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Abstract

3D printing technology has introduced significant advancements in dentistry, particularly in
the customization of dental prosthetics and orthodontic appliances. By enabling precise, pa-
tient-specific designs, 3D printing enhances both the fit and comfort of dental devices, im-
proving patient outcomes and satisfaction. This technology offers notable efficiencies over
traditional manufacturing methods, reducing production times and costs while supporting
seamless digital workflows in clinical practice. Recent advancements in biocompatible ma-
terials and digital integration have expanded the application of 3D printing to a range of den-
tal devices, from crowns and bridges to clear aligners and retainers. However, challenges
remain, including material limitations, regulatory hurdles, and technical constraints that can
impact adoption, particularly in smaller clinics. Future research aims to address these chal-
lenges by exploring new materials, incorporating artificial intelligence for optimized design,
and enhancing environmental sustainability through waste reduction. The ongoing evolution of
3D printing in dentistry promises to further personalize and streamline dental care, paving the
way for a more patient-centered, efficient, and accessible approach in modern dental practices.
[GMJ.2024;13:e3719] DOI:10.31661/gmj.v13i.3719
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Introduction

he advent of 3D printing has marked a

transformative period across many fields,
notably in healthcare, where its role in den-
tistry has shown tremendous promise [1]. As
digital technologies continue to reshape pa-
tient care, 3D printing, also known as addi-
tive manufacturing, allows for the production
of highly customized, patient-specific devices
[2]. This approach is particularly beneficial
in dental prosthetics and orthodontic applica-

tions, where precision, fit, and customization
are paramount [3]. By creating intricate struc-
tures layer by layer, 3D printing technology
can produce complex dental components with
unmatched accuracy, helping to streamline
processes, enhance treatment outcomes, and
reduce the time and costs associated with tra-
ditional methods [4].

The origin of 3D printing technology dates
back to the 1980s, with its initial applications
in the prototyping and manufacturing sectors
[5]. However, its incorporation into healthcare
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began to gain traction in the early 2000s, with
dentistry emerging as a particularly fertile
ground for innovation [6]. Traditional meth-
ods for producing dental prosthetics and or-
thodontic appliances involve several steps,
from manual impressions and model casting
to complex laboratory processes, which often
result in variability and may be time-consum-
ing [7]. In contrast, 3D printing allows for
direct digital-to-physical transitions, enabling
clinicians and dental technicians to manufac-
ture crowns, bridges, dentures, and orthodon-
tic appliances directly from digital impres-
sions [8].

This review aims to provide a comprehen-
sive understanding of its application in dental
prosthetics and orthodontics, offering insights
into recent research, future directions, and
emerging challenges.

3D Printing Technologies Used in Dentistry

In the field of dentistry, a variety of 3D print-
ing technologies have become central to the
production of customized prosthetics and or-
thodontic appliances, each offering distinct
advantages based on their technical specifica-
tions and material compatibility [9].

Among the most widely used methods are
stereolithography (SLA), fused deposition
modeling (FDM), and selective laser sintering
(SLS) [10, 11]. On the other hand, Material
innovation has played a key role in advancing
3D-printed dental prosthetics.

3D Printing Techniques

3D Printing Techniques vary in their approach
to additive manufacturing, with differences in
precision, and suitability for specific dental
applications [12]. Understanding the princi-
ples, strengths, and limitations of each tech-
nology can help determine their optimal uses
in clinical settings [13].

These technologies are commonly classified
by material type including solid, liquid, pow-
der, and hybrid. Solid-based materials such as
thermoplastics in fused deposition modeling
(FDM) create robust models and retainers
(Figure-1) [9, 14]. Liquid-based photopoly-
mers used in stereolithography (SLA) and
digital light processing (DLP) provide high
precision for aligners and detailed prosthetics.

