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Abstract

Objectives: The aim of the present prospective clinical study was to evaluate the match between the

positions and axes of the virtually planned and the placed implants using laboratory-based surgical

guides generated from cone beam computed tomography (CBCT).

Materials and methods: A total of 132 implants were placed with the aid of 3D-based transfer

templates in 52 consecutive partially edentulous patients between April 2008 and March 2010. After

individual adaptation of the scan templates and CBCT scanning, the acquired data for virtual implant

planning and simulation were processed using the med3D software program. After finalizing the

virtual placement of the implants the radiographic templates were converted into operative guides

containing titanium sleeves for cavity preparation. Preoperative planning was merged with

postoperative CBCT data to identify linear and angular deviations between virtually planned and

placed implants.

Results: Compared with the planned implants the installed implants showed linear deviations in the

median at the neck and apex of 0.27mm (range 0.01–0.97mm), and of 0.46mm (range 0.03–1.38mm),

respectively. The angle deviation was 1.841 in median, with a range of 0.07–6.261. The extent of

deviation depends on the size of the tooth gap and the distribution of the remaining teeth.

Conclusion: The results of this study suggested that laboratory-fabricated surgical guides using CBCT

data may be reliable in implant placement under prosthodontic considerations in partial edentulism.

The common goal of computer-based guiding

systems is to achieve an ideal prosthetically

orientated implant position combined with a

safe, fast and, if possible, minimally invasive

surgery. Three-dimensional (3D)-based pre-im-

plantological diagnosis has become considerably

more widespread in dentistry with the introduc-

tion of cone beam computed tomography

(CBCT). The CBCT technology may combine

the advantage of a significantly reduced radiation

exposure to the patient (Ludlow & Ivanovic

2008) with a detailed view of the 3D bone

architecture and adjacent anatomically relevant

structures. Acquisition of 3D image data, how-

ever, is only one component in the complex

overall system of a prosthetically orientated im-

plant planning concept. In addition to a suitable

software program for virtual planning and simu-

lation of the superstructure, it is essential to have

guiding systems that can transfer the planning

data acquired from the computer simulation to

the actual surgical site. The transfer approaches

for computer-assisted implant planning could be

differentiated in dynamic navigation real-time

tracking systems and static transfer techniques

based on templates. For the static templates,

virtual planning data become translated into

corresponding guidance-sleeve positions within

a template. Static template production may be

subdivided into stereolithographic technologies

(CADCAM) and laboratory-based procedures. In

the laboratory-based systems, the template is

fabricated on a dental stone model. The template

is used for visualizing the subsequent idealized

superstructure and the accurate fit of this tem-

plate can be checked intraorally and finely ad-

justed occlusally before producing the CBCT

images. After CBCT acquisition the radiological

template is converted into a surgical template.

Template-guided implant surgery requires sev-

eral pre-operative steps, starting with fabrication

of a radiographic template, the CBCTacquisition

with the template in position, computer-assisted

implant planning and ending in fabrication and
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use of a surgical guide for drilling and implant

insertion. With such a complex sequence, where

every step is prone to errors, accuracy is of

utmost importance. The accuracy of dynamic

navigation and stereolithographic guide systems

has been investigated and was found to be super-

ior to conventional implant surgery (Sarment

et al. 2003; Brief et al. 2005). The purpose of

the present study was to assess the accuracy of

placed implants, compared with the planned

implants for a CBCT-based, computer-aided im-

plant planning concept using laboratory-fabri-

cated templates.

Material and methods

In a prospective monocentric study between 1

April 2008 and 31 March 2010 a total of 132

implants were placed in 52 consecutive partially

edentulous patients following CBCT diagnostics

with the aid of 3D-based, laboratory-fabricated

templates. The remaining dentition had a healthy

periodontium without excessive tooth mobility.

