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ACCURACY OF GUIDED IMPLANT PLACEMENT
IN COMPLETELY EDENTULOUS PATIENTS
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ABSTRACT

Purpose: The purpose of this study was to evaluate the effect of Desktop scanning protocol on
accuracy of guided implant placement in completely edentulous patients.

Methodology: Twenty four completely edentulous patients were selected for implant placement.
Complete dentures were made for all the patients. Radioopaque markers were added to the dentures
to be used as a radiographic stent. A Cone beam CT scan was then made for each patient while
wearing the radiographic stent. The patients were then randomly divided into 2 equal groups. In
the first group, a CBCT scan was made for the radiographic stent. In the second group, desktop
scanning was made for the radiographic stent while being seated on the patient’s cast and another
scan for the patient’s cast. After implant insertion, CBCT scan was made for each patient while
wearing the radiographic stent. Superimposition of CBCT scans pre and post implant insertion was
made. Deviations between planned and placed implant were measured in the lateral apical, lateral
coronal and angular aspects.

Results: Non statistically significant difference between radiographic and desktop scanning on
implant deviation was observed.

Conclusion: within limitation of this study, effect of both scanning protocols on the lateral
apical, lateral coronal and angular deviations of placed implants is comparable.

KEYWORDS: Desktop scanning, surgical guides, Completely edentulous patients, Deviation,
Implants

INTRODUCTION milling machines and 3D printers that have
Digital planning of implant placement improves facilitated the transition from traditional treatment
functional outcome. Thanks to recent advances P lanning to a complete digital implant workflow.
in cone-beam computed tomography (CBCT), Accurate and precise implant placement can now

different scanning protocols, CAD softwares, be guaranteed by the help of guided implant surgery.

* Lecturer, Oral and Maxilofacial Prosthodontics Department, Faculty of Dentistry, AinShams university, Cairo, Egypt



(2214) E.DJ. Vol. 67,No. 3

Moreover, surgical guides allow conservative
flapless surgery. Also, surgical complications are
limited and the operating time is shortened. Patient

satisfaction is furtherly improved too. @

Accuracy in guided implant surgery can be
evaluated by measuring the difference between the
implant’s planned position with its final position.
The accuracy of implant position is dependent on the
errors that take place during data acquisition with
cone-beam computed tomography (CBCT) , data
processing, accuracy of the 3D printer, placement
of the guide during surgery and its movement
during drilling.®> Moreover, accuracy of the guide is
also dependent on implant site location, whether the
patient being completely or partially edentulous, the
type of tissue support for the guide and the amount
of surgical restriction offered by it.*®

Surgical guides for partially edentulous patients
were found to be more accurate than completely
edentulous patients. Furthermore, surgical guides
supported by posterior teeth compared to anterior
teeth, showed a higher level of accuracy.” Surgi-
cal guides can be classified according to type of tis-
sue support into bone supported, mucosa supported
and teeth supported surgical guides. Bone- sup-
ported guides were found to have greater deviation
compared with teeth or mucosa- supported guides.
However, no differences in implant position accu-
racy were recorded between mucosa- and teeth-sup-
ported guides.®

Surgical guides can be also classified according
to the amount of surgical restriction offered by the
surgical guide design into complete limiting and
partial limiting guides. In partial limiting surgical
guides part of the drilling sequence is made through
the guide. However, in completely limiting surgical
guides the whole drilling sequence is made through
the guide.® .Although completely limiting surgical
guides showed higher accuracy than partially
limiting surgical guides yet, there was no statistically
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significant difference between them as concluded
from further studies.®®

Two CBCT scan protocols are usually used for
manufacturing of surgical guides in completely
edentulous patients. The first CBCT scan is made
for the patient while wearing the radiographic stent
and a second scan is made for the radiographic
stent itself. With recent advances in digital optical
scanning, one CBCT scan can be made for the
patient while wearing the radiographic stent. Two
digital scans can then be made by desktop scanner;
one for the dental model alone and the second one
for the dental model with the radiographic stent
seated on it.*'"

The aim of this study was to evaluate the effect
of desktop scanning protocol on accuracy of guided
implant
patients compared to the conventional radiographic
scanning protocol. The null hypothesis that there

placement in completely edentulous

was no difference between both scan protocols was
accepted in this study.

