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Digital Workflows for Immediate Prosthetic

REHABILITATION GIOVANNI CONTI

Abstract- The integration of digital workflows in
prosthetic  dentistry  represents the  major
transformation in the immediate prosthetic
rehabilitation practice. Digital imaging, design, and
manufacturing methods coupled with intraoral
scanning help clinicians reduce the treatment time by
simplifying the treatment protocols while increasing
the precision and aesthetics of prostheses. From this
standpoint, immediate prosthetic rehabilitation,
especially in the form of implant-based
rehabilitation, tends to be on the fast-track side,
offering outcomes which are much more predictable.
This article lays out the different current digital
technologies in immediate prosthetic rehabilitation,
explains clinical protocols, and evaluates the merits
and demerits of full digital workflow vis-a-vis
conventional methods. Further, it elucidates how
digital planning greatly contributes toward patient
satisfaction and the efficiency of treatment.

Index Terms- Digital Dentistry, Immediately Loaded
and Fixed Prosthesis, Prosthetic Rehabilitation,
CAD/, CAM, Intraoral Scanning, Implant
Dentistry,3D Printing, Virtual Planning.

L INTRODUCTION

With the introduction of digitalization, there has been
a paradigm shift in prosthodontics, permitting the
clinicians another tool to improve rule accuracy,
efficiency, and patient outcomes. One notable
advancement is the digital workflow applied to
immediate  prosthetic  rehabilitation-a  process
involving the placement of an immediate provisional
or final prosthesis shortly after tooth extraction or
implant placement. Immediate prosthetic
rehabilitation was traditionally challenged by manual
impression errors, long laboratory times, and multiple
patient visits. Now, digital workflows employing
CBCT, intraoral scanning, CAD/CAM, and 3D
printing protocols have taken over. With these,
treatment planning turns fully virtual, surgery guided,
and prosthetics designed and delivered within the
same day with utmost precision. The restorations are

IRE 1710597

digitally designed and fabricated to meet both
functional and esthetic requirements very efficiently.
Moreover, interfacing one digital tool with the other
greatly improves the communication within the dental
team and increases patient awareness and satisfaction.
This review paper aims to analyze the principles and
components of digital workflows applied to immediate
prosthetic rehabilitation, determine the clinical
outcomes of these treatments, and compare them with
conventional methods. With the rising demand for
minimally invasive and relatively quick treatments, it
becomes a requisite for any modern dental practice to
understand and master digital workflows.

II. DEFINITION AND CLINICAL
INDICATIONS

In dental terms, prosthetic rehabilitation is a procedure
that establishes oral function, esthetics, and comfort by
the replacement of lost or damaged teeth with artificial
means such as complete dentures, partial dentures,
bridges, crowns, or implant-supported prostheses. It is
a multidisciplinary approach consisting of restorative
surgical, and occasionally orthodontic and periodontal
intervention, to bring about a restoration of oral health,
appearance, and quality of life for the patient (Eregie
et al.,, 2021). Different clinical indications exist for
prosthetic rehabilitation, as these are subject to the
extent and nature of tooth loss or damage. These
indications  embrace  partial or  complete
edentulousness, extremely worn dentition, congenital
absence of teeth, traumatic loss of teeth, and failed
restorations. Implant-supported prostheses have
become desirable from the standpoint of functional
restoration and esthetics for fixed alternatives
(Ramanauskaite et al., 2021). Preserving the vertical
dimension, speech articulation, mastication ability,
and facial symmetry are also among the main
indications for prosthetic treatment. Another
important function of prosthetic rehabilitation is to
check the calamities posed by tooth loss like drifting
of neighboring teeth, supraeruption of opposing teeth,
temporomandibular joint disorders, and poor nutrition.
Timely prosthetic intervention has also been
documented to improve oral health-related quality of
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life in older adults, making it a preventive as well as a
restorative and holistic approach (Eregie et al., 2021).

. BACKGROUND ON PROSTHETIC
REHABILITATION (WITH CITATIONS
FROM 2021)

The prosthetic rehabilitation continues to be among
the mainstays of dental and oral health care in some
cases with the restoration of functionality, esthetics,
and the general well-being of persons with tooth loss.
Nevertheless, patient-centered outcomes stand as a
testimony to its relevance in prosthetic care. For
instance, in 2021, the study investigated complete
denture rehabilitation with positive influences on the
OHRQoL of elderly patients; that means that
prosthetic treatment confers real benefits in terms of
the well-being and satisfaction of patients. In addition
to patient-centered outcomes, a study of the efficacy
of various prosthetic designs has also been awarded
attention. The systematic review of 2021 assessed
rehabilitation through full-arch implant-supported
prosthetic designs, both fixed and removable. The
study found that implant loss rates were low in the first
year (about 0.64% for fixed and 0.71% for removable
prostheses) and that the trends favored fixed structures
over a period of five years. Hence, the clinical
reliability and durability of implant-supported
prosthetic solutions are well supported by these
findings. Notions put forth in the modern literature
suggest that prosthetic rehabilitation in 2021 remains
evidence-based, patient-oriented, and clinically
oriented.

