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Navigated vs. conventional implant
insertion for maxillary single tooth
replacement

A comparative in vitro study
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Abstract

Introduction: Computer-guided navigation has proven a valuable tool in several surgical
disciplines. During oral implant placement, its application is intended to accomplish optimal
implant localization and to reduce the risk of damage to adjacent structures. The aim of this
study was to compare the precision limits of conventional vs. navigated implant insertion in
practice.

Materials and methods: In cast models of the maxilla, implants were inserted to replace the
left central incisor (n =40) and the right canine (n =40); each of those were inserted either
conventionally (n=20) or navigated (n =20). Implant position, angulation and insertion
depth were calculated from computer tomography scans of the implants that were
connected to an index abutment of 40 cm length.

Results: The variations of implant positions were reduced for implants that were inserted
by navigation (P<0.05). In both the axial and the transversal plane, the variations of
implant angulations were reduced for implants that were inserted by a navigation protocol
(P<0.05). The variations of insertion depth were less (P<0.05) when the implants were
placed by navigation in comparison with conventional insertion procedures.

Conclusions: Given the experimental conditions, although they tried to mimic a clinical
situation, no final conclusions can be drawn. The in vitro application of a navigation system
resulted in an improved precision of insertion surgery regarding the position, angulation
and depth of an implant. Clinical studies will have to prove if routine image guidance will
result in superior surgical outcome.

The insertion of implants to replace max-
illary incisors or canines requires an ac-
curate position, angulation and insertion
depth in order to achieve a functionally
and aesthetically satisfying result (Nem-
covsky et al. 2000; Andersen et al. 2002).
In many clinical studies, conventional im-
plant surgery performed by an experienced
surgeon has already been proven to achieve
that level in many cases if proper preopera-
tive planning is available (Bouserhal et al.
2002; Lorenzoni et al. 2003). New tech-
nologies, however, should be evaluated

regarding their potential advantages in
practice. During the last decade, image-
guidance systems have become a valuable
tool in several surgical disciplines (Gunkel
et al. 2000) including oral implant surgery
(Schramm et al. 2000; Siessegger et al.
2001; Watzinger et al. 2001). Similar to
the application of drilling templates (van
Steenberghe et al. 2002), image guidance is
mainly intended to transfer a preoperat-
ively planned insertion concept into the
clinical reality. Both methods are intended
to improve the precision of implant place-



ment and thereby to broaden the indica-
tions of implant surgery, e.g. into difficult
anatomical situations. Additionally, those
methods are thought to enhance the safety
of patients by reducing the risk of damage
to adjacent anatomical structures (Gaggl
et al. 2001; Siessegger et al. 2001). In con-
trast to drilling templates, image guidance
provides the surgeon with multidimensional
real-time information of the anatomy thus
allowing modifications during surgery with-
out loss of guidance (Weinberg 1993). The
effectiveness of navigation systems basically
depends on their accuracy (Fortin et al.
1995; Chassat & Lavalée 1998). In recent
years, navigation systems were developed
specifically answering the demands of im-
plant surgery (Watzinger 1999). In several
investigations, the metric accuracies of dif-
ferent implant navigation systems were as-
sessed both in vitro and in vivo (Birkfellner
et al. 20071; Brief et al. 2001; Gaggl et al.
2001; Meyer et al. 2003). Due to their
particular functional and aesthetic chal-
lenges, the insertion of implants to replace
maxillary incisors or canines might repre-
sent a preferred indication for the applica-
tion of a navigation system in oral surgery.
In order to estimate the potential of image
guidance in this field, the aim of this study
was to compare the accuracies of position,
angulation and insertion depth of implants
that were placed conventionally or guided
by navigation in an in vitro condition that
resembles the loss of a central left incisor
and a right canine.

Material and methods

In total, 40 identical cast models of the
maxilla were created representing loss of
the left central incisor and the right canine
of the second dentition. All other teeth
were intact. Each of the cast models dis-
played three identical spots of 0.5 mm for
referencing, which were located in the
alveolar process anterior in the median
plane and laterally close to the 6-year-
molar at each side. These spots allowed
the definition of a triangular reference
plane in order to determine the exact im-
plant localization. For surgery, the cast
models were fixed opposite to mandibular
models into phantom heads and implant
surgery was performed either by a conven-
tional (n=20) or a navigated (n=20) in-
sertion procedure (Fig. 1).
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Fig. 1. In order to imitate the clinical application, all
insertions were performed in a phantom head.

