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The digital systems include expert systems and CBCT-based systems for the analysis of the alveolar bone support and planning of
the surgical proimplant procedures, intraoral scanners (10S), software applications for implant planning and manufacturing of the
surgical guide, CAD/CAM systems for manufacturing of the surgical guides and provisional restorations, software systems for an ideal
prosthetic restoration design, CAD/CAM systems for the manufacturing of the implant-supported restorations. Components of the
digital workflow are as follows: data collection, computer aided design/computer aided manufacturing (CAD/CAM), and implant
placement. Digital tools and technologies assist diagnosis, case planning and surgical execution in the implant surgical stage. Digital
treatment planning allows the design of the surgical template and implant-supported prosthetic restoration, to improve the accuracy of
implant insertion in a prosthetically driven position during the surgical stage. The use of the digital workflows in implant-prosthetic

therapy led to more predictable and successful implant outcomes in the long term.
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INTRODUCTION

The increase in the popularity of and the demand
for the use of dental implants to replace teeth has
encouraged the development of new digital
technologies to improve the clinical success as well
as the patients’ acceptance and compliance to
maintenance sessions (Patel, 2010).

Modern techniques in implanto-prosthetic
rehabilitation involve the use of software
applications that allow optimizing the diagnosis and
treatment plan, as well as the use of minimally
invasive surgical and prosthetic techniques by
increasing efficiency and accuracy (Moy et al.,
2008; van der Zel, 2008).

New digital tools have fundamentally changed
the patients” evaluation, treatment planning in
proimplant and implant stage, surgical implant
stage, and even the design of the implant-supported
fixed and removable prosthetic reconstruction.
Expert systems allow supporting clinical decisions
and planning treatment stages based on causal and
probabilistic reasoning within theoretical decision
schemes (Forna N., 2008).
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The great advantages of digital technology are
the improvement of the implant and prosthetic
success as well as saving chairtime (Conejo et al.,
2021; Patel, 2010). The digital systems include
expert systems, CBCT-based systems for the
analysis of the alveolar bone support and planning
of the surgical proimplant procedures, intraoral
scanners (10S), software applications for implant
planning and manufacturing of the surgical guide,
CAD/CAM systems for manufacturing of the
surgical guides and provisional restorations,
software systems for an ideal prosthetic restoration
design (3D digitally restorative software),
CAD/CAM systems for manufacturing of the
definitive implant-supported restorations (Conejo
et al., 2021; Guichet, 2015).

The integration of computer-aided design
/computer-aided manufacturing (CAD/CAM) and
CBCT data was a breakthrough in the implantology
field (Patel, 2010). The techniqgue CAD/CAM can
be used not only for the manufacturing of surgical
guides and provisional prosthetic restorations but
also for fabricating custom implant abutments
(Patel, 2010). Van der Zel (2008) described the
digital systems CADDIMA, which combines
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computerized tomographic (CT) and optical laser-
scan data for planning and manufacturing of
surgical guides, implant abutments, and prosthetic
restorations.

Workflow in implantology has also significantly
improved after the release of software integrating
CEREC Acquisition Center with Bluecam (Sirona
Dental Systems, Charlotte, N.C.) chairside
CAD/CAM and Galileos CBCT imaging (Sirona
Dental Systems) allowing dentists to plan implant
placement, increase accuracy of implants insertion
and provide predictable results by using chairside
IPS e.max CAD (Patel, 2010).

The aim of this paper was to investigate the data
and research in the field of the digital tools used in
the implant-prosthetic therapy in the analysis of the
prosthetic field, planning of the proimplant
procedures and virtual implants positioning,
manufacturing of the surgical guide, assistance of
the surgical implant stage, optical impression, as
well as the design of the implant-supported
prosthetic restoration.

WORKFLOW IN IMPLANTOLOGY

Components of the digital workflow are exposed
in Figure 1 (data collection, computer aided design/
computer aided manufacturing (CAD/CAM), and
implant placement) (Table 1) (Algallaf et al., 2021).

The digital workflow starts with data collection
performed by cone beam computed tomography
(CBCT) and optical scanning of the prosthetic field
(intraoral scanning; extraoral model scanning).

