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ABSTRACT

Purpose: Precise preoperative implant planning and its exact intraoperative transfer are crucial for successful implant-
supported rehabilitation of partially or completely edentulous patients. In the present pilot study, optical laser scanning was
used to evaluate deviations between three-dimensonal computer-assisted planned and actual implant positions by indirect
methods.

Material and Methods: Five patients receiving a total of 15 implants were included in this study. The used planning software
was SimPlant 12.0 (Materialise Dental, Leuven, Belgium) to visualize the implant positions, and with an appropriate guided
surgery protocol (Navigator™, Biomet 3i, Palm Beach Gardens, FL, USA) implant positions were implemented via
tooth-supported stereolithografic surgical guides. All implants (Osseotite™, Biomet 3i) were inserted in a flapless approach
and immediately provided with prefabricated temporary splinted restorations. Intraoral pickup impressions were taken
postoperatively, and the implant positions of the master casts were compared with presurgical casts. Implant replica
deviations were evaluated by three-dimensional optical laser scanning providing distances and angulations between
implant replicas.

Results: Overall, the postsurgical implant replica positions were found to deviate from the positions in the preoperative cast
by a mean of 0.46 + 0.21 mm (range: 0.09—-0.85 mm). Positional deviations were 0.27 £ 0.19 mm (range: 0.04-0.60 mm)
along the x-axis representing the buccal-lingual directions, 0.15 £ 0.13 mm (range: 0.0-0.34 mm) along the y-axis repre-
senting the ventrodorsal direction, and 0.28 £ 0.19 mm (range: 0.02—-0.59 mm) along the z-axis representing cranial and
apical directions. Rotational deviations amounted to 14.04 £+ 11.6° (range: 0.09-36.47°).

Conclusions: The results of this pilot study demonstrate precise transfer of implant replica position by means of simulated
guided implant insertion into a preoperative cast and a postoperative cast obtained from impressioning. Further studies
are needed to identify appropriate evaluation techniques and mechanisms to increase the transfer precision of three-
dimensional planning and guiding systems.
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INTRODUCTION

Implant-supported rehabilitation is established today as
a predictable approach to restore the masticatory system
in terms of function and esthetics.'” The clinical steps
involved are determined by existing morphological con-
ditions pertaining to bone quantity and quality, sensitive
anatomical structures, and the objective to achieve ideal
three-dimensional implant positions driven by restor-
ative considerations.

Conventional panoramic radiography can only
yield two-dimensional information about the planned
implant site. This kind of examination does not offer
insight into the three-dimensional morphology of
implant sites. Therefore, conventional orthopantomo-
grams are an inadequate diagnostic tool, even though
they involve less radiation exposure for patients.*”
Computed tomography (CT) and cone beam CT
(CBCT) allow for three-dimensional visualization of
bone and nearby anatomical structures without super-
imposition, and they also allow conclusions to be drawn
about bone quality in the prospective implant region.*"!
Based on Digital Imaging and Communications in
Medicine (DICOM) records of presurgical CT or CBCT
scans with an incorporated radiopaque scanning tem-
plate, three-dimensional reconstruction of surgical sites
can be obtained for implant planning driven by restor-
ative considerations.

Accurate surgical implementation of the restorative
treatment plan is another essential requirement over
and above the planning as such. The transfer accuracy of
various three-dimensional navigation systems has been
evaluated in a number of studies."*" The accuracy of
image-guided surgery has been defined as the “deviation
in location or angle of the plan compared with the
result,” including “all possible single errors from image
acquisition to surgical implant positioning,” which are
“cumulative and interactive.”'® Sources of error may be
related both to technical procedures like fabrication of
the template and to the properties associated with spe-
cific materials.'” However, factors that may contribute
to transfer inaccuracies in guided implant surgery are
manifold and have been poorly evaluated.

