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ABSTRACT

Aim: The aim of this study was to compare the effect of EDTA with different temperatures and pH values on the penetrability
of a sealer into dentinal tubules by the confocal laser scanning microscope.

Materials and Methods: Forty-four single rooted extracted mandibular premolars were used. The working length was
determined and then root canals were prepared with the Reciproc system. Before the final irrigation procedures, specimens
were randomly distributed into 4 groups according to the temperature and pH values of EDTA (n=11): 22°C pH: 7; 22°C pH 12;
40°C pH 7; 40°C pH 12. Teeth were obturated using a labeled sealer mixed with 0.1% Rhodamine B and gutta percha as the
core material. Specimens were then sectioned at 2 and 7 mm from the apex. All the sections were examined under confocal
microscope to calculate the dentinal tubule peneration area. The data were analysed using linear regression analysis and Mann-
Whitney U tests.

Results: The linear regression analysis demonstrated that temperature and area variables had the significant effect on sealer
penetration into dentinal tubules (p<0.05) among the variables (temperature, pH and area). 22°C of EDTA solutions has more
penetration area than 40°C of EDTA solutions (p<0.05) at the coronal. There were no statistically significantly differences at the
apical. When total penetration areas were evaluated, coronal penetration was statistically significantly higher than apical
(p<0.05).

Conclusions: Within the limitation of this study, EDTA at room temperature is more effective than 40°C for chelating at the
coronal part of the root canals.
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Amag: Bu calismada son yikama soliisyonu olarak farkl sicaklik ve pH dederlerinde EDTA kullaniminin sealer penetrasyonuna
etkisinin lazer taramali konfokal mikroskop ile degerlendirilmesi amaglanmaktadir.

Gereg ve Yontem: Calismada 44 adet gekilmis, tek koklii ve tek kanalli alt premolar dis kullanildi. Dislerin calisma uzunlugu
belirlendikten sonra kemomekanik preparasyonlari resiprok sistem ile tamamlandi ve son irrigasyon asamasinda EDTA'nin
sicaklik ve pH degerlerine gére digler 4 gruba ayrildi (n=11): Grup 1: 22°C pH: 7; Grup 2: 22°C pH 12; Grup 3: 40°C pH 7; Grup
4: 40°C pH 12. Disler %0.1 Rhodamine B ile isaretlenmis kanal pati ve guta perka ile dolduruldu. Kokiin apikal kismindan 2 ve 7
mm uzakliktan horizontal kesitler alindi. Ornekler Lazer Taramali Konfokal Mikroskop ile incelendi ve patlarin dentin tiibiillerine
penetrasyon alani hesaplandi. Verilerin istatistiksel analizinde; linear regresyon analizi ve Mann-Whitney U testi kullanildi.
Bulgular: Linear regresyon analizi ile EDTA'nin sicakliginin ve kesitin alindidi yerin sealer penetrasyonuna etkisi oldugu
gosterildi (p<0.05). 22°C EDTA soliisyonu, 40°C EDTA solilisyonuna gore koronal (gliide istatistiksel olarak daha fazla
penetrasyon alani sadladi (p<0.05). Apical Uglide ise EDTA'nin sicakligina bagh olarak herhangi bir istatistiksel farklilik
gozlemlenmedi. Total penetrasyon alanlari karsilastirildiginda, koronal penetrasyon alani apikal penetrasyon alanindan
istatistiksel olarak daha fazlaydi (p<0.05).

Sonug: Oda isisindaki EDTA sollisyonu, 40°C'deki EDTA sollisyonuna gore, kék kanalinin koronal Uglisiinde daha fazla
penetrasyon alani saglar.

Anahtar Kelimeler: EDTA, Selaer Penetrasyonu, pH, Sicaklik, Yiizey Gerilimi, Lazer Taramall Konfokal Mikroskop.
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INTRODUCTION

Root canal treatment includes chemomec-
hanical procedures and three-dimensional impermeab-
le filling of the canal system 12, Due to the limited pe-
netration depths of conventional root canal irrigation
solutions, dentin tubules can not be cleaned effectively
35, Bacteria are able to remain viable within dentinal
tubules creating a reservoir of residual infection . On
the smear removed surface, the sealer penetrates into
the dentinal tubules and provides a mechanical lock
between the sealer and root dentin 7. Mechanical lock
can eliminate leakage pathways from the coronal and
apical directions and entomb remaining bacteria in the
root canal 8 Canal sealer also prevents re-infection
due to its antibacterial properties °.

