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Abstract
The digital workflow for surgical rehabilitation with dental implants can help 
prevent complications, achieve more predictable outcomes, and render implant 
surgery more accessible for dentists and patients alike. The digital workflow 
for implant surgery consists of three steps, image acquisition, virtual planning, 
and implant placement using surgical guides. Digital images acquired by cone 
beam computerized tomography (CBCT) and intraoral scanning can help rec-
reate the patient’s condition in the computer. This information is then used to 
plan for optimized implant placement. The digital plan is then executed clini-
cally with the aid of a digital surgical guide, a template that help the clinician 
place the implants at the exact site as planned in the computer. This chapter 
explains in details how implant surgery is planned and executed using a digital 
workflow.

9.1  Introduction

The advent of dental implant therapy was one of the most important advance-
ments in the field of dentistry in the last 40 years. Since its conception, dental 
implant therapy has become one of the most predictable ways to replace missing 
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teeth. However, as a result of its increased popularity, the number of problems 
related to lack of proper three-dimensional positioning of the implants installed 
by professionals has also largely increased. To manage this issue, implant den-
tistry has recently seen an emergence of the digital workflow for virtual surgical 
planning. This includes digital impressions and models, the advent of CAD/CAM 
(computer- assisted design and computer-assisted manufacturing) technology, and 
imaging software to diagnose and plan surgeries for different dental implant sys-
tems. As a result of these developments, dental implant surgeries have become 
more predictable, safer, faster, and more comfortable for the patients. Digital 
implant impressions and image-guided surgery have revolutionized implant place-
ment surgeries and bone graft procedures and have led to the possibility of cus-
tomizing prosthetic abutments and restorations by using specific digital design 
computer software.

9.2  Radiographic Analysis

9.2.1  The Advent of CBCT for Dental Implant Planning

In the early days, radiographic images were used solely to perform linear measure-
ments of the implant site and to identify vital anatomical structures that need to be 
avoided during implant site drilling such as the incisive canal, maxillary sinus and 
nasal floor in the maxillae, as well as the mandibular canal, the mental foramina, 
and the fossa, in the mandible. A safety margin of 1–2 mm should be left between 
the implant hole and these structures.

Upon its introduction to implant dentistry, the CBCT was initially used to gener-
ate images, which were printed on film or paper, for chairside assessment. Such 
method involved the use of schematic templates prepared by oral and maxillofacial 
radiologists, to show surgeons optimal implant positions on cross-sectional images. 
Nowadays, such templates are also available as 2D digital images (Fig.  9.1). 
However, this type of images does not allow navigation and true 3D analysis of 
entire volumes.

Basically, the CBCT scan should be used to determine the three-dimensional 
location of the abovementioned anatomical structures, as well as the amount of 
alveolar bone available. For this purpose, two linear measurements are required to 
be displayed in the parasagittal images (i.e., cross-sectional cuts along the alveo-
lar ridge) for each edentulous site planned to be rehabilitated with dental implants. 
Such measurements are (a) the alveolar ridge height, extending from the alveolar 
crest to the closest anatomical structure to be avoided, used to determine implant 
length, and (b) the alveolar ridge buccal-lingual width, which should be done in 
the level planned to insert the implant body (i.e., the level where the implant plat-
form should start). Such measurement will be used in the choice of the most 
appropriate diameter of the implant, considering that a minimum buccal plate 
width should always be left in order to prevent buccal bone resorption after 
implant placement.
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9.2.2  Implant Planning Software

In contrast with printed CBCT images or JPG files, implant planning software 
allows for interactive 3D assessment to achieve accurate implant surgical planning 
(Fig. 9.2). 3D multiplanar reconstructions generated from CBCT (axial, coronal, 
and sagittal) may also include a curved plane (i.e., coronal panoramic images) and 

3D reconstruction Partial panoramic reconstruction

Parassagital slices

Coronal slice

#12 #11 #21

Fig. 9.1 Example of a CBCT 2D template used for implant planning

Fig. 9.2 Virtual implant planning using CBCT data only (ImplantViewer software, Anne 
Solutions, Sao Paulo, Brazil)
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a series of cross-sectional images of the alveolar ridge (named parasagittal images). 
Although some implant planning software can read original DICOM images, most 
of them require conversion of the DICOM file into a specific file extension. Images 
from each plane are shown in different windows containing axes that indicate the 
location of the current images on the other planes. With such imaging setup, the 
surgeon is able to perform an entire 3D assessment of the implant site. Implant plan-
ning software usually include tools for virtual implant placement in the planned site 
within the alveolar bone. The 3D position of the implant can then be optimized and 
refined in both multiplanar images and 3D reconstructed models.

