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ABSTRACT

INTRODUCTION: Currently, the basis of implant planning is medical imaging. One of the most important
outcomes of computer-assisted surgery is the capacity to accurately insert implants in insufficient tissue. Drilling
guides come in a range of sizes, ranging from first-drill simple guidance to full-navigated surgical guides that lead
every drill in all three directions. An important step for implant effectiveness is the impression record. To date, the
quality of optical impressions has been found by scientific literature to be scientifically satisfactory and
comparable to that of conventional impressions.

OBJECTIVES: To assess the accuracy of conventional versus digital impression technique in constructing
digitally printed surgical guide used for fully guided implant placement. In addition, to assess if there is a
difference in the implants' positions between planned and post-operative location.

MATERIALS AND METHODS: Sixteen polyurethane mandibular models were initially scanned using CBCT.
The scanned models were divided into 2 equal groups; Group | (study group, n=8): optical impression was used to
scan the models and Group Il (control group, n=8): conventional impression was used to duplicate the models.
Surgical guide for both groups was 3D printed in acrylic resin in accordance with the planning program, followed
by placement of eight implants per group. The pre- and post-operative CBCTs were then matched, and the
difference between
pre- and post-operative implant locations was calculated using the preparation software matching feature.
RESULTS: Optical impression performed by CEREC Primescan (AC, Sirona, Bensheim, Germany) is a more
accurate intraoral scanner than the conventional impression process.

CONCLUSION: Intraoral scanner is more accurate than the conventional impression in constructing the surgical
guide as well as in the implant positioning in relation to the pre-planned implant.
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INTRODUCTION

Implantology has a significant effect which
allows dentists to improve their patients'
quality of life. Implant-supported restorations
became a popular treatment option for patients
who are partly or entirely edentulous as fixed
partial dentures require teeth preparation of the
abutments causing irreversible removal of
dental hard tissues which might cause
weakening of the teeth or damage to the pulp-
dentin complex, and removable dentures which
are always accompanied by patient complaints
regarding to denture instability and
compromised esthetics (1).

The recent advances in implantology including
guided surgery facilitated the development of
an accurate three-dimensional (3D) implant
positioning anatomically and
prosthetically, through recording essential
anatomic structures (such as nerves, arteries,
and sinuses). Moreover, implants can be
positioned in an optimum prosthetic-driven
location, avoiding bone augmentation or sinus
lifting operations (2-4). Furthermore, for a
"prefabricated prosthesis," the final implant
positioning can be so precise that an immediate
loading routine can be
planned (2-4).
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Guided implant surgery is used for two
purposes; precise planning aimed at improved
placement of implants through a tomographic
image and constructing a surgical guide for
precise implant placement based on a
predetermined location for an immediate
prosthesis insertion (5, 6).

Diagnostic imaging is the core for
guided surgery and implant planning. One of
the key objectives of the surgical process is to
correctly identify the fixture’s location.
Modern surgery is focused on advanced
diagnostic technology that provides surgeons
more detailed knowledge about the anatomy.
This allows the surgeon to engage actively
with a 3D reconstruction of the situation as
well as a virtual surgery result to evaluate
various surgical techniques prior to the actual
procedure (3, 7, 8).

Consequently, the computer-
generated treatment plan based on diagnostic
imaging can be precisely applied through
surgical guides. The primary goal of the
surgical guide is to steer the implant drills and
to permit proper position of implants in ideal
position as pre-planned
virtually. According to the amount of surgical
restrictions offered by the surgical guide, the
design of surgical guides may be non-limiting,
partially limiting or completely limiting (9,
10). Completely limiting or fully guided design
limits all the instruments used for the
osteotomy in a buccolingual and mesiodistal
plane. Moreover, the addition of drill stops
limits the depth of the
osteotomy (9, 10).

To fabricate an accurate surgical
guide an accurate intraoral structure is needed.
Polyvinyl siloxane (PVS) is known to be the
most popular conventional impression material
with excellent dimensional stability and
accuracy. But many factors may cause
distortion of the material and impair precision.
These factors may include temperature
changes, the time between making an
impression and pouring it, the disinfection
procedures, and wettability of the gypsum
(11). To overcome dimensional changes in
impression material and dental stone and to
remove physical casts performed by
conventional impression, impression with
intraoral scanner (10S) was developed for
dental practice to digitally record the intraoral
outline by an intraoral 3D acquisition unit to
obtain direct optical impression (12, 13).