For effective disinfection, irrigation solutions
should be in direct contact with the dentin wall and
debris in the canal 19, Increasing the contact depends
on the wettability of the surface by the solution, and
wetting of the surface by the solution depends on the
surface tension!%-12, Surface tension can be defined as
the gravitational force between molecules, and this
force prevents the liquid from spreading on the surfa-
ce'l. Yilmaz et al. ! showed that surface tension of
EDTA was significantly influenced by temperature and
pH.

To our knowledge, no study has been made of
the dentinal tubule penetration of sealer with different
temperature and pH values of EDTA. The aim of this
study was to evaluate the effect of EDTA used at
different temperature and pH values on the sealer
penetration into dentin tubules using a confocal laser
scanning microscope.

MATERIALS AND METHODS

Selection of teeth

The study method was approved by the Ethics
Committee of Ataturk University, Faculty of Dentistry,
Erzurum, Turkey. The decision number of the ethical
approval was 2016-09. This study included 44 single-
rooted human teeth with single root canal, fully deve-
loped apex and with no fractures or cracks that had
been extracted due to orthodontic and periodontal
reasons. The collected teeth were kept in physiological
saline solution until use. Soft and hard tissue residues
around the pulled teeth were removed by ultrasonic
devices. The teeth were examined under a stereomic-
roscope for any fractures or cracks. Radiographs of
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the facial and proximal dental surfaces were obtained
to verify that the teeth were single root canal. Teeth
with a completely formed apex and without previous
root fillings, resorptions, or calcifications were used in
the study.

Preparation of the EDTA solution

The pH value of 17% EDTA solution (Saver,
Prime Dental, India) was measured and determined to
be 12. The solution was buffered with HCl to obtain an
EDTA solution with pH 7. Neutral pH stability was
checked with a pH meter (S200 Seven Compact,
Mettler Toledo, Switzerland) after 5, 15, 60, and 180
min.

A syringe warmer system (CanalPro Syringe
Warmer, Coltene, Langenau, Germany) was used to
adjust the temperature of the EDTA solution at 40°C.
The injector temperature was controlled using an
infrared remote temperature measuring device
(Medisana, Neuss, Germany) according to the
manufacturer’s recommendations.

Preparation of the root canals

Endodontic access was obtained and the working
length was determined by subtracting 1 mm from the
distance to the apical foramen using a 20 K type file
(Dentsply, Maillefer). All the root canals were prepared
using Reciproc R40 files according to the manufactu-
rer's recommendation. The R40 files were used in the
“"RECIPROC ALL" mode using a Silver Reciproc (VDW,
Munich, Germany) endodontic motor. After three pec-
king motions, irrigation was performed with 1 ml of
2% NaOCl (Chloraxid; Cerkamed, Stawola Wola,
Poland) using a 30-gauge, closed-ended irrigation
needle. At the final irrigation stage 5 ml of 2% NaOCI
was used and the teeth were then randomly divided
into four group according to different temperature and
pH values of EDTA, as follows (n=11);

22°C pH = 7; 22°C pH = 12; 40°C pH = 7;
40°C pH = 12. For each groups root canal irrigated
with 5 ml EDTA for 1 minute.

Filling the root canals

The canals were washed with 5 ml of distilled
water to avoid residual irrigation solution in the root
canal system. The root canals were dried with sterile
paper points (Dentsply Maillefer) before filling. For
fluorescence under confocal laser scanning micros-
copy, 2seal root canal sealer (VDW, Munich, Germany)
was mixed with 0.1% fluorescent rhodamine B isot-
hiocyanate (Bereket Chemical Industry, Istanbul,
Turkey). The paste/rhodamine B ratio was determined
by a preliminary pilot study (0.5 g sealer/70 pl of
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rhodamine B). A Reciproc R40 Gutta-Percha (VDW,
Munich, Germany) cone was then lightly coated with
the labeled rhodamine B-sealer mixture and placed in
the root canal to the working length. Lateral conden-
sation was performed, and root canal filling was
completed. The cavity was filled with a temporary
filling material (Cavit 3M; ESPE, St. Paul, MN), and the
specimens were stored at 100% humidity, 37° C for 1
week to completely set.

