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S Abstract: 3D printing, or additive manufacturing, has revolutionized modern
Rec‘:{:;;‘f;f;g".%z 6 dentistry by enabling precise, customizable, and rapid fabrication of dental
Accepted: 29.04.2026 devices and anatomical models. Its applications span prosthodontics,
Published: 25.05.2026 orthodontics, oral and maxillofacial surgery, endodontics, and regenerative
dentistry, facilitating the production of crowns, dentures, aligners, surgical
guides, and tissue scaffolds with high accuracy. Despite these advancements,
challenges such as material limitations, cost constraints, regulatory hurdles, and
Quick Response Code the need for specialized training continue to restrict its widespread adoption.

E E Looking forward, innovations in biocompatible materials, multi-material
printing, and integration with digital dentistry tools, including CAD/CAM
systems and artificial intelligence are expected to enhance personalized dental
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- care and expand regenerative and chairside applications. This review
E:l:;l comprehensively examines the current clinical applications, limitations, and
future perspectives of 3D printing in dentistry, highlighting its transformative

potential in improving patient outcomes and shaping the future of dental practice.
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1. INTRODUCTION

Three-dimensional (3D) printing, also known as
additive manufacturing, is a transformative fabrication
technology in which objects are constructed layer by
layer directly from digital designs. Unlike traditional
subtractive manufacturing, 3D printing minimizes
material waste, supports complex geometries, and
enables highly customized solutions tailored to
individual patient needs. Initially developed in the mid-
1980s with early techniques such as stereolithography
(SLA) and fused deposition modeling (FDM), 3D
printing began as an industrial prototyping tool but has
since evolved into a versatile technology with broad
applications across healthcare [1].

In medicine, 3D printing has been applied to
produce patient-specific implants, anatomical models for

surgical planning, and educational tools, enhancing
precision and improving patient outcomes. Its integration
into dentistry has been accelerated by advances in digital
imaging, including intraoral scanning and cone-beam
computed tomography (CBCT), coupled with computer-
aided design and manufacturing (CAD/CAM)
workflows. This combination allows for the fabrication
of functional prostheses, surgical guides, orthodontic
appliances, and even tissue scaffolds customized to
individual anatomy, representing a paradigm shift in
dental practice [1, 2].

The significance of 3D printing in modern
dentistry lies in its ability to improve precision, reduce
turnaround time, and streamline workflows. Dental
practitioners can fabricate crowns, bridges, dentures,
implant components, and orthodontic devices with
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enhanced fit and efficiency. Additionally, additive
manufacturing supports predictable surgical outcomes
through accurate guides and models, improves patient
satisfaction, and enables emerging research in
regenerative dentistry and tissue engineering [3].

This review aims to provide a comprehensive
overview of 3D printing in dentistry, highlighting current
clinical applications across various specialties,
examining the technological and clinical constraints, and
discussing future perspectives, including advancements
in bioprinting and integration with artificial intelligence
and digital workflows, that are shaping the next
generation of personalized dental care.

2. Overview of 3D Printing Technologies

3D printing, also known as additive
manufacturing, involves the fabrication of objects layer
by layer from digital models. In dentistry, this
technology has enabled the precise production of crowns,
bridges, surgical guides, orthodontic appliances, and
even tissue scaffolds. The selection of the appropriate 3D
printing technique and material is critical to achieving
the required mechanical properties, biocompatibility,
and accuracy for clinical applications.

2.1 Types of 3D Printing Techniques

Several 3D printing technologies are currently
applied in dental practice. Each method has its own
working principle, material compatibility, accuracy, and
limitations [4-8]. (Table 1)

Table 1: Techniques of 3D Printing

Technique Working Materials Advantages Limitations
Principle Used
Stereolithography Uses a UV laser to Photopolymer | High accuracy and smooth | Resin brittleness;
(SLA) selectively cure a resins surface finish; excellent post-curing
liquid photopolymer for detailed dental models required; relatively
resin layer by layer and surgical guides slower for large
objects
Digital Light Cures a photopolymer | Photopolymer | Faster than SLA; high Limited build
Processing (DLP) resin using a digital resins resolution; cost-effective volume; similar
projector to expose for small to medium resin limitations as
entire layers production SLA
simultaneously
Fused Deposition Extrudes PLA, ABS, Low cost; easy to operate; Lower resolution;
Modeling (FDM) thermoplastic PEEK suitable for prototypes and | surface finish often
filaments through a educational models rough; not ideal for
heated nozzle layer by precise dental
layer appliances
Selective Laser Uses a laser to sinter Metals Can produce strong, High equipment
Sintering (SLS) / or melt powdered (titanium, functional, and complex cost; rough surface
Selective Laser material layer by cobalt- parts; good for metal finish; post
Melting (SLM) layer chromium), frameworks and implants processing
ceramics, needed
polymers

