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PROSTHODONTICALLY DRIVEN DENTAL IMPLANT THERAPY - CHAIRSIDE
PROTOCOL

Summary

With increased demand for aesthetics and the evolution of digital technology in dentistry, a new
concept of implant therapy was introduced, called the prosthodontically-driven implant therapy.
This new approach focuses on the final restoration and employs a backward planning strategy
to allow for design and material selection prior to dental implant surgery. The use of digital
technologies, including intraoral scanners and cone beam computed tomography (CBCT), has
provided dentists with three-dimensional data that allows for the virtual modelling of
anatomical structures. This information is then used to determine the optimal implant position
with the aid of virtual implant planning software. The use of a surgical guide facilitates the
transfer of this position into the patient's mouth, leading to more precise implant placement and
improved outcomes. Following successful implantation, final restoration production can be
carried out in a chairside manner with the aid of computer-aided design (CAD) and computer-
aided manufacturing (CAM) systems. This approach reduces treatment time and streamlines
the workflow while also improving communication with patients through the visualization of

the future prosthetic restoration, enhancing motivation and compliance.

Keywords: digital dentistry; digital workflow; chairside protocol; guided implant placement;
surgical guide; CAD/CAM; implant-supported restoration; zirconium oxide ceramics; lithium

disilicate; speed sintering



PROTETSKI VODENA IMPLANTOPROTETSKA TERAPIJA - CHAIRSIDE
PROTOKOL

Sazetak

S porastom potraZznje za estetikom i razvojem digitalne tehnologije u stomatologiji, uveden je
novi koncept implantoloske terapije, nazvan protetski vodena implantoprotetska terapija.Novi
pristup fokusira se na konacnu restauraciju i primjenjuje strategiju planiranja unatrag kako bi
se omogucio dizajn 1 odabir materijala prije kirur§Skog zahvata ugradnje implantata. Koristenje
digitalne tehnologije, ukljucujuéi intraoralne skenere i konusno snimanje racunalnom
tomografijom (CBCT), olakSalo je stomatolozima prikupljanje trodimenzionalnih podataka
koji omogucéuju virtualno modeliranje anatomskih struktura. Dobivene informacije se potom
koriste za odredivanje optimalnog poloZaja implantata uz pomo¢ softvera za virtualno
planiranje postavljanja implantata. Upotreba kirur§ke Sablone omogucuje prijenos tog polozaja
u usta pacijenta, Sto dovodi do preciznije ugradnje implantata i boljih ishoda. Nakon uspjesne
ugradnje implantata, kona¢na restauracija moze se izraditi u jednom terminu uz pomo¢ sustava
za ratunalno potpomognuto projektiranje (CAD) i racunalno potpomognutu proizvodnju
(CAM). Ovaj pristup smanjuje vrijeme lijeCenja i pojednostavljuje radni tijek, istodobno
poboljsavaju¢i komunikaciju s pacijentima kroz vizualizaciju buduée protetske restauracije,

¢ime se povecava motivacija i suradnja pacijenata.

Kljuéne rijeci: digitalna stomatologija; digitalni tijek rada; chairside protokol; vodena
implantacija; kirurSka Sablona; CAD/CAM; restauracija podrZana implantatima; cirkonij

oksidna keramika; brzo sinteriranje
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CBCT — cone-beam computer tomography
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1. INTRODUCTION
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Dental implantology is one of the treatment options for replacement of missing teeth. It has
made a great impact on patient’s quality of life, improving functional, anatomical as well as
aesthetic demands. It is considered an integral part of dentistry, with long-term success owing
to its biocompatibility and longevity (1,2). With the goal of delivering a basis for future
prosthodontic restoration placement, it has many advantages, such as maintenance of the
remaining alveolar bone, stabilization of occlusion, normal occlusal loading with increased
masticatory efficiency, and better phonetics, which makes it superior in comparison to other
forms of prosthodontic rehabilitation (3). Major developments in the field of dental
implantology have made it accessible not only to specialists but also to other dental practitioners
with different levels of skills and expertise. With the use of digital technologies, operator
mistakes and unwanted consequences, such as drilling through the bone, damage to nerves and
blood vessels, injury to neighboring teeth, and perforation of the maxillary sinus can be
minimized (4).

The concept of prosthodontically driven dental implant therapy with the help of modern digital
technologies points out a fundamental shift. The focus is now directed on definitive
prosthodontic results, not on the placement of dental implants. This approach makes it much
more accurate when planning and executing surgical implant placement, providing all the
requirements for future prosthetic restoration to be placed where it is needed, regardless of the
anatomical and physiological characteristics of the implantation site (3).

Digitalization has enabled the manufacturing of final implant-supported dental prostheses
without the use of a dental laboratory. This provides great benefits by reducing the patient’s

clinical visits and making the technical fabrication process much faster (5).

1.1. The aim of thesis

In my thesis, I intend to evaluate and present all the steps of prosthetically guided implant
surgery in terms of planning, fabrication, and delivery of fixed implant-supported prosthetic
restorations. By examining the advancements in dental implantology, I aim to demonstrate how
these developments have led to more predictable outcomes. Additionally, I will discuss the
materials that are suitable for chairside processing. The primary objective is to present these
steps without the requirement for a dental laboratory, while simultaneously providing patients

with high-quality care in a more efficient manner.
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2. EVOLUTION OF DENTAL IMPLANTS
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2.1. History and concept of implant placement

The use of dental implants to replace missing teeth was first discovered many years ago. Ancient
Egyptians in 2500 BC and later Mayan nations were the first civilizations to use different
methods and materials for replacing teeth in distinct forms. Over the years, there were many
attempts to develop techniques and materials, but the modern and advanced method was
discovered hundreds of centuries later. The only part that remained constant over time was a
precise and detailed patient examination to provide the best possible solutions for their main
complaint — the replacement of missing teeth with a long-term success (1,6).

In 1978, Dr. P. Branemark presented a conventional protocol for dental implant therapy with
two-phase threaded implants made of titanium, which were screwed with fixtures in his
patients. It was observed that the titanium implant surface bonded with the bone, which brought
a new theory called osseointegration. This protocol, presented by dr. Branemark was based on
the belief that in order to achieve successful osseointegration, a dental implant can only be
placed at least six months after the tooth was extracted at the implantation side for the purpose
of the healing period to take place. Nowadays, evidence exhibits that dental implants can be
placed at different time periods following tooth extraction with similar outcomes comparing
early placement to delayed one. However, the latter may still offer a slightly increased survival
rate in some cases (6-8).

Within the last 30 years, implant placement has been considered the preferred method of tooth
replacement due to its predictability, reliability and long-term success. Following the
development of zirconium implants, it has shown an improved degree of osseointegration and
response of soft tissue over titanium as the material of choice. With advances in technology,
appropriate 3-D imaging techniques have been developed. CBCT or Cone Beam Computed
Tomography uses 3-D images from different planes for the purpose of planning and positioning

dental implants, leading to precise delivery of implants and, consequently, better prognosis (6).
2.2. Osseointegration

In contemporary dentistry, substantial advancements have been achieved in the restoration of
lost teeth with dental implants. This progress can be attributed to enhancements in diagnosing,
planning, and execution of implantation procedures, as well as advancements in materials and
their structural modifications to improve long-term success rates. Among these factors,
osseointegration remains the cornerstone in determining the success of dental implants, as it

refers to “the direct structural and functional connection between living bone tissue and the

4
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surface of the load-bearing, endosseous implant at the light microscopic level”. This term was
first introduced by Dr. Branemark, and numerous attempts have been made to define it, but
none have taken into account the quality of newly formed bone (9).

