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Abstract: In recent years, the rapid development of digital dentistry has significantly improved
treatment and prosthetic rehabilitation procedures in prosthodontics. Integrated with Computer-Aided
Design and Computer-Aided Manufacturing (CAD/CAM) systems, 3D printing technologies enable
the fabrication of individualized prosthetic restorations with high precision, reduced production time,
and consistent quality. These technologies are widely applied in the production of temporary and
definitive prostheses, implant-supported restorations, diagnostic models, occlusal splints, and surgical
guides. This article analyzes the effectiveness of 3D printing technologies in prosthodontics, their
clinical advantages, the materials employed, and contemporary manufacturing techniques. Based on a
review of scientific literature, conventional prosthetic fabrication methods are comparatively evaluated
against digital manufacturing technologies. The analysis indicates that 3D printing significantly
reduces production time, enhances patient-specific customization, and facilitates the development of
more efficient and patient-friendly treatment protocols.
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Introduction

Prosthodontics is one of the fields of modern dentistry that requires a high level of precision and
an individualized approach. The restoration of missing teeth, fulfillment of esthetic and functional
requirements, and fabrication of long-lasting prosthetic restorations have consistently driven the
adoption of innovative technologies. Conventional prosthesis fabrication methods involve multiple
clinical and laboratory procedures, a high degree of manual labor, and errors associated with the
human factor. Procedures such as impression taking, gypsum model fabrication, and manual waxing
are time-consuming and may adversely affect the accuracy of the final prosthesis. The advancement of
digital technologies has led to the emergence of a new concept in dentistry—the digital workflow.
This workflow encompasses intraoral scanning, computer-aided design (CAD), and fabrication using
3D printing technology. Three-dimensional (3D) printing is an additive manufacturing process in
which physical objects are produced by depositing materials layer by layer based on a digital three-
dimensional model. Today, this technology is considered one of the most promising methods for
fabricating highly accurate prosthetic restorations in prosthodontics. Scientific studies have
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demonstrated that dental restorations produced using 3D printing offer several advantages over
conventionally fabricated restorations, including shorter production time, improved digital quality
control, and enhanced patient-specific customization. International scientific literature also indicates
that the advancement of 3D printing technologies has not only optimized laboratory procedures in
prosthodontics but has also improved clinical decision-making processes. Their importance is
particularly evident in implantology, esthetic prosthodontics, and comprehensive oral rehabilitation.
Therefore, evaluating the effectiveness of 3D printing technologies, their clinical applications, and
their current limitations has become an important scientific and practical issue in modern dentistry.
With the continuous development of digital dentistry, 3D printing technologies have become a modern
alternative to conventional dental laboratory techniques in prosthodontics. These technologies enable
the fabrication of restorations that accurately correspond to each patient's individual anatomical
characteristics, reduce manufacturing time, and standardize clinical procedures. The 3D printing
workflow generally consists of three major stages:

Digital data acquisition - A three-dimensional model of the patient's oral cavity and dentition is
created using an intraoral scanner or a laboratory scanner.

Computer-Aided design (CAD) - Specialized software is used to design the future prosthesis or
prosthetic restoration.

Additive manufacturing - The finalized digital design is converted into a physical restoration
using a 3D printer.

This workflow minimizes errors associated with the human factor and allows treatment
outcomes to be accurately planned before clinical implementation. Several 3D printing technologies
are currently used in prosthodontics. Their selection depends on the material employed, the required
level of accuracy, and the intended clinical application of the restoration.

Table 1. Major 3D printing technologies used in prosthodontics

Technology Working Principle Clinical Applications | Main Advantage

Layer-by-layer Diagnostic ~ models, | High accuracy and

SLA polymerization of liquid h h f
(Stereolithography) photopolymer resin using a temporary ~prostheses, smpot surlace
laser surgical guides finish
DLP (Digital Light Polymerization .Of Crowns, denture bases, | High manufacturing
. photopolymer layers using | .. .
Processing) . . diagnostic models speed
projected light

Ability to fabricate

SLS (Selective Laser Fusion of powdered Metal and polymer e e

S s usine 1 heti ;
Sintering) materials using laser energy @ prosthetic restorations strnctures
. ) Le}yer-by-l.a yer deposition of Esthetic models and | Excellent visual
Material Jetting microscopic  droplets  of .
material multicolor prototypes | accuracy
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Description of 3D printing technologies