Conventional insertion

All insertions were performed by an experi-
enced implant surgeon following the stand-
ard protocol of Branemark et al. (1977). At
first, a positioning guide was fixed manu-
ally at the residual dentition (Fig. 2a). In
the guide, a stick of gutta-percha was
integrated indicating the desired position
and mesio-distal angulation of the implant
(Fig. 2a). In contrast to other concepts of
guide construction, which provide a rigid
determination of implant position and an-
gulation, it was intended to allow the
surgeon widely unrestricted manual mo-
difications of the implant localization and
angulation during insertion. For each pre-
paration, a new drill kit was used. The
preparation of the insertion socket was
started with a guide drill to determine the
implant position. In the next step, a twist
drill with a diameter of 2 mm was used to
generate the preliminary implant socket
and to determine the preliminary implant
angulation and depth. The depth of the
socket was assessed by laser markers at
the surface of the twist drill. In order to
increase the diameter of the socket, a pilot
drill was applied. Finally, minor correc-
tions of implant angulation and insertion
depth could be performed applying a defin-
itive twist drill of 3 mm diameter. The
definitive insertion depth was controlled
with both the laser marker on the twist

Fig. 2. (a) The positional guide is placed on the
remaining dentition. The site of implant surgery is
uncovered. (b) Sites after conventional implant in-
sertion.

drill and by insertion of an angulated meas-
urement stick. After completion of the
socket preparation, a thread had to be cut
into the walls of the socket by a screw tap
due to the lack of elasticity of the cast
models in order to insert the implants.
For replacement of the left central incisor,
a screw-shaped implant with a length of
13 mm and diameter of 3.75 mm (n=20)
was used. For replacement of the right
canine, a screw-shaped implant with a
diameter of 3.75mm and a length of
15 mm (n=20) was used (Fig. 2b).

Navigated insertion

For image-guided implantation, cast mod-
els identical to the conventional insertion
group were applied. Navigation was per-
formed following the protocol of a commer-
cially available navigation system that was
developed specifically for implant surgery
(Image-guided Implantology (IGI), DenX,
Jerusalem, Israel). On the cast models, an
acrylic guide was connected to a horseshoe-
shaped computer tomography (CT) guide
consisting of 1o-12 ceramic spheres of
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3mm diameter required for registration.
The alveolar process at the insertion site
was left uncovered by the CT-guide
(Fig. 3a). A CT-scan (1.25 mm slice thick-
ness, 1mm table feed, fast incremental
scanning, 125kV, 33 mA, 512 X 512 ma-
trix; General Electric Germany, Munich,
Germany) of the cast model with the CT-
guide in situ was achieved and the data
transferred as DICOM-files to a PC-based
workstation that was equipped with the
related implant planning software (IGI,
DenX). Each implant position, angulation
and insertion depth was planned according
to the software menu. Before the insertion
could be started, a reference protocol was
applied to unite the cast model situation
with both the insertion instruments and
the navigation computer. As a component
of the tracking system served an extraorally
positioned reference body containing seven
light-emitting diodes (LEDs) emitting in-
frared light that was fixed to the patient via
the CT-guide, which was fixed intraorally
(Fig. 3b). Additionally, 16 LEDs were at-
tached to the surgical instruments (Fig. 3c).
An infrared camera connected to the com-
puter workstation received the emitted
signals of the LEDs. For each preparation,
a new drill kit was used. All steps of socket
preparation were performed under the guid-
ance of the navigation system (Fig. 3d).
First, the position of the implant was
determined exclusively by the navigation
system and marked with a guide drill. The
preliminary implant angulation and depth
were created with a twist drill of 2 mm
diameter. After an expansion of the socket
diameter with a pilot drill, the definitive
socket preparation was completed with a
3mm twist drill. The surgeon was guided
by the navigation system both visually and
acoustically; in case of any deviations from
the planned procedure, the insertion pro-
cess was interrupted and the cast model
excluded from further analysis.

After completion of drilling, a screw
thread was cut into the walls of the socket
to place the implants without relevant
destructions of the cast models. The type
of implants that were inserted was the
same as in the group with conventional
insertions.

