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EFFECTIVENESS OF Er:YAG LASER IN CAVITY
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Zoran Karlovi¢!, Lovro Grgurevié, Zeljko Verzak?, Vesna-Erika Modri¢?, Pjetra Sori¢?
and Josko Grgurevié¢*

'Department of Oral and Maxillofacial Surgery, Dubrava University Hospital; 2Department of Dentristry,
Zagreb University Hospital Center; *Private Practice; “Zagreb Dental Clinic, Zagreb, Croatia

SUMMARY - The purpose of this study was to determine the sealing quality of Super EBA
cement in laser prepared root-end cavities in comparison with root-end cavities classically prepared
with steel burrs. Two groups of three millimeter root sections were prepared. The first group was
prepared with the Er:YAG laser and the second group with a steel burr mounted on a surgical han-
dpiece. The sections were filled with Super EBA cement and tested for leakage with fluid transport
techniques. The sealing quality of Super EBA cement in the classically prepared root-end cavities
was better, but there was no statistically significant difference between the two preparation tech-
niques. The possible reason for greater leakage in the laser prepared root-end cavities was probably

the irregular shape of the root-end cavity.
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Introduction

Since the discovery of the laser in the 1960s, its
application began in all branches of human activity.
A laser is a device that generates a collimated, mono-
chromatic and coherent beam of light'. Light is the
portion of electromagnetic radiation that can be vis-
ible or invisible to the human eye. The basic operating
principle of the laser is contained in the acronym LA-
SER (Light Amplification by Stimulated Emission of
Radiation) and is subjected to the laws of quantum
physics. Electrons excited by energy from an external
source transform into a higher orbital of the electron
cloud of atom and on its return from the excited state,
a photon is emitted. Photons are electromagnetic ra-
diation, which influences the second atom. If second
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atom is excited, it will not absorb a photon, but it will
emit a photon and there is a chain emission of photons
that all have the same frequency, phase and direction
of oscillation. The medium that produces the laser
beam can be a gas, a liquid or a solid?.

Over years, many types of lasers have been devel-
oped and tested for use in dentistry and maxillofacial
surgery (excimer, KrF, XeCI, Argon, Diode, Nd:YAG,
Tm:YAG, Ho:YAG, CO,, Er:-YAG, Er,Cr:YSGG)'.
'There are four possible effects of laser energy on liv-
ing tissue, depending on its optical properties: trans-
mission (the passage of laser beam through a biologic
tissue without producing any effect on that tissue);
reflection (the repelling of laser beam off the surface
of the tissue without entering the tissue); scattering
(dispersion of energy in contact with the tissue that
causes secondary effects); and absorption of applied
energy. Only absorbed and dispersed laser energy
has the effect on the target tissue. Absorption of la-
ser energy by the target is required to achieve tissue
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removal and is the primary beneficial effect of laser
energy. The amount of energy absorbed depends on
the tissue characteristics, such as pigmentation and
water contents, and on the laser wavelength and the
emission mode®. Laser tests on biological tissues in
the past failed to yield positive results because ther-
mal damage of dental hard tissues occurred, such as
carbonization of dentin or crack formation in enamel.
With the development of Er:YAG (Erbium:Yttrium-
Aluminum Garnet) lasers with a wavelength of 2.94
pm, its clinical application has become possible*”. The
coefficient of absorption by water and hydroxyapa-
tite is approximately 10 times that for the CO, laser’.
Since Er:-YAG has the highest absorption in dental
tissue of all of the infrared lasers, it allows ablation
of hard tissue, e.g., bone, enamel, dentin and com-
posite fillings. The ablation speed of the Er:YAG la-
ser is higher in the carious tissue than in the healthy
one, thus allowing the laser to be more selective and
preserve more of the healthy structural tissue®. This
specific laser, if used together with water spray, causes
little temperature rise, or none at all, in the irradiated
tooth surface during cavity preparation; neither does
it cause carbonization of micro-cracks in the irradi-
ated enamel and dentin>®. Also, no difference in the
dental pulp has been observed after cavity prepara-
tion when Er:YAG laser or a high-speed drill is used.
Compared to rotary cutting instrumentals, Er'YAG
laser cavity preparation takes more time, but its ad-
vantages include less noise and vibration than rotary
instrumentation because of noncontact procedure and
reduced need for local anesthesia™®. Less pain felt by
the patients is, for the most part, explained by a lower
level of heat being produced and, consequently, less
thermal injury to the pulp’. During the preparation of
hard tissue with laser, the smear layer is removed and
therefore leaves the cavity surface suitable for adhesive
restorations”’. It can be used in endodontic surgery for
hemostasis and sterilization of the root-end apex and
surrounding tissue due to its antimicrobial action®™.
The technology of Variable Square Pulse (VSP) pro-
vides electronic control of the laser pulse duration as
well as its amplitude. It is reported that shorter pulses
considerably increase the ablation rate of hard dental
tissues and less energy is transformed into heat”.
Over years, many materials have been used to seal
the root-end preparation, such as gold leafs, gutta-
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percha, titanium screws, polycarboxylate cement and
Cavit, which are not recommended anymore. Amal-
gam was the most popular and most used material for
root-end fillings. It is widely available and initially
provides a relatively good apical seal and has other
advantages including radiopacity, nonabsorbability,
tissue compatibility and ease of application. However,
amalgam has considerable disadvantages including
slow setting, poor dimensional stability, the possible
occurrence of leakage due to corrosion and discolor-
ation of the surrounding tissue, so other materials have
become a substitute for amalgam, like glass ionomer
cement, poly HEMA, bone cements and composite
resins'!. Zinc oxide eugenol cements such as IRM
(Intermediate Restorative Material) and Super-EBA
(Super Ethoxybenzoic Acid cement) as well as MTA
(Mineral Trioxide Aggregate) are the most commonly
used materials for retrograde fillings, and both in vive
and in vitro studies have been reported!2,