Implant position should always be determined according to a prosthetic rehabili-
tation plan developed beforehand. Currently, this can be done with a conventional 
workflow (i.e., using a diagnostic wax-up) or with a digital workflow (i.e., using a 
digital prosthetic planning performed on STL files from intraoral scanners—Fig. 
9.3). At the same time, similarly to the use of printed CBCT, virtual dental implant 
surgical planning must take into consideration the 3D dimensions of the underlying 
bone, such as vertical and buccal-lingual dimensions measured in the cross- sectional 
images of the implant site. As a rule of thumb, bone volume should allow for a 
safety distance of at least 1.5  mm between implants and adjacent teeth, 3  mm 
between adjacent implants, and 1–2 mm between implant and buccal and lingual 
plates and other surrounding vital structures.

9.3  Digital Impression

9.3.1  Intraoral Scanning

One of the main technologies that has increased accuracy and precision of image- 
guided surgeries is intraoral scanning. As previously discussed in this book, the 
process of intraoral scanning allows for a digital impression of the patient’s dental 
arches. This procedure recreates a virtual 3D model of the patient’s dental arch that 
includes both teeth and soft tissue.

Intraoral scanners (IOS) are devices that project a light source (either laser or 
structured light) onto the object to be scanned in order to capture direct optical 

Fig. 9.3 Digital diagnostic 
wax-up of the case 
depicted in Fig. 9.1 
(Exocad software, 
DentalCAD, Darmstadt, 
Germany)
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impressions of the oral cavity [1, 2]. IOS devices are composed of a computer and 
a handheld camera. All images captured by IOS imaging sensors are processed by a 
specific scanning software resulting in 3D surface models (i.e., triangulated mesh, 
presented as STL files).

The first dental scanner for intraoral use was introduced in the early 1980s. 
Today, there is a wide range of models and brands of intraoral scanners available in 
the market. Intraoral scanning devices such as 3M™Mobile True Definition Scanner, 
Carestream Dental CS3500® and CS3600®, Dental Wings® DWIO, Sirona CEREC® 
Omnicam, Planmeca PlanScan®, and 3Shape Trios® are among the most popular on 
the current world market.

In the field of digital implant dentistry, IOS can be used prior to implant place-
ment to enable digital implant planning and image-guided surgery or after implant 
osseointegration to enable digital implant impression. Digital implant planning 
requires integration of IOS STL images with CBCT original DICOM images. 
Digital implant impression requires the use of implant scanbodies for transferring 
the 3D implant position.

Using IOS for digital optical impression has many advantages and disadvantages 
(see Table  9.1). The digital impression technique is more comfortable, patient 
friendly, and faster than conventional impressions [1, 2]. It is also a more efficient 
technique requiring shorter preparation and retake time, as compared with conven-
tional implant impressions [2–4]. The most widely used file format by IOS devices 
is the open STL or STL-like locked file. The STL file format encodes only the sur-
face geometry of a 3D object.

Table 9.1 IOS advantages and disadvantages for digital implant surgery

Advantages Simplified clinical 
procedures

Simplified impression for complex cases such as 
multiple implants
No need to repeat the entire procedure for 
recapturing impression

Higher time efficiency Capturing a full-arch scan takes less than 3 min. 
No need to pour stone casts and obtain physical 
plaster models. All 3D data can be emailed

Less patient discomfort No more inconvenience and hardship stemming 
from impression materials

Improved communication 
with dental technicians

Clinician and the dental technician can assess 
impression quality in real time. Files can be 
easily transferred

Improved communication 
with patients

With 3D images it is easier to explain procedures 
to the patients. Higher patient acceptance

Disadvantages Difficult to detect shape of 
edentulous alveolar ridges 
precisely

