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Abstract

Introduction: Successful periapical surgery requires appropriate root resection, preparation, and adequate sealing.

Aim: The aim of the present study was to assess the marginal adaptation of MTA and Biodentine after apical resection with an Er:-YAG
laser and a diamond turbine bur using a scanning electron microscope (SEM).

Materials and methods: The crown part of forty-eight extracted single-root human teeth was removed, and the root canal length of
15 mm was standardized. The root canals were prepared using rotary Ni-Ti Revo-S files up to an apical stop — AS40 and filled with MTA
Fillapex and gutta-percha points (cold lateral condensation). The teeth are divided into 2 main groups: group 1 (n=24) after apical resec-
tion with a turbine bur, ultrasonic preparation of the retrograde cavity at 3 mm depth and retrograde obturation with Biodentine and
MTA; group 2 (n=24) after apical resection with an Er:YAG laser, ultrasonic preparation of the retrograde cavity at a depth of 3 mm and
retrograde obturation with MTA and Biodentine. A SEM was used for assessment of the marginal adaptation of the material to the root
dentin. The data was entered into and analyzed with IBM SPSS Statistics 22.0.

Results: In the group with apical resection with a turbine bur, a statistically significant difference in the gap size between the material
and dentin was found in both materials we studied (MTA and Biodentine). The higher mean value was in MTA (1.72 um), in Biodentine
it was 1.08 pm. In the group with apical resection with Er:YAG laser, no statistically significant difference in the gap size between the
material and dentin was found in both studied materials: MTA - 1.88 pum, Biodentine - 1.32 ym.

Conclusions: In the present study, MTA and Biodentine showed good sealing capabilities after apical resection. Biodentine displayed
better marginal adaptation when resecting the root tip using a turbine bur. The Er:YAG laser-assisted apical resection shows sealing of
the open dentinal tubules around the resected root surface.

Keywords

apicoectomy, marginal adaptation, periapical surgery, retrograde cavity obturation

INTRODUCTION

burs or a laser. Low-energy lasers are used in endodon-
tics to disinfect the root canal system. The high-energy
Successful periapical surgery requires appropriate root lasers of the Erbium family are applied in apical resection.
resection, preparation, and adequate sealing.['*! Apical  Er:YAG lasers (400 mJ, 10 Hz), CO, lasers (5 W, CW/SP)
resection can be performed with a diamond/stainless steel  and Nd:YAG lasers are used for apicoectomy.
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The root apex resection should be at least 3 mm. The
apical cavity should follow the course of the root canal
and be able to be filled effectively. Ultrasound preparation
results in better removal of the contaminant layer com-
pared to preparation with burs.[>¢]

The requirements for the ideal material used in retro-
grade cavity obturation after apical resection involve: bio-
compatibility, stability, X-ray contrast, ability to harden in
a liquid medium, antibacterial properties, easy handling,
hardness, presence of osteoinductive or osteoconductive
properties, good adhesion to the canal walls and good api-
cal sealing.!%”] Taking into account the forthcoming end-
odontic surgical procedure, obturation of the root canal
system needs to be performed with a hard, non-resorbable
material. In the past, zinc phosphate cement was used as
such while modern endodontics now uses thermoplasti-
cized gutta-percha and epoxy resin sealer.

The modern materials for retrograde obturation are the
mineral trioxide aggregate (MTA), Biodentine, intermedi-
ate restorative material (IRM), and the ethoxy-benzoic acid
(EBA).18-121

Although the physical properties and bioavailability of
the materials used have been studied in a number of in-vi-
tro and in-vivo studies, the results obtained vary.'>!4! In
recent years, various materials such as Biodentine, Endose-
quence Root repair Material, etc., have been introduced in
order to improve the handling qualities and curing time of
MTA proven effective.!'3 This necessitates making a critical
evaluation of their adaptive (sealing) properties regarding
radicular dentin by measuring the microgap on a scanning
electron microscopy (SEM).

AIM

In the present study, we used SEM to assess the marginal
adaption of MTA and Biodentine following apical excision
using an Er:YAG laser and a diamond turbine bur.

MATERIALS AND METHODS

We used in the study 48 extracted human teeth: single-root
and single-canal teeth with no calcifications in the root ca-
nals. The root surfaces of the teeth were cleaned of plaque
and stains using a periodontal curette and then the teeth
were stored in saline at a room temperature (20°-25°C).
The teeth crowns were removed by cutting with a diamond
bur of a cylindrical-conical profile. The length of the root
canal was made standard - 15 mm.