Optical impressions have many
benefits over conventional impressions:
including, reduced patient anxiety and
discomfort, decreased distortion of impression
materials, save time for the dentist, and shorten

the clinical procedures, mainly for complicated
impressions (in oral Implantology if multiple
implants are present and/or in patients with
undercuts).  Furthermore, it can detect
excessively moving tissues in a passive state
(Mucostatic impression) and eradicate the need
for plaster models, which saves space and time
while still allowing for easier contact with the
dental technician. Additionally, it improves
interaction with patients and offers improved
3D previsualization of tooth preparations (14).
However, since edentulous sites are flat and
devoid of features, scanning them with 10Ss
can be tedious and time-consuming (15).

Possible differences between the pre
and the postoperative implant position must be
taken into consideration since they may have a
major effect on vital clinical outcomes (5).
These positions are evaluated as angular and
linear deviations between the preplanned
virtual implant axis and the actual implant.
Linear variations are evaluated in two areas
which are in the cervical and apical region of
the implant (16). Fully guided implant surgery
has less variation in implant deviations
compared to partially guided surgery
especially in the distal and angular deviation,
respectively. This suggests that clinician
should pay more attention to angular deviation
and distal displacement of implant fixtures
while partially guided protocol is employed
(17). The amount of the difference between the
proposed and actual implant direction may be
influenced by various factors, such as the
construction accuracy of the guide, the surgical
accuracy when using these guides, the study
models” accuracy, the stereolithographic
machine accuracy, and the measurement
accuracy (18, 19).

Dental prostheses made from intraoral
optical impressions have  demonstrated
excellent benefits in different ways over
conventional impressions, according to a few
published articles (20, 21). The current study
aims to assess the accuracy of implant
placement via a digitally printed surgical guide
constructed from two different impression
techniques (Intraoral scanning and polyvinyl
siloxane impression material. The null
hypothesis of this research is that there is no
difference in the construction of surgical guide
between conventional impression and digital
impression (22-24).

MATERIAL AND METHODS

Sixteen polyurethane mandibular models in
total, Kennedy class | modification 1
(Hann Ru Enterprisem China) were used for
implant placement at lower right second
premolar region. All models were initially
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scanned using CBCT (Scanora 3DX Soredex,
Helsinki, Filand) figure (1-A). The obtained
radiograph was then used for implant
placement planning using Blueskybio software
LLC, (lllinois, USA) figure (1-B).

The scanned models were distributed
into 2 equal groups: Group |
(study group, n=8): Optical impression using
CEREC Primescan (AC, Sirona, Bensheim,
Germany) was used to scan the models
according to manufacturer's instructions
figure (1-C). Group Il (control group, n=8):
Conventional impression using addition
silicone impression material (Express, 3M
ESPE, USA) and stainless-steel stock trays
(GC trays, Leuven, Germany) were used to
record the model in a single stage technique
figure (1-E). Impression was then poured using
Class IV extra hard dental stone
(Zhermack, S.P.A, Rovigo, Italy) figure (1-F).
Stone cast was then digitalized using dedicated
in-lab optical scanner (InEos X5 In-lab,
Sirona, Bensheim, Germany) figure (2-A).

Surgical guides were designed using
(Blueskybio, USA) software figure (2-B).
Initially virtual setting of the teeth to identify
the tooth position (prosthetically driven)
followed by planning of the implant position,
the guide’s sleeve was designed according to
manufacturer’s instructions  (4.95mm in
diameter, and 9mm offset). Subsequently the
STL files were sent to the lab and guides were
3D printed (Formlabs printer, MA, USA) in
acrylic resin
(Dental LT clear resin, formlabs, MA, USA)
figure (2-C) in accordance with the planning
software instructions. The surgical guide
extends anteriorly from the lower left central
incisor till the lower right canine and
posteriorly over the ridge till the retromolar
pad. Guides were then finished and adjusted to
fit the models precisely.

A total of sixteen implants (C-TECH,
Bologna, Italy) (3.5 mm width and 9 mm
length) figure (2-D); eight per each group,
were inserted using the previously printed
surgical guides. Drilling was performed using
the  manufacturer guided surgical kit
(C-TECH, Bologna, Italy). Implants were
consecutively inserted through the surgical
guide’s pre-planned drilling holes. During
drilling for implant placement, the surgical
guide was totally supported by the anterior
teeth as well the contralateral central incisor
near the cross-arch concept with the distal
extension of the guide on the lower central
incisor which resists any possible dislodgment
during osteotomy preparation, also it was
placed in a tripod manner supported by the

lower right canine, lower right lateral and
lower left central.