Stitching process may be complicated, especially 
in atrophic edentulous ridges

Learning curve Proper knowledge on the technology is required. 
Procedure outcomes depend on professional 
experience and the scanning strategy

Purchasing and managing 
costs

High costs of IOS hardware and software license
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Dental tissues present many reflective surfaces, such as enamel or polished pros-
thetic surfaces, that could cause light overexposure and disrupt scanning. To prevent 
this issue, practitioners could change the orientation of the camera to increase light 
diffusion. Another strategy employed by some systems would be the use of cameras 
with polarizing filters [5] or applying a 20–40 μm powder coating during the digitiz-
ing process to reduce reflectivity. Theoretically, the powder thickness could vary 
between operators and reduce file accuracy, although the software of the IOS is 
capable of taking an average thickness into consideration [6]. On the other hand, the 
use of powder could be relatively uncomfortable for patients, and it complicates 
scanning when it gets contaminated with saliva [4]. Indeed, powder-free IOS are 
recommended for full-arch impressions to avoid the issue of maintaining powder 
coating on all teeth for the whole scan duration [7].

According to the ISO 5725, accuracy is assessed by two measurement methods: 
trueness and precision [8, 9]. Trueness refers to the closeness of agreement between 
the arithmetic mean after obtaining a large number of test results and the true or 
accepted value of reference. Precision, in turn, refers to the closeness of agreement 
between all test results. In this context, the trueness and precision of IOS technolo-
gies for partial impressions range between 20 and 48 μm and between 4 and 16 μm, 
respectively [1, 10–14]. Thus, current IOS devices are well adapted for clinical 
practice, with at least similar accuracy to conventional impression methods [7, 13, 
14]. Nevertheless, intraoral scanning accuracy also depends on operator handling 
during execution of the procedure. In this context, more training and adherence 
scanning protocols can also help obtaining more accurate 3D digital models. Also, 
the accuracy of digital implant impressions with IOS is comparable to conventional 
impression for both single and multiple implant cases; however, when it comes to 
fully edentulous cases, the accuracy is lower and may vary across devices.

9.3.2  Extraoral Scanners (EOS)

Extraoral scanners are dental scanning equipments that use an optical technology 
similar to intraoral scanners to digitize a gypsum model obtained by a conventional 
impression. Such methodology can also be considered an effective alternative to 
conventional dental impressions [15]. Nevertheless, alterations suffered by the gyp-
sum models obtained by the conventional impressions may interfere in the accuracy 
of the digital models obtained by the scanning process. When compared, intraoral 
and extraoral scans do not show significant differences in quality and accuracy of 
the digital models obtained. Therefore, intraoral scans are the preferred option to 
obtain digital models, since the reduced number of steps minimizes the risk of 
acquisition errors.

9.3.3  Bite and Occlusal Relationship Registration

Prosthetic rehabilitation procedures commonly require registration of the inter-
maxillary relationship. However, this clinical step may be complex and has been 
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described as a common source of error due to inadequate behavior of bite regis-
tration materials. In contrast, intermaxillary registration for digital impressions 
using IOS only requires an additional vestibular acquisition of the occluding 
teeth [16]. Only one left and one right lateral occlusal registration are required 
[16, 17]. Such acquisitions enable alignment of images of both maxillary and 
mandibular arches by means of an image matching process. For this purpose, 
the software algorithm recognizes coincident areas positioned in multiple 
planes.

9.4  Design

Digital surgical guides are templates designed for guided drilling, which are custom- 
made for each patient’s prosthetic and surgical plan to ensure highly accurate drill-
ing and implant placement [18]. This enables reliable transfer of the surgical plan 
from digital images to the actual surgical field, which translates to optimal implant 
positioning and highly predictable prosthetic outcomes. This also allows for better 
soft tissue management, emergence profile, and final prosthetic morphology [19]. In 
certain cases, implants can be loaded in the same appointment of surgical placement 
by using immediate loading systems such as the “Immediate Smile” or “All-on-4” 
protocols [20, 21].

In order to design accurate surgical guides, 3D images from STL files obtained 
from intraoral scanning are merged with CBCT DICOM files. The intraoral scan-
ning and tomographic data allows for virtual planning of the prosthetic replacement 
and implant surgery, respectively. As a result of this process, an optimal surgical 
guide is created (Fig. 9.4).

