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Abstract

BACKGROUND/AIMS: The aim of this study was to evaluate the push-out bond strength of root-end cavities filled with different retrograde
filling materials.

MATERIALS AND METHODS: Straight and single root canals of 180 maxillary incisor teeth were prepared, obturated, and randomly divided
into nine groups (n=20 per group). In each group, one of the root-end cavity preparation techniques (drill, erbium:yttrium, aluminum-garnet
laser, or ultrasonic retrotip) was applied and matched with a retrograde filling [ProRoot mineral trioxide aggregate (MTA), Tech Biosealer Root
End, or Biodentine]. Three slices were sectioned from the root apex, and the middle ones were selected. They were placed in a universal testing
machine, applying push-out force until bond failure occurred. The push-out bond strength values at bond failure were analyzed using Kruskal-
Wallis H test and post-hoc multiple comparison test (p<0.05).

RESULTS: The bond strengths between the root-end cavities prepared with a bur, laser, and ultrasonic retrotip and the filling materials (MTA,
Tech Biosealer Root End, and Biodentine) were determined to be statistically significantly different (p<0.05). The highest mean value occurred
in the ultrasonic + Biodentine group, whereas the lowest mean value was seen in the bur + Tech Biosealer group. There were no statistical
differences between the cavities prepared with laser and ultrasonic retrotip and filled with MTA and Biodentine (p>0.05). However, the mean
bonding strength of Biodentine placed in cavities prepared with the drill was significantly higher than MTA and Tech Biosealer (p<0.05).

CONCLUSION: In laser-prepared cavities, Tech Biosealer showed lower bonding strength compared to the other materials. Similarly, in ultrasonic
retrotip prepared cavities, Biodentine and MTA showed better bonding, while Tech Biosealer showed a weaker bonding.
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INTRODUCTION action becomes necessary.? The rationale of endodontic surgery is the
regeneration of the periapical tissues to a healthy state. It is a procedure
which involves apical resection, root-end cavity preparation, and root-
end filling. Surgical intervention is preferred when periapical pathology
is resistant or one of the following is present: overfilled canals, a barrier
in the canal, ridges, apical transportations, broken instruments, or
perforations.??

To have a successful outcome from endodontic treatment, the
endodontist should seal the root canal to provide a fluid-tight seal in
all three dimensions.” In some cases, pathological formations might
occur at the periapical area, and applying a non-surgical process
to remove them might not work effectively. For these cases, surgical
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To achieve successful results by endodontic surgery, one has to select
a high-profile root-end filling material. In an ideal situation, it has
to be biocompatible, to promote healing, to have good strength
and excellent sealing ability, to be radiopaque, to not be affected by
moisture, and to be easy to manipulate.* Numerous different materials
have been used for root-end filling from the past to the present. The
most common ones are amalgam, composite resins, glass ionomers,
zinc oxide eugenol cement, mineral trioxide aggregate (MTA), and super
ethoxy-benzoic acid.”> Despite the distinct properties of these materials,
none of them covered all of the above-mentioned properties of an ideal
root-end filling material.® Nevertheless, calcium-silicate types of cement
yielded improved clinical results compared to the other materials,
owing to their hydraulic material properties.” Therefore, MTA, a calcium
silicate cement, was proposed as an alternative material to overcome
the shortcomings of the filling materials used in the past. While it had
superior properties, the disadvantages of MTA were its longer setting
time and being challenging to handle. For this reason, the search for
a better material continued.®® Subsequently, another calcium silicate-
based material was introduced, named Biodentine (Septodont). It had
beneficial properties such as good sealing ability, biocompatibility, easy
manipulation, and a short setting time.> One of the latest materials put
forward with calcium content was Tech Biosealer Root End. According to
its manufacturers, it was biocompatible, and it had applications such as
perforation repairing, root-end filling, and vital pulp therapy.>'

