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Abstract:

Background: Implant bed preparation with laser is taken into consideration owing to the 
increased interest in use of lasers in hard tissue surgery. The purpose of this study is to 
determine the deviations in the position and inclination between the planned and prepared 
implant beds with Erbium, Chromium doped Yttrium Scandium Gallium Garnet (Er,Cr: 
YSGG) laser using stereolithographic (SLA) surgical guides.
Methods: After 3-dimensional (3D) imaging of six sheep lower jaws, computed tomography 
(CT) images were transformed into 3D models. Locations of implant beds were determined 
on these models. Two implant beds in each half jaw were prepared with an Er,Cr:YSGG 
laser system and a conventional drilling method using a total of 12 SLA surgical guides. A 
new CT was taken to analyze the deviation values between planned and prepared implant 
beds. Finally, a software program was used to superimpose the images on 3D models, then 
the laser and conventional drilling groups were compared. 
Results: Differences of mean angular deviations between the planned and prepared implant 
beds were 5.17±4.91° in the laser group and 2.02±1.94° in the conventional drilling group. 
The mean coronal deviation values were found to be 0.48±0.25 mm and 0.23±0.14 mm in 
the laser group and conventional drilling group, respectively. While the mean deviation at 
the apex between the planned and prepared implant beds were 0.70±0.26 mm and 0.26±0.08, 
the mean vertical deviations were 0.06±0.15 mm and 0.02±0.05 mm for the laser group 
and the conventional drilling group, respectively. 
Conclusion: It is possible to prepare an implant bed properly with the aid of Er,Cr:YSGG 
laser by using SLA surgical guide. 
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Introduction
Recent improvements in dental implantology have 

provided the opportunity to rehabilitate edentulous and 
partially edentulous patients (1). Pre-surgical implant 
planning is the most critical phase to achieve functional 
implants as well as successful and esthetic outcome 

of implant supported prostheses (2). Before dental 
implant surgery, in addition to anatomic structures 
(mandibular canal, maxillary sinus, etc.), the volume 
and density of jaw bone should be examined to avoid 
complications. Furthermore, the locations of the 
implants need to be determined to obtain successful 
biomechanical, functional and esthetic outcomes (3,4).
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The use of stereolithographic (SLA) surgical guides 
made the diagnosis possible using 3-dimensional (3D) 
imaging and transferring the exact plan to the surgical 
area (5,6). SLA surgical guides are manufactured to 
transfer the depth, angle and precise localization of 
the planned implant to the operation area (2). Besides, 
flapless implant surgery could be achieved by using 
this method. Flapless implant surgery is a minimally 
invasive surgical approach. The main advantages 
of flapless implant surgery are decreased operation 
time, reduced postoperative complications (e.g. pain 
and swelling) and increased patient comfort after 
the operation. Despite the benefits, flapless implant 
surgery has however generally been perceived as a 
blind procedure because of the lack of visibility of 
anatomical features and critical structures, such as 
nerves and blood vessels (7). In addition, uncontrolled 
removal of keratinized gingiva due to the use of 
mucotome was notified as a complication of flapless 
implant approach (8).

StentCad® Beyond (Ay Tasarim Ltd., Ankara, 
Turkey) is a recently introduced SLA surgical guide 
system used for accurate implant placement. This SLA 
surgical guide system has been developed in order to 
avoid complications as mentioned in previous studies 
(7,9). With StentCad® Beyond, unlike conventional 
guide systems, no metal tube is used but handpiece 
is guided to fix the position of the drill. Thereby, the 
system is compatible to drills of all implant systems. 
Also, this method is designed to prevent the friction 
between the drill and metal tube or surgical guide. 

Generally, the bone quality and quantity have been 
important factors in osseointegration of dental implants 
(10,11). However; implant macro design, drilling speed 
and pressure, sharpness and design of the cutting tool, 
mechanical trauma in the adjacent bone and surgical 
technique have to be considered to achieve favorable 
outcomes in implant surgery (12). Hence, implant bed 
preparation should be performed gently to enhance 
osseointegration. For this reason, it is of major interest 
to utilize new techniques for implant bed preparation 
to improve clinical success. 