STL files

DICOM files

STL file

Specific file extension

STL file

Intraoral scans
(both arches

and occlusion)

CBCT scan

Virtual prosthetic
planning

Combination of
STL and DICOM

datasets

Virtual implant
planning

Surgical guide
design (CAD)

Surgical guide
Fabrication (CAM)

Image-guided
surgical procedure

Fig. 9.4 Digital workflow chart for image-guided implant surgeries
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9.4.1  Image-Guided Surgery Planning Software

In the current market, there are several different software dedicated for image- 
guided surgical planning. Each of them has specific strengths and weaknesses. Most 
of these software programs are not developed by the CBCT manufacturers, such as 
Simplant (Materialise Dental Inc., Glen Burnie, MD, USA), Invivo5 (Anatomage, 
San Jose, CA, USA), NobelClinician (Nobel Biocare, Goteborg, Sweden), 
OnDemand3D (Cybermed Inc., Seoul, Korea), Virtual Implant Placement software 
(BioHorizons, Inc., Birmingham, AL, USA), coDiagnostiX (Dental Wings Inc., 
Montreal, CA, USA), Blue Sky Plan (Blue Sky Bio, LLC, Grayslake, IL, USA), and 
Implant Studio® (3Shape, Copenhagen, Denmark), among others.

Most of these software allow access to a library of various dental implant brands 
and types enabling appropriate choices based on each professional’s clinical experi-
ence and preferences.

In general, there seems to be no significant differences in accuracy among the 
different software systems, although just a few have an integrated prosthetic 
module so the temporary crowns can be printed or milled at the surgical planning 
step.

9.4.2  File Superimposition and Anatomical Structure 
Identification

As mentioned earlier, modern implant planning software allow to merge STL files 
from either IOS or EOS with images from CBCT scans. In this procedure, geome-
tries of the key structures are automatically recognized. The resulting images and 
files can be used to plan the implant treatment and fabricate models and surgical 
guides. Most software packages require advanced knowledge to benefit from the 
full potential of this technology.

Software systems that allow file merging such as Implant Studio® (3Shape, 
Copenhagen, Denmark) enable the operator to combine images either automati-
cally or manually. The automatic algorithm depends on the software development 
and similar geometries structures, whereas combining manually requires the 
selection of similar points of reference on both files (DICOM and STL), as shown 
in Fig. 9.5.

Either automatic or manual superimposition method provides a color bar analy-
sis of 3D merging accuracy. Quantitative deviation values represented by colors can 
also be assessed, as seen in Fig. 9.6.

An important issue is that metal artifacts on CBCT scans commonly interfere on 
merging quality analysis and consequently on the imaging superimposition step. In 
this case, manual superimposition is generally required. Figures 9.7 and 9.8 show a 
case with significant metal artifacts, before and after performing manual 
superimposition.

Different analysis methods can be applied to ensure accuracy of manual super-
imposition. As introduced before, color bar analysis is a visual method by which 
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quantitative alignment accuracy information can be obtained by selecting aleatory 
points over the model (Figs. 9.9 and 9.10); another method for achieving superim-
position accuracy is the use of transversal slice selection, by which it is possible to 
evaluate file merging by selecting planes of slicing on the merged 3D model, as seen 
in Figs. 9.11 and 9.12.

Image-guided software also have additional tools for better identifying anatomi-
cal structures such as the mandibular canal. By using panoramic, sagittal, and axial 
views, some software virtually reconstructs the inferior alveolar nerve (Fig. 9.13). 
The image-guided software will warn the professional about implants virtually 
placed in areas too close to the nerve (Fig. 9.14).

Fig. 9.5 DICOM and STL selection of points of reference for superimposition procedure on 
Implant Studio® (3Shape, Copenhagen, Denmark)

Fig. 9.6 Color bar analysis of 3D merging accuracy. Green points represent trustable points for 
file merging (i.e., areas where alignment between images is trustable and within a deviation range 
previously defined). Blue and red areas may require additional manual alignment
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9.4.3  Virtual Prosthetic and Dental Implant Planning

The ultimate objective of placing dental implants is to support a final prosthetic 
restoration. In other words, patients seek teeth and not implants; thus a restorative- 
driven mind-set should always be maintained. The prosthetic treatment should be 
designed to restore esthetic, function, and occlusal stability while considering 
implant position and angulation.