The root canals were cleaned with 0.5% NaOCI solution
and formed using Revo-S rotary Ni-Ti files. An apical stop
to AS40 was prepared. The final irrigation was performed
with 17% EDTA. Distilled water was used between both
solutions. The root canals are filled with MTA Fillapex and
gutta-percha points (cold lateral condensation) followed by
dividing the teeth into the following groups:

Group 1. After apical resection using a turbine, ultra-
sound preparation of the retrograde cavity and retrograde
obturation: subgroup 1 (n=12) - retrograde obturation
with MTA; subgroup 2 (n=12) - retrograde obturation with
Biodentine.

Group 2. After apical resection with a laser, ultrasound
preparation of the retrograde cavity and retrograde obtura-
tion: subgroup 3 (n=12) - retrograde obturation with MTA;
subgroup 4 (n=12) - retrograde obturation with Biodentine.

Control radiographs were taken to follow up on the
quality of the root canal filling.

In group 1, after filling the root canals, we performed
apical resection 3 mm from the root apex using a diamond
turbine bur (Komet ISO 806 314 199 514 014) and wa-
ter-air cooling.

In group 2, the apical resection was performed at 3 mm
from the root apex with a laser keeping the following
parameters: 300 mJ, 30 Hz. Fotona laser was used for this
purpose (Fig. 1).

After apical resection performed with a turbine (n=24)
and Er:YAG laser (n=24), the root canals were prepared
retrogradely with ultrasonic diamond-coated tip and inten-
sity 7 (Satelec AS 3D, France) (Fig. 2) at a depth of 3 mm,
with subsequent drying and filling of the retrograde cavi-
ties with: Biodentine (n=24: apical resection with a turbine
n=12 and apical resection with Er:YAG laser n=12) and
MTA (n=24: apical resection with a turbine n=12 and api-
cal resection with Er:YAG laser n=12).

The materials were prepared in compliance with the
manufacturer’s instructions and applied in retrograde cav-
ities by means of a micro condenser/burnisher. Excess ma-
terial was removed and the teeth were kept in humid envi-
ronment (gauze soaked in saline) for 24 hours.

Figure 1. Characteristics of the values used for apical resection
with Fotona laser.
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Figure 2. AS3D ultrasonic tip.

A scanning electron microscope (SEM) was used to as-
sess the material adaptation to the root dentin.

In order to visualize SEM, the extracted teeth were treat-
ed with 37% phosphoric acid, followed by thorough water
washing and drying. They were covered with vacuum pow-
dered gold and prepared for monitoring by CEM. The mag-
nification X1000 was found to be most suitable for measur-
ing the microgap width in the dentin-material boundary
area. Four scanograms were made for each sample in differ-
ent areas of the gap. Knowing that the length of a marking
segment corresponds to 10 um, the data was recalculated in
pm with an accuracy of 0.01 pm.

The data was entered into and analyzed with IBM SPSS
Statistics 22.0; it was accepted that the null hypothesis can
be rejected at p<0.05.

The following methods were used:

1. Variation analysis - to assess the central trend charac-
teristics and data dispersion.

2. Graphic analysis - to visualize the results obtained.

3. Non-parametric Shapiro-Wilk test — to check data
distribution normality.

4. Non-parametric Kruskal-Wallis test - to test hypothe-
ses for difference between several unrelated samples.

5. Non-parametric Mann-Whitney test — to test hypoth-
eses for difference between two unrelated samples.

RESULTS

The SEM study revealed the availability of a gap on the bor-
der of material/dentin in both materials used but to a dif-
ferent degree (Figs 3-6).

I. After apical resection with a turbine bur, ultrasonic
preparation of the retrograde cavity and retrograde obtu-
ration

II. After apical resection with a laser, ultrasonic prepa-
ration of the retrograde cavity and retrograde obturation
The results shown in Table 1 and Fig. 7 indicate that in the
groups with retrograde filling:

Marginal Adaptation of MTA and Biodentine

Figure 3. Marginal adaptation of Biodentine (SEM x1000 mag-
nification).

Figure 4. Marginal adaptation of MTA (SEM x1000 magnifica-
tion).