The use of hard tissue lasers as an alternative and 
supplementary treatment method in implant dentistry 
has gained popularity over the past several years. In 
particular, the applicability of the Erbium, Chromium 
doped Yttrium Scandium Gallium Garnet (Er,Cr: 
YSGG) laser hydrokinetic system with a wavelength 
of 2780 nm in the near infrared spectrum (13) has 
been investigated for bone ablation during implant 

bed preparation (14,15). Er,Cr:YSGG laser allows 
bone tissue cutting due to the absorbtion of its laser 
energy by water droplets (13,16). Bone tissue ablation 
with Er,Cr:YSGG laser has major advantages such 
as absence of vibration and bone dust (17), enhanced 
visualization of the surgical field due to hemostasis, 
improved patient comfort with less postoperative pain 
and edema (18). In addition; Er,Cr:YSGG laser has 
bactericidal effect on bone tissue ablation. Previous 
reports have shown that Er,Cr:YSGG laser may provide 
straight, clean and precise bone ablation, and cause 
minimal thermal damage to the adjacent tissue (19,20). 
Few studies reported the effects of hard tissue laser 
on bone ablation during implant bed preparation 
(12,14,15,22). Nevertheless, depth control during 
implant bed preparation is still a problem that needs 
a solution. We hypothesed that using StentCad® Beyond 
with Er,Cr:YSGG laser may be a feasible method for 
preparation of implant bed with desired diameter, angle 
and depth. For this purpose, we examined the deviations 
in the position and inclination between the planned and 
prepared implant beds and compared them with those 
obtained with the conventional drilling method.

Methods

The study was conducted using six sheep lower 
jaws. As stated in other studies, bone samples were 
stored in a 10% formalin solution prior to fabrication 
of guides, possibly minimizing changes in mineral 
parameters. Preservation of bone by formalin fixation 
does not adversely affect the drilling efficacy of laser. 

After 3D imaging, six jaws with similar bone density 
and trabecular structure were selected and included 
into the research among 20 sheep jaws.

The steps below were followed during the study: 

Preoperative Computed Tomography (CT) 
Imaging

Preoperative CT images of sheep lower jaws were 
obtained using the standard setup of 80 kvP, 150 mA 
with an exposure time of 16 seconds by CT device 
(Discovery 16 ST, General Electric, Milwaukee, 
WI). DICOM slices of 0,625 mm in thickness were 
transferred to the StentCad® implant simulation 
software (Media Lab Srl, Via Trieste, Italy) which 
was used to plan implant bed locations and angles 
in line with anatomic limitations and prosthetic 
considerations. 
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Conversion of CT Images to 3D Models by 
Software

The axial cross-sections obtained after CT imaging 
were exported in DICOM 3.0 format. The images kept 
in DICOM format were reconstructed to 3D models 
in StentCad® software. 

3D Computer-Aided Simulation 

After obtaining 3D models, locations of implant 
beds were determined. In order to prepare two implant 
beds with 3 mm diameter and 8 mm length to each half 
jaw, SLA guides were prepared after the simulation 
of implant beds on 3D bone images. For each jaw, 
two surgical guide systems were fabricated. For one 
half of each jaw, guides adapted to laser handpiece 
and for the other halves, guides adapted to drilling 
handpiece were prepared.

Preparation of Implant Beds with Er,Cr:YSGG 
Laser and Conventional Drill

Once the surgical guides were fabricated, the implant 
beds were prepared with the aid of the Er,Cr:YSGG 
laser and the drill. Two implant beds in each half jaw 
– in total 4 implant beds with 3 mm diameter and 8 
mm length – were prepared with Er,Cr:YSGG laser 
and drill using StentCad® Beyond. 