Fig. 9.7 Metal artifacts preventing adequate superimposition of DICOM and STL images

Fig. 9.8 Manual superimposition for adequate STL and DICOM merging

A. R. G. Cortes et al.



191

Fig. 9.9 Color bar analysis of manual superimposition

Fig. 9.10 Point selection and sagittal slice analysis for image alignment

Fig. 9.11 3D model slicing analysis of file merging

9 Digital Implant Surgery
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Ideally, the implants should be placed at least 1.5 mm away from adjacent teeth, 
3.0 mm away from adjacent implants, and 2.0 mm away from adjacent anatomical 
structures (mandibular canal, etc.); some planning software have those parameters 
set by default (1.5 mm radial and 2.00 mm apical distances); however they can be 
individualized if needed, as seen in Fig. 9.15.

Also, the implants should be placed in alignment with the occlusal forces in 
order to avoid eccentric loading. Since axial implant occlusal loading is desirable, 
3D implant inclination should be planned taking into consideration the position of 

Fig. 9.12 3D model slicing analysis for combining DICOM and STL images

Fig. 9.13 Identification of the inferior alveolar nerve by an image-guided surgery software 
(Implant Studio, 3Shape)

A. R. G. Cortes et al.
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the antagonist arch, aiming for a balanced occlusion, which can be digitally assessed 
and planned beforehand [16, 17]. This is why the opposing arch should be included 
in the digital impression, either intraoral or extraoral scans.

Virtual planning software for image-guided implant surgery usually include mul-
tiple prosthodontic-related tools to create pre-designed crowns and bridges. The 
shape of these virtual prosthetic restorations can be edited in the computer, in order 
to prepare the exact design of the prosthesis intended as final restoration (Fig. 9.15). 

Fig. 9.14 Software indication of wrong position of a virtual implant. Please note that the vir-
tual image of the implant is displayed in red color, indicating that the surgical guide cannot be 
created yet

Fig. 9.15 Default parameters of implant distances showed by the image-guided surgery 
software

9 Digital Implant Surgery
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If prosthodontic-related tools are not available, an additional software dedicated 
exclusively to digital prosthetic planning should be used.

Ultimately, an optimal digital treatment plan should combine endosseous implant 
placement that respects patient’s anatomy, with prosthetic rehabilitation that is able 
to restore patient’s esthetics, function, and occlusal stability. Once the implant posi-
tion is determined according to the prosthetic needs of the patient, the dental profes-
sional can proceed with the fabrication of a surgical guide that can transfer the 
digital treatment plan to the patient’s oral cavity. Such surgical guide is generally 
designed by the image-guided surgery software to have a shape allowing for stabil-
ity in the patient’s mouth during surgery. Surgical guides are designed with metal 
sleeves to guide the drills during implant site preparation, ensuring implant place-
ment in the exact region virtually planned. Such metal drills generally have the 
diameter of the implant to be placed or the diameter of the last drill to be used for 
implant site preparation. Additional metal rings can be applied for diameter reduc-
tion of the metal sleeves for using the initial thinner drills.

There are a number of different digital workflow systems for image-guided 
implant surgery in the market. One of them is compatible with some implant sys-
tems such as Straumann (Institut Straumann, Basel, Switzerland) and is composed 
of three software of the same company (Dental Wings Inc., Montreal, Canada). 
The first software is mainly used for working with STL files from intraoral scan-
ning (Dental Wings Open System). The second is used for virtual implant planning 
(Dental Wings coDiagnostiX®), and the third is used to communicate between the 
first two software (Dental Wings Synergy®), enabling combination of STL and 
DICOM files, as well as visualization of the integrated treatment planning in the 
first two software (Fig. 9.16). Such CAD/CAM system has been validated in the 
literature [22]. Both virtual implant (Fig.  9.17) and prosthetic planning can be 

Fig. 9.16 Combination of STL (from intraoral scanning procedures) and DICOM files (from CBCT), 
viewed in the Dental Wings coDiagnostiX®software. The yellow lines overlapping DICOM images 
depict soft tissue information taken from STL files (Courtesy by Doc Digital radiologic center)
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Fig. 9.17 Virtual implant 
planning. Note the 
visualization of soft tissue 
contours and prosthetic 
planning available from 
STL files originated from 
intraoral scanning

also visualized in the software dedicated to work with intraoral scanning 
(Fig. 9.18). This will be followed by surgical guide design and CAD/CAM fabri-
cation (Fig.  9.19) and, finally, image-guided implant surgery (Figs.  9.20, 9.21, 
9.22, and 9.23).

