the microleakage
values (p > 0.05). Significantly higher microleakage scores were
determined at gingival margins compared to occlusal margins (p <
0.05).

Conclusion: Ozone pre-treatment did not affect microleakage
scores of class V composite restorations following dental
bleaching.

Keywords: Dental bleaching, diode laser, ozone, microleakage.

oz

Amag: Bu calismada, iki farki beyazlatma ajani kullanilarak
yapilan lazer aktivasyonlu beyazlatma sonrasi ozon
uygulamasinin, sinif V kompozit restorasyonlarin mikrosizintisi
tizerindeki etkisi arastirilmigtir.

Metot: Calismada periodontal hastalik nedeniyle ¢ekilen 40 tane
cliriiksiiz maksiller santral dig kullanildi ve rastgele iki ana gruba
ayrildi (n=20). Grup 1: %40 H,0; igeren beyazlatma ajani lazerle
aktive edildi (Diode 980 nm, Gigaa Dental Laser Cheese, China)
Grup 2: %35 Hy0, iceren beyazlatma ajani ayni lazerle aktive
edildi. Daha sonra disler rastgele iki alt gruba ayrildi (n=10). Her
ana grubun, bir alt grubundaki 10 6rnek kontrol grubu olarak
ayrilirken, geri kalan 10 Ornege 30 saniye siireyle ozon
(Ozonytron XP-OZ, MIO International, Germany) uygulandi.
Bukkal yiizeylerde sinif V kaviteler hazirlandi ve kompozit rezin
(Filtek 2550, 3M ESPE, ABD) ile restore edildi. Termal siklustan
(5-55 °C, 5000 x) sonra drnekler, boyanin niifuz etmesi i¢in 24
saat boyunca %0,5 bazik fuksin iginde bekletildi. Ardindan,
degerlendirme icin disler vertikal olarak separe edildi. Dis ve
restorasyonun arayiizii boyunca olusan boyanma derinligi
stereomikroskop altinda incelendi ve kaydedildi.

Bulgular:  Restorasyonlarin  mikrosizintisi ~ agisindan  iki
beyazlatma ajani arasinda anlamli bir fark bulunamad: (p> 0,05).
Ozon tedavisi mikrosizintt degerlerini azaltmadi (p> 0,05).
Okluzal marjinlerde, gingival marjinlere oranla anlamli diizeyde
daha fazla mikrosizint1 tespit edildi (p <0,05).

Sonu¢: Beyazlatma sonrasi ozon tedavisi siif V kompozit
restorasyonlarin mikrosizint1 degerlerini etkilemedi.

Anahtar Kelimeler: Dental beyazlatma, diyot lazer, ozon,
mikrosizintt
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INTRODUCTION

Office bleaching is a conservative, effective
and relatively safe esthetic treatment. In
contemporary  dental  practice,  agents
containing 30-40 % hydrogen peroxide (H20>)
have been widely used for bleaching.t
Although this chemical can be used for both
home and office bleaching, the latter one has
many advantages including professional
control, avoiding the contact of agents with
soft tissues, immediate results and bleaching of
all surfaces of teeth.?2 H,O; is a very unstable
molecule and can be easily decomposed which
results in the release of different oxygen
species (e.g. perhydroxyl anion, hydroxyl
radical). The amount of released oxygen
radical depends on environmental conditions
including pH, light, and temperature.® For this
reason, this agent can be used either alone or
can be activated by heat or light in order to
increase its efficiency.*

H20, may also alter the structure of both
methacrylate-based composite resins and tooth
including color, roughness and surface
hardness. These changes may lead to decreased
bond strength and increased microleakage
throughout restorative material and dental hard
tissue interface® because these agents reduce
polymerization  if restoration carried out
immediately after tooth bleaching.b It is
suggested that a period of time should be
allowed between the end of bleaching
treatment and placement of adhesive
restorations. At least a period of 7 days is
required for accomplishment of composite
restoration immediately after bleaching.’

Today, the use of ozone in restorative
dentistry has been used for pit and fissure
caries and white spot lesion. Antibacterial
property of ozone is due to high oxidation
activity inducing the rupture of the cell
membranes and destroying of intracellular
components.8 The improving of equipment to
utilize gaseous ozone in the dental practice has
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allowed new therapeutic facilities in dental
surface pre-treatment.®

Microleakage is one of the important
factors that lead to the failure of resin
restorations. It is defined as the penetration of
bacteria, fluids, molecules or ions into the
spaces between the cavity walls and the
restorative materials.® Clinically,
microleakage can lead to postoperative
sensitivity, staining around the margins of
restorations, secondary caries, restoration
failure, pulpal pathology or pulpal necrosis,
partial or total loss of restoration.! It is known
that there was a negative influence of
bleaching on the marginal integrity of existing
or new restorations.*? On the current literature
there have been many studies which related to
the microleakage of composite  resin
restorations after tooth bleaching.’® 4 But,
there is no available study about ozone
treatment after bleaching in the literature. In
the light of these informations, the aim of this
study was to investigate effect of o0zone
application after office bleaching treatment on
microleakage of class V composite resin
restorations.

The null hypotheses to be investigated in
this study are:

There are no differences between the
microleakage values of different bleaching
materials.

Ozone application doesn’t affect the
microleakage results of class V composite
resin restorations.

MATERIALS AND METHODS

This study was approved by the ethical
committee of Gaziantep University
(2017/381). Forty non-carious maxillary
central incisor teeth extracted for periodontal
disease were included. External root surfaces
of the teeth were cleaned with scalers to
remove residual organic tissue. Then, the teeth
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were randomly divided into two main groups
(n=20).

Group 1: Bleaching agent including 40% H>0O>
(Opalescence Boost, Ultradent Products) was
activated with laser (980 nm Diode, Gigaa
Dental Laser Cheese, China) for 3 cycles of 20
s with an output power of 4 w localized per
teeth. The total bleaching procedure lasted 30
minutes totally.

Group 2: Bleaching agent including 35% H,0;
(Whiteness HP Blue, FGM Dental Products,
Brazil) activated with laser (980 nm Diode,
Gigaa Dental Laser Cheese, China) with the
same procedure.

The teeth were further randomly divided
into two subgroups (n=10);

Group la: Ozone pre-treatment following laser
activated bleaching (40 % H.0,).

Group 1b: No ozone pre-treatment following
laser activated bleaching (40 % H,0,).

Group 2a: Ozone pre-treatment following laser
activated bleaching (35 % H05).

Group 2b: No ozone pre-treatment following
laser activated bleaching (35 % H,0,).

Ozone was applied to external coronal
surfaces of the teeth by using an ozone device
(Ozonytron  XP-OZ, MIO International,
Germany) which has a plasma probe for caries
treatment or prevention. The device was used
with a concentration of 100 ppm for 30
seconds according to the manufacturer’s
instructions. Then, all specimens were
immersed in distilled water and kept for 24
hours. Standardized class V cavities (2 mm
depth, 4 mm  mesiodistal, 2 mm
occlusogingival)  were  prepared  with
cylindrical burs attached to aerator on the
buccal surfaces in enamel over cement-enamel
junction (CEJ) 24 hours later. Each cavity was
etched for 30 s on enamel surface with 37%
phosphoric acid (K-ETCHANT, Kuraray
Noritake Dental Inc), then 40 s water rinsed,
and excess water was blotted using an
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absorbent paper. This was followed by the
application of an adhesive system (3M ESPE
Adper Single bond 2, USA) and polymerized
with light for 10 s. All cavities were restored
with composite resin (Filtek Z550 A2 3M
ESPE, USA) in increments of 2 mm and each
layer was polymerized for 20 s with a LED
(Valo, Cordless, Ultradent, Germany). Apices
of teeth were covered by flowable composite
(Competence Flow Willmman & Pein Gmbh,
Germany) to prevent the leakage of dye
throughout the foramen. All external surfaces
of crowns and roots were covered with two
coats of nail varnish up to a distance of 1 mm
beyond the margins of the restorations.

All  specimens
thermocycling

were subjected to
(SD Mechatronik
Thermocycler, SD Mechatronik GMBH,
Westerham, Germany) for 5,000 thermal
cycles between 5 and 55 °C with a dwelling
time of 30 s in each bath and a transferring
time of 5 s. Following thermal cycling, teeth
were immersed in 0.5% basic fuchsine dye
solution for 24h. After this procedure, the teeth
were washed and dried. Each tooth was
sectioned bucco-lingually along the center of
the restorations using with a slow-speed
diamond saw (Isomet 1000, Buehler Ltd., Lake
Bluff, IL, USA) machine. Microleakage of the
restorations was measured under
stereomicroscope  (Leica M125, Leica,
Heerbrugg, Switzerland) with a magnification
of x40.

Dye penetrations at the occlusal and
gingival margins were assessed by one
examiner to determine the extent of
microleakage according to a five-point scale as
follows.®
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0 = no leakage (figure 1) 2 = Leakage up to 2/3 of gingival/occlusal
walls (figure 3)

4

Figure 3

Figure 1: Image of section with score 0 staining. Figure 3: Image of section with score 2 staining

1 = Leakage up to 1/3 of gingival/occlusal 3 = Leakage up to base of the cavity (figure 4)
walls (figure 2)

Figure 4

Figure 4: Image of section with score 3 staining

Figure 2: Image of section with score 1 staining
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4 = Extensive dye penetration into axial wall
(figure 5)

Figure 5
Figure 5: Image of section with score 4 staining

Statistical Analysis

Data was shown as median, interquartile range
or frequency and percent. Prior to statistical
analysis, the normality of the data was
analyzed with Shaphiro Wilk test. Due to non-
normal distribution of the data, statistical
analysis was performed utilizing the Kruskal
Wallis, One-way ANOVA followed by a Mann
Whitney U test. Kruskal Wallis or Mann
Whitney U test were used to compare the
variables between/among groups. A p-value
<0.05 was considered as significant. Analyses
were performed using SPSS 19 (IBM SPSS
Statistics 19, SPSS inc., an IBM Co., and
Somers, NY).

RESULTS

The distribution of microleakage scores for
groups and subgroups were represented on
tables 1 and 2. At both on occlusal and
gingival margins, microleakage could not be
totally eliminated for all the groups.
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Table 1. Distribution of microleakage scores according to the
type of bleaching material and the inclusion of ozone on the
occlusal and gingival margins of restorations.

" IScores i
) Margin of Median
Main Groups ISubgroups .
Restoration ol1l2]3 4| [25-78
Occlusal 712(1]0 0] o[0-1]*
Ozone
(Opalescence Boost Gingival 11620 1| 1[2-11°
(40 % H,0,) Occlusal 9]1]0]o ol op0®
Ozone-free
Gingival 0f1]5]4 0] 2[23]°
Occlusal 812|0]0 0| o[0-0]%
Ozone
\Whitness HP Blue Gingival 1fef1fz 1] 1p2-1°
(35 % H.02) occlusal | 71| 1|1 0] opo1e
Ozone-free
Gingival 112|3]3 1| 2[1-3]°

Different superscript letters indicate significant difference
among the groups.

Table 2. Distribution of microleakage scores according to the
inclusion of ozone on the occlusal and gingival margins of
restorations.

Margin of [Scores Median
Subgroups ]

Restorationf o | 11213 4 [25-75]

Occlusal | 15 | 4] 1o 0| o[o-05]2
Ozone Gingival 4 1121311 11-1]°

Total 18 [16] 4 L 1| 1[0-1]*

Occlusal 62|10 o[o-01®
Ozone-free |Gingival 1 |3|8J 1] 2[153]°

Total 18591 1| 1[0-21*

Occlusal 3116|210 0[o-01®
Total

Gingival 5 |15|118 1 1[1-2]°

Different superscript letters indicate significant difference
among the groups.

Statistical analysis (Kruskal Wallis and
Mann Whitney U test) indicated that there
were no significant differences between the
two bleaching agents in terms of microleakage
(p=0.675). Although there were no significant
differences, the microleakage values of ozone-
treated group were lower than values of ozone-
free groups. In other words, the ozone
treatment didn’t significantly decrease the
microleakage values (p=0.142). There were
significant differences between the scores of
microleakage at the occlusal and gingival
margins regardless of the type of agent and
ozone pre-treatment (p<0.001). Occlusal
margins  represented  significantly  lower
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microleakage compared to gingival margins
(p<0.001).