Previous studies evaluating the transfer precision of
guided surgery have usually required a postsurgical CT
scan for three-dimensional verification of the implant
positions. Considering that this extra radiation exposure
is barely acceptable, the present study introduced a
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laser-scanning technique to verify the transfer precision
between implant replica position in a preoperative cast
obtained by guided implant insertion through the sur-
gical template, utilized for prefabrication of provisional
restorations, and the surgically implemented implant
positions, represented by replica position in a postop-
erative cast obtained from impressioning.

MATERIALS AND METHODS

Figure 1 illustrates the design of this clinical pilot study.
The study was conducted following the International
Conference on Harmonisation for Good Clinical Prac-
tice Guidelines for Clinical Trials and the Declaration of
Helsinki as revised in 2000. Institutional approval was
obtained from the local ethics commission.

Patients

Five patients (mean age: 45.2 years) with intermediate
gaps in the posterior mandible were included in the
study. All gave their informed consent after being com-
prehensively informed about the study and all were
treaded at the University Dental Clinic Graz, Austria. A
total of 15 implants were inserted using a flapless ap-
proach. The distribution of implants is shown in Table 1.

Each patient’s medical history, periodontal status
(using a modified Community Periodontal Index of
Treatment Needs [CPITN] periodontal status'®), and
functional status (using the Graz dysfunction index'?)
were obtained during the screening examination. An
alginate impression of the surgical site was taken to fab-
ricate a study cast using type IV dental stone (Shera
Hardrock, Shera, Lemfoérde, Germany). All prosthetic
restorations were planned by an experienced restorative
dentist using a restoration-driven approach. A radio-
paque scan prosthesis was fabricated using a self-curing
resin (Paladur, Heraeus Kulzer, Hanau, Germany) mixed
with barium-sulfate powder in a 3:1 ratio.

Radiographic Examination

All patients were examined by diagnostic radiography
via an orthopantomogram (Orthophos XG Plus, Sirona,
Bensheim, Germany) during the screening visit. A
Somatom Sensation 16 wunit (Siemens, Bensheim,
Germany) was employed for all CT scans pertaining to
the study (settings: collimation: 16 x 0.75 mm; layer
thickness: 0.75 mm; increment: 0.5 mm; 12 kV; 80 mAs;
field of view: 105 cm; rotation time: 0.75 second; kernel:
H60 sharp).
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Figure 1 Illustration of treatment flow.

Three-Dimensional Planning

Computer-assisted planning was performed by a well-
qualified investigator under standardized conditions,
based on the predefined restorative plan visualized
through the radiopaque scan template. Appropriate
planning software (Simplant®12.0, Materialise Dental,
Leuven, Belgium) was used on a Microsoft Windows
(XP Professional, Service Pack 3) platform in conjunc-
tion with a Pentium dual-core computer (E6700@
3.20 GHz, 3.19 GHz, 3.46 GB Random Access Memory
[RAM], Intel® 4 Series Express Chipset 1024 MB,
Intel® GMA 4500, Figure 2). The DICOM records thus

TABLE 1 Distribution of Implants

>
=L
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Laser assessment of
master cast 1 and 2

x-axis y-axis z-axis rotation

generated were transmitted online to the fabrication
center to create the surgical guides by stereolithography,
as shown in Figure 3. To ensure a precise fit of these
tooth-supported templates, a stone cast of each patient
was shipped to the manufacturer for matching with the
virtual planning, allowing any inaccuracies to be cor-
rected directly on the cast.

Simulated Implant Surgery on Casts

The surgical template was used in conjunction with the
proprietary laboratory kit (Navigator® Laboratory Kit,
Biomet 31, Palm Beach Gardens, FL, USA) to transfer the

Region Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Third quadrant 36 36 35 35
37 37 36 36
37
Fourth quadrant 46 46 44
47 47 45
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Figure 2 Three-dimensional computer-assisted backward planning.

data of three-dimensional implant position to the cast.
Laboratory analogues were inserted into the stone cast
in accordance with the planned positions and fixed
with plaster, taking care to achieve correct position of
the internal hex connection. Prefabricated temporary
splinted acrylic resin crowns (SR Ivocron®, Ivoclar Viva-
dent, Schaan, Liechtenstein) on temporary abutments
(Provide®, Biomet 3i) were manufactured based on the
preoperative master cast thus obtained (hereafter cast 1;
Figure 4).