The healing of dental implant installation in the early phase plays an important role in long-
term success. The entire osseointegration process begins with primary stability immediately
after implantation. From the start, the surface of the implant is mechanically fixated by
contacting the bony walls of the implant bed. After some time, secondary stability starts
building up with the formation of new bone around the implant surface. This bonding is
biological, compared to the primary stability, which is purely mechanical. In the transition
period, approximately 3-4 weeks after implant placement, a decrease in stability of the implant
is expected due to the loss of primary stability. This gradually increases with the apposition of
trabecular and cortical bone, with the latter taking more time because it needs to be resorbed
first. A good ratio between the cortical and trabecular bone is desirable at the site where the

implant is planned to be placed (10).
2.3 Implant properties

2.3.1. Materials

Titanium has long been considered the standard material for dental implants due to its durability
and biocompatibility. It is commonly used in its pure form, known as commercially pure
titanium, or in combination with other metals. The most commonly used titanium alloy in
medical applications is Ti-6Al-4V, which is a combination of titanium, aluminium, and
vanadium. This alloy has excellent mechanical properties and is widely used in the medical
field. However, with the increasing demand for aesthetic implants, zirconium implants have
also been introduced as a viable alternative. Zirconium implants have a better soft tissue
response; they are more biocompatible and present with a natural-looking appearance compared
to titanium dental implants; therefore, they are increasingly being used in aesthetic dentistry.
Their main disadvantage is fracture in the early stages of implant healing, which is a critical

factor to consider before they can replace titanium (11,12).
2.3.2. Shapes and dimensions

Implants come in three different shapes which are cylindrical, conical and hybrid designs.

Depending on manufacturers, implants have different modifications of shape and dimensions
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(13,14). Additionally, they can have V-shaped or square threads. Each design achieves different
levels of primary stability, the best being with conical and hybrid shapes. The conical ones are
anchored by compression of the bone in vertical and lateral directions. They present multiple
advantages, such as easy use, reduced order of drillings, low level of surgical trauma and
decrease in healing time, which makes them very popular to use (14,15). As they might present
superior properties for implantation, shape by itself has shown there is no effect on implant
survival (15).

Macro-design of dental implants is also defined with different lengths and diameters. There is
still no clear classification to categorize implants with different lengths and diameters, defining
if they are accepted as long or short and narrow or wide. It is proposed that based on the length,
short ones are defined by less than 15 mm and long ones more than that, whereas the diameter
can range from less than 2.5 mm, classifying them as mini-implants, and up to 5 mm and more
are classified as wide ones (14,16). Depending on the condition and dimensions of the bone
where implantation is going to be performed, the dental implant macro-design is chosen
individually for the patient with respect to the biomechanical loading (13,14). Biomechanics
are taken into account at the planning phase of the treatment to ensure that the bone surrounding
the implant is not over-loaded. This is achieved by the assessment of bone properties, which

will ensure better long-term results (13).
2.3.3. Components

Dental implants can be classified based on the number of components. They can be defined as
one-piece or two-piece dental implants. The latter has a separated implant body and abutment
screw, whereas one-piece has these two elements combined together. The implant body is
screwed into the bone and provides anchorage, while the abutment screw serves as the
connection between the implant and abutment or final prosthetic restoration (3).

At the beginning of dental implantology, two-piece implants were introduced first. This concept
was designed for surgical procedures done in two steps. In the first surgical procedure, a flap
was raised, followed by implant placement into the bone and repositioning the flap over the
implant to allow healing. After that period, in the second surgical procedure, a new flap was
raised, and the abutment screw was retained to the implant, which later allowed prosthetic
restoration placement.

For simplification, the design was modified by introducing a one-piece dental implant. This

increased the efficiency of treatment and the comfort of the patient. The one-piece implant
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design has a combined implant body and abutment screw, which reduces surgical time, but also
provides other advantages, such as decreased microorganism colonization due to the absence

of microgaps, as presented in two-piece implant systems (17).
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3. PROSTHODONTICALLY DRIVEN DENTAL IMPLANT
THERAPY
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In addition to conventional implant planning, advancements in digital implantology and
prosthodontics rely heavily on extensive diagnostics and detailed 3-D planning. This evolution
in radiographic modalities with the incorporation of computer software has provided the ability
to observe and interpret structures exactly as they would be seen in reality. This is necessary to
ensure that both the patient’s and dentist’s expectations are met and the desired outcome is
achieved. In the past, planning was limited by 2-D radiographic imaging. Lack of technology
provided incomplete information regarding bone features; therefore, inadequate data about
future implantation sites could be attained, which greatly impacted clinical outcomes. With the
use of three-dimensional radiographically acquired data, planning has become much simpler
and more accurate, allowing for the prediction of prosthetic outcomes virtually before the final
position of the dental implant is determined. The obtained 3-D imaging data are required not
only for virtual implant planning but also for computer-aided design (CAD) and computer-aided
manufacturing (CAM) of the surgical implant guide. This results in a more prosthodontically
driven coordination of implant positioning. Based on these features, planning is defined as
backward planning because everything will be adjusted to the final prosthodontic restoration.
One of the significant benefits of digital planning is that it allows patients to actively participate
in the visualization of their final treatment outcome, as they are able to view the final result
prior to the completion of treatment. This increases patients’ reassurance, which helps in the
elimination of incorrect expectations and further disappointment of patients, from which

dentists greatly benefit (18-21).
3.1. Intraoral and extraoral scanning

The first step in 3-D planning involves obtaining the data from the patient’s mouth. It can be
performed using conventional impression taking or digitally with intraoral scanning. This
transfers information to the dental model. Nowadays, an increasing number of dentists prefer
the digital method not only because it presents with less discomfort for the patient but also
because it provides equal if not better dimensional accuracy due to the lack of impression
material used, and therefore, no risk of material deformation is presented. If the conventional
method is used, the models that are produced must be scanned extraorally to obtain the data in
digital form. This method is time-consuming because it includes additional steps and,
consequently, additional costs before digitalizing the model. The impression must be sent to the

dental laboratory, where the dental technician scans the physical model and acquires a virtual
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one. It must be taken into account that every extra step that needs to be done will decrease the
precision of the final restoration or accuracy in the planning phase owing to human error (22).
Intraoral scanning is a technique for capturing direct optical impressions of dental and gingival
surfaces. The intraoral scanner projects a light source onto the area to be scanned, and imaging
sensors capture the surfaces. The surfaces are then processed using scanning software to

produce 3-D models (23).
3.2. Digital wax-up

After obtaining a digital model of the patient’s teeth and surrounding structures, dental
technicians or dentists can design future restorations using a digital wax-up. It is a technique
that substitutes the traditional wax-up performed on the plaster model. Its purpose is to select
the ideal treatment option based on functional, occlusal, and aesthetic criteria and consequently

enhance communication between the dentist and patient (24).
3.2.1. Digital smile design — DSD