9.4.4  Types of Surgical Guides

Digital implant dentistry requires the combination of radiological and intraoral data 
in order to proceed with virtual implant planning and subsequently design the surgi-
cal guide in the form of an STL file for final manufacturing. Digital surgical guides 

Fig. 9.18 Visualization of 
both virtual implant and 
prosthetic planning of the 
case depicted in Fig. 9.4, 
using the software 
dedicated for intraoral 
scanning (Dental Wings 
Open System)
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Fig. 9.19 Surgical guide 
resulting design of the 
same case shown above

Fig. 9.20 CAD/CAM 
fabricated surgical guide

Fig. 9.21 Image-guided 
implant surgery

A. R. G. Cortes et al.
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can be divided into three categories according to the type of support they use for 
stabilization in the oral cavity [16, 17, 23]. First, there are tooth-supported guides, 
which make use of the remaining teeth to anchor the surgical guide in place; second, 
there are mucosa-supported guides, which get support solely on the soft tissues; and 
third, there are bone-supported guides, which are fixed directly into the bone. 
Surgical guides supported by both mucosa and bone can be stabilized with fixation 
pins that are inserted directly into the bone. Research has shown that both mucosa- 
and tooth-supported guides offer reliable accuracy, while bone-supported ones seem 
to be less accurate [24, 25].

9.5  Fabrication of Surgical Guides

After designing them virtually, digital surgical guides can be fabricated using 3D 
printing additive processed like rapid prototyping (RP) or subtractive manufactur-
ing methods such as computer numerical control (CNC) machining and milling. See 
details underneath [24, 26].

Fig. 9.22 Two zirconia 
implants (Straumann) were 
placed to rehabilitate both 
central incisors

Fig. 9.23 Provisional 
crowns used to immediate 
rehabilitate the patient
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9.5.1  Subtractive Manufacturing (CNC Milling Machine)

For subtractive manufacturing, the surgical guide design produced with the design-
ing software is converted into milling strips for the CAM processing and finally 
loaded into the milling device [27]. This involves computation to control CNC mill-
ing, including features such as sequencing, milling tools, and tool motion direction 
and magnitude. Due to the anatomical variances of dental restoration, the milling 
machines usually have burs with different sizes. The accuracy of milling is usually 
within 10 μm [28, 29].

The milling machines used to prepare surgical guides have at least three axes of 
movement (X, Y, and Z) such the inLab (Sirona), Lava (3M ESPE), and Cercon 
brain (DeguDent) systems. However some more costly devices can have additional 
axes of movement to allow for the fabrication of more complex structures. With a 
five-axis milling device, in addition to the three spatial dimensions and the rotatable 
tension bridge (fourth axis), there is also the possibility of rotating the milling spin-
dle (fifth axis) [28, 30, 31].

9.5.2  Additive Manufacturing (3D Printing Rapid Prototyping)

As explained above, 3D printing was initially set up to increase the speed of proto-
type manufacturing in the manufacturing industry. Recently, different types of 3D 
printing have been used for different applications in the fields of medicine [32] and 
dentistry [33, 34].

Additive 3D printing techniques include SLA, digital light projection (DLP), jet 
(PolyJet/ProJet) printing, and direct laser metal sintering (DLMS)/selective laser 
sintering (SLS).

