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A B S T R A C T

Dentistry, in particular, the implant dentistry has always been through various leaps and bounds during
the last decade. With the advent of various technologies in dentistry, one such cutting edge technology
is the digital dental implantology. The digitization in the practice of dentistry; particularly, the dental
implantology, is running swiftly and has tremendously helped in shaping the future of dentistry. Digital
dentistry involves various digital tools/modalities/sources namely the CBCT (Cone Beam Computed
Tomography), intraoral & extraoral (laboratory) scanners, facial scanners with the photogrammetry, CAD
(Computer-aided design), CAM (Computer-aided manufacturing) and RP (Rapid prototyping) or 3DP (3D
Printing), have influenced the implant practice in a big way. A very important component or heart of the
digital implantology is termed as the digital workflow and is readily accessible in the implant practice. Such
workflow has tremendously helped the dental practitioner to treat the patients using a stepwise approach at
various stages i.e. diagnosis, scanning, designing, and final fabrication of the prosthesis. It has a plethora
of advantages i.e. precise planning of the implant restorations associated with reduced complications and
thereby ensuring long-term success of the dental implants. A number of issues to be importantly taken
into account involve minor inaccuracies associated with the various digital tools, deviations i.e. linear and
angular deviations between the planned and the placed implant position, and a steep learning curve, may
lead to unsatisfactory results, if neglected. Digital workflows can be successfully integrated into the routine
dental practices. This comprehensive review article portrays about the digital modalities & their meticulous
usage in the practice of implantology for better accuracy, patient safety, and predictability associated with
reduction in the errors and complications in implant practice.
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1. Introduction

The incorporation of digital techniques and innovations is
relatively a new dimension in the practice of dentistry.
There has been a significant upgradation of the practice
of digital dentistry over the years.1 This has fascinated
the dental professionals to actively plunge into the digital
dental implant practice. Dr Patrick J. Hanratty commonly
known as the "Father of CAD/CAM” did extensive research
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in the field of design. In 1980s, Dr. Francois Duret did a
lot of research in the field of optical impressions, which
subsequently gave birth to the CAD CAM in the practice
of dentistry. Mörmann et al. in 1989, Preston in 1990s, and
Andersson et al. in 1996, were quite instrumental and well
known for their research in the field of digital dentistry.2

Since its inception, the practice of digital dentistry
was limited to inlays and onlays, but with the successful
incorporation of the novel and recent innovations, the
whole landscape of dentistry was changed. This resulted in
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implementation of the novel approach of digitization in the
field of dentistry. Out of this, digital dental implantology
fascinated the dental clinicians in a big way.3

Over the years, there has been a paradigm shift from the
conventional 2D to the 3D approaches. Such approaches
have set a benchmark as a diagnostic modality. The use of
CBCT has totally proven it as a cutting edge in diagnosis
and treatment planning in dentistry. Meticulous planning
and placement of the dental implant is essential for the
overall health of the oral tissues.4 The use of navigation
in implantology using surgical guides has helped the
clinicians to precisely plan and place the dental implant.
The combination of all the digital modalities or the digital
workflow in implantology i.e. CBCT, scanners and CAD-
CAM, have helped both the dental professionals as well as
the laboratory personnel, working as a team, to successfully
rehabilitate the patient with predictable outcomes.5

Such a remarkable change in the field of implantology
is associated with a number of benefits. This includes
an effective communication between the dental
professional, the patient and the laboratory technician.
Such communication also ensures better patient motivation
and acceptance. The elimination of a couple of steps
helps to save a lot of time.6 The inclusion of CAD-
CAM system associated with several digital tools has
broadened the horizon both in dental clinics as well as in
dental laboratories. Meticulous planning using surgical
guides have always ensured faster and a more predictable
treatment outcome.7 Digital technologies in contrast to the
conventional ones provide proper and precise recording of
the details. This has resulted in better fit of the restorations,
thereby improving the Oral Health-Related Quality of Life
(OHRQoL) along with a positive impact on the patient.
Reduction in the manual errors; in particular, the distortion
issues associated with the conventional impressions and
storage of data by avoiding the need of casts are the other
benefits of digital techniques.8