IV.  IMPORTANCE OF IMMEDIATE
PROSTHETIC REHABILITATION

Immediate  prosthetic  rehabilitation—with  the
placement of either a provisional or definitive
prosthesis within 48 hours of implant placement—has
become more and more important in modern dental
practice due to its functional, psychological, and
esthetic aspects. It serves the good of the patient-best
technology in the armamentarium by reducing any
period of edentulism and allowing patients to
immediately begin regaining oral function and
confidence post-surgery, which is valuable when
anterior teeth are missing or in cases of full-arch
edentulism (Ramanauskaite et al., 2021). One chief
benefit of immediate rehabilitation is the preservation
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of hard and soft tissue contours. Early loading of
implants, if well planned, can counteract bone
resorption following extraction and also maintain the
natural emergence profile of the soft tissues for better
esthetic results (Baldi et al., 2021). Besides, immediate
prosthetics preserve vertical dimension, speech clarity,
and mastication, all of which are lost during the
delayed loading periods. From a psychological
standpoint, immediate dentition empowers a patient
immensely, thus boosting patient satisfaction and
esteem. Patients often report an enhanced quality of
life and a decrease in social anxiety when immediate
rehabilitation is carried out, especially in cases
involving high visibility of the mouth (Zhou et al,,
2021). With the advent of digital workflows, one can
now undertake virtual planning, guided implant
placement, and even prosthesis fabrication on the
same day, rendering immediate rehabilitation more
predictable and within reach (Joda et al., 2021).
Clinically, when case selection is optimal and primary
stability is ensured, immediate loading has displayed
survival rates parallel to those of conventional delayed
loading, thus cementing its credibility on the safety
front as well (Ramanauskaite et al., 2021). Hence,
immediate prosthetic rehabilitation is more of a
scientific treatment option in line with the changing
expectations of today's patients rather than a mere
convenience.

V. CLINICAL CHALLENGES OF
CONVENTIONAL WORKFLOWS

Despite the long-standing existence of prosthodontic
work, however, with present conventional workflows
come clinical shortcomings that can hamper treatment
success, precision, and patient satisfaction. Hence, the
conventional approach relies on manual procedures
consisting of making physical impressions, wax try-
ins, stone model fabrication, and hand crafting of
restorations. Such steps possibly entail human error
and dimensional inaccuracy, which prolongs the time
needed for treatment (Alsharif et al., 2021). One big
challenge is distortion of the impression created by
movement during impression taking or by shrinkage
of the material or by improper tray selections.
Distortion results in poor fitting of prostheses,
adjustments, or remakes, hence increasing chairside
time and discomfort to the patient (Revilla-Leon &
Ozcan, 2021). Meanwhile, this multi-step nature of
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conventional workflows can often result in increased
turnaround times between appointments and lab
works, thereby delaying rehabilitation, especially in
complex cases such as full-arch prostheses.
Additionally, conventional workflows are of limited
use to visualization and diagnostic modalities in
comparison with modern digital workflows. The lack
of 3D visualization inhibits a clinician from actually
performing reliable treatment planning, especially in
implant selection, where spatial awareness of
anatomical structures is critical (Zitzmann et al.,
2021). This is a rather direct way toward functional
compromise and esthetic outcomes in systems that are
already very applied to esthetically compromising
systems. From a patient viewpoint, physical
impressions and multiple clinics visits can be
uncomfortable and anxiety-provoking, especially for
the geriatric or medically compromised (Singh et al.,
2021). The manual transfer of data and models
between dental office and laboratory also causes
delays in communication, and this adds to
inefficiencies. With the intensification of demand for
solutions that are more seamless, accurate, and patient-
friendly, these hurdles thus plainly indicate the very
dire need to switch over to digital workflows in
prosthetic dentistry.
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VI. EMERGENCE AND SIGNIFICANCE OF
DIGITAL WORKFLOWS IN DENTISTRY

