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Abstract
Background Digital technologies are becoming an irreplaceable assistance for a correct diagnosis and
treatment planning of the dental therapy. Modern powerful software are able to match information
coming from different sources (CBCT, IOS, lab and face scanners) creating a virtual patient where all the
treatment options can be accurately tested. Guided surgery is based on the possibility to use these
instruments to transfer the ideal plan directly into the operating theatre. However even in the hands of
skilled operators there is always a difference between the position of the implant as determined on the
virtual planning and the real position after the surgery. The aim of this multicenter prospective study is to
test the advantages of the standardization of the digital workflow on the accuracy of the procedure.
Methods 21 patients, for a total of 61 implants, have been treated in three different centers by operators
with particular expertise in guided surgery. The accuracy of the procedure has been evaluated matching
two files: the first from the pre-treatment virtual planning and the second from the optical impression
taken immediately after the surgery. The digital workflow has been standardized using the same software
for the planning, the same high quality manufacturing process, intraoral scanner and software for the
overlapping procedure. Results All the implants showed an excellent primary stability. No intraoperative
complications have been reported. The overlapping of the two files resulted in a mean angular deviation
of 2.94°, a mean linear deviation at the platform of 0,73 mm and a mean vertical deviation at the apex of
0.01mm. Conclusions Almost the totality of the cases showed a better accuracy compared with the
previous reported data of the literature. These results might be related with the standardization of the
process so that following a precise protocol is mandatory for a safe use of this technique.

Background
The success of the implant therapy is closely related to the correct achievement of various parameters1-3.
A correct position of the implant and the best emergence profile are just two of the most important
aspects to reach an aesthetic and functional implant-supported restoration4-6.
During the years, many techniques have been proposed for a precise implant position analysis7.
The perfect positioning of an implant and the impact of its emergence in relation with an optimal
prosthetic result can be evaluated using the modern software for treatment planning8, 9. These powerful
software packages are able to match the anatomical information coming from 3D radiological devices
(CBCT, CT…) with the wax up showing the ideal final outcome.
In this way, the clinicians can work on a clear 3D view of the ideal implant position in terms of depth,
angulation and diameter10.
With the diffusion of the virtual planning, two different options became available:

static approach is performed using a surgical template which is manufactured directly from the
virtual planning;
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dynamic approach allows the clinician to follow a surgical navigator assisted free hand surgery
while checking onscreen the planning prepared on the virtual plan11.
In expert hand, these solutions do not show significant differences; anyhow, the general trend is in
support of the stent technique.12
The static approach has the main advantage that it does not need using additional expansive equipment;
while it has the drawback of not having a free view of the surgical field (most times this technique is
flapless). Moreover, no changes on the implant positioning can be done during the surgery, which instead
is possible with the navigation.
High accuracy of the stent technique can be gained by following a standard workflow: each step of the
protocol must be completed carefully, in order to reduce extrinsic and intrinsic errors. 13 All the errors
collected during the workflow procedure can lead to a severe difference of the position of the implants at
the end of the surgery.14
Combining the anatomical information from the CT/ CBCT with the ones from the wax up, it is possible
to create an ideal virtual planning. A total digital workflow allows the manufacture of a surgical stent
designed directly from the 3D implant planning. 15, 16.
Two different procedures can be used in order to combine this essential information for a correct
diagnosis and treatment planning:
1. In the Double-scan technique, data retrieved from a CBCT of the patient wearing a radiological stent
are matched with the ones from a second CBCT of the stent alone. 17
A specific software matches the two files, so it is possible to obtain a 3D visualization of bone anatomy
and ideal prosthetic outcome.
Through this complete view, clinician can prepare a virtual planning for the insertion of the implants and
afterwards send the project to a manufacturing center for the surgical guide manufacturing
2. The “Fusion Technique” is based on the match between patient data from a CBCT and the ones from
an intraoral scan of the patient dentition 18,
As an alternative the overlapping can be done between the patient’s CBCT and the scan of the patient’s
gums cast model realized with an analogical impression.19
These files are matched together into a specific software in the same way of the double scan technique.
A virtual or an analogic wax up is then added and a planning is prepared for the final manufacturing of
the surgical stent.