3D Printing Technology in Dentistry

Powder-based ceramics and metals in selec-
tive laser sintering (SLS) and melting (SLM)
are ideal for strong, custom frameworks in
crowns and implants. Each type offers unique
strengths for tailored dental solutions [9-11].
Hybrid Material-Based such as Multi-Mate-
rial Jetting (MM]J) is a new technology that
allows for the combination of materials, often
with varying properties within a single print,
and it is highly suitable for educational mod-
el production.[14, 15] Table-1 demonstrates a
comparison of SLA, FDM, and SLS as the ex-
amples of common 3D printing technologies
that are used in customizing dental prosthetics
and orthodontic devices [2, 9, 10].

SLA Technology

SLA is one of the most established 3D print-
ing technologies, known for its high-resolu-
tion capabilities and ability to produce smooth
surface finishes [16]. In SLA, a laser selec-
tively cures layers of liquid photopolymer
resin, creating highly detailed structures with
fine accuracy [16, 17]. This level of precision
makes SLA ideal for producing custom den-
tal prosthetics, such as crowns, bridges, and
inlays, which require detailed anatomical ac-
curacy [18].

SLA is also commonly used for creating or-
thodontic models and molds due to its capac-
ity for fine details, the average error in full-
arch dental models is between 3.3 um and 579
um [19]. Also, SLA is known for very high
precision, capable of achieving resolutions as
fine as 30-150 um [10]. However, the materi-
als used in SLA, primarily photopolymer res-
ins, may require post-processing and curing
to achieve optimal strength, and some may
not fully meet biocompatibility standards for
long-term intraoral use [20].

DLP is similar to SLA in that it also uses a
photopolymer resin but employs a digital light
projector to cure an entire layer of resin simul-
taneously rather than a laser tracing each layer
[21, 22]. This approach enables faster print-
ing speeds compared to SLA, making DLP
advantageous for high-demand clinical envi-
ronments where quick turnaround times are
critical [23, 24]. DLP’s high resolution and
efficiency make it well-suited for producing
clear aligners, retainers, and other orthodontic
devices that require precise fit and durabili-
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ty [21, 23]. While the materials for DLP are
similar to those used in SLA, advancements
in DLP-compatible biocompatible resins con-
tinue to expand their applicability in directly
printed dental devices [25].

FDM Technology

FDM, also known as fused filament fabri-
cation (FFF), operates by extruding thermo-
plastic filaments layer by layer to build up
the desired structure [26]. In dentistry, FDM
is often used to create preliminary models,
surgical guides, and other non-critical den-
tal parts where high resolution is not essen-
tial [27]. Some thermoplastic materials used
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in FDM, such as PLA (polylactic acid) and
ABS (acrylonitrile butadiene styrene), can
be biocompatible, though their mechanical
properties and aesthetics may limit their use
in long-term intraoral applications [12, 28].
FDM’s cost-effectiveness makes it accessible
to smaller practices for prototyping and train-
ing purposes, despite its lower resolution [29].

SLS Technology

SLS uses a laser to sinter powdered materials,
such as nylon or metal, layer by layer, to form
a solid structure [30]. This technology allows
for the production of robust, durable compo-
nents, making SLS an excellent choice for

3D Printing Technologies
based on Material type
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applications that require mechanical strength,
such as partial denture frameworks or metal
substructures for crowns and bridges [31].
Unlike SLA, SLS does not require support
structures during printing, allowing for more
complex geometries and reduced material
wastage [30]. While SLS offers significant du-
rability, it typically requires more expensive
equipment, which may limit its use to larger
dental laboratories or specialized practices
[32, 33]. Also, SLS is limited to processing
certain polymers and metals, with limited ca-
pability to process ceramics and composites
effectively. This restricts material choices for
dental applications, where ceramics are often
desired for aesthetic and biocompatible prop-

3D Printing Technology in Dentistry

erties [34].