The clinical success of endodontic surgery depends on another
procedure, the method chosen for the root-end cavity preparation.”
Traditionally, dentists use a bur to prepare root-end cavities. Still, this
technique has several limitations such as causing microleakages, smear
layer formation on the surface of the cavity, inadequate depth of the
cavities, having limited access to the cavities causing an imperfect
alignment to the long axis of the root and off-centered root-end
preparation. These deficiencies increase the risk of lateral perforation.?
To overcome these problems, ultrasonic retrotips were developed. Due
to the shape of the ultrasonic tip, it has several advantages, such as
producing a conservative, deep and centralized cavity with a refined
shape. In addition, it helps to identify additional canals and unexpected
isthmuses and it reduces the number of dentinal tubules exposed at
the resected surfaces.?' Despite its advantageous properties, its most
typical drawback is the occurrence of dentin cracks observed after
using ultrasonic retrotips, thuse affecting the apical seal.” Therefore,
new methods are necessary. In recent years, in addition to ultrasonic
tips, lasers have also been used as an alternative for retrograde cavity
preparation. One example of hard-tissue lasers is erbium:yttrium,
aluminum garnet (Er:YAG)." Practicing apicoectomy using Er:YAG
has various benefits. It prevents dentine cracks because it does not
contact the dentine and does not vibrate. In addition, it decreases the
contamination probability at the operating field. It also reduces the
possibility of traumatization in the surrounding tissues.' On the other
hand, there is also a contrary opinion about the non-contact operation,
seeing it as a disadvantage since there is no tactile feedback.'

Our study aimed to examine the push-out bond strength of three
different root-end filling materials (ProRoot MTA, Tech Biosealer Root
End, Biodentine) in cavities prepared using three different techniques
(burs, ultrasonic retrotips, Er:YAG lasers). We expected to obtain
statistically significant differences in bond strength values when
different root-end filling materials and cavity preparation techniques
were applied. The null hypothesis was to have no statistically significant

difference in bond strength values when the inspected materials and
techniques were combined.

MATERIALS AND METHODS

The study was performed at the Ankara University Faculty of Dentistry,
and the Ethics Board approved the study protocol (approval number:
36290600/25). Informed consent was obtained.

In our study, 180 maxillary incisor extracted human teeth with a single
and straight root canal and completely formed apices were used.
Preoperative radiographs were taken to check the root canal anatomy.
According to Schneider classification,’ the radiographs were analyzed
to select those teeth which had 5 degree or less root curvature, to verify
that the canals were straight. Teeth with calcifications and broken tools
were omitted from this study. The teeth were placed in 5% sodium
hypochlorite (Werax, Spot Dental San., izmir, Tiirkiye) for 60 minutes.
The hard and soft tissue on the surface of the teeth was debrided with
the help of a periodontal curette, and the teeth were stored in 0.9%
physiological saline solution.

The preparation of access cavities was performed using a diamond-
coated fissure bur. A number 10-K File (Dentsply, Maillefer, Ballaigues,
Switzerland) was inserted 1 mm above the apical foramen to confirm
canal patency. The working length was standardized at 22 mm for all
teeth. Each diameter of the foramen apical was compatible with a
number 15K-File (Dentsply, Maillefer, Ballaigues, Switzerland). For each
tooth, root canals were prepared by ProTaper rotary files (Dentsply,
Maillefer, Ballaigues, Switzerland) up to size F3. Between each file size, 2
mL of 5% sodium hypochlorite (Werax, Spot Dental San., izmir, Tiirkiye)
was applied. Then, the process was continued by flushing with 5 mL of
EDTA (Werax, Spot Dental San., izmir, Tiirkiye). Finally, the specimens
were subjected to irrigation using 10 mL of distilled water, and dried
using absorbent paper points. A master cone of size #30 was selected
and confirmed via radiographs. The canals were filled with gutta-percha
(Dentsply, Maillefer, Ballaigues, Switzerland) and AH Plus root canal
sealer (Dentsply DeTrey, Konstanz, Germany) by the lateral compaction
technique. Excess gutta-percha was removed with a hot instrument. To
establish the quality of obturation, radiographs were taken along the
directions of mesiodistal and buccolingual. Cavit (Cavit G ESPE, Seefeld,
Germany) was used to seal the access cavities. The specimens were kept
in an environment with a temperature of 37 °Cand 100% humidity until
the sealer was set.

Apical resection of all groups was performed at 90° to the long axis of
the root and 3 mm from the apices by conventional fissure diamond
bur. The selected teeth were randomly assigned to 9 groups (n=20 per
group) which would be used to prepare root-end cavities and insert the
retrograde filling materials (Table 1). In all groups, all retrograde cavities
were prepared 3 mm deep using the selected technique of the group.