Confocal Laser
Analysis

After the root canal sealer had set, each speci-
men was sectioned perpendicular to its long axis using
a precision saw (IsoMet 1000; Buehler, Lake Bluff, IL)
at a slow speed under water cooling. Two slices were
obtained from each tooth at depths of 2 and 7 mm
(apical and coronal) from the apex and approximately
1 mm thickness. The sections were polished with sili-
con carbide abrasive paper. In each experimental gro-
up, 22 samples were obtained from 11 different teeth.

The samples were then mounted onto glass
slides and examined using a confocal laser scanning
microscope (Zeiss LSM 710, Germany) at 10x with a
wavelength of 560-600 nm. In cases where the entire
canal could not examined in one image, further partial
images were taken and then assembled as a single
image using Photoshop (Adobe Systems, Inc., San
Jose, CA).

For calculate the penetration area, the method
described in previous studie was used !3. Digital
images were imported into the Imagel program
(Image] software, NIH) to measure the total dentinal
tubule penetration area. The dentinal tubule
penetration area was measured in micrometres (um)
and converted to square millimetres (mm2) for the
statistical analysis.

Statistical analysis

A linear regression analysis was used to
determine the variables (temperature, pH and area)
that best correlated with sealer penetration into
dentinal tubules. Data were statistically analysed using
the Mann-Whitney U tests, and p<0.05 was set as
significant.

Scanning Microscope

RESULTS

The images obtained with CLSM are shown in
the figure 1. The linear regression analysis
demonstrated that temperature and area had the
significant effect on sealer penetration into dentinal
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tubules (p<0.05) (Table I). It was shown that pH
variable had no effect on sealer penetration (p>0.05).
Mann Whitney U test for temperature at the coronal
and apical thirds are presented in Table 2 and 3.
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Figure 1. Confocal laser scanning microscopic images from
each group at coronal and apical thirds.

Coronal third: Tt was shown that dentinal tubule
penetration area values were significantly affected by
the temperature of EDTA (p<0.05). 22°C of EDTA
solutions has more penetration area than 40°C of
EDTA solutions (p<0.05). When total penetration
areas were evaluated, coronal penetration was statis-
tically significantly higher than apical penetration
(p<0.05). (Table 1V).

Apical third: There were no statistically signi-
ficantly differences between different temperatures at
the apical third.

Table 1. Linear regression analysis findings determine the
variables (temperature, pH and area) that best correlated
with sealer penetration into dentinal tubules

B* Standard error Beta Pvalue
Temperature  -0.023 0.009 -0.181 .007
pH -0.006 0.009 -0.044 .502
Area -0.100 0.009 -0.775 .000

Table 2. The mean and standard deviation values of dentinal
tubule penetration area (mm?) of coronal third of root canals.

Groups n Mean = SD
22°C 22 0.082 + 0.067
40°C 22 0.046 * 0.055

Table 3. The mean and standard deviation values of dentinal
tubule penetration area (mm?) of apical thirds of root canals.

Groups n Mean + SD
22°C 22 0.020 + 0.030
40°C 22 0.007 = 0.015
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Table 4. The mean and standard deviation values of total
dentinal tubule penetration areas (mm?) according to the
coronal and apical thirds.

n Mean + SD
Coronal 44 0.108 £ 0.010
Apical 44 0.007 + 0.002
DISCUSSION

The success of root canal treatment depends
on the removal of microorganisms from the infected
root canal and the prevention of their reproduction 4.
After chemomechanical preparation, bacteria may still
be detected in the root canal system !°. Previous
studies showed that the smear layer covers the dentin
surface and prevents penetration of the sealer into the
tubules 1617, The thickness of the smear layer varies
between 1-5 pm, the part inside the dentin tubules
can reach up to 40 um '8, The amount of canal sealer
that penetrates dentinal tubules can serve as an
indicator the effectiveness of smear layer removal .
Previous research showed that irrigants with low
surface tension penetrated dentinal tubules and
anatomical irregularities 2021,

Ethylenediaminetetraacetic acid (EDTA) is an
effective chelating agent that is frequently used in
endodontic treatment 2223, The efficacy of EDTA,
considered as the gold standard for removal of the
smear layer, varies depending on the application time,
temperature, pH, and concentration 222426, Heating
the EDTA solution reduces the surface tension and
increases the wettability of dentin 2127, One study
showed that EDTA heated to 37° C had superior
wetting ability due to reduced surface tension I.
Another study reported that EDTA solution effectively
removed the smear layer at 25° C and 37 ° C in the
coronal, middle, and apical thirds 6. In the same
study, the sealer penetration area was reduced in
which the solution was heated to 40° C. Zehnder and
Paque 28 showed that the effects of chelating agents
varied at different temperature ranges, and EDTA bin-
ding of calcium decreased when the solution tempera-
ture was increased from 20° C to 90° C. The afore-
mentioned finding may explain why less sealer penet-
ration area was observed at high temperature in the
present study.

