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Advances in Digital
Prosthodontics and
Restorative Dentistry: A
Comprehensive Review of
Contemporary Clinical
Techniques

Abstract
The field of prosthodontics and restorative dentistry has been revolutionized by
the introduction of digital technologies, which provide new ways of performing
diagnosis, planning and manufacturing procedures. This review gives an
overview of the latest advances in modern digital prosthodontics including
diagnostic systems, computer-aided design and manufacturing (CAD/CAM),
additive manufacturing and novel restorative materials. Moreover, various
clinical applications of digital workflows in fixed, implant-supported,
removable and comprehensive oral rehabilitation prosthodontics and their
impact on treatment predictability, esthetics and workflow optimization are
discussed. The latest innovations like artificial intelligence, machine learning,
robotic prosthodontics, augmented reality and digital ecosystems based on
cloud technologies are also evaluated in terms of their ability to support clinical
decision making and personalized prosthodontic therapy. Recent evidence
shows that digital workflows allow achieving higher treatment accuracy,
efficiency, patient satisfaction and improved interdisciplinary communication;
however, there are still some difficulties associated with high cost, specific
technical requirements, standardization and clinical validation issues. Further
technological development and clinical research will contribute to successful
implementation of integrated digital workflows in dentistry.

1. Introduction
Prosthodontics and restorative dentistry have seen a major revolution in the last
twenty years due to the rapid development and incorporation of digital
technology in both clinical and laboratory processes. Conventional
prosthodontic treatments depended mainly on manual impressions, gypsum
models, mechanical articulation, conventional waxing, and time-consuming lab
processes. Although traditional methods have been effective clinically, they
have been proven to be susceptible to technique sensitivity, procedural errors
that accumulate along the process, extended treatment times, increased
consumption of materials, and inconsistent results that greatly depend on the
skill level of the clinician (Abduo & Rasaie, 2025). The need for precision,
efficiency, aesthetics, and patient-oriented treatment plans has made the switch
from conventional to digital more urgent than ever.
The term 'digital dentistry' refers to the complete ecosystem of state-of-the-art
technology that is used for data acquisition, virtual treatment planning, CAD
and CAM processes and digital communication between clinicians, laboratories
and patients. The introduction of this technology has led to a marked
improvement in standardizing the workflows while avoiding many drawbacks
of traditional methods. Modern-day workflows allow the clinicians to scan the
teeth with high accuracy, maintain virtual records of the patient, carry out
digital smile analysis, manufacture the restoration either by subtractive or
additive manufacturing techniques and analyze the occlusion more accurately
than ever before (Abduo & Rasaie, 2025). Hence, digital prosthodontics has
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become an essential part of clinical restorative dentistry.
Various technological advancements affecting prosthodontic care in the current era, one of the most revolutionary ones
is additive manufacturing (Terzi et al.,
2025). 3D printing technologies have seen widespread
use in all the major dental disciplines, giving
practitioners an array of methods with which to create
diagnostic models, surgical guides, provisional
restorations, removable prosthetics, occlusal splints,
implants, and lately even final restorations. As opposed
to traditional subtractive manufacturing, additive
manufacturing involves creating objects through
layering, making production processes less wasteful
and allowing the creation of highly intricate shapes that
cannot be achieved with milling technology (Alageel,
2022). Improvements in printing technologies, such as
stereolithography (SLA), digital light processing
(DLP), selective laser sintering (SLS), fused deposition
modeling (FDM), and material jetting, have made
additive manufacturing more clinically applicable than
ever before in restorative dentistry.
As recent studies show, the technology of additive
manufacturing has developed from a purely research-
based application into a clinically applicable
manufacturing process (Özberk & Karakaya, 2024).
The development in such parameters as printer
resolution, speed, material composition and post-
processing techniques resulted in improved
dimensional precision, surface smoothness, mechanical
properties and biocompatibility of the printed materials
used in dentistry. It allowed creating increasingly
complex prostheses, minimizing the production time
and expenses in the lab (Celik et al., 2023). In addition,
an increase in variety of printable materials including
hybrids, filled ceramics and advanced biomaterials
further expands the scope of clinical applications of the
additive manufacturing in prosthodontics (Tigmeanu et
al., 2022).
Advancements in the field of restorative materials have
also aided in cementing digital dentistry even further.
Modern CAD/CAM ceramic, highly translucent
zirconia, lithium disilicate, resin nanoceramic, and
novel polymers have proved themselves to be
mechanically sound and clinically reliable (Maryna et
al., 2026). At the same time, additive manufacturing
has allowed for creating individually designed
prostheses with enhanced fit and reproducibility,
contributing to the ideas of minimally invasive
treatments via digital design optimization (Revilla-
León & Zandinejad, 2023). As material science
advances alongside digital fabrication technology, it is
becoming easier for clinicians to choose from available
restoration materials, taking into consideration their
esthetic and biological aspects.
Digital technology integration has also brought about
changes in the way clinicians, dental technicians, and
patients communicate with each other. Digital
information collected using intraoral scanners, cone-
beam computed tomography , facial scanners, and
digital photography can be fused together in order to
construct a complete virtual model of the patient that
would aid in developing a multidisciplinary treatment
plan for predictable treatment outcome. This digital
integration brings about better diagnostic information,