DISCUSSION

With the increase of people's aesthetic
expectations, the popularity of bleaching has
been increasing in recent years. Vital office
bleaching agents can be used successfully for
discolored vital teeth.’® But, the effects of
bleaching agents on tooth structure should be
well known. Because, tooth whitening agents
are able to penetrate into the tooth structure
through the unsealed dentin margin at the
tooth-restoration interface and thus, are
capable of causing complications like tooth
hypersensitivity and microleakage.}” This
study investigated the effect of ozone
application after office bleaching treatment on
microleakage of composite resin restorations.
The results of the present study stated that
microleakage values of composite restorations
following the use of different bleaching agents
with or without ozone application were not
statistically different. Neither the type of
bleaching agent nor surface pre-treatment with
ozone influenced microleakage values.

Bleaching agents can lead to the
separation of polymer chains and break the
double bonds because of these are highly
unstable materials producing free radicals.'®
The changes of the dental structure by
oxidation of organic or inorganic elements is
one of the probable side-effects of bleaching
agents.® Oxygen and oxidants can influence
bonding to dental materials. Interactions
between residual (per) oxide-related substances
and restorative materials interfere with
adhesion.? There have been reports regarding
the interaction between bleaching agents and
the bond strength of composite materials to
enamel have shown that there is a significant
decrease in the bond strength or increase in the
microleakage when the composite resin is
bonded to bleached enamel compared with
unbleached enamel.?X The aim of laser
bleaching treatment is to apply the most
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effective energy source as prevention any
adverse effect for achieving the latest power
bleaching.? It has been reported that bleaching
treatment with laser irritation improves both
the whitening effect and preserve the change of
enamel structure compared with bleaching
treatment without laser-assisted.?® Therefore,
we aimed to evaluate the effects of laser-
supported bleaching in the current study.

Ozone has the ability that lead to
remineralization by gaining Ca and P ions
through the tooth and remove proteins from
carious lesions.?* Dehydration of enamel is a
reversible condition caused by ozone.?® For
this reason, removal of such residual moisture
may notably improve adhesion of composite to
the enamel structure. It has been reported that
the dehydration resulting from ozone have no
effect on the microhardness and surface-free
energy of tooth surface, and have not influence
on adhesion.?® Cehreli et al.? reported that due
to its strong oxidizing effect, 0zone might have

negative  consequences on  resin-tooth
adhesion, since oxygen is a well-known
polymerization  inhibitor.  Although the

antibacterial efficacy of ozone treatment have
been investigated in several studies?” %8, there
are only a few studies that have specifically
evaluated the effects of ozone treatment on the
microleakage and bond strength of adhesive
systems.?> 29 Cehreli et al.*® reported that
fissure pretreatment with ozone led to a
significant decrease in the microleakage values
of both the bonded and conventional sealants,
compared with their control (ozone-untreated)
groups. In the current study, although there
were no significant  differences, the
microleakage values of ozone-treated group
were lower than values of ozone-less group.
This effect may be due to the relatively high
concentration of ozone in the present study.

The complex morphology of class V
cavities with margins are partly in enamel as
well as in root dentin presents difficulties for the
restorative material .** Mahrous et al.®2 compared
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the effect of the location of the gingival margin
(enamel, dentin, or cementum) on the
microleakage of posterior composite restoration
and reported that the least microleakage was
observed at the gingival margin located in the
enamel while the most microleakage was
detected at gingival margins located at
cementum.  Their results are partially in
accordance with our result because our results
demonstrated that occlusal (coronal) borders of
the restorations represented lower microleakage
compared to gingival margins. We assume that
this is related with the higher bonding capacity
of enamel to adhesive systems compared to
dentine and cementum. Manhart et al.* also
reported that marginal quality and sealing
ability of adhesive systems to dentin was lower
compared with occlusal margins.® According to
the results of the current study, statistically
significant differences were observed in dye
penetration when occlusal margin and gingival
margin were compared. All gingival margins
showed higher microleakage score results
compared to occlusal margins. These variations
may also be explained by enamel thickness and
structural  differences.  Increased  tubule
frequency and diameter at gingival margins may
have interfered with adhesion of the restorations
to dental hard tissues. Furthermore our findings
are in accordance with the studies of Bektas et
al.* and Moosavi et al.* who evaluated the
effect of bleaching on the microleakage of Class
V composite resin restorations. They reported
that there was more microleakage in dentinal
margins of composite restorations than in the
occlusal margins in the test groups.

Microleakage should be evaluated to
determine the clinical success of restorative
materials and it is related to several factors,
such as dimensional changes of materials due to
polymerization shrinkage, thermal contraction,
water absorption, mechanical stress and
dimensional changes in tooth structure.®®
Different methods have been employed to
evaluate microleakage around restorations in
vitro such as including dye leakage method, the
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use of color producing microorganisms,
radioactive isotopes, the air pressure method,
neutron activation analysis, electrochemical
studies, scanning electron microscopy, thermal
and mechanical cycling, and chemical tracers.*
Thermocycling is an important procedure for
testing the sealing ability of restorative material.
Thermally induced stresses, which may lead to
gap formation and microleakage, result from the
mismatch between the coefficients of thermal
expansion for the restorative material and the
natural tooth structure.®® Based on the studies,
we used dye penetration method to investigate
effects of bleaching treatment on microleakage
after 5,000 thermal cycles.

CONCLUSION

Within the limitations of this study, the
following conclusions were obtained:

- Applying immediately ozone after laser
assisted vital bleaching didn’t lead to decrease
on microleakage of class V cavities. No
significant differences were shown between
the microleakage values of ozone-treated
groups and ozone-free groups.

- At both occlusal and gingival margins,
marginal microleakage was not eliminated
completely in all the groups.
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ABSTRACT

Objectives: The aim was to evaluate and compare the alveolar
bone support of mandibular central incisors in subjects with Class
Il and Class | skeletal patterns using cone-beam computed
tomography (CBCT).

Materials and Methods: Group 1 included 20 patients (mean
age=19.78+2.80) with Class III malocclusion (mean ANB°=-
2.77£3.69), mesofacial growth pattern (FMA°=27.03 +5.11) and
lingual-inclined mandibular incisors (IMPA°<85). Group 2
included 20 patients (mean age=20.85+3.97) with Class |
malocclusion (mean ANB°=2.94 =+1.46), mesofacial growth
pattern (FMA°=25.67+6.83) and normal inclined mandibular
incisors (85<IMPA°<95). Vertical alveolar bone level and alveolar
bone thickness (ABT) of total 80 mandibular central incisors (40
from each group) were evaluated. Buccal, lingual and total ABT
were measured at the crestal, midroot, and apical levels. Buccal
(BACH) and lingual (LACH) alveolar crestal heights were also
evaluated. Mann-Whitney U, independent samples-t-tests, and
Pearson correlation analysis were applied for statistical analysis.
Results: The lingual ABT at the crestal and midroot level, buccal
ABT at the apical level, and total ABT at all levels were
significantly lower in Group 1 than Group 2 (p<0.05). There was
a negative correlation between the buccal (r=-0.324; p=0.042)
ABT at the apical level and mandibular plane angle. The change
in mandibular incisor inclination was positively correlated with
buccal ABT at the apical level (r=0.463; p=0.003) and lingual
ABT at the crestal level (r=0.550; p<0.001). BACH was
significantly higher in Group 1 (2.21£1.48 mm) compared to
Group 2 (1.424+0.17 mm) (p < 0.05).

Conclusions: In subjects with Class Il deformities, mandibular
central incisors have less bone support especially at the buccal side
of the alveolar bone at the apical level and lingual side of the
alveolar bone at the crestal and midroot levels. Rate of change in
mandibular incisor inclination and mandibular plane angle can be
thought as significant factors that may influence alveolar bone
thickness.

Key Words: Class I1l, alveolar bone, CBCT evaluation

oz

Amag: Bu ¢aligmanin amaci, konik 15l bilgisayarli tomografi
(KIBT) kullanilarak iskeletsel Sinif III ve Sinif I malokluzyonlu
bireylerde mandibuler santral keserlerin etrafindaki alveolar
kemik destegini degerlendirmek ve kargilagtirmaktir.

Materyal ve Metod: Grup 1, iskeletsel Smmif III malokluzyona
(ortalama ANB°= -2,77+3,69), mezofasiyal biiyiime yo6niine
(FMA°=27,03 +5,11) ve linguale egimli mandibuler keserlere
(IMPA°<85) sahip olan 20 hastadan (ortalama yas=19,78+2,80
yil) olusmaktadir. Grup 2, Iskeletsel Simf I malokluzyona
(ortalama ANB°= 2,94 +1,46), mezofasiyal biiyiime yoniine
(FMA°=25,67+6,83) ve normal egimli mandibuler keserlere
(85<IMPA°<95) sahip olan 20 hastadan (ortalama
yas=20,85+3,97) olugmaktadir. Toplam 80 mandibuler santral
keser disin (her bir gruptan 40 dis) goriintiileri kullanilarak vertikal
alveolar kemik yiiksekligi ve alveolar kemik kalinligi (AKK)
olctilmustiir. Bukkal, lingual ve total AKK; krestal, kok ortasi ve
apikal seviyelerde olgiilmistir. Bukkal (BAKY) ve lingual
(LAKY) alveolar krestal yiikseklikler de degerlendirilmistir.
Istatistiksel analiz igin Mann-Whitney U, bagimsiz érneklem-t-
testleri ve Pearson korelasyon analizi uygulanmustir.

Bulgular: Krestal ve orta kok seviyesinde lingual AKK; apikal
seviyede bukkal AKK; ve tiim seviyelerde total AKK Grup 1’de
Grup 2’ye gore anlaml sekilde daha az bulunmustur (p<0,05).
Apikal seviyede bukkal AKK (r=-0,324; p=0,042) ve mandibuler
diizlem ag1s1 arasinda negatif korelasyon bulunmustur. Mandibuler
keser egimindeki degisim apikal seviyedeki bukkal AKK
(r=0,463; p=0,003) ve krestal seviyedeki lingual AKK (r=0,550;
p<0,001) ile pozitif korelasyon gostermistir. BAKY, Grup 1°de
(2,21+1,48 mm) Grup 2’ye (1,42+0,17 mm) gore anlaml sekilde
yiiksek bulunmustur (p<0,05).

Sonuglar: Sinif III deformitesi olan bireylerde, mandibuler santral
keser disler ozellikle apikal seviyede alveolar kemigin bukkal
tarafinda ve krestal ve kok orta seviyelerinde ise alveolar kemigin
lingual tarafinda daha az kemik destegine sahiptir. Mandibuler
keser egiminde ve mandibular diizlem agisindaki degisim orani,
alveoler kemik kalinligin1 etkileyebilecek dnemli faktorler olarak
diistiniilebilir.

Anahtar Kelimeler: Simif III, alveolar kemik, KIBT incelemesi

Department of Orthodontics, Faculty of Dentistry, Hacettepe University, Ankara, Turkey.
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INTRODUCTION

Adequate alveolar bone support is essential for
both efficient tooth movement and stable tooth
position. A detailed evaluation  of
maxillomandibular alveolar bone morphology
is crucial in determining orthodontic tooth
movement limits and exceeding this limit may
cause undesirable iatrogenic side effects in
periodontal tissues such as dehiscence and
fenestration.! It has been emphasized by some
authors that the morphology of alveolar bone
structure may be related to the inclination of the
teeth in the anteroposterior direction.?® Surgical
orthodontic treatment of Class Il patients
requires orthodontic decompensation including
proclining the mandibular incisors to normal
axial inclinations. With previous studies,** it
was shown that the proclination of the incisors
out of the alveolar envelope might be associated
with gingival recessions. It has been indicated
in a previous study’ that the mandibular incisors
had greater bone loss than the maxillary incisors
in skeletal Class Il patients. In Class 111 patients
with thin symphysis structure, severe labial
inclination of the incisors may also increase the
alveolar bone loss.®° More careful orthodontic
planning is required to ensure that the above-
mentioned dental decompensation movements
do not cause iatrogenic side effects, since Class
Il individuals show a thinner alveolar bone
structure, especially in the cervical area,
compared to individuals with normal
occlusion.°

Traditional radiographic images such as
cephalograms, panoramic radiographs, or
periapical radiographs are less accurate for the
evaluation of bone structure.! The alveolar
bone measurements may be overestimated with
the traditional cephalometric radiographs.’*?
Considering the high accuracy of cone-beam
computed tomography (CBCT) without
distortion or superimposition*15, it is the
appropriate technique for precise evaluation of
alveolar bone dimensions. The vertical height
and buccolingual thickness of the alveolar bone
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in the anterior region of the mandible can be
measured with the aid of the sections obtained
from the CBCT images, and topographic
location assessment can be performed showing
the inclination of lower incisors in different
planes.6:1’

In the literature, there is a limited number
of studies!®®1® evaluating the correlation of
buccolingual tooth inclination with alveolar
bone thickness in skeletal Class 111 deformities.
Therefore, this study was performed to
determine the alveolar bone thickness and
height of the mandibular central incisors in
subjects with Class Il malocclusion and to
compare the results with Class | normal
occlusion. The null hypothesis was that there
was no difference between the two different
malocclusion groups.