Material Considerations

Table-2 provides a comparison of materials
used in 3D-printed prosthetics, highlight-
ing key attributes such as biocompatibility,
strength, and specific application areas. Bio-
compatible resins and metal powders have
emerged as primary materials in 3D printing,
meeting the high standards for durability,
aesthetics, and patient safety in oral appli-
cations [35]. Photopolymer resins, used in
SLA, offer high-resolution capabilities and
are ideal for producing crowns and bridges
with intricate details and a natural appearance
[36]. In contrast, metal powders, used in SLS

Table 1. Comparison of 3D Printing Technologies for Customizing Dental Prosthetics and Orthodontic

Appliances

Technology Liquid-based (SLA) Solid-based (FDM) P"Wde‘;'sbl’;‘;‘;d
Print Resolution 30-150 200-400 200
(jum)
Layer Thickness 25-100 178 or 254 30-100
(pm)

. Powder (Co-Cr,
Material Photopolymer resin Thermoplastic filament titanium, PEEK,

Flexural Modulus

(MPa) 1456 - 1654
Flexural Strength
(MPa) 19-135
Tensile
Modulus (MPa) 18-901
Tensile
Strength (MPa) 1-60
Elongation (%) 0.06 - 11
Cost Low to medium
-High resolution
Advantages -Smooth finish
-Precise fit
c . - Needs post-processing
Limitations - Limited biocompatibility
- Crowns, bridges, and inlays
- Orthodontic models and
Applications molds

(PLA, ABS, TPU, ASA)

polyamides)
1750 - 3185 345 -551
83-102 19-86
1000 - 1538 40-1700
31-71 1-62
4-5 2-122
Low Very high
-Affordable access -High strength
. -Complex
-Broad materials geometries
-Ideal for prototyping “No supports needed
-Low resolution ;:Exferlrl;l;f
-Limited aesthetics qg P
-High cost
-Educational use
- Surgical guides -Denture
frameworks

- Preliminary models

o -Metal substructures
- Non-critical dental parts 4 ur

- Clear aligners and retainers
- Orthodontic devices

um: micrometer equal to 0.001 mm, MPa: Megapascal
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and selective laser melting (SLM), provide
strength and durability, making them suit-
able for dental implants and partial denture
frameworks that need to withstand significant
functional stresses [36, 37]. Advances in hy-
brid materials, such as reinforced polymers
and composite resins, are also contributing to
the enhanced durability and esthetic appeal
of 3D-printed prosthetics, addressing patient
demand for both functionality and appearance
[36, 38].

Applications in Dental Prosthetics

The application of 3D printing in dental pros-
thetics has revolutionized the production of
custom crowns, bridges, dentures, and im-
plants, allowing for levels of personalization
and precision previously unattainable with
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traditional manufacturing methods [33]. Fig-
ure-2 illustrates a comprehensive workflow
for producing custom 3D-printed orthodontic
devices and dental prosthetics.

This technology enables the rapid and accu-
rate creation of patient-specific prosthetics,
enhancing both functional outcomes and pa-
tient satisfaction [39]. By using digital im-
pressions and computer-aided design (CAD)
software (Rome, Italy) , dental professionals
can now design and produce prosthetics that
closely match the unique anatomical features
of each patient, leading to superior fit and
comfort [1].

One of the primary benefits of 3D printing
in dental prosthetics is its ability to deliver
highly customized devices [40]. The process
begins with digital scanning of the patient’s
oral structures, allowing for exact digital rep-