enhances collaboration between disciplines, reduces
remakes, and makes it possible for patients to see how
the proposed treatment will look prior to actual
treatment (Abduo & Rasaie, 2025). This has played a
big part in increasing acceptance of digital restorations
by patients.
However, even with all these improvements, there are
a number of factors that affect the application of digital
dentistry widely. Some of the barriers include the high
costs involved at the initial stage, difficulties in
achieving interoperability between proprietary
software applications, difficulties with training on
newly introduced technology, standardization of digital
dentistry, validation of new materials for use, and
regulations (Celik et al., 2023; Tigmeanu et al., 2022).
Additive manufacturing has continued to show its
potential but additional research is needed in order to
develop standardized manufacturing processes,
optimized bio materials, and performance of definitive
restorations made from digital dentistry (Dimitrova et
al., 2023).
With the constant emergence of digital advancements,
there is a need for a systematic synthesis of the existing
clinical practices in order to equip practitioners,
researchers, teachers, and learners with the knowledge
on the current state of affairs and future perspectives.
In contrast to the concentration on a specific
technological innovation or process, the aim of this
review is the analysis of the development of digital
prosthodontics and restorative dentistry, based on the
recent advances in digital diagnosis, treatment planning,
restorative processes, manufacturing technologies,
clinical applications, innovations, and research
perspectives. The purpose of this review is to assist in
making evidence-based clinical decisions, taking into
account the possibilities and difficulties of the digital
revolution in prosthodontics. The objectives of this
review are as follows:
1. To comprehensively evaluate contemporary digital
technologies and workflows transforming diagnosis,
treatment planning, and prosthodontic rehabilitation
procedures
2. To critically examine recent advances in digital
manufacturing, restorative materials, and emerging
technologies influencing clinical prosthodontic practice
3. To summarize current evidence regarding clinical
outcomes, existing challenges, and future research
directions in digital restorative dentistry

2. Digital Technologies in Diagnosis and Treatment
Planning
2.1 Intraoral and Extraoral Scanners
Modern scanning systems have transformed the
process of prosthodontic diagnosis through the use of
advanced optical data acquisition devices that can
perform better than traditional impression methods.
Intraoral scanners (IOS) are used to create 3D images
of teeth, soft tissues, and implant scan bodies. In
addition, extraoral scanners are used in combination
with IOSs to create digital images of conventional
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casts, facial anatomy, and laboratory models (Gómez-
Polo & Revilla-León, 2025). The most recent
developments in this area include intraoral
photogrammetry which helps with the creation of
implant positions and soft tissues.

2.2 Cone-Beam Computed Tomography (CBCT)
and Digital Imaging
Cone beam computed tomography (CBCT) has
become an essential diagnostic tool in prosthodontics
due to the availability of high-definition 3D imaging of
craniofacial anatomy using minimal radiation exposure.
CBCT provides accurate information about the quality
of the bone, anatomical references (Gómez-Polo &
Revilla-León, 2025), residual ridge anatomy, and
implant positioning, which facilitates accurate
treatment planning. In conjunction with digital
photographs, intraoral images, and face scans, CBCT
can be used in complete virtual treatment planning,
especially in cases where implants need to be placed.