MATERIALS AND METHODS

This study was a retrospective evaluation of
patient records. Pre-treatment CBCT images of
40 non-growing individuals were obtained from
the data archive of Hacettepe University,
Faculty of Dentistry, and Department of
Orthodontics. Ethical approval was obtained
from the Hacettepe University Ethical
Committee (institutional review board number:
GO 16/591-23). CBCT scans were selected
according to the following inclusion criteria: (1)
CBCT scans taken for diagnostic purposes of
multiple impacted teeth or severe facial
asymmetry for Class | malocclusion, and pre-
surgical evaluation for Class 11l malocclusion,
(2) scans of patients older than 16 years, (3)
IMPA degree lower than 85° for skeletal Class
II group, and IMPA degree between 85° and
95¢ for skeletal Class | group. Exclusion criteria
were as the following: (1) missing or unerupted
mandibular permanent incisors, (2) history of
trauma to the lower anterior teeth, (3) crowding
more than 3 mm or spacing more than 1 mm in
the mandibular anterior alveolar segment, (4)
prosthetic crowns on the mandibular incisors,
(5) previous orthodontic or surgical treatment.
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Three-dimensional CBCT scans were
previously taken with i-CAT Cone Beam 3D
Imaging System (Imaging Sciences
International, Hatfield, Pa) at maximum
intercuspation. The scanning settings for the
CBCT machine were: 23x17 cm field of view
(voxel size, 0.30 mm), 120-kVp tube voltage,
tube current of 2 mA, and 17.8 seconds scan
time. The CBCT scans were divided into two
groups on the basis of both malocclusion
classification (Skeletal Class Il or I) and IMPA
(<85° or between 85° and 95°). The sample
consisted of CBCT scans of totally 40
individuals. A total of 80 teeth were evaluated.
Group 1 included the CBCT scans (40
mandibular central incisors) of 20 Skeletal
Class 1l malocclusion patients (10 male, 10
female; mean age: 19.78+2.80 years; mean
ANB®: -2.77°+3.69°), mesofacial growth
pattern (FMA°: 27.03°+5.11°) with IMPA
lower than 85° (mean IMPA®: 78.78°+6.32°)
indicating  lingually-inclined  mandibular
incisors according to Tweed analysis. Group 2
included the CBCT scans (40 mandibular
central incisors) of 20 Skeletal Class | patients
(10 male, 10 female; mean age: 20.85+3.97
years; mean ANB°: 2.94°+1.46°), mesofacial
growth pattern (FMA®: 25.67°+6.83°) with
IMPA between 85° and 95° (mean IMPA®:
91.92°43.27°) indicating normally inclined
mandibular incisors according to Tweed
analysis (Figure 1).

g -
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Figure 1. The orientation of all 3 planes of space of CBTC.

Measurements of alveolar bone were
performed by importing the DICOM files into
Dolphin software (Dolphin Imaging Systems,
Chatsworth, Calif). Afterwards 3D
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reconstructions were obtained selecting the
axial, coronal, and sagittal displays (Figure 2).

Figure 2. Representative images of two groups classified by
different malocclusion and incisor inclination. A, Class | normal
group; B, Class Il lingual-inclined group.

The axial plane was selected to intersect with
the crown of the interested tooth. The coronal
and sagittal planes were adjusted to pass
through the center of the crown and the root of
the interested tooth with the sagittal plane
perpendicular to the subject’s arch in the axial
view. On the sagittal cross section of the
mandibular central incisors, buccal and lingual
alveolar crestal heights (BACH and LACH)
were measured from the most coronal level of
the alveolar bone crest to the most apical
portion of the cementoenamel junction (CEJ).
Along the axis of the root of each tooth, alveolar
bone width measurements were made along the
sagittal reference plane at 3, 6, and 8 mm
apically to the CEJ. Buccal and lingual bone
thicknesses were measured from the most
buccal and lingual aspects of the root to the
most buccal and lingual aspects of the alveolar
bone along the orientation of the sagittal plane
(Figure 3).

Figure 3. Measurements from CBCT; A, location of alveolar
bone thickness measurements; B, vertical alveolar bone level
measurement. BBT means buccal bone thickness, LBT means
lingual bone thickness, BACH means buccal alveolar crestal
height, LACH means lingual alveolar crestal height.

From the constructed lateral cephalograms, the
incisor-mandibular  plane angle (IMPA),
formed by the intersection of the long axis of
the mandibular incisor and the gonion-menton

line, and mandibular plane angle (FMA) formed
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by the intersection of the Frankfurt horizontal
plane and mandibular plane were measured. All
measurements were made by 2 orthodontists
(E.A. and H.G.C.) previously calibrated.

Statistical Analysis

Statistical calculations were performed by using
IBM-SPSS for Windows version 21 (SPSS Inc.,
IL, USA). Shapiro-Wilks test was used to
demonstrate whether the parameters were
distributed normally or not. Independent
samples t-test was used to compare the normally
distributed variables, and Mann-Whitney U test
was used to compare the variables that were not
distributed normally between the groups. The
significance level was established at p< .05.
Pearson correlation analysis was used to
analyze the relationship of alveolar bone
measurements with IMPA and FMA.

The CBCT measurement error was
assessed by calculating the intraclass
correlation coefficient (ICC) based on a two-
way mixed analysis of variance (ANOVA). 20
CBCT scans (ten from each skeletal pattern
group) were measured by two calibrated
orthodontists 2 weeks apart to test the
reproducibility of the measurements. The ICC
values were between 0.847 and  0.990 (Table
1). These values can be considered to be good
and excellent.

Table 1. Reliability results of clinical measurements.

Left tooth Right Tooth
95% Confidence 95% Confidence
IcC Interval Icc Interval
Lower Upper Lower Upper
B-crestal (mm) 0.932 0.838 0.972 0.873 0.711 0.947
B-midroot 0864 | 0694 | 0944 | 0942 | 0862 | 0976
(mm)

B-apical (mm) 0.957 | 0.896 0.983 0.951 0.882 0.980

L-crestal (mm) | 0.963 | 0.911 0.985 0.931 0.837 0.972

L-midroot

(mm) 0.957

0.897 0.983 0.971 0.930 0.988

0.974
0.948

0.936
0.875

0.989
0.979

0.985
0.973

0.062
0.935

0.994
0.989

L-apical (mm)

T-crestal (mm)

T-midroot

(mm) 0.981

0.953 0.992 0.976 0.942 0.990

T-apical (mm) 0.990 | 0.975 0.996 0.989 0.972 0.995

BACH (mm)
LACH (mm)
ICC: Intraclass correlation coefficient.

0.982 | 0.956 0.993 0.989 0.974 0.996

0.847 | 0.658 0.936 0.946 0.871 0.978
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RESULTS

Table 2 shows the demographic and clinical
variables of the compared groups. The average
age of the patients and the FMA angle showed
no significant difference between the groups, on
the other hand lower incisor inclination degree
was significantly lower in Group 1 (mean
IMPAP®:; 78.78°+6.32°) than Group 2 (mean
IMPA°: 91.92°+3.27°) (p<0.05).

Table 2. Demographic and Clinical Characteristics of the Sample.
Group 1 (Class I11)

Variables Group 2 (Class I) p-value

Number  of
subjects

20
(10 female, 10 male)

20
(10 female,10 male)

Age (year)

19.78 £2.80

20.85+3.97

0.565%

ANB ()

-2.77+£3.69

2.94+1.46

<0.001*

IMPA (°)

78.78+6.32

91.9243.27

<0.001**

FMA (°)

27.03 +5.11

25.67+6.83

0.480°

a: Mann-Whitney U test, b: Independent samples-t-test.

The results of the alveolar bone
measurements of the mandibular central
incisors are listed in Table 3. Statistically
significant differences of total ABT between the
groups were found at crestal, midroot and apical
levels (p<0.05). At apical level, buccal ABT
value (0.75+0.44 mm) in Group 1 was
significantly lower than value in Group 2
(1.28+0.64 mm) (p=0.004). The lingual ABT
values around the mandibular central incisors in
Group 1 were also lower than in the other group
at the crestal and midroot levels, and these
differences were significant (p<0.01). There
was no statistically significant difference in the
ABT on the buccal side at the crestal and
midroot levels between the groups. Considering
the wvertical alveolar bone level, BACH
measurement was significantly higher in Group
1 (2.21+1.48 mm) than found in Group 2
(1.42+£0.17 mm) (p=0.010). Considering the
lingual surface, no significant difference was
found between the groups in according with
LACH (p=0.091).
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Table 3. Comparison of alveolar bone measurements between the

roups.
meralof the
Variables (gr:szp”ll) %Z:sps dif’\f/(le(:zzce Difference 1-2 (P)
Lower Upper

B-crestal (mm) 0.55+0.29 | 0.63+0.26 -0.08 -0.26 0.96 0.354°
B-midroot (mm) | 0.46+0.26 | 0.76+0.42 -0.30 -0.52 -0.08 0.072*
B-apical (mm) 0.75:0.44 | 1.280.64 053 0.88 0.18 0.004*
L-crestal (mm) 0.70+0.41 1.10£0.30 -0.39 -0.62 -0.16 0.001*°
L-midroot (mm) | 0.94+0.83 1.27+0.47 -0.33 -0.76 0.10 0.010**
L-apical (mm) 1.26+0.84 | 1.63+0.61 037 -0.84 0.10 0.122°
T-crestal (mm) 6.50+0.93 | 7.04+0.47 -0.55 -1.02 -0.08 0.011*
T-midroot (mm) | 6.12+0.99 | 6.91+0.73 -0.79 -1.35 -0.23 0.007*°
T-apical (mm) 6.08<1.05 | 7.05+1.10 -0.97 -1.66 -0.28 0.007*°
BACH (mm) 2.21+1.48 1.42+0.17 0.78 0.11 1.46 0.010**
LACH (mm) 2.57+2.64 | 1.51+0.26 1.05 -0.15 2.25 0.091*

a: Mann-Whitney U test, b: Independent samples-t-test,
comparison of alveolar bone measurements between the groups,
the significance level was p<0,05. "Statistically significant.

1-2, Group 1 and Group 2 comparison. B:Buccal, L:Lingual,
T:Total.

Table 4 shows the Pearson correlation
between each one of the variables of alveolar
bone measurement and IMPA/FMA degrees for
all teeth (n=80) studied.

Table 4. Correlation between cephalometric and alveolar bone
measurements.

IMPA (°) FMA (°)

Variables N R (P) R (P)
B-crestal (mm) |40 | 0.190 (0.239) | 0.009 (0.955)
B-apical (mm) |40 | 0.463 (0.003)* | -0.324 (0.042)*
L-crestal (mm) | 40 0.550 (0.000)* | -0.131 (0.419)
L-apical (mm) |40 |0.395(0.012)* | -0.170 (0.295)
BACH (mm) |40 | -0.266 (0.098) | 0.122 (0.454)
LACH (mm) 40 |-0.155(0.339) |0.017 (0.916)

Pearson correlation coefficent analysis. Values are presented as
R (p) value.