Page 3/22

In both ways, the stent can then be manipulated through a reverse flow chart in order to create a working
model. It is used for the analogic creation of a temporary prosthesis to be applied immediately after
surgery20.
The Computer Guided Surgery can be defined as a procedure that uses computer-aided design and
computer-aided manufacturing (CAD/CAM) technology to fabricate a surgical stent that guides the
surgeon during the implant insertion procedure.
It has been demonstrated that accuracy of a guided implants’ placement is significantly higher, if
compared with non-guided surgical procedure21.
Anyhow, being a blind procedure, it is extremely important to be as accurate as possible to reduce the
difference between the virtual and the real position of the implant.
In fact, some linear and angular deviations between the planned and placed implants can be expected
even when performed by experienced clinicians 22.
Many studies reported different levels of discrepancy between the virtual and the real position of the
implants in guided surgery, which depend on many variables and not only on the clinician’s experience.
The most important factors involved in the arising of errors are 3D radiological examination quality,
correct virtual planning, stent manufacturing procedures, transfer and fixation of the guide into the
surgical field.23
Most of published studies analyze the deviation between the planned implants and the placed ones
superimposing the virtual planning with a second CBCT at the end of the surgery24.
This solution obliges the patient to an unnecessary second x-ray exposure which has been firmly
criticized25.
Son K. and co-workers proposed a different and more ethical solution: they matched two STL files
retrieved by the virtual plans and the intraoral scan of the placed implant.26
The aim of this multicenter prospective study is to evaluate the accuracy of the Guided Implant Surgery
using this less invasive procedure.

Methods
Between June 2018 and October 2019, a total of 21 patients were enrolled in the study. All the patients
underwent treatment using stent computer guided systems.
The surgeries have been done in three different centers in Europe.
All the patients signed an informed consent.
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Both total and partial edentulous cases were treated. One surgeon at each center performed the surgery.
The inclusion criteria were:
Male or female > 18 years old;
Correct bone quantity at the implant site to permit the insertion of at least 1 implant with a 3.3 mm
minimum diameter of and at least 7 mm minimum length;
Enough patient mouth opening for using the specific guided surgery tools;
Correct soft and hard tissues volume;
Deemed by the investigator to be suitable for guided implant surgery procedure.
All patients showing medical conditions not compatible with surgical implant treatment have been
excluded from the study.
Smokers of more than 10 cigarettes per day were also not included.
All the patients underwent a CBCT scan for the 3D acquisition of bone anatomy. The file format for CBCT
axial images is standard DICOM.
The double scan technique for full edentulous cases and fusion technique for single or partial edentulous
rehabilitations were followed.
For all the patients requiring fusion procedure an analogic or a virtual wax up were acquired. Analogic
information was then scanned with a laboratory table-top scan in order to produce a 3D STL file.
Both wax-up STL and CBCT DICOM files were later imported and matched together in a 3D-planning
software (Real Guide 5.0 - 3DIEMME srl, via Risorgimento, 9 - 22063 Cantù (CO) - ITALY).
All the centers used the same software in the planning phase, while different companies (Megagen - CTech – i-Res – JD Implants) provided implants and instruments for surgery.
Dental implants’ ideal positions were then planned by the surgeons and prosthodontics.
The final virtual planning was sent to the company (3DIEMME srl, via Risorgimento, 9 - 22063 Cantù (CO)
- ITALY)) for the surgical stent production. In order to uniform the analysis, the same lab and printer have
been used (Stratasys Eden260VS Dental Advantage, Eden Prairie, Minnesota; United States)
The clinician independently arranged the production of the provisional restoration for an immediate
loading procedure, if planned.
After the surgical step, an indirect method for measuring the accuracy was performed.
Intra-oral scans of the mouth of each patient were performed: acquisitions included gums anatomy and
standard dedicated scan-bodies too, which were positioned on top of every implant.
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Two centers used the same intra-oral scanner (Carestream 3600 - Carestream Dental LLC 3625
Cumberland Blvd. Ste. 700 Atlanta, GA 30339) while the third center used a different one (i500 Medit MEDIT corp. 23 Goryeodae-ro 22 gil, Seongbuk-gu, Seoul, Korea).
For each patient the acquired information was:
1. Gums anatomy before surgery STL file;
2. Gums anatomy with scan-body information after surgery STL file.
In order to make a comparison between the planned implants’ position and the real situation in the mouth
of the patient, the after surgery STL file was then matched to the before surgery one.
Superimposition