Analysis of implant location

After insertion, each implant was con-
nected to an index abutment. The index
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Fig. 3. (a): Cast model with computer tomography
guide. (b) Reference body bearing seven active light
emitting diodes. (c) The hand piece was connected to
a reference device. (d) Implant insertion guided by a
navigation system.

abutment was a stick of 40 cm length with
a screw for safe reproducible connections
to the implant and a defined tip. The cast
models with the implants connected to
the index abutment were scanned by CT
(0.5 mm slice thickness, 0.5 mm table feed,
fast incremental scanning, 125 kV, 33 mA,
§12 X §I12 matrix; Siemens Somatom, Sie-
mens Germany, Munich, Germany) and
the data transferred to a computer work-
station equipped with an image analysis
software (Cbyon Suite 2.6, Cbyon Corp.,
San Francisco, CA, USA). Multiplanar and

three-dimensional reformations of the cast
models, the implants and the index abut-
ments were created and the exact locations
of the implants analyzed. At first, the three
reference spots of each cast model were
detected and a reference plane defined

Fig. 4. (a) The reference spots allowed the definition
of a reference plane. (b) Geometrical abstraction of
the implant location assessment procedure: two
pyramids with identical triangular bases were con-
structed which allowed to calculate each distance
and angle. (c) The analysis of the implant localiza-
tion was performed in a computer workstation with
software that allowed precise multidimensional
measurements of all relevant distances.



(Fig. 4a, b). The implant-abutment con-
nection and the tip of the index abutment
were identified and the distances to the
reference spots measured. The situation
was geometrically modeled by two over-
lying pyramids with the same triangular
base, in which every angle and length
easily could be calculated (Fig. 4c). Now
each individual implant position, angula-
tion and depth were evaluated.

The implant fixed at the index abut-
ment was defined to be the two-dimen-
sional position at which the implant at the
index abutment perforates the surface of
the cast model.

The implant angulation was divided into
two components: the angulation in vesti-
bulo-oral direction and in mesio-distal
direction. For the central incisor, the
vestibulo-oral angulation was defined as
an angle located in a plane of the central
anterior reference spot and a vertical plane
of the axis between the lateral spots. The
mesio-distal angulation was defined as an
angle in a plane parallel to the vertical
plane that connects the lateral reference
spots. For the right canine, the vestibulo-
oral angle was assessed in a plane perpen-
dicular to an upright plane connecting the
anterior and right reference spot. The me-
sio-distal angle was assessed in a plane that
is upright to the connection of the central
and right reference spots. Implant depth was
measured as axial variations at the tip of the
index abutment. All results were collected
in a database (SPSS, SPSS Corp., Chicago,
IL, USA, Version 11.0) and analyzed statis-
tically by Wilcoxon’s tests.

Results

Despite some fractures of smaller frag-
ments of the cast models during implant
insertion, all steps of socket preparations
and implant insertions were uneventful.
All implants were inserted successfully
and occupied the defined position which
was provided by the socket preparations.
No significant dislocation of the implants
was seen by macroscopic inspection.

The analysis of the implant positions
revealed, for both the incisor and the can-
ine, an increased variation of those im-
plants that were inserted conventionally
vs. those that were inserted by navigation
(P<o.05) (Fig. sa, b). The maximal
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a
vestibular vestibular
’ 4&’ 0.5 mm
; . +—>
distal mesial distal mesial
0.2 mm 0.2 mm
oral oral
Conventional Procedure Navigated Procedure
N insertions N insertions N Insertions N Insertions
within a circle | within a circle | within a circle outside a
of 0.2 mm of 0.5 mm of 1 mm (%) circle of 1
(%) (%) mm (%)
Conventional 13 (65%) 6 (30%) 1 (5%) 0 (0%)
procedure
Navigated 15 (75%) 5 (25%) 0 (0%) 0 (0%)
procedure
b
vestibular vestibular
0.5 mm 0.5 mm
+—>
distal mesial distal mesial
3 I‘—»Z
0.2 mm 0.2 mm
oral oral
Conventional Procedure Navigated Procedure
N insertions N insertions N Insertions N Insertions

within a circle
of 0.2 mm (%)

within a circle
of 0.5 mm (%)

within a circle
of 1 mm (%)

outside a circle
of 1 mm (%)