There were no correlations between buccal
crestal ABT and IMPA and/or FMA angles.
BACH and LACH measurements were not
statistically correlated with IMPA or FMA
angles (p>0.05). Changes in IMPA angle were
positively and moderately correlated with
changes in buccal ABT at apical (r=0.463;
p=0.003) and lingual ABT at crestal levels
(r=0.550; p<0.001) indicating that as the incisor
tipped labially, the cortical bone on the lingual
aspect at the crestal level and the cortical bone
on the buccal aspect at the apical level became
thicker. A negative correlation existed between
changes in FMA angle and changes in buccal
(r=-0.324;p=0.042) ABT at the apical level.
Lingual crestal and lingual apical ABT
measurements were not correlated with changes
in FMA angle.
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DISCUSSION

The structure of the mandibular symphysis can
limit the movement of the incisors since the
alveolar bone thickness of the lower anterior
teeth is thin and more susceptible to periodontal
disease.2? The determination of the structure of
the mandibular symphysis especially in skeletal
Class Il patients who need orthognathic
surgery is important, as the lower incisors are
mostly inclined lingually as a result of dental
compensation and need to move forward during
the presurgical orthodontic treatment. It is
known that as the mandibular incisors are
proclined, it is more likely to see alveolar bone
fenestration or recession of the gingiva.?! With
the advance of 3-dimensional CBCT images, it
IS possible to examine alveolar bone
morphology with quality without distortion or
overlap, and also to measure the alveolar bone
thickness around the roots.???® Therefore, this
study focused on the alveolar bone amount
around the lower central incisors in Skeletal
Class Il patients who had lingually inclined
lower incisors, and compare the values with
normally inclined lower incisors in Class |
patients. Many cephalometric goals for the
position of mandibular incisors have been
advocated. In this study, we divided the initial
CBCT scans of the patients on the basis of
IMPA according to Tweed classification
besides malocclusion classification (Class 111 or
Class 1). Tweed stated that the mandibular
incisors should create an angle between 85° and
95° with the mandibular plane if the mandible
plane to the Frankfurt plane angle falls in the
22° to 29° range.?® IMPA for the scans selected
for Group 1 were lower than 85° indicating
lingual-inclined group, and for Group 2 were
between 85° and 95° indicating the normal-
inclined group.

In the present study, buccal and lingual
alveolar bone thicknesses were evaluated at 3
distances which were respectively 3, 6, and 8
mm from the CEJ to represent respectively the
cervical, midroot, and apical levels of the tooth.
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Buccal ABT showed significantly lower values
at only apical level on the other hand lingual
ABT showed lower values at both crestal and
midroot levels in Class 11l group compared to
Class | group. This difference between the
groups can be related to the significant lower
IMPA value in Class Il group, indicating
lingual-inclined incisors, which makes the apex
closer to the labial cortex. Yamada et al.2 also
reported that the central incisor root apex was
closer to the internal labial cortical bone than
the lingual cortical bone in adults with
mandibular prognathism. Similar to our results,
Kook et al.!® found that alveolar bone thickness
at the tooth apex was significantly lower in
Class Il patients than in normal occlusion
sample. Sendyk et al.’® compared the alveolar
bone thickness in patients with Class |l
malocclusion from those with normal occlusion
with CBCT. The results of the study showed
that the average buccal and lingual alveolar
thickness at 3mm (cervical portion) and 8 mm
(apical region) from the CEJ were significantly
lower in Class Il group.

In the study of Tian et al.?’, the relationship
between labiolingual inclination and the
thickness of the alveolar bone in mandibular
central incisors was investigated using CBCT,
and the total and lingual alveolar bones were
thinner in lingual inclination group than in
labial inclination group. Similar to the findings
of Tian et al.?, the total bone thicknesses at all
levels were significantly thinner in Group 1
(Class Ill, lingual-inclined incisors) compared
to group 2 (Class I, normal-inclined incisors).
Thin symphsis in Class 11l malocclusion
presents a challenge during pre-surgical
orthodontic treatment when labial proclination
of the mandibular incisors is planned; so special
attention should be paid by the orthodontists not
to cause a risk of periodontal problem. The
results of the study of Sarikaya et al.?® indicated
a significant decrease in the thickness of lingual
bone plate especially in the coronal and middle
third of the root after the retraction of
mandibular incisors. In the present study, the
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lingual crestal and midroot alveolar bone
thicknesses were significantly lower in Class 111
patients when compared to Class | patients.
Because of the risk of adverse effects after
incisor retraction especially in the lingual
alveolar region, it would be better to maintain
the initial, and therefore natural incisor position
of the mandibular incisors in Class Il
camouflage treatments instead of retracting the
teeth.

The distance between the alveolar crest
and the cementoenamel junction represents the
extent of vertical alveolar bone loss. Besides,
bone dehiscences can be described as an
increase of the distance between the CEJ and
the buccal or lingual alveolar bone crest.?° CEJ-
to-alveolar bone crest of 2 mm or less is
considered normal with the studies.**3! With the
experimental studies,®?* it was shown that
mandibular incisor proclination could cause
marginal bone loss. In the present study,
considering the vertical alveolar bone level,
BACH measurement was significantly higher in
Group 1 (2.21+1.48 mm) than found in Group 2
(1.424+0.17 mm). Kook et al.’® also indicated
that Class Il patients exhibited more vertical
bone loss especially at the lingual alveolar plate
than Class | patients. However in the present
study, we found a significant difference related
to vertical bone level especially at the buccal
side.

We also intended to confirm whether
dental inclination change effects the buccal and
lingual ABT. According to the results of the
present study, there was a relationship between
the buccal ABT at apical and lingual ABT at
crestal levels and lower incisor inclination. This
result indicated that as the incisor tipped
labially, the cortical bone on the lingual aspect
at the crestal level and the cortical bone on the
buccal aspect at the apical level became thicker.
Yamada et al.? and Yu et al.® similarly
suggested that the morphology of the alveolar
bone was affected by tooth inclination. Yu et
al.3 concluded that the lower central incisor root



Atik E et al.

apex was closer to the lingual alveolar crest
when it was buccally inclined. Similary,
Yamada et al.? found significant positive
correlations  between the labio-lingual
inclination of the mandibular central incisors
and the associated cancellous bone thickness. In
related to their results, when the mandibular
central incisor was more lingually inclined, the
associated alveolar bone was more thinner.
However Sendyk et al.l° indicated in a recent
study that in subjects with Class Il deformities,
there were weak and few significant
correlations between inclination of mandibular
central incisor and lingual alveolar thickness of
central incisor at 6 mm, and emphasized the
natural process of development to provide the
stability to the thickness of the alveolar bone.
Inconsistent with our finding, Lee et al.?® found
no significant correlation of the degree of
incisor inclination with the extent of alveolar
bone change. Because of the controversial
results of the aforementioned studies?3119 it
may not be correct to establish a direct
mathematical relationship between the degree
of tooth inclination and the change in alveolar
bone thickness.

It has been indicated that the growth facial
pattern has an effect on the morphology of
bucccal and lingual alveolar bone plates.3*%
Also it has been stated that hyperdivergent
patients present a thinner mandibular symphysis
and alveolar ridge in the anterior region of the
mandibula, when compared to other facial
patterns.>® In the present study two groups did
not differ from each other with regards to
growth pattern. However, the correlation of
FMA with the alveolar bone measurements
revealed a negative correlation between
changes in FMA and changes in buccal ABT at
the apical level. This result meant that when the
FMA degree increased, bone thickness at apical
level decreased. Under this perspective, it can
be thought that, in patients who demonstrate
hypodivergent pattern with  Class 1l
malocclusion, the orthodontic treatment
planning may present less restriction for labio-
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lingual incisor movement mainly at the level of
root apex.

Comparing the results of the 2 groups,
Class 11l and Class | malocclusion, it has been
shown that subjects with Class 111 malocclusion
have thinner alveolar bone at the cervical,
midroot and apical levels in different regions
(buccal or lingual) than do those with normal
occlusion. Using the Class | malocclusion
samples in Group 2 gave us some information
about the tissue amount around the roots of
lower incisors and also the opportunity to
compare with the Class III samples’ bone
values. Considering the results, orthodontists
should be careful when planning the labio-
lingual movements of the lower incisors, both
in camouflage and surgical Class 1l patients in
order to prevent dehiscence and fenestration in
the alveolar bone. From the clinical perspective,
alveolar bone measurement before beginning
treatment with the help of CBCT evaluation can
help the orthodontist to move the lower incisors
within the alveolar bone housing to minimize
the risk of alveolar bone loss during presurgical
or camouflage orthodontic treatment.

The CBCT images used in the present
study had a voxel size of 0.3 mm. As very small
dimensions are studied to detect bone thickness
and height, it may be impossible to accurately
detect the changes less than 0.3mm of thickness
with a voxel size of 0.3 mm.*" In a recent study®®
the influence of voxel dimension on
measurement accuracy and reproducibility was
evaluated, and CBCT images demonstrated
good accuracy for measuring the mandibular
anterior teeth with 0.2 mm and 0.3 mm voxel
sizes. In the present study to reduce the
measurement error, half of the variables were
repeatedly  measured and  correlation
coefficients were at good and excellent. It
would be better to carry out further studies
including larger sample to enhance the
statistical power and to rule out the possible
type Il errors.
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CONCLUSIONS

1. In subjects with Class Il malocclusion,
mandibular incisors were more lingually
inclined compared to the Class | group.

2. Thinner alveolar bone was observed on the
buccal aspect at apical level, and on the lingual
aspect at the crestal and midroot level of the
central incisors in Class 11 group.

3. Total average alveolar bone thickness at all
levels were statistically less in Class 111 subjects

compared with subjects with Class |
malocclusion.
4. Buccal alveolar crestal height was

significantly higher in Class |11 group compared
to Class I.

5. Significant correlations were found
between mandibular incisor inclination and
labial ABT at the apical level and palatal ABT
at the crestal level.

6. A weak negative correlation existed
between changes in FMA angle and changes in
buccal ABT at the apical level.
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ABSTRACT Oz

Obijectives: The aim of this study was to evaluate the
forces required to fracture roots obturated with different
calcium silicate — based materials, after applying a
fractured instrument removal simulation.

Material and Methods: Seventy-five mandibular
premolars were selected and decoronated. Then, all root
canals were instrumented using Reciproc system. To
mimic the root canal anatomy after the removal of a
fractured instrument, each canal was enlarged with a size-
3 Peeso reamer. The specimens were distributed into
experimental groups according to the materials used for
the root fortification: G1: Negative control, G2: ProRoot
MTA, G3: Ortho MTA, G4: Biodentine, G5: Endocem
MTA. Then, the teeth were embedded into acrylic blocks.
A vertical fracture test was applied, and the fracture loads
were recorded. Statistical interpretations were made
(0=0.05).

Results: G2, G3, G4, and G5 showed greater fracture
resistances than G1 (p<0.05). There was no significant
difference among G2, G3, G4, and G5 (p>0.05).

Conclusions: Any of the tested materials could be chosen

to reinforce the root after the removal of a fractured
instrument.

Keywords: Biodentine, Endocem MTA, Ortho MTA,
ProRoot MTA, Root reinforcing, Seperated instrument
removal.

Amag: Bu ¢alismanin amaci, kirik enstriiman ¢ikartilmasi
simiilasyonu uygulanmasindan sonra farkli kalsiyum
silikat igerikli materyallerle doldurulmus kokleri kirmak
icin gereken kuvvetlerin degerlendirilmesi idi.

Gere¢ ve Yontem: 75 adet mandibular premolar dis
secildi ve dekorone edildi. Daha sonra, tiim kok kanallari
Reciproc sistemi kullanilarak enstriimante edildi. Kirik
enstriiman ¢ikartilmasimin ardindan meydana gelen kok
kanal anatomisini taklit etmek i¢in herbir kanal 3-numara
Peeso frezi ile genisletildi. Ornekler kok giiclendirme
islemi i¢in kullanilan materyallere gore deneysel gruplara
dagitildi: G1: Negatif kontrol, G2: ProRoot MTA, G3:
Ortho MTA, G4: Biodentine, G5: Endocem MTA. Daha
sonra, digler akrilik bloklara gomiildii. Vertikal kirilma
testi uyguland1 ve kirilma yiikleri kaydedildi. Istatistiksel
degerlendirmeler yapildi (0=0,05).

Bulgular: G2, G3, G4 ve G5, G1’den daha yiiksek kirilma

direngleri gosterdi (p<0,05). G2, G3, G4 ve G5 arasinda
istatistiksel olarak anlamli farklilik yoktu (p>0,05).
Sonug: Test edilen tiim materyaller, kirik enstriiman
cikartilmasinin ardindan kok giliglendirilmesi i¢in segenek
olabilirler.

Anahtar Kelimeler: Biodentine, Endocem MTA, Ortho
MTA, ProRoot MTA, Kok gii¢lendirilmesi, Kirilmig

enstriiman ¢ikartilmasi.
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Fortification of Fractured Instrument Removal Simulated Roots Using Several Calcium Silicate-Based Materials

INTRODUCTION

The fracturing of endodontic instruments within
the root canal system is an unfortunate incident
that can jeopardize the outcome of the therapy.!
One example is the separation of endodontic
files during endodontic treatment, with the
exact cause still being a topic of debate.? The
prevalence of separated instruments has been
reported to range from 0.5%-5% by several
researchers.®® It can lead to treatment failure
and may cause anxiety in the patient.®
Therefore, the removal of the separated
instrument is the most appropriate treatment
choice, and is usually recommended when tooth
survival has a crucial impact on the postdental
procedures.*

In general, dentists must create a staging
platform in the root canal for better visualization
and straight line access to the separated
instrument. This process can result in a reduction
in the root strength because of the extra removal
of the tooth structure and may lead to a vertical
root fracture (VRF).” Gerek et al.2 examined the
force required to lead a VRF after the removal of
seperated endodontic instruments and reported
that the primary factor for the diminish of root
strengths could be related to the staging platform
arranging. For this reason, root fortification has
become a necessity in such cases.