After implants have been placed for
both groups, an additional CBCT was
obtained. Virtual implants were super-imposed
on their previously pre-planned images figure
(2-E). Both pre- and post-operative CBCTs
were then matched using the planning software
matching function. Following that, the
difference between pre- and post-operative
implant locations was calculated. Radial
deviation is defined as the projection of the
post-operative implant axis in millimeters on a
plane perpendicular to the pre-operative
implant axis, calculated at the level of the
implant shoulder (shoulder radial deviation)
and apically (apical radial deviation). The
angle formed by the pre- and post-operative
implant axes is called angular deviation figure
(2-F).

Data Management and Statistical
Analysis
Data were fed to the computer and analyzed
using IBM SPSS software package version
20.0. (Armonk, NY: IBM Corp). The
Kolmogorov-Smirnov test was used to verify
the normality of distribution Quantitative data
were described using range (minimum and
maximum), mean, standard deviation, median
and interquartile range (IQR). Significance of
the obtained results was judged at the 5% level
using Paired t-test for normally distributed
guantitative variables.

Figure (1): (A) shows cone beam computed
tomography machine while scanning the
model, (B) shows the preplanned implant
position, (C) shows intraoral scanning of the
model, (D) Conventional impression and
stainless-steel stock trays were used to record
the model in a single stage technique, (E)
shows stone cast.

Alexandria Alexandria Dental Journal. Volume 47 Issue x3 Section B 102



Ebid et al. Accuracy Of Two Impression Techniques In Surgical Guide Construction

Angulr deviation

Apicalradial deviation

Figure (2): (A) shows In-lab optical scanner
while scanning the model, (B) shows the
designed surgical guide, (C) shows the printed
surgical guide, (D) shows dummy dental
implants (3.5 mm width and 9 mm length), (E)
shows superimposition of the postoperative
implant with the preoperative planned implant,
(F) shows the measurement technique.

RESULTS

The accuracy of digital impression versus
conventional impression was evaluated by
superimposing the post-operative implant to
the pre-operative implant using Blueskybio
LLC (lllinoise, USA) software, the following
results were conducted. A significant
difference in the mesiodistal angular deviation
between both groups as it decreased by 57.6%
for the digital impression compared to the
control group (Table 1 Figure 3). On the other
hand, there was there was no significant
difference in the buccolingual angular
deviation between both
groups, however, it increased by 46.6% in the
study group compared to the control group
(Table 1 Figure 3). The angular deviation in
general decreased by 1.9% in the study group
compared to the control group but the
differences were not significant (Table 1
Figure 3). The mesiodistal shoulder deviation
in the study group decreased by 100% when
compared to the control group, therefore the
differences between both groups were
statistically significant
(Table 2 Figure 4). In addition, a significant
difference was found in the buccolingual
shoulder deviation in the study group as it
decreased by 67.9% when compared to the
control group
(Table 2 Figure 4). The shoulder deviation in
general decreased by 71.8% in the study group
when compared to the control group and the
differences between both groups were
statistically significant (Table 2 Figure 4).
Regarding the mesiodistal apical deviation
there was statistically significant difference

between both groups as it decreased by 65.8%
in the study group when compared to the
control group (Table 3 Figure 4). The
buccolingual apical deviation in the study
group decreased by 36.3% when compared to
the control group. The apical deviation in
general in the study group decreased by 44.3%
when compared to the control group, therefore
the differences between both groups were
statistically significant (Table 3 Figure 4).

Angular deviation

iation n E tion

W Optical impre: Conventional impression

Figure (3): shows angular deviation
(mesiodistal, buccolingual, and mean angular
deviations).
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Figure (4): shows shoulder and aplcal
deviation (mesiodistal, buccolingual, and mean
shoulder/apical deviations).

Table 1: Comparison of mesio-distal,
buccolingual, and mean angular deviation
between the study and control group.

Angular Optical Conventional
deviation impression | impression
(Study (Control
group) group)
(n=8) (n=8)
Mesiodistal Mean 1.40 (1.20) | 3.33(1.57)
angular (SD)
deviation Median | 1.21 3.81
Min- 0-327 0.72-5.03
Max

P value | 0.021*

Buccolingual Mean 5.44 (1.96) | 3.71(2.51)

angular (SD)

deviation Median | 5.27 2.77
Min- 3.43-9.61 | 0.99-6.95
Max

Pvalue | 0.248*

Mean angular Mean 3.42 (1.09) | 3.52(1.78)

deviation (SD)
Median | 3.46 2.80
Min- 196-5.18 | 1.29-5.75
Max
Pvalue | 0.834
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*Statistically significant difference at p

value<0.05

Table 2: Comparison of mesio-distal,
buccolingual and mean shoulder deviation
between the study and control group.