'The main goal of endodontic treatment is eliminat-
ing the etiologic factors of pulpal and periapical dis-
eases providing a hermetic seal between the periodon-
tium and the root canal system. When a conventional
orthograde seal is not possible, periradicular surgery
is indicated. This procedure includes exposure of the
involved apex, curettage of the periapical pathosis, re-
section of apical end of the root, preparation of class
I cavity and insertion of a root-end filling material to
seal the root-end cavity®". The main objective of plac-
ing the retrograde filling material after apicoectomy
is to provide an effective barrier that prevents the mi-
croorganisms and their products from the root canal
penetrating into the periapical tissues. After periapi-
cal surgery, the goal is to achieve periapical repair by
deposition of the bone, cementum, and periodontal
ligament cell attachment onto the resected root sur-
face®. The success of the apical filling depends on the
type of the filling material and careful preparation of
the root-end cavity. An appropriate root-end cavity
must be 3 mm deep, located at the center of the root,
and parallel to the long axis of the root. Failure of
apicoectomy is generally attributed to an inappropri-

ate marginal sealing of retrocavity'*1¢.

Materials and Methods

A sample of twenty single-rooted premolar teeth
extracted for orthodontic reasons were randomly as-
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signed to two groups of ten each. The teeth were stored
in 10% formaldehyde solution prior to preparation.
After mechanical cleaning of the tooth, a 3-mm sec-
tion of the tooth root apex was cut off with a diamond
fissure burr perpendicular to the longitudinal axis.
Another 3-mm thick segment of the resected tooth
root was cut perpendicular to the longitudinal axis of
the tooth, and later prepared using laser and surgical
handpiece. The optimal laser beam parameters were
chosen from previous research: a pulse of very short
duration 100 ps, energy of 380 mJ and repetition rate
of 20 HZ%.

In the first group, a VSP Er:YAG laser device (Fi-
delis Plus, Photona, Ljubljana, Slovenia) was used to
prepare root-end cavities. The Er:-YAG laser emitted
pulsed infrared electromagnetic radiation at a wave-
length of 2.94 pum through a system of seven mirrors
in a fully operating mobile arm. An RO04 handpiece
with a focus of 940 pm from the same manufacturer
was used for preparation. The experiment was carried
out under constant water cooling.

In the second group, cavities were prepared with
a surgical handpiece with reduction 4:1 (Intra 3614
N, KaVo, Biberach, Germany) and a round steel burr
1.5 mm in diameter. After the root-end preparation,
the cavities were filled with Super-EBA cement pre-
pared according to the manufacturer’s instructions.
The filling material was condensed and cured, and the
samples were stored in sterile saline solution at 37 °C
for 15 days.

The quality of the sealing material was evaluated
using modified transmission fluid apparatus. The re-
sected segment was connected to the capillary tube
with air bubble, and apically to a pressurized plastic

Table 1. Results of descriptive measurements for the cavi-
ties filled with Super-EBA and measured fluid transport
(in mL)

Technique of Number Standard

cavity prepa- | Material of Mean d ap tfl

ration (group) samples cviation
Super

Laser EBA 10 0.0460 | 0.0381

Conventional | Super

method EBA 10 0.0169 | 0.0088
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tube. Sealing ability was measured by movement of an
air bubble in a capillary tube under the pressure of 120
kPa for 15 minutes. Each specimen was tested three
times and the mean value was calculated.

Data analysis was performed using the Student’s
t-test because the distributions did not deviate from
the normal distribution.