MATERIALS AND METHODS

Sample size selection and grouping:

Twenty four patients were selected to share in
this study. G power program (3. 1) was used for
calculations of sample size. Statistical calculator was
based on 95% confidence interval and power of the
study 80% with a error 5%. According to a previous
study (Fully Digital Workflow for Planning Static
Guided Implant Surgery, Lin CC et al.), the mean
of angular deviation was 4.96° +3.32 in one group
compared to the second group that was 3.38° +1.81.
For lateral apical deviation, it was 1.34mm=0.86,
0.87mm=0.3 in both groups, and 0.64mm=+ 0.36,
0.47mm=+0.26 for
Using un paired t test the results were found to be
insignificant. Based on this study, sample size was
calculated according to these values producing a

lateral coronal deviation.

minimal sample size of twenty four patients being
enough to find such a difference.
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The patients wererandomly divided intotwoequal
groups; group (I) and group (II). Randomization
was guided by a computer generated list. Blinding
was done by one of the postgraduate students who
was the only one to know the key so that the authors
and the patients did not know in which group the
patient was. Afterwards, the authors were informed
by the randomization to be tabulated.

Ethical approval was granted by the research
ethics committee in the Faculty of Dentistry Ain
Shams university (FDASUREC). All patients were
informed in details about the nature of investigation
and the aim of the study. Patients’ data were kept
safe and confidential to protect the security and
privacy of the patient information. All participants
were given notice about their privacy and their
rights.

Patient selection

The patients were selected according to the
following criteria: completely edentulous patients,
non-smokers, 50-70 years in age and with no
previous history of radiotherapy. Patients were
also free from systemic diseases that may affect
osseointegration as uncontrolled diabetes mellitus.
Moreover, patients were free from systemic diseases
that might affect bone quality, increase surgical
risk, delay or complicate post-operative healing.
Good oral hygiene and motivation were mandatory
in all selected patients. Intra oral examination was
performed to ensure firm healthy mucosa covering
the residual ridge, free from any signs of flabbiness,
ulceration or inflammation. Presence of adequate
keratinized mucosa was essential in all cases.
Absence of any pathologic lesion was ensured
and salivary secretion was examined for rate and
consistency.

Surgical guide designing and construction:

All patients received maxillary and mandibular
complete dentures that were made in a conventional
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way. Radioopaque markers were added to each
patient’s mandibular denture to be used as a
radiographic stent. A Cone Beam CT scan(Icat
Gendex kavo,CA,USA) was made for each patient
while wearing the radiographic stent.

For patients in group I, another CBCT scan was
made for the radiographic stent. For each patient,
the DICOM files were exported to Blue Sky
implant designing software (Langenhagener, Mdi
Europa GmbH) for superimposition of landmarks
in both scans. However, for patients in group II,
the radiographic stent was digitally scanned using
a desktop scanner (Medit digital scanner, Seoul,
South Korea) while being seated on the cast in
addition to another digital desktop scan for the
cast alone. Fig(1) The STL files of both scans were
exported to Blue sky software and superimposed.
The DICOM files of the CBCT scan for the patient
while wearing the radiographic stent were exported
also to the Blue sky software. Superimposition of the
digital scans and the CBCT scan was then done. The
dimensions of each implant were determined at the
proposed implant sites; mandibular canine position.
The implant position and angulation were virtually
designed. Two virtual implants of appropriate
length and diameter were placed into their proposed
sites and parallelism between them was considered.
Fig(2) Channels that should receive the metallic
sleeves later were designed on the Blue Sky Plan
software. All the surgical guides were planned to
be partially limiting in this study. The position of
the anchor pins was determined (three pins, one
in the midline and two posterior pins one on each
side). Three channels corresponding to the desired
position of the anchor pins were added during the
virtual planning. Once the design was accepted,
the STL file format was exported to the 3D printer
for fabrication of the surgical guide. Fig(3) The 3D
printed guide was autoclaved at a pressure of + 1 bar
and a temperature of 121 °C for 20 minutes. It was
then checked in the patient’s mouth.
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Surgical procedures:

The maxillary complete denture was inserted and
seated in place. After checking the local anesthesia
(Mepiccaine local anathesia, Alexandria company
for pharmaceuticals and chemical industry); the
surgical guide was inserted into the patient’s mouth.
During surgery, the surgical guide was placed in
position and stabilized against the upper denture.
Three osteotomies corresponding to the position of
the anchor pins were made, pins were then secured
in place and the guide was then checked for stability
in the patient’s mouth.

Each patient in each group received 2 endosteal
interforaminal implant(NeoBiotech dental implants)
to retain the mandibular denture. Intermittent
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drilling under copious irrigation using sharp drills
was made to reduce heat generation. External
refrigerated saline was also used during irrigation
to control further heat generation. As the surgical
guide was designed to be partially limiting in this
study, the final drill of the implant manufacturer was
the only drill to be used free hand .The implant was
then inserted in the osteotomy site and the cover

screws were then secured in place.

