Er:YAG and diode laser application in implant bed preparation
and implant uncovering: A case report
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Abstract

The use of lasers in the field of dentistry has increased recently. Their numerous advantages and applica-
tions in soft and hard tissue surgeries make them a great alternative to conservative methods in dental
implantology. The most commonly used lasers are diode and erbium-doped yttrium aluminium garnet
(Er:YAG) lasers. The Er:YAG laser can be used in implant bed preparation, as it brings no thermal injury to
the bone. The laser does not cause bone necrosis and positively affects osseointegration and the healing
process. The use of the diode laser in soft tissue surgeries helps to obtain optimal hemostasis. Therefore, it
can be used in implant exposure, since it allows performing immediate impressions.

The present case report describes the implementation of the Er:YAG laser in the implant bed preparation
of a single-tooth dental implant in position 35 (according to the World Dental Federation (Fédération Den-
taire Internationale — FDI) notation) for better bone regeneration. The implant exposure was performed
with the diode 980-nm laser for hemostasis and immediate impressions. The results of laser employment
were compared to traditional drilling and scalpel techniques. The advantages and disadvantages of the
application of the above lasers were featured.
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Introduction

The implementation of lasers has expanded recently in
the field of dentistry, as they are innovative alternatives to
traditional dental procedures and helpful supplementary
treatment methods.!~3 The wide range of laser applications
includes soft and hard tissue surgery,** peri-implantitis
treatment,® disinfecting implant surfaces,®” implant expo-
sure,3° and assistance in orthodontic and prosthodontic
procedures.?!® Their employment has increased notably
in dental implantology.!*-® The most prevalently used
lasers in dental clinical practices are diode and erbium-
doped yttrium aluminum garnet (Er:YAG ) lasers.>6%11

Generally, besides the bone quantity and quality, the
surgical implantation technique is one of the most impor-
tant factors responsible for the clinical success.*>1012-15
The surgical application of lasers in implant dentistry in-
creases osseointegration and the healing process>!31416.17
as well as shortens the treatment procedures time.
Traditional protocols using drills can cause an interrup-
tion in the Haversian canals and Volkmann’s canals, lead-
ing to the necrosis of the osteocytes, and thus to bone
devitalization.'>!3 However, the necrosis of the osteocytes
can result not only from wrong surgical techniques.!>!315
Bone devitalization can also happen during bone over-
heating at a temperature above 47°C'® and may result in
complete osseointegration failure.!? Nonetheless, the cor-
rect application of the Er:YAG laser during implant bed
preparation lowers the temperature of the bone compared
to standard drilling methods.*!8-22 Additionally, the use
of the diode or Er:YAG laser while exposing the implant
allows dentists to implement immediate impressions, due
to the obtained hemostasis.>”!” Moreover, laser irradia-
tion of the surfaces of the implants decreases the number
of bacteria living on implants and reduces the probability
of infections in the peri-implant zone.5’

As it has been described above, the use of lasers in im-
plant dentistry has many advantages. The following case
report describes a combined application of diode and
Er:YAG lasers during an implantology procedure. The
Er:YAG laser was employed in the implant bed prepara-
tion and the diode laser in the exposure of the implant.

1,5,7,8,10,17

Case report

A 34-year-old female patient was referred to our Private
Dental Healthcare (NZOZ, Ka-Dent, Wschowa, Poland)
for the extraction of tooth 35 (the World Dental Federa-
tion (Fédération Dentaire Internationale — FDI) notation
used) and a single-tooth implant treatment after the bone
healing period. A lateral panoramic radiograph (CS 9000
3D; Carestream Health, Inc., Rochester, USA) showed
failed root canal treatment (RCT) of tooth 35 (Fig. 1). Due
to the small percentage of successful conservative ap-
proaches, the decision to extract was made and the proce-
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Fig. 1. Panoramic radiograph before the extraction of tooth 35

dure was performed. After a 4-month healing period, the
patient returned to continue the treatment. Her medical
history revealed no drug allergies, current medications,
smoking, or diseases relevant to dental implantation. An
intraoral examination showed good oral hygiene. Before
the surgical procedure, a cone beam computed tomo-
graphy (CBCT) scan was taken (CS 9000 3D; Carestream
Health, Inc.) (Fig. 2). The obtained sufficient bone quan-
tity and quality confirmed for titanium implant insertion.