Superimposition or matching is a procedure that allows to overlap the virtual position of the implant as
determined in the virtual planning software with the real situation after surgery.
For each patient, the process steps are the following:
1. Get the implants’ position and geometry together with theirs scan-abutment from the virtual
planning. The information on implants and scan-abutments were available in the software implants
library and were provided by the manufacturers themselves;
2. Get the patient’s anatomy STL files from the virtual planning (it is in the correct position with respect
to the CBCT bone information and of course implants position);
3. Get the intra-oral scan of the patient’s mouth also comprising the implant scan-abutments (aftersurgery anatomy), as explained in the previous paragraph;
4. Match the after-surgery anatomy file with the before-surgery one, by selection of surface areas not
affected by the surgery itself: the two anatomy files (before and after surgery) were thus placed in
the same position;
5. Thanks to the scan-abutment placing in both the before-surgery and after-surgery environments, we
were able to deduce the after-surgery implants’ positions;
6. Thanks to the scan-abutment present in both before-surgery and after-surgery environments, we were
able to deduce the after-surgery implants’ positions;
7. From the before-surgery and after-surgery implants’ position, we were able to evaluate deviations.
In order to get useful data from each patient, it is important to arrange before-surgery and after-surgery
3D objects in a same 3D reference system: after-surgery information was moved into before-surgery
reference system.
In order to do that, superimposition of matching areas from the before and after surgery optical scan was
requires: these areas needed to be as wide as possible and not affected by the surgery, for example teeth
in partial edentulous patients, or hard palate in complete edentulous maxilla.
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GeoMagic Wrap 12 software (3D Systems, Rock Hill, South Carolina, USA) function “Best-fit Alignment”
was used in this study. This function can set the most precise position of the after surgery oral scan with
respect of the before surgery one, the reference object.
The next step was to deduce the after surgery implants position from the scan-abutment geometry: in
fact, knowing their shape and their height with respect to the fixture platform (it is available in the
planning software implants’ library), we were able to get the implants’ position in the after surgery oral
scan.
We used GeoMagic Wrap 12 software function Best fit Alignment again, easily applied to the asymmetric
scan-abutment geometry.
Data Analysis
In order to analyze accuracy and precision of RealGUIDE protocol, we took into consideration the
following parameters for every implant, with respect with the virtually planned position:
1. linear deviations at the implant platform;
2. linear deviations at the implant apex;
3. implant axes angular deviation;
4. vertical deviation at the implant platform;
5. vertical deviation at the implant apex.
We simplified implants geometries turning them into cylinders, so it was possible to determine linear
deviations of the after surgery situation (with respect to the before surgery implant position) as distances
between centres of bases and apexes: (see Formula 1 in the Supplementary Files)
For every couple of implants, we measured the distance between centers at apex and platform (Figure 3),
which represent the deviations of the after-surgery implants (green) compared with the planned ones
(yellow).
The accuracy of a guided implant system is higher the more the deviations are small. The precision is
higher the more the set of deviation values is close to the mean.
The mean is calculated as follows: (see Formula 2 in the Supplementary Files)
Where n1 , n2 , … , nN are the values of a dataset;
N is the number (integer) of data available.
One more parameter evaluated in this study is the center of mass of the virtual guide compared with the
one of the real guide into each patient’s mouth. This measure is important to detect guide’s positioning
errors in the surgical step.
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Results
Twenty-one patients between 18 and 75 years old were treated receiving an overall of 61 implants.
Three cases were total edentulous ,16 partial edentulous, while only 2 were single missing tooth.
Center 1 treated 5 patients with 20 implants, center 2 treated 8 patients with 25 implants, and center 3
treated 8 patients with 16 implants.
Each patient received 1 to 6 implants according to the type of edentulism. Thirty-six implants were placed
on the maxilla, of which 15 in the anterior region and the rest in the posterior one. Whereas, all 25
mandibular implants were positioned in the posterior area.
In all the total edentulism cases (three patients) the surgical guide was mucosa supported; in all other
cases the surgical guide was teeth supported.
Descriptive summary statistics for all linear and angular deviations are reported in Table 1. The most
important mean deviation was observed at the apex level (mean 1.06, SD 0.53) not due to a vertical
deviation at this level (mean 0.01, SD 0.78).
Table 1: Descriptive summary statistics for all measured deviations
Mean