Groups 1 to 3 were prepared with a diamond-coated round bur (REF
806314, 010, Meisinger, Germany). Group 4, group 5, and group 6 were
prepared with the Er:YAG laser system (Kavo Key 3+, KaVo, Biberach,
Germany) with the following settings: the wavelength was 1.8 m, the
energy was set at 450 mJ/pulse, the repetition rate was 4 Hz., and it
was on contact mode with water cooling. Group 7, group 8, and group
9 were performed with a diamond-coated ultrasonic retrotip having an
angle of 90° with a working length of 3 mm. (E30LD, NSK, Nakanishi
Inc., Tokyo, Japan). The ultrasonic device was used at medium power.
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Each specimen’s cavity was measured to have 3 mm depth using a
periodontal probe. After aligning the probe perpendicular to the long
axis of the tooth, the width of the cavity was measured to be 1.5 mm.

All cavities were flushed with 5 mL physiological saline solution. The
retrograde filling materials were inserted, and the samples were
wrapped in wet gauze soaked with normal saline. Next, cement
was prepared through mixing, following the instructions of the
manufacturers. Retrograde fillings were carried out using ProRoot MTA
(Dentsply Tulsa, Johnson City, TN, USA) for Groups 1, 4, and 7; Tech
Biosealer Root End (Isasan, Rovello Porro, Co, Italy) for groups 2, 5, and
8; and Biodentine (Septodont, Saint-Maur-des-fosses, France) for groups
3, 6,and 9. The cavities were dried with a piece of cotton pellet. In each
section, cement was inserted into the root canal cavity with an MTA
gun (Dentsply Maillefer, Ballaigues, Switzerland). In this process, a hand
plugger was used to compact the cement.

All of the samples were stored for a week in an environment of 37 °C
and 100% humidity. All samples were embedded in self-curing acrylic
blocks along their long axis so that the apex of the root-end could be
seen from the acrylic.

Each embedded specimen’s apical part was incised into 1 mm thick
slices perpendicular to the long axis using a 0.3 mm thick diamond
blade (Mikrotom, Stuers, Copenhagen, Denmark) and a low-speed saw
(Metkon, Micracut precision cutter, Bursa, Tirkiye). The incision was
applied under constant water irrigation. Three slices of T mm thickness
were dissected from each specimen, and only the middle-sliced disk
was selected for testing.

The chosen dentine disks were placed in a universal testing machine
(Lloyd LRX; Lloyd Instruments Ltd, West Sussex, UK). The samples were
placed on an acrylic slab with a central hole of 1.5 mm diameter to
allow the free motion of the plunger, which had a diameter of 0.6 mm.
Since the disks had an ascending angle from apical to coronal, they
were placed into the testing machine in order to receive force applied
from the apical surface to eliminate any friction between the filling
material and the dentin.

A compressive load was applied on the surface of materials at a
1 mm/min constant speed until failure occurred. At the time of
dislodgement, computer software recorded the maximum load in

Table 1. Experimental groups of the study

Group Root tip cavity Number of Retrograde filling

number method samples (n) material

1 20 ProRoot MTA

5 Bur (conventional 2 Tech Biosealer Root
method) End

3 20 Biodentine

4 20 ProRoot MTA

5 Laser system 2 Tech Biosealer Root
(Er:YAG) End

6 20 Biodentine

7 20 ProRoot MTA

8 Ultrasonic retrotip 20 e ol ey (et

End
9 20 Biodentine
Er:YAG: Erbium:yttrium, aluminum garnet, MTA: Mineral trioxide aggregate.
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Newtons (N). Then, the force values were converted to MPa to calculate
the push-out bond strength (Figure 1).

Statistical Analysis

Statistical analysis was performed using the non-parametric Kruskal-
Wallis H test because the data was not normally disturbed according
to Shapiro Wilk’s test (p<0.05 for all variables). After the Kruskal-Wallis
H test, the post-hoc Dunn’s multiple comparison test was employed to
determine which groups differed from each other (PASW Statistics 20;
SPSS Inc., Chicago, IL, USA). The level of statistical significance was set
at p<0.05.

RESULTS

In our study, the bond strength between the root-end cavities prepared
with the bur, laser, and ultrasonic retrotip and the filling materials, MTA,
Tech Biosealer Root End, and Biodentine were statistically significant
(p<0.05), as shown in Table 2, 3.

The highest mean value was observed in the ultrasonic retrotip
prepared and Biodentine filled group (p>0.05). In contrast, the lowest
mean value was obtained in the bur prepared and Tech Biosealer
filled group (p<0.05). Among the preparation techniques, there were
no statistical differences between the cavities prepared with the laser
and ultrasonic retrotip and filled with MTA and Biodentine (p>0.05).
However, bur prepared cavities showed statistically significant and
lower values than the other preparation techniques (p<0.05). In bur
prepared cavities, the highest bond strength was seen in the Biodentine
filled cavities (p<0.05). Tech Biosealer showed lower bonding strength
than the other materials in the laser and ultrasonic retrotip prepared
cavities (p<0.05). The statistical difference between MTA and Biodentine
was not significant in those cavities prepared with the laser or the
ultrasonic retrotip (p>0.05). Tables 2, 3 display the mean values,
standard deviations, and the statistical analysis results of the Kruskal-
Wallis H test along with post-hoc tests for all the groups.