SLA technique uses ultraviolet (UV) laser for layer-by-layer polymerization of 
materials. Such technique is used for manufacturing dental models from 
UV-sensitive liquid resins. DLP uses visible light projection for polymerization 
and is used for the manufacture of dental models, from visible light-sensitive res-
ins, wax, and composite materials. After the material is printed, it is cured using a 
light-emitting diode lamp [35]. In addition, polymethyl methacrylate (PMMA) 
can also be used in the DLP technique [36]. Jet (PolyJet/ProJet) printing involves 
a series of ink-jet printheads and small pieces of material jetted onto support 
material and create each layer of the part. Next, each jetted layer is hardened by 
using a UV lamp or heating. This technique is used for the manufacture of dental 
models and for surgical drill guides. DLMS/SLS is a powder-based technique in 
which a high-power laser beam is used to hit the powder, resulting in melt and 
fusion of the powder particles. Such technique is used for the manufacture of cop-
ings, dental models, and surgical guides made from cobalt-chrome, palladium 
chrome, and nylon [35, 37].

A. R. G. Cortes et al.
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9.5.3  Manufacturing Accuracy

Production of the fine details by milling is largely dependent on the diameter of the 
smallest milling bur, which usually is around 1 mm [11, 24]. On the other hand, bur 
diameter seems not to influence milling accuracy [38, 39]. Drilling compensation 
features have been found to produce small fit errors, dramatically increasing the 
internal gap between surgical guide and teeth or mucosa surface. Excessive cement 
space results in a loose fitting surgical guide that may affect the accuracy of seating, 
thus resulting in loss of guide retention [40].

Milling accuracy is also affected by materials properties. Excessive hardness of 
materials may lead to surface chipping and chattering, especially under high feed 
rates, high cutting speed, and deficient cooling [41, 42]. Such cutting conditions 
may also cause excessive vibrations and exert thermal and mechanical stresses, con-
tributing to dimensional distortions on the workpiece, especially around thin edges 
[43].

Among the advantages of additive manufacturing is the production of detailed 
and customized workpieces that fit patient hard and/or soft tissues [32, 33]. The 
workpieces can be edited in regard to morphology details, sharp corners, undercuts, 
or voids. Such features may be also useful for manufacturing facial prostheses. 
Since no drilling tool is involved, no compensation feature is needed, in contrast 
with subtractive manufacturing. However, due to the steps of production involving 
sequential layering, the external surface tends to have stepped and coarse morphol-
ogy [44]. Such stepping adversely affects surface texture and overall dimensional 
accuracy of the workpiece [44] and could be a clinical issue if the prosthesis is not 
polished or veneered [45, 46]. Vertical walls were minimally affected by stepping, 
while the corrugated or sloping surfaces are more prominently influenced [47]. 
Therefore, concerns have also been raised regarding the accuracy of prosthetic 
occlusal surfaces produced with this technique [48]. The accuracy of additive tech-
nique is dependent on layer thickness and the width of curing beam. The thinner the 
layers are and the narrower the curing beam is, the more accurate the final product 
will be. On the other hand, an increasing number of layers and reduction of beam 
diameter exponentially increase fabrication time [44, 49, 50].

9.6  Surgical Procedure

Image-guided surgeries can be performed with either flap or flapless techniques 
depending on the amount of keratinized tissue and on the type of surgical guide to 
be used (Figs. 9.21, 9.22, 9.23, and 9.24). To use a surgical template for guided 
surgery, a special drill kit is necessary. This kit may include a tissue punch, drill 
sleeves, and drills of various lengths and diameters. Such drills are compatible with 
specific surgical guides and dental implant manufacturers.

9 Digital Implant Surgery
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For a flapless approach, the first step is to remove soft tissue with a punch drill to 
allow access to the underlying bony crest; for the flap approach, a conventional flap 
is performed on the ridge. Subsequently, preparation of the implant sites is done 
using drills of increasing diameters. Drilling is always guided in terms of place-
ment, angle, and depth by the surgical guide. As explained before, angle and depth 
control during the use of thinner drills is achieved with a series of diameter reducers 
positioned inside the metal sleeves. As the size of the drill increases, the diameter 
reducers are changed until the final diameter is reached, as determined during surgi-
cal planning.

Implant insertion and tightening can then be performed either with the implant 
motor or a torque wrench through the template, hence with the surgical guide in 
position. On completion of implant placement, the surgical guide can be removed 
from the oral cavity. The dentist is then able to check the depth of the implants in 
relation to the mucosa. X-Rays of the intraoral implants can be taken right away, 
and either healing screws or temporary abutments and PMMA restorations can be 
placed and adjusted in case of immediate loading.