Stereolithography (SLA) is one of the most widely used high-precision 3D printing technologies
in dentistry. In this technique, a liquid photopolymer resin is selectively cured layer by layer using an
ultraviolet laser. Models fabricated by SLA are characterized by excellent surface quality and
outstanding dimensional accuracy. Therefore, this technology is extensively applied in the production
of diagnostic models, surgical guides for implant placement, and temporary prosthetic restorations.
Digital Light Processing (DLP) operates on a principle similar to that of SLA. However, instead of
curing the resin point by point with a laser, DLP polymerizes an entire layer simultaneously using
projected light. This approach considerably increases manufacturing speed, making it particularly
suitable for producing large numbers of dental models and temporary restorations. In Selective Laser
Sintering (SLS), powdered materials are fused using laser energy. This technology is primarily
employed for fabricating restorations that require high mechanical strength. Metal powder-based SLS
systems are considered a promising approach for manufacturing implant-supported restorations and
complex prosthetic components.

Materials and methods

This study was conducted using a systematic review of the scientific literature. International
research articles, clinical studies, and review papers published between 2018 and 2025 were analyzed.
The following inclusion criteria were applied during the literature selection process: direct relevance
to 3D printing and prosthodontics, publication in peer-reviewed scientific journals, availability of
clinical or laboratory findings and evaluation of the effectiveness of digital dentistry technologies. The
following parameters were considered the primary evaluation criteria during the analysis: accuracy,
marginal fit, manufacturing time, mechanical properties of materials, clinical applicability, cost-
effectiveness. Comparative analysis of the collected scientific evidence was performed to evaluate the
advantages of 3D printing technologies over conventional laboratory techniques, including wax
pattern fabrication, casting, and traditional prosthesis manufacturing methods. The findings
demonstrate that 3D printing technologies accelerate manufacturing procedures in prosthodontics,
improve the precision of prosthetic restorations, and facilitate a more individualized approach to
patient treatment. Furthermore, the reviewed literature indicates that the integration of 3D printing
technologies into prosthodontics has positively influenced nearly every stage of prosthetic
rehabilitation. Digitally manufactured restorations exhibit superior accuracy, reproducibility, and
patient-specific adaptation. Conventional prosthesis fabrication involves multiple procedures,
including impression taking, gypsum cast fabrication, wax pattern construction, and casting. Each of
these stages may introduce dimensional changes or human-related errors. In contrast, 3D printing
digitizes the entire workflow, thereby minimizing these sources of inaccuracy.

3.1. Effect of 3D printing on the accuracy of prosthetic restorations

In prosthodontics, the accuracy of a restoration is a critical determinant of its long-term clinical
performance, the preservation of periodontal tissue health, and patient comfort. Scientific evidence
indicates that models and temporary restorations produced using 3D printing generally demonstrate
greater dimensional stability than those fabricated using conventional laboratory methods. In
particular, SLA and DLP technologies provide the micron-level precision required for highly accurate
dental applications.
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Table 2. Comparison of conventional and 3d printing-based prosthesis fabrication methods

Parameter Conventional Method | 3D Printing Method

Manufacturing process Multi-step workflow | Digitized and simplified workflow
Manufacturing time 13/;?]}; require  several Can be completed within a few hours
Dependence on the human factor High Relatively low

Patient-specific customization Limited High

Digital data storage Not available Fully available

Reproducibility Difficult Easy

3.2. Significance of 3D printing technologies in implantology

One of the most important applications of 3D printing technologies in implantology is the
fabrication of surgical guides. Surgical guides designed through digital planning enable clinicians to
accurately determine implant positions before surgery and improve the precision of implant placement
procedures. This approach ensures optimal implant angulation and insertion depth, helps avoid
anatomically critical structures, shortens surgical time, and supports minimally invasive treatment. In
addition, the ability to fabricate patient-specific implant-supported restorations, diagnostic models, and
temporary prostheses using 3D printing has significantly accelerated prosthetic rehabilitation
procedures.