Standard

Median

Range

Deviation
Linear

platform

0.73

0.3

95% Confidence
Interval

0.72

(mm)

0.16 to

0.34 to 1.36

1.63

Linear apex (mm)

1.06

0.53

0.89

0.25 to

0.35 to 1.85

3.27
Vertical

platform

0.29

0.44

0.17

(mm)
Vertical apex (mm)

-1.26 to

-0.59 to 0.75

0.93
0.01

0.78

0.28

-3.15 to

-0.89 to 1.24

1.9
Angular (degrees)

2.94

1.84

2.38

0.68 to

1.04 to 5.5

10.12

Multilevel regressions, accounting for center and patient clustering indicated no relevant difference
between maxillary and mandibular arch and type of support for any of the measured outcomes (Table 2).
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Implants positioned posteriorly seemed to exhibit higher deviation at implant platform (Coeff. 0.18,
P=0.036) and higher angular deviation (Coeff. 1.35, P=0.012) compared to implants positioned anteriorly.
Table 2: Results of multilevel regression models for each outcome and potential predictor
variable
Mandibular

arch

vs.

maxillary arch

Tooth

support

vs.

mucosal support

Posterior

position

vs.

anterior position

Deviations

Coefficient

P-value

Coefficient

P-value

Coefficient

P-value

Linear

0.12

0.13

0.001

0.99

0.18

0.036*

0.02

0.43

0.04

0.81

0.08

0.35

0.01

0.93

0.15

0.28

0.05

0.69

0.01

0.67

0.03

0.17

0.1

0.66

0.54

0.31

-0.34

0.58

1.35

0.012*

platform (mm)
Linear

apex

(mm)
Vertical
platform (mm)
Vertical

apex

(mm)
Angular
(degrees)
*Statistically significant

Mean barycenter deviation was 0.67 mm (SD 0.47), ranging from 0.14 to 2.56, 95%CI 0.24 to 1.44.
Correlation analysis between different deviations are presented in Table 3. The highest correlation
coefficients were found between the two linear deviations (Correlation coeff. 0.68) and the two apical
deviations (Correlation coeff. 0.69) respectively. A certain positive correlation was also observed between
angulation and linear apex deviation (Correlation coeff 0.67).
Table 3: Pairwise correlation between different deviations
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Linear