Figure 5. Marginal adaptation of Biodentine (SEM x1000 mag-
nification).
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Figure 6. Marginal adaptation of MTA (SEM x1000 magnifica-
tion).

o There is no statistically significant difference between
the groups with apical resection with a turbine and
an Er:YAG laser in terms of the gap size between the
material and dentin in both studied materials;

o In the group with apical resection with a turbine, a
statistically significant difference in the gap size be-
tween the material and dentin was found in both
studied materials (MTA and Biodentine). The higher

mean value was in MTA - 1.72 um,; for Biodentine it
was 1.08 um;

« In the group with apical resection with an Er:YAG
laser, no statistically significant difference in the gap
size between the material and dentin was found in
both studied materials: MTA - 1.88 um, Biodentine
- 1.32 ym.

The results shown in Table 2 and Fig. 8 suggest that in
the group with apical resection with a turbine bur, a sta-
tistically significant difference in the gap size between the
material and dentin was found in both studied materials
(MTA and Biodentine). The higher mean value was in
MTA - 1.72 um, while in Biodentine it was 1.08 pm.

In the group with apical resection with an Er:YAG laser,
no statistically significant difference in the gap size between
the material and dentin was established in both studied
materials: in MTA - 1.88 um and in Biodentine - 1.32 um
(Table 3, Fig. 9).

DISCUSSION

The Er:YAG laser removes the contaminant layer by ab-
lation leaving the dentinal tubules open. This laser emits
photon flux directed into the middle infrared part of the
electromagnetic spectrum. The accompanying laser energy

Table 1. Comparative analysis of the size of gap between the material and dentin in the groups with retrograde obturation

Apical resection with a high-speed handpiece
and a diamond bur

Apical resection with Er:YAG laser

Materials P
n X SD n X SD
MTA 12 1.72 1.10 10 1.88 1.04 0.140
Biodentine 12 10.8 0.37 10 1.32 0.45 0.192
P 0.040 0.280
1.88
2
18 1.72
1.6
14 1.32
12 1.08
1
0.8
0.6
0.4
0.2
0
MTA Biodentine

M Apical resection with a high-speed handpiece and a diamond bur

M Apical resection with Er:YAG laser

Figure 7. Comparative analysis of the size of gap between the material and dentin in the groups with retrograde obturation after apical

resection with Er:YAG laser and a turbine bur.
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Table 2. Comparative analysis of the size of gap between the material and dentin in apical resection with a turbine bur

Materials
MTA Biodentine p
n X SD n X SD
12 1.72 1.10 12 1.08 0.37 0.040

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Figure 8. Comparative analysis of the size of gap between the material and dentin in apical resection with a turbine bur.

Table 3. Comparative analysis of the size of gap between the material and dentin in apical resection with Er:YAG laser

Materials
MTA Biodentine p
n X SD n X SD
10 1.88 1.04 10 1.32 0.45 0.280
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Figure 9. Comparative analysis of the size of gap between the material and dentin in apical resection with Er:YAG laser.

is absorbed by chromophores, transforms into heat energy,
leading to expansive evaporation (vaporization). Compared
to the diode or CO, lasers, overheating the surrounding
bone in the removal of granulation tissue after reflection
of the flap is the least for the Er:YAG lasers.l!'”] The laser
energy leads to a significant reduction in bacterial load in
use, supporting its application in modern practice.' Such
an action brings about dislocation of tissue structures and
ablation, accompanied by a specific “popping” sound.

This laser is appropriate for making incisions in order to
reflect the flap. Unlike the CO, lasers, where no bleeding is
observed, the Er:YAG lasers indicate some bleeding. Using
a laser produces a smoother and more homogeneous sur-
face as a result of the occlusion and glazing of the dentinal
tubules and the leakage reduction. Thermal ablation with
Er:YAG laser is likely to cause dissolution of the mineral

components and fusion of amorphous particles without
crystallization, thus achieving a clean and smooth surface.
The advantages of laser apical resection are as follows: bet-
ter visibility, contactlessness, lesion removal in a short time
by vaporization, hemostasis, lack of vibration or discomfort
and postoperative pain reduction.

