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ABSTRACT
Data on the functional three-dimensional positioning of the future restoration are important for planning a 
prosthetic guided insertion of the dental implants. Errors can occur in the digital and analogous process of 
analysis, design and production of the surgical guides, possibilities of minimizing them being vital for obtain-
ing a predictable surgical and prosthetic process.
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INTRODUCTION

Virtual planning for exact placement of dental 
implants can now be used in a fluent process using 
computer tomography, (CT), virtual planning, opti-
cal scanning, virtual computed added design 
(CAD), printing and milling (1,2). Guided implan-
tology has made possible to reduce the time of sur-
gery (3), to apply techniques without taking off the 
flap (flapless procedure), to reduce pain, to reduce 
post-surgery inflammation and immediate tempo-
rary prosthesis (4).

For a predictable implant-prosthetic rehabilita-
tion, it is not sufficient to place the implant in the 
area where there is enough bone volume, it is nec-
essary to have data on the functional three-dimen-
sional positioning of the future restoration so that a 
prosthetic guided insertion of the dental implants is 
performed (5).   The use of pre-surgical planning in 
the design software allows, in addition to the anal-
ysis of the height and thickness of the edentulous 
ridge, to quantify the volume of bone addition 
needed, to choose the type of optimal prosthetic 

restoration and the proper connection at the implant 
level (cementation versus screwing).

The insertion guides of the implants obtained by 
milling or printing, ensure also the precise place-
ment of the dental implants from the point of view 
of the drilling depth, avoiding the damage caused at 
the level of the mandibular nerves, the mental fora-
men and the maxillary sinuses. Due to the proxim-
ity of these structures, the accuracy of the surgical 
guides is extremely important, this subject being 
studied and debated intensely nowadays in the sci-
entific literature. In the digital and analogous pro-
cess of analysis, planning and production of the 
surgical guides errors can occur. Our review intend 
to synthesize the workflow steps and possible 
sources for inaccuracies.

PRESENT OPTIONS FOR GUIDED SURGERY 

Guided implant surgery technique can be dy-
namic or static. The ability to adjust the implant 
planned position intraoperatively is an important 
advantage of the dynamic guided surgery (6). and 
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use a computerized navigation system that assists 
real-time implant surgery. Although these methods 
are promising navigation systems, static guides are 
the most used method nowadays.

The statically guided surgical technique in-
volves 3D data obtained from conical beam com-
puter tomography (CBCT), surface optical scan-
ning, computer aided design/computer assisted 
production (CAD/CAM), software for virtual im-
plant planning and guide fabrication. The stabiliza-
tion and support for fabricated surgical guide can 
be obtained on teeth, mucosa or bone, mini-im-
plants, screws or pins (7). Once the guide is stabi-
lized, the location of the drill holes and the drilling 
protocol is planned, which may include the use of 
the guide only for the pilot mill or for the partial or 
total use of the entire drill sequence. The implant 
insertion can be performed without a surgical guide 
or through the guide, in a fully guided approach.

STEPS IN THE DIGITAL WORKFLOW

The digital workflow can be divided into six 
steps, each one being able to produce deviations 
from the virtual plane – the correct execution of 
each stage needs to be carefully checked (8). It is 
worth noting that this process may also involve a 
combination of analogous and digital steps. In ad-
dition, there may be variations in the digital work-
flow in different softs of design.

Evaluation of the patient
During the patient’s assessment, the complete 

aesthetic and functional analysis should include the 
following data: dental-periodontal status/evalua-
tion of the existing dentures in the case of com-
pletely edentulous patients, initial radiographic 
evaluation that can be performed on two-dimen-
sional X-rays for evaluation of the quantity and 
quality of the bone and the need for grafting, occlu-
sal assessment essential for optimal functional inte-
gration of the future restoration. The amplitude of 
the mouth opening should be checked, as guided 
surgery requires additional access, especially in the 
posterior areas. The aesthetic evaluation is also 
made, the restauration design must provide the ap-
propriate support for the lips and the optimum visi-
bility white/pink, so that possible procedures for 
bone reduction or augmentation will be required.

Data acquisition
Evaluation using conventional 2D X-rays often 

provides misdiagnosis data for correct implant 

placement. Data collection includes Cone Beam 
CT (CBCT) recording and surface optical scan-
ning. CBCT offers accurate linear measurements at 
low radiation dose compared to conventional radi-
ation, allowing three-dimensional visualization of 
the alveolar ridge, identifying anatomical structures 
and pathologies. He is imported in the design soft 
for planning the intervention and it became manda-
tory even in seemingly simple cases (9).

A CBCT record can be obtained with or without 
an x-ray guide in dentate patients. For the edentate 
patient, the method of choice is the dual scan tech-
nique, but in the present techniques of direct muco-
sa scanning are also explored (10).