2.3 Digital Smile Design (DSD)
Digital Smile Design (DSD) is a digitally assisted
planning method using the face as the guide, which
includes the use of digital photography, facial analysis,
and restorative design for the teeth virtually. Using this
method to assess proportions of the face, dynamics of
the lips, gingival profile, and tooth shape, DSD enables
visualization of the desired treatment result prior to
treatment commencement (Cattoni et al., 2021).
Research has shown that digitally assisted methods of
treatment involving DSD facilitate effective
communication between dentists, laboratory
technicians, and the patient, and produce superior
clinical results than conventional methods.

2.4 Virtual Patient Concept
The integration of various types of digital data like
intra-oral scans, CBCT scans, facial scans, and
occlusal scan is used in the formation of one three-

dimensional model specific to a particular patient
(Mangano et al., 2023). Through the use of such
comprehensive digital data, it is possible for the
clinicians to accurately diagnose the condition, predict
treatment outcomes, and analyze various restorative
treatments before carrying out the actual treatment
process. With the application of artificial intelligence
and augmented reality, the process of virtual planning
is further made accurate.

2.5 Digital Occlusal Analysis
The field of digital occlusal analysis has seen
tremendous progress due to the emergence of virtual
articulators that can perform mandibular motions and
occlusal contacts in a digital setup (Doshi et al., 2024).
In contrast to conventional mechanical articulators,
virtual articulators enable the assessment of occlusal
contacts, prosthesis interference, and movements of the
jaw in a digitally reconstructed model of the patient.
This helps improve the accuracy of diagnoses, aid in
prosthesis design, and reduce occlusal adjustments
after restoration delivery. Therefore, virtual articulators
have become indispensable aids in restorative dentistry.

2.6 Integration of Digital Datasets
Integration of digital datasets constitutes the basic
pillar of modern digital prosthodontics. Datasets
gathered from intra-oral scanning devices, cone beam
computed tomography (CBCT), facial scanning, digital
photography, occlusion analysis, and laboratory
software could all be integrated digitally (Keskin &
İzzetağa, 2026). Such integration would ensure
interdisciplinary communication, improve diagnostic
procedures, allow for simulation of treatment process,
and increase precision during fabrication of definitive
restorations. Additionally, digital integration of data
would minimize chances of error, decrease treatment
time, and create standardized procedures that would
lead to improved clinical results (Figure 1).

Figure 1: Digital Technologies in Diagnosis and Treatment Planning
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3. Contemporary Digital Workflows in
Prosthodontics and Restorative Dentistry
Modern workflows have revolutionized prosthodontics
and restorative dentistry through incorporation of
modern diagnostic technologies, CAD/CAM systems,
and digital fabrication techniques in a coherent
workflow. Digital impressions obtained from intraoral
scanners have replaced conventional techniques of
obtaining impressions since they offer greater comfort
to patients, save time spent in the dental chair, avoid
material distortion and instant display of digital models
(Cevik et al., 2025). Factors that determine the quality
of digital impressions include scanner technology used,
scanning protocols employed, operator skills, and
complexity of the clinical situation. Efficient scanning
protocols and correct choice of scanner greatly
improve trueness and precision of scanning especially
in full-arch and implant-supported prostheses,
improving predictability of subsequent restorative
treatment (Oh et al., 2020). After capturing data, the
use of CAD software allows precise virtual designing
of restorations that include consideration of anatomy of
the tooth, occlusal contacts, proximal contacts, and
esthetics before manufacturing. Such virtual designs
are exported to CAM systems where the restorations
can be manufactured using either subtractive
machining or additive manufacturing technique
depending on the material and clinical need.
Current CAD/CAM technology allows manufacturing
of crowns, veneers, inlays, onlays, fixed partial
dentures, implant prostheses, and complete dentures
from different types of ceramics, composites, polymers,
and hybrid materials. Constant improvements in
software algorithms, precision of digital scans, milling
machines, and biomaterials that can be used in 3D
printing contribute to better restorations with reduced
fabrication time and fewer errors (Celiksoz, 2022).
Chairside CAD/CAM procedures have gained much
popularity in modern dentistry since they provide one-
visit restorations without any conventional impressions,