Table 2. Materials for 3D-printed Dental Prosthetics and Orthodontic Appliances

Category Material Type Biocompatibility Strength Durability  Typical Use
Surgical
BioMed Amber Resin High, syltable for High High guldes,
surgical use implant
placements
Customized
k3 . . lingual
:“;’ Cobalt-Chrome Alloy High, well-suited for Very high Very high orthodontic
= permanent use .
Z appliances,
> prosthetics
Dentures,
. temporary
PolyJet Resins (e.g., . Moderate to
VeroWhite/VeroClear) Moderate to high Moderate high crowns,
and trial
prostheses
Aligners,
Dental LT Clear Resin ngh’ suitable for Moderate Moderate retamer.s,
intraoral use and surgical
guides
Specifically . Clear
3 . aligners for
= Tera Harz TC-85 marketed for Moderate High .
= . orthodontic
S aligners
2 treatments
g High, tested in Clear
) Polyurethane cytotoxicity and Moderate Moderate aligners,
hemolysis splints
Clear
PET-G (Polyethylene Moderate aligners and
Terephthalate Glycol) biocompatibility Moderate Moderate orthodontic
models
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licas of crowns, bridges, and dentures to be
designed based on the patient’s specific dental
morphology [41]. This approach reduces the
margin for error inherent in manual impres-
sion-taking and model-casting processes [42].
Consequently, prosthetics created through
3D printing often exhibit greater precision
and adaptability, which not only improves
function but also reduces the number of ad-
justments required during fitting, ultimately
streamlining the overall treatment process
[33]. Clinical studies further validate the im-
pact of 3D printing on dental prosthetics. For

3D Printing Technology in Dentistry

instance, a recent study on 3D-printed crowns
demonstrated that patient-specific crowns cre-
ated with 3D printing achieved better fit and
retention compared to conventional methods,
reducing the likelihood of future adjustments
and repairs [43].

Chen et al, [44] demonstrated that 3D-printed
designs could reduce peak contact pressure on
oral tissues by 70%, significantly improving
patient comfort and reducing the risk of mu-
cosal lesions and pressure-induced sores and
improving uniformity by 63%, potentially re-
ducing long-term residual ridge resorption.

Intraoral Scanning
Additional Imaging (X-rays, CBCT)
Digital Impression Review

Patient Data
Collection

Digital Modeling and
Device Design

3D Model Processing

Orthodontic Device Design
Functional Simulation and Validation
Adjustment and Approval

File Conversion and Slicing

Material Selection

3D Printing
Preparation

* Biocompatible Resins for aligners and removable
devices.
* Ceramic or Polymer-Based Materials for crowns

v

3D Printing Process

or fixed appliances.

Printer Setup

Printing Stage

= SLA (Stereolithography) for high-detail resin models with smooth
finishes.

+ DLP (Digital Light Processing), which provides rapid,
high-resolution prints ideal for dental devices.

= SLS (Selective Laser Sintering) for durable polymer-based
models, suitable for more complex devices requiring robustness.

Post-Processing Steps
= Cleaning: Removing residual resin or powder, typically

through an ultrasonic cleaning or a solvent bath.
Curing: If using resin, the model is placed under UV light to
harden fully and stabilize.
Support Removal: Any temporary support structures used
during printing are carefully removed without damaging the
device.

Surface Polishing and Finishing

Finishing and Quality
Control

Dimensional Verification
Fit and Function Testing

Customization and
Final Adjustments

Delivery and Patient
Instructions

dditional Customization (if needed)

A
’ Final Adjustments
‘ Patient Fitting

Usage and Care Instructions

|

Follow-Up and Iterative Adjustments (if required)

Figure 2. Workflow Of 3D-printed orthodontic devices and dental prosthetics
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Another study examined the effectiveness of
3D-printed denture bases and found that they
provided improved adaptation to the soft tis-
sues in the mouth, resulting in enhanced pa-
tient comfort reduced incidence of pain, and
improved esthetics and function [45].

These applications illustrate the transforma-
tive potential of 3D printing in dental pros-
thetics. By offering a customizable, efficient,
and patient-centered approach, 3D printing is
setting new standards in prosthetic dentistry,
delivering improved outcomes that benefit
both clinicians and patients [42].

Applications in Orthodontic Appliances

The use of 3D printing in orthodontics has
expanded significantly, particularly in the
production of clear aligners, retainers, and
other custom devices that facilitate precise
and patient-specific treatments [46]. Figure-1
shows the workflow for producing custom
3D-printed clear aligners, which have become
a popular alternative to traditional braces, and
are one of the most notable advancements in
3D-printed orthodontics [47]. By leveraging
digital designs, 3D printing enables the pro-
duction of aligners that are tailored to the spe-
cific dental structure of each patient, ensuring
optimal fit and comfort [48]. The customi-
zation process allows orthodontists to create
a series of aligners that progressively guide
teeth into alignment according to a carefully
mapped treatment plan [49]. Also, 3D printing
is used to manufacture retainers and other cus-
tom orthodontic appliances, offering patients
comfortable, well-fitted devices that enhance
both the effectiveness and convenience of or-
thodontic treatment [50].