With the increase in aesthetic demands, patients’ main priority became how their smile looks.
Smile influences social interactions with non-verbal communication. Therefore, due to
advancements in digital dentistry, digital smile design is a software that is used to analyze and
create the best possible aesthetic solution for every individual patient. The software analyses
patients’ photographs to get the best relationships between teeth, gingiva, lips, facial lines and
smiles. Facial features are the most important factors for planning aesthetic re-design of the
smile, which are symmetry, profile and proportions of the face and facial structures. It is used
in multiple dentistry branches, such as orthodontics, periodontology, and orthognathic surgery
and therefore is also indispensable in backward planning for prosthodontically driven dental
implant therapy (25). There are multiple digital smile design software packages, but they all
follow the same basic procedure. After obtaining high-quality photographs, reference lines are
drawn on digital photos. The dentogingival analysis defines the desired curve of the smile,
which can be influenced by the incisal edges of the maxillary anterior teeth. Depending on
aesthetic requirements, changes are made with the help of a digital ruler, which needs to be
calibrated by measuring the width of the central incisors. After completion of the digital design,
the patient is presented with the final outcome in 2-D on the computer. It can also be used to

produce a physical 3-D wax-up if the patient wants to see the final results in their mouth. Wax-

10
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up can be performed in a conventional way or with the use of a digital mock-up design, followed

by production using a CAD-CAM system to print or mill it (26).
3.3. CBCT

Cone-beam computed tomography (CBCT) is a digital volume tomography device that employs
an X-ray tube and an imaging detector to capture and reconstruct the patient’s anatomy in three
dimensions. The X-ray tube is positioned on one side of the patient, while the imaging detector
is placed on the other side. The latter measures attenuated X-rays while both rotate around the
head of the patient. The resulting image data were provided in digital form, thereby
reconstructing the captured anatomy in three dimensions. The use of CBCT has become
prevalent in implant dentistry, especially because of its accuracy and reduced exposure to
radiation compared to traditional computed tomography (CT) methods (27).

In daily dental offices, radiographic imaging has become an indispensable tool for diagnosis
and treatment planning. In implant dentistry, CBCT is a prerequisite for proper diagnosing and
surgical planning because of its ability to obtain detailed and extensive image data of the
maxillofacial region in 3-D. In addition to its superiority in 3-D details, it also offers the
potential for planning and designing surgical guides for implant placement and further
prosthetic rehabilitation in conjunction with computer-aided design (CAD) and computer-aided
manufacturing (CAM) techniques. CBCT alone presents with limited spatial and contrast
solutions; therefore, it needs to be combined with digital models of teeth obtained with digital
intraoral scanning. When this is done, the result is the creation of a computer-generated dental

patient on which we can virtually place the implant (28,29).
3.4. Virtual implant planning

Computer-generated dental patient is made with the help of virtual implant planning software.
It reproduces important anatomical structures and positions, such as the dentition and alveolar
ridge (28). The amount of detail for precise planning elevates treatment success by eliminating
surgical risks and placing implants in the exact position (30). To acquire a virtual model, CBCT
and intraoral imaging data were combined (28). CBCT provides three-dimensional data in
DICOM format, while STL data is from an intraoral scan or extraoral scanning of the plaster
model (18). Considering the positioning of dental implants for prosthodontically driven virtual
planning, implants are not designed to be placed where we have sufficient bone, but it takes

into consideration the ideal fabrication position for future restoration. Therefore, after precise

11
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design, software planning can adapt and produce surgical implant guides based on virtual

patients using manufacturing and printing tools (31).
3.5. Surgical guide design

Complications of implant placement surgery are usually a consequence of iatrogenic damage.
They are caused by incorrect diagnosis, treatment plan, surgical method, and implant placement
(32). Due to the ageing of the population, demand for dental implants is increasing rapidly,
pointing out the necessary improvements in surgical precision, therefore increasing the success
rate and reduction of trauma from surgery to the minimum (33). To overcome these challenges,
surgical guides were introduced. They are described as surgical templates, which help the
clinician to angulate and place the dental implant in the foreseeable position. To secure a high
success rate of surgical procedure execution, it is necessary to use the CBCT radiographic
method, 3-D implant planning software and software for the design and production of surgical
guide (32). There are multiple planning systems for designing surgical guides. Based on the
software that is used, the aforementioned guide can be designed individually by a software
operator, or data can be sent to the designing and production centers, where they plan and
produce it. Designing surgical guides individually can be much more convenient for the
operator. In terms of adaptability, the user can define the direction of insertion by eliminating
undercut areas, which are automatically faded out or blocked out virtually. This is followed by
selection of surfaces the guide will bear with additional fixation by use of fixation screws,
design of the sleeves, the thickness of the material and tolerance between teeth and the guide.
All these features have an influence on the accuracy of dental implantation (20,33).

According to the type of support, surgical guides are defined as bone-supported, tooth-
supported, mucosa-supported and whichever combination. The best one is tooth-supported
bilaterally due to its high retention and stability provided by anchorage on dental hard tissues,
but it can only be used in patients who have teeth present mesially and distally to the
implantation area. Overall accuracy decreases with decreased number of teeth, so other types
of support guides are usually used in combination with fixation screws to avoid displacement
during surgery.

The design of the sleeves provides assistance for drilling the hole, indicating the direction, depth
and angle for the implant. They are defined as open or closed sleeves. Ideally, closed sleeves
are used, but if the implant is planned in the posterior area, the appropriate one is the open type

for easier manipulation during implantation due to the limited opening of the mouth and

12
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decreased space between dental arches. For the preparation of the implant hole, the drill should
be centrally positioned and parallel to the sleeves’ wall. Additionally, implant accuracy is also
influenced by the material of the sleeves. They can be made of metal or plastic, with the latter
providing lower deviations in angle, depth and placement (33).

After finalizing the design, software displays the virtual model with the surgical guide, which
is then exported in STL format for manufacturing in the dental office (20).

3.6. Surgical guide production

A virtually planned surgical guide provides a direct connection between the treatment plan and
surgery by transferring an accurate plan to the implantation site (32). They can be produced by
an additive method, known as 3-D printing, or by a subtractive method, called CAD/CAM
milling. The degree of accuracy between these two approaches continues to be a subject of

discussion. However, at present, they have exhibited comparable levels of precision (33,34).
3.6.1. 3-D printing

With advances in technology, 3-D printing has gained considerable popularity in dentistry as
well. It has a wide range of applications, from surgical guide production to the fabrication of a
framework for dental prosthetic reconstruction (35). This technique is increasingly applied
because of its many advantages, including a reduction in surgical time and an increase in
successful outcomes (36).

As previously mentioned, 3-D printing is an additive manufacturing process that operates by
layering the material, resulting in the formation of an object. This is commonly described as a
rapid prototyping technique. There are multiple 3-D printing modalities available with the use
of different materials. The most commonly used technologies for the production of implant
surgical guides are stereolithography (SLA), digital light processing (DLP) and selective laser
sintering (SLS) (35).

Stereolithography is a high-cost technology in which a machine with a vat uses a laser to scan
and build one layer of material at a time. The laser is attached to top part of the vat and it moves
in cross-sections for 1 mm. After every layer, the platform descends and the process is repeated.
The desired surgical guide is made from a light-cured photopolymer resin. When the object is
completed, it is not fully polymerized; therefore, it is post-processed in a UV light-curing unit

to harden completely (32,35).
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Digital light processing is another technique that uses light-cured resin. While the processing is
quite similar, the main difference between DLP and SLA is that the latter can produce 3-D
objects with a higher resolution but is, therefore, much slower (35,37).