temporary restorations, and multiple visits (Rittich &
Wolfart, 2021). Advancements in CAD/CAM
composite resin blocks have also expanded chairside
applications since the obtained restorations possess
good mechanical properties, esthetics, ability to repair
them, and simplified finishing process, making them
suitable for minimal invasive restoration treatments
(Abu Alhuda et al., 2024). At the same time, laboratory
procedures still occupy an important place in complex
rehabilitation cases that require sophisticated esthetic
characterization, large prosthetic framework design,
full mouth rehabilitation or interdisciplinary planning.
Dental laboratories take advantage of advanced design
software, high-tech milling systems, and advanced
additive manufacturing tools that help with improved
customization and production possibilities in complex
situations (Marchesi et al., 2021). An important
innovation in digital workflows is the use of virtual
wax-ups and digital mock-ups, which make it possible
to digitally simulate the outcome of the procedure
before starting it. Digital simulations make it possible
to check esthetics, occlusion, communication with
colleagues, and educate the patients about their
conditions, which helps to increase the acceptance of
the treatment and modify the procedure before making
any final restorations. Furthermore, the integration of
intraoral scanning, digital photography, cone beam
computed tomography, digital planning, CAD/CAM
fabrication, and 3D printing has allowed for fully
digital workflows, which promote better collaboration
between dentists and technicians and minimize errors
in the process. This leads to more accurate diagnostics,
improved treatment efficacy, minimized remakes and,
thus, better results in function and esthetics of
prosthetic treatments (Suganna et al., 2022; Alaoffey et
al., 2024).With the continuous development of digital
technology, there will be more benefits of integrated
workflow in terms of clinical accuracy, patient-focused
care, and efficiency of modern dentistry (Figure 2)
(Table 1).

Table 1: Comparison of Conventional and Digital Prosthodontic Workflows
Parameter Conventional Workflow Digital Workflow Clinical Advantage Reference
Impression technique Elastomeric impressions Intraoral scanning Greater patient comfort

and reduced distortion
(Oh et al.,
2020)

Treatment planning Physical casts and
articulators

Virtual planning
software

Improved visualization
and accuracy

(Celiksoz,
2022)

Restoration design Manual wax-up CAD software Standardized digital
design

(Suganna et al.,
2022)

Manufacturing Conventional laboratory
fabrication

CAD/CAM milling
or 3D printing

Reduced fabrication
time

(Marchesi et
al., 2021)

Number of
appointments

Multiple Often fewer or
single visit

Increased efficiency (Abu Alhuda et
al., 2024)
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Figure 2: Contemporary Digital Workflow in Prosthodontics

4. Clinical Applications of Digital Prosthodontics
4.1 Fixed Prosthodontics (Crowns, Bridges, Veneers,
Inlays/Onlays)
There have been considerable improvements in the
fabrication process of fixed prostheses as a result of the
adoption of intraoral scanning technology, computer-
aided design/computer-aided manufacturing
technology, and advanced manufacturing processes in
restorations (Doshi et al., 2024). The use of digital
impressions prevents errors related to the traditional
impression technique while computer-aided design
helps in the customized design of crowns, bridges,
veneers, inlays, and onlays based on patient’s anatomy
and occlusal demands (Aldawood, 2026). The use of
computer-aided manufacturing helps in achieving
quality restoration with good marginal adaptation,
proximal contact, and aesthetics.

4.2 Implant Prosthodontics
Prosthodontic rehabilitation using computer-assisted
technology has revolutionized implant rehabilitation
because of the use of virtual treatment planning, guided
implant surgery, digital implant impressions, and
manufacturing implants with CAD/CAM technologies.
Prosthetically oriented implant placement is made
possible through digital implantology by integrating
the information gathered from radiography, intraoral
imaging (Doshi et al., 2024), and prosthodontics to
make a single plan. There is improvement in the
precision of implant placement, reduction in the

surgical risk, and an increase in the passive fit of
implants. Additionally, there is an improvement in
patient comfort and efficiency in the fabrication
process.

4.3 Removable Prosthodontics
The implementation of digital processes has greatly
advanced the manufacture of removable dental
prostheses, especially complete dentures (Fouda et al.,
2026). The use of digital impressions, the virtual
designing of dentures, and computer-aided
manufacturing allows the manufacture of standardized
dentures with reduced number of appointments and
increased reproducibility. Research provides proof that
digitally designed complete dentures perform clinically
better than or at least as well as traditionally
manufactured dentures in terms of retention, stability,
fit, and patient satisfaction (Avelino et al., 2024).
Furthermore, patients experience increased comfort
with digital impressions, and clinicians have the added
advantage of streamlined lab communication and ease
of replicating the prosthesis if replacement is necessary.