Various digital tools (PlanmecaRomexis,
OnDemand3D, coDiagnosticX) use CBCT images
due to the identification of pathology and vital
anatomical structures as well as the evaluation of the
alveolar bone quality and quantity. 3D CBCT
images are reconstructed with special software to
supply projections in axial, sagittal and coronal
plans (Fokas et al., 2018). The accuracy level of
CBCT images depends of various factors and error

Table 1

can exceed 1 mm when linear measurements are
performed for alveolar bone and other anatomical
structures (Tyndall et al., 2012). To avoid clinical
complications during the surgical implant stage, the
clinician must consider a 2-mm safety zone between
implant and vital anatomical structures. Also, errors
are associated to factors related to CBCT system
and reconstruction algorithms (Algallaf et al.,
2021).

The intraoral/extraoral optical scan represents
teeth and soft tissue as a digital STL file that is sent
to a virtual implant planning software.

STL file is merged with DICOM files obtained
from the CBCT imaging for the next stages:

1. the planning of the future implant position
according to proper anatomical and prosthetic
criteria;

2. design and manufacturing of the surgical
guide (Algallaf et al., 2021).

These stages are followed by the manufacturing
of the surgical templates and implant-supported
prosthetic restorations using the CAD-CAM
technology (Arunyanak et al., 2016).

Various research groups reported some degree of
deviations between actual and virtual implant
positions due to errors of one or more stages of the
digital workflow (data collection, transfer,
processing, virtual implant treatment planning,
surgical execution) (Van Assche et al., 2012;
Tahmaseb et al., 2018). Data collection by CBCT
can be a reason for this inaccuracy due to device
features, degree of radiation exposure, software
used to view DICOM data, or even artifacts
(Halperin-Sternfeld et al., 2016). In vivo comparative
studies between conventional impressions and
optical scans are requested to evaluate the role of the
inaccuracy of optical impression (Algallaf et al.,
2021). A review performed by Fliigge et al. (2018)
highlighted that conventional implant impressions
of the angulated implants are significantly less
accurate compared to those of the parallel implants
while the scan protocol has an impact on the
accuracy and precision of the digital impressions.

Workflow components in implant-prosthetic therapy (Alqgallaf et al., 2021)

Workflow stage

Viewing of radiographic data

Merging radiographic data and surface scans

Prosthetic setup of implant-supported restorations

Anatomical and surgical considerations in the implant insertion

Selection of surgical protocol

OO W INE

Design of drill-guide support
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Software systems for interactive planning of
implant and prosthetic treatments are as follows:
Implant 3D (Universe, USA), NobleGuide (Nobel
Biocare, USA), Digital Smile Design (DSD),
SimPlant (Materialise Dental). These systems allow
the simulation of implant positioning on virtual two-
dimensional and three-dimensional models, the
reconstruction of three-dimensional bone models
(based on CT and radiographic images), the
identification of the mandibular canal, the
presentation of three-dimensional sections of the
jaw and mandible, the calculation of bone density
(Forna D., 2017).

Virtual implant position can be planned using
digital applications (DDS, X-Guide) to design the
future implant position, in relation to the anatomical
positions of adjacent teeth or implants and vital
structures, such as the inferior alveolar nerve,
mental nerve, maxillary sinus and nasal floor.
Clinicians must consider the anatomical positions of
adjacent teeth or implants and vital structures
(inferior alveolar nerve, mental nerve, maxillary
sinus, nasal floor). Davarpanah et al. (2011)
reported four parameters that influence the distance
between the real position of the implant and the
virtual one four parameters: the deviation of the
point of impact of the drill (the neck of the implant),
the deviation of the apex of the implant, the
deviation in relation to the corono-apical axis, the
deviation of the angulation of the implant in oro-
vestibular or mesio-distal plane. Ozan et al. (2009)
determined for the deviations of the position of the
implant collar the following average values: 0.87
mm for the surgical guide with dental support, 1.06
mm for the surgical guide with mucosal support,
respectively 1.28 mm for the surgical guide with
support bone. Regarding the surgical guide with
dental support, in relation to mucosal and bone
support, the deviation values are 1 mm for the
implant neck, 1.6 mm for the implant apex at an
angulation deviation below 5-6° (Davarpanah et al.,
2011).