Linear

Vertical

Vertical

platform

apex

platform

apex

Linear

Angulation

Barycenter

1

platform
Linear apex

0.68

1

Vertical

0.19

0.04

1

Vertical apex

-0.09

-0.09

0.69

1

Angulation

0.19

0.67

-0.20

-0.14

1

Barycenter

0.39

0.25

0.14

0.10

-0.09

platform

1

Discussion
It is proved that the use of software for planning implant position can give to the clinician a more
predictable outcome of the prosthetic result27.
Computer guided surgery technique has many benefits:
Possibility of using a flapless approach, a less invasive procedure for the patient;
One step option;
Reduced surgical procedure times;
More precise and accurate osteotomy, leading to reduced pain and swelling.
Several authors demonstrated that the computer guided surgery is a predictable technique28,29.
Chmielewski and co-workers30 analyzed the surgical approach in full-arch rehabilitation with dental
implants and immediate loading using digital workflow, and concluded that a full implant-retained fixed
prosthetics with the help of digital workflow becomes a predictable and fast solution for both dentists
and patients. Digital workflow successfully enabled the immediate full-arch rehabilitation with a
predictable outcome by different surgeons in multiple centers.
Accuracy and precision of the computer guided systems is also well demonstrated.
Van D’Haese and co-workers in 2102, studying the accuracy of guided implant surgery system using
mucosa supported stents, have shown a mean angular deviation of 2.6° and a mean cervical deviation
and apical deviation respectively of 0.91mm e 1.13 mm.31
However even in expert hands there is always a discrepancy between the virtual planned implant position
and the real one32.
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In fact, different potential sources of errors during the examination, the planning, the manufacturing and
the execution phase can be collected.
For example, during the 3D x-ray examination, errors can be made due to patient movements, quality of
the fitting of the scan prosthesis or presence of metal artefacts.
Peterson and co-workers reported that 40% of the patients move during the examination leading to
artefacts.33
The fit of the scan prosthesis with the patient soft tissues needs to be perfectly check before the scan
execution.
No air between the scan prosthesis and the soft tissues must be present in the scout view before going
ahead with the examination.
The use of a radiological index to be worn by the patient during the examination can reduce significantly
the misfit of the scan prothesis. 34
Metal artefacts can also influence the image quality making more difficult the identification of the outline
of the alveolar bone and anatomical boundaries35
Errors can also occur during the elaboration of the virtual planning especially in the most complicated
cases like total edentulism. In these cases, clinician needs to choose a maximum number of asymmetric
registered markers on the radiological stent so to grant an easier ad more reliable matching procedure.
A manual correction of the matching of fiducial markers, in particular in case of automatic
superimposition procedure, is often needed. 36
The production process of the surgical stent is also a critical point. This feature should be left to skilled
manufacturers who can rely on advanced technologies. 37-39
Since 1993 Kruth40 observed that there is always a deviation in the production process of a
stereolithographic guide with a mean value of 0.3 mm.
Dreiseidler and co-workers41 came to the same conclusions showing an overall deviation of about 0.5
mm in the laboratory production process.
A wrong positioning and stabilization of the surgical template before surgery can also be a source of
errors.
Especially in case of total edentulism this step could be really challenging. For this reason, in order to
reduce misfits using a surgical index and fixation pins is a mandatory step.42
The removal of the stent during the surgical procedure can be also a reason of losing precision.43
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That’s why it is suggested not to remove the stent during the drilling and implant placement procedure.
Guidance of the implant during the insertion is system specific, we should prefer systems with physical
stop then visual ones.
Methods to evaluate difference between virtual implant position and real one:
Discrepancies between the position of the virtual implants and the real one detection can be detected
thought different techniques.
1. Direct technique approach consists of the execution of a second CBCT exam of the patient, right
after the surgical procedure of implant placement, in order to radiographically find the implants
positions in space.
In this case, the titanium material which the implant is made of, is usually cause of metal artefacts and
background noise in the CBCT DICOM images, thus leading to a much more complex superimposition.
As a result, confirmation of accurate implant positioning is possible only by estimation. The artefacts
coming from the material of the implant give an augmentation of the implant margins that may cause
errors in the results.
In order to reduce errors in the matching of the implants, the use of at least three different reference
points is mandatory. In case of partial edentulism we can usually detect three natural residual teeth as
reference points. Another possibility is using three radiopaque markers during the before and after
surgery CBCT exams.
In case of total edentulism, the anatomic structures are not very well identified on the CT, so radiopaque
markers are needed as accurate reference points.
The accuracy of the CT images is also strongly dependent on the type of device used for the x-ray exam,
so using the same CBCT before and after the surgical procedure is necessary.
Some ethic problems related to the direct evaluation method must also be taken into consideration.
CBCT could be justified for presurgical diagnosis, preoperative planning and preoperative transfer for oral
implant rehabilitation
The use of CBCT imaging following insertion of dental implants should be restricted to specific postoperative complications (such as iatrogenic neurovascular trauma), required implant retrieval and followup of complex surgical procedures.
2. Indirect technique can be followed by connecting the scan bodies to the implant and scan them with
