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Abstract
Aim: To assess the accuracy of implants placed flapless by a stereolithographic
template in partially edentulous patients.

Material and Methods: Eight patients, requiring two to four implants (maxilla or
mandible), were consecutively recruited. Radiographical data were obtained by means
of a cone beam or a multi-slice CT scan and imported in a software program. Implants
(n 5 21) were planned in a virtual environment, leading to the manufacture of one
stereolithographic template per patient to guide the implant placement in a one-stage
flapless procedure. A postoperative cone beam CT was performed to calculate the
difference between virtual implant (n 5 21) positions in the preoperative planning and
postoperative situation.

Results: A mean angular deviation of 2.71 (range 0.4–8, SD 1.9), with a mean
deviation at the apex of 1.0 mm (range 0.2–3.0, SD 0.7), was observed. If one patient, a
dropout because of non-conformity with the protocol, was excluded, the angular
deviation was reduced to 2.21 (range 0.6–3.9, SD 1.1), and the apical deviation to
0.9 mm (range 0.2–1.8).

Conclusion: Based on this limited patient population, a flapless implant installation
appears to be a useful procedure even when based on accurate and reliable 3D CT-
based image data and a dedicated implant planning software.
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Several published papers have described
pre-treatment planning software based
on radiologic images (for a review, see
Widmann & Bale 2006, Vercruyssen
et al. 2008). Such a concept allows the
visualization of jawbone anatomy and
the integration of implant placement
and prosthetic re-constructions. Implant
planning is both anatomically and pros-
thetically driven. The transfer of the

ideal implant position from the compu-
ter planning to the surgical field is
carried out using a stereolithographic
drilling template.

The combination of such a treatment
planning and CAD–CAM technology
also makes it possible to pre-manufac-
ture individual prosthetic solutions that
can be connected to the implants imme-
diately after surgical placement.

Many publications describe the
advantages of such a procedure, re-
porting promising clinical results (van
Steenberghe et al. 2002, 2005, Ganz
2003), even with a medium-term fol-
low-up (Sanna et al. 2007). In case of
an atrophic edentulous maxilla, the use

of a drill guide allows the placement of
implants in less accessible sites such as
the zygoma (Vrielinck et al. 2003,
Malevez et al. 2004). The additional
advantages of such a procedure are a
shortened surgical time and a less inva-
sive surgery, with less postoperative
discomfort and pain (Fortin et al. 2006,
Ozan et al. 2007).

The key issue is the maximal devia-
tion between planning and placement.
The latter should not just be expressed
by linear measurements both coronally
and at the apex of the implant. The
angular deviation may even be consid-
ered as the most crucial factor affecting
the linear deviation with an implant

N. Van Assche1, D. van
Steenberghe1,2, M. Quirynen1 and
R. Jacobs3

1Department of Periodontology, Faculty of

Medicine, Catholic University Leuven,

Leuven, Belgium; 2Department of

Periodontology, Faculty of Medicine, Catholic

University of Leuven, Leuven, Belgium;
3Oral Imaging Center, Faculty of Medicine,

Catholic University Leuven, Leuven, Belgium

Conflict of interest and source of
funding statement

There are no conflicts of interests.
Oral implants were delivered free of
charge by the Nobel Biocare company.

J Clin Periodontol 2010; 37: 398–403 doi: 10.1111/j.1600-051X.2010.01535.x

398 r 2010 John Wiley & Sons A/S



length dependence. Both in vivo (van
Steenberghe et al. 2002, Vrielinck et al.
2003, Di Giacomo et al. 2005, Ersoy
et al. 2008, Ozan et al. 2009) and ex
vivo studies ((Sarment et al. 2003, van
Steenberghe et al. 2005, Van Assche
et al. 2007, Ruppin et al. 2008) revealed
a mean angular deviation towards the
planning, ranging from 1.81 � 1.0 to
10.5 (range 0–21). Also, in a horizontal
plane, mean deviations at the apex of
0.8–3 mm have been reported within a
range of 0.4–6.4 mm. Deviations in both
a horizontal and a vertical plane allow
the fabrication of a provisional, but not
final, bridge. A guided surgery might
create a ‘‘safe surgical feeling’’, and
yet, when using such a system, it is
essential to know the worst-case scenar-
io where all deviations add up in the
same direction. Even though the occur-
rence of such a scenario is minimal, it
may have drastic consequences, such as
inducing neurovascular trauma (e.g.
nerve damage, life-threatening haemor-
rhages, etc.; Liang et al. 2008).