Once the implant position is planned according
to the proper anatomical and prosthetic criteria, the
clinician can start the design of the surgical template
in relation to the type of support (bone, mucosa,
tooth), sleeve-to-bone height, drilling distance, as
well as the number of teeth used as support if a
tooth-supported template is designed (Alquallaf
et al., 2021).

The digital impressions can replace conventional
impression to transfer data related to teeth, soft

tissue and implant position data into virtual models
that are used for treatment planning and prosthetic
reconstruction CAD-CAM manufacturing. Various
manufacturers provide optical scanning devices:
Omnicam (Sirona), Trios 4 (3D Shape), True
Definition (3M ESPE), CS3600 (Carestream),
Planmeca Emerald™ (Planmeca).

Digital impressions produce a virtual model in
STL format that does not include teeth or mucosa
color. However intraoral scanning technique
contains colors in OBJ geometry format or polygon
file format. Nowadays digital impressions are
spreading in routine dental practice due to their
accuracy, higher patient acceptance as well as less
time-consuming technique compared to conventional
impressions in terms of impression material storage,
handling, and stone pouring (Karl et al., 2012;
Papaspyridakos et al., 2016). Limits of intraoral
scanning techniques are related to possible
cumulative errors due to the alignment and stitching
of the images taken during the scanning process.,
especially in edentulous patients with lacks of the
distinctive anatomy and when extended prosthetic
field areas are scanned (Gan et al., 2014). Also,
other factors that decrease accuracy are the limited
intraoral space for the scanner head as well as the
reflection due to metallic restorations or salivary
flow (Abduo et al., 2018). To eliminate reflection,
Flugge et al. (2018) recommends the use of titanium
dioxide powder on reflective surfaces. An
alternative technique is represented by the
combination between the transfer of the details of a
conventional impression onto a stone cast model
and extraoral scanning of the stone cast by using
intraoral scanning devices or dental laboratory
scanners (Algallaf et al., 2021). When this technique
is used, some errors can be provided only from
conventional impression-taking stage and pouring
of the stone cast (Kernen et al., 2019).

DICOM files are used to display cross-sectional
images in bucco-lingual (sagittal), anterior-
posterior (axial), and mesiodistal (coronal) plans
that allow the set-up of 3D model of bone and teeth
(Kernen et al., 2019). Merging 3D reconstructed
model with STL data (derived from optical scan) is
requested due to the inaccuracy of 3D volumetric
model reconstructed by CBCT data. The merging
stage must be done as accurately as possible
considering that errors in merging data sets will lead
to improper implant positioning during surgical
execution (Fligge et al., 2017). In cases with
radiopaque restoration materials, clinicians must
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manufacture standardized fiducial markers on a
radiographic template to be used as reference points
for the recording of the multiple datasets (Katsoulis
et al., 2009). When these markers are used, CBCT
scans are taken with the patient wearing the
radiographic template and with the template on its
own (Algallaf et al., 2021).

The implant-supported prosthetic restoration
must be designed prior to implant surgical stage to
ensure a prosthetically driven implant position. The
design of the future implant-supported prosthetic
restorations can be set up by various CAD software
that will provide standard teeth shapes, additional
shaping tools, and virtual articulators to facilitate
tooth setup. An additional STL files can be provided
from a conventional wax-up on a stone model that
is scanned extraorally before being incorporated in
the implant planning software.

Regarding the surgical implant stage, the digital
planning of implant position and prosthetic set-up
must consider the following anatomical and
prosthetic parameters.

To avoid implant surgical complications related
to the damage of vital anatomical structures, the
planning of virtual implant must ensure a minimum
of 1.5 mm of buccal bone in order to achieve
optimal esthetics and peri-implant soft tissue
stability. If clinician predicts less than 1,5 mm of
buccal bone, after the digital planning of implant
stage, guided bone regeneration procedure must be
performed in the proimplant stage to avoid future
soft peri-implant tissue recession (Farronato et al.,
2020). Also, a 3 mm mesiodistal distance will be
planned between adjacent implants (Tarnow et al.,
2000). The implant must be placed fully in bone
and 3 to 4 mm apical to the planned prosthesis
margin (bone level design), or 1 to 2 mm apical
from the planned prosthesis margin (tissue-level
design) (Grunder et al., 2005).