The integration of digital scanning and 3D
printing has also contributed to a more seam-
less workflow in orthodontic treatment [51].
Using intraoral scanners, clinicians can cap-
ture detailed, 3D images of a patient’s teeth
and gums [52]. These scans are then used to
create digital models, which serve as the ba-
sis for designing aligners or retainers [53].
Once the design is finalized, it is sent directly
to a 3D printer for fabrication. This stream-
lined workflow reduces reliance on physical
impressions, which can be uncomfortable for
patients and prone to error [23, 54]. By en-
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hancing the accuracy and efficiency of treat-
ment planning, digital workflows improve the
overall quality of orthodontic care and reduce
the time patients spend waiting for appliances
[55].

Through advancements in customization, pre-
cision, and digital integration, 3D printing is
transforming orthodontic care [49]. This shift
towards a digital, patient-centered approach
underscores the value of 3D printing in mod-
ern orthodontics, positioning it as a core tech-
nology in the future of dental care [48].

Clinical Impact and Benefits

The integration of 3D printing into dental
practices has demonstrated substantial clini-
cal benefits in the field of prosthetics and or-
thodontics [8]. By providing tools for highly
personalized and precise dental solutions, 3D
printing has helped redefine both the patient
experience and the operational landscape for
dental clinics [56].

Accuracy

The accuracy of 3D-printed prosthetics and
orthodontic appliances is a critical factor in
their clinical effectiveness. This method can
achieve a high level of precision, contributing
to more predictable treatment outcomes [9].
Also, Several reports show that high-resolu-
tion 3D printers can produce dental models
with dimensional deviations within clinically
acceptable limits, allowing for precise fitting
of prosthetic components and orthodontic
devices [9, 23, 57]. For instance, 3D-printed
models for fixed dental prostheses, despite
slight deviations from conventional stone
casts, still meet the accuracy required for clin-
ical use [58]. Similarly, studies on orthodon-
tic retainers printed from digital impressions
confirm high reproducibility and reliability in
fit, which is comparable to traditional thermo-
formed retainers[9, 10]. Although some varia-
tions in trueness and precision exist depending
on the printer type and settings, 3D printing
generally provides the accuracy needed for
both prosthetic and orthodontic applications
in dentistry [59].

Patient Satisfaction
Research highlights the benefits of 3D print-
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ing in improving patient comfort, customi-
zation, and satisfaction for dental prosthetics
and orthodontic appliances [60]. Some studies
demonstrate that 3D-printed dental applianc-
es allow for a high degree of personalization,
leading to improved fit and function while re-
ducing the number of adjustments needed [33,
47]. This precision not only shortens treatment
time but also enhances overall patient satis-
faction and reduces the discomfort associated
with traditional manufacturing processes [45,
61]. Moreover, 3D printing’s efficient work-
flow can reduce the number of office visits
and speed up the time needed for fabrication,
which is reflected in patient reports of faster
treatment initiation and high satisfaction lev-
els [35].

In contrast, some researchers reported, that
patient satisfaction with traditional dentures
was higher in areas such as speech, ease of
cleaning, stability, comfort, and overall con-
tentment. Meanwhile, digital dentures pro-
duced via 3D printing show similar practical-
ity and effectiveness to conventional options,
with 20% of patients favoring them for daily
use [62].

Cost Savings

A key benefit of 3D printing in orthodontics
lies in its precision and cost-effectiveness
[63]. Unlike traditional methods, which in-
volve labor-intensive steps such as casting
molds and adjusting wire-based components,
3D printing allows for the direct production
of aligners and retainers from digital models
[64]. A study found that using 3D printing to
produce digital dentures at a university den-
tal clinic resulted in 18% cost reductions, as
fewer appointments and material use were
required compared to conventional laborato-
ry-fabricated dentures [65].