The patients were informed about the approach of

computer-aided implant planning, template-

guided implant surgery and the pre-and post-

operative CBCT scan protocol. All patients gave

their informed and written consent. Based on an

alginate impression of the patient’s jaw, tooth-

borne templates were fabricated on plaster mod-

els by the dental laboratory. The template bases

were made of clear acrylic and the missing teeth

were fabricated in the ideal prosthetic position

using a barium sulphate–acryl mixture (30%

barium sulphate powder/70% methacrylate) or

a pre-fabricated radio-opaque acrylic (Acryline,

anax dent GmbH, Stuttgart, Germany). The

templates were additionally equipped with a

2 � 3-unit lego brick as referential marker.

Planning procedure

Before producing the CBCT, the templates were

tried intraorally. For reaching a reproducible and

definite fitting position control windows were

inserted in the templates and the occlusal fit was

finely adjusted using Pattern Resin (GC Europe,

Louvain, Belgium). With the templates in place,

pre-operative volume data of the region of interest

were obtained with the Accuitomo (J. Morita

Europe GmbH, Dietzenbach, Germany) CBCT.

The scanning parameters were as follows: voxel

size 0.125mm, acquisition time 18 s, FOV

6cm � 6 cm and slice thickness 0.25mm. Based

on the acquired image data and following transfer

into DICOM format (slice thickness and slice

spacing 0.25mm), implant planning and simula-

tion was completed using the software program

implant 3D (med3D GmbH, Heidelberg, Ger-

many). With the later prosthodontic reconstruc-

tion taken into consideration, the implants were

planned by two clinicians (A. B./N. B.). After

completion of the virtual implant planning and

based on the drilling plan calculated by the soft-

ware program, the imaging template was trans-

formed into a surgical template. Using the lego

brick, the template is locked into the Schick

Hexapod positioning device (X1med3D posi-

tioner, SchickDental GmbH, Schemmerhofen,

Germany) and for each implant position the

settings of the surgical drilling plan were trans-

ferred onto the six legs of the hexapod. Titanium

tubes were polymerized into the templates by the

dental technician.

Surgical protocol

In the present study different guide tube systems,

drill keys and drills were used. Steco titanium

sleeves (steco-system-technik GmbH, Hamburg,

Germany) with an inner diameter of 3.5mm

(length 6mm, distance of the sleeve above the

future implant shoulder 4mm) were used via

interchangeable inner tubes for cavity preparation

in combination with drills with a 10mm shaft

extension. The Straumann-guided surgery sys-

tem (Institut Straumann AG, Basel, Switzerland)

comprising guided drills with depth control and

drill handles based on the sleeve-in sleeve con-

cept was used for controlling all steps of the

osteotomy. If the NobelGuide system (Nobel

Biocare AG, Gothenburg, Sweden) was used,

according to protocol, sleeves with different dia-

meters (NP, RP, WP) were utilized with a guided

start drill, twist drills in ascending order with

depth stops and guided drill guides. Implant

bodies were template guided inserted through

the sleeves.

Following local anaesthesia and after soft tissue

removal using mucosal punch (flapless surgery)

or flap mobilization, the templates were stabi-

lized on the natural teeth as near as possible to

the identical position as on the CBCT image.

After completion of the template-guided surgery,

augmentation measures were completed on the

hard and soft tissue if required and implants were

left to osseointegrate for 1.5–4 months, depend-

ing on the anatomical situation. The subsequent

treatment and recall measures did not differ from

the generally accepted regimen for implant-pros-

thetic restorations.

Fig. 1 illustrates an example of the procedure

on an actual patient.

Image fusion and accuracy evaluation

For the evaluation of the surgical results in

contrast to the pre-operative planned virtual posi-

tions all patients were rescanned after implant

insertion with the CBCT. The postoperative

control CBCT data sets were first processed in

the same manner as the planning CBCT data

sets. All implants were identified by their X-ray

shadow and new virtual implants were super-

positioned on their images to achieve a congruent

overlapping with the X-ray shadows. In the next

step, the pre-operative CBCT images containing

the information of the originally planned im-

plants were transferred to the postoperative con-

trol data set using the matching module of the

med3D planning software (Fig. 2). The pre- and

postoperative data sets were first fused with the

automated tool, using the lego brick as registra-

tion unit. Subsequently the images were manu-

ally aligned observing the superposition of

anatomic markers. The software allows one to

evaluate the correct registration of both images in

the transverse, coronal and sagittal planes.