Shoulder Optical Conventional
deviation impression | impression
(Study (Control
group) group)
(n=8) (n=8)
Mesiodistal Mean 0.00 (0.00) | 0.23(0.32)
shoulder (SD)
deviation Median | 0.00 0.00
Min- 0.00-0.00 | 0.00-0.71
Max
P value | 0.064
Buccolingual Mean 0.43 (0.61) | 1.34(0.93)
shoulder (SD)
deviation Median | 0.12 1.38
Min- 0.00-1.77 | 0.00-2.49
Max
P value | 0.052
Mean shoulder | Mean 0.22 (0.30) | 0.78(0.44)
deviation (SD)
Median | 0.06 0.91
Min- 0.00-0.89 | 0.00-1.25
Max
P value | 0.031*

*Statistically significant difference at p

value<0.05

Table 3: Comparison of mesiodistal,
buccolingual, and mean apical deviation
between the study and control group.

Apical Optical Conventional
deviation impression | impression
(Study (Control
group) group)
(n=8) (n=8)
Mesiodistal Mean 0.28 (0.31) | 0.82(0.22)
apical (SD)
deviation Median | 0.23 0.74
Min- 0.00-0.69 | 0.63-1.26
Max
P value | 0.003*
Buccolingual Mean 1.37(0.70) | 2.15(1.36)
apical (SD)
deviation Median | 1.24 2.20
Min- 0.56-2.94 | 0.00-4.11
Max
Pvalue | 0.294
Mean apical Mean 0.83(0.32) | 1.49(0.42)
deviation (SD)
Median | 0.70 1.43
Min- 052-1.47 | 0.63-2.42
Max
P value | 0.036*
DISCUSSION
Advances in CAD/CAM technology and
digital 10Ss have enabled a full digital

framework for prosthetic rehabilitations that

has eliminated the impression taking process
as well as all conventional dental casts in the
last few years. Several studies compared the

accuracy of 10Ss to conventional impressions,
highlighting several limitations in intraoral
conditions, especially in the retromolar region
(4, 25). In the literature, there is no clear
agreement on which scheme is more accurate:
Some authors report improved results for the
conventional system, while others report
comparable or even better results for the digital
system (25-29).

Computed tomography (CT) scanning
is an important tool for implant patients,
particularly where there are anatomical
limitations, inadequate bone lengths, or
insufficient bone density. As opposed to
traditional radiographic methods, CT imaging
improved the correlation between implant
planning and actual implant placement (3). The
implementation of CAM of anatomic models
and surgical guides based on CAD images has
allowed for detailed transition of planning
information to implant placement. In terms of
3D determination of the patient's jaw structure
and construction of both anatomical models
and surgical guides, the combination of CAD
and CAM techniques provides some
advantages for implant planning and
positioning (9).

The principle of direct surgical
procedure result in deviations between the
implant locations expected and clinically
positioned. The total precision of the
positioning of the implant is the amount of all
mistakes occurring during the treatment
process. While deviations that are likely to
occur at each point are difficult to identify, it is
necessary for dentists to learn to what degree
the deviations occur between the virtually
planned implant positions and the clinically
positioned implant, to prevent anatomical
hazards, as well as for final prosthetic
reconstruction. Accuracy is also a major
concern, especially when a prefabricated
prosthesis is delivered immediately (19).

The models chosen for this study
were a Kennedy’s class | modification 1.
Tooth and implant supported removable partial
denture (RPD) will be the economic treatment
plan for this case. Implants would be
positioned in lower second premolar and lower
first molar for better stability and less financial
recourses (30). Previous studies reported that
the tooth supported surgical guides were more
superior in accuracy while there is shortage in
literature studying accuracy of optical
impressions on free-end saddles (31).

Polyurethane foam resin models were
selected for its structure and its close
resemblance to natural bone that duplicates
type ll~Ill hardness to simulate drilling in
natural bone before implant placement. It has
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elastomeric properties as well as physical and
mechanical properties similar to human bone
(32).