Time Reduction

This digital-to-physical process not only im-
proves the accuracy of fit but also significant-
ly reduces production time [66]. The faster
production timelines made possible by 3D
printing not only improve the clinic’s opera-
tional efficiency but also allow for a more re-
sponsive approach to patient care, enhancing
the clinic's capacity to manage higher patient
volumes with minimal delays [67]. Ballard et

3D Printing Technology in Dentistry

al.,[68] demonstrated using 3D-printed surgi-
cal guides for dental implant placement and
maxillofacial surgeries reduces procedural
time significantly. This includes a reduction
of approximately 23 minutes per procedure,
translating to substantial time and cost effi-
ciency.

In the realm of educational implications, 3D
printing is transforming dental education and
training, offering students and practitioners
hands-on experience with digital design and
additive manufacturing [6]. Traditional den-
tal education often relies on physical models
and manual techniques, which can be limited
in scope and scalability [69]. With 3D print-
ing, students can gain practical experience in
creating digital models and printing custom
prosthetics and orthodontic appliances, equip-
ping them with skills that align with current
technological advancements in dental practice
[42].

Moreover, 3D printing allows for the produc-
tion of realistic anatomical models for prac-
tice, enabling students to develop procedural
skills in a controlled, hands-on environment
without the need for live patients [35]. This
capability not only improves educational out-
comes but also enhances the ability of dental
schools to simulate complex cases, helping
to prepare future practitioners for real-world
clinical challenges [4].

Environmental Benefit

One of the primary environmental benefits
of 3D printing in dentistry is material effi-
ciency [70]. Traditional manufacturing of
dental prosthetics often involves subtractive
methods, where materials are cut or shaped
from larger blocks, resulting in a significant
amount of wasted material [71]. Milling a
dental crown from a ceramic block or creating
aligners from multiple molds can lead to ex-
cess waste, much of which is non-recyclable
[72]. In contrast, 3D printing builds objects
layer by layer, using only the exact amount
of material needed for each device [73]. This
process not only conserves materials but also
minimizes waste, reducing the environmental
impact of manufacturing dental devices [74].

3D printing also offers energy efficiency ad-
vantages, particularly when compared to con-
ventional manufacturing, which often requires
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multiple machines, molds, and energy-inten-
sive processes [75]. 3D printing, however,
consolidates these steps into a single process,
significantly lowering the overall energy con-
sumption [47]. By using digital workflows,
dental professionals can produce devices with
fewer machine operations, reducing the car-
bon footprint associated with energy use in
production facilities and laboratories [76].
Another aspect of 3D printing's environmen-
tal sustainability in dentistry is the potential
for recyclable and biodegradable materials
[77]. Advances in 3D printing materials have
led to the development of recyclable resins
and biodegradable polymers, which could fur-
ther reduce the environmental impact of den-
tal manufacturing [78]. Ongoing research into
biodegradable polymers may allow dental
devices to break down more naturally at the
end of their lifecycle, offering an eco-friendly
alternative to traditional materials that remain
in landfills [79].

While 3D printing presents promising en-
vironmental advantages, it is not without
challenges. Post-processing requirements for
3D-printed devices can involve cleaning, cur-
ing, and finishing steps that may use addition-
al chemicals and generate waste [70]. Sup-
ports and excess resin used in SLA printing
need to be removed and properly disposed of,
which can diminish the overall sustainability
of the process [78]. Also, certain materials, es-
pecially high-strength resins and metal pow-
ders, may not yet be fully recyclable, limiting
the environmental benefits of 3D printing in
some applications [73]. Overall, by adopting
3D printing, dental practices can contribute
to a more sustainable healthcare sector, align-
ing with the broader global movement toward
eco-friendly practices in medicine and be-
yond.