The present report is the first clinical
study on the accuracy assessment of a
computer-assisted implant placement in
partial edentulism based on cone beam
computed tomography (CBCT) ima-
ging, besides multi-slice CT (MSCT).

Material and Methods

Patients

Eight patients (mean age 5 56 years,
five females, one smoker) with a suffi-
cient amount of jawbone to place two to
four implants in the posterior or frontal
areas, in the lower (n 5 2) or the upper
jaw, were consecutively recruited. The
remaining dentition had a healthy peri-
odontium without excessive tooth mobi-
lity. Extraction sockets should have
healed for at least 3 months. Sites with
any disorders in the planned implant
area, such as previous tumours, radia-
tion or bone diseases, were excluded.
The study was approved by the ethical
committee of the University Hospital of
the Catholic University of Leuven.

Planning Procedure

A radiographic template was prepared
containing all information for future
prosthetic restoration, starting from a
wax-up. The template covered the
occlusal surfaces of the complete arch,
up to the coronal third of the dentition,
and reached the gingiva in the edentu-

lous sites. The template was manufac-
tured by a qualified dental technician of
the university technical laboratory using
a methacrylate resin (Palapress varios,
Heraeus-Kulzer, Wehrheim, Germany).
A minimum of six small gutta markers
were inserted into each edentulous site.
The gutta-percha points were placed at
different levels in relation to the occlu-
sal plane. This was accomplished using
a warm gutta-percha injection technique
(Obtura IIs, Obtura Corporation, Fen-
ton, MO, USA). These gutta-percha
points served as radio-opaque feducials
to allow visualization of the template in
the software, using the dual scanning
technique (Verstreken et al. 1996).

When an optimal fit of the template
was achieved, a bite index in centric
occlusion was made in putty impression
material (SheraExacts 85, Shera GmbH
& Co., Lemförde, Germany)

To integrate the planned prosthesis
into the virtual environment, the radio-
graphic template was positioned into the
mouth of the patient by the clinician,
and a CBCT scan (3D Accuitomos,
Morita, Kyoto, Japan) was performed
at 70 kV and 4 mA. A second scanning
of the template alone was performed to
achieve optimal image quality (Verstre-
ken et al. 1996). Because of the limited
field of view (3 cm � 4 cm) of the cone
beam hardware, two of the eight patients
requiring a bilateral rehabilitation were
scanned using an MSCT scan (Somatom
Volume Zooms, Siemens, Erlanger,
Germany) instead of a CBCT scan.
Considering the difficulties for 3D seg-
mentation of initial 3D CBCT datasets
and the limited visualization volume,
all radiographic templates were also
scanned by MSCT. Today, with the
larger field of view, this is no longer
necessary.

Both sets of dicom images were
imported in the Proceras software
(Nobel Biocare AB, Göteburg, Sweden)
to visualize the jawbone and the pros-
thesis at the same time. The slice viewer
displays 2D reslices in all planes. The
implants were planned in the most opti-
mal position towards both the jawbone
and the prosthetic demands. The plan-
ning was transferred to the manufac-
turing facility (Nobel Biocare AB)
electronically for the fabrication of the
stereolithographic drill guide.

Surgical Protocol

Surgery was performed under local
anaesthesia without antibiotic prophy-

laxis because of the stringent asepsia
conditions applied. The stereolitho-
graphic surgical template was posi-
tioned on the remaining teeth using the
bite index to secure a proper position.
One or two anchor pins were inserted
into the jawbone to stabilize the tem-
plate further. The drilling was per-
formed using sequential drills with
increasing diameters and removable
sleeves in the drill template according
to the manufacturer’s instructions. The
implant insertion was guided by the
fixture mount that closely fitted in the
sleeve. After implant installation, the
template was removed and healing abut-
ments or a provisional Proceras implant
bridge (Nobel Biocare AB) were
installed.