SLA and DLP are widely preferred for dental
applications requiring high accuracy, such as crowns,
surgical guides, and aligners. FDM is mostly used for
educational models and prototypes, while SLS/SLM is
suited for metal frameworks and implant components
due to its ability to create mechanically robust structures.
From a clinical standpoint, resin-based technologies such
as SLA and DLP are generally preferred for high-
accuracy dental models, splints, and surgical guides,
whereas metal-printing systems are more relevant for
frameworks and implant-related components.

2.2 Materials Used in Dental 3D Printing

The choice of material is critical to match
clinical requirements, including biocompatibility,
mechanical strength, and aesthetic properties. Common
materials used in dental 3D printing include: [9, 10].

1. Resin-Based Materials:
o Used in SLA and DLP printing
o Biocompatible photopolymer resins for surgical
guides, splints, and temporary restorations
o Can be modified for hardness, flexibility, or
translucency

2. Metals:
o Titanium and cobalt-chromium alloys are used
for implant frameworks, crowns, and bridges
o SLS/SLM printing produces strong, durable,
and corrosion-resistant components
o Requires post-processing like polishing or
sintering

3. Ceramics and Biocompatible Composites:
o  Zirconia, alumina, and composite resins
o Used for aesthetic restorations and
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biocompatible prostheses
o  Often require sintering or curing after printing

4. Bioprinting Materials:

o Hydrogels, bioinks, and cell-laden scaffolds for
tissue engineering

o Emerging applications include periodontal
tissue regeneration and pulp-dentin complex
reconstruction

o Currently mostly in research and experimental
stages

Material selection should be indication-
specific, as the mechanical, biological, and esthetic
requirements differ significantly between surgical
guides, provisional restorations, definitive prostheses,
and regenerative applications.

3. Clinical Applications of 3D Printing in Dentistry

The integration of 3D printing into dentistry has
significantly transformed clinical workflows by enabling
precise, patient-specific solutions across multiple
specialties. Its ability to convert digital data into physical
objects has enhanced diagnosis, treatment planning, and
execution, leading to improved clinical outcomes and
patient satisfaction.

3.1 Prosthodontics
3.1.1 Fabrication of Crowns, Bridges, and Dentures
3D printing has revolutionized prosthodontics
by enabling the rapid fabrication of crowns, bridges, and
complete or partial dentures with high precision. Using
digital impressions obtained through intraoral scanners,
dental restorations can be designed using CAD software
and fabricated through additive manufacturing
techniques such as stereolithography (SLA) or digital
light processing (DLP) [11].

This approach minimizes human error
associated with conventional casting and waxing
techniques while improving marginal fit and surface
quality. Additionally, 3D printing reduces turnaround
time and allows for efficient reproduction of prostheses,
particularly beneficial in high-volume clinical settings.
Temporary restorations are especially well-suited for 3D
printing due to the availability of biocompatible resins
[11]. In prosthodontics, 3D printing has shown particular
value in provisional restorations, denture workflows, and
guide or model fabrication, while continued material and
workflow developments are expanding its potential in
definitive restorations.

3.1.2 Customized Implants and Abutments

Additive manufacturing enables the production
of patient-specific implants and abutments tailored to
individual anatomical structures. Technologies such as
selective laser melting (SLM) are used to fabricate
titanium implants with complex geometries that enhance
osseointegration. Customized abutments improve
prosthetic alignment, aesthetics, and load distribution,

thereby increasing the longevity and success rate of
implant-supported  restorations.  This level of
personalization is difficult to achieve with traditional
manufacturing methods [12].

3.2 Orthodontics
3.2.1 Clear Aligners and Braces

One of the most widespread applications of 3D
printing in dentistry is in orthodontics, particularly in the
fabrication of clear aligners. Digital impressions and
treatment planning software are used to create a series of
staged tooth movements, and 3D-printed models serve as
molds for thermoforming aligners. This technology
allows for precise, predictable tooth movement and
enhances patient comfort due to the aesthetic and
removable nature of aligners.