Conventional 10 (50%) 8 (40%) 2 (10%) 0 (0%)
procedure
Navigated 13 (65%) 7 (35%) 0 (0%) 0 (0%)
procedure

Fig. 5. (a) Variations of implant position of the left central incisor. The most distanced implant positions are

connected by a broken line. Left: conventional insertion. Right: navigated insertion. (b) Variations of implant
position of the right canine. The most distanced implant positions are connected by the broken line. Left:

conventional insertion. Right: navigated insertion.
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distance between two implant positions
at the site of the central incisor was in
conventional insertions 0.8 mm and in
navigated insertions o.6mm (Fig. sa).
The maximal distance between two inser-
tions at the site of the canine was in
conventional insertions 1 mm and in navi-
gated insertions 0.6 mm (Fig. sb).

The analysis of the implant angulation
in the vestibulo-oral direction revealed, for
both the incisor and the canine, an in-
creased variation of those implants that
were inserted conventionally vs. those
that were inserted by navigation (P <o0.05)
(Fig. 6a, b). The maximal angle between
two vestibulo-oral angulations at the site of
the central incisor was in conventional
insertions 13° and in navigated insertions
7° (Fig. 6a). The maximal angle between
two vestibulo-oral angulations at the site of
the canine was in conventional insertions
13° and in navigated insertions 8° (Fig. 6b).

The analysis of the implant angulation
in the mesio-distal direction revealed, for
both the incisor and the canine, an in-
creased variation of those implants that
were inserted conventionally vs. those
that were inserted by navigation (P<o0.05)
(Fig. 6¢, d). The maximal angle between
two mesio-distal angulations at the site of
the central incisor was in conventional
insertions 13° and in navigated insertions
8° (Fig. 6¢). The maximal angle between
two mesio-distal angulations at the site
of the canine was in conventional inser-
tions 14° and in navigated insertions 8°
(Fig. 6d).

The depth of insertion was less distrib-
uted (P<o0.05) when the implants were
placed by navigation when compared with
conventional insertion procedures (Fig. 7).
The maximal distance between two inser-
tion depths at the site of the central incisor
was in the group of conventional insertions
1 mm and in navigated insertions 0.4 mm.
The maximal distance between two inser-
tion depths at the site of the canine was
in conventional insertions 0.8 mm and in
navigated insertions 0.3 mm.

Discussion

The replacement of teeth in the anterior
maxilla is a major challenge when using
implants (Andersen et al. 2002; Palmer

et al. 2003). Correct implant position,
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5° o 5° 5° 5°
v o v 1o
Conventional Procedure Navigated Procedure
N insertions N insertions N Insertions N Insertions
within an within an angle | within an angle | outside of an
angle £2° (%) | of £5° (%) of £10° (%) angle of 10° (%)
Conventional | 11 (55%) 7 (35%) 2 (10%) 0 (0%)
procedure
Navigated 18 (90%) 2 (10%) 0 (0%) 0 (0%)
procedure
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\Y o Vv

Conventional Procedure

Navigated Procedure

N insertions N insertions N Insertions N Insertions
within an within an within an outside of an
angle +2° (%) | angle of +5° angle of +10° | angle of 10°
(%) (%) (%)
Conventional | 16 (80%) 4 (20%) 0 (0%) 0 (0%)
procedure
Navigated 18 (90%) 2 (10%) 0 (0%) 0 (0%)
procedure

Fig. 6. (a): Variations of implant angulation in vestibulo-oral direction for the left central incisor of the maxilla.
Left: conventional insertion. Right: navigated insertion. (b) Variations of implant angulation in mesio-distal
direction for the left central incisor of the maxilla. Left: conventional insertion. Right: navigated insertion. (c)
Variations of implant angulation in vestibulo-oral direction for the right canine of the maxilla. Left:
conventional insertion. Right: navigated insertion. (d) Variations of implant angulation in mesio-distal