Twenty-one TiUnites (Nobel Bio-
care AB) Brånemark implants with dia-
meters of 3.3, 3.75 or 4 mm, and lengths
ranging from 10 to 15 mm were inserted.
Three to 6 months after implant place-
ment, the final prosthetic superstructure
was prepared.

Validation of the Technique

Two years after implant placement, a
CBCT scan (Scanoras 3D, Soredex,
Tuusula, Finland) was performed (set-
tings: 85 kV, 8 mA) to check the posi-
tion of the implants. The larger
postoperative volume (7.5 cm � 10 cm)
allowed to optimally match the small
preoperative volume. The postoperative
data were matched to the preoperative
images using the Procera software to
determine deviations in the three dimen-
sions (Fig. 1). This is based on a multi-
modality image registration (Maes et al.
1997); the postoperative cone beam
images are geometrically aligned with
the planning images by automated
image registration using maximization
of mutual information. Each anatomical
location is mapped to its corresponding
location.

Results

Deviations between the planned position
and the actual postoperative implant
positioning were calculated for all 21
implants using a total of 12 tooth-
supported stereolithographic templates
(Table 1). The mean angular deviation
of the long axis between the planned and
the placed implants was 2.71 (range 0.4–
8.0, SD 1.9), with a mean horizontal
deviation of 0.7 mm (range 0.1–1.4) at
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the neck and 1.0 mm (range 0.2–3.0, SD
0.7) at the apex. One patient (patient 8)
was considered as a dropout because
of violation of the actual protocol.
After the stereolithographic process,
the template was very brittle. To prevent
fracture of the template, the manufac-
turer decided to add a new resin to
the stereolithographic template while
placed on a stone model. The hardening
process of the resin may have deformed
the template. When the results of this
template (two implants) were excluded,
owing to non-conformity with the pro-
tocol, the deviations were reduced,
respectively, to 2.21 (range 0.5–3.9, SD
1.1), 0.6 mm (range 0.1–1.4, SD 0.3) at
the implant neck and 0.9 mm (range
0.2–1.8, SD 0.4) at the apex. The max-
imal range of angular deviation of dif-
ferent implants within the same patient
was 2.21.

Discussion

The combination of the present software
technique, to visualize the patient’s anat-
omy, together with the prosthetic restora-

tion, is a helpful operative planning tool
(Jacobs et al. 1999). This accuracy study
was the first one to demonstrate the
clinical applicability of 3D CBCT-based
preoperative planning for implant place-
ment in partial edentulism.

No complications were observed dur-
ing surgeries, and the deviations in
comparison with the planning were
acceptable when the dropout was
excluded. For the latter patient, the
template was modified on the stone
model, which probably led to a defor-
mation. This led, in this particular
patient, to an angular deviation of 6.21
and 8.31 and a vertical inaccuracy of up
to 2 mm.

To prevent this, it is essential to have
a radiographic template of an overall
thickness of at least 2.5–3.0 mm (as also
mentioned in the NobelGuide protocol).

Three other in vivo studies (Di Gia-
como et al. 2005, Ersoy et al. 2008,
Ozan et al. 2009) have calculated the
deviations of guided implant placement
by tooth-supported stereolithographic
guides (see Table 2). All these studies
obtained patient’s data from an MSCT
scan. The study by Di Giacomo et al.

(2005) found a higher angular deviation
than that in the present study. The
results were based on two templates
and four implants in a single patient.
Different templates were used for dif-
ferent drill diameters, and the use of
anchor pins was not mentioned. Both the
other two studies (Ersoy et al. 2008,
Ozan et al. 2009), based on a larger
number of implants, found deviations
comparable with the present study. Both
studies applied a flapless and an open
flap technique, but Ersoy et al. (2008)
could not find a difference for the
implants placed according to the differ-
ent approaches; angular deviations were
51 � 2.6 for the flap procedure versus
4.7 � 21 for the flapless procedure.
Besides the results in the table, Ozan
et al. (2009) found smaller deviations in
the mandible than in the maxilla; how-
ever, this was not confirmed by the
results of Ersoy and coworkers (Ersoy
et al. 2008). The dataset of the present
study was too small to analyse the
influence of the location.