To replace the missing dentin from a
separated instrument removal, alternative filling
materials can be used to fortify the root structure.
Mineral trioxide aggregate (MTA) is a calcium
silicate-based material (CSM) that is commonly
used as a repair material in clinics due to its
regenerative capabilities, superior seal, and
biocompatibility.” However, MTA does have
some disadvantages, such as its high price,
difficult manipulation attributes, prolonged
hardening time, and discoloration potential.®

ProRoot MTA (Dentsply, Tulsa Dental,
Tulsa, OK, USA) is one of the most widely
preferred CSMs for vital endodontic therapies,
root perforation repairs, root-end fillings, and
apical barriers in immature apices. It consists
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mainly of tricalcium aluminate, tricalcium
oxide, tricalcium silicate, and other oxides that
can set in the existence of water.'® Ortho MTA
(BioMTA, Seoul, Republic of Korea) was
developed mainly for orthograde root canal
obturation, as well as retrograde fillings and
perforation repairs.!* It consists of tricalcium
aluminate, dicalcium silicate, tricalcium
silicate, gypsum, tetracalcium aluminoferrite,
bismuth oxide, and free calcium oxide. It also
has bioactive characteristics, causing the apical
foramen to release calcium ions, which leads to
the formation of an interfacial hydroxyapatite
layer.!* Endocem MTA (Maruchi Co. Ltd.,
Wonju, Korea) is an MTA-derived pozzolan
cement with a chemical composition similar to
that of MTA. It consists of aluminum oxide,
calcium oxide, silicate oxide, magnesium oxide,
and bismuth trioxide'?, has a clinically faster
working time than the other CSMs and has
shown good clinical results in vital pulp
therapy.’® Biodentine (Septodont, Saint-Maur-
des-Fosses, France) is another CSM that was
introduced to the market to improve MTA’s
drawbacks. Biodentine powder consists of
calcium carbonate, dicalcium silicate, and
zirconium oxide as a radiopacifier, in addition
to MTA powder.*?

Within our knowledge, no previous studies
have been done before about the effects of
CSMs stored in simulated body fluid (SBF) on
the fracture resistance of roots that were treated
to simulate having apically fractured
instruments removed. Hence, the purpose of
this study was to detect which repair materials
were effective in reinforcing the root after
removing the broken instrument from the apical
part of the root canal. The null hypothesis was
established as there was no significant
difference among the tested materials in the
means of the fracture resistances.

MATERIALS AND METHODS

After approval of the local ethics committee
(Decision number: 2017/450), seventy-five
human maxillary incisor teeth with single and
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straight roots were selected and stored in saline
solution until use. To determine the single and
straight canal morphologies, buccolingual and
mesiodistal radiographs of the specimens were
taken. The teeth were inspected under an
operating microscope (OPMI pico; Zeiss,
Germany) to verify that they had no cracks,
resorption, or caries.

The specimens were decoronated with slow
speed diamond discs (IsoMet; Buehler, Lake
Bluff, IL, USA) under water cooling to obtain a
standard root length of 13 mm. The pulp tissue
remnants were cleaned ultrasonically, and the
patencies of root canals were controlled with 10
K-file  (Dentsply  Maillefer,  Ballaigues,
Switzerland). The working length was
determined 1 mm short of the apex and
corresponded to 12 mm. The root canal
preparations were performed with a Reciproc
instrument (VDW, Munich, Germany) (up to
size R40) in “Reciproc all mode” using a VDW
Silver endodontic motor. After each instrument
change, the root canals were irrigated with 2 mL
of 2.5% NaOClI solution using 30-gauge needle.
Each canal was enlarged with a size-3 Peeso
reamer drill (RelyX, 3M ESPE) up to 3 mm of
the apical root canal. In that way, radicular access
to the separated fragment’s coronal end was
simulated. For the final irrigation, 10 mL of 5%
NaOCl and 3 mL of distilled water were used for
each canal. The root canals were dried with
absorbent paper points and the apical parts of the
root canals were filled with gutta-percha and AH
Plus root canal sealer (Dentsply Maillefer,
Ballaigues, Switzerland). The access cavities
were sealed with temporary filling material
(Cavit G, 3M ESPE, Seefeld, Germany). Then,
the teeth were kept at 37°C in 100% humidity for
7 days for complete setting of the root canal
sealer.

To simulate the periodontal ligaments, a
polyether impression material (Impregum F; 3M
ESPE, St. Paul, MN, USA) was used to coat the
surface up to 7 mm from the apex of the root. The
teeth were then embedded in plastic tubes filled
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with self-curing acrylic resin (Imicryl, Konya,
Turkey) up to 7 mm from the apex. Next, the
temporary filling materials were removed, and
the specimens were randomly divided into 5
groups (n=15). The created spaces were filled
with one (or none) of four materials as follows:

Group 1: The coronal part of the root canal was
left empty (negative control).

Group 2: ProRoot MTA was prepared
according to the manufacturer’s
recommendations (in a 3:1 powder/liquid ratio).
When placing the ProRoot MTA, an MTA
carrier was used and the material was gently
condensed with a hand plugger (No: 3/4
Machtou plugger; Dentsply Maillefer).

Group 3: Ortho MTA was prepared according
to the manufacturer’s recommendations and
placed into the root canal with its special
syringe.

Group 4: Biodentine capsules were mixed for 30
seconds in an amalgam mixer according to the
manufacturer’s recommendations and placed into
the root canal. When placing the Biodentine, an
MTA carrier was used and the material was gently
condensed with a hand plugger (No: 3/4 Machtou
plugger; Dentsply Maillefer).

Group 5: Endocem MTA was prepared
according to the
recommendations (in a 2:1 powder/liquid ratio)
and placed into the root canal.

manufacturer’s

The acrylic resin blocks with the obturated roots
were kept in 100% humidity in SBF solution for
5 weeks to completely set the filling materials.
The root canal orifices were not sealed with the
temporary  filling  material. The ion
concentrations of the SBF used in this study are
shown in Table 1. After setting, each acrylic
mold was placed in a universal testing machine
(Instron Corp., Canton, MA, USA) holding a 3-
mm diameter round tip, which was placed in
contact with the surface of the obturated root
canal. The testing machine was moved
vertically, with a crosshead speed of 1 mm/min,
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until a fracture occurred. The loads that lead to
fracture was then recorded.

Table 1. lon concentrations of the simulated body fluid used in
this study and human blood plasma.

lon concentrations (mM)

Na* | K* [mg?[caz| cr [Hcos [HPOZ|so#

Human blood plasma 142.0] 5.0 | 1.50(250]103.0] 27.0 1.0 0.5

Simulated body fluid (SBF)|142.0| 5.0 | 1.50 | 2.50103.0| 27.0 1.0 0.5

All of the statistical analyses were performed
using SPSS 20.0 (IBM Corporation Software
Group, Armonk, NY, USA). The Shapiro-
Wilk’s test showed that the data were
distributed normally; thus, a one-way ANOVA
test was applied to the data. Because the
Levene’s variance homogeneity test failed,
Tamhane’s T2 test was used for the post-hoc
analyses (a=0.05).

RESULTS

According to the statistical comparisons.
Groups 2, 3, 4, and 5 showed significantly
greater fracture resistances than Group 1
(negative control) (p < 0.05); however, there
was no significant difference among these
groups (p > 0.05). The descriptive statistics of
each group are provided in Table 2 and an error
bar graph is shown in Figure 1.
Table 2. Descriptive statistics of the tested groups.
Mean (Newton) Std. Deviation Min.
714.6 195.5
1085.1 279.8
1032.9 309.2

1049.7 306.3
982.3 194.4

Max.
972.0
1498.0
1727.2
1498.1
1283.0

328.0
761.1
666.2
583.7
533.0

Negative Control @
ProRoot MTA
Ortho MTA®
Biodentine ®
Endocem MTA®

*Significantly different groups are shown with different
superscript letters.

1200

Newton (N)

T T T T
ProRoot MTA Ontho MTA Biodentine Endocem

T
Negative Control

Figure 1. Error bar graph showing the mean values and
confidence intervals for the means (95% level) of the tested
groups.
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DISCUSSION

When a root canal instrument fracture occurs in
the apical third of the root canal, excessive
removal of the tooth structure also occurs as a
result of the fracture removal procedure.!* This
operation can decrease root strength,”* which
can lead to extraction, amputation, or
hemisection procedures.’® Some previous
studies have found that after the removal of
fractured instruments using ultrasonic tips, the
fracture resistance of the tooth was reduced
because of the greater loss of root dentin in the
middle and coronal thirds of the roots.'*16
Another system, the Masserann kit (Micro-
Mega, Besancon, France), has rigid and large
trepan burs, which remove a considerable
amount of dentin tissue while reaching the
fractured fragment of an endodontic instrument,
further weakening the root.8 In this study, a size-
3 Peeso reamer drill was used to simulate the
trepan drills of fractured instrument removal
systems like the Masserann kit, and to mimic
the excessive root dentin lost in apically located
fractured fragment removal cases.

There is some contradictory data in the
literature regarding MTA’s ability to reinforce
weakened teeth. Bortoluzzi et al.'” found that
MTA reinforces the tooth after 48 hours;
however, Hatibovic-Kofman et al.’® showed
that the strengthening effect could not be
achieved until after 1 year of storage. Moreover,
Schmoldt et al.’ found that MTA did not
improve the fracture resistance of weakened
roots when compared with an unfilled control.
In another study, Elnaghy et al.? indicated that
Biodentine did not significantly reinforce the
teeth when compared to MTA; however, both
the MTA and Biodentine groups showed
significantly greater fracture resistance values
than those of the unfilled teeth. As in our study,
those researchers used a phosphate-containing
solution to simulate the clinical conditions.?°

In this study, the fortification of roots
weakened with a simulated fractured instrument
removal was investigated using several



Aslan T et al.

different repair materials. According to the
findings of this research, the null hypothesis
must be accepted, because there was no
statistically significant difference among the
tested materials (p > 0.05). In addition, groups
2, 3,4, and 5 showed greater fracture resistances
than Group 1 (p < 0.05), which means that all of
the tested repair materials increased the fracture
resistance of the roots when compared to the
control group. One factor that could have led to
these results was the similar moduli of elasticity
of the CSMs to that of dentin, which could cause
a more homogeneous stress distribution in the
root dentin and reduce the chance of fracture.?%

In several studies, it was shown that the use
of SBF and phosphate buffered saline (PBS)
created an interfacial layer between the dentin
and tricalcium silicate cement.’*?* The
interfacial layer formation mechanism is
comprised of the release of Ca?* ions from the
CSMs in the phosphate-containing medium,
during and after setting. Afterwards, the
amorphous calcium phosphate precipitates and
transforms into apatite crystals.?® Previous
studies have indicated that if the phosphate-
containing solution has an ion concentration
equal to or close to that of blood plasma, apatite
with a composition and structure that is equal to
or close to that of bone apatite will be
produced.??” SBF usage has the advantage of
providing conditions similar to those of the
body’s environment.

The bioactivity and interfacial layer
formation between the Biodentine and dentin
were shown by Kim et al.*®, who found that the
interfacial layer thickness of Biodentine was
lower than that of the ProRoot MTA. The Ortho
MTA manufacturer claims that an interfacial
layer of hydroxyapatite is created between the
Ortho MTA and the canal wall dentin, thus
preventing microleakage.! Endocem MTA
cement possesses the lower calcium releasing
ability of pozzolan-based cements, which might
result in decreased calcium/phosphorous
proportion  precipitates.’®  Lower fracture
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resistance values of the Endocem MTA cement
could be related to this situation in this study.
However, there were no significant differences
among the other test materials. The greater
fracture resistances of the CSMs than the
negative control group, could also be related to
the formation of a hydroxyapatite-like layer
between the dentin and CSM.?° The formation
of apatite crystals at the CSM and dentin
interface has been associated with the ability to
seal and the biocompatibility of the cement,
indicating chemical bonding between the dentin
and CSM.? The bioactivity of CSMs has been
reported to improve the push-out bond strengths
of MTA cements because of a strong system of
micromechanical bonding to the dentin.?® In one
previous study, the authors reported that
interfacial hydroxyapatite-like layer formation
can increase resistance to vertical root fractures
in MTA-filled roots.*

CONCLUSION

Within the limitations of this in vitro study, all
of the tested materials appear to be good choices
for reinforcing the root after the fractured
instrument removal from the apical part of the
root canal. Further in vivo studies are needed to
exactly define the effects of CSMs on root canal
treated teeth in their natural conditions.
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ABSTRACT

Objectives: Secondary trauma is one of the main causes of root
fracture in regenerative endodontic cases. The aim of this study
was to compare the influence of Biodentine that placed with
different thicknesses as a coronal barrier material on the fracture
strength of simulated immature teeth.