Challenges and Limitations

Despite its numerous advantages, the appli-
cation of 3D printing in dentistry also faces
several challenges and limitations. These is-
sues, which range from material and regula-
tory constraints to technical limitations and
adoption barriers, highlight the complexities
of integrating this technology into clinical
practice [80].
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Material constraints remain one of the most
significant challenges in 3D-printed dental
devices. Dental applications require materials
that are not only durable but also biocompati-
ble and aesthetically suitable, particularly for
devices [81]. While advances in 3D printing
materials, such as photopolymer resins and
metal powders, have expanded options for
dental use, limitations still exist in terms of
strength, color stability, and long-term dura-
bility [73]. For example, some biocompatible
resins used in SLA printing may lack the nec-
essary resilience for high-stress applications
or may degrade over time in the oral environ-
ment [82]. Additionally, achieving a natural
appearance that matches the patient’s existing
dentition remains a challenge for some 3D
printing materials, which may affect patient
satisfaction and limit the applicability of 3D
printing for highly visible dental prosthetics
[83].

Regulatory challenges are another critical bar-
rier to the widespread adoption of 3D-printed
dental devices [84]. Given the direct contact
these devices have with oral tissues, strin-
gent standards are essential to ensure safe-
ty, biocompatibility, and effectiveness [85].
Regulatory agencies such as the U.S. Food
and Drug Administration (FDA), the Euro-
pean Medicines Agency (EMA), and national
health authorities in various countries require
3D-printed dental devices to meet rigorous
criteria before they can be used in clinical set-
tings [56]. However, because 3D printing is
an emerging technology with rapidly evolv-
ing applications, regulatory pathways often
lag behind technological advances, creating
a complex landscape for manufacturers and
dental practices [4].

One of the primary regulatory challenges is
the classification of 3D-printed dental devices
due to their unique manufacturing process and
patient-specific designs. According to Ricles
et al. [84], the FDA must evaluate these de-
vices within specific material and safety stan-
dards, especially since dental devices often
use biocompatible polymers that require rig-
orous testing for intraoral use and durability
[84].

The regulatory pathway, typically the 510(k)
premarket notification, demands that these
devices be proven as safe and effective as ex-
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isting legally marketed counterparts; howev-
er, finding comparable predicates for highly
customized, patient-specific designs can be
complex. Additional challenges include main-
taining quality and consistency across varying
anatomical designs to ensure these custom de-
vices function as intended [86]. Furthermore,
robust post-market surveillance, including
adverse event tracking, is necessary to mon-
itor any issues related to design or material
failures over time. These challenges highlight
the FDA’s need for adapted regulatory frame-
works to address the intricacies of additive
manufacturing in the dental field [87]. Also,
The European Union has rigorous standards
for 3D-printed dental devices under the Med-
ical Device Regulation (MDR), which neces-
sitate clinical evidence demonstrating safety
and performance [88].

Furthermore, there are several technical lim-
itations, 3D printing technology faces chal-
lenges related to printer resolution, print
times, and post-processing requirements [61].
While many 3D printing technologies, such as
SLA and DLP, offer high resolution suitable
for dental applications, limitations still exist
in achieving the fine detail and smoothness re-
quired for certain intricate structures [89]. Ad-
ditionally, the time required for printing and
post-processing can be substantial, particular-
ly for larger or more complex models [56].
Adoption barriers also play a significant role
in determining the extent to which 3D printing
can be integrated into dental practices, partic-
ularly for small or low-resource clinics [56].
Smaller practices may struggle to justify or af-
ford the upfront expenses associated with 3D
printing, leading to disparities in the quality of
dental care available to different patient pop-
ulations [4].

Future Perspectives and Emerging Trends

As 3D printing technology continues to
evolve, several emerging trends and advance-
ments are expected to further enhance its
application in dentistry [2]. Innovations in
materials, integration with artificial intelli-
gence (Al), patient-centered personalization,
and sustainability efforts are all anticipated to
shape the future of 3D-printed dental devices,
providing improved outcomes and greater ac-

3D Printing Technology in Dentistry

cessibility [81].