Apart from the plethora of benefits associated with the
digital implantology, a few issues or barriers can also be
recognized. This includes positively accepting the change
from the analog process or the conventional techniques
to the digital techniques or modalities. The professionals
are expected to gain good knowledge, proper awareness
and upgrade themselves with the recent trends in digital
practices, since, the learning curve is steep.9 There can
be issues associated with the inaccuracies of the intraoral
scanners, when dealing with the long span or full mouth
dental implant rehabilitation cases. The same issue arises
in the completely edentulous situation, as it is nearly
impossible to record the resiliency of the underlying soft
tissues.10 Apart from this, there needs to be a well-
equipped and a proper lab support in the practice of
digital implantology. Ignorance to any deviations between
the proposed and the placed implant position may lead

to misfit of the implant components resulting in further
complications i.e. both mechanical and biological. A proper
dry field is needed to accurately capture the details through
the intraoral scanner. Incorporation of saliva, blood and
gingival fluids may obscure the area to be captured resulting
in incorrect impressions.11 Thus, a dental professional
needs to have a conceptual understanding of the procedures
to be undertaken along with the ability to use various digital
tools for achieving the ultimate success, both in surgical as
well as in prosthetic phase of dental implantology.

2. Discussion

Tooth loss may occur due to a couple of reasons
mainly the caries and the periodontal disease, leaving a
patient handicapped. Prosthetic rehabilitation of the missing
tooth/teeth in such patients is important to revive them from
this handicap.12 Out of all the treatment options, dental
implants, also known as the 3rd dentition has always been
the modality of choice for prosthetic rehabilitation amongst
the dental clinicians. In addition to this, it has been the
prosthetic treatment modality of choice amongst the patients
due to increased awareness, life expectancy, better treatment
protocols, and improvement in the OHRQoL.13 Over the
years, dental implants have overruled the other prosthetic
treatment options i.e. removable and fixed prosthodontics,
making it an emerging trend in the dental practice.14

The incorporation of digitization in the practice of
dentistry has proved to be a hallmark in the field of
dental implantology. The annexation of digital dentistry
along with the practice of dental implantology gave birth
to the concept of digital implantology or digital implant
dentistry.15 Digital dental implantology is mainly based
on 3 major components namely scanning, designing and
milling. A stepwise approach commonly used in the practice
of dental implantology is termed as implant prosthetic
digital workflow. This workflow forms the heart of the
digital implantology and is commonly conducted by a
digital resource in every phase of the diagnosis, planning,
& treatment. The stepwise approach of digital workflows is
a tabulated format that should be followed during prosthetic
rehabilitation of the patient. (Figure 1)

The workflows in dental implantology can be categorized
as analog, partial digital and complete digital workflow.
Over the years, there has been a paradigm shift from
the conventional analog to the digital workflows in
implantology. (Figure 2)

Digital workflow in implant dentistry is constantly and
swiftly evolving, resulting in an increased accuracy of work,
better predictability, treatment outcomes, and elimination
of a number of conventional steps in the routine dental
practices.16 Digital workflows require a steep and a gradual
learning curve along with an understanding of the associated
complications i.e. deviations in the planned and the final
implant position and inaccuracies related to the intraoral
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scanning procedure.17

Fig. 1: Digital Workflow in Dental Implantology

Fig. 2: Types of Digital Workflow

In the earlier years, the radiographs gave a 2 dimensional
picture of a 3 dimensional object. Over the period of time,
the incorporation of digital modalities in diagnosis i.e. 3D
CBCT proved to be a benchmark in the practice of dental
implantology. Previously, CT (Computed Tomography) had
been the modality of choice for diagnostic imaging in
medical practice. Since, it was associated with a higher
radiation exposure; its use in the practice of dentistry was
discouraged.18 Conversely, CBCT became popular as a
diagnostic modality due to its ability to capture the 3D
structures with a smaller scan time and reduced radiation
dosage. As per the literature, CBCT had the ability to
assess the parameters of bone with better accuracy along
with the associated vital structures.19 Nowadays, CBCT
is commonly used as an invaluable tool while evaluating
& rehabilitating the patients with dental implants (Figure
3). CBCT as contrasted to the MRI (Magnetic Resonance