The advent of digital workflows changed clinical and
laboratory procedures in dentistry for greater
precision, efficiency, and patient satisfaction. Unlike
the traditional procedures, these workflows sheathe
various technologies, including intraoral scanners,
cone-beam computed tomography (CBCT), computer-
aided design/computer-aided manufacturing
(CAD/CAM), and 3D printing, to diagnose, plan, and
fabricate prosthetics (Revilla-Leon & Ozcan, 2021). In
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early 2021, the adoption of digital workflows greatly
sped up as patients demanded safe, minimally invasive
procedures that took less time to complete during the
COVID-19 outbreak (Mangano et al., 2021). Digital
tools now allow the clinician to capture highly
accurate virtual impressions, plan implant placement
with submillimeter accuracy, and deliver highly
predictable same-day prosthetic restorations with
reduced margins of error (Alghazzawi, 2021). This
upgrade is most advantageous to immediate prosthetic
rehabilitation, where time and preservation of tissues
are of the essence. The digital workflow will also
improve interdisciplinary collaboration by allowing
real-time data sharing between clinicians and the
dental laboratory. This gainful free-flowing
communication would allow faster decision-making
and minimize misunderstandings and
misinterpretations or remakes (Joda et al., 2021).
These digital platforms would also enable simulation-
based treatment planning, thereby allowing the patient
to observe treatment outcomes even before treatment
initiation—a cool factor in the evolution of informed
consent and patient trust. Digital dentistry is,
therefore, affirming the improvement of clinical
efficiency as well as reshaping dental education and
research. Academic centers have already started
integrating digital workflows into curricula to advance
the preparation of emerging dentists for clinical
environments replete with technology (Solaberrieta et
al., 2021). Digital workflows are important because
they allow the bypass of many of the drawbacks of
conventional methods such as  impression
inaccuracies, human errors, and long elaboration
times, while allowing the implementation of a more
patient-oriented and datadriven approach to care.

VII. HISTORICAL PERSPECTIVE AND
TRADITIONAL METHODS

Over the past hundred years, the field of prosthetic
rehabilitation has undergone vast change due to the
progress in material sciences, techniques, and clinical-
independent protocols. The very foundation of
prosthetic treatment depended greatly on manual skills
and analog methods for fabrication of removable
dentures and conventional fixed prosthetics such as
bridges and crowns. In older methods, more emphasis
was put on achieving basic functi on and esthetics,
largely overlooking considerations of patient comfort
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or efficiency of treatment (Alsharif et al., 2021).
Conventional techniques also comprised a host of
laborious steps such as taking physical impression
using an elastomer or hydrocolloid material, pouring
with dental stone to fabricate casts, wax-up of designs,
and finally, manual laboratory fabrication of the
prosthetic components. While these gave rise to
modern prosthodontics, they nonetheless posed
significant challenges such as dimensional errors,
multiple patient visits, longer treatment time, and so
forth (Revilla-Leén & Ozcan, 2021). Implant-
supported prostheses, said to have steadily
consolidated their strength as an out-and-out
alternative from the late 20th century onwards, were
introduced with the Branemark protocol advocating
the principles with predictable osseointegration and
clinical success into the long term; however, the
conventional workflows of implant prosthetics still
remaining time-consuming primarily because the
surgical and restorative stages are staged, each
followed by a healing period (Ramanauskaite et al.,
2021). These interruptions deferred the edentulous
period, affecting the patients' function and
psychosocial well-being. Despite the drawbacks, these
types of traditional methods are still being almost
universally employed, especially in countries or areas
that offer limited access to advanced digital
technologies. Recent researches describe the argument
of retaining some core manual skills while equally
embracing emerging digital tools for optimum outputs
(Alsharif et al., 2021). Thus, the context in history
shows a great deal of prominence toward
transformation on the part of digital workflows trying
to solve these issues that had been around for so long.

VIII. CLINICAL CHALLENGES OF
CONVENTIONAL WORKFLOWS

To err on the side of the classical definition,
traditional prosthetic workflows within dentistry,
though forming the base since time immemorial, face
many clinical challenges that may well cast a shadow
on the treatment outcomes, ecosystem itself, and the
total patient experience. A chief issue relates to
inaccuracies in physical impressions caused by
impression material distortion, patient movement, or
errors in selection and handling of trays by the dental
assistant. An inaccurate impression sample will
inhibit achieving a proper fit of the final prosthesis,
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which then reasonably requires adjustment time or, at
times, complete re-fabrication (Alsharif et al., 2021).
Another hurdle is the inherent time taken for
realization of functionalities using conventional
techniques. In the traditional workflow, the patient
must keep attending multiple sessions, each for
impression taking, laboratory processing, try-ins, and
final delivery of the prosthesis. Such an infinitely
long waiting period threatens speedy functional and
esthetic rehabilitation, which, in the end, could
diminish patient satisfaction and quality of life for
full-arch or complicated cases (Revilla-Ledn &
Ozcan, 2021). Limited visualization and planning
ability that characterize conventional workflows, in
turn, restrict the clinician's anatomical assessments;
all digital workflows can impart are 3D imaging and
virtual simulations, whereas conventional workflows
depend on 2D radiographs and gypsum casts, which
might fail to capture adequately the spatial
relationships essential for implant positioning and
prosthetic design (Zitzmann et al., 2021). From the
patient's view, conventional methods could cause
great discomfort and anxiety owing to the invasive
application of impressions and the number of
appointments needed. Furthermore, somewhat
elongated treatment time and miscommunication may
arise because of delays in communication between
the dental office and the laboratory, a problem
ingrained in the analog means of data transfer (Singh
et al., 2021). The very scenario spells out the
limitations of conventional prosthetic workflows and,
consequently, brings about the questions that urge the
exposition of digital workflows for better precision,
efficacy, and patient-centric care.