4.4 Full-Mouth Rehabilitation
Digital technologies have gained immense importance
in full mouth rehabilitation through the process of
diagnosis, virtual treatment planning, and
interdisciplinary cooperation. The application of
intraoral scans, CBCT, facial analysis, and digital
occlusal measurements helps the practitioners to
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diagnose the patient before starting any procedure. The
simulation of the treatment plan facilitates the
exchange of information between the practitioner and
the patient, as well as the dental technicians (Ribeiro et
al., 2025; Tew et al., 2025). Digital technology is
proven to be more efficient and economical in
treatment procedures, while providing good patient
outcomes and clinical performance in complex cases of
rehabilitation.

4.5 Maxillofacial Prosthetic Applications
Although not as widely used as traditional techniques,
advancements in digital technology have broadened the

horizons of maxillofacial prosthetics by enabling the
creation of customized facial prostheses that can be
designed more accurately through their increased
anatomical fidelity, esthetics, and personalized fit
(Figure 3) (Table 2). Besides allowing for efficient
duplication of prostheses, digitization also cuts down
on manual laboratory work and facilitates collaboration
between different professionals, such as
prosthodontists, surgeons, and technicians (Liu et al.,
2025; Zandinejad et al., 2024). However, further
scientific investigation is necessary to develop a
standardized protocol for use and assess the longevity
of digitally created prostheses.

Table 2: Clinical Applications of Digital Prosthodontics
Clinical Area Digital Technologies Used Clinical Benefits Reference

Fixed prosthodontics CAD/CAM, IOS Improved marginal fit
and esthetics

(Avelino et al., 2024)

Implant prosthodontics Guided surgery, digital
impressions

Accurate implant
positioning

(Ribeiro et al., 2025)

Removable prosthodontics Digital denture workflow Reduced appointments (Fouda et al., 2026)
Full-mouth rehabilitation Virtual planning Predictable rehabilitation (Tew et al., 2025)
Maxillofacial prosthetics Facial scanning and 3D printing Customized prostheses (Liu et al., 2025)

Figure 3: Clinical Applications of Digital Prosthodontics

5. Digital Materials and Manufacturing
Technologies
5.1 CAD/CAM Restorative Materials
The advent of computer-aided design/computer-aided
manufacturing (CAD/CAM) has enabled considerable
growth in the variety of materials that can be used in
prosthodontics. The current materials used in
CAD/CAM include ceramics, high-performance
polymers, resin composite materials, and hybrid
materials, each having different physical, aesthetic, and
biological characteristics. The recent advances in the
use of polymers in CAD/CAM have exhibited better
fatigue resistance, dimensional stability, and
biocompatibility, making them suitable candidates for
implant-based prosthetic reconstruction and long-span
prosthesis (Dönmez et al., 2025). Material selection

should be based on functional, esthetic, and clinical
factors.

5.2 Zirconia
The high flexural strength, high fracture toughness,
wear resistance, and excellent biocompatibility of
zirconia are reasons why it is still considered one of the
most commonly used restorative materials in digital
dentistry. Technological improvements in CAD/CAM
milling have facilitated the production of highly
precise zirconia restorations in monolithic and
multilayer form, even with increased translucency
without compromising mechanical properties. Such
technological advancements have made it possible to
use zirconia not only in posterior restorations but also
in highly aesthetic anterior restorations (Demirci et al.,
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2022). The excellent mechanical characteristics of
zirconia make it an ideal material for dental implants.

5.3 Lithium Disilicate
One glass ceramic which has gained preference for use
as a biomaterial in dental prostheses is the lithium
disilicate, due to its superior esthetic qualities, optical
properties, and adhesive bonding properties. The
CAD/CAM process enables accurate manufacturing of
crowns, veneers, inlays, and onlays with good margin
fit and minimal chairside adjustment (Demirci et al.,
2022). Unlike traditional ceramics, the lithium
disilicate offers the best compromise between
aesthetics and mechanical resistance, especially in
anterior restorations and conservative treatments.