When these results are compared with
a human cadaver study (Van Assche
et al. 2007) using the same protocol,
and the same software and guiding tool,
better results could be found in vivo.
There is no hard evidence to explain
this, but it could be due to a better
anchorage of the template over the
intact teeth. Furthermore, cadavers’
bone softening by demineralization of
formalin may have an impact. Another
cadaver study (Ruppin et al. 2008) cal-
culated the overall deviation for par-
tially and fully edentulous mandibles
(n 5 40) and found an angular deviation
of 7.9 � 51.

In the present study, the deviations
were present inter-patient and also intra-
patient. Yet, no correlation could be
found between the amount of deviation
and (1) the sequence of implant place-
ment (mean value 5 2.41 versus 1.91 for
the first and the last inserted implants,
p 5 0.87), (2) the mesial/distal position
of the implant (mean value 5 2.31 for
mesial implants and 2.11 for distal
implants, p 5 0.72) or (3) the kind of
template (mean for free ending tem-
plate 5 2.31 versus 2.11 for the distal
tooth-supported template). Thus, these
deviations might be related to the tilting
of the template in the case of a uni-
lateral anchor pin or to the tolerance
within the guiding tool (Van Assche &
Quirynen 2010). Should one use a max-
imal inclination of the drill, an angular
deviation of 4.71 can be expected.

Fig. 1. The yellow halo is the safety zone available in the planning, and the grey-yellow
implants represent the planning. The white structure represents the deviation of the actual
implant towards the planning. Detailed view from lateral (l), frontal (f) and apical (a).
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Although it is difficult to make final
statements from this small sample size,
we observed some shortcomings/condi-
tions that might explain the larger devia-
tions in patient 7, due to a tilting of the
template, where implants were installed
on both quadrants.

Also, in distal areas, especially where
the mouth opening is limited, a tilting of
the drill has to be prevented. A bilateral

anchoring might be considered to pre-
vent such a tilting.

Because errors are cumulative, all
steps of the protocol have to be carefully
managed to minimize the inaccuracy.

Different techniques exist to pre-
manufacture a (provisional) bridge. To
compensate for eventual deviations,
expandable abutments (NobelGuides,
Nobel Biocare AB) were developed.

An alternative solution could be the
adaptation of the temporary cylinders
in the prefabricated provisional bridge
or the manufacture of a provisional
bridge based on an impression taken
immediately after placement. A bony
interference, preventing the seating of
the provisional bridge, has to be
checked in the case of a flapless proce-
dure (Yong & Moy 2008).

Table 2. A summary of the reported accuracies for in vivo studies treating partially edentulous sites using a stereolithographic template

Study R P T I S Hex (mm) Tip (mm) Angle (1)

In vivo
Di Giacomo et al. (2005) CT 1 2 4 UJ 0.4 (r 5 0.1–1.1) 2.0 (r 5 0.8–3.0) 6.9 (r 5 1.9–12.2)
Ersoy et al. (2008) CT 26 UJ/LJ 1.1 � 0.6 1.3 � 0.7 4.4 � 1.6
Ozan et al. (2009) CT 30 UJ/LJ 0.9 � 0.4 0.9 � 0.6 2.9 � 1.3
Van Assche and colleagues
(present study)

CBCT CT 8 8 19 6 UJ/2 LJ 0.6 � 0.3 (r 5 0.1–1.4) 0.9 � 0.4 (r 5 0.2–1.8) 2.2 � 1.1 (r 5 0.6–3.9)

Cadaver study
Van Assche et al. (2007) CBCT 4 4 1 1 UJ/3 LJ 1.1 � 0.7 (r 5 0.3–2.3) 2.0 � 0.7 (r 5 0.7–2.4) 2.0 � 0.8 (r 5 0.7–4.0)

In the first three studies (in vivo), a spiral CT scan was taken to obtain the patient data.