In the study; an Er,Cr:YSGG laser (Waterlase 
MD, Biolase Technology, San Clemente, CA, USA) 
emitting photons with a wavelength of 2.78 µm, with 
a pulse duration of 140 µs and a repetition rate of 30 
Hz was used. The ablation was performed in a non- 
contact mode, with the sapphire tip which is 600 µm in 
diameter and 8 mm in length (MG6). The parameters 
were determined with the pilot study performed before 
the experiment. Therefore, the Er,Cr:YSGG laser was 
employed at 5.0 W with a 80% water and 90% air 
spray during irradiation. The energy density was in 
the range of 16. 6 to 22.41 J/ cm2 for 166 mJ pulse 
energy. The sapphire tip was kept perpendicular to 
the irradiated bone surface. The distance between the 
sapphire tip and the target tissue was maintained at 
2 mm by using SLA guide. Handpiece apparatus can 
proceed up to 6 mm depth in base part (Figure 1). The 
other 12 implant beds’ locations were drilled according 
to manufacturer’s drilling sequence (BioHorizons 
Implant, BioHorizons Inc, USA). The drill with 
diameter of 3 mm was used in order to prepare implant 

beds with conventional drilling procedure using SLA 
surgical guide. 

Postoperative CT Imaging and Matching 
Procedure

3D models obtained from the tomographic images 
taken after preparing the beds and the models used 
for preoperative planning were superimposed with 
registration method using VR-Mesh software (VR-
Mesh Studio, Bellevue City, WA, USA). While 
superimposing the preoperative and postoperative 3D 
models, 3D components, which allow the visualization 
of the planned and prepared 3D implant beds in different 
colors, were utilized (Figure 2). After removing the 
bone volume from a 3D reconstructed model, only 
these 3D components remained. Values of angular, 
apical, coronal and vertical deviations between the 
vectors crossing from the center points of these 3D 
components were measured in VR-Mesh software 
(Figure 3).

Statistical Analysis

Data analysis was performed by using Statistical 
Package for Social Sciences (SPSS) version 11.5 
software (SPSS Inc., Chicago, IL, USA). Shapiro-
Wilk test was used to test the normality of the 
distribution for continuous variables. The data were 
expressed as mean±standard deviation. Whether the 
differences between laser and conventional drilling 
groups regarding angular, coronal, apical and vertical 
deviation measurements were statistically significant 
or not was evaluated by using the Bonferroni Adjusted 

Figure 1. SLA surgical guide adapted to Er,Cr:YSGG laser. 
StentCad® Beyond surgical guide consists of two parts: handpiece 
apparatus and base plate. Handpiece apparatus fits into anguldruva 
with exact conformity. The distance between the tip and the target 
tissue is 2 mm. Handpiece apparatus can proceed up to 6 mm 
depth in base part.
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multiple comparison test with Repeated Measures 
of ANOVA method. A p value less than 0.05 was 
considered statistically significant. 

Results

Table 1 shows the deviations between the planned 
and prepared implant beds for Er,Cr:YSGG laser and 
conventional drilling group. 

Compared to the planning, the mean angular 
deviation of Er,Cr:YSGG laser group and conventional 

drilling group were 5.17±4.91° and 2.02±1.94°, 
respectively. The angular deviation values did not 
differ significantly between the laser and drill groups 
(P>0.05) (Figure 4). For Er,Cr:YSGG laser and 
conventional drilling groups, the mean deviations in 
distance between the coronal centers of the planned and 
prepared implant beds were 0.48±0.25 and 0.23±0.14 
mm, respectively. The mean coronal deviation values 
of laser group were significantly higher than the 
conventional drilling group (P<0.05). When the 
implant beds prepared with Er,Cr:YSGG laser and 
conventional drill were matched with the planned 
implant beds, the average apical deviation values were 
0.70±0.26 mm and 0.26±0.08 mm, respectively. In 
general, the largest distance between the planned and 
prepared implant beds was observed in apical deviation 
for laser group. For the apical deviation parameter, a 
statistically significant difference was found between 
two groups (P<0.05). The vertical deviation between 
planned and prepared implant beds for Er,Cr:YSGG 
laser and conventional drilling group were 0.06±0.15 
mm and 0.02±0.05 mm, respectively. No statistical 
difference was observed between these two groups 
(P>0.05) (Figure 5).