Deviations between planned and placed im-

plant positions were calculated utilizing the lin-

ear and angle measurement tools of the matching

module of the med3D planning software. Linear

and angular deviations (Fig. 3) were measured on

the fused 3D images:

� Radial deviation (mm) – horizontal distance

between the middle axis of the virtual

planned and actual placed implant; measures

at the level of the implant shoulder (shoulder

radial deviation) and apex (apex radial devia-

tion).

� Depth deviation (mm) – vertical distance in

coronal–apical direction between the middle

axis of the virtual planned and actual placed

implant; measures at the level of the implant

shoulder (shoulder depth deviation) and apex

(apex depth deviation).

� Angulation (1) – angular deviation between

the long axis of the virtual planned and actual

placed implant.

The acquisition of image data and the accuracy

evaluation was carried out by implant dentistry

specialists (A. B., N. B., M. B.) with government-

certified expertise in 3D imaging and CBCT

usage.

Statistical analysis

The statistical analyses were performed using the

software program StatView 5.0. Quantitative

data are described with mean values, standard

deviations, median values, minima and maxima.

Accuracy data were illustrated using box plots.

According to the slightly skewed distribution

of the data, non-parametric statistics were

performed. Wilcoxon’s signed rank test was

performed for crestal and apical deviations.

Differences were considered statistically sig-

nificant if Po0.05. The Bonferroni test was
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performed to compare the linear deviations be-

tween the different kinds of templates.

Results

Fifty-two partially edentulous patients were con-

secutively included in the study period from 1

April 2008 until 31 March 2010. Seventeen

patients were treated in different regions of the

arches, and therefore the number of computer-

aided surgical interventions was 69, for a total of

132 planned implants (89 Straumann Dental

Implants [Institut Straumann AG, Basel, Swit-

zerland], 43 Nobel Replace Implants [Nobel

Biocare AG, Gothenburg, Sweden]). All implants

could be placed as planned. Table 1 provides a

description of the patient pool. The population

consisted of 28 (54%) females and 24 (46%)

males; the mean age was 54.2 � 15.1 years.

The mean observation time determined from

implant placement to the final checkup was 1.1

years (range 0.4–2.1 years). None of the 132

implants failed (overall survival rate 100%). 17

of the patients were each fitted with separate

restorations in different regions of the jaws, as a

result a total of 69 sites were treated with

implants; 87 (66%) were in the maxilla and 45

(34%) in the mandible. The majority of restora-

tions were in the shortened dental archwith 39%

(27 sites) of the sites involving 52 implants. The

second most common area of indication with

27.5% (19 sites) was the interrupted dental arch

(43 implants), followed by single-tooth restora-

tions with also 27.5% (19 implants). The re-

maining 6% involving 18 implants related to the

reduced residual dentition.

The half (66) of the 132 implants were inserted

using a minimally invasive technique due to an

adequate width of bone availability and an ade-

quate zone of fixedmucosa. These implants were

placed after template-guided marking and re-

moval of soft tissue using a mucosal punch

without flap mobilization. There were no nerve

injuries, abnormal haemorrhages, sinus patholo-

gies or other complications to the anatomy re-

lated to inaccurately placed implants.

None of the 132 implants were inserted in a

different position from planning; there was also

no change in relation to the planned type of

implant. There were no discrepancies in length

or diameter of the inserted implants compared

with the pre-operative planning.

In two templates, the sleeves detached, but

they were successfully replaced. One template

cracked without breaking and served its purpose

until the end of the surgery. One hundred and

thirty-two implants were placed as planned and

were available for accuracy calculations via image

fusion technique.

Fig. 2. The matching procedure on fused 3D images of pre-surgical planning and postsurgical cone beam computed

tomography scan generated by the med3D software. Planned implants are represented by the orange colour and actual

implants are represented by various colours.