R, radiographs to obtain patient information; P, number of patients; T, number of templates; I, number of implants; S, site; UJ, upper jaw; LJ, lower jaw;

r, range, CT, computed tomography; CBCT, cone beam CT.

Table 1. The deviations calculated by the matching software are presented in this table

Patient Implant Implant
length

Scan Deviation Free ending
template

Order of
placement

hex (mm) tip (mm) angle (1) depth (mm)

1 35 11.5 CBCT 0.3 0.9 3.6 0.2 No 1
1 36 11.5 0.5 0.4 0.6 0.4 No 2
2 13 13 CBCT 0.4 1.0 3.0 � 0.5 No 1
2 14 15 0.5 1.4 3.7 � 0.2 No 2
2 15 10 0.4 1.1 3.9 0.2 No 3
4 24 15 CBCT 0.7 0.6 1.0 � 0.3 No 1
4 25 10 0.7 0.7 2.1 � 0.2 No 2
5 25 15 CBCT 0.1 0.3 0.8 � 0.1 No 1
5 26 10 0.3 0.7 2.7 0.0 No 2
6 14 15 CBCT 0.9 1.2 2.4 0.6 Yes 1
6 15 15 0.9 0.9 1.6 0.8 Yes 2
Mean CBCT 0.5 0.8 2.3 0.1
SD CBCT 0.2 0.3 1.2 0.4

3 12 15 MSCT 0.3 0.3 0.5 0.2 No 4
3 14 15 0.6 0.2 2.9 0.2 No 1
3 22 15 0.4 1.0 3.0 0.1 No 3
3 24 15 0.5 0.6 1.3 0.3 No 2
7 14 13 MSCT 0.6 1.1 2.6 � 0.4 Yes 1
7 15 11.5 0.6 0.5 1.7 � 0.2 Yes 2
7 24 15 1.4 1.8 4.0 � 1.0 Yes 3
7 25 13 1.2 1.5 1.4 � 1.0 Yes 4
Mean MSCT 0.7 0.9 2.2 � 0.2
SD MSCT 0.4 0.6 1.1 0.5

Overall mean 0.6 0.9 2.2 � 0.1
Overall SD 0.3 0.4 1.1 0.5

8 36 10 1.5 2.3 6.2 � 1.3 Yes 1
8 37 10 2.0 2.9 8.3 � 2.0 Yes 2

Patient 8 was considered a dropout because of non-compliance with the protocol. Templates where the implants are in a free-ending position as well as

the sequence of implant insertion are visualized.

CBCT, cone beam computed tomography; MSCT, multi-slice CT.
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This study started in 2006, when the
earlier type of CBCT devices had only a
small visualization volume (3 cm �
4 cm). The latter had a high-resolution
diagnostic image quality, but a lower
segmentation quality. Recent studies
have shown a significant improvement
even for segmentation quality (Loubele
et al. 2007, 2009). Because the surgical
template is derived from the 3D volume
in the software, we still preferred at that
time to scan the radiographic template
by the MSCT scan so as to optimize the
support of the template on all the
remaining teeth. Nowadays, segmenta-
tion accuracy is more than sufficient (up
to 300mm) (Loubele et al. 2008) to
allow its use for dual scanning (tem-
plate/template1patient).

Besides the rapid imaging advance-
ments, the global planning and transfer
approach is still being improved to
reduce inaccuracies. The limited sample
size does not allow one to make final
statements. Therefore, this study should
be confirmed by randomized-controlled
clinical trials with a larger sample size.

Conclusion

The present study showed that implants
in partially edentulous sites can be
placed flapless via a computer-assisted
planning procedure, with acceptable
deviations towards their planned posi-
tions.

Acknowledgements

Veerle Wouters (Medicim, Belgium) is
kindly acknowledged for enabling data
analyses of the matching procedure. We
are grateful to Ludovic Beckers (Labo
Unident, Leuven, Belgium) for his sup-
port in the fabrication of the radio-
graphic templates

References

Di Giacomo, G. A., Cury, P. R., de Araujo, N.