The third commonly used method is selective laser sintering, which uses sintered powder
obtained from a heated polymer with high melting points for the production of an object. This
material is heated just below the melting temperature, transforming it into a powder, which is
then fused using a scanning laser. This forms an evenly spread layer, and the process is repeated
until the object is finished. The biggest advantage of this method is that polymers used in SLS

processing are heat-resistant, which allows them to be sterilized in an autoclave (35).
3.6.2. Milling

Another accepted method for surgical guide production is milling, which is described as a
subtractive method. Compared to the 3-D printing technique, it provides equivalent accuracy
in terms of implant positioning (38). In terms of surgical guide deformation, milling is superior
to 3-D printing because the material does not change its structure during production, making it
more stable (34,39).

The subtractive method is described as a technique for the production of a desired objects that
removes the material from the initial block. Milling involves the removal of material by cutting
with a component of the milling machine, which may either rotate around the material block or
remain stationary while the material block rotates around it, resulting in grinding. With
technological developments, control of the process comes from the computer, which dictates
the movement of the machine to produce an accurate and precise surgical guide from a virtually
planned geometry. This technology combines computer software directly with the milling

machine and is called computer numerical control (CNC) (40).
3.7. Guided surgical implant placement

After precise implant planning and surgical guide production, guided surgery for implant
placement is performed. Owing to its numerous benefits, this surgical approach has received
increased attention in recent years (4). Nevertheless, despite its enticing potential, the use of
this method is significantly constrained in individuals with inadequate bone density and uneven
alveolar ridges (41).

Prior to surgery, accurate positioning of the surgical guide in the mouth must be verified. The

planned surgical placement is secured only if the guide fits precisely into the mouth. There are
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two approaches to accessing the bone surface where the implant is placed. The flap can either
be reflected, or the clinician can use the flapless technique, where the tissue is perforated
without elevation of the periosteum (18). There are multiple advantages to the flapless
approach, considering less pain and swelling postoperatively and also a reduction in surgery
duration (42,43).

Unlike conventional or freehand implant positioning, guided surgery can be performed using
either a partially or fully navigated technique. In partially guided implant surgery, a surgical
guide is used in the first stage of implantation, considering the underlying morphology of the
bone for the purpose of positioning and direction of the implant, which strictly follows the
prosthetic plan. The remaining implant placement is performed free-hand. Guides have
different designs depending on their purpose. They can be used for initial bone cutting and
reshaping to open the bone where the implant will be placed or for complete adjustment of the
bone to fully regulate the implant in its entire length. In the fully guided approach, the surgical
guide is fabricated with restrictions to achieve a completely prosthodontically driven treatment
plan (43). These restrictions are applied through metal sleeves incorporated in the surgical
template, which dictate the angulation and depth of the implant-bone relationship (44). Bone
reshaping and remodeling, along with implant placement, are fully controlled by a
predetermined virtual plan (43).

Fully guided dental implant surgery, widely regarded as the most precise method for placing
implants, may nonetheless result in deviations from the intended position owing to errors in
processing virtual imaging data, inaccurate design and guide production, instability of the
template during surgery, and potential errors on the part of the clinician. All these issues only
serve to amplify the inaccuracies stemming from the initial mistake that arises (44).

After the implant is placed, depending on the treatment plan, the flap can be sutured together
for the healing period to begin, or in case of immediate loading, an immediate prosthetic

restoration can be positioned (18).
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The current revolution in dental technology extends beyond digitalized approaches in implant
dentistry to encompass other areas, such as the computer-aided design (CAD) and computer-
aided manufacturing (CAM) of future implant-supported restorations. The process of taking
impressions and subsequently designing and producing prosthetic restorations differs
significantly from conventional or analog methods. Intraoral scanning is utilized to capture
digital data, which is then employed in the CAD-CAM system instead of relying on traditional
waxing and casting techniques for the production of restorations. These advancements in
digitalization enable clinicians to design and produce prosthetic restorations, benefiting in faster
treatment, shorter patient visits in the dental office, decreased patient discomfort and increased
predictability (45). Additionally, there may be minimal or no need for final restoration
adjustments, such as polishing and grinding, in contrast to conventional methods for indirect
restoration production (46). The biggest drawback of digital workflow, which results in the
slower adoption of technological advancements in dental offices, is the initial purchasing and
managing expenses, as well as the gradual learning curve (45).

To ensure the desired result of a digital implant rehabilitation approach, it is necessary to
employ monolithic CAD-CAM-managed restorations along with prefabricated abutments that
are based on previous prosthodontically-driven backward planning. Using this streamlined
chairside protocol, the dentist sidesteps the need for the dental laboratory in the production of
the restoration, thereby ensuring the efficient creation of the restoration with specific materials
that offer benefits with this technique (47).

Following a successful implant surgery, the dentist must obtain a digital impression, which is
later utilized in CAD-CAM processing to create the implant crown. Materials used in that
manner are zirconia, lithium disilicate, or hybrid ceramics. To address the physical limitations
of zirconia when restoring teeth in the aesthetic area, a minor porcelain layering of the material
outline is applied. Subsequently, any necessary post-processing is carried out, and the final

restoration is placed to rehabilitate the patient's missing teeth (47,48).
4.1. Digital impression

After successful implantation, a second digital impression is taken with the use of an intraoral
scanner. It captures peri-implant mucosa as well as adjacent teeth. This is followed by the
insertion of the implant scan body and scanning of the implant position. Acquiring precise
intraoral scanning data is crucial for the fit of the fixed prosthesis. If the implant position is

transferred inaccurately, the result can be ill-fitted for final restoration. This can cause
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complications, both biological and mechanical. Obtaining a digital impression of the opposite
arch in the quadrant where restoration will be undertaken is essential for the purpose of
occlusion registration and determination of the color (47,49,50).

The precision of acquiring an implant intraoral scan depends on multiple factors, including a
selection of implant scan body, implant depth and angulation, operator obtaining digital

impression and the intraoral scanner itself (51,52).
4.1.1. Scan body

Scan body serves as a cylindrical device that transfers the three-dimensional position of a dental
implant from the patient’s mouth to the computer-aided design (CAD) software. It is composed
of three distinct parts: the upper component is called the scan region; the middle component is
known as the body, and the apical portion is called the base. Compared to laboratory scan
bodies, those used by dentists for direct intraoral scanning are much smaller due to the limited
space in the mouth and the need to be tightened into the implant by hand. The main component
for digital registration of implant orientation and angulation is the scan region. The implant’s
anti-rotational translation has been facilitated by incorporating a special geometry bevel feature
in the scan bodies’ region, which presents a flat surface on a cylindrical design. The accuracy
of intraoral scanning is significantly impacted by the orientation of the flat surface. In order to
achieve the highest level of precision, it is recommended to position the bevel feature lingually
(50-52). Digital workflows in dentistry require maintaining the integrity of scan bodies.
Altering the shape of the device may compromise the accuracy of superimposition when
comparing intraoral scans with the best-fit shape stored in a computer-aided design (CAD)
program’s library. Therefore, it is recommended to preserve the original shape of the scan body,
and if a dentist faces space limitations, to choose the appropriate scan body with suitable
characteristics concerning form and dimension (52). Based on the dimensions, wider scan
bodies can be used when there is more interproximal space available. The same can be said for
the height of the scan body. If the neighboring teeth are higher, the scan body can be taller or
longer. In the event of a complete absence of teeth, shorter ones may be more easily detected
through intraoral scanning (50).