Results

Descriptive measures of fluid transmission — cavi-
ties filled with Super EBA — laser and conventional
method of preparation are shown in Table 1.

The mean leakage value in cavities produced by la-
ser was 0.046 mL, and in the cavity prepared by the
classic method it was 0.0169 mL.

At the 5% level of significance, there were no sta-
tistically significant differences when leakage in the
cavities prepared by standard method was compared

with those prepared by laser (p>0.05).

Discussion

After the discovery of the laser, its use in oral and
maxillofacial surgery has gradually increased. Tooth
preparation and apicoectomy with Er:-YAG laser has
become an alternative to the classic preparation with
surgical micro head handpiece’. The Er:-YAG and the
Er,Cr:YSGG lasers are considered an effective and
safe technology for cavity preparation and have been
granted US Food and Drug Administration approval
for use on intraoral hard tissues. However, the ab-
sorption of the Er:-YAG laser light is much higher
than that of the Er,Cr:YSGG, thus the efficiency of
ablation is greatest for the Er:-YAG laser*. For restor-
ative procedures, laser use has increased patient accep-
tance related to the absence of pain, vibrations, whine
of the drill, micro-fractures and heat production, al-
though the cavity preparation takes more time'®. The
‘no-touch’ characteristic of laser methods has several
advantages including less chance for operating field
contamination and a reduced risk of trauma to the
surrounding tissues”’. On the other hand, some au-
thors consider noncontact procedure a disadvantage
because of the lack of tactile feedback by the operator
and the absence of a stable focus position during the

cavity preparation®'°.
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This study examined the sealing quality in root-
end filling cavities prepared with Er:-YAG laser versus
sealing quality in root-end filling cavities prepared
with classic method. The study used the Er:YAG laser
with a wavelength of 2.94 pm.

The success of apicoectomy with root-end filling
depends on the shape of the root-end cavity. Removal
of the last three millimeters of the root eliminates
most of the apical deltas, isthmuses, and other ca-
nal irregularities. Consequently, the microorganisms
harbored in these canals are removed, preventing the
seepage of their byproducts to the periapical tissues®.
An ideal root-end cavity preparation could be defined
as a class I cavity at least 3 mm deep, with walls par-
allel to the course of the root canal’. Such shape is
determined by the materials that are used for root-
end fillings. Tooth sections perpendicular to the long
axis of the tooth preserve the structure and decrease
the number of sectioned dentinal tubules?. Failures
in endodontic surgery are mainly caused by irregular
cavity shape in vestibulo-oral direction and the in-
ability to prepare the cavity to the sufficient depth of
3 mm’. Camargo Villela Berbert e# a/. showed that
laser tips removed more dentin than ultrasonic retro-
tips and should be used with care to avoid overprepa-
ration. Thickness of the remaining dentin is not of
such a concern with laser preparation as it would be
with ultrasonic or rotary instruments because there
is no vibration or pressure exerted during root-end
preparation that may produce cracks®. Dentin per-
meability decreased when the smear layer was found
close to the apical third of the root canal”. Smear
layer removal by laser preparation provides an irregu-
larly shaped cavity®’. Root-end resection performed
with laser results in ablation of the exposed dentinal
tubules, which may decrease microleakage and in-
crease resistance to root resorption'®.

Root-end materials are in contact with the per-
iradicular tissues, thus requiring biocompatibility as
their main property®. Several studies have shown that
MTA promotes regeneration of the periradicular tis-
sues when placed in contact with the dental pulp or
periradicular tissues'™. Although MTA was found
to have the highest estimated healed rate*, the pos-
sibility of use in the presence of moisture and superior
biocompatibility and sealing ability when compared to
amalgam, IRM and Super-EBA™8, it is a costly ma-
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terial. It also has poor handling characteristics?® and
very slow setting time, all of which may contribute
to a greater degree of leakage, surface disintegration
and loss of marginal adaptation and continuity of the
material. Super EBA and IRM showed better behav-
ior than MTA regarding microleakage and marginal
adaptation in the study conducted by Tobén-Arroy-
ave'®?2. However, microleakage with MTA was sig-
nificantly less than that with amalgam, gutta-percha
and zinc oxide eugenol in the study conducted by
Otani, but microleakage of MTA has been reported
to increase with time?. Despite the numerous carrier
devices available to help in its clinical placement, doc-
tors still find MTA difficult to use in certain surgical
situations because of the location of the surgical site
and the small size of the root-end preparation®?. The
thickness of 4 mm is more adequate for using MTA as
a root-end filling material. In some cases, the prepa-
ration of 3 mm deep root-end cavities is not possible,
therefore MTA is not indicated in these cases'.