S., Sendyk, W. R. & Sendyk, C. L. (2005)

Clinical application of stereolithographic sur-

gical guides for implant placement: prelimin-

ary results. Journal of Periodontology 76,

503–507.

Ersoy, A. E., Turkyilmaz, I., Ozan, O. &

McGlumphy, E. A. (2008) Reliability of

implant placement with stereolithographic

surgical guides generated from computed

tomography: clinical data from 94 implants.

Journal of Periodontology 79, 1339–1345.

Fortin, T., Bosson, J. L., Isidori, M. & Blanchet,

E. (2006) Effect of flapless surgery on pain

experienced in implant placement using an

image-guided system. The International

Journal of Oral and Maxillofacial Implants

21, 298–304.

Ganz, S. D. (2003) Use of stereolithographic

models as diagnostic and restorative aids for

predictable immediate loading of implants.

Practical Procedures and Aesthetic Dentistry

15, 763–771.

Jacobs, R., Adriansens, A., Verstreken, K.,

Suetens, P. & van Steenberghe, D. (1999)

Predictability of three-dimensional planning

system for oral implant surgery. Dentomax-

illofacial Radiology 28, 105–111.

Liang, X., Lambrichts, L., Corpas, L., Politis,

C., Vrielinck, L., Ma, G. W. & Jacobs, R.

(2008) Neurovascular disturbance associated

with implant placement in the anterior mand-

ible and its surgical implications: literature

review including report of a case. Chinese

Journal of Dental Research 11, 56–64.

Loubele, M., Bogaerts, R., Van Dijck, E.,

Pauwels, R., Vanheusden, S., Suetens, P.,

Marchal, G., Sanderink, G. & Jacobs, R.

(2009) Comparison between effective radia-

tion dose of CBCT and MSCT scanners for

dentomaxillofacial applications. European

Journal of Radiology 71, 461–468.

Loubele, M., Guerrero, M. E., Jacobs, R.,

Suetens, P. & van Steenberghe, D. (2007) A

comparison of jaw dimensional and quality

assessments of bone characteristics with

cone-beam CT, spiral tomography, and mul-

ti-slice spiral CT. The International Journal

of Oral and Maxillofacial Implants 22, 446–

454.

Loubele, M., Maes, F., Jacobs, R., van Steen-

berghe, D., White, S. C. & Suetens, P. (2008)

Comparative study of image quality for

MSCT and CBCT scanners for dentomaxil-

lofacial radiology applications. Radiation

Protection Dosimetry 129, 222–226.

Maes, F., Collignon, A., Vandermeulen, D.,

Marchal, G. & Suetens, P. (1997) Multimod-

ality image registration by maximization of

mutual information. IEEE Transactions on

Medical Imaging 16, 187–198.

Malevez, C., Abarca, M., Durdu, F. & Daele-

mans, P. (2004) Clinical outcome of 103

consecutive zygomatic implants: a 6–48

months follow-up study. Clinical Oral

Implants Research 15, 18–22.

Ozan, O., Turkyilmaz, I., Ersoy, A. E.,

McGlumphy, E. A. & Rosenstiel, S. F.

(2009) Clinical accuracy of 3 different types

of computed tomography-derived stereolitho-

graphic surgical guides in implant placement.

The International Journal of Oral and Max-

illofacial Surgery 67, 394–401.

Ozan, O., Turkyilmaz, I. & Yilmaz, B. (2007) A

preliminary report of patients treated with

early loaded implants using computerized

tomography-guided surgical stents: flapless

versus conventional flapped surgery. Journal

of Oral Rehabilitation 34, 835–840.

Ruppin, J., Popovic, A., Strauss, M., Spuntrup,

E., Steiner, A. & Stoll, C. (2008) Evaluation

of the accuracy of three different computer-

aided surgery systems in dental implantol-

ogy: optical tracking vs. stereolithographic

splint systems. Clinical Oral Implants

Research 19, 709–716.

Sanna, A. M., Molly, L. & van Steenberghe, D.

(2007) Immediately loaded CAD–CAM man-

ufactured fixed complete dentures using flap-

less implant placement procedures: a cohort

study of consecutive patients. Journal of

Prosthetic Dentistry 97, 331–339.