Guided Implant Placement

All patients were instructed to rinse with chlorhexidine
digluconate (0.2%). The surgical procedures were con-
ducted under local anesthesia (Ultracain dental forte®,

Figure 3 Stereolithographic template located on the cast for
prefabrication of the temporary restoration.

Sanofis-Aventis, Vienna, Austria). All patients received
antibiotics 1 day before surgery for 5 days.

Implants were inserted in a flapless approach
through the surgical guides based on a drilling protocol
that was enclosed with the navigator guide (Biomet 3i)
(Figure 5). Primary stability exceeded 45 Ncm in all
cases. The final position of each implant was achieved
via a groove in the master sleeve and a marking on the
implant mount. To reflect the true implant positions
achieved by surgery, a pickup impression was taken
with an open custom tray (SR Ivolen® Tray Material,
Ivoclar Vivadent) and appropriate transfer copings
(GingiHue® Post, Biomet 3i) using a polyether impres-
sion material (Impregum™ Penta Soft™, 3 M ESPE,
Neuss, Germany). After removing the impression, pre-
fabricated temporary restorations were immediately
delivered with temporary cement (TempBond®, Kerr,
GmbH, Karlsruhe, Germany) to temporary abutments

Figure 4 Prefabricated temporary splinted restoration.
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Figure 5 Flapless implant surgery following the drilling
protocol.

(Provide®, Biomet 3i), as seen in Figure 6. Care was
taken to prevent any centric and eccentric occlusal con-
tacts of the splinted temporary restorations. Follow-up
examinations focusing on occlusion and hygiene were
performed at 4-week intervals. Any manipulations
other than recementing mobile restorations were
avoided.

After a predefined recovery time for the impression
material, another master cast (hereafter cast 2) was fab-
ricated in type IV dental stone (Shera Hardrock, Shera)
using laboratory analogues (Biomet 3i) that were con-
nected to the transfer copings (Biomet 3i) representing
the actual implant positions achieved during surgery.
This postoperative cast 2 was fabricated by a dental tech-
nician without the use of a soft tissue substitute.

Figure 6 Incorporated resin-made, splinted, prefabricated
restorations immediately after surgery.

Measurement Techniques

Two casts were thus available for each patient; cast 1
representing the implant positions anticipated by
three-dimensional planning, while cast 2 reflected the
positions that had actually been implemented during
implant surgery (indirect method). An optical scanner
(Laserscan 3D, Willytech, Feldkirchen-Westerham,
Germany) was used on both casts for three-dimensional
evaluation of the implant positions (Figure 7). To trans-
fer the three-dimensional information from implant
level to abutment level, sandblasted (Cobra Al,Os,
Renfert,
(Encode®, Biomet 3i) with an antirotational mechanism

Hilzingen, Germany) healing abutments
were attached to the implants with an insertion torque
of 25 Ncm. Based on clearly reproducible features of the
occlusal relief displayed by the neighboring teeth, the
various scanning strips were matched to form a three-
dimensional model. Positional (three-dimensional) and
rotational deviations were identified by recording the
internal hex connection based on the notches milled
into the Encode® (Biomet 3i) healing abutment.
Positional deviations are represented in the frontal

Figure 7 Laser scan procedure.



(buccolingual, x-axis), sagittal (ventrodorsal, y-axis),
and vertical (apico-crestal, z-axis) planes.

RESULTS

A total of 15 implants were placed to rehabilitate inter-
mediate gaps in the posterior mandible of five patients.
An overview is provided in Table 1. Implant treatment
covered both mandibular quadrants in two of these
patients and one quadrant in three patients. None of
the implants were lost during the observation period.
One implant (site 36 in patient 4) had to be overruled
manually on being found to lack primary stability
during surgery. This implant was excluded from analy-
sis but is included in Table 1 for completeness. Overall,
the postsurgical replica positions on cast 2 were found
to deviate from the replica positions on cast 1 by a
mean of 0.46 £ 0.21 mm (range: 0.09-0.85 mm).