5.4 Hybrid Ceramics
The hybrid ceramics are a combination of the best
properties of ceramics and polymeric substances in
order to fabricate restorations that have increased
toughness, shock absorption, machine ability, and
aesthetic results. The two-network structure of hybrid
ceramics enables stress distribution during chewing
without the danger of a sudden fracture that can be
found in brittle ceramics (Demirci et al., 2022). Hybrid
ceramics have many benefits especially in minimally
invasive restorations and in implant crowns. They are
especially good for patients with parafunctional habits.

5.5 Resin-Based Materials
Materials for CAD/CAM based on resins have
attracted much attention due to their easy machinability,
reduced brittleness, elastic modulus values, and easier
methods of repair. Such materials are currently
employed in making temporary restoration, minimal
intervention restorations, implant restorations, and
long-span restorations (Dönmez et al., 2025). Recent
studies on high-performance CAD/CAM polymers

have shown promising results in terms of fatigue
strength and better mechanical properties under clinical
loading, thus making them suitable substitutes for
conventional restorative materials in certain dental
prosthetic applications.

5.6 Milling Technologies
The subtractive method of manufacturing by means of
computer-guided milling is still the most reliable
approach in digital prosthodontics. Contemporary
milling machines employ multi-axis technology to
create high-quality dental restorations from pre-made
blocks of ceramics, composites, and polymers
(Dönmez et al., 2025). Thanks to the accuracy of the
milling process, better fitting and longevity of the
prosthesis can be expected. However, material loss,
wear of milling tools, restriction to the geometry of the
objects created, and costs associated with the
equipment used represent inevitable drawbacks.

5.7 Additive Manufacturing (3D Printing)
Additive manufacturing has become a revolutionary
manufacturing technology through fabricating
prostheses through layers and hence resulting in
reduced wastage of materials, as well as being able to
fabricate very complex prosthetic structures (Yildirim,
2026). High performance printable polymers have been
shown to have promising results in terms of accuracy
in creating frameworks for complete dentures
supported by implants, and clinical acceptability of
fabrication accuracy that compares favorably with
subtractive technologies (Küçükekenci et al., 2025).
With advances in printable biomaterials, printers, and
post-processing methods, three-dimensional printing
has become increasingly important for use in
provisional restorations, complete dentures, surgical
guides, implant frameworks, and final prosthetic parts
(Table 3).

Table 3: Digital Restorative Materials Used in Prosthodontics
Material Major Properties Common Clinical Indications Reference
Zirconia High strength, fracture

resistance
Crowns, bridges, implant
prostheses

(Demirci et al.,
2022)

Lithium disilicate Excellent esthetics Veneers, anterior crowns (Yildirim, 2026)
Hybrid ceramics Elastic modulus similar

to dentin
Inlays, onlays, implant crowns (Demirci et al.,

2022)
Resin-based
CAD/CAM blocks

Easy repair, shock
absorption

Provisional and definitive
restorations

(Dönmez et al.,
2025)

High-performance
polymers

Lightweight and fatigue
resistant

Implant-supported prostheses (Küçükekenci et al.,
2025)

6. Emerging Innovations in Digital Dentistry
Recent developments in digital dentistry have changed
prosthodontics practice by incorporating artificial
intelligence (AI), machine learning (ML), robots,
augmented reality (AR), virtual reality (VR), cloud
computing, and patient monitoring technology into
dental procedures. Artificial intelligence has shown
much promise in terms of automated diagnostic and
treatment planning, prosthesis design, shading,
occlusion analysis, and even in forecasting treatment
outcomes (Schwendicke et al., 2025).

Moreover, machine learning is used to enhance the
decision-making process in dentistry through the
analysis of large amounts of data and identification of
patterns of success and failure in treatment, durability
and survival of prostheses and implants, and individual
patient risks for personalized treatment plan
development (Rokhshad et al., 2025). The recent
bibliometric study revealed an increasing number of
studies in the field of prosthodontics that are related to
the application of intelligent systems in dentistry for
diagnostics and workflow improvement (Hu, 2025).
Moreover, robotics has become an emerging
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technology for guided surgery and automated
fabrication of prostheses.
At the same time, there have been improvements in the
field of augmented reality and virtual reality that assist
in the enhancement of training for clinicians, patient
education, and visualization through three-dimensional
simulations and better spatial orientation. Digital
workflows that operate through cloud computing have
also changed the entire approach to prosthodontics
because of secure storage, transfer, and
synchronization of patient data between clinicians,
laboratories, and other healthcare professionals, thus
providing better communication and eliminating delays
in treatment. Moreover, these interconnected digital
tools facilitate remote consultations, planning of