Figure 4. Angular deviations of conventional drill and Er,Cr:YSGG 
laser groups

Figure 2. 3D model with 3D components

Figure 3. (A) Angular Deviation (α); the angle between the vectors 
crossing from the centers of the planned and the prepared implant 
beds. (B) Coronal Deviation; distance between the coronal centers 
of the planned and prepared implant beds. Apical Deviation; 
distance between the apical centers of the planned and prepared 
implant beds. Vertical Deviation; distance between the center tip 
of the planned and prepared implant beds.

Deviations Er,Cr:YSGG 
Laser

 Conventional 
Drill P Value

Angular deviation (°) 5.17±4.91 2.02±1.94 0.060
Coronal deviation (mm) 0.48±0.25 0.23±0.14 0.031*
Apical deviation (mm) 0.70±0.26 0.26±0.08 0.005*
Vertical deviation (mm) 0.06±0.15 0.02±0.05 0.408

Table 1. Deviations of Prepared Implant Beds with Er,Cr:YSGG 
Laser Using SLA Surgical Guide (P<0.05)

*Statistically significant.
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Discussion

Pre-surgical 3D implant planning is necessary for 
better esthetical and biomechanical properties. 3D 
implant planning also makes it possible to rehabilitate 
the edentulous jaw bone with insufficient bone size 
or poor bone density (23). Reconstruction of 3D 
images of the jaw bone and the fabrication of the 
stereolithographic guides is possible by use of CT 
data (24).

The use of conventional drilling method in implant 
surgery has some disadvantages, including thermal 
necrosis, aerosolized particle release, vibration and 
bone debris formation in operation field (19,20). On 
the other hand, the use of lasers in implant surgery as 
an alternative to conventional instruments and methods 
is expanding dramatically as a result of increasing 
knowledge about the effects of lasers on dental hard 
tissues. In many studies, the effects of Er,Cr:YSGG 
laser irradiation on different tissue surfaces have been 
evaluated (25,28).

The scope of laser applications in implant dentistry 
is broad, and includes the manufacture of implants 
(29), pre-prosthetic hard and soft tissue surgery, 
uncovering implants (30), correcting soft tissue (31), 
treating peri-implantitis and disinfecting implant 
surfaces (32,33) and finally, altering the response 
of hard and soft tissues through a process termed 
“biostimulation” (34-36).Many previous studies have 
demonstrated that the use of Er,Cr:YSGG laser in 
bone surgery has advantages like providing effective 
and precise bone ablation with minimal thermal 
damage to adjacent tissues (19) in comparison with 
conventional drilling; however, there are only a few 
studies evaluating the effects of Er,Cr:YSGG laser 
on implant bed preparation. Lee et al. (14) who 

prepared implant cavities in the pig rib bone using 
an Er,Cr:YSGG laser device and conventional drills, 
the laser osteotomy resulted in wider peri-implant 
gaps especially in the apical areas of the cavities. 
This phenomenon was also reported by Schwarz et 
al. (22) who prepared implant channels in the lower 
jaws of beagle dogs using Er:YAG laser device and 
conventional drills. Three screw-type titanium implants 
from different manufacturers were randomly inserted. 
Healing at second and twelfth weeks were analyzed 
histologically and histomorphometrically. At two 
weeks, it was observed that Er:YAG laser osteotomy 
in a focused mode resulted in wide peri-implant 
gaps particularly in the apical area of the implant 
supporting bone. A recently published biomechanical 
and histological study (12) indicate that during the 
implant bed preparation, a slight angulation of the 
laser beam direction led to severe bone loss and 
inappropriate drill geometries in height and diameter 
of the implant bed. An individual template was used 
for circular implant design, but depth control was only 
possible by visual inspection and the use of gauges and 
dental probes. In the current study; to provide depth 
control and prepare implant bed at a desired angle, a 
SLA surgical guide which guided handpiece was used 
with an Er,Cr:YSGG laser device and conventional 
drills. By using this SLA surgical guide system with 
Er,Cr:YSGG laser, the drawbacks mentioned above 
were eliminated. The current study was the first one 
to demonstrate Er,Cr:YSGG laser and SLA surgical 
guide system combination, in vitro. 