DISCUSSION

The prognosis of apical surgery depends on how well the canal is
obturated and sealed after performing cavity preparation. Therefore,

Figure 1. Universal test machine.
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it is essential to prepare the cavity optimally to implement root-end
filling adequately after apicoectomy.”"”

The selection of tooth specimens is essential for the study. Wu et al.’®
reported that they chose the same teeth groups with similar teeth
length, similar root canal diameter, and similar root canal anatomies
in order to eliminate variations. In addition, caries can degrade the
mineral and organic composition of the samples.” Therefore, in this
study, in order to standardize root canals and eliminate variations, we
selected newly extracted, single, and straight rooted human maxillary
incisors which had no caries or restorations.

One component of endodontic surgery is root-end resection. It
promotes the elimination of debridement, pathological periradicular
tissue, and anatomical variations. Applying 3 mm resection on the root
apex will eliminate apical ramifications, lateral canals, resorptions,
perforation defects, canal obstructions, and separated endodontic
instruments.’"

The ideal depth of the root-end cavity should be a 3 mm class |
cavity with parallel dentin walls. If the cavity has less depth, apical

ramifications and lateral canals cannot be removed, leading to
unsuccessful treatment.” Hence, in this study, we performed the
resection 3 mm above the root apex and prepared class | cavities with
3 mm of depth in order to deal with the difficulties mentioned above.

Itiscommon to prepare root-end cavities with bursina micro handpiece.
However, this process results in various difficulties. Since the bur does
not have an angle, it becomes difficult to prepare the cavity walls parallel
to each other, it is not always possible to access to the root-end, and
there is a heightened risk of lingual perforation of the root.? With the
development of ultrasonic instruments, many of these problems have
been solved. Ultrasonic retrotips are manufactured with various shapes
and angles, so improving surgical treatment phases. They improve the
surgical area entrance and produce a better centralized, conservative,
and cleaner cavity;"" thus, decreasing the number of dentinal tubules
exposed and reducing apical leakage.? Unfortunately, ultrasonic
retrotips have the critical disadvantage of generating a high number
of fractures during the preparation of dentine walls.?’ Peters et al.?
demonstrated in their study that diamond-coated retrotips produced
a better-quality surface with fewer cracks than cavities prepared with

Table 2. Mean values of groups, standard deviations (SD), and Kruskal-Wallis H and post-hoc multiple comparison test results
Groups Kruskal-Wallis H test
Median .
n Mean * SD (MPa) (MPa) Min (MPa) = Max (MPa) | Average H p
1 | Bur+ MTA 20 5.04£0.76 5.18 2.84 593 25.35
2 | Bur + Tech Biosealer 20 4.5+1.27 4.36 2.02 7.99 19.15
3 | Bur + Biodentine 20 8.810.63 8.9 7.28 9.78 95.3
4 | Laser + MTA 20 9.74%0.67 9.65 8.37 10.83 124.05
5 | Laser + Tech Biosealer 20 6.43%0.55 6.51 4.99 7.3 48.1 158.56 0.001
6 | Laser + Biodentine 20 10.15£0.79 10.2 8.55 11.67 138.25
7 | Ultrasonic + MTA 20 10.01£0.6 10.07 8.6 10.9 133.65
8 | Ultrasonic + Tech Biosealer 20 7.74+0.37 7.77 7.06 843 71.35
9 | Ultrasonic + Biodentine 20 10.83£0.62 10.82 9.92 11.85 159.3
2-32-42-72-62-91-31-41-71-6 1-9 5-4
i

Total 180 8.1412.32 8.61 2.02 11.85 5.7 5.6 5-0 84 87 8-6 8- 3-9
SD: Standard deviation, MTA: Mineral trioxide aggregate.
Table 3. Comparisons between groups using post-hoc multiple comparison tests
1 Bur + MTA
2 Bur + Tech Biosealer | -
3 Bur + Biodentine + +
4 Laser + MTA + + -