Methods of evaluation

Patients were recalled after implant insertion
for another CBCT scan. The same pre-operative
CBCT machine and parameters were used while

the patient was wearing the radiographic stent

Fig (1-A): Digital desktop scan of the patient’s cast. Fig (1-B): Digital desktop scan of the radiographic stent placed on the patient’s

cast.

Fig (2-A): Implant sites planning in the bone. Fig (2-B): parallelism between proposed implant sites. Fig (2-c): Angulation of

implant position
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and biting against the upper denture. The DICOM
data were exported to the Blue Sky Plan software
for segmentation; removal of soft tissue. Super
imposition of pre and post operative scans was
then made. The virtually planned and actual
implant positions were compared. Three deviation
parameters were used to evaluate the amount of
deviation between the pre-operative planned and
the actual implant positions; lateral coronal, lateral
apical, and angular deviations. The lateral coronal
and lateral apical deviations were measured in mm
and the angular deviation in degrees. Fig(4)

(2217)

Fig (3): Final virtual design of the surgical guide showing
position of anchor pins and implants ready for 3D
printing

Fig (4-A): Measuring lateral coronal deviation. Fig (4-B): Measuring lateral apical deviation. Fig (4-c): Measuring angular deviation

RESULTS

The data for lateral coronal, lateral apical and
angular deviations were recorded and statistically
analysed. The data were tested for normality and
uniform distribution using Shapiro-Wilk test.
The data were found to be normally distributed.
Independent- t- test was used to find out any
statistically significant difference between both
groups in any of the three deviation parameters.
(tablel, figure 5) The mean of group (I) regarding
the lateral apical deviation was 1.05mm =0.54

however for group (II) was 1.07mm +0.32. The P-
value was less than 0.05 indicating non statistically
significant difference. However, the mean of group
(D regarding the lateral coronal deviation was
0.89mm=0.32, while for group (II) was 0.87mm
+0.48. The P-value was less than 0.05 indicating non
statistically significant difference. Furthermore, the
mean of group (I) regarding the angular deviation
was 2.7°+0.73 however for group (II) was 2.4°
+0.77. The P- value was less than 0.05 indicating

non statistically significant difference.
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TABLE (1): Mean and standard deviation for implant parameters in both groups

Fig (5): Bar chart showing mean and standard deviation values
for lateral coronal, lateral apical and angular deviation
in both groups

DISCUSSION

This study was a randomized clinical trial that
evaluated the effect of desktop scanning on the
accuracy of guided implant placement in completely
edentulous patients compared to the conventional
radiographic scanning protocol. The null hypothesis
that there was no difference between both scanning
protocols was accepted.

Mandibular implant assisted overdenture was
the prosthetic superstructure used in this study. It
was reported to offer lots of advantages as improved
quality of life and patient satisfaction. Furthermore,
implant overdenture is simpler and less expensive
compared to implant supported fixed prosthesis.
Easier hygiene access was also reported with
implant assisted overdentures compared to implant

Group (I) Group (II) p-value
Lateral apical deviation
Mean+SD 1.05 mm + 0.54 1.07 mm +0.32 0.93
Lateral coronal deviation
Mean+SD 0.89 mm +0.32 0.87 mm +0.48 0.94
Angular deviation
Mean+SD 2.7°+0.73 24°+0.77 041
( mGroupl MGroupl \\ supported fixed restorations. Also, the rate of bone
4 height changes was reported to be less over ten-year
35 follow up after implant placement compared with
3 1 the rates seen with conventional dentures."'?
= Surgical guides help the implants to be placed in
1; optimum position in the alveolar bone to enhance
. function and aesthetics."*Moreover, guides help to
os | place the implants with the desired angulation and
5 parallelism. " Furthermore, malaligned implants
\___ lateral coronal deviation _ Lateral apical deviation _ Angulardeviation  J  are coupled with improper load distribution, stress

concentration, high rates of crestal bone loss, screw
loosening and prosthetic components fracture.!'>

Several studies reported high survival rates of
implants placed by surgical guides.'® Implants
placed with a guide appear to have a survival rate
comparable with those placed without a guide
in further studies.!’?” Developments in cone-
beam computed tomography (CBCT) , scanning
protocols, CAD softwares, milling machines and
3D printers have facilitated the transition from
traditional treatment planning to a complete digital

implant workflow."

Surgical guides used in this study were designed
to be mucosa supported as bone supported surgical
guides were found to be less accurate compared to
mucosa supported ones. @7 In the present study, the
surgical guides were partially limiting rather than
completely limiting ones. No statistically significant
differences were reported in the literature between
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both types of surgical guides.®® Partially limiting
ones were used for better vision during final drilling
and implant insertion.

