
interview
Digital workflow in dentistry— 
What’s in it for you

case report
Predictable guided implant placement 
for full-mouth reconstruction

cone beam supplement
Experts advocate using low-dose 
CBCT imaging protocols

CAD/CAM
issn 1616-7390  •  Vol. 10  •  Issue 2/2019

2/19

international magazine of digital dentistry



Straumann® CARES® Digital Solutions > Intraoral Scanner

Straumann® Virtuo Vivo™
Capture each note.

A0019/en/A/00 03/19

Contact your local Straumann representative  
now or visit www.straumann.com.

SCANNING IN  
REAL COLOR.

SMALL  
AND LIGHT  

HANDPIECE .

REMOVABLE 
& AUTO- 

CLAVABLE 
SLEEVES.

STRAUMANN® CARES®
DIGITAL SOLUTIONS



editorial | 

03CAD/CAM
2 2019

Dr Scott D. Ganz

Editor-in-Chief

Every two years, the global dental industry convenes 
the largest trade show and dental business summit in 
Cologne in Germany for the International Dental Show (IDS). 
Despite many of the economic, financial and cultural 
 issues presently facing the world, IDS 2019 (the 38th edi-
tion) marched on to record attendance and participation 
by clinicians, educators, auxiliaries, manufacturers, dis-
tributors and publishers, while showcasing a vast variety 
of products and equipment.

Koelnmesse was the centre of the dental universe for tens 
of thousands of participants during a full week in March, 
often with a crush of people trying to pass through the 
crowded aisles to get a glimpse of new products and 
technology, or watch hands-on demonstrations or brief 
presentations delivered by clinicians, laboratory techni-
cians, dental hygienists and industry partners represent-
ing 2,000 exhibitors from 58 countries.

As usual, seeing everything that one might wish to see in 
the multiple halls was impossible. One thing was abun-
dantly clear: there was a major emphasis on innovation 
and digital solutions focusing on the expanding world of 
CAD/CAM, 3D printing, design software from various 
vendors, CBCT and 3D imaging, aesthetic dentistry, 
smile design and the ever-expanding dental implant uni-

verse. The number of dental implant manufacturers and 
systems on display was almost beyond imagination!

As in previous years, Dental Tribune International (DTI) 
was present at IDS 2019 with an expansive and elegant 
lounge conceived for meeting colleagues and indus-
try partners over coffee or a quick meal away from the 
din of surrounding exhibit halls. The publisher’s array of 
print and online publications truly illustrates the incredible 
scope and impact of DTI around the globe. For those who 
are ardent readers of CAD/CAM, we appreciate your pa-
tronage. This is one of a myriad of publications and news 
channels DTI offers, making the company’s portfolio an 
invaluable resource for all dental professionals.

For those who did not get to experience IDS 2019, keep 
checking the pages of DTI offerings in print or online to 
learn more about the innovations presented during the 
event. For those who want to experience IDS first-hand, 
the next meeting will be in March 2021—put that on your 
calendar and book your hotel rooms now!

Dr Scott D. Ganz
Editor-in-Chief

IDS 2019—Amazing!
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Comparison of guided 
and non-guided 
implant placement  accuracy
In vitro study with 3D printing (Part 2)

Introduction

Proper 3D implant positioning is a crucial factor for 
 predictable implant and prosthodontic treatment. Guided 
osteotomy preparation and placing implants through 
a guide may contribute to more precise implant place-
ment in accordance with the prosthodontic plan. 
In the first part of the article (published in CAD/CAM 
1/2019), we described the use of 3D imaging in implant 
treatment planning. This study aims at the comparison 
of two methods in terms of repeatability and compliance 
with the treatment plan. 

Aim of the second part of the study 

The aim of the second part of the study is to present 
the methods of comparison of effects for both types of 
procedures and the initial results. 

Material

The guide was sterilised and clinically used during the 
procedure repeated under the in vitro conditions on 
half of the selective laser sintered mandibular models 

(material: polyamide 12; 3D printer: TPM Elite P3200 
SLS system; print: Solveere). The procedure was per-
formed freehand for the other half of the models. The 
mandibular models, created on the basis of 3D imaging, 
reflected the clinical spatial conditions.

The comparative material consisted of scans of the 
bone bearing the implants (TSIII with standard mounts, 
Osstem Implant) and scans of the model of the treat-
ment plan with inserts. The bone scans were performed 
with the use of the laboratory scanner ceramill map 400+ 
(Amann Girrbach) and saved in STL open files. The files 
are maps of triangles describing the surface of the 3D 
model. Each triangle vertex has coordinates. The denser 
the net of triangles, the smaller the area of the real model 
covered by each triangle. According to the manufacturer, 
the scanner accuracy is 10 µm. The compared material 
consisted of two STL files of the scans of models in which 
the implantation procedure was performed with the use 
of the guide, an STL file of the scan of the model after 
implantation performed freehand and an STL file of the 
virtual plan of the procedure. The file of the virtual plan 
was a reference point for the calculation of deviations in 
the groups with and without the use of the guide. 

Marta Czajkowska, Dr Łukasz Zadrożny, Zbigniew Bartosik & Dr Leopold Wagner, Poland
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The implantation procedure was planned in DDS- Pro 
software (www.dds-pro.com.pl) on the basis of the CBCT 
scan and the optical scan of the cast model and of the 
model with the wax-up of the future prosthesis. In this 
manner, the image of the bone and mucosa surface and 
the localisation and the shape of the future prosthesis 
were obtained. 