direction for the right canine of the maxilla. Left: conventional insertion. Right: navigated insertion.
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C
5° 0° 5° 5° 5°
v o Vv 1o
Conventional Procedure Navigated Procedure
N insertions N insertions N Insertions N Insertions
within an angle | within an angle | within an angle | outside of an
+2° (%) of +5° (%) of +10° (%) angle of 10°
(%)
Conventional 12 (60%) 5 (25%) 3 (15%) 0 (0%)
procedure
Navigated 18 (90%) 2 (10%) 0 (0%) 0 (0%)
procedure
d _. . . . .
5 0 5 5 5
v o v o
Conventional Procedure Navigated Procedure
N insertions N insertions N Insertions N Insertions
within an angle | within an angle | within an angle | outside of an
+2° (%) of +5° (%) of £10° (%) angle of 10° (%)
Conventional 16 (70%) 4 (20%) 0 (0%) 0 (0%)
procedure
Navigated 19 (95%) 1(5%) 0 (0%) 0 (0%)
procedure

Fig. 6. Continued.

angulation and insertion depth are particu-
larly important in order to gain a maxi-
mum of function and aesthetics (Stanford
1999; Lorenzoni et al. 2003). Therefore,

the intraoperative guidance provided by
application of a surgical navigation system
could be valuable to ensure an appropriate
preparation of the implant socket and the

correct implant insertion. Besides drilling
templates, image guidance or navigation is
the only method to transfer a virtual three-
dimensional planning procedure into rea-
lity until now. In contrast to drilling tem-
plates, navigation offers an intraoperative
real-time multidimensional image of the
relevant anatomy enabling spontaneous
intraoperative modifications of the proce-
dure with persisting guidance.

Navigation has led to an improvement in
the accuracy of implantation compared
with a conventional procedure in this
study. An index abutment was employed
to allow for precise measurements. The use
of this method has proven to be reliable and
simple. It is of importance that the index
abutment is long enough. In this study the
extensive length of the index abutment of
4oomm resulted in a 26 fold or 30 fold
amplification of any implant angulation,
depending on the length of the implant.
This allowed the detection of even mini-
mal implant deviations and should also
surmount all immanent methodical errors
of analysis such as inaccuracies during
manual measurements or technical limita-
tions, e.g. the resolution of the CT-scans.

As it is known that a proper implant
position is of major importance to soft-
tissue aspects, osseointegration (Nemcov-
sky et al. 2000) and functional loading
concepts (Szmukler-Moncler et al. 2000;
Lorenzoni et al. 2003), one might assume
that navigation could not only affect the
accuracy of functional and aesthetic results
in individual implant restorations, but also
treatment concepts and implant survival
rates of implants in general.

Although the given experimental condi-
tions were adopted very close to clinical
practice, it has to be considered that the
results of this study are based on in vitro
experiments. Under clinical conditions
with their multifactorial environment, the
results may be different. The in vitro con-
ditions probably allowed for navigation to
be applied at best. For example, the fixa-
tion of the reference body to the cast model
was completely uncomplicated and safely
reproducible. It was reported earlier that
the accuracy and reproducibility of referen-
cing is fundamental for the accuracy of
navigation procedures (Wanschitz et al.
2002). The special situation of loss of
only single tooth, which avoided any load-
ing of the reference body to the alveolar
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-1
-0.5
-0.2
0
+0.2
+0.5
+1
A B C D
Left central incisor Right canine
Conventional | Navigated Conventional | Navigated
procedure (A) | procedure (B) | procedure (C) | procedure (D)
<+0.2mm 12 (60%) 17 (85%) 11(55%) 19 (95%)
<+0.5mm 7 (35%) 3 (15%) 9 (45%) 1 (5%)
<zx1mm 1 (5%) 0 (0%) 0 (0%) 0 (0%)

Fig. 7. Variations of insertion depths. Lane a: Left central incisor, conventional insertion. Lane b: Left central
incisor, navigated insertion. Lane c: Right canine, conventional insertion. Lane d: Right canine, navigated

insertion.

process, supported a safe and stable tooth-
bome fixation of the reference body.

The prototype of the navigation system
that was applied in this investigation was
reported to vary with a metric distance of
1.2 mm at worst in a partially edentulous
jaw (Brief et al. 2001). This in vitro study
with image guidance found that the max-
imal metric variation of implant position
was 0.6 mm, which is less than with con-
ventional insertions.