Positional Deviations

As these parameters were evaluated based on a system of
coordinates, the deviations measured in different direc-
tions within the various quadrants are indicated by posi-
tive and negative values. Values along the x-axis indicate
buccolingual deviations along the frontal transversal
axis (frontal plane). Positive and negative values were
obtained to the right and left, respectively, which had
different implications in the left and right posterior seg-
ments. In the third quadrant, positive values indicate
buccal deviations to the right, whereas negative values
indicate lingual deviations to the left. In the fourth
quadrant, positive values indicate lingual deviations to
the right, whereas negative values indicate buccal devia-
tions to the left. The mean deviation measured along the
x-axis was 0.27 = 0.19 mm (range: 0.04-0.60 mm). Both
directions (buccal and lingual) are included in this
value, and 33% of all deviations were observed in buccal
directions (Figure 8).

Values along the y-axis indicate ventrodorsal devia-
tions along the sagittal transversal axis. Positive and
negative values were obtained toward the ventral and
dorsal, respectively. The mean deviation measured along
the y-axis was 0.15 + 0.13 mm (range: 0.0-0.34 mm). Of
these deviations, 27% were observed in ventral direc-
tions (Figure 9).

Values along the z-axis indicate cranio-apical devia-
tions along the frontal sagittal axis. Positive and negative
values were obtained toward the cranial and apical,

Laser Scan Assessment of Guided Implant Insertion 729

X-axis

1 lingual 0 buccal 1

Figure 8 Deviations in the x-axis distributed to the
buccolingual aspect.

respectively. The mean deviation measured along the
z-axis was 0.28 £0.19 mm (range: 0.02-0.59 mm). Of
these deviations, 27% were observed in cranial direc-
tions as shown in Figure 10.

Rotational Deviations

Changes in rotation were evaluated based on the posi-
tion of the antirotational mechanism and internal hex
connection. Negative and positive values indicate rota-
tional deviations to the left (counterclockwise) and right
(clockwise), respectively. A mean rotational deviation
of 14.04 + 11.6° (range: 0.09-36.47°) was obtained. The
largest deviation observed in this series was 36.47°
(patient 1).

A boxplot analysis of the measured deviations in the
X-, y-, and z-axes, as well as of the total displacement, is
shown in Figure 11.
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y-axis

-1  dorsal 0 ventral 1

Figure 9 Deviations in the y-axis distributed to the
ventrodorsal aspect.

DISCUSSION

Essential requirements for esthetic and functional
success of implant treatment include precise assessment
of the initial situation, custom planning of the restor-
ative treatment, and accurate surgical implementation
of the treatment plan. Several authors (Brief and col-
leagues,” Hoffmann and colleagues,” and Sarment and
colleagues™) have pointed out that significantly better
precision is obtained with computer-assisted systems
than with strictly freehand approaches to implant inser-
tion. Three-dimensional computer-assisted implant
planning, transferred to surgery via stereolithographic
drilling templates, facilitates complex therapeutic
approaches like flapless implant placement or insertion
of prefabricated temporary restorations.”* The success
of these concepts, however, depends on the precision of
surgical implementation.

Transfer precision of computer-assisted three-
dimensional planning systems has been evaluated and
controversially discussed in the literature. Study designs
have ranged from phantom studies performed on resin

models*™*”** through cadaveric studies'**

up to in
vivo investigations.'’** Also, the measurement tech-
niques used in these studies have been diverse and dif-
ficult to compare. Eggers and colleagues and Hoffmann

and colleagues®*®

used a three-dimensional digitizer
arm for three-dimensional measurement of deviations,
whereas Brief and colleagues® employed a coordinate-
measuring machine. Vasak and colleagues," Di Giacomo
and colleagues,’’ and Van Assche and colleagues™ uti-
lized data from DICOM records that had been generated
by CT scans obtained before and after implant place-
ment to evaluate the transfer precision of template-
guided implant placement. This strategy allowed

positional deviations to be assessed even in the apical

z-axis

-1 caudal 0 cranial 1

Figure 10 Deviations in the z-axis distributed to the
craniocaudal aspect.
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Figure 11 Boxplot analysis of measured deviations in the x-, y-, and z-axes and the total displacement.