Grgurevic et al.l'”! tested an Er:YAG laser with different
apicectomy parameters and found that 380 mJ and 20 Hz
had an ablation rate four times higher than 200 mJ and
8 Hz. They found that high-energy lasers were safe when
used under water cooling. In vitro Er:YAG laser was stud-
ied by Paghdiwala et al.l'¥! in a previous study and it was
found out the obtaining of root surface - smooth, clean,
devoid of microflora and charred.

Among the various types of lasers used for apical sur-
gery, the authors identify the Nd:YAG laser to be effective
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as well.l'>2% However, the Nd:YAG laser creates some in-
convenience when used in contact with dentin and cement.
This includes craters formation and roughness of melted
surface. In vitro studies have shown that such effects can
inhibit cell adhesion to irradiated surfaces with subsequent
delay of the healing process in vivo. Craters and carbon-
ization are less common in non-contact irradiation. The
Nd:YAG laser can reduce dentin leakage by means of its
contactless use. Dederich et al. have found that melting and
recrystallization of the contaminant layer give a non-po-
rous appearance to the root surface.!?"’

Er:YAG lasers allow the reflection of the flap, the re-
moval of granulation tissue and the subsequent resection
of the root apex to be performed. Additionally, it gives the
possibility of making the final ablation of the adapted soft
tissues, reducing the bacterial load and postoperative com-
plications. Thus, the Er:YAG laser provides a faster healing
process, reduces operator fatigue and is better accepted by
the patient. Stubinger and Pourzarandian have proved his-
tologically that bone healing is faster when an Er:YAG laser
is used compared to surgical burr, piezosurgery or a CO,
laser.21:22]

Root resection should be at least 3 mm. Thus, 98% of the
apical ramifications and 93% of the lateral tubules account-
ing for endodontic failure are eliminated or reduced. The
obturating material should seal the apical tissues, prevent-
ing the bacteria release and the diffusion of bacterial prod-
ucts from the root system into the periapex. The criterion
for good sealing is the marginal adaptation of the material,
which can be best assessed by scanning electron micros-
copy at different magnifications. Poor marginal adaptation
is considered to be able to affect sealing capability and the
level of clinical success rate.[?’]

Hegde et al.l?* have compared the results obtained af-
ter apical resection with a laser and with carbide burs.
After SEM was made, the authors reported areas with mi-
crogaps potential for apical microleakage after the already
performed apical resection. Laser cutting leads to the seal-
ing of dentinal tubules as well as the presence of a smaller
amount of contaminant layer compared to bur resection.
The authors observed roughness and unevenness at high
magnification. The traction of the gutta-percha during la-
ser resection is taken into account as well. Our study has
yielded similar results.

There is evidence in the literature that the use of MTA
leads to regeneration processes rather than to repair in
periapical tissues.?”! The in vivo studies of some authors
indicate that retrograde obturation with MTA achieves
osteoinductive effects on periapical tissues, which in turn
leads to the formation of new bone, root cementum and
periodontal ligament.?®) Fridland et al.’”) reported the
release of hydroxide ions and presence of high pH in the
medium, indicating the bactericidal effect of MTA on
microorganisms in the periapical environment.

Over the years the marginal adaptation of various
materials used for retrograde sealing has been studied. The
microgap between the dentinal walls and dental amalgam

studied by Moodnik et al.?¥! is in the range of 6-150 um.
Torabinejad et al.[?! have proved marginal adaptation in
MTA to be the best compared to dental amalgam, IRM and
EVA cement. Soundappan et al.l**! examined the marginal
adaptation after cavity preparation of 1 mm and 2 mm in
depth. The authors suppose that a 3-mm-deep cavity may
compromise the relation between the retrograde obtura-
tion material and the gutta-percha. However, MTA excels
IRM and Biodentine in a 2-mm cavity and such MTA supe-
riority coincides with the results reported by Torabinejad.
In cases of a 2-mm retrograde cavity, they have shown that
MTA (0.79£0.20 pm) is superior to IRM and Biodentine
(1.44£0.36 pum). In this study, the depth of the cavity was
3 mm, which brings about effective root sealing and leak-
age prevention.

CONCLUSIONS

In the present study, MTA and Biodentine have shown
good sealing capabilities after apical resection. Biodentine
showed better marginal adaptation when resecting the root
apex using a turbine bur. Er:YAG laser-assisted apicectomy
showed sealing of the open dentinal tubules around the re-
sected root surface.
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Pe3tome

BBepeHue: Ycrenrnas nepuanuKaabHas XUPYpriusi TpebyeT COOTBETCTBYIOLEN pe3eKLny KOPHsI, TIOATOTOBKM 1 afleKBaTHOII repMe-
TU3ALNN.