Different scanning protocols can be used for the
manufacturing of surgical guides; single, double and
triple scan protocols. Multiple scanning protocols
rather than single scanning protocols were used in
this study. The single scan protocol was not used
in this study as mucosa supported guides can not
be manufactured using this protocol. Moreover,
multiple scan protocols help to overcome drawbacks
of single scan protocol as the loss of data related
to the segmented bone during volume rendering.
@122 In group I, a CBCT scans was made for the
radiographic stent. The DICOM files of the CBCT
scans of the patient and the stent were imported
into Blue Sky Software for superimposition of both
scans and designing the guide. Superimposition was
done by registering landmarks in both scans.*?

In group II two desktop scans were made; one
for the patient’s cast alone and the other one for
the patient’s cast with the radiographic stent over
it. Superimposition of these scans was done and
then registering landmarks between the CBCT scan
Desktop
scanning for the cast was preferred to intra oral

and the superimposed desktop scans.®

scanning as desktop scanning was reported to be
more accurate in terms of trueness and precision
than intraoral scanning in completely edentulous
patients.*%

After implant designing and planning, the STL
file was exported to a 3D printer for production
of the surgical guide. 3D printed surgical guides
were used in this study as degrees of deviation
obtained by 3D printed surgical guides were found
to be comparable to milled surgical guides as
reported in the literature.”> Furthermore, milling
manufacturing technique is very wasteful as a
lot of material is removed compared to the 3D
printing technology.®® The surgical guide was

then autoclaved at+1bar pressure and 121°C for
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20 minutes as accuracy of surgical guides is not
affected when sterilized under such conditions. ©”
It was then seated in place and stabilized against
the upper denture.®® Fixation of the guide then
took place by the help of the anchor pins for guide
stabilization during surgical procedures to minimize
implant deviation.*” Drilling was intermittent and
under copious irrigation to reduce heat generation;
a problem encountered while using surgical guides.
Furthermore, external irrigation was also used
and the irrigating saline was refrigerated. Heat
generation during osteotomy preparation may result
in a zone of devitalized bone around the osteotomys;
acondition that may affect implant osseointegration.
(93D This can be explained due to the fact that
survival of the bone cells is highly influenced by the
amount of heat generated during drilling. ®® Drilling
was also carried out in an up and down motion to
allow irrigation to pass through the metallic sleeves
and soft tissue to reach the osteotomy site and
provide sufficient cooling. Further precautions to
reduce heat generation were taken in both groups
as intermittent drilling, decreased drill speed, sharp
drills and regular withdrawal of the drill.®¥

Postoperative CBCT scan was made for each
patient while wearing the radiographic stent. The
patients were instructed to bite against the upper
denture .This helped to seat the radiographic stent
in a position similar to that of the preoperative
position allowing for accurate superimposition of
preoperative and postoperative DICOM files.®*
Pre and post operative DICOM files were exported
to Blue Sky software and superimposed using
landmarks in the radiographic stent. Deviations
between the planned and placed implants were
measured in the lateral apical, lateral coronal and
angular aspects similar to previous studies.*5-

Results of this show

insignificant difference between both groups in

study statistically

the three aspects of deviation. The mean values
of lateral coronal, lateral apical and angular
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deviations for both groups are within the safety
margin mentioned in the literature; 1-1.5 mm.®”
Similarly, the average mean values in this study
come in line with the mean values of another
studies that compared different optical scanning
protocols to the conventional radiographic one.
(11223839 Comparable results between both groups
in this study could be related to the findings of
several studies which showed that superimposition
of optical and radiographic scans have the same
accuracy.“*) Moreover, high accuracy up to 10um
can be attained by desktop scanners.*? In addition,
the factors that affect accuracy of guided implant
placement were controlled between both groups.®
The CBCT machine and parameters, positions of
radiopaque markers, planning software and same
printing machine were unified for patients in both
groups.

CONCLUSION

Within the limitation of this study, effect of both
scanning protocols on the lateral apical, lateral
coronal and angular deviations of placed implants
is comparable.

Study limitations

Limitations of this study involved the inherent
errors that might have occurred during the study
resulting from data acquisition with cone-beam
computed tomography (CBCT) , data processing,
accuracy of the 3D printer, placement of the guide
during surgery, its movement during drilling in
addition to superimposition of pre and post operative
CBCT scans.

Research recommendations

With recent advances in intraoral scanning
devices and techniques, it can be recommended to
use intraoral scanning technique instead of desktop
scanning technique to assess its efficacy as a scanning
protocol. Moreover, further methods to determine
implant position and angulation postoperatively can
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be used rather than CBCT as intraoral scanning; a
condition that helps to prevent patients from further
exposure to radiation.
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