Laser + Tech
5 . - - - +

Biosealer
6 Laser + Biodentine + + - - +
7 Ultrasonic + MTA + + - - + -

Ultrasonic + Tech
8 . - - - + - + +

Biosealer

Ultrasonic +
9 . . + + + - + = +

Biodentine

Ultrsnc
Groups + + + + Ultrsnc + +
p Bur + MTA Byr Tech Byr ) Laser + MTA Lgser Tech Lgser ' + Tech U!trsnc '
Biosealer Biodentine Biosealer Biodentine MTA . Biodentine
Biosealer
1 2 3 4 5 6 7 8 9

(+): A statistically significant difference between the groups, (-): no statistically significant difference between the groups. MTA: Mineral trioxide aggregate.
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stainless steel ultrasonic retrotips. Vivan et al.”' stated in their study
that diamond-coated ultrasonic tips demonstrated cutting effectiveness
and regular root-end preparation. However, more cracks were observed
when they were used at high-power settings.?> Bernardes et al.? found
in their in vitro study that there were no cracks after using an ultrasonic
retrotip at a medium-power setting. In light of this information, we
used diamond-coated ultrasonic retrotips with an angle of 90° at a
medium-power setting.

Another preparation technique used for root-end cavity preparation
is the laser. There are many published laser types used in apical
surgery. When laser irradiation is applied to dentin, water interfered
ablation occurs, vaporizing the water content of the dental hard tissues
following expansion and micro-explosions. It results in debris and the
removal of the smear layer and micro-retentive irregularities by leaving
a rough surface which allows for better mechanical bonding to form
between the root-end filling and the dentinal walls.?*?* Samad-Zadeh
et al.?7 described in their study that the Er:YAG laser technique results
in an irregular surface without a smear layer and the exposure of
dentinal tubules, which leads to better penetration for the retrograde
filling material on the wall of the cavity. However, this procedure can
produce side effects. Melting, fissures or carbonization might occur,
surrounding tissues might have cracks or pulpal temperature could
increase. To overcome these drawbacks, Er:YAG and Er,Cr:YSG lasers
were introduced.??° In another study, the Er:YAG laser was used with
an output power of 1W, and it was reported that no smear layer or
debris were left.?® In another study, lasers were used at a 1.8 W power
output, and the irradiated dentin surfaces showed irregularities and
roughness. They had no smear layer, and the tubules were open, which
provided micro-retentive patterns.? Considering the above results, in
our study, we chose the Er:YAG laser and used it in contact mode with
the following parameters: 1.8 W 450 mj 4 Hz.

Apical microleakage is one of the reasons for the failure of endodontic
treatment. Considering the success of endodontic surgery, selecting a
retrograde filling material is a significant choice.® Below, we examine
the properties of the filling materials which were part of this study.

The first filling material we used was MTA. It has various notable root-
end filling characteristics: biocompatibility, a good sealing capability,
high strength under compression, radiopacity, insolubility in fluids,
and antibacterial effects. Inducing hard tissue formation is another
advantage." However, MTA has drawbacks such as having a long setting
duration (2 hours 45 min) and being burdensome to manipulate."

To overcome the drawbacks of MTA, new materials based on calcium
silicate were introduced.?' Biodentine and Tech Biosealer Root End are
two of them. Biologically, Biodentine can seal well, it is biocompatible,
and it can induce odontoblast differentiation and apposition of
reparative dentin. Its setting time is about 12 min."" It has a wide range
of applications, and it is also used as a retrograde filling material in
endodontic surgery.”'

The other mentioned calcium silicate-based material is Tech Biosealer.
As stated by the manufacturers, it has perfect biocompatibility, and
forms a thin layer rich in calcium and phosphate on its surface, and
then connects to the bone tissue through this biologically active apatite
layer without a distinct boundary.?® Therefore, Tech Biosealer is suitable
for repairing perforations, it can be used for vital pulp therapy, and it is
a root-end filling substance.