The demineralization effect of EDTA is better at
pH 5-6 2. However, EDTA solutions often have high
pH values and exhibit a reduced tendency to chelate
with calcium ions at high pH values 3%31, At high pH
values, the excess number of hydroxyl groups slow

SUMBULLU, GOLAK,
ARSLAN

down and dissolution of hydroxyapatite decrease due
to limited calcium binding. Although it seems that
there is a differences between different pH values of
EDTA solutions, according to our study it was shown
that there is no statistically significantly differences
between pH 7 and 12 of EDTA solutions in terms of
sealer penetration.

The present study examined sealer penetration
at EDTA temperatures of 22° C and 40° C. Some
studies suggested that temperatures approximately
10° C above the normal body temperature (i.e., 37°
C) could damage the periodontal ligament 32,
Therefore, the temperature values of EDTA in the
present study were 22° C (i.e., room temperature)
and 40° C, as used in previous studies.

Previous studies on canal sealers and filling
techniques reported a decrease in penetration areas
from the coronal to the apical %3334, The authors of
these studies attributed the decrease in sealer
penetration toward the apical to a number of factors,
including a higher number of dentin tubules in the
coronal and middle thirds, as well as larger tubul
diameter. Other suggested reasons were increased
compression forces during root canal filling at the
coronal and middle thirds and increased sclerosis and
mineralization at the apical part 2. Furthermore, some
studies noted that it was difficult to deliver irrigation
solution to the apical portion and that there was less
tubular structure of dentin in this region 3°. In the
present study, tubular structure may explain the
reduced penetration in the apical region

Light microscopy, scanning electron microscopy
(SEM), and laser scanning confocal microscopy (CLSM)
can be used to assess sealer penetration into dentinal
tubules 163336, CLSM has a number of advantages as
compared with other imaging methods. CLSM allows
image acquisition by diffusing a laser beam into the
dentin, enamel, and biofilm 37, In previous studies,
CLSM was used to evaluate the penetration of sealers
into dentin tubules, to compare filling techniques, and
to evaluate the effectiveness of various irrigation
solutions and irrigation techniques in endodontics 33,
Via laser beam diffusion in CLSM, two-dimensional
images of dentin, enamel, and biofiims can be
obtained ¥. It is more advantageous than the other
techniques because it does not require special sample
preparation processes 38, Samples can be reused after
CLSM because they are not damaged 3°. In contrast to
CLSM, SEM provides high-quality images of dentin
tubules and sealer. However, a disadvantage of SEM is
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that human teeth must be dried, treated with alcohol,
and observed under high vacuum. These sample
preparation steps lead to loss of material, including
the root canal seal 3¢. SEM studies are also assessed
using a scoring system, which can lead to subjective
evaluations of the data obtained 3°.

Images in CLSM are obtained by the fluores-
cence of rhodamine B dye mixed with the sealer. The
addition of the dye does not change the physical pro-
perties of the sealer 3*. Gharib et al. 8 added various
concentrations rhodamine B to sealer and stated that
a concentration higher than 0.1% caused excessive
fluorescence in images. In our preliminary pilot study,
sealer was mixed with rhodamine B (0,1%) in
different ratios, and the optimal sealer/rhodamine B
mixture suitable for use at a wavelength of 560 nm
(i.e., where CLSM works optimally) was used.

Image] program was used to evaluate the total
penetration area. This program works according to the
user’s choices and can calculate the area of an object
and the pixel value according to the density. Gharib et
al.8 calculated the ratio inside the lines drawn around
the canal walls and sealer penetration area. However,
this method does not take the intensity of the penet-
ration area into account, this may affect the results.

CONCLUSION

In the present study, effect of EDTA with diffe-
rent temperature and pH values on sealer penetration
into dentinal tubules was studied. Statistical analysis
demonstrated that temperature and area has the sig-
nificant effect on sealer penetration, but pH variable
has no effect. According to the findings of the present
study, EDTA at room temperature is more effective
than 40°C for chelating at the coronal part of root
canals.
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