treatments, and integration of intraoral scans,
radiographs, facial scans, and CAD/CAM designs.
In addition, digital monitoring techniques for patients
using wearable technologies, apps on smart devices,
and cloud computing monitoring platforms facilitate
the ongoing evaluation of the prosthesis performance,
oral hygiene, compliance with treatments, and post-
procedural recovery. All of the innovations mentioned
above contribute to the rapid transformation of
prosthodontics into an intelligent, data-driven, and
patient-oriented field, despite the issues associated with
data protection, transparency of algorithms, ethical
concerns, approvals, (Figure 4) (Table 4),
interoperability, and clinician education (Alshadidi et
al., 2023; Jayasheelan et al., 2026; Al-ashwal et al.,
2026).

Table 4: Emerging Digital Innovations in Prosthodontics
Technology Current Applications Future Potential Reference

Artificial intelligence Diagnosis, treatment planning Predictive decision support (Schwendicke et al.,
2025)

Machine learning Outcome prediction Personalized prosthodontics (Rokhshad et al.,
2025)

Robotics Guided implant placement Autonomous procedures (Jayasheelan et al.,
2026)

AR/VR Surgical planning and education Real-time navigation (Alshadidi et al., 2023)

Cloud computing Data sharing Integrated digital ecosystem (Hu, 2025)

Digital patient
monitoring

Follow-up Remote prosthesis
monitoring

(Al-Ashwal et al.,
2026)

Figure 4: Emerging Innovations in Digital Dentistry

7. Clinical Outcomes, Benefits, and Challenges
7.1 Accuracy and Precision
Digital workflows for prosthodontics have proven their
high level of accuracy and precision especially in the
manufacturing of implant-based and fixed prostheses.

The combination of intraoral scanning, CAD/CAM
system, and digital production reduces potential errors
caused by traditional impressions, stone models, and
laboratory processes (Avelino et al., 2024). Marginal
fit, passive fit, and reproducibility are some of the
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contributing factors that increase clinical reliability and
predictability of prostheses. However, accuracy is
affected by various factors including scanner efficiency,
method of manufacture, skills of the operator, and
difficulty of the case especially in full arch prostheses.

7.2 Treatment Efficiency
Efficiency is another strength that comes from digital
dentistry. The efficiency of treatment is enhanced by
streamlining the clinical and laboratory processes.
Digital impression allows elimination of impression
material and casting procedures, and CAD/CAM and
3D printing technology allow fast completion of the
laboratory phase. Moreover, chairside procedures
provide an opportunity to perform the treatment in one
visit for certain cases. It helps to shorten treatment time
and the number of visits for patients (Avelino et al.,
2024). This increase in workflow productivity will
keep high-quality restorations without the risk of
remaking.

7.3 Patient-Centered Outcomes
Patient-centered outcomes have become a key
indicator of success in modern prosthodontics. Digital
technologies offer increased comfort for the patients
during impressions, shorter chair-side time, increased
patient engagement through virtual treatment
simulation, and increased acceptance of planned
treatments. Studies show that digitally produced
complete dentures provide similar or even better
clinical outcomes in comparison with conventional
prosthesis fabrication techniques, while providing
positive outcomes on patient-centered parameters
concerning comfort, aesthetics, and functionality
(Avelino et al., 2024). In a similar vein, digital implant
planning and treatment techniques result in better
patient experience and increased satisfaction due to
their non-invasive nature and increased predictability
(Bishti et al., 2021).

7.4 Cost-Effectiveness
Despite the high cost needed for the procurement of
hardware, software, and training of clinicians in digital
dentistry at the beginning, a number of scientific
studies have confirmed that the method is
economically profitable. Saving on clinical visits,
simplification of laboratory work, reduced need for
remakes, digital data storage, and reproducibility of the

prosthesis without having to repeat all stages ensure its
increased economic efficiency in the long term (Tew et
al., 2025). Scientific evidence indicates that the use of
digitally manufactured complete dentures could
become increasingly economically efficient over time.
7.5 Learning Curve
The proper integration of a digital workflow demands
that both clinicians and dental technicians have certain
skills that pertain to scanning, treatment planning,
CAD technology, manufacturing, and data handling
(Tew et al., 2025). The shift from traditional to digital
dentistry is usually associated with an initial learning
phase when one gains more experience and increases
the effectiveness of procedures. Therefore, professional
development and training are crucial in maximizing the
clinical outcomes of digital prosthodontics.