Materials and Methods: The root canals of 65 human maxillary
central incisors were instrumented using Peeso reamers to
simulate immature teeth. Ten teeth with no access cavity
preparation were selected to the negative control group. The
access cavities of the remaining 55 teeth were prepared. Among
them, the root canals of 10 teeth were filled with calcium
hydroxide as the positive control group. Forty-five teeth were
randomly divided into 3 groups according to the application
thicknesses of Biodentine (n=15); Group 1: 2-3 mm thick
coronal plug, Group 2: 5-6 mm thick coronal plug, Group 3:
complete canal obturation. After the storage period of 4 weeks,
fracture testing was performed using a universal testing machine.
One-way analysis of variance and Tukey tests were used to
analyze the data.

Results: No significant difference was found among the positive
control, group 1 and group 2 (p > 0.05). Although there was no
significant difference between the negative control (p > 0.05)
and group 3, these groups indicated the highest fracture strength
values (p < 0.05). All fractures occurred through the cervical
region of the root as horizontally or obliquely.

Conclusions: No significant reinforcement effect was obtained
when Biodentine was used as a coronal plug. The complete root
canal obturation of simulated immature teeth using Biodentine
provided significantly the best reinforcement effect. The coronal
plug thickness had no influence on the fracture strength of
immature teeth.

Key Words: calcium silicate cement, endodontics, regeneration,
tooth fractures

oz

Amag: Rejeneratif endodontik tedavi gérmiis vakalarda kok
kiriklarinin en 6nemli nedenlerinden biri sekonder travmalardur.
Bu ¢alismanin amaci, koronal bariyer materyali olarak farkl
kalinliklarda yerlestirilen Biodentine’in gelisimi
tamamlanmamig  dislerin  kinlma  dayamimma  etkisini

incelemektir.

Gere¢ ve Yontem: Gelisimi tamamlanmamis dis simulasyonu
icin, 65 adet Ust santral digin kok kanallar1 Peeso reamerlar ile
genisletildi. On diste giris kavitesi agilmadi ve bunlar negatif
kontrol grubu olarak ayrildi. Giris kavitesi agilmis 55 disin, 10
tanesi pozitif kontrol olarak ayrildi ve bu dislerin kok kanalina
kalsiyum hidroksit yerlestirildi. Kok kanallarina yerlestirilen
Biodentine’in kalinligma gore 45 dis rastgele olacak sekilde 3
gruba ayrildi (n=15); Grup 1: 2-3 mm kalmlikta koronal bariyer,
Grup 2: 5-6 mm kalmlikta koronal bariyer, Grup 3: tiim kanalin
dolumu. Dort haftalik bekleme siiresi sonrasi, kirilma dayanimi
analizi universal test cihazi ile gerceklestirildi. Tek yonli

varyans analizi ve Tukey testleri ile istatistiksel analiz yapildi.

Bulgular: Pozitif kontrol, Grup 1 ve Grup 2 arasinda anlamli
fark yoktu (p > 0,05). Negatif kontrol ve Grup 3 en yiiksek
kirllma dayanimi degerlerini gosterdi (p < 0,05) ve bu iki grup
arasinda anlamli fark yoktu (p > 0,05). Tim kiriklar dislerin
servikal kisminda yatay veya oblik olarak meydana geldi.

Sonuglar: Biodentine koronal bariyer olarak kullanildiginda
dislerin kirtlma dayanimi iizerinde anlaml bir giiglendirici bir
etkisi olmadi. Kok kanali tamamen Biodentine ile
dolduruldugunda en iyi giiglendirme etkisi olustu. Koronal
bariyer kalinliginin gelisimi tamamlanmamus diglerin kirilma

dayanimina herhangi bir etkisi olmadi.

Anahtar Kelimeler: dis kiriklari, endodonti, kalsiyum silikat
siman, rejenerasyon

Department of Endodontics, Faculty of Dentistry, Hacettepe University, Ankara, Turkey.



Effect of Coronal Barrier Thickness on Fracture Strength of Immature Teeth

INTRODUCTION

Traumatic dental injuries frequently affect the
maxillary anterior teeth of young patients and
often result in arrested root development due to
pulpal necrosis.! The root canal treatment of
these teeth is challenging because of wide open
apices and thin dentinal walls.?

Historically, calcium hydroxide
(Ca(OH);) was used for apexification of
infected immature teeth.? However, this
treatment approach requires multiple visits and
patient compliance. Besides, there is a risk of
increased susceptibility to fracture because of
long-term Ca(OH); treatment.? To overcome
these concerns, one-step apexification using
mineral trioxide aggregate (MTA), a calcium
silicate-based cement, was proposed.® Despite
the several desirable properties of this material
including good sealing ability,
biocompatibility and bioactivity?, no increase
in the root length and thickness of dentinal
walls can be obtained with this treatment.*
According to recent studies, fracture was the
primary cause of failure in immature teeth
treated with one-step apexification using a
calcium silicate-based cement.*®

Currently, regenerative  endodontic
treatment is an alternative approach to provide
root development in immature teeth.® The
treatment procedure involves the disinfection
of the root canal system, the formation of a
blood clot by inducing bleeding inside the root
canal and the placement of a biocompatible
coronal barrier to create a hermetic seal.” In
recent years, several case studies have reported
successful outcomes in the treatment of
infected immature teeth using regenerative
endodontic procedures.”*® In the majority of
these cases, calcium silicate-based cements
including MTA and Biodentine were used as
coronal barrier materials.”%1® Despite its
favorable biologic properties, MTA has some
drawbacks such as  poor  handling
characteristics, low wash-out resistance and
long setting time.** Biodentine was introduced
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as a dentin substitute under resin composite
restorations and reported to exhibit short
setting time and high mechanical properties.®

It was reported that secondary trauma was
the cause of root fracture in 85% of cases.'®
Although there is no definite protocol to
provide the best outcome in the treatment of
necrotic immature teeth, a coronal plug of
approximately 3 mm thickness has been
suggested to be sufficient for regenerative
endodontic procedures.'” However, the optimal
thickness of a coronal barrier is not clear.
Positive outcomes have been reported after
regenerative endodontic treatment in previous
case reports in which barrier materials at
different thicknesses were applied.>3 The
thickness of coronal plug may affect the
fracture strength of immature teeth treated with
regenerative endodontic procedures. Therefore,
the aim of this study was to compare the
influence of placing Biodentine as a barrier
material at different thicknesses on the fracture
strength of simulated immature teeth.

MATERIALS AND METHODS
Specimen Selection

After approval by the ethics committee (Ethics
Board No: 18/233), 65 freshly extracted human
maxillary central incisors were selected and
inspected under magnification to confirm the
absence of caries, cracks, abrasions,
resorptions or fractures. The buccolingual and
mesiodistal dimensions of each tooth were
measured using a digital caliper (Mitutoyo,
Hampshire, UK). For standardization purposes,
teeth with similar dimensions and a length of
20 + 0.5 mm were used.

Treatment Procedures

The apical 3 mm of each root-end was
removed to simulate immature root apices.
Randomly selected 10 teeth were assigned to
the negative control group with no access
cavity preparation. Their root canals were
instrumented from apical to coronal direction
using Peeso reamers (Dentsply Maillefer,
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Ballaigues, Switzerland) up to size 5 to
simulate immature teeth.’® Irrigation was
performed only with distilled water in this

group.

Endodontic access cavities were prepared
in the remaining 55 teeth using a diamond
round bur attached to a high-speed handpiece.
To simulate immature root apices, the root
canals were prepared with Peeso reamers
(Dentsply Maillefer) between #1 and #5 at 1
mm beyond the apex. The root canals were
irrigated with 1 ml of 2.5% sodium hypochlorite
(NaOClI) between the instruments. The final
irrigation was performed with the sequential use
of 5 ml of 25% NaOCl, 5 ml of 17%
ethylenediaminetetraacetic acid (EDTA) and 5
ml of distilled water. Finally, the root canals
were dried using paper points. Ca(OH), was
placed in the root canals of 10 teeth with a
lentulo spiral (Dentsply Maillefer) and these
teeth served as the positive control.

Forty-five teeth were randomly distributed
into 3 groups (n=15) according to the thickness
of barrier material (Fig. 1A-C).

Figure 1. Representative images of groups obturated with
Biodentine. (A) 2-3-mm coronal plug, (B) 5-6-mm coronal plug
and (C) complete obturation.

In these groups, Biodentine (Septodont, Saint
Maur des Fosses, France) was mixed according
to the manufacturer’s instructions and
delivered to the root canals from the coronal
access with a carrier (MTA Endo gun,
Dentsply Maillefer). In group 1, Biodentine
was condensed with a hand plugger (Buchanan
Hand Plugger, SybronEndo, Orange, USA) to
obtain a 2-3 mm thick coronal plug (Fig. 1A).
In group 2, Biodentine was condensed with the
hand plugger to obtain a 5-6 mm thick coronal
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plug (Fig. 1B). In group 3, the root canals were
completely obturated with Biodentine using
the hand plugger (Fig. 1C). In groups 1 and 2,
the thickness of barrier material was arranged
using customized gutta-percha points. A gutta-
percha point that fits tightly in the root canal
was shortened to the appropriate length for
each specimen and temporarily inserted into
the root canal from apical to coronal
direction.’® The depth of space left for the
barrier material was confirmed with a
periodontal probe. The gutta-percha placement
facilitated the material condensation, prevented
apical movement of the material and allowed
standardization of coronal barrier thickness.
Each gutta percha point was removed after the
material setting completed. The thickness of
barrier material and uniform obturation were
confirmed with periapical radiographs. Each
access cavity was restored with composite
resin (lce, SDI, Bayswater, Victoria,
Australia). All specimens were stored at 37°C
and 100% humidity for 4 weeks.

In this study, a single operator performed
the preparation of access cavities and root
canals; a second operator performed the
obturation procedures.

Fracture test

The external root surfaces were covered with
an impression material (Variotime, Heraeus
Kulze, Hanau, Germany) to simulate a
periodontal ligament as described in a previous
study.? The teeth were vertically embedded in
self-curing acrylic resin (Meliodent, Heraeus
Kulzer) poured in cylindrical molds, leaving a
2 mm gap between the top of the resin and the
cementoenamel junction. The fracture test was
performed using a universal testing machine
(Lloyd LR 30K, Fareham, UK). The load was
applied on the facial surface at 135° to the
specimen’s long axis at a point 3 mm above
the cementoenamel junction. The specimens
were loaded at a cross-head speed of 1
mm/min. The maximum load that fracture
occurred was recorded in Newtons (N).
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Statistical Analysis

Data were evaluated for normal distribution
using the Kolmogorov-Smirnov test. Due to
the normal distribution of data, the groups
were compared using one-way analysis of
variance and Tukey tests. The significance
level was set at p = 0.05.

RESULTS

The fracture strength values of the groups are
presented in Table 1.

Table 1. The Mean Peak Load (N) and Standard Deviation (SD)
of the Groups

Groups n

Mean = SD (N) Minimum | Maximum

Negative control 10 992.47+70.41° 863.09 1100.01

Positive control 10 | 688.50 + 91.30° 518.28 813.84

Group 1 (2-3 mm coronal plug) | 15 | 696.48 + 127.13° 493.85 911.81

Group 2 (5-6 mm coronal plug) 15 | 797.36 + 188.49" 488.58 1088.26

Group 3 (completely obturated) 15 | 978.13+134.35° 682.84 1129.56

Different superscript letters indicate significant differences
between the groups (p < 0.05).

No significant difference was found among the
positive control, group 1 and group 2 (p >
0.05). Although there was no significant
difference between the negative control and
group 3 (p > 0.05), these groups indicated the
highest fracture strength values (p < 0.05). All
fractures occurred through the cervical region
of the root horizontally or obliquely.