Fig. 3: Cone Beam Computed Tomography (CBCT)

Fig. 4: Surgical Guides (Templates) – Applications

Imaging) is commonly discussed in the literature reviews.
MRI in terms of soft tissue imaging has proved to be a
road beyond the CBCT. A broad horizon of CBCT includes
scanning the dental impressions as well as the models
apart from being the diagnostic modality of choice. One
of the common as well as a major limitation of CBCT
is the production of the metal artefacts. Moreover, the
surface texture details associated with the CBCT is still
questionable.20

Pre-operative intraoral scanning is the 1st step using
the principles of digital technology in implant practice.
This can be possible with the successful inclusion of the
intraoral scanner (optical scanner) along with the extraoral
scanner (lab scanner). Facial scanners are a new addition to
both the above scanner types. These scanners; particularly,
the intraoral scanners help to capture the oral cavity, with
the best accuracy and meticulous planning for the implant
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Fig. 5: Dental Implant Scan Body

Fig. 6: Conventional Impressions – Shortcomings/Disadvantages

patient, further improving the effectivity of the implant
treatment.21 With the constant penetrance of scanners in
the market along with increased patient preference and
acceptance, they have actually revolutionized the practice
of digital dental implantology.

Virtual implant planning or 3D planning is a very
important component of the digital workflow and performed
after attaining the diagnostic intraoral scans. It gives us
an idea about the 3D digital simulation of the planned
restoration for achieving the prosthetic driven planning
and placement of the dental implant with the most
precise treatment outcome ensuring the utmost patient’s
safety. Using the digital software’s, the virtual wax-ups
can be planned, designed and manufactured, for better
visualization of the patient prior to the treatment.22

Fig. 7: Digital Dental Implantology – Broad horizon of
applications

A multi-step approach is required while using the
software programs for ensuring long-term success in dental
implantology. This includes segmentation, artefact deletion,
image superimposition i.e. (DICOM/STL) using a dual-
scan protocol and virtual dental implant placement. Implant
planning software’s help in 3D visualization of the future
implant site.23 In addition to this, bone volume, quality,
quantity, density and restorative space availability can
be precisely assessed along with anatomic visualization
of the important landmarks i.e. sinuses, nerves, vascular
structures etc. Moreover, the virtual implant placement
in the proposed site helps to further evaluate the width,
depth & size of the dental implant prior to its placement.
Such an approach is known as a prosthetic/restorative
driven implantology or a “Go Guided” approach, mainly
executed with the help of fabrication of surgical guides
or templates.24 The surgical guides can be fabricated
using an additive (3D printed) or a subtractive (CAM
milling) approach. The additive manufacturing involves
the stereolithographic (SLA) technique for surgical guide
fabrication. The accuracy of the surgical guide depends on
the method of fabrication and the choice of printing device.
(Figure 4)

The surgical guides have been a boon not only for the
conventional dental implants but also for the placement of
basal and zygomatic implants. They can be classified as
free hand placement, static or dynamic.25 The dynamic
navigation systems have shown better results as compared
to the static and the free hand placement.26 Surgical guides
ensure various benefits i.e. accurate implant placement,
angulation with precise assessment of the location and
depth, simplified restorations, less pain and discomfort to
the patient, flapless approach, less time consuming, guided
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surgery, and a predictable implant prosthetic restorative
outcome, avoiding long-term complications i.e. mechanical
& biological.27

A plethora of methods can be used to evaluate the dental
implant osseointegration. These may include the invasive
and the non-invasive approaches. The inclusion of digital
approaches or the osseointegration monitors have proved
their efficacy as a non-invasive measure to test the stability
of the dental implant for monitoring the osseointegration.
This further helps to diagnose the suitability of the dental
implant for the prosthetic restoration and thereby aiding in
the post restorative monitoring.28