The treatment plan was a single-tooth dental implant in
position 35. The implant bed preparation was planned with
the application of the Er:YAG laser for better bone regen-
eration, and implant exposure with the diode laser for im-
mediate impressions. The patient was informed about the
treatment procedures, and consent was obtained. The sur-
gery was performed under local anesthesia (articaine hy-
drochloride 4% with epinephrine 1:100k, Citocartin® 100;
Molteni Dental, Krakéw, Poland). The mucoperiosteal flap
was elevated to gain access to the bone. The location of the
implant bed was determined on the basis of CBCT, and
then prepared using the Er:YAG laser (Lite Touch®, Syner-
on Dental, Yokneam, Israel) at the following parameters
set: operation mode for soft tissues (ST); energy: 300 mJ;
frequency: 35 Hz; pulse duration: 300 ps; energy density
per pulse: 39.79-59.68 J/cm?; distilled water spray cooling:
30 mL/min; tip angle set at 10°; tip size: 0.8—1.3 x 17 mmy;

Fig. 2. Cone beam computed tomography before implant treatment,
4 months after the extraction of tooth 35
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distance: 0-2 mm (Fig. 3). The implant bed preparation
was adjusted to the shape of the implant (SuperLine®, Den-
tium Co., Ltd., Seoul, South Korea; titanium grade 4 im-
plant, with a diameter of 4.0 mm and a length of 12 mm)
(Fig. 4). The implant bed length was evaluated with a peri-
odontal probe. The width of the prepared implant bed was
controlled by placing drills from a surgical cassette of the
system utilized in this case. The final dimension of the im-
plant bed allowed us to manually apply a drill with a dia-
meter of 3.6 mm and a length of 12 mm.

Due to photoacoustic phenomena (the cavitation effect)
induced while using the Er:YAG system, the implantation
site showed decreased bleeding compared to the proce-
dure with bur cutting. The implant was inserted (Fig. 5)
and non-absorbable sutures (Dafilon® 4.0; B. Braun Mel-
sungen AG, Melsungen, Germany) were used to stabilize
the wound edges. Directly after the implantation, the
second panoramic radiograph (Fig. 6) was taken, which
confirmed the proper implant position in relation to the
adjacent teeth. The primary stability measured by means

Fig. 4. Surgical site before implant placement

Fig. 5. Surgical site after implant placement

Fig. 6. Panoramic radiograph after implant placement

of the Periotest® device (Medizintechnik Gulden e. K.,
Modautal, Germany) was -3.6 PTV (Periotest value). The
sutures were removed after 2 weeks.

After 4 months of healing, the patient reported back
to continue the treatment (Fig. 7). Using local anesthe-
sia (articaine hydrochloride 4% with epinephrine 1:100k,
Citocartin 100; Molteni Dental), the implant was uncov-
ered with the diode laser (GENTLEray® 980, KaVo Dental
GmbH, Berlin, Germany) (Fig. 8,9). The laser operated at
the following parameters set: wavelength: 980 nm; power:
1.5 W in contact mode, continuous wave (CW); distance:
0 mm; power density: 9550 W/cm?, tip angle set at 90°;
fiber: 200 um; without cooling. To gain a greater volume
of the high keratinized tissue, a crescent-shaped cut in
the attached gingiva (AG) around the uncovered implant
was performed with the diode 980-nm laser and the flap
was buccally displaced using a soft tissue elevator, which
caused only minimal bleeding (Fig. 9).
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A prosthetic impression with a connected impression trans-
fer using an open tray method was taken 2 weeks later, and

Fig. 7. Healed surgery site 4 months after implantation

then after 3 days, a coupling was mounted onto the implant
and the final prosthetic crown was cemented (Fig. 10,11).

Fig. 10. Coupling mounted on the exposed implant

Fig. 8. Marked cutting line on the attached gingiva for implant uncovering
using the diode laser

Fig. 9. Buccally displaced attached gingiva around the uncovered implant

Fig. 11. Cemented final prosthetic crown

Discussion

The implementation of the Er:YAG laser in implant
dentistry has many advantages. A study by Zeitouni et al.
has proven that the Er:YAG laser causes less thermal
tissue damage, trabecular compaction and carboniza-
tion than conventional drilling techniques.”® Although
different studies reported that piezosurgery and drilling
methods, when implemented correctly, did not cause
thermal injury above the critical temperature,!®1921:23
their studies show that the Er:YAG laser causes a lower
increase in the bone temperature!®1%?3 as well as in the
soft tissue temperature.?! Similar findings were reported
by other researchers.*?® Therefore, no bone devitalization
and necrosis occurs after the surgery.!>!31> The Er:YAG
laser generates light at an energy level that is readily
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absorbed by water, and thus minimizes carbonization
and the necrosis of the adjacent tissue.?’ Additionally, the
small-diameter decortication performed by means of the
Er:YAG laser appears to provide better primary stability
as compared to drill and piezosurgery.® The use of the
laser results also in minimized deformation of bone tis-
sue, precision in osseous preparation and accelerated
healing.!8%21-23 Furthermore, Baek et al. reported that
the Er:YAG laser could partially diminish bleeding, which
in turn could contribute to healing and therefore better
osseointegration.?* The application of the Er:YAG laser
has also been confirmed useful in implantations near the
maxillary sinus, since it reduces the risk of the iatrogenic
perforation of the Schneiderian membrane.