region. While laser scanning, as applied in the present
study, does not offer insight into three-dimensional
changes at apical implant levels, this technique will not
expose patients to additional radiation. Brief and col-
leagues® pointed out that such additional exposure was
a disadvantage. The laser-scan technique presented in
this pilot study should therefore be considered a useful
alternative to techniques based purely on superimposi-
tion of CT records, although only transfer precision
of implant replica position achieved through
stereolithographic-template-guided positioning from
different cast situations is actually measured.

To transfer the measured deviations into the clinical
situation, an additional production error of the stere-
olithographic template of +0.1 mm* and a deviation of
0.14 mm resulting from a glue gap between the resin
tube and the metal guiding cylinder (company-specific
value, Materialise Dental NV, Leuven, Belgium) have to
be added up to the results achieved in the present study.

Vasak and colleagues' reported positional devia-
tions at the implant shoulder of 0.37/0.35/0.31 mm
along the x/y/z-axis in a sample of partially edentulous
jaws. They pointed out that all values they measured
remained within the safety zone predefined by the
planning software (total deviations based on all

indications: 1.42/1.50/1.85 mm along the x/y/z-axis).

Respecting this safety margin to sensitive anatomical
structures (e.g., alveolar inferior nerve, neighboring
teeth, and maxillary sinus) will eliminate the risk of
injury-related postsurgical complications even if inac-
curacies within the reported range are present. Even
with an additional production error, the results of
the present study were within the company’s recom-
mended safety margin of 1.5 mm around the planned
implant and 2 mm around sensitive structures.

A phantom study by Eggers and colleagues® yielded
a mean positional deviation of 0.45 £ 0.04 mm (range:
0.14-0.91 mm) at the implant shoulder. These devia-
tions, too, fall within the safety zone and are very close to
the overall mean deviation of 0.46 £ 0.21 mm (range:
0.09-0.85 mm) obtained in the present study. Van
Assche and colleagues™ reported a mean positional
deviation of 0.6+ 0.3 mm at the hex connection of
TiUnite implants (Nobel Biocare, Ziirich, Switzerland).
Komiyama and colleagues™ introduced an “experimen-
tal model matching approach,” which was also based on
optical scanning, and obtained a total mean deviation at
the implant hex connections of 0.39 mm (range: 0.06—
0.97) in the mandible. The mean positional deviations
obtained in the present study at the implant shoulder
(0.27/0.15/0.28 mm along the x/y/z-axis) were slightly
lower compared with the findings reported by Vasak and
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colleagues," Di Ciacomo and colleagues,’ or Van Assche
and colleagues™ but were close to the findings of
Komiyama and colleagues.”

The precision in transferring the data of implant
replica position from cast 1 (representing planned situ-
ation, used for prefabrication of provisional restoration)
to cast 2 (representing surgical implemented position,
obtained by impressioning) can be attributed to the
exclusive use of tooth-supported drill guides offering
accurate and stable intraoral anchorage. Vasak and col-
leagues," by contrast, used a range of dissimilar guides
for different indications. Di Giacomo and colleagues®
used multiple guides even within one patient by select-
ing different designs based on drill diameters, expressly
attributing the deviations they observed to this switch-
ing of guides between drilling steps. Van Assche and
colleagues™ also concluded that intraoperative stability
of guides was highly relevant for transfer precision. A
tendency toward greater positional deviations must be
expected in cadaveric studies'* due to tooth mobility and
resilience of the mucosa resulting from the fixation
process.