Fig. 1. Clinical example illustrating the treatment protocol. (a) Virtual 3D planning by simultaneous views in several planes,

(b) pre-operative clinical situation, (c) surgical guide with the drilling sleeves corresponding to the location and the inclination

of the planned implants in place, (d) osteotomy preparation performed using the Straumann-guided system, (e) situation after

implant installation, (f) augmentation with autogenous blocks fixed with osteosynthetic screws, (g) postsurgical cone beam

computed tomography, (h) clinical situation with the fixed superstructure.
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Accuracy analysis

Mean deviations for the achieved implant posi-

tions were 0.32mm (range 0.01–0.97, SD 0.23)

at the crestal and 0.49mm (range 0.03–1.38, SD

0.29) at the apical end in the horizontal plane.

The mean depth deviation between planned and

placed implant positions was –0.02mm (range –

1.21 to 1.46, SD 0.4) at the implant shoulder and

–0mm (range –1.2 to 1.47, SD 0.41) at the

implant apex. A mean angular deviation of the

long axis between planned and installed implants

of 2.11 (range 0.07–6.26, SD 1.31) could be

detected. Deviation outcomes are shown in Table

2 and Figs 4–6.

The box-and-whisker diagram (Fig. 4) of the

radial deviation at the implant shoulder shows

that 50% of the data range between 0.15mm

(lower quartile) and 0.41mm (upper quartile)

with a median of 0.27mm. Ninety percent of

the values lay within the range of 0–0.7mm. All

outliers remained below the border of 1mm. The

box plot for the radial deviation at the implant

tip indicates, as identifiable by the median

(0.46mm), the interquartile range (0.24–

0.68mm) and the position of the whiskers, a

larger value dispersion. Ninety percent of the

values were nevertheless below 0.9mm and

only outliers exceeded the value of 1mm. The

Wilcoxon signed rank test calculation for the

comparison of the crestal and apical radial devia-

tionswas highly significant (Po0.0001), yielding

generally smaller crestal than apical horizontal

deviations. The depth deviation was at the apex,

with a median of –0.04mm and an interquartile

range of –0.22 to 0.25mm similar to the shoulder

depth deviation (median –0.06, interquartile

range –0.24 to 0.2mm). The location of the

outliers is based on the fact that it was in some

cases deliberately deviated from the originally

planned depth to achieve a better primary stabi-

lity or to obtain an adequate alignment of the

coupling site for the superstructure. For the

angular deviation (Fig. 6), a median of 1.841

was observed and the 25th and the 75th percen-

tile ranged between 1.11 and 2.851. Ninety

percent of the data were found below 41.

Fig. 7 represents the amount of deviation related

to the kind of template, i.e. free ending template in

the case of shortened dental arch or reduced

residual dentition versus mesial and distal tooth-

supported template in the case of single tooth gap

or interrupted dental arch. Statistically significant

differences were found when comparing the cor-

onal and apical deviations for the different tem-

plate groups. The smallest degree of dispersion in

the data for implants placed with single tooth gap

templates was noticed (median 0.16, 90th percen-

tile 0.46, range 0.01–0.92mm at the implant

shoulder and median 0.34, 90th percentile 0.56,

range 0.03–0.59mm at the implant tip). The

visual analysis of Fig. 7 shows that reduced resi-

dual dentition templates are to some extent sepa-

rated from the other kind of templates,

representing a larger amount of coronal and apical

deviation (median 0.46, 90th percentile 0.86,

range 0.04–0.92 mm at the implant shoulder and

median 0.75, 90th percentile 1.08, range 0.21–

1.26mm at the implant tip). No significant effect

on accuracy could be demonstrated for implants

placed using free ending templates in the shortened

dental arch comparedwithmesial and distal tooth-

supported templates in the interrupted dental arch.