This study used the Super-EBA cement, an alu-
minum oxide reinforced form of zinc-oxide-eugenol
based cement. The eugenol contents can irritate per-
iradicular tissues®, so Super-EBA also contains o-
ethoxybenzoic acid® allowing a decrease of eugenol in
the material. Cement has a neutral pH value and low
solubility, but it is also sensitive to moisture, radiolu-
cent, and technique sensitive due to the fast setting.
Another disadvantage is the inability to chemically
adhere to dentin'*®.
these ZOE containing materials are superior to amal-
gam in terms of sealability and biocompatibility®*.

A modified fluid transport apparatus was used in
the study because of its ability to test under dynamic
loading as is the root-end restoration exposed after
placement of the root-end cavity. Furthermore, it al-
lows repeated measurements of the same specimen.
Clinically, a root-end filling could be under pressure
from the bleeding and swelling caused by surgery. The
periapical pressure applied to a root-end filling may be
considerably increased when the tooth is in chewing
function. The samples in this study were prepared un-
der clinical conditions, so we applied higher pressure
with fluid transport apparatus to determine if there is
difference in the quality of sealing in the cavities pro-
duced by laser and cavities made by the conventional
method’.

Numerous studies show that

187



Z. Karlovi¢ et al.

Effectiveness of Er:YAG laser in cavity preparation for retrograde filling — in wvitro study

The results of this study showed no statistically
significant differences in the quality of seal between
the cavities produced by laser and conventional
method. Caliskan ez a/. also concluded that using the
Er,Cr:YSGG laser had no advantages over conven-
tional root-end cavity preparation methods; however,
they used a composite filling material to seal root-end
cavities'.

The results obtained in our study are difficult to
compare with the results from previous studies. Dif-
ferent authors investigated the properties of materi-
als just by comparing them with previously known
materials on the market while the preparation tech-
nique was ignored, or they investigated the proper-
ties of materials taking into account the preparation
technique of cavity, and the tests were conducted on
conventionally endodontic treated roots. Super-EBA
can serve as a satisfactory retrograde root-filling ma-
terial in periapical surgery with ultrasonic prepara-
tion, according to the study conducted by Wilivaara
et al'?.

In our study, traditionally prepared cavities showed
less leakage than the cavities made with laser, although
the differences were not statistically significant. The
explanation for such results can be found in the fact
that the three millimeter root sections that were used
for testing are difficult to handle during preparation
due to the problem of their stable fixation. Since the
laser preparation used a noncontact mode, the sense
of direction and the sense of preparation depth are
lost. Such preparation produced an irregular shape of
the root-end cavity that did not allow proper adhesion
of the cement, which has consistency of the paste on
the cavity walls. Such a cavity probably caused great-
er leakage in combination with Super-EBA cement.
Also, super-EBA cement cannot bind to dentin, so
there is no beneficial effect of removing smear layer by
laser preparation.

In conclusion, root-end cavity preparation in root
sections using laser did not show statistically better
results compared to the classic technique of root-end
cavity preparation. Root-end fillings in the laser-pre-
pared cavities showed greater leakage than fillings in
the classically prepared cavities, although the differ-
ence was not statistically significant. The higher leak-
age value could be correlated to the irregular shape of
the cavity.
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Sazetak

UCINKOVITOST Er:'YAG LASERA U PREPARACIJI KAVITETA ZA RETROGRADNO PUNJENJE - IN
VITRO STUDIJA

Z. Karlovic, L. Grgurevic, 7. Verzak, V-E. Modric, P. Sori¢ iJ. Grgurevic

Svrha ovoga rada bila je utvrditi kakvocu brtvljenja Super EBA cementa za retrogradno punjenje u laserom izradenim
kavitetima naspram kavitetima izradenim mikromotorom klasi¢nom tehnikom. U tu svrhu korijenske sekcije debljine 3
mm preparirane su laserskim uredajem i ¢eli¢nim svrdlom montiranim na kirurski mikromotor. Kaviteti su ispunjeni Su-
per EBA cementom i njihova propusnost je mjerena pomo¢u modificirane aparature za prijenos tekucine. Utvrdeno je da
je brtvljenje ispuna u klasi¢no izradenim kavitetima bolje, makar razlika propustanja prema laserski izradenim kavitetima
nije bila statisticki znacajna. Takav rezultat pripisuje se nepravilnom obliku kaviteta i nemoguénosti dobre adaptacije ce-
menta na stijenke nepravilnog kaviteta.

Kljuéne rijeci: Korijenski kanal, preparacija; Laseri, solidni; Laser Ev-YAG; Apikoektomija; Korijenski kanal, punila; Cement
Super EBA; Retrogradni kavitet
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