An improvement of orientation in the
conventional insertion procedure can be
provided by a positional guide. The guide
applied in this investigation indicated the
desired implant position and mesio-distal
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angulation, but allowed the surgeon to
perform a wide range of individual modifi-
cations within the entire insertion site,
which might be helpful in some clinical
situations. However, in this investigation
the application of a different type of posi-
tional guide that defines the implant posi-
tion, angulation and insertion depth more
strictly would probably have resulted in a
reduced variation of conventionally in-
serted implants.

Apart from accuracy, several other as-
pects of practical relevance have to be taken
into account in deciding which method of
implant insertion technique should be se-
lected for the replacement of single max-

illary incisors or canines: The procedure of
conventional insertion surgery is well es-
tablished, in most cases uncomplicated and
has resulted in predictable results, while
navigation is a relatively new technique
(Meyer et al. 2003;Wagner et al. 2003).
However, the course of action in image-
guided surgery is much more complex than
the conventional insertion procedures and
incorporates some potentially negative
methodical aspects. As discussed earlier,
the accuracy achieved depended remark-
ably on the accuracy of the reference body
that has to fit perfectly and has to be safely
reproducible during preoperative scanning
and surgery (Brief et al. 2001). In any
situation this cannot be guaranteed, navi-
gation will not be supportive. Further, a
three-dimensional scan of the anatomy by
CT or Digital Volume Tomography (DVT)
with the CT-guide in situ is indispensable
for navigation (Gunkel et al. 2000).
Although advantageous for three-dimen-
sional treatment planning (Ploder et al.
1995; Verstreken et al. 1996), the exposure
of the patient to radiation is increased
compared with conventional radiographic
diagnostics (Harris et al. 2002). In preo-
perative planning, the surgeon has to
position the implant in virtual reality soft-
ware applications. This procedure cannot
be delegated to medical assistance profes-
sionals and may be time-intensive. Finally,
during implant surgery, referencing and
navigation itself add to the surgical time
and may require ergonomic compromises
for the surgeon’s team. A shortening of
the time of surgery can be expected, how-
ever, when a minimally invasive strat-
egy can be adopted without the need for
mucoperiosteal flaps thanks to image
guidance.

Despite the drawbacks, the surgical re-
sults in this in vitro study were improved
in all examined categories (implant posi-
tioning, angulation and insertion depth)
when implantation was supported by navi-
gation. Therefore, navigation may still be
holding some promise for placement of
implants, especially when it comes to pre-
cision of implant placement, difficult ana-
tomic situations and safety of the patient.
Considering the limitations of an in vitro
environment, the real benefits of image
guidance in implant surgery have to be
investigated in a clinical, patient-related
study.



Résumé

La navigation guidée par ordinateur s’est avérée
techniquement valable pour de nombreuses disci-
plines chirurgicales. Durant le placement d’implants
dentaires son application devrait servir a accomplir
une localisation implantaire optimale et donc ré-
duire le risque d’endommager les structures adja-
centes. Le but de cette étude a été de comparer les
limites de précision de l'insertion conventionnelle
vs navigation. Dans des modeles du maxillaire, des
implants ont été insérés pour remplacer 'incisive
centrale gauche (n = 40) et la canine droite (n = 40),
chacune étant insérée soit conventionnellement
(n=20) soit par navigation (n=20). La position de
I’implant, I’angulation, la profondeur d’insertion ont
été calculées a partir de scans CT qui étaient en
connexion avec un pilier index d’une longueur de
4ocm. Les variations des positions de l'implant
étaient réduites pour les implants qui étaient insérés
par navigation (P <o0.05). Tant sur le plan axial que
transversal les variations des angulations implan-
taires étaient réduites pour les implants qui étaient
insérés par navigation (P<o0.05). Les variations de
profondeur d’insertion étaient inférieures (P <o0.05)
lorsque les implants étaient placés par navigation
comparées a l'insertion conventionnelle. Dans les
conditions expérimentales de données, bien qu’elles
essayent d’étre semblables a la situation clinique,
aucune conclusion finale ne peut étre tirée. L’appli-
cation in vitro du systéme de navigation a abouti a
une précision améliorée de la chirurgie d’insertion
en ce qui concerne la position, l’angulation et la
profondeur d’un implant. Des études cliniques dev-
ront prouver si ce systéme résulte en un protocole
chirurgical amélioré.