In many studies, the reliability of SLA surgical guides 
adapted to drilling handpiece has been proved. The 
accuracy of many surgical guide systems of different 
manufacturers has been analyzed by superposing either 
the implant beds or implants with planning (37-40). The 
study by Pettersson et al. (41), in which the accuracy 
of CAD/CAM-guided surgical template was evaluated 
by placing 145 implants on 17 human cadaver jaws, 
reported that the mean angular deviation was 2.64°. 
Di Giacomo et al. (23) conducted a study using 6 
SLA surgical guides in 4 patients to determine the 
applicability of SLA surgical guides. The mean angular 
deviation between the planned and placed implants was 
7.25±1.77°. In this study, the mean angular deviation 
values of implant beds prepared with Er,Cr:YSGG 
laser system and conventional drilling method were 
5.17±4.91° and 2.02±1.94°, respectively. The angular 
deviations found in our study are within the range 
of these previously reported studies (23,41). In the 

Figure 5. Apical, coronal and vertical deviations of conventional 
drill and Er,Cr:YSGG laser groups
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study of Barnea et al. (42), in which 8 implants were 
placed in sheep jaw using laboratory-based guide, the 
vertical differences between the planned and placed 
implant positions at the implant shoulder were within 
0.04-0.83±0.17 mm interval. In our study, the distances 
between the coronal of planned and prepared implant 
beds for the Er,Cr:YSGG laser and conventional 
methods were 0.48±0.25 mm and 0.23±0.14 mm, 
respectively. In their studies in which they evaluated 
the accuracy of StentCad® Beyond, Murat et al. (43) 
placed 9 implants to 5 cadaver mandibles using 11 
tooth/bone supported guides. The researchers reported 
a range of 0.29 mm to 2.16 mm for apical deviation 
and 1.06 mm to 1.92 mm for apical depth deviation 
of implants that were placed with the same guide we 
used. In our study, the apical deviations of implant 
beds that were prepared by Er,Cr:YSGG laser and 
conventional methods were 0.70±0.26 mm and 
0.26±0.08 mm, respectively. Also, the mean vertical 
deviations of our study obtained from Er,Cr:YSGG 
laser and conventional drill method were 0.06±0.15 
mm and 0.02±0.05 mm, respectively. The results 
that were measured by previous study correspond 
to the results of our study. Although the differences 
between planned and prepared implant beds for coronal 
and apical deviations were statistically significant, 
deviation values (<2mm) could be clinically negligible. 
These findings were in accordance with the results of 
the study of Cassetta et al. indicating the necessity 
of a safety zone of at least 2 mm to avoid critical 
anatomical structures (44).

The technique used in our study for implant bed 
preparation involved Er,Cr:YSGG laser and SLA 
surgical guide system combination; in addition, the 
results demonstrated that with significant contribution 
of SLA guide system, implant beds can be prepared 
with acceptable outcome. 

The present study was performed on a sheep jaw to 
mimic the in vivo situation unlike previous studies in 
which plastic or stone models were used. Moreover, the 
sheep jaws used in this study were denuded so as to 
eliminate micromovements that could occur depending 
on the resilience of mucosa. However, this technique 
has some limitations such as; being used for the first 
time in this study and lack of previous research done 
on the subject.

In conclusion, it is demonstrated that implant beds 
can be prepared with desired angle, diameter and depth 
with Er,Cr:YSGG laser system using surgical guide 
system which guided handpiece. Within the limitations 

of our study, preparing implant beds with Er,Cr:YSGG 
laser system can be an alternative to conventional 
drilling method. However, further clinical studies 
are required to evaluate its clinical accuracy and 
limitations. 
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