Scan bodies are offered in different materials, such as metal, polyether-ether-ketone (PEEK)
polymer or plastic. While plastic and PEEK materials are often chosen for their ease of use,
they are not without their drawbacks. In particular, issues like deformation and wear can arise

from sterilization, screw tightening, or even the patient biting on the device. These challenges
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can limit their usefulness in certain applications. In addition, these materials lack radiopacity
when compared to metal, which renders it unfeasible to assess the accurate placement of the
scan body on a radiographic examination when the implant is situated at the level of the bone

(52).
4.2. Chairside CAD-processing

The primary objective of implementing chairside protocol was to finish the dental restoration
in a single dental appointment while eliminating the need for a dental laboratory. Approximately
four decades ago, Dentsply Sirona's CEREC system was utilized for the initial chairside
treatment. CEREC is an abbreviation for chair-side economical restoration of aesthetic ceramics
or, in short, ceramic reconstruction. It was the first CAD/CAM system presented for
commercial use. Today, the most popular system besides CEREC is Planmeca from Planmeca
Oy. There are multiple other manufacturers, but only these two offer the full range of equipment
for complete chairside digital workflow. Although the application of these systems was
originally restricted to the fabrication of inlays, onlays, and crowns, advancements in ceramic
materials with increased strength and the development of prosthetic solutions, such as implants,
have eliminated such limitations. Consequently, various types of restorations, including
implant-supported crowns, can now be produced without any restrictions. The range of
restorations that can be fabricated using chairside systems is contingent upon factors such as
the dimensions of the material block and milling machine, as well as the characteristics of the

specific material being utilized (53).
4.2.1. Computer-Aided Design software

After successful digitization of oral structures with intraoral scanning, digital image data is
introduced to CAD software for the purpose of designing final implant-supported restoration.
The primary benefit of the chairside protocol is that it enables the dentist to obtain a digital
impression immediately upon scanning, thereby facilitating visualization and analysis, as well
as the possibility of making corrections if necessary.

Different CAD/CAM systems utilize various software applications, depending on their intended
use and type. The reason behind that is time constraint. Therefore, the materials for chairside
workflow are likewise restricted. These systems may also employ specific file formats. In cases

where the same system is used for scanning and designing, the file format may be system-
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specific. Alternatively, a general 3-D file format known as STL may be used when the CAD

software does not accept the format of the scanned image (53,54).
4.2.2. Virtual design

Design of restoration can be proposed directly by CAD software based on particular tooth
shapes and neighboring structures, such as teeth around the implant and in the opposing arch.
The designs are stored in digital libraries, which contain a variety of forms and appearances
that closely resemble natural teeth. In light of the increasing availability of designing tools,
dental restoration software has become more user-friendly, enabling the automation of various
steps. This method is typically more effective in situations where only a single tooth needs to
be restored. Following the final computer-generated design, data is stored virtually on a selected
server. Compared to conventional approaches, digital scanning data is stored in a manner that

does not require any physical space for archiving (53,54).
4.3. Chairside CAM-processing

To produce final restorations in a chairside manner, an intraoral scanner, design software, and
a milling device are required in the office. In the final stage of CAD/CAM manufacturing, the
production of computer-designed restorations is accomplished through the utilization of a
milling machine. This is followed by additional refinement steps, including sintering, staining,
and glazing. These procedures are essential for the creation of high-quality dental restorations.
To date, Sirona and Planmeca have been among the foremost providers of complete equipment
for chairside CAD/CAM systems (54,55).

Milling is a subtractive production technique for dental restorations that entails shaping large
blocks of various materials into the desired form. This process is controlled by computer
numerical control (CNC) technology, which directs the milling machine’s cutting tools to
produce a physical representation of the designed restoration with precision (55). The most
commonly employed material for chairside milling is zirconia, which can be processed using
two different types of CAD/CAM systems: hard milling of fully sintered blocks or soft milling
of partially sintered blocks. As the name indicates, fully sintered zirconia blocks are denser and
harder, making them more challenging and costly to mill due to the increased milling time of
approximately 45 to 55 minutes for single-unit restoration and rapid tool wear, requiring the
replacement of milling burs with each restoration production. Moreover, the utilization of hard

milling could potentially undermine the clinical longevity of zirconia restorations. This is due
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to the fact that the process generates heat on the surface during milling, which may initiate an
undesirable transformation from the tetragonal to the monoclinic phase. In light of these
difficulties, it is recommended to use soft milling for partially sintered zirconia to avoid creating

unwanted imperfections and cracks in the final restoration (56,57).
4.3.1. Milling machine

Digital file data of the final restoration is transmitted to the milling machine, which then
fabricates it. Milling is a subtractive manufacturing process that creates the previously designed
restoration shape from materials which can be pre-sintered or sintered. To achieve this, the
milling machine moves along distinct trails, which can be classified as 3-, 4-, or 5-axis milling
methods. In the subtractive fabrication process, the material’s strength is at its peak. However,
there are some downsides to this method, including significant material waste and potential
alterations to the surface quality due to the constraints of milling burs’ size limitations. The
consequence of this situation is that the thinnest section of the restoration will be excessively
milled if it is lesser in size than the smallest cutting bur, which will result in a loose fitting.
Restoration is milled either with diamond or carbide burs. In general, diamond burs are utilized
for hard milling of silicate or glass ceramic restorations, while carbide burs are reserved for
zirconia restorations, which are commonly milled from a pre-sintered monolithic block,
presenting with softer composition. The terms ‘grinding’ and ‘milling’ are applied to clarify the
distinction between carbide and diamond burs. ‘Grinding’ refers specifically to the use of
carbide bur, while ‘milling’ is associated with the utilization of diamond burs. This process can
be carried out in dry or wet conditions, depending on the choice of material (54,55,58,59).

Milling devices may vary in terms of their configurations, such as the number of milling axes,
including those with 3, 4, and 5 axes. The selection of the appropriate milling machine for dental
restoration is contingent upon the configuration of the milling axes, which is determined by the
design of the restoration. The 3-axis device moves the milling burs in three directions,
represented as X, Y, and Z axes, and is capable of rotating the material block by 180 degrees
during milling. On the other hand, the 4-axis device operates similarly to the 3-axis device, with
the additional feature of rotating the tension bridge around the X-axis, which saves material and
reduces the time needed for milling. For the production of more complex restorations, a milling
device with more milling axes is required. For that purpose, a 5-axis milling device is used,
which in addition to the features of a 4-axis unit, has the ability to rotate the milling spindle

around the Y-axis. This configuration allows for the generation of more precise restorations by
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enabling the milling of undercuts in all directions. The 5-axis milling machine proves to be a

valuable tool due to its ability to generate complex screw-retained implant crowns (54,55).