DISCUSSION

The major purpose of regenerative endodontic
treatment is to eliminate infection from the
root canal system and to obtain complete root
formation.!>  In  this way, long-term
complications such as fracture that occurred
due to incomplete root development and thin
dentinal walls can be prevented.! However, in
several studies, the outcome of regenerative
endodontic treatment was lower than ideal,
because of incomplete formation of root apex,
no increase in root length or thickness.1t2223
Although the first indication of root
development was usually detected after 6-
month follow-up®*2*3, in a recent study failure
was detected after 4-year follow-up indicating
the need for long-term follow-up of
regenerative endodontic cases.?* As the desired
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outcomes are often obtained after a long
period, these teeth are usually prone to fracture
for a considerable time after regenerative
endodontic treatment. The treatment protocol
applied during regenerative endodontic
procedures may affect the fracture strength of
immature teeth. Therefore, the effect of barrier
material thickness on the fracture strength of
immature teeth was evaluated in the current
study.

Recently, the use of Biodentine during
regenerative endodontic treatment has been
recommended to prevent teeth discoloration®
and to complete the final restoration in the
same appointment owing to its short setting
time.3% Moreover, a desirable tissue response
is expected with the use of Biodentine due to
its biocompatibility and osteogenic potential.?®
Based on these, Biodentine was used as a
barrier material in the present study. The
current study model included mature teeth
prepared to simulate immature roots. To
accomplish this, the root canals were prepared
with Peeso reamers beyond the apex after root-
end resection similar to previous studies.?’?®
The load was applied at an angle of 135°
during fracture to simulate a traumatic impact
on the facial surface of the crowns.'® In the
present study, all specimens fractured through
the cervical area of the roots indicating that the
experimental set-up provided a repeatable
system for each trial.?®

Based on the present findings, the intact
immature tooth group presented significantly
higher fracture resistance than the coronal plug
groups and Ca(OH), treatment group. This
finding could be related to the adverse effects
of access cavity preparation on the fracture
strength of teeth.!82° In the current study, each
access cavity was restored with composite
resin and this probably did not provide
adequate strengthening to the cervical root
region. It has been suggested that root canal
irrigants may negatively alter several
properties of dentin such as microhardness,
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elasticity, and flexural strength.®% Therefore,
another explanation for the higher fracture
resistance results of the intact group can be the
irrigation protocol, which was performed only
with distilled water.

According to several studies, the use of
Ca(OH), as a medicament increases the risk of
root fracture.2? This effect has been associated
with the denaturation and hydrolysis process in
the organic part of dentin due to the high pH of
Ca(OH)..*2 However, in the present study, no
significant difference was found between the
Ca(OH), treatment group and the coronal plug
groups. This result may be related to the
duration of Ca(OH), in the root canal. The
duration of Ca(OH), medication was 4 weeks

in this study. Previously, a significant decrease
in fracture strength was reported after 3
months of Ca(OH), application, while 1-month
medication did not negatively affect the
fracture strength of roots.*

In the current study, the immature teeth
that completely obturated with Biodentine
exhibited high fracture resistance similar to the
intact immature tooth group. The current
findings were in line with several studies that
found obturating the root canal completely
with a calcium silicate-based cement can
enhance the fracture strength of immature
teeth.®**® The relatively high elastic modulus
of Biodentine may have contributed to this
result by providing reinforcement effect.®
Also, an apatite-like layer formation between
the material and dentin owing to the bioactivity
of Biodentine could enhance the fracture
resistance of simulated immature teeth.%
Interestingly, no significant reinforcement
effect was obtained when Biodentine was used
as a coronal plug. The complete canal
obturation with Biodentine may have created
more mechanically homogenous units with
dentin compared to partial obturation, thus
contributing to the fracture strength of teeth.

In conclusion, the complete root canal
obturation of simulated immature teeth using
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Biodentine provided the best reinforcement
effect. However, unlike regenerative
endodontic treatment, no development in root
length and thickness is expected with this
treatment  clinically.*  Therefore,  when
interpreting the present results, the possibility
of root development with regenerative
endodontic procedures should be taken into
account. Although positive outcomes have
been reported in various clinical reports that
performed regenerative endodontic treatment
using different thicknesses of coronal plugs®
1113 development of new tissue is not likely to
occur in the area where a biomaterial is
placed.!” As the thicker coronal plug did not
provide an additional contribution to the
fracture strength in the current study, a 2-3 mm

thick coronal plug application can be
recommended for regenerative endodontic
procedures, both biologically and
mechanically.
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ABSTRACT 0z

Hemangiomas are benign tumors of infancy that
display a rapid growth phase with endothelial cell
proliferation. Phleboliths are calcified thrombi
found in veins, venulae and sinusoidal vessels of
hemangiomas. In the head and neck, phleboliths
nearly always signal the presence of a hemangioma.
Hemangioma with multiple phleboliths is described
including its features on panoramic radiography and
cone beam computed tomography images.

Keywords: cone beam computed tomography,
hemangioma, phlebolith

Hemanjiyomlar, endotel hiicrelerinin proliferasyonu
ile karakterize bebeklik ¢aginin benign tiimérleridir.
Flebolitler,

sintizoid

venil ve
kalsifiye

hemanjiyomlarin damar,
damarlarinda  bulunan
trombiislerdir. Bas ve boyunda goriilen flebolitler,
hemen hemen daima hemanjiyomun varligini isaret
eder. Multiple flebolit bulunan hemanjiyom olgusu,
panoramik radyografi ve konik 1smi bilgisayarl

tomografi goriintiileri ile sunulmustur.

Anahtar kelimeler: Flebolit, hemanjiyom, konik

1s1nl1 bilgisayarli tomografi
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INTRODUCTION

Hemangiomas are benign vascular anomalies
characterized by an increase in turnover and
proliferation of endothelial cells. According to
histopathologic  features of hemangiomas,
capillary, cavernous, mixed types are available.!
Hemangiomas can not be recognized at birth but
arise subsequently during the first 8 weeks of
life. They are the most common tumors of
infancy, occurring in %5 to %10 of 1 year old
children.2 The average age at diagnosis is 10
years, with 65% occurring in the first 2 decades
of life.* Hemangiomas occur more frequently in
females than in males.?® The most common
location is head and neck.? The precise cause of
hemangioma is not known, but, either hormonal
changes and traumas have been postulated as
being involved.*® The predominant complaint is
presence of a slow-growing palpable mass that
can fluctuate. The skin overlying the
hemangioma will often show increased
vascularity, giving the hemangioma a bluish
tint. Clinical manifestations such as swelling,
pain, discoloration, pulsation, compressibility,
thrills, bruits can be seen.®® Phlebolith responds
to auscultation in the hemangioma of the
cavernous type if it originated from a vein or
soft tissue hemangioma.® Increasing venous
pressure, changes the size of the hemangioma.
Masses in the head and neck hemangiomas
enlarge during conditions that increase venous
pressure, such as crying, laughing or performing
handstands.’® Changes in blood flow in
hemangiomas may induce phlebolith formation.
Phleboliths are calcified thrombi found in veins,
venulae and sinusoidal vessels of the especially
cavernous type hemangiomas. The phlebolith
comprise a mixture of calcium carbonate and
calcium phosphate salts.> They are in the
idiopathic calcification classification that occurs
in normal tissues despite normal serum calcium
and phosphate levels. They are usually multiple,
varied in size, randomly distributed. Phleboliths
do not show any symptoms and they may be
found during routine imaging. Although
standard radiographs are an important
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diagnostic tool for the diagnosis of phleboliths
in the mass, computerized tomography (CT),
magnetic resonance imaging (MRI) and
ultrasonography play an important role in the
diagnosis of hemangioma.'* MRI is very useful
for the detection of vascular lesions'®*?, but the
detectability of phleboliths in CT is greater than
that of MRILE Phleboliths usually have a
lamellar appearance such as bull’s eye but they
can also have a homogenous radiopague image
with an oval or round shape, approximately 6
mm in diameter.®

The presence of phleboliths demonstrated
on panoramic radiography is rarely described
in the literature. The following report presents
the first reported case of multiple phelobolits
with  cone beam CT and panoramic
radiography in a 37 years old female patient
with head and neck hemangioma.

CASE REPORT

A 37 year old woman patient referred to
dentomaxillofacial radiology clinic, with a
complaint of severe pain in the right mandibular
posterior area occurred after the first molar
tooth extraction. The patient’s medical and
family history was unremarkable. Extraoral
examination revealed hemangioma on the right
side that had been presented since 2 years old
and gradually increased in size. A diffuse right
facial swelling caused facial asymmetry was
visible, occupying the buccal soft tissue area.
There was a bluish discoloration of the
overlying face skin (Figure 1).

Figure 1: The appearance of Hemangioma as extraoral.
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Intraoral examination showed discoloration of
oral mucosa in the related region (Figure 2).

Figure 2: The appearance of Hemangioma in buccal and
palatinal mucosa.

Palpation indicated that the lesion was
nonpulsatile. Bruit that is heard with
stethoscope, did not reveal on auscultation of
head and neck. Lymphadenopathy was not
presented. Panoramic radiographic

examination revealed radiopacities in variable
sizes from 2-8 mm characteristic of phleboliths
(Figure 3).

Figure 3: A panoramic radiograph showing multiple round
target-like radiopacities varying in size from 2 to 8mm (arrows)

Cone beam CT images showed the existence of
multiple phleboliths (Figure 4,5). The patient
had no complaint such as pain or aesthetic
discomfort about hemangioma. She was only
enrolled for treatment of alveolitis.

Figure 4: Cone beam CT images on the coronal plane show
multiple calcifications consistent with phlebolith (arrows).

Figure 5A. The appearances of phleboliths on axial cone beam
CT image

Figure 5C. Cross-sectional cone beam CT image (C) (arrows).

DISCUSSION

Hemangiomas are benign vascular lesions that
cause symptoms such as mass, swelling, pain
and discoloration.® They occur on both skin
and mucosal surfaces frequently in the head
and neck region? but are rare in the oral
cavity.!* Presented case was unilaterally seen
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in the head and neck skin area and in the oral
cavity mucosa.

Phleboliths are calcified thrombi found
within vascular channels and occur frequently
in the presence of hemangiomas or vascular
malformations. They arise from injury to a
vessel wall or result from stagnation of the
flow of blood. Phleboliths generally cause no
symptoms.

Radiologically, they are seen either
radiolucent or radiopaque. A fibrinous
component is attached to the developing
phleboliths and becomes calcified. Repetition
of the process causes a layering effect and so
phlebolith usually has a concentric ring or
onion like appearance.®®

Characterization and spread of tumors can
only be recognized by CT or MRI. CT with
contrast is an excellent imaging technique for
revealing phleboliths.® Hemangiomas are
usually seen as masses with well-defined
phlebolith on the tomography. MRI can
produce high signal intensity representing
blood, in addition focal heterogenities
representing areas of thrombosis, fibrosis or
calcifications. Hemangiomas show
hyperintensity on T2-weighted images and
isointensity on  T1-weighted images.1®®
Phleboliths were seen as a nonenhancement
nodular structures in contrast-enhanced T1-
weighted MR scans and hypointense structures
in T2-weighted MR scans.'® Ultrasonography
is a cheap and noninvasive method and
phleboliths were seen on imaging as multiple
hyperechoic areas within the mass.® In this
case report cone beam CT was used for
detailed examination of phleboliths with lower
radiation dose and cost, significantly higher
spatial  resolution compared with CT.
According to our knowledge, the present case
report is a unique one evaluating phleboliths
using cone beam CT that can provide useful
information about location and extent of the
phleboliths.
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Head or neck phleboliths must be
differentiated from other calcifications, such as
sialoliths, calcified lymph nodes, foreign
bodies, tonsilloliths, atherosclerotic plaques in
the carotid artery, healed acne lesions,
cysticercosis, and miliary skin osteomas, that
occur in the same area.™® Sialoliths appear on a
single line when seen more than one, whereas
phleboliths  are  randomly  distributed.
Phleboliths usually coexist with
hemangiomas.®

The treatment of the hemangiomas is
based on location, accessibility, depth of
invasion, age, and cosmetic appearance.
Treatment modalities include the use of
corticosteroids, interferon alfa 2a or interferon
alfa 2b, ligation of the feeding vessels,
cryotherapy, embolization and sclerotherapy,
fibrous agents and lasers.}®  Periodic
observation is also an alternative treatment.!
In the present case, since the patient does not
have any aesthetic or functional complaints,
she is being followed.