Discussion

Computer-guided implant planning and place-

ment is an upcoming technology with the poten-

tial for a more predictable and less invasive

implantation procedure. The goal of computer-

assisted implant planning should be the achieve-

ment of maximal surgical safety on the basis of a

3D diagnosis, virtual planning and high accuracy

for the surgical transfer. The accuracy of the

transfer procedure is defined as the deviation

between the position of the implant postopera-

tively and the position of the implant in the

planning. Deviations between planned and actual

implant position can occur at each step of the

‘‘computer-aided implant placement’’ cascade,

starting from the planning stage to the operative

stage (for a review, see Vercruyssen et al. 2008;

Jung et al. 2009; Schneider et al. 2009; D’haese

et al. 2010). Errors at the planning stage can be

generated from the acquisition of the CBCT data

set (image quality, reliability, motion or metal

artefacts). The accuracy of CBCT has been pre-

viously reported to be within 0.5 and 0.7mm

(Loubele et al. 2007; Behneke et al. 2009). Soft-

ware planning and examiner errors (conversion,

volume rendering, visualization detail accuracy,

referential marker registration) were possibly ad-

ditional factors influencing the precision at the

planning stage. In an in vitro study evaluating a

CT-guided laboratory-fabricated template-as-

sisted implant placement system the accuracy

Table 1. Description of patient pool

Number of patients 52
Women: 28 (54%)
Men: 24 (46%)

Sites 69
Implants 132 planned, 132 placed

(89 Straumann Dental Implants, 43 Nobel Replace Implants)
Average observation 1.1 years
Type of arch
Maxilla 87 implants
Mandible 45 implants

Areas of indication
Single tooth gap 19 implants
Interrupted dental arch 43 implants
Shortened dental arch 52 implants
Reduced residual dentition 18 implants

Surgical technique
Flapless 66 implants
Open flap 66 implants
Implant failures 0 implants

Table 2. Deviations between planned and actual implant positions (n¼ 132)

Mean SD Median Range

Shoulder radial deviation (mm) 0.32 0.23 0.27 0.01–0.97
Apex radial deviation (mm) 0.49 0.29 0.46 0.03–1.38
Shoulder depth deviation (mm) �0.02 0.4 �0.06 � 1.21 to 1.46
Apex depth deviation (mm) �0 0.41 �0.04 � 1.2 to 1.47
Angulation deviation (deg.) 2.1 1.31 1.84 0.07–6.26

Fig. 3. Measurement of deviations between placed and

planned implants.

140 | Clin. Oral Impl. Res. 23, 2012 / 137–143 © 2011 John Wiley & Sons A/S

Behneke et al �Accuracy assessment of cone beam CT-derived surgical templates



related to the CTprocess and presurgical planning

phase was found to have a mean shoulder radial

deviation of 0.31 � 0.15mm, an apex radial

deviation of 0.4 � 0.1mm and an angular devia-

tion of 1.33 � 0.691 (Horwitz et al. 2009).

Furthermore, deviations could be generated

from an incorrect guide positioning and fixation

in the mouth during surgery. Therefore, in the

laboratory-based guiding systems, the most im-

portant goal is to achieve a stable and reproduci-

ble fitting position of the template during the

radiological investigation and the implant place-

ment. In the present study the stability of the

templates was ensured by a rigid template mate-

rial, a proper fitting on the natural teeth and

relining of the templates. This creates the ideal

conditions for producing a template that fits as

identically as possible during CBCT imaging and

subsequent surgery, particularly for patients with

a partial or residual dentition.

The results of this image fusion evaluation

indicate a good agreement between the pre-op-

erative planning data and the intraoperative

achieved implant positions. The mean angular

and linear deviations were 2.11 and 0.32mm at

the implant shoulder and 0.49mmat the implant

tip, respectively. These means of the radial and

angular deviations in the present study and the

means for the control implants which served in

the above-mentioned study of Horwitz et al.

(2009) to evaluate pre-operative system errors,

were relatively similar. Thus it can be derived

with caution that the deviations in the present

study were interpreted to bemainly related to the

pre-operative phase (CBCT process and planning

phase) rather than to the operative phase.