4.4. Materials for chairside CAD/CAM restorations

Although the primary benefit of chairside CAD/CAM indirect restorations is the ability to
produce them without involving a dental laboratory, there are also several factors that limit the
size or span of these restorations. Moreover, it restricts the use of various materials, as not all
of them are suitable for processing in this manner. Specifically, materials such as acrylic,
composite resins, and different ceramics can be used. Acrylics are typically reserved for
temporary restorations and are therefore not applicable to the chairside protocol, which aims to
provide the final restoration in a single dental appointment. It is crucial to consider each
individual situation, including both aesthetic and functional indications when selecting
materials to ensure the clinical durability of the restoration (53).

Restoring teeth with implant-supported restorations requires selecting the appropriate materials
based on the location of the missing teeth. For the anterior region, materials with higher
aesthetic properties are used, while in the posterior area, those with higher functional properties
are chosen. Ceramic-based materials are commonly used to fulfil both aesthetic and functional
demands while simultaneously exhibiting good biocompatibility. A variety of ceramics can be
employed with chairside CAD/CAM systems. To ensure the correct selection of ceramics for
specific teeth rehabilitation, they can be categorized based on their compositions. There are
three groups classified as infiltrated ceramics, which are also called hybrid ceramics, silicate

ceramics, and oxide or polycrystalline ceramics (58,60).
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Figure 1: Classification of CAD/CAM ceramics (58)

4.4.1. Infiltrated ceramics

Infiltrated or hybrid ceramics are a relatively new class of materials that exhibit improved
toughness and resistance to cracking compared to composite resins. With the integration of
ceramics, these materials present enhanced aesthetic properties as well. There are two primary
types of hybrid ceramics: ceramic-infiltrated polymers, in which composite resin is combined
with ceramic filler particles, and polymer-infiltrated ceramics, in which ceramics predominate
and are infiltrated by composite resin. The emphasized properties of hybrid ceramics include
ease of milling without the need for post-processing of the produced restoration, increased
resistance to bending, and increased load-bearing capacity. The use of two types of hybrid
ceramics in restoration requires different bonding strategies for successful bonding. For
polymer-infiltrated ceramics, the surface of the ceramic needs to be etched with 5%
hydrofluoric acid for one minute, followed by the application of a coupling agent, which is
silane. In contrast, ceramic-infiltrated polymers necessitate abrasion pretreatment with
aluminum-oxide particles, which is then followed by the application of silane. The mechanical
properties of this material are currently inferior to those of conventional ceramic restorations.
Polymer-infiltrated ceramics display superior wear resistance compared to ceramic-infiltrated

polymers. Due to their inferior characteristics, they are indicated only for veneers, inlays, and
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onlays, and in some cases, polymer-infiltrated ceramics can be used for single crowns

(54,58,61).
4.4.2. Silicate ceramics

Silica-based ceramics are commonly classified into three types: feldspathic, leucite-reinforced,
and lithium disilicate ceramic. These ceramics possess a glassy matrix that gives them a
translucent quality, making them an ideal material for restoring teeth in the aesthetic anterior
region. Among the three types, feldspathic ceramics exhibit the best optical properties;
however, this also makes them the weakest. To address this issue, leucite-reinforced ceramics
were developed by reinforcing the matrix with leucite, which improves the strength of the
material. Although these ceramics maintain excellent optical properties and are suitable for use
in the aesthetic zone, they have only minimally improved strength compared to feldspathic
porcelain, making them unsuitable for load-bearing areas. Lithium disilicate ceramics, on the
other hand, offer an optimal combination of strength and optical properties, making them a
better option for restorations in both the aesthetic and functional regions of the mouth (58).

Lithium disilicate ceramic blocks exhibit a crystalline phase, which consists of lithium disilicate
and orthophosphate. These components are contributing to the material’s enhanced strength.
During the manufacturing process of the final restoration using milling, the blocks are processed
in wet conditions in a precrystallized phase. Lithium disilicate ceramic blocks are dyed purple
to facilitate their distinction from other materials and to prevent their inadvertent mixing. To
crystallize the material, it undergoes sintering in a sintering furnace, followed by polishing and
the final application of stain and glaze. The intention behind the material not being fully
crystallized is to make milling easier by processing it in the ‘softer state’, which consequently
reduces wear on the cutting components of the milling machine. Lately, modified forms of
lithium disilicate ceramic blocks have become available that are fully crystallized, eliminating

the need for additional post-processing of the material (58,61).
4.4.3. Oxide or polycrystalline ceramics

Zirconia or zirconium dioxide are extremely compact polycrystalline metal oxide-based
ceramic blocks with exceptional mechanical properties. Additionally, it exhibits remarkable
biocompatibility. The absence of a glassy matrix in this particular type of ceramic makes it
aesthetically inferior to other varieties of ceramics (58,61). Zirconia possesses the unique

characteristic of undergoing structural transformations in response to variations in temperature,
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earning it the designation of a polymorphous and allotropic material. Specifically, it has the
capacity to present in three distinct forms, referred to as monoclinic, tetragonal, and cubic. The
monoclinic form is the most stable and is presented at room temperature. Each of these phases
is accompanied by distinct physical and chemical properties. The most often used zirconia is in
tetragonal and cubic phases (61,62). Following the sintering process and subsequent cooling to
room temperature, zirconium crystals may spontaneously change their form from a tetragonal
to a monoclinic phase. This transformation is irreversible. Simultaneously, the material
experiences a volume expansion of up to 5%, resulting in the production of high compression
stress, a phenomenon known as transformational toughening. This transformation toughening
process is highly beneficial for prosthetics, as it enables zirconia to impede or slow the
progression of micro-cracks and material breakages (61).

When discussing oxide ceramics, zirconia used in dentistry is often stabilized with oxides,
primarily yttrium. This results in increased strength, making yttrium-stabilized zirconia
polycrystals in the tetragonal phase (Y-TZP) the most commonly used option (62). To further
classify the material, it can be categorized based on the mol percentage of yttrium oxide
incorporated into it. Specifically, there are three most commonly used options: zirconia with 3,
4, or 5 mol % yttrium oxide. Each of these categories has distinct physical and mechanical
properties that differ from one another. Zirconium with 3 mol % yttria (3Y-TZP) was the first
material to be introduced, boasting the highest level of opaqueness and strength. In pursuit of a
more aesthetic appearance with increased translucency, the next generation introduced was
zirconium with 5 mol % yttria (5Y-TZP). This material exhibited higher translucency, but its
mechanical strength diminished after mechanical loading, resulting in decreased fracture
strength. To address this issue, it was proposed to decrease the yttrium content to 4 mol % and
introduce 4Y-TZP. This generation of zirconia possesses stable tetragonal and cubic ratios of
zirconium oxide polycrystals, with strength and translucency being well-balanced.
Consequently, it can be utilized as a single-unit or long-span implant-supported fixed prosthetic
restoration material in a monolithic form, suitable for both anterior and posterior regions.
Nowadays, the use of monolithic restorations is often linked with multilayered technology,
which incorporates varying percentages of yttrium into the material blocks. Essentially, this
technique results in a natural tooth color appearance by blending different color pigments with
similar flexural strength found in dentin and enamel layers, creating a seamless transition
between these layers. To mimic the aesthetics of natural teeth, 3 mol % yttria-stabilized zirconia
is utilized as the core, while the superficial layers contain a higher concentration of yttria to

enhance the overall aesthetic appeal (53,60,62,63).
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4.5. Post-processing of final restoration