The limitations of CBCT in the case of total 
edentate are the contrast and distortion of the soft 
tissues. Distortion may be caused by patient’s 
movement during recording or by artifacts (11) 
caused by high density materials such as composite 
fillings, metal restorations and implants. Distortion 
affects the quality of the image and therefore influ-
ences the accuracy of the guided surgery. Also, the 
use of different recording techniques with or with-
out markers, can modify the radiological final re-
sult (12). The inaccuracy of the CBCT records in 
the soft tissue and teeth can be compensated by per-
forming an optical surface scan, which records the 
surface of the teeth and the contour of the soft tis-
sues. Any modification of the soft and hard tissues 
should be avoided after the scan, as the adaptation 
of the surgical guide will be compromised. Scan-
ning can be created by direct or indirect methods. 
In the indirect method, the patient’s dental print or 
cast model is scanned using a laboratory scanner. In 
the direct method, the intraoral scanner is used to 
record the area of ​​interest of the patient’s dental 
arch. Each arch should be scanned individually and 
then together in the occlusion. CBCT data is saved 
in Digital Imaging Communication in Medicine 
(DICOM) format and surface optical scanning is 
saved and transferred to Standard Tessellation Lan-
guage file (STL). In addition, new CBCTs have the 
ability to overlap facial photos with CBCTs.

Data manipulation

The data imported into the planning software of 
digital implant are subject of the virtual segmenta-
tion and orientation of the DICOM file, the identi-
fication of the panoramic curve, spotting the path-
way of the inferior alveolar nerve and the fusion of 
CBCT data with surface scanning. 

One role of the segmentation of the raw data is 
differentiation and coloring of anatomical struc-
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tures and areas of interest. In addition, it reduces 
image distortion caused by reflection of metal sur-
faces and motion artifacts. The first stage of seg-
mentation is to obtain the corresponding density 
threshold (gray value threshold) to clearly visualize 
the hard tissues (bone and teeth), manual configu-
ration being the preferred method (13). Any portion 
of the scan (known as voxel) at a selected thresh-
old, with the same or greater density, will be visible 
in the analyzed area. Threshold selection is subjec-
tive, and may be affected by bone irregularities. 
Gray thresholds can also influence 3D reconstruc-
tion and adaptation of surgical guides (14).

For the orientation and definition of the pano-
ramic curve, the reconstructed volume rendered 
must be correctly oriented in the 3 planes, after 
which the panoramic arch must be defined.

The nerve path tracking tool of the design soft 
detect the lower alveolar canal by placing points 
along its path, which automatically are merged en-
suring the visualization of the nerve path.

In the final stage, CBCT and surface data files 
are combined by selecting identical anatomical 
landmarks of tooth surfaces or radiological mark-
ers. A possible source of error may be the misalign-
ment between the DICOM and STL datasets. 

Virtual planning of the implant insertion
The design of the future prosthesis is based on a 

physical scanned model or a virtual modeling. The 
prosthesis wax up prefiguration (analogous or vir-
tual) can be used to manufacture a provisional or 
definitive individual prosthesis. The prosthetic 
space must be judiciously evaluated during the pro-
jection of the restoration design. 

In the virtual implant planning step, the implant 
type and size can be selected from the implant li-
brary provided by the software. The position of the 
implant and the insertion axis are adjusted accord-
ing to the available bone supply. In the case of mul-
tiple implants, a parallelization tool can be used. 
Most systems offer the option to set a safety limit 
around and between implants, the system will warn 
the user if these limits are violated. At this stage, 
the possibility of a flapless approach or any need 
for bone augmentation is considered. To ensure a 
proper emergency profile and an access hole with 
optimal positioning during the planning, virtual at-
tachments can be inserted at the implant level.

Once the virtual plan is completed, the user can 
design the surgical guide, including the type of sup-
port (tooth, tissue, bone or any combination). Sur-
gical guide support is recommended to be done on 
a minimum of two teeth (15). The size of the sleeve 

(length and diameter) and the height (the distance 
between the sleeve and the implant platform) may 
vary between different systems, depending on the 
location of the implant and the planning require-
ments. In general, decreasing the height of the 
sleeve and using a shorter implant can reduce the 
angular deviation of the guided placement of the 
implant (15). In addition, this will allow the physi-
cian to perform the guiding operation in cases with 
limited mouth opening. The fully guided protocol 
will provide information on the optimal implanta-
tion and depth sequence at the level of an immedi-
ate prefabricated provisional prosthesis. The con-
cept of “stackable guides” was introduced to reduce 
the surgical time and to improve the quality of the 
total provisional prosthesis in cases where the reha-
bilitation is performed exclusively by implant. A 
basic guide is arranged using the occlusal or ana-
tomical landmarks and can serve as a bone reduc-
tion guide. The implant insertion guide is superim-
posed over the base guide to perform guided 
implant placement. Finally, the restoration of the 
arch morphology is done with a prefabricated pro-
visional prosthesis with predefined holes.