Limitations of Conventional Prosthetic Workflows
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IX. RECOMMENDATIONS FOR FUTURE
RESEARCH AND PRACTICE

Continued research and clinical refinement will be
required to harness the full potential of digital
workflows and limit remaining constraints they may
still have. Future research should include large-scale,
long-term clinical trials that can properly investigate
whether digital workflows had better or worse
outcomes than conventional prosthetic workflows in
implant survival rates, patient-reported outcome
measures, and cost-effectiveness (Joda et al., 2021).
This will generate a yet stronger evidence base from
which best practice guidelines can be derived and
implemented clinically. Even further innovation in this
digital space will enhance treatment planning,
predictive analytics, and patient communication, with
the integration of Al, machine learning, and
augmented reality standing out as possibilities worthy
of further investigation. Greater investigation into the
potential for Al-driven diagnostic tools, alongside Al-
automated design processes, could further elevate
levels of precision plumbed along with workflow
efficiency improvements (Alghazzawi, 2021). At the
clinical level, there is, and will increasingly be, an
urgent demand to establish clinical protocols that
standardize the practice of digital workflows from data
acquisition to software interoperability and quality
assurance measures. Keeping up with training and
continuing education will provide dental professionals
with the digital skills necessary to deliver care that is
safe and effective and centered on the patient
(Solaberrieta et al., 2021). Moreover, eliminating cost
and accessibility barriers to digital dentistry,
especially in the setting of low-resource countries, will
guarantee that equitable health care is realized. Lastly,
patient-centered research on the psychosocial impact,
satisfaction, and preferences concerning digital versus
traditional prosthetic treatments will further guide the
customization of care pathways and enhance shared
decision-making (Zhou et al., 2021). Interdisciplinary
collaboration among clinicians, engineers, and
educators will further hasten this innovation and
outcome optimization.

X. DISCUSSION

Adopting digital workflows in immediate prosthetic
rehabilitations is considered a major advancement in

IRE 1710597

prosthodontic care that addresses many drawbacks
posed by the traditional way of treatment. Applied
digital technologies such as intraoral scanning and
CBCT imaging, CAD/CAM fabrication, and 3D
printing have increased treatment outcomes' precision
level, efficiency, and predictability (Revilla-Leon &
Ozcan, 2021). Immediate prosthetic rehabilitation is
made possible to a greater extent with same-day
prosthesis delivery, lessening of edentulous periods,
and better preservation of soft and hard tissue
architecture-limiting factors for esthetic success of any
prosthesis (Baldi et al., 2021). Digital workflows
further enhance patient experience with less invasive
procedures such as conventional impressions, reduced
number of clinical visits, and real-time viewing and
effective communication of clinicians and laboratories
(Joda et al., 2021). These enhancements increase
patient satisfaction and engagement in life, especially
in demanding esthetic circumstances (Zhou et al.,
2021). Despite these advantages, other challenges
remain: high initial costs of investment into digital
equipment; the introduction of learning curves for
clinicians; and variability in the interoperability of
different digital systems (Alghazzawi, 2021). Hence,
future research must consider longitudinal clinical
outcomes, cost-effectiveness studies, and standardized
protocols to enable digital workflow ameliorations
while reducing their drawbacks. The joined power of
upcoming technology as augmented reality and Al
may also prove to be very beneficial in designing and
carrying out the treatment (Joda et al., 2021).

CONCLUSION

Making use of digital workflows in immediate
prosthetic rehabilitation could bring a big boost to
precision and operating times, thus making the whole
process highly patient-oriented. The digital workflows
provide a solution to many clinical problems posed by
the conventional workflow path and, thereby, serve as
unchanged bases in the establishment of a more
predictable and productive treatment. From the
diagnosis phase onward, integration of advanced
imaging, virtual planning, and computer-aided
manufacturing steers one away from errors in
prosthesis manufacture and achieves esthetic and
functional success. Furthermore, it opens channels of
communication between the clinicians and dental
laboratories, thereby allowing for speedy turn-around
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