Healing abutments are generally placed to ensure a
better emergence/esthetic profile. This is followed by
impression using scanners in implantology commonly
known as an optical/virtual (digital) impression. A very
important component of impression i.e. implant scan body
commonly known as CAD CAM implant impression coping
i.e. a true representation of the position and orientation
of the respective dental implant, analog or abutment
in CAD CAM scanning procedures, is generally used
during the impression procedures. Generally, the scan
bodies are available with the major brands/manufacturers
in implantology.28 These scan abutments provide a
proper workflow in capturing information related to the
provisionalization, bite registration etc. both in dentulous as
well as edentulous cases. The less time consuming approach
along with better patient experience and comfortability
makes it the impression of choice for the patients. (Figure 5)

The impressions in full mouth implant rehabilitation
is an issue. In multiple implants, the digital impressions
may be associated with linear or angular deviations unlike
the single implants, where the impressions can be easily
captured. In full mouth or multiple implant impressions,
an amalgamation of open mouth impression technique
(gold standard in conventional implant impressions) using
scannable elastomers along with lab/extraoral scanners, will
help to achieve the best possible results.29

The digital impressions in implant dentistry have
successfully superseded the conventional impressions in a
number of ways. (Figure 6)

After successfully capturing the details through digital
impressions, they can be then transferred to the dental
laboratory through secured web portals. This is followed
by the designing of the abutment commonly known as the
customized abutment for optimal form and tissue support
& final prosthesis with the help of CAD approach.30 The
abutment & the final prosthesis can be finally machined
with the help of subtractive milling i.e. CAM or additive
manufacturing i.e. RP or Rapid Additive Manufacturing
(RAM) approach.31 This digital laboratory workflow in
contrast to the conventional laboratory workflow ensures
reduction in the number of steps leading to more efficient
and less time-consuming approach in fabrication of implant

prosthesis.
The implant restorations are transferred from the

laboratory to the clinician followed by the final placement
of the prosthesis. The successful incorporation of the digital
workflows have totally changed the landscape of the dental
implantology.32

Occlusion in implantology is of paramount importance.
The concept of implant protective occlusion is a common
practice in the conventional implantology. Subsequently,
with the advent of technologies such as Tek Scan (T
Scan) i.e. computer aided occlusion or digital occlusion,
the concept has totally changed in implantology. Occlusal
analysis sensors or the T scans have the ability to
successfully differentiate between the high-pressure areas
and low-pressure areas, thereby improving the overall
success rate of the implant prosthesis.33

Keeping in view the plethora of applications and a broad
horizon of the various digital modalities i.e. the digital
workflows in the field of implantology,34 it can be rightly
said that the digital dental implantology has totally changed
the whole landscape of dental implantology.35 (Figure 7)

3. Conclusion

Dental implants have always proved to be the prosthetic
treatment modality of choice for the clinicians as well as
the patients, a subject of research for the avid researchers,
a learning tool for the budding dental surgeons, and the
dental students. Over the years, there has been a paradigm
shift from the conventional dental implantology to the
digital dental implantology. The successful inclusion of
the digitization into the practice of dental implantology
has proved to a promising innovation and can be well
related to the digital workflows. Such workflows can be
routinely integrated and have proved to be a reality in
the dental practice; particularly, the implantology. Digital
implantology ensures accuracy, safety & comfort of the
patient, treatment predictability, elimination of steps thereby
saving a lot of time, and ultimately a more predictable
outcome for the final success of the implant treatment. The
advantages of the digital modalities definitely supersede
the issues/barriers associated with the adoption of these
modalities. Minor inaccuracies are inevitable and should
always be taken into consideration. Although, the learning
curve is steep and gradual, but still the dental professionals
are expected to be skilful, proficient, and properly updated
with good knowledge to treat the patients meticulously. The
cutting edge implantology or the digital dental implantology
proves to be a ubiquitous tool rather a dream come true for
rehabilitating the patients in the best and the most natural
way in the routine clinical practices.
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