After the planning phase is completed, the 
guides and designed prostheses are exported in an 
STL format for manufacturing. A detailed report is 
generated, which includes the drilling protocol cor-
responding to the implant type and the prosthetic 
components. 

Production of the guide and the prosthesis
Surgical guides and prostheses can be manufac-

tured using conventional methods or CAD/CAM 
methods. The digital methods for the manufacture 
of the surgical guide, the models of the two arches 
and the prostheses can be additive (printing) or 
subtractive (milling). Printing involves the use of a 
3D printer that cures photosensitive resin into the 
layers under the action of a light beam or laser, to 
generate the surgical guide and the stereolitho-
graphic models of the arches. After the surgical 
guide is printed, the metal sleeves specific to the 
implant system are incorporated. CAM milling sys-
tems offer many material options to produce tem-
porary, final or abutment prostheses.

Surgery
Before the surgery, the correct installation and 

placement of the surgical guide must be checked. 
The surgical protocol is applied, which includes the 
size of the implant and the drilling sequence. Guide 
kits are specific to each implant system.
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The surgical guide can block sufficient irriga-
tion of the prosthetic field and therefore more heat 
is released (16). However, the heat induced addi-
tionally is within acceptable limits of the tempera-
ture threshold. External irrigation is recommended 
to be done by pumping up and down, reducing the 
risk of overheating the bone during the guided 
drilling process (17). 

ACCURACY OF GUIDED IMPLANT SURGERY

To evaluate the accuracy of implant surgery, 
preoperative and postoperative CBCT overlap or 
pre and post intervention models overlapping are 
used (18). Although guided surgery has become 
predictable, deviations will always exist between 
the virtual plane and the technical execution.

In 2018, the consensus publication of the Interna-
tional Team for Implantology (19) evaluated the ac-
curacy of computer-assisted static implant surgery – 
deviations of 1.2 mm at the mid-crest point, 1.4 mm 
at the apical point, 3.5° angulation, 0.2 mm at the 
coronal depth and 0.5 mm were reported at the apical 
depth. Considering these data it is recommended that 
a safety margin of 2 mm is always respected.

Type of surgical guide support
Guided surgeries are more accurate in partially 

edentulous patients than in fully edentulous pa-
tients (19). The guides supported by the teeth are 
considered the most accurate, followed by the 
guides supported on the mucosa, those supported 
on the bone being considered the least accurate 
(7,20). Factors that may influence the accuracy of 
mucosal supported guides are: bone density, mu-
cosal thickness, local anesthesia (which causes tis-
sue inflammation) and smoking (due to increased 
mucosal thickness) (21,22,23). This is why mi-
ni-implants, fixing screws and stabilization pins are 
recommended to improve accuracy (7,24) in three 
to four fixing points (19).

Location of implant insertion
The scientific literature reports about the accu-

racy of jaw-guided operations towards the maxilla 
or mandible remains controversial, with studies 
showing no difference (7,25), others that show that 
the guided surgery in the mandible is more accurate 
(24,26), while others indicate greater accuracy of 
guided surgery in the upper jaw (4,27).

Factors related to surgery 
The clinician’s experience influence in the final 

result is controversial. Some studies conclusions 

(28) show that the experience in conventional im-
plant placement is an essential condition for the 
guided surgery good prognostic, but the results of 
the experienced surgeons were quantified in studies 
in the dynamically guided surgery (28), especially 
in terms of implant depth accuracy (29). Guided 
surgery has a positive correlation with reduced sur-
gical complications (30).

The advantage of the flapless technique is the 
reduction of postoperative discomfort, surgical 
time, postoperative bleeding, and healing period 
(31) but sufficient keratinized tissue is needed pro-
viding low visibility (32). The flap technique im-
proves intraoperative control but increases patient 
discomfort (6,33). Pins fixing (25) and mucosal re-
silience (34) affects the stability and accuracy of 
mucosal support guides. Fully guided implant 
placement without flap removal with fixing screws 
is the most correct approach (24). The bone support 
guides require extensive flap reflection, which may 
interfere with the positioning of the guide; this may 
be an explanation for reduced accuracy (35).

Eccentric drilling through the sleeve has a sub-
stantial effect on accuracy, especially in the rear 
areas with limited access or limited mouth opening 
(36). Fully guided surgery is more accurate than a 
partially guided one (7,24), but even if it has a 
higher accuracy and effectiveness, guided implant 
surgery is a technique that demands maximum exi-
gency and it does not lack complications. There-
fore, the idea that it requires less preparation is far 
from being true (37). However, the limited scientif-
ic evidence available suggests that guided place-
ment of implants ensures a higher survival rate and 
overlying restorations, compared to conventional 
protocols with an equivalent clinical complication 
rate (38).

Conclusion 

Guided surgery is a predictable technique if it is 
based on an accurate analysis and planning, the 
training of the surgeon and the fully guided implant 
placement without flap removal with fixing screws 
are the most important factors for a good result.
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