7.6 Technical and Biological Limitations
However, despite the various benefits associated with
this technology, there still exist a number of technical
and biological limitations associated with digital
dentistry (Bishti et al., 2021. Limitations of the scanner
in scanning a large number of edentulous arches, errors
arising from the movements of the patient and
reflective surfaces, lack of software compatibility, high
costs of equipment, and limitations for production
associated with the particular material used may have
an impact on the outcome of treatment (Tew et al.,
2025). The biological behavior of the new dental
materials which have been developed is still being
studied.

7.7 Current Evidence Gaps
While there is an increased number of studies in
support of digital prosthodontics, some major research
gaps have been identified (Tew et al., 2025). The
available literature on the comparison between
different digital manufacturing systems, restorative
materials used, and procedures is quite limited. Further
research is required for developing standard clinical
guidelines for digital prosthodontics, investigating the
survival of three-dimensional printed definitive
restorations, assessing the economic implications of
digital dentistry across various health care
environments, and determining the clinical application
of new technologies like artificial intelligence, robotics,
and patient monitoring (Table 5).

Table 5: Clinical Benefits and Challenges of Digital Prosthodontics
Aspect Benefits Challenges Reference
Accuracy Improved precision Scanner limitations (Avelino et al., 2024)
Efficiency Reduced appointments Learning curve (Tew et al., 2025)
Patient outcomes Greater satisfaction Adaptation period (Bishti et al., 2021)
Cost Long-term savings High initial investment (Tew et al., 2025)
Clinical implementation Better communication Software interoperability (Bishti et al., 2021)

8. Future Directions and Research Trends
Digital prosthodontics in the future will definitely
involve personalized, evidence-based, and minimally
invasive approaches involving the use of highly
sophisticated digital technologies in all the aspects of

patient care. Personalized digital dentistry will
increasingly rely on individual anatomy and biological
and functional information of patients for designing
customized and more effective restorations.
Implementation of artificial intelligence algorithms
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will increase the precision of diagnosis, automate the
process of treatment planning, predict the lifespan of
prostheses and provide a strong platform for evidence-
based decision making. Moreover, further development
of biomaterials, such as high-performance polymers,
bioactive ceramics, composites and regenerative
materials, will positively influence the mechanical
properties, esthetics, and longevity of digitally
fabricated restorations. In the future, digital ecosystem
of the dental industry will provide seamless connection
between intraoral scanners, cone beam computed
tomography, CAD/CAM systems, 3D printers,
laboratory software and cloud technologies providing
the ability of multidisciplinary cooperation and data
exchange in real time. However, it is necessary to
conduct further longitudinal studies for establishing of
standardized digital protocols and evaluation of clinical
efficacy and cost-effectiveness.

9. Conclusion
Digital technologies have greatly influenced modern-
day prosthodontics and restorative dentistry due to
their inclusion into everyday practice, which includes
new approaches to diagnosis, computer-aided design
and manufacturing, addtive manufacturing, and digital
workflow. All of these innovations have helped to
improve the accuracy, efficacy, predictability, and
patient-centeredness of prosthodontic treatment and
expand the number of possible clinical applications for
fixed, implant-supported, removable, and full mouth
rehabilitations. In addition, development of restorative
materials, high-performance polymers, and 3D printing
technologies has contributed to the advancement of
digitally created prostheses. Further improvement of
diagnosis, treatment planning, and patient management
in the field of prosthodontics can be anticipated
through the development of emerging technologies,
such as artificial intelligence, machine learning,
robotics, and cloud-based digital ecosystem. Even
though great progress has been achieved, some issues
in terms of costs, standardization of technology,
interoperability, clinician education, and clinical
validation still exist. Future research should focus on
conducting longitudinal clinical trials, developing
standard digital protocols, and assessing innovative
biomaterials and intelligent technologies.
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