4.5.1. Sintering

Due to the significantly easier milling of the softer, pre-sintered zirconium material, an
additional step involving sintering is necessary. Sintering is a heating process that necessitates
the use of a furnace capable of attaining a temperature of up to 1500°C. This process is
employed to enhance the density and, subsequently, the strength of dental ceramics by heating
the material to a temperature slightly below its melting point. Nevertheless, this approach
requires an additional 6-8 hours of firing, cooling, and dwelling to attain optimal density.
Consequently, the treatment duration is extended. Furthermore, it is crucial to take into account
that partially sintered zirconia blocks must be milled to be 25% larger than the actual size of
the final restoration to account for the shrinkage that occurs during the sintering process. Due
to the extended time required for post-processing of partially sintered restorations, this method
was unsuitable for chairside protocol as it necessitates more than a single visit from the patient.
Therefore, advancements in sintering were achieved through the utilization of induction
furnaces, which expedite the sintering process to a mere 10-minute duration, thereby enabling
the implementation of a high-speed sintering protocol. The contrast between conventional and
induction furnaces lies in the fact that the latter employs electromagnetic induction to accelerate
the heat generation process or alter the magnetic field to pass an electric current through the
object, whereas the conventional furnace operates at a much slower pace by generating heat
through an electric current that must first pass through a resistor before heating the furnace’s
surroundings. Owing to the low thermal conductivity of zirconia materials, heat requires a
considerable amount of time to traverse from the material’s surface to its interior. In order to
accomplish delivery of final restoration in a single dental appointment, it is suggested to employ
sintering techniques that are more rapid than conventional ones, such as speed or high-speed
sintering (56,64—66).

The process of speed sintering employs a modified conventional furnace characterized by a
reduced heating chamber size. Consequently, this method achieves a faster sintering
temperature of approximately 40—70°C per minute. Typically, this process takes between 30
and 120 minutes, allowing for the completion of the procedure during a single visit. This feature
makes it well-suited for chairside protocols. Recently, a further reduction in sintering time from
a few hours to approximately 10 min has become possible owing to the introduction of a high-

speed sintering protocol that utilizes the aforementioned induction furnace. Although newer
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sintering techniques are advantageous, they have some drawbacks. Specifically, they reduce the
density and translucency of yttrium-stabilized zirconia without affecting its flexural strength.
In addition to impacting the sintering time, shorter cooling and dwelling durations can influence
the final outcome of restorations, including the inadequate elimination of residual pores, which
subsequently reduces translucency. These residual pores and defects are more apparent with
high-speed sintering, although they can also be observed in speed sintering. Thus, although
conventional sintering is a significantly longer process, it is nonetheless the most effective
method for achieving optimal outcomes, resulting in sintered restorations that exhibit better

optical properties (57).

4.5.2. Surface treatments

Prior to completing prosthodontic rehabilitation in the patient’s mouth, the restoration is
examined to ensure that it fits perfectly and aligns with the patient’s occlusion. If any
corrections are necessary, the dentist will grind the material from the restoration at points where
there are high and undesirable contacts in the occlusion. This is a widely accepted practice when
working with zirconia restorations despite the ongoing advancements in CAD/CAM systems.
All these restoration manipulations are part of the surface treatment, as well as subsequent
polishing and glazing. Polishing is a technique used to eliminate surface imperfections by
cutting in rotary motion, with the aim of creating a smooth surface. This is followed by glazing,
which requires additional energy and time. A layer of ceramic glaze is applied to the surface of
the dental restoration, and then sintered to produce a thin, translucent protective layer that
imitates the appearance of natural teeth. To achieve this, feldspathic glass ceramic is commonly
used because it is aesthetically pleasing. As the clinician adjusts the dental restoration, both the
mechanical properties and the surface morphology of the ceramic material also undergo
alterations, thus necessitating further polishing and glazing, as previously mentioned. If this is
not carried out, the durability and practicality of these restorations are compromised. The
accumulation of biofilm will be exacerbated, as well as occlusal wear of antagonistic natural
teeth due to rough surfaces, and fracture of the restoration. Also changes in optical features are
detected (67,68).

While it is much easier with glass ceramics to eliminate these defects of the restoration surface
at least to some level, yttrium-stabilized zirconia ceramics do not possess this advantage. This
can be attributed to their polycrystalline structure without the presence of glass particles. Thus,

the objective of finishing, polishing and glazing is not to eradicate these imperfections, but
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rather to fill them with glass ceramic material, thereby reducing its consequences (68).
Monolithic zirconia restorations typically exhibit wear behavior as they age, which can render
the restoration more abrasive. This necessitates the consideration of the most appropriate
surface treatment in order to prevent exacerbating the present circumstances. Although surface
finish with any treatment causes abrasiveness to progress, it is still recommended that polishing
is used. Glazing initially serves to protect zirconia; however, over time, it leads to increased

abrasiveness due to ageing (69).

4.6. Prosthodontic rehabilitation — cementation or screw-retained fixed

prosthesis

In the concluding phase of prosthodontic rehabilitation, two methods are available for securing
an implant-supported prosthesis: screw retention or cementation. As there is no definitive
guideline to determine which approach is more suitable for which patient, the choice typically
depends on the unique circumstances of each case and the dentist’s personal inclination.

The decision-making process is influenced by numerous factors, such as aesthetics, occlusion
control, available interocclusal space and the possibility of recovery in case of biological or
technical complications. While aesthetics alone does not affect crown retention, it is often a
consideration due to the presence of a screw hole required for screw retention. Even though
cementation-retained design can improve aesthetics, the retention alone is then completely
dependent on the height and conicity of the implant abutment. Therefore, the direction of the
implant determines the retention technique that will be used. Some dentists prefer cementation
over screw retention for occlusal purposes, as it allows for easier avoidance of unstable occlusal
contacts. Both types of retention have their advantages and disadvantages, with the primary
concern being the long-term success of the implant-supported restoration and surrounding
tissues with the chance of retrievability. A major risk factor that needs to be taken into account
is peri-implantitis and the possibility of managing such a condition. With cementation, there 1s
a high risk of excess cement building up towards the gingival sulcus, which can initiate the
inflammatory response of tissues in the peri-implant area, progressing to the development of
peri-implant disease. Therefore, it is essential to place restoration margins at the same level or
slightly above the tissue level to prevent cement from entering peri-implant tissues. This is a
precautionary measure that may also influence the aesthetic appearance of the restoration in the
mouth, potentially rendering it appear unnatural. If proper preventive measures are not

considered during the process of cementation, there is a significant risk of losing
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osseointegration, which can lead to the rejection of the implant in extreme cases. This can occur
either in a few months or in a few years and is most accurately diagnosed when the implant-
supported crown is removed, as it may not be visible on radiographs due to its thin layer, even
with radio-opaque cements containing zinc. For this reason, screw-retention may be a more
favourable option as it can easily be removed and reattached without damaging the restoration.
While this method is more technically demanding and presents other issues, such as the
loosening of the abutment screw, causing damage to the restoration, it is easier to maintain

overall (70-72).
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S. DISCUSSION
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The objective of this paper was to assess and present the subsequent steps of prosthetically
guided implant therapy, encompassing planning, fabrication, and delivery of fixed implant-
supported restorations. The purpose was to exhibit the advancements in this field that yield
superior patient outcomes and enhanced clinician efficiency. Consequently, the study
investigated suitable materials for delivering final implant-supported prostheses in a chairside
manner, without the need for a dental laboratory, while maintaining the same level of quality.
The investigation included a review of the latest available literature to showcase the progress

made in this area of care.