Zusammenfassung

Navigierte und konventionelle Implantatplatzier-
ung fiir den Einzelzahnersatz im Oberkiefer — eine
vergleichende in vitro Studie

Einleitung: Die computergesteuerte Navigation hat
sich in verschiedenen chirurgischen Disziplinen als
wertvolles Werkzeug erwiesen. In der oralen Im-
plantologie wird sie angewendet, um eine optimale
Implantatplatzierung zu erreichen und um das Ri-
siko einer Verletzung von Nachbarstrukturen zu
verhindern. Das Ziel dieser Studie war es, die
Grenzen der Prizision der konventionellen und der
navigierten Implantatplatzierung in der Praxis zu
vergleichen.
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Material und Methoden: Bei Oberkiefermodellen
wurden Implantate eingesetzt, um den linken later-
alen Schneidezahn (n=40) und den rechten Eck-
zahn (n=40) zu ersetzen. Jedes dieser Implantate
wurden entweder konventionell (n=20) oder mit
Navigation (n = 20) eingesetzt. Die Implantate wur-
den mit einem Index-Aufbauteil der Linge 40cm
verbunden. Die Implantatposition, die Angulation
und die Einsetztiefe wurden auf CT-Rasteraufnah-
men der Implantate berechnet.

Resultate: Die Variationen der Implantatpositionen
waren bei mit Navigation gesetzten Implantaten
kleiner (P<o.05) als bei konventionell gesetzten
Implantaten. Sowohl in der axialen als auch trans-
versalen Ebene waren die Unterschiede in der Im-
plantatangulation bei den mit Navigation gesetzten
Implantaten kleiner (P<o0.05). Wenn die Implantate
mit Navigation gesetzt wurden, waren die Un-
terschiede in der Einsetztiefe kleiner (P <o.05), als
wenn konventionell vorgegangen wurde.
Schlussfolgerungen: Aufgrund der experimentellen
Bedingungen kann keine endgiiltige Schlussfolger-
ung gezogen werden, obwohl versucht wurde, die
klinische Situation zu simulieren. Die in vitro
Anwendung eines Navigationssystems resultierte
in einer hoheren Prizision beim Setzen von Implan-
taten beziiglich Position, Angulation und Einsetz-
tiefe der Implantate. Klinische Studie werden
beweisen miissen, ob die routinemissige Fithrung
durch Bilder zu einem besseren chirurgischen Re-
sultat fithren wird.

Resumen

Introduccion: La navegacion guiada por ordenador
ha demostrado ser una herramienta valiosa en varias
disciplinas quirtrgicas. Su aplicacién durante la
colocacion de implantes orales se realiza con la
intencién de lograr un localizacién éptima del im-
plante y reducir el riesgo de dafio a las estructuras
vecinas. La intencién de este estudio fue comparar
los limites de precision de la insercion de implantes
de forma convencional frente a la forma por navega-
ci6n en la practica.

Material y métodos: Se insertaron implantes en
modelos vaciados del maxilar. Para reemplazar el
incisivo central izquierdo (n=40) y el canino dere-
cho (n = 40); cada uno se insert6 de forma conven-
cional n=20 o navegada (n=20). La posicion,
angulacién y profundidad de insercion del implante
se calcularon a partir de escaneres CT de los im-
plantes que se conectaron con un pilar indice de
40 cm. de longitud.
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Resultados: Las variaciones en las posiciones de los
implantes se redujeron en los implantes que se
insertaron por navegacion (P <o.05). En ambos pla-
nos axial y sagital las variaciones en la angulacion de
los implantes se redujeron para los implantes que se
insertaron por medio de un protocolo de navegacién
(P<o0.05). Las variaciones en la profundidad de
insercion fueron menores (P <0.05) cuando los im-
plantes se insertaron por navegacion en comparacion
con los que se insertaron con procedimientos con-
vencionales.

Conclusiones: Dadas las condiciones experimen-
tales, aunque se intentd imitar una situacion clinica,
no se pueden sacar conclusiones finales. La aplica-
cién in vitro de un sistema de navegacion resulto en
una mejora de la precision de la cirugia de insercién
respecto a la posicion, la angulacion y la profundidad
de un implante. Estudios clinicos deberan probar si
el guiado por imdgenes rutinario redundara en unos
resultados quirdrgicos superiores.
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