3.3. Effectiveness of 3D printing in temporary prosthodontics

The application of 3D printing technologies in the fabrication of temporary crowns and bridges
has considerably optimized clinical workflows. Unlike conventional techniques, in which temporary
restorations are often fabricated manually, the digital approach allows restorations to be designed in
advance and manufactured according to the patient's individual anatomical characteristics. The
principal advantages of 3D-printed temporary restorations include: short fabrication time, precise
reproduction of shape and dimensions, the possibility of evaluating esthetic outcomes before definitive
treatment and simplification of laboratory procedures.

3.4. Development of materials and clinical perspectives

The effectiveness of 3D printing technologies largely depends on the materials used. At present,
the following materials are widely utilized in prosthodontics: photopolymer resins, biocompatible
polymers, ceramic-based materials, metal powders and composite materials. The development of
next-generation materials is primarily focused on improving mechanical strength, biocompatibility,
and esthetic performance.

Table 3. Dental applications of 3d printing materials

Material Type Application Main Property
. Diagnostic  models, surgical guides, | ;. ..
Photopolymer resin Sty (st High precision
Polymer composites | Temporary crowns Excellent esthetics and elasticity
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Metal powders Implant-supported restorations High mechanical strength
ic- .. . . Bi ibili i
Cerarrpc based Definitive esthetic restorations 1ocompat1b1 ity and superior
materials esthetics

3.5. Economic and organizational efficiency

Although the initial investment required for 3D printing technologies is relatively high, these
systems can substantially reduce laboratory costs over the long term. Digital workflows minimize the
need for remanufacturing, optimize material consumption, and shorten production time. Particularly in
large dental centers and digital laboratories, the implementation of 3D printing is regarded as an
important factor in improving manufacturing efficiency and overall clinical productivity.

Discussion and results

The reviewed scientific evidence demonstrates that 3D printing technologies represent one of the
most promising innovations in modern prosthodontics. Their principal advantages include the ability
to develop individualized treatment plans, fabricate prosthetic restorations rapidly and accurately, and
predict clinical outcomes before treatment. Nevertheless, several limitations remain. These include the
relatively high initial investment required for equipment acquisition, the necessity for clinicians and
dental technicians to acquire digital competencies, and the limited availability of long-term clinical
evidence regarding the performance of certain newly developed materials. Future advances in artificial
intelligence (Al), automated design systems, and next-generation biomaterials are expected to further
expand the applications of 3D printing technologies in prosthodontics. These developments are likely
to enhance manufacturing accuracy, improve treatment efficiency, and promote greater
standardization of digital workflows.

Conclusion

The application of 3D printing technologies in prosthodontics represents one of the most
promising directions in contemporary digital dentistry. The present literature review demonstrates that
Additive Manufacturing (AM) technologies optimize prosthetic rehabilitation procedures, improve
clinical accuracy, and facilitate individualized patient care. Technologies such as Stereolithography
(SLA), Digital Light Processing (DLP), and Selective Laser Sintering (SLS) enable the precise
fabrication of diagnostic models, surgical guides, temporary prostheses, implant-supported
restorations, and various other prosthetic components. The major advantages of these technologies
include reduced manufacturing time, comprehensive digital quality control, simplified reproduction of
prosthetic restorations, and a significant reduction in human-related errors. Compared with
conventional prosthesis fabrication techniques, 3D printing provides a more standardized, predictable,
and efficient workflow. The impact of these technologies is particularly significant in implantology
and esthetic prosthodontics, where improvements in clinical precision and treatment outcomes are
especially important. Despite these advantages, several challenges remain regarding the widespread
implementation of 3D printing technologies. These include the high initial cost of equipment, the need
for adequate digital training of dental professionals, and the necessity for further long-term clinical
studies evaluating the performance of newly developed materials. Future developments in artificial
intelligence, automated computer-aided design systems, and advanced biocompatible materials are
expected to further improve the capabilities of 3D printing technologies. Consequently, fully digital,
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highly individualized, and highly accurate treatment protocols are expected to become increasingly
prevalent in prosthodontics. Overall, 3D printing technologies can be regarded as an innovative,

clinically promising, and patient-centered approach that significantly enhances the efficiency and
quality of prosthodontic treatment.
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