Apart from themean deviations of planned and

actual values, the data of standard deviation and

maxima are of particular importance. These va-

lues determine the safety margins that have to be

maintained to avoid injury of vital structures,

especially in implantations without flap mobili-

zation. In the present evaluation an SD of

0.23mm with a maximum of 0.97mm at the

entrance and an SD of 0.29mmwith amaximum

of 1.38mm at the apex was found for linear

deviations. Typically, control limits are set at

one to three times the SD (Hanold et al. 1998;

Horwitz et al. 2009). Based on the present results

and computing three times the SD, a safety zone

should be kept by 0.9mm. Related to the max-

imum deviation, a safety margin of 1.4mm may

be recommended. These values for the safety

zone are slightly lower as the recommendations

of the planning system company (1.5mm), but

agree in the order of magnitude.

The technique presented using tooth-sup-

ported laboratory-based templates generated

from CBCT with mean deviations of 0.32mm

(shoulder) and 0.49mm (tip) and maxima of

0.97mm (shoulder) and 1.38mm (tip) produced

a result that is unattainable using conventional

templates in terms of the accuracy of surgical

transfer. Unfortunately, only limited data about

the accuracy of conventional implant placement

are available in the literature. In an in vitro study,

Sarment et al. (2003) established a mean devia-

tion of 1.5mm with a maximum deviation of

1.8mm at the entrance and a mean deviation of

2.1mmwith a maximum deviation of 3.7mm at

the apex for conventional templateswith occlusal

drilling channels. In an another in vitro study, the

accuracy of freehand dental implant placement in

single tooth gaps was evaluated (Brief et al. 2005).

The average distance between the planned and

actual osteotomy was 1.35with a maximum of

2.16mm at the entrance and 1.62 with a max-

imum of 2.68mm at the apex when a manual

implantation was performed.

The accuracy of the system tested in the

present study should be compared with the la-

boratory-based guide studies available in the

literature using the image fusion technique as a

method to investigate the problem of possible

deviations between virtually planned and actu-

ally placed implant positions. A directly compar-

ison is difficult, since publications that deal with

the problem of the accuracy are often based on

image data acquired using CTunits. After knowl-

edge of the authors only in vitro studies dealing

with med3D system and using the image fusion

technique are so far available in the literature.

Kalt & Gehrke (2008) established mean horizon-

tal deviations at the implant entry point of 0.85

with amaximumof 1.7mmandmean deviations

at the apex of 0.9 with a maximum of 2.53mm

with eight study models from calf ribs. For

angular deviations a range of 0.02–7.571 was

reported. Another recent in vitro study on resin

models (Horwitz et al. 2009) reported a range of

0.5–4.71 for angular deviation and 0.02–1.41mm

(shoulder) and 0.02–1.86mm (tip) for linear de-

viations in 54 implants that were placed with

med3D system, as in the present study. Barnea

et al. (2010) have calculated the deviations for

eight implants inserted in a partially edentulous

sheep mandible by laboratory-based guides ac-

cording to the med3D technique. In the horizon-

tal plane, mean deviation at the shoulder of

0.99mm with a range of 0.43–1.66mm and at

the apex of 1.41mm with a range of 0.13–

1.93mm have been reported. Further in vitro

studies (Dreiseidler et al. 2009; Widmann et al.

2010) to laboratory-based templates with other

planning systems revealed results comparable to

the present study (Fig. 8).

Fig. 5. Box plots showing median, percentiles and outliers of

depth deviations of implants (n¼132).

Fig. 6. Box plots showing median, percentiles and outliners

of angular deviation of implants (n¼132).

Fig. 4. Box plots showing median, percentiles and outliners of radial deviations of implants (n¼132). Boxes contain 50% of

all values, the horizontal lines outside the box indicate the 10th and 90th percentile. Circles represent outliers.
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The results from the present study can be

compared with studies using stereolithographic-

based systems in partially edentulous patients.

The accuracy of surgical transfer for stereolitho-

graphically fabricated guides is based on image

data acquired using CT or CBCT units and was

assessed by pre-clinical and clinical models. In an

in vitro study with cadavers treated according to

the NobelGuide technique, van Assche et al.