Sarment, D. P., Sukovic, P. & Clinthorne, N.

(2003) Accuracy of implant placement with a

stereolithographic surgical guide. The Inter-

national Journal of Oral and Maxillofacial

Implants 18, 571–577.

Van Assche, N. & Quirynen, M. (2010) Toler-

ance within a surgical guide. Clinical Oral

Implants Research 13 [Epub ahead of print].

Van Assche, N., van Steenberghe, D., Guerrero,

M. E., Hirsch, E., Schutyser, F., Quirynen, M.

& Jacobs, R. (2007) Accuracy of implant

placement based on pre-surgical planning of

three-dimensional cone-beam images: a pilot

study. Journal of Clinical Periodontology 34,

816–821.

van Steenberghe, D., Glauser, R., Blomback,

U., Andersson, M., Schutyser, F., Pettersson,

A. & Wendelhag, I. (2005) A computed

tomographic scan-derived customized surgi-

cal template and fixed prosthesis for flapless

surgery and immediate loading of implants

in fully edentulous maxillae: a prospective

multicenter study. Clinical Implant Dentistry

and Related Research 7 (Suppl. 1), S111–

S120.

van Steenberghe, D., Naert, I., Andersson, M.,

Brajnovic, I., Van Cleynenbreugel, J. &

Suetens, P. (2002) A custom template and

definitive prosthesis allowing immediate

implant loading in the maxilla: a clinical

report. The International Journal of Oral

and Maxillofacial Implants 17, 663–670.

Vercruyssen, M., Jacobs, R., Van Assche, N. &

van Steenberghe, D. (2008) The use of CT

scan based planning for oral rehabilitation by

means of implants and its transfer to the

surgical field: a critical review on accuracy.

Journal of Oral Rehabilitation 35, 454–474.

Verstreken, K., Van Cleynenbreugel, J., Mar-

chal, G., Naert, I., Suetens, P. & van Steen-

berghe, D. (1996) Computer-assisted

planning of oral implant surgery: a three-

dimensional approach. The International

Journal of Oral and Maxillofacial Implants

11, 806–810.

Vrielinck, L., Politis, C., Schepers, S., Pauwels,

M. & Naert, I. (2003) Image-based planning

and clinical validation of zygoma and pter-

ygoid implant placement in patients with

severe bone atrophy using customized drill

guides. Preliminary results from a prospec-

tive clinical follow-up study. The Interna-

tional Journal of Oral and Maxillofacial

Surgery 32, 7–14.

Widmann, G. & Bale, R. J. (2006) Accuracy in

computer-aided implant surgery – a review.

The International Journal of Oral and Max-

illofacial Implants 21, 305–313.

Yong, L. T. & Moy, P. K. (2008) Complications

of computer-aided-design/computer-aided-

402 Van Assche et al.

r 2010 John Wiley & Sons A/S



machining-guided (NobelGuide) surgical

implant placement: an evaluation of early

clinical results. Clinical Implant Dentistry

and Related Research 10, 123–127.

Address:

Nele Van Assche

Department of Periodontology

Catholic University Leuven

Kapucijnenvoer 7

Leuven

Belgium

E-mail: nele_van_assche@hotmail.com

Clinical Relevance

Scientific rationale: CT-based stereo-
lithographic drill guides are currently
used in clinical practice for implant
placement in full and partial edentu-
lism. Yet, the accuracy of flapless,
drill-guide computer-assisted implant
placement in partial edentulism
remains scarce. This is the first report
on the accuracy assessment of com-

puter-assisted implant placement in
partial edentulism using drill guides
based on either cone beam CT (n 5 6)
or multi-slice CT (n 5 2).
Principal findings: The inaccuracy is
within the range of previous studies
even when based on cone beam CT.
The flapless approach does not have
a negative influence on the surgical
outcome.

Practical implications: Within the
limitations of this pilot study, one
can conclude that cone beam CT
images can be used to acquire patient
image data that have to be transferred
to the surgical field using a stereo-
lithographic drill guide procedure for
flapless implant placement. At each
step, precision and alertness are key
factors for a successful outcome.
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