In conclusion, panoramic radiography can
show presence of phelobolits and cone beam
CT can provide useful information about the
location and extention of the lesion.

The study was presented as a poster
presentation in the 2nd International Congress
of Oral Diagnosis and Maxillofacial Radiology
Society, at April 13-15, 2017 held in Eskisehir,
Turkey.
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0z ABSTRACT

On boélge kiriklar1 daimi dentisyonda en sik gériilen
seklidir. Bu hastada
fonksiyonel ve estetik problemlere sebep olmaktadir.
kron

harabiyeti meydana gelmigse tutuculugu artirmak

travma tir travmalar

Bu tir durumlarda eger asirt derecede
icin kok kanal tedavisi ile birlikte post uygulanmasi
gerekebilmektedir. Adeziv rezinler, simanlar,
kompozit restoratif materyaller, fiber postlarda
meydana gelen teknolojik gelismeler endodontik
olarak tedavi gérmiis ve madde kaybina ugrayan
dislerin daha estetik ve kok kiriklarina neden
sekilde  rehabilitasyonuna

vermektedir. Bu ¢alismada, kron harabiyeti olan iist

olmayacak izin
kesici disin cam fiber post ve direkt kompozit rezin
uygulamalari ile restorasyonu anlatilmaktadir. Kron
harabiyeti gosteren endodontik tedavi

diglerin fiber post ve direkt rezin kompozitlerle

gormiis

restore edilmesi dis dokularinin korunmasini ve
hastalarin memnuniyetini saglayan, kisa siirede
tamamlanabilen ve protetik iglemlere gére daha ucuz

bir tedavi segenegidir.

Anahtar kelimeler: Estetik, Fiber Post, Kompozit
Rezin

Dental fractures which seen in the anterior region are
the most common form of trauma in the permanent
dentition. Such trauma causes the functional and
aesthetic problems in the patient.In such cases, if
excessive crown fractures has occured, the root canal
treatment and the post application is needed to
increase the retention. The evaluation of fiber posts,
adhesive resins, cements and composite restoratives
allows the rehabilitation of damaged endodontically
treated teeth with greater esthetic and virtually no
predisposition to root fracture. In this study describe
to restoration of the crown damaged upper incisor
tooth with glass fiber post and direct composite resin
applications. Restoration of damaged endodontically
treated teeth with fiber posts and direct resin
composites conserves remaining tooth structures,
results in good patient compliance, could be
completed in the short term and cheaper treatment
option than prosthetic restorations.

Keywords: Aesthetic, Composite Resin, Fiber Post
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GIRiS

Dis bir
kaybedilmesi en ¢ok ¢iiriik ve travmadan dolay1
olmaktadir. Travma nedenleri arasinda sportif
faaliyetler ve siddet gelmektedir.! Ciiriik,
travma ve g¢esitli nedenlerden dolayr kron
harabiyetine ugramis diglerin, endodontik
tedaviyi takiben fonksiyon, fonasyon ve
estetiginin geri kazandirilmasi i¢in restoratif
tedavileri gerekmektedir.? Endodontik tedavi
gormiis digleri dayanikliligini destekleyecek
sekilde restore etmek, hastalara periodontal ve
ekonomik yararlar sagladigi gibi
yaklasimlar yerine uygulanacak iyi bir alternatif
tedavi secenegi olarak gosterilebilir.® On kesici
dislerde olusan kron kiriklari kronun 2/3 iinii
veya daha fazlasini kapsiyor ise, hastanin fazla
overjeti ve parafonksiyonu varsa post sistemleri
kullanilabilir.*® Post sistemleri, dokiim ve
prefabrike post kor olmak iizere iki temel
sekilde smiflandirilmakla birlikte, glinlimiizde
metal olmayan, seramik ve fiber esasl alternatif
materyaller de yaygin olarak kullanilmaktadir.®
Bu post korlar, endodontik tedavi gormiis disler
i¢in tercih edilebilir bir tedavi segenegidir, buna
ek olarak non-metalik post sistemleri
miikemmel estetik sonuglar saglamaktadir.’

dokularinin  biiyiik kisminin

protetik

Endodontik
mekanik

tedavi gormiis  dislerin

dayanimlariyla  ilgili  yapilan
calismalarda fiber post sistemleri ile restore
edilen dislerin metal postlarla restore edilenlere
oranla daha az kok kirigma neden oldugu
bildirilmistir.®*? Dentinin elastisite modiiliine
yakin elastisite modiiliine sahip, daha az rijit
materyallerin kullanimi, dis dokularimin biiyiik
kismmin kaybedildigi durumlarda yapilacak

klinik basarisini
Fiber fiziksel

ozellikleri dentine benzemektedir ve bdylece

restorasyonlarin
artirmaktadir.'® postlarin
dentine esdeger oranda esneyerek tizerindeki
restorasyonun kirtlma direncini artirmaktadir.*
Bu olgu sunumunun amaci, pulpay1 iceren
komplike kron kiriginin, kanal tedavisi sonrasi,
fiber post ve direkt kompozit restorasyon ile
rehabilitasyonunu anlatmaktir.
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OLGU SUNUMU

14 yasindaki erkek hasta, iist sol santral diginde
travmaya bagli kirik sikayetiyle Cumbhuriyet
Universitesi Dis Hekimligi Fakiiltesi Restoratif
Dis Tedavisi Anabilim Dalina bagvurdu. Alinan
anamnezde hastanin herhangi bir sistemik
hastalig1 ve alerjik probleminin olmadig: tespit
edildi. Yapilan klinik ve radyolojik muayenede
kirigin mine, dentin ve pulpayi igeren komplike
bir kirikk oldugu ve

kanal tedavisinin

tamamlanmus oldugu goriildii (Resim 1a, b).

Resim 1a. Tedavi 6ncesi ag1z i¢i goriiniimii

Resim 1b. Tedavi oncesi agiz i¢i goriiniimii

Yapilacak restorasyon icin dis renginin
belirlenmesinin ardindan, cam fiber postu
(Glassix, Harald Nordin, Switzerland)
yerlestirmek tizere, kok kanalindaki kanal
dolgusunun yarisi post sisteminin frezleri
yardimiyla bosaltildi. Kanalin i¢i, disin bizote
edilmis mine yiizeyi ve dentin kisimlar1 %37’lik
fosforik asit (3M ESPE Dental Products, St.
Paul, ABD) ile asitlendi. Daha sonra kok kanali
dikkatlice yikanip kurutulduktan ve izolasyon
saglandiktan sonra gereken boyutta cam fiber
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post bir bistiiri ile kesilip kanal igerisinde
denendi. Uygunluguna karar verilen postun
ylizeyine post  bosluguna
yardimiyla {iniversal baglayici ajan (3M Single
Bond Universal, 3M ESPE St.Paul, MN, ABD )
ayr1 ayr1 uygulandi ve 20’ser sn LED 1s1k
cihaziyla (Woodpecker LED-B Isik cihazi,
Guilin Woodpecker Medikal Endiistri, Ltd,
Guangxi, Cin) polimerize edildi. Dual cure
rezin siman (3M ESPE Relyx Ultimate, ABD)
kanal igine iiretici firmanin talimatlarina gore
uygulandi. Fiber post kanala yerlestirildi ve 40
sn polimerize edildi (Resim 2).

ve aplikator

Resim 2. Cam fiber postun dise uygulanmasi

Daha sonra kron kismi direkt kompozit rezin
uygulamasiyla (Shade A2D, A2E; 3M ESPE
Filtek Ultimate, ABD) restore edildi.
Kompozite uygun dis formu verilmesinin

ardindan restorasyon yiizeylerinin bitim ve cila
islemleri, aliiminyum oksit disklerin (Soflex,
3M ESPE, MN, USA) kalin grenden ince grene
dogru uygulanmasiyla tamamland1 (Resim 3a,
b, Resim 4).

Resim 3a. Tedavi bitimi agiz i¢i goriiniimii
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Resim 3b. Tedavi bitimi ag1z i¢i goriintimi

Resim 4. Tedavi bitimi disin radyografik goriiniimii

TARTISMA

Dental travmatik yaralanmalarin  siklikla
maksiller santral kesici diglerde ortaya ¢iktigi
bilinmektedir.*> Kron kiriklari, mine ve dentini
icine alan kiriklar olarak tanimlanir ve pulpa
dokusunun acilip acilmamasina bagli olarak
komplike ve komplike olmayan kron kiriklari
olarak siniflandirilirlar. Bu tiir kiriklarda tedavi
yaklasimini; kirigin tipi, yeri, diizeyi, durumun
aciliyeti, tedavinin maliyeti ve kompleks olusu
belirlemektedir.'® Endodontik tedavi
uygulanmig ve asirt miktarda madde kaybina
ugramig dislerin protetik ve konservatif
tedavilerinde yeterli koronal dis dokusunun
bulunmamasi, restorasyonlari desteklemek i¢in
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kok destegine ihtiyag duyulmasina neden
olmaktadir.'” Kron kiriklarinda kronun 2/3 ya
da daha fazlasim i¢ine aliyorsa, bu tip dislerin
kokten destek alarak bir post sistemi ile
restorasyonu 18,19 Geng
bireylerde travma sonucu madde kaybi fazla
olan dislerin restorasyonunda fiber postlarin
kompozit rezinler ile kullanimi konservatif bir
tedavi yaklasimi olarak diisiiniilebilir. Fiber
postlarin en Onemli avantajlarindan biri
elastisite modiiliniin (16-40 GPa) dentinin
elastisite modiiline (16,8 GPa) c¢ok yakin
olmasidir.?’  Fiber
modiiliiniin dentinin elastisite modiiliine ¢ok
yakin oldugu diigiiniiliirse, diste daha az stress
yogunlugu olacagi ve kok kirigr riskinin daha
rijit olan metal postlarin kullanildig1 olgulara
gore daha azalacag agiktir.?>?® Bu ¢aligmadaki
olguda cam fiber post kullanilmigtir. Cam fiber
postlarin en 6nemli avantajlarindan birisi kokiin
ve dis etinin altindan 151k gegirgenligini

Onerilmektedir.

postlarin  elastisite

artirarak {istiin estetik dzellik saglamasidir.?* Bu
gibi sebeplerden dolay1 santral kesici dis
icin cam fiber post tercih
edilmistir. Retrospektif bir c¢alismada post

restorasyonu

uzunlugunun en azindan kron yiiksekligine esit
dislerde
kron
postlarin

olan postlarla tedavi edilmis
%2,5

biri

basarisizlik  oraninin
dortte
oraninin

oldugu,
olan

%25
bildirilmistir.® Bu diisiincelerden yola ¢ikarak,
kokiin kadar
uzaklastirilmasi tercih edilmistir.

uzunlugunun

basarisizlik ise oldugu

post  yuvasinin yarisina

Kompozitlerin kabul edilebilir bir klinik
ozellikleri olmasina ragmen kirilganlik, yiizey
plrtizliligi, mikrosizinti, polimerizasyon
biiziilmesi ve asimmma direncinin diisiik olmasi
gibi dezavantajlar1 vardir.?® Polimerizasyon
biiziilmesi ve bunun sonucu olarak pordzite
kompozitin su emilim ozelligini
etkileyebilmektedir.?’ Polimerizasyon
biizlilmesini en aza indirgeyebilmek igin post
tizerine kor ve dis sekillendirme asamasinda
kompozit, tabakalama (inkremental teknik)
yontemiyle uygulanip tavsiye edilen 1sinlama

stirelerine uyulup, yiizey bitirme islemlerinin de
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su emilimini Onleme onemli
olabilecegi®® dikkate alinarak son asamada
okliizyon kontrollerinden sonra polisaj islemleri
yapilarak restorasyon tamamlanmigtir. Cam
fiber post sistemlerinin kompozit rezinler ile
birlikte kullanilmasi, kalan koék yapisim
saglamlagtiran, kronda asir1 madde kaybinin

yerine konulmasini ve hastanin bir an 6nce eski

acisindan

goriinlimiine  kavusturulmasin1  saglayan
konservatif bir tedavi segenegidir.?®

SONUC

Fiber post destekli  direkt kompozit

restorasyonlar, protetik tedavilere gore maliyeti
daha diisiik, fonksiyonel ve estetik olarak hasta
memnuniyetinin saglandigi bir tedavi tiirtidiir.
Bu olgu, cam fiber post ve kompozitin kombine
tekniginin, mitkemmel estetik ve fonksiyonel
sonuglarla anterior travmatize dislerin tedavisi
icin basit ve etkin bir prosediir olabilecegini
gostermistir.
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