(2007) established a mean deviation at the entry

point of 1.1mm (maximum 2.3mm) and of

1.2mm (maximum 2.4mm) at the apex. As

assessed by four recently published clinical stu-

dies with stereolithographic templates from No-

belGuide, SimPlant or StentCAD systems, mean

horizontal deviations of 0.6–1.1mm andmaxima

between 1.4 and 1.8mm were recorded at the

entry point using the image fusion tool (Ersoy

et al. 2008; Ozan et al. 2009; Arisan et al. 2010a;

van Assche et al. 2010). At the implant tip the

mean horizontal deviations ranged from 0.9 to

1.3mm and the maxima from 1.7 to 2mm,

respectively. The tooth-supported laboratory-

based guides investigated in the present study

provided an accuracy similar or better to the

above-cited tooth-supported stereolithographi-

cally fabricated templates. This may have its

explanation in the fact that in a laboratory-based

system, the same guide was used for radiographic

examination and surgery. Therefore a stable and

reproducible fitting position of the template

could be assured before CBCT acquisition and

operative steps during the drilling phase were

performed with the original template, improving

the accuracy.

The mean deviations at the implant tip were

higher than at the implant head. Deviation at

the shoulder should be less, because of the fact

that implant guidance is most optimal in the

coronal part of the boreholes because of the

lack of angular deviation, which is added by

drilling farther into the bone. Higher deviat-

ion rate at the apical end of the implant posit-

ion is a characteristic of the static template

solution.

In the present study, a correlation could be

found between the amount of deviation and the

kind of template. Less scattering of values and

maximum deviations could be observed, if single

tooth gaps withmesial and distal tooth-supported

templates were treated. There was a wider dis-

tribution of values for sites with a reduced resi-

dual dentition, since only few teeth could ensure

the support. In accordance with van Assche et al.

(2010) no significant differences could be deter-

mined between free ending templates in the

shortened dental arch and bilateral anchored

templates in the interrupted dental arch. This is

remarkable, since larger deviations for guides

with unilateral anchorage could be expected due

to tilting and bending of the templates. It seems

that by the rigid template material, used in the

present study, and the relining of the templates a

sufficient stiffness could be obtained, to prevent

such a tilting.

In patient-oriented dental implant research

clustered or dependent observations, resulting of

multiple implants placed in the same patient is a

common problem, that may cause statistically

invalid analysis. This also applies for the present

study. The randomized selection of one implant

per patient was not performed in the present data

set, because of the limited sample size. Moreover,

a randomized selection can also result in an

inefficient statistical estimation because not all

of the data are used (Chuang et al. 2002).

Fig. 7. Box plots for radial deviations between the planned and placed implants at the shoulder and tip for the indication groups

in partial edentulism. P-values of the Bonferroni test for the comparison between different kinds of templates are

demonstrated. According to the Bonferroni method, the comparisons were significant when the P-value was o0.0083.

Fig. 8. Articles published reporting on accuracy using dental laboratory surgical guides based onmean deviation, minima and

maxima at entry and apex point.
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The presented technique of template-sup-

ported, CBCT-based implant planning with me-

chanical transfer illustrates a procedure that

provides a range of advantages. At the virtual

planning stage the implant can be positioned

more favourably in relation to the superstruc-

ture and the effect on the restoration of any

necessary deviations from the prosthetic ideal

alignment can be analysed. There is increased

safety with regard to protecting the anatomical

structure, as the 3D image provides more in-

formation about nerve paths, root curvature of

adjacent teeth and other important anatomical

structures. The minimally invasive nature of

the procedure is a considerable advantage for the

patient, as even with compromised bone anat-

omy the existing hard tissue can be ideally

analysed and utilized, consequently reducing

the amount of augmentation measures. More

implants can be placed without flap mobiliza-

tion, so that not only the amount of pain and

swelling can be reduced (Arisan et al. 2010b)

but also the bone resorption associated with

detachment of the periosteum (Araújo et al.

2005).

These advantages involve increased logisti-

cal and economic investment, which is justified

to a great extent if there is an adequate degree

of accuracy in the surgical transfer of the plann-

ing data to the actual surgical situation.

The results of the present study indicate a

good transfer accuracy for patients with partial

dentitions.
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