For implant planning, Blueskybio
software was the software of choice as it is one
of the most popular programs as well as it is a
free implant treatment planning software for
download. It supported 3D image building
facilities, precise and simpler superimposition
than other applications, and simple angular
measurements (33). The surgical guide was
developed entirely by Blueskybio and exported
directly as Standard tessellation language
(STL) prototyping file.

For 3D printing of the surgical guide,
Stereolithographic (SLA) technology was used
for 3D printing in this study which is the most
common technology used in dental field. With
SLA printing, a laser must draw out each of
these layers, and this was considered time
consuming. Nevertheless, it gives good
accuracy and smooth surfaces (7).

The surgical guide's main function is

to direct the implant drilling process to ensure
that the implant is properly positioned in
accordance with the surgical treatment plan.
For the precise transition of the plan to the
operating  site, customized conventional
radiographic or computer image guided
surgical guides have become the treatment of
choice (6).
In the current study, it was found that the
optical impression offered more accurate
results compared to conventional impression.
We found that the buccolingual angular
deviation was higher for the 10S than the
mesiodistal angular deviation. This may be due
to intrinsic sources that arise from individual
mistakes, such as problems regarding
radiographic accuracy, file
translation, CAD software, and mechanical
component tolerance; and extrinsic sources,
such as surgical guide fit, mucosal width at the
surgical field, the site of the edentulous region,
and the surgeon's experience. The buildup of
individual mistakes generates the overall
difference  between pre-planned  and
postoperative conclusions(34).

When the surgical guide's sleeve
restricts the drill's blade portion, a certain
amount of gap is inevitable to enable the drill
to rotate within the sleeve (35). Essentially, it
is important to use the drill in a centric
orientation and parallel to the internal wall of
the sleeve to improve the positional harmony
of the planned and placed implants (36). An
unavoidable necessity in the surgical guide
design which causes error in implant
placement is the gap between the guide sleeve
and the drill (34).

Kattadiyil MT et al. (37) conducted a clinical
study to rate and compare complete removable
dental prosthesis (CRDP) manufactured using
digital prosthesis fabrication method compared
to the conventional process. Each patient
received two sets of maxillary and mandibular
CRDP in two forms: a conventional set and a
digital set. It was concluded that when
compared to  conventional  prosthesis
fabrication the digital procedure proved to be
time-efficient and equally effective alternative.

In several studies conducted by
Gjelvold B et al. (23), Kamimura E et al. (24),
Ender A et al. (22) they compared digital
impressions with conventional impressions and
they all concluded that the conventional
impression method was less accurate than the
digital approach which was more efficient and
convenient.

On the contrary, in the study by Malik
J et al. (13), Using additional silicone
impression material and an optical scanner,
complete arch impressions of a model were
recorded. They concluded that the
conventional PVS impressions for full arch
showed greater mean accuracy compared with
the direct intraoral optical scanner.

Finally, Kiatkroekkrai P et al. (38),
compared the precision of implant placement
by using intraoral and extraoral model scans to
produce surgical guides. The deviation
between the planned and final implant
locations was compared by a software.
Surgical guides obtained from intraoral and
extraoral scans resulted in implant positioning
accuracy that was comparable between
intraoral and extraoral scans.

According to some research the
scanning procedure has an impact on the
precision of the resulting impression (39). Due
to the inherent error accumulation when
screening greater
sizes, this is particularly critical when placing
implants. According to Gimenez et al. (40),
operator skills have a major impact on the
quality of digital impressions. As a result, both
impressions were taken by a single dentist
having profound professional experience in
each of the checked programs.

Furthermore, the discrepancy between
our results and the previously mentioned
results could be attributed to the multiple
dimensional changes of different impression
materials used to compensate for the difference
between the arch and the stock tray used in this
study.

In terms of chemical composition,
light reflection, natural tooth surface
morphology, and mucosa resiliency, this study
has many limitations. First, for patient
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emulation, the present analysis used a
typodont, which is distinct from the oral cavity
and normal tooth state of a real
patient.  Typodont  polyurethane  teeth
eliminates the effect of saliva, temperature-
related distortion, and water resorption.
Furthermore, because only one conventional
impression material and one digital impression
device were used in this study, general
conclusions should be drawn with caution. To
validate the current study, further testing with
various materials and systems would be
needed.

CONCLUSION

When it comes to surgical guide fabrication
and implant positioning, the intraoral optical
impression technique is more precise than the
conventional impression technique. 10Ss have
a distinct advantage in terms of work
efficiency. Because of the accuracy of the
intraoral digital impression technique, it may
be widely used in dentistry, especially in
patients who have free end saddles.
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