9.7  Clinical Evidence

There are still a small number of articles in the literature comparing and addressing 
the accuracy of different digital workflow systems for image-guided implant sur-
gery. Scientific evidence, however, have recently confirmed the usefulness of such 
methodologies for implant placement in partially edentulous patients. For such 
cases, implants can be placed with flapless surgery following a computer-assisted 

Fig. 9.24 Panoramic radiography after a 3-month follow-up
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planning procedure with minimal deviation rates, as compared with the respective 
planned positions [51].

A systematic review of nine different computer-assisted (static) guided 
implant systems shows that the clinical performance of these systems achieves 
an implant survival rate of 97.3% after a 12-month follow-up. However, there 
are still no sufficient scientific evidence suggesting that computer-assisted sur-
gery is superior to conventional procedures in terms of safety, outcomes, mor-
bidity, or efficiency [52].

Another systematic review concluded that image-guided surgery with digital 
workflow leads to less self-reported pain and swelling, as compared with conven-
tional workflow [53]. Static digital implant surgery offers higher patient satisfaction 
and less discomfort and complications compared to the conventional methodology. 
In addition, flapless digital implant surgery leads to less postoperative pain in full- 
arch cases than open-flap procedures. However, implants with flapless digital work-
flow may be placed outside the area with keratinized mucosa, which needs to be 
carefully assessed during treatment planning [54].

Two other recent systematic reviews verified that, although accuracy of CBCT 
measurements and image-guided surgery are clinically acceptable for most cases, 
CBCT images can be affected by patient motion and metallic artifacts [55, 56]. 
Since measurements can be slightly under- or overestimated, a safety margin of at 
least 2 mm should be always respected, when working with CBCT measurements 
for implant planning and CBCT-based image-guided surgery. A recent consensus 
report on digital technology by the International Team of Implantology (ITI) 
assessed the highest impact-factor reviews on differences in accuracy between con-
ventional and digital workflow for implant surgeries [54]. The accuracy of CBCT 
measurements can vary across different types of software; nonetheless using a digi-
tal workflow, it is expected to have a mean 3D deviation of 1.2 mm at the implant 
entry point, as well as a vertical discrepancy in final implant position of up to 
1.13 mm.

One of the perspectives for future research of digital implant surgery is the advent 
of CAD/CAM technology to create cutting and grafting guides for maxillofacial 
and reconstructive surgeries [57]. In addition, flapless implant surgery seems to be 
a viable option in cases of reconstructions with free flaps after tumor resection or 
gunshot trauma, despite that some complications have been reported and many 
challenges remain. A high degree of patient satisfaction has been reported. 
Nonetheless, there is still only limited research available in the literature on image- 
guided surgery involving bone regeneration procedures. The feasibility of retrieving 
onlay autogenous bone grafts with guides has been recently confirmed. However, 
future clinical trials would still be recommended to address the accuracy and preci-
sion of such methodology.

In conclusion, considering the current accuracy of IOS and CBCT measure-
ments, static implant image-guided surgery should be only considered as an addi-
tional tool that can be used for comprehensive diagnosis, treatment planning, and 
surgical procedures.
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9.8  Conclusions

The use of guided dental implant surgery raises concerns regarding cost- effective-
ness and professional responsibility. A high initial investment and an increase in 
operating costs are the major challenges for the advent of a complete digital work-
flow in implant dentistry, especially for developing countries. Also, this novel work-
flow requires well-qualified personnel to manage a more sophisticated operation 
that otherwise would not yield the desired results. Nonetheless, despite these chal-
lenges the abovementioned technologies save time, and in full-arch implant reha-
bilitations, the literature shows that computer-guided implant surgery is much more 
accurate than freehand surgery.

Digital implant dentistry also implies a change in professional accountability. 
Traditionally, dental professionals can be held responsible for poor treatment out-
comes cause by using inferior techniques when well-proven superior methods are 
available. This concept could eventually be applied to traditional and digital 
implantology.

Despite its already great precision, computer-assisted implant surgery seems not 
yet to have reached its full evolution. It is still undergoing continuous improve-
ments, in relation to the equipment for capturing diagnostic images, the planning 
software, and the surgical instrument and templates used in the technique.
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