However, intraoral stabilization of the surgical
guides is not the only factor influencing the precision
of transferring planning data to surgery. Vasak and col-
leagues' noticed learning effects in their study that
were operator dependent, with one of two surgeons
getting more precise in the buccolingual plane while
the other achieved increasingly better results in the
corono-apical plane. In our study, we found no indi-
cations for any specific learning curves. Implant plan-
ning had to be overruled in one case because of poor
primary stability, which led to exclusion from statistical
analysis while the implant affected continues to be
listed for completeness.

Immediate loading protocols are known to depend
heavily on primary stability for success.”>**”* Both
Ottoni and colleagues® and Esposito and colleagues®
found the implant success rates of immediately restored
implants to correlate with primary stability, although
the effect of occlusal contacts on clinical success remains
unclear. Ottoni and colleagues® investigated a sample of
23 immediately loaded implants, all exhibiting an inser-
tion torque of <20 Ncm. Given an implant success rate
of only 56.5%, the authors concluded that immediate
loading should be confined to implants achieving an
insertion torque of >32 Ncm. A systematic review by
Esposito and colleagues® produced evidence that imme-

diate loading offered better chances of success than early
loading. Moreover, combining immediate loading with
flapless surgery will not only reduce chair time but has
also been reported to involve less pain and postsurgical
discomfort.”® Immediate loading with prefabricated
temporary restorations after guided implant surgery
eliminates the need for impression taking with manipu-
lation of the implant directly after the procedure. Tem-
porary abutments and crowns play an important role
especially in the anterior maxilla because they allow con-
ditioning of the peri-implant soft tissue (in the presence
of adequate primary stability) for enhanced esthetic
outcomes.”

If all safety margins recommended by the manufac-
turer are respected, any deviations that clinically may
occur will remain within the safety zone, thus effectively
minimizing the risk of encroaching on sensitive ana-
tomical structures. All the deviations currently docu-
mented in the literature and obtained by our study
group do not have any adverse effects other than
perhaps reducing the precision of fit of the superstruc-
tures involved. Some caution should therefore be exer-
cised with regard to creating prefabricated temporary
restorations, although all of them could be inserted
without requiring significant adjustments in the present
study. Immediate delivery of final restorations that
will offer no or reduced possibilities of subsequent
adjustment cannot be recommended as a predictable
approach based on the currently available data.

Attention should be paid to the limitations imposed
on the present outcomes resulting from the introduced
measuring technique. Because of abandonment of
matching two CT data sets (pre- and postoperatively),
the results of the present measuring technique reflect
transfer precision of implant replicas from a preopera-
tive cast to a postoperative cast.

Various sources of error that may lead to inaccura-
cies in guided implant surgery are considered to play
an important role. Widmann and Bale'® and Pettersson
and colleagues® pointed out that CT slice thickness,
movements by patients, and scan parameter settings*'
are major modifiers of accuracy during image acquisi-
tion. A mean recording accuracy of 0.68 mm has been
reported.'® A comparison between CBCT and multislice
CT for segmentation accuracy based on a phantom
model revealed a range of 4.2 to 1.0 mm.* We therefore
used standardized parameters in our radiographic CT
examinations to eliminate systematic error from our



study. Other modifiers of precision include fabrication
of the template'® (reported by van Steenberghe and
colleagues® to involve a typical error of 0.1-0.2 mm)
and mechanical error caused by the gap between the
guiding cylinder and the bur.** Human error remains an
uncontrollable factor throughout all steps involved in
guided implant placement and three-dimensional plan-
ning. However, the total sum of potential errors during
each step has not been fully evaluated.*

Consequently, there is a need to identify appropriate
evaluation techniques and mechanisms capable of
optimizing transfer precision and eliminating errors of
three-dimensional planning and guiding systems.

CONCLUSIONS

The results of this pilot study demonstrate precise trans-
fer of implant replica position by means of simulated
guided implant insertion into a preoperative cast and
a postoperative cast obtained from impressioning.
Further studies are needed to identify appropriate evalu-
ation techniques and mechanisms to increase the trans-
fer precision of three-dimensional planning and guiding
systems.
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