In the next step, based on the implant location plan, a 
digital model with inserts located in the sites of the future 
implants was created. Each virtual insert was located 
 exactly in the site of the virtual implant platform and was 
in the shape of a cylinder with a diameter of 3.0 mm and 
height of 8.5 mm. 

Methodology

In order to compare the samples from both groups—
bone scans with implants placed freehand and with the 
use of guides—HP 3D Scan Version 5 software (HP) was 
used. Data was recorded using two methods: based on 
the maps of deviations and on the measuring points. For 
each scan, 30 maps were created, based on tolerance 
levels of 0.01 to 3.01 mm in 0.1 mm increments (Fig. 1). 

Next, for each implant, a tolerance level was chosen for 
which there were no areas on the map showing vari-
ations exceeding this level. In this way, the levels not 
exceeded by the deviation of the implant and insert 
locations were established for each implant individually. 
The next stage of the study was finding the areas with 
deviations exceeding this level on the tolerance level 
lower by 0.1 mm (one tolerance level) than the level es-
tablished for each implant. These areas were marked in 
pink. By choosing a number of points located close to 
each other and choosing a point with the highest value 
in these areas, the points with the highest value of devia-
tions were marked (Fig. 2). 

In the second method, the measuring points were es-
tablished on the reference model. The following points 
were marked on the upper surface of each insert (Fig. 3): 
central, mesial, distal, labial and lingual. Next, for each im-
plant, the deviation of its location relative to these points 
was checked. Test models were changed successively, 
maintaining formerly set measuring points to avoid mark-
ing them again. The location of measurement points did 
not change relative to the insert, but depending on the test 
model, the deviation value assigned to these points did. 

Fig. 1: Example of deviation maps set for FH01. The pink colour indicates areas where the deviations exceeded the tolerance level established for the particular map; 

the remaining colours indicate areas within the accepted range.
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This allowed us to maintain repeatability of measurements 
while testing other models. 

Preliminary results of the comparison are shown in the 
figures. The smallest deviations were visible on im-
plant WG02l, and the largest deviations were on implant 
FH01rm (Fig. 4). In order to compare the groups, a larger 

number of samples should be studied, but after the com-
parison of three initial models, we could see a great dif-
ference between implants placed with and without the 
help of guides. There was also a noticeable, differentia-
tion in the degree of deviations in both groups of implants. 
In the case of implants placed with the help of guides and 
freehand, there were cases of small and large deviations. 

Fig. 2: An example of the area where the established tolerance level for implant FH01l was exceeded, with some point deviations marked. Fig. 3:  

The placement of measuring points on implants WG01rm and WG01rd. The grey test model with implants was superimposed upon the reference model 

and deviation levels marked.

Fig. 4: Deviation levels for particular implants set with maximum point deviations. Implant  naming: WG/FH, sample number, l/r, m/d (FH = freehand;  

WG = with guide; l = left; r = right; m = mesial; d = distal).

Fig. 2 Fig. 3
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It should be noted that the differences between the levels 
where there were no longer any deviations and the max-
imum deviations were more similar for the procedures 
performed without the use of guides. This indicates that 
the treatment plan is followed more precisely when the 
guides are used. 

Like in the first method, in order to compare both types 
of treatment, more samples should be compared. On  
the basis of the first three results, we observed that the 
greatest deviations appeared in the group of implants 
placed freehand (Fig. 5). In this group, larger differences 
between deviations at individual measuring points were 
noticeable. This demonstrates that the axes of the im-
plant and the insert were inclined at a greater angle  
to each other and the upper surface of the implant was 
not parallel to the upper surface of the insert. This is es-
pecially evident for implants FH01rd and WG02l, which, 
despite having a similar mean deviation value, have a dif-
ferent degree of differentiation of deviations in the points 
(Figs. 6 & 7).

Discussion

Many factors affecting the success of implant surgery 
and its compliance with the treatment plan are reported 
in the literature. The most important of these are the type 

of procedure, operator’s experience and clinical condi-
tions. 

As digital technologies gain in significance, digital spatial 
imaging is increasingly used, as it allows consideration 
of not only the bone conditions but also the function and 
aesthetics of the future prosthetic restoration during the 
treatment planning. The use of CT or CBCT imaging en-
ables reduction of the risk of damage of such structures 
as nerves, roots of adjacent teeth and the sinus wall.  
The implant procedure performed with the use of guides 
is assessed in systematic reviews as a technique which  
is less invasive and reduces the risk of postoperative 
complications.

Despite the limitations of this study, arising from the 
choice of an in vitro method aiming to achieve the highest 
repeatability of conditions in both groups, the pre liminary 
results of the study are supported by the data obtained  
in the study conducted under clinical conditions. 

Vermeulen shows that procedures performed with the 
use of implant guides give results more consistent with 
the treatment plan, even when compared with freehand 
procedures performed by top-class experienced sur-
geons. In the mentioned study, particularly important dif-
ferences were seen in the deviation of implant placement 

Fig. 5: Absolute deviation values for implants in the areas of fixed measuring points on the inserts. Implant naming: WG/FH, sample number, l/r, m/d  

(FH = freehand; WG = with guide; l = left; r = right; m = mesial; d = distal).
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