The surgical templates, assisting clinicians both
in the initial pilot drill and fully guided protocols,
are recommended due to the higher accuracy of
implant placement (Van Assche et al., 2012).

After the virtual implant position planning, the
surgical template is designed according to the type
of support: bone, mucosa, tooth (Gallardo et al.,
2017). Whenever the clinical situation allows, a
tooth-supported template will be preferred,
especially when can be used more than two adjacent
teeth as support for the template, to increase
stability (Tahmaseb et al., 2018; El Kholy et al.,

2019). The use of bone-supported templates must be
avoided, when possible, to avoid the exposure of the
underlying bone, increased postoperative discomfort
and future alveolar bone resorption (Rosenfeld et
al., 2006). When tooth support cannot be used,
mucosa-supported templates are recommended due
to less invasive features, reduced postoperative pain
and discomfort, lower surgical time, and
postoperative healing time (Rosenfeld et al., 2006).
The mucosa-supported templates have some
disadvantages related to mucosal thickness and
resilience (Cassetta et al., 2013).

Some factors related to the implant system,
clinician experience, implant planning software, can
affect the drill guidance and deviation range: sleeve
height, drilling distance or guided key height
(ALgallaf et al., 2021). To avoid or reduce
inaccuracy, El Kholy et al. (2019) recommend a
protocol involving a shorter drill, lower sleeve
height and longer drill key. Inaccuracies due to the
drill or implant macrodesign can lead to higher
deviation between planned virtual implant position
and the real implant position at the end of the
surgical stage. El Kholy et al. (2019) reported that
tapered implant macrodesign has significantly
higher positional accuracy when compared to
parallel implant macrodesign due to the design of
the drill, thread, or insertion geometry (EI Kholy
etal., 2019).

The virtual design of the prosthetic restoration
will be used by CAM technology in the
manufacturing of the future implant-supported
reconstruction by additive or subtractive technology
(Algallaf etal., 2021). The subtractive processes use
shaping of the reconstruction material (zirconia,
ceramic) by cutting instruments; 3D printers
(additive technology) use special ink materials to
build up layer by layer the prosthetic reconstruction
(Duda et al., 2016; Beuer et al., 2008). These two
technologies have similar accuracy and within a
clinically acceptable range (Henprasert et al., 2020).

Nowadays surgical templates can be fabricated
in 3D-printed resin with higher accessibility ease of
fabrication, and lower cost. (Stansbury et al., 2016).
The thickness of the resin surgical template is a
disadvantage, bulkier templates limiting the
accessibility and surgical view. Despite higher cost
and manufacturing time, many clinicians prefer
metal and zirconia surgical templates due to lower
thickness, which enhances surgical visibility and
access (Stansbury et al., 2016).

Figures 1-5 show digital devices and tools used
in the workflow of the implant-prosthetic therapy.



Digital tools and techniques in implant-prosthetic therapy 303

(A) (B)

Figure 2. Planning of virtual implant positioning by software coDiagnostiX
(Straumann USA, LLC, Andover, MA, USA) (Lee et al., 2019).

Figure 3. Planning of surgical template by software SMOP (Kernen et al., 2020).
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Figure 4. Surgical guide fabricated by CAD-CAM technique (Forna D., 2017).
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Figure 5. Intraoral scanning devices (Imburgia et al., 2017).

Figure 6.a-d. Intraoral scans of the edentulous area (Imburgia et al., 2017).
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10.

11.

CONCLUSIONS

Digital tools and technologies improve diagno-
sis, case planning and surgical execution in
implant surgical stage.

Digital treatment planning allows the design of
the surgical template and implant-supported
prosthetic restoration, to improve the accuracy of
implant insertion in a prosthetically driven
position during the surgical stage.

The use of the digital workflows in implant-
prosthetic therapy led to more predictable and
successful implant outcomes.

Limits are related to the accuracy in collecting
CBCT data or merging data sets (radiographic
viewing, optical intraoral scanning, extraoral
scanning of the conventional impression).
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