Material advancements represent one of the
most promising areas of progress in 3D print-
ing for dentistry [90]. The development of
new biocompatible materials with enhanced
durability, aesthetics, and functional perfor-
mance has the potential to address some of
the current limitations in dental applications
[91]. Future materials may include hybrid
resins and composite polymers that combine
strength with a natural appearance, suitable
for high-stress applications such as crowns
and bridges [67]. Moreover, bioactive mate-
rials that can promote tissue integration or re-
duce bacterial adherence are being explored
to support long-term oral health and device
longevity [1]. Innovations in metal powders
for SLS could also yield stronger, lighter, and
more corrosion-resistant options for dental
implants, enabling greater functional durabili-
ty and patient satisfaction [92].

The integration of Al with 3D printing is an-
other emerging trend that holds significant
potential for optimizing the design and pro-
duction of dental devices [81]. Al can be used
to analyze patient-specific data, such as digital
scans and radiographic images, to create high-
ly accurate and optimized models for pros-
thetics and orthodontic appliances [67]. By
automating the design process, Al can reduce
human error, enhance precision, and enable
faster and more cost-effective production of
3D-printed devices [90]. Furthermore, ma-
chine learning algorithms can analyze patterns
across large datasets of patient outcomes, en-
abling continuous improvement in the design
of dental devices [81].

Personalized medicine is increasingly becom-
ing a focal point in healthcare, and 3D printing
is at the forefront of advancing patient-cen-
tered, personalized dental care [6]. Through
digital imaging and customization capabil-
ities, 3D printing allows dental practitioners
to design devices tailored to the individual
anatomy and functional requirements of each
patient [2]. This degree of customization not
only improves the comfort and fit of pros-
thetics and orthodontic appliances but also
aligns with the broader shift toward person-
alized treatment strategies in dentistry [91].
3D printing can also facilitate the production
of devices that address specific patient needs,
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such as pediatric prosthetics, age-related
dental issues, or devices for individuals with
complex medical histories [67].

Finally, the environmental impact of 3D print-
ing in dentistry is an area of growing impor-
tance, especially as sustainability becomes a
priority across industries [7]. Many 3D print-
ers are now compatible with eco-friendly, re-
cyclable, or biodegradable materials, further
supporting environmentally conscious prac-
tices [70]. Future developments in material
recycling within 3D printing processes could
enable dental practices to minimize their envi-
ronmental footprint, promoting waste reduc-
tion and sustainable resource use [71].

Conclusion

3D printing has emerged as a transformative
technology in the field of dentistry, offering
remarkable benefits in the customization and
efficiency of dental prosthetics and orthodon-
tic appliances. Through its ability to create
highly individualized devices tailored to pa-
tient-specific anatomy, 3D printing enhances
the precision, fit, and comfort of dental pros-
thetics such as crowns, bridges, and dentures,
as well as orthodontic devices like aligners
and retainers. By reducing the reliance on tra-
ditional manufacturing methods, which are
often labor-intensive and time-consuming, 3D
printing enables faster production and lower

Abedi Diznab F, et al.

operational costs for dental practices. This
shift towards digital and additive manufactur-
ing provides not only improved patient out-
comes but also a more streamlined workflow
for clinicians, ultimately fostering greater ac-
cessibility and responsiveness in dental care.
The implications of 3D printing in dentistry
extend beyond immediate clinical applica-
tions. As technology and materials continue
to advance, dental practices are likely to see
increased integration of digital workflows
and personalized care, making sophisticated
treatments more available to a wider range of
patients. Future research will play a critical
role in overcoming existing limitations, such
as material constraints and regulatory chal-
lenges, to further expand the capabilities of
3D printing in the dental sector. Continued in-
novation in biocompatible materials, Al-driv-
en design optimization, and environmentally
sustainable practices will shape the next gen-
eration of dental solutions, offering prom-
ising avenues for both clinical enhancement
and cost-effectiveness. As such, 3D printing
stands poised to redefine modern dentistry,
providing a foundation for more effective,
patient-centered, and accessible dental care in
the years to come.
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