. 296

The present study showed that the filling materials’ bond strength
was affected by the root-end preparation method. Independent of
the cavity preparation technique, Tech Biosealer Root End showed
lower bond strength, while Biodentine showed the best bond strength.
When the cavity preparation techniques were considered, minimum
bond strength values were seen in those cavities prepared with a bur
compared to those prepared with a laser or ultrasonic tips. Mean push-
out bond strength outcomes were higher in those groups prepared
with the laser than in groups prepared by the bur, and the highest
bond strength values in all groups were seen in the root-end samples
prepared with ultrasonic tips. Bur prepared cavities might show weak
bond strength values due to the cavity surface’s poor condition caused
by the preparation method. Compared with lasers and ultrasonic
tips, rotary burs produce more debris and smear layer leftover,?3*
weakening the contact between the filling material and cavity walls.
Overall, the larger smear layer leftover produced by burs helps to
explain why burs show the weakest bond strength compared to lasers
and ultrasonic tips with all retrograde filling materials. In comparison,
lasers and ultrasonic retrotips can remove debris and the smear layer so
that retrograde cavity materials can penetrate the cavity walls.?22425333¢
This capability could explain why the bond strength values of MTA and
Biodentine did not show a statistically significant difference during the
comparison of Er:YAG laser and ultrasonic tips, but the bond strengths
of both materials were weaker for samples prepared with the Er:YAG
laser.

Open dentinal tubules and uneven surfaces lead to the increased
micro-retention of the lasered dentin surface; this, in turn, increases
adhesion.?® Furthermore, sub-superficial changes occurring on the
irradiated dentin have effects on adhesion. During ablation, water
evaporates and causes mechanical shock. It might cause sub-superficial
cracking in the dentin and might lead to dental materials adhering less
to the irradiated surfaces.?”

In our study, Biodentine showed higher bond strength values than
MTA and Tech Biosealer Root End. A statistically significant difference
between Biodentine and Tech Biosealer Root End was obtained. This
outcome could be a result of the materials’ physical and chemical
properties. Biodentine’s smaller particle size might cause the cement to
penetrate deeper inside the dentinal tubules, improving bond strength.
This feature could explain the higher values for Biodentine 3

The porosity of Biodentine is lower than that of MTA* and the one
having the most porosity is Tech Biosealer Root End.® This result could
explain the increased bond strength of Biodentine as well. In one study,
GIC, MTA, and Biodentine materials were compared concerning their
marginal adaptations. The lowest marginal gaps are observed with
Biodentine, which also showed good marginal adaptation. MTA followed
second to Biodentine, while a very high marginal gap was observed
with GIC.* This study shows that Biodentine and MTA have satisfactory
marginal adaptation to the cavity wall, explaining the outcome of the
improved bond strength of Biodentine in our study.

Study Limitations

The main limitation of this study was that, since it was performed with
in vitro conditions, further long-term in vivo studies are necessary to
evaluate the sealing ability of root-end material to dentine interfaces,
considering the effects of blood contamination. Another clinical
limitation to overcome is the large size of the handpiece of the Er:YAG
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laser, which makes it challenging to handle. However, in our case,
the preparation procedure on extracted human teeth simplified its
handling and application.

CONCLUSION

In the scope of this in vitro study, we can conclude that the highest
bond strength values were seen in ultrasonic tip prepared cavities filled
with Biodentine, and the weakest bond strength values were seen in
bur prepared cavities filled with Tech Biosealer Root End. Irrespective of
the root-end filling materials, bur prepared cavities showed statistically
significant weaker values than the other preparation techniques
(p<0.05). In cavities prepared with the laser and ultrasonic techniques,
no statistical difference was observed between their bonding strengths
(p<0.05). Regardless of the preparation techniques used, Tech Biosealer
Root End showed the weakest bond strength. In cavities prepared
with a bur, the mean bond strength value was significantly higher in
Biodentine than the other materials (p<0.05). In the laser prepared
cavities, ProRoot MTA and Biodentine’s mean bond strength values
were statistically higher than Tech Biosealer Root End (p<0.05), and
in ultrasonic retrotip prepared cavities, ProRoot MTA and Biodentine’s
mean bond strength values were statistically significantly higher than
Tech Biosealer Root End (p<0.05). According to these results of this
study, the null hypothesis was rejected, since we found statistically
significant differences in bond strength values between the different
material and technique combinations.

MAIN POINTS

* The stability of the retrograde filling is essential to prevent micro-
leakage. In this context, adaptations of different retrograde filling
materials to dentine were compared by applying different cavity
methods.

* The highest mean value occurred in the ultrasonic + Biodentine
group, whereas the lowest mean value was obtained in the bur +
Tech Biosealer group.

* There were no statistical differences between the cavities prepared
with laser or ultrasonic retrotips and filled with MTA or Biodentine
(p>0.05).

* As a retrograde cavity preparing technique, diamond-coated
ultrasonic retrotips at medium power and Er:YAG lasers with 1.8 W
power output can be used.

 Biodentine and ProRoot MTA, which are calcium silicate types of
cement, can be used as a root-end cavity filling material.
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