Lienb: Ienpio HACTOAIETO MCCIEKOBAaHMA OBUIO OLIEHUTh MapriHa/bHYyI0 afanTanyio MTA u Biodentine mocre anmkanbHOI pesek-
uuy mazepoM Er:YAG u aMasHbIM TYpOMHHBIM 60POM C MICIIONIb30BaHEM CKaHMPYIOLIEro 37IeKTPOHHOro Mukpockomna (SEM).

Matepuanbl 1 meTofibl: YnaneHa KOpOHKOBas 4acTh 48 ya/l€HHBIX OHOKOPHEBBIX 3y0OB uYelOBeKa, CTaHJAPTU3MPOBaHA JIMHA
KOpHeBOro KaHama 15 mm. KopHeBble KaHanbl mpenapuposasbl portanyoHHbiMu Ni-Ti Revo-S urnamu o anmkanpaOro ynopa AS40
u 3anonHeHbl MTA Fillapex u ryrranepueBsivMy mrudTamm (XononHas jaTepanbHass KOHeHCaUys). 3yObl OblIM pasfielieHbl Ha 2
OCHOBHBIe TPYIIIbL: 1-51 rpymma (n=24) moce anmyKanbHOI pe3eKIyy TypOMHHBIM 6OPOM, YIBTPAa3BYKOBOI IIpeTapaLiy peTporpas-
HOJI IIO7I0CTH Ha IIy6uHy 3 mm u perporpagHoit o6rypannu Biodentine n MTA; 2-1 rpymnma (1n=24) mocie alMKagbHON pe3eKLnu
Er:YAG-azepoM, yIbTpasByKOBOTO IIpeNapypoBaHIs peTPOrpafHoIl OIOCTI Ha IIy61He 3 mm 1 peTporpafHoit ob6Typanun MTA
u Biodentine. SEM ncnonb3oBamm 4y OLeHKY MapriHa/JIbHOM alaliTalliy MaTepuata K KOpPHEBOMY JieHTHHY. JlaHHbIe OBbUIN BBE/ICHBI
¥ TIPOAHANM3UPOBaHBI ¢ moMorbio IBM SPSS Statistics 22.0.

Pesynbratbl: B rpymnme c ammkambHOI peseKijyeil TypOMHHBIM 60pOM BBISABIEHA CTATMCTUYECKM 3HA4MMasi PasHMUIA B BeIMYNHE
3a30pa MeX[y MaTeplaioM I HeHTUHOM B 060MX M3ydeHHbIX Hamu Matepuanax (MTA u Biodentine). Boree Bbicokoe cpenHee 3Ha-
geHue 6b110 y MTA (1.72 pum), y Biodentin ono coctaBuo 1.08 um. B rpymnie ¢ amukanbHolt pesexuneit Er:YAG-masepom He 65110
06HAPY)XEHO CTATUCTUYEeCKM 3HAUMMOJI PasHMIIbI B Pa3Mepax 3a30pa MeX/y MaTep1ayoM U JeHTHHOM B 060X MCC/IeOBAaHHBIX MaTe-
puamax: MTA - 1.88 um, Biodentin - 1.32 pm.

3aknoueHue: B Hacrosamem uccneposanyy MTA u Biodentine nmpopeMOHCTpypOBaIu Xopoliye TrepMeTU3UPYIOLIe CBOJICTBA TT0CTIe
anyMKanbHON pesekiym. Biodentine mpopeMOHCTpMpPOBaI TyYILIYI0 MapIUHAIbHYIO aJalITAINIO IIPY Pe3eKLM BEPXYLIKU KOPHS Typ-
6uHHBIM 60poM. Bepxymeunas pesexuus ¢ momoipio Er:YAG-masepa nokasbplBaeT repMeTH3aIMI0 OTKPBITHIX IEHTMHHBIX KaHa/IbIleB
BOKPYT Pe3eLiPOBaHHOII IOBEPXHOCTI KOPHA.

KnwoueBble cnosa

AIIMKOIKTOMMNA, MapTMHA/IbHAA afalTallsd, II€prannKajabHasa XNPyprus, peTrporpagHas 06Typau1/m IIOJIOCTN
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