the use of an IOS device. Obtaining an optical impression, the patient doesn’t need to take another
CBCT after the surgery reducing greatly the amount of radiation exposure.
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An impression is taken right after the surgery or when the rehabilitated area is completely healed.
This technique can indirectly register the real position of the implants by matching the scan body with the
fixture: the correct virtual position between scan-body and implant is achieved using information provided
by manufacturers themselves (height of Implant scanbody connection) and already included in the 3D
planning software implants library.
The discrepancy between the real and the planned implant position is detected overlapping two pieces of
the same 3dimensional area on a single plane using 3 or more different reference points that are not in a
straight line.
In partial edentulous cases we can usually identify at least three residual teeth as reference points. In
total edentulism cases we need special reference points such as the hard palatal area.
In this study the indirect method has been used, while most of the published articles applied a
radiological approach (direct technique) for the evaluation of the accuracy.44
Marliere and co-authors45 in a recent systematic review evaluate the accuracy of computer-guided
surgery in 7 studies. All these studies included only prospective or retrospective clinical trials with a
minimum of 5 full edentulous patients in maxilla or mandible excluding studies based on cadavers or
models controlled or randomized. The average of the angular deviation ranged between 1.85° to 8.4°.
Petterson and co-workers46 analyzed mucosa supported cases and found out a mean value of linear
cervical deviation of 0.80mm.
Strubinger and co-authors47 used a screw-fixed bone-supported guide in an open flap surgical approach
They detected a lower value of cervical linear deviation of 0.71mm, which might be related to the bone
supported guides that are more stable than mucosa supported ones.
Cassetta et al.48[20] evaluated the precision of muco-supported surgical guides with and without fixation
screws in the edentulous edges of the maxilla and mandible. In a paired comparison between the means
of the deviations (with or without fixation), they showed that the fixed guides resulted in better precision
of implant placement, which was statistically significant for angular deviation (angular: with-4.09°,
without-5.62°). They concluded that fixation of the surgical guides allows greater stability, reducing errors
between the planned and the executed treatment.
Recently some authors reported good accuracy values using an IO scanner to determine the real position
of the implants after the surgery.49-51
Skjerven and coworkers52 compared these two techniques concluding that there are no differences in
terms of accuracy measurement.
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Our study was then performed using the optical impression of the implant position as a reference.
We found mean angular deviation of 2.94° which is in line with the best results reported in the current
literature.
We have to consider that two cases showed very high values (8.12 and 10.07) while the mean results
were in an average of less than 2 degrees.
The 95% confidence interval was between 1.04° to 5.5°.
The mean deviation at the platform level was 0.73mm with a range of 0.16 to 1.63 while the mean
vertical deviation at the apex was 0,01mm with a range between – 3.15 to 1.9 mm. The 95% confident
interval was between -0.89 to 1.24mm.
These excellent results can be related to the standardization of the process using the same software for
all the centers and same manufacturing Company (3DIEMME srl, via Risorgimento, 9 - 22063 Cantù (CO)
– ITALY).
No significant difference between type of support (tooth or mucosa) has been found (Table 2).
On the other hand, relevant differences were found between implants positioned in the anterior or
posterior regions. Higher linear implant platform and angular deviation was showed in the posterior area
(respectively coefficient 0.18 and P-value 0.036 and coefficient 1.35 and P-value 0.012) compared to the
anterior area.
This might be related to the presence of a low-density bone (posterior maxilla region) which seems to
influence the entity of the deviation.
Anyhow there is no statistical significantly difference comparing the implants placed in the maxilla and in
the mandibula with a mean angular deviation coefficient of 0.54 and a p-value of 0.31.
D'Haese et al.31 highlighted that if deviation in angulation occurred, by mathematical reasoning, there
should be greater deviation at the apex of the implant
In line with D’Haese consideration, a positive correlation was observed between angulation and linear
apex deviation with a correlation coefficient of 0.67.

Conclusions
According to the recent literature52 this study shows that the valuation of the accuracy by using an IO
scanner overlapped with the virtual plan is a practical method for analysis.
Better results presented in this study with respect to previous published data could be related to the strict
protocol, which included a single software for treatments’ planning and a high-quality manufacturing
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process.
Anyhow, further studies are needed to find out strategies to improve the accuracy and the overall outcome
of the guided surgery procedures.
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Figure 1
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[Left side picture: before surgery (cyan surface) and after surgery (pink surface) not aligned STL files. The
right side picture shows aligned STL files. The red areas were used for superimposition].

Figure 2
[The left side picture shows the after-surgery anatomy (pink file with scan abutment) and the planned
implant position (yellow file and its scan abutment in the correct position with respect to the platform)
from RealGUIDE 5.0 library. Geomagic superimposed the red areas, chosen by the user. In the right side
picture, all the implants were moved in the after surgery position].
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Figure 3
We simplified before surgery implants (yellow) and after surgery implants (green) into cylinders.
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