Although there are many studies demonstrating the
application of lasers in bone and soft tissue surgery dur-
ing dental implantation,'~>17-2* only few evaluate their
advantages in implant bed preparation.?>-?° The research
by Seymen et al. compared the differences between the
planned and prepared implant beds for the erbium,
chromium-doped vyttrium scandium gallium garnet
(Er,Cr:YSGQ) laser group and the conventional drilling
group in coronal and apical deviations.?® The differences
in the mean angular, coronal and apical deviations were
reported to be marginally in favor of traditional drilling
methods. However, the researchers considered the devia-
tions clinically insignificant and described laser employ-
ment as a feasible method for implant bed preparation
with desired depth, angle and diameter.?> However, im-
plant bed preparation using lasers entails some disad-
vantages.?>~>” The biggest drawback in laser osteotomy
are wider peri-implant gaps, especially in the apical ar-
eas of the cavities, compared to conventional drilling.26%
Stiibinger et al. reported that even a slight angulation
of the laser beam direction can lead to a severe bone
loss in the implant bed. To eliminate the peri-implant
gaps, an individual template can be used.?® Neverthe-
less, this method still excludes depth control. To elimi-
nate both of the drawbacks mentioned above, Seymen
et al. presented the employment of a stereolithographic
(SLA) surgical guide for guiding the laser handpiece.?
The described technique allowed not only for a desired
angle of the implant bed preparation, but also for depth
control. Additionally, Ingenegeren listed several factors
needed for proper implant bed preparation using lasers:
the laser tip needs to be longer than the implant, there
must exist congruence between bone preparation and
the shape of the implant (less critical with the utilized
conical and self-tapping implants than with the cylindri-
cal types), and the bone must be properly cooled with the
water spray system of the laser.?’ Following the above in-
structions helps to achieve clinical success.?’ However, it
should be also underlined that in our presented case, the
main difficulty during implant bed preparation was the
lack of precision regarding the assessment of the width
and length of the prepared bed.
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A crucial factor in the success of implant-prosthetic
treatment, among others, is implant osseointegration. Fac-
tors influencing osseointegration are, e.g., dental implant
composition, implant design, bone heat, bone contamina-
tion, primary stability, bone quality, soft tissue status, and
loading time.** A modern high-power laser working in the
wavelength of 3000 nm allows cutting both soft and hard
tissues without visible thermal damage, due to the vapor-
ization effect. It should be underlined that clinicians can
use the Er:YAG laser not only for superficial vaporization
of different tissues, but also for cutting, especially soft tis-
sue, similar to cutting with a scalpel when using special
chisel-type tips, without visible necrosis along the cutting
line.®? Implant bed preparation with low thermal damage
at the bone level as well as other abovementioned factors
are essential for short and long-term success of the treat-
ment described in our present paper.

Additionally, the quantity and quality of AG around the
prosthetic restoration supported on implants are impor-
tant factors in maintaining the restoration.®3° The suffi-
ciency of AG around fixed restorations is the key factor in
choosing a technique for uncovering implants. The mini-
mum of 2 mm in thickness of the keratinized tissue (TKT)
and in height of the keratinized tissue (HKT) is required
for implant uncovering without subepithelial connective
tissue grafts (SCTG) or free gingival grafts (FGG).2 The
precision of lasers (small cut width) during implant un-
covering allows minimal interference in AG.

Lasers in dentistry have many advantages, not only
from the dentist’s viewpoint but also the patient’s. The
combined use of Er:YAG and diode lasers will undoubt-
edly increase in the future. Within the limitations of the
present study, it was concluded that Er:YAG laser applica-
tion in implant bed preparation and diode laser employ-
ment in implant uncovering may represent a promising
alternative to conventional surgical protocols. However,
the authors unambiguously agree that the use of lasers is
not flawless. Therefore, further clinical studies on a larger
group of patients are required to evaluate their clinical
limitations and long-term results.
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