Schubert et al. (18) indicated that digital implant planning offers several advantages, including
prosthodontically driven backward planning and guided implant surgery. In order to work with
high precision, it is essential to have knowledge about the parameters that may affect the final
outcome. These factors include 3-D data quality, rational implant position planning, and
surgical guide production precision, as well as the dentist’s knowledge and skills. Appropriate
measures should be taken to ensure accurate data, such as avoiding patient movements by
following the correct radiographic procedure and using a radiographic template or prosthesis
scan if the patient has radiopaque restorations, which can cause artefacts in CBCT scans. While
this may involve an extra step in data acquisition, it provides the clinician with more accurate
information, which enhances the overall precision of the procedure. In terms of STL data
obtained from intraoral scanners, they are considered to be as precise as conventional
impressions and later extraoral scanning of small areas. For larger restorations, conventional
impression techniques may still be recommended, but this is more applicable in fixed
prosthodontics due to the need for maximum accuracy rather than for surgical guide planning.
Therefore, the acquired DICOM and STL data for digital implant planning and surgical guide
production are generally precise enough not to require further alteration in the implant planning

process (18,23).

The accuracy of surgical guide production is largely determined by the type of computer-aided
manufacturing (CAM) technology employed. The production process can be carried out using
either additive or subtractive methods. In general, subtractive milling is considered to be more
precise than 3-D printing. Despite the use of different techniques, both methods exhibit some
deviations. While it would be optimal to have no variations, there is a certain level of tolerance
built into the production process, and some deviations in accuracy are therefore deemed

acceptable. Consequently, a safety margin of 2 millimeters around the implants is taken into
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account when assessing the production precision of the surgical guide. While subtractive
milling is more time-consuming and expensive, it is still the preferred method as it reduces the
need for subsequent corrections and ultimately saves time and money, providing patients with

better clinical outcomes (18,39,42).

Cortes (45) distinguished between conventional and digital methods of acquiring impressions
and fabricating restorations. Conventional techniques are replaced by intraoral scanning and
the production of restorations using a CAD-CAM system, which does not involve the use of a
dental laboratory. The digital approach offers several advantages, including reduced treatment
and appointment times, increased patient comfort, and elimination of the need for physical
dental models. Additionally, digitalization enables the superimposition of 3-D data, which
serves as an important tool for communication with patients and helps to manage their
expectations more effectively. The main drawbacks of the digital approach are the cost of
equipment and the time required to learn and adapt to it fully. Nevertheless, the digital method
demonstrates superior accuracy and precision compared to the conventional approach for CAD-
CAM single crowns or short-span fixed bridges. However, the precision of the digital method

is also influenced by the clinical skills and knowledge of the dentist.

In the field of digital dentistry, Sulaiman (58) emphasized the importance of possessing a
thorough comprehension of material properties and identifying those suitable for CAD-CAM
processing. This knowledge is crucial in ensuring optimal results for all patients. Digital
dentistry utilizes two distinct types of processing: subtractive and additive manufacturing. With
the variety of materials that can be used in digital processing, chairside protocol typically
restricts these materials to ceramics only. There are multiple variations of ceramics, and it is
essential to determine which teeth are being replaced, as this will dictate the appropriate
selection of ceramics. For this reason, subtractive manufacturing is typically employed, as 3-D
printing of ceramics is more complex due to the high melting temperature, which can result in
the formation of cracks during cooling. Additionally, the porosity of ceramics is increased
during processing, further complicating 3-D printing. Zirconia and lithium disilicate are the
most popular materials used in chairside processing. Although they share certain similarities,
they should be selected based on individual clinical cases. Zirconia, as an oxide ceramic, is
renowned for its exceptional strength and durability. Despite its mechanical properties, its
aesthetics is subpar. Efforts have been made to increase the translucency of the material by

reducing its alumina content and increasing yttria content, resulting in improved aesthetics, but
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at the expense of strength. Lithium disilicate, on the other hand, is a silicate ceramic that
contains glass, making it more translucent and visually appealing. Ultimately, clinicians must
consider the specific teeth being replaced and the desired properties in that area. It is crucial to
evaluate each patient's unique situation, taking into account the preferences of both the patient

and the dentist's knowledge and experience (58,61).

Digital technology has significantly impacted the field of dentistry, providing numerous
benefits. For instance, it has increased the precision and long-term results of dental implant
therapy. As a result, technology has made it possible for dentists with different levels of skills
and experience to achieve similar results as specialists. One of the advantages of digital
workflow is the ability to acquire virtual patients through intraoral scans and CBCT imaging
data. This renders the diagnosis and planning of implant positioning significantly more
straightforward, as all details are displayed precisely as they exist in reality. Furthermore, if this
process is carried out accurately, all subsequent steps will be as precise as the first, eliminating
human error. Overall, digital implant dentistry offers more predictable outcomes compared to
conventional methods. The primary disadvantage that dentists aim to minimize is the significant
amount of time required for prosthetic rehabilitation, as it involves working closely with a
dental laboratory. In the conventional approach, implant-supported restoration planning and
subsequently restoring missing teeth with dental prosthesis necessitates the use of a patient’s
mouth model. To obtain these models, dentists rely on dental laboratories, which causes a
considerable amount of time to be lost. This situation not only affects dentists but also impacts
patients. The complete digital workflow is beneficial in that it mitigates various complications
and drawbacks associated with the conventional approach. Specifically, it eliminates the
discomfort experienced during impression taking, reduces the likelihood of impression material
deformation, and consequently minimizes the need for additional steps in the production
process. Furthermore, it eliminates the need for a dental laboratory and the subsequent delay in

the delivery of the final restoration (73).

However, as a result of digitalization in dentistry, clinicians should be mindful of certain
limitations when implementing a fully digital workflow. One of the most significant challenges
is the lack of a single protocol that dentists can learn and apply in every situation. Additionally,
the market currently offers multiple systems, and due to their high costs, it can be difficult for
dentists to determine which one is most suitable for their needs. Furthermore, the rapid

advancements in technology and materials used in dentistry can make it challenging for dentists
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to keep up with the latest developments, which can be a significant barrier to the adoption of

digitalization in many dental offices.
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6. CONCLUSION
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The concept of prosthodontically-driven dental implant therapy involves the placement of
dental implants based on the desired final prosthetic restoration. This approach benefits both
patients and dentists, as it allows clinicians with varying levels of experience and skill to
achieve optimal and predictable outcomes.

With the focus on final results, the treatment planning process is reversed, introducing backward
planning. The use of advanced diagnostic and design tools leads to improved outcomes that are
more predictable and controlled, allowing patients to better understand and comply with the
treatment process.

Additionally, chairside processing allows delivery of the final restoration on the same day,
which eliminates the need for a dental laboratory, reducing treatment time and making the

overall treatment more cost-effective.
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