Additionally, customized brackets and indirect
bonding trays can also be fabricated, improving
placement accuracy and reducing chairside time [13, 14].

3.2.2 Surgical Guides for Precise Tooth Movement

3D-printed orthodontic guides are used to assist
in procedures such as mini-implant placement and
complex tooth repositioning. These guides ensure
accurate angulation and positioning, minimizing the risk
of damage to adjacent anatomical structures and
improving treatment outcomes [15].

3.3 Oral and Maxillofacial Surgery
3.3.1 Surgical Guides for Implant Placement

3D printing plays a crucial role in implant
dentistry by producing highly accurate surgical guides
based CBCT data. These guides assist clinicians in
placing implants at the correct depth, angle, and position,
thereby improving surgical precision and reducing
operative time. Guided implant surgery enhances safety
by minimizing the risk of nerve injury and ensures
prosthetically driven implant placement [16].

3.3.2 Patient-Specific Anatomical Models

Patient-specific 3D-printed models derived
from radiographic imaging allow surgeons to visualize
complex anatomical structures before performing
procedures. These models are particularly useful in cases
involving craniofacial deformities, tumors, or trauma.
They facilitate preoperative planning, improve
communication with patients, and enable simulation of
surgical procedures, ultimately increasing surgical
accuracy and confidence [17].

3.3.3 Bone Grafts and Tissue Scaffolds

3D printing enables the fabrication of
customized bone grafts and scaffolds designed to match
defect morphology. These scaffolds support cell
attachment, proliferation, and differentiation, promoting
bone regeneration. Advanced biomaterials and
bioprinting approaches are being explored to enhance
vascularization and integration, although these
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applications are still largely in the experimental stage
[18].

3.4 Endodontics
3.4.1 3D-Printed Guides for Root Canal Therapy

In endodontics, 3D-printed guides are used to
assist in access cavity preparation, especially in cases
with calcified canals or complex root anatomy. These
guides are designed based on CBCT data and ensure
precise navigation to the root canal system, reducing the
risk of perforation and excessive tooth structure removal.
Guided endodontics improves treatment accuracy and
efficiency, particularly in challenging clinical scenarios
[19].

3.4.2 Customized Posts and Cores

3D printing allows for the fabrication of
customized posts and cores that conform precisely to the
internal anatomy of the root canal. This improves
retention, stress distribution, and overall structural
integrity of the restored tooth. Compared to prefabricated
posts, customized solutions provide better adaptation and
reduce the likelihood of root fractures [20].

3.5 Periodontics and Regenerative Dentistry
3.5.1 Scaffolds for Tissue Regeneration

One of the most promising applications of 3D
printing is in regenerative dentistry. Biodegradable
scaffolds can be fabricated with controlled architecture
to support the regeneration of periodontal tissues,
including bone, cementum, and periodontal ligament.
These scaffolds can be combined with growth factors and
stem cells to enhance regenerative outcomes, offering
potential solutions for periodontal defects and tissue loss
[21].

3.5.2 Personalized Periodontal Devices
3D printing enables the fabrication of patient-
specific periodontal devices, such as customized trays for

drug delivery and surgical templates for guided tissue
regeneration. These devices improve treatment precision
and ensure optimal adaptation to individual anatomical
variations, enhancing therapeutic effectiveness [22].

3.6 Educational and Training Applications
3.6.1 Anatomical Models for Dental Students
3D-printed anatomical models are widely used
in dental education to provide hands-on learning
experiences. These models replicate patient-specific
anatomy and pathological conditions, allowing students
to practice procedures in a controlled environment. They
serve as effective alternatives to cadaveric specimens
and improve understanding of complex structures [23].

3.6.2 Simulation of Complex Procedures

Simulation-based training using 3D-printed
models enables clinicians to rehearse complex
procedures before performing them on patients. This is
particularly valuable in implantology, endodontics, and
maxillofacial surgery. Such simulations enhance clinical
skills, reduce procedural errors, and improve overall
treatment outcomes, contributing to safer and more
efficient dental practice. In pediatric dentistry,
procedures such as local anesthesia administration and
vital pulp therapy require precision that is difficult to
achieve with traditional phantom or extracted teeth
alone. Aktas et al., developed 3D-printed models based
on patient-derived CBCT data, accurately replicating
primary molar anatomy, pulp chambers, and surrounding
tissues. Dental students reported that the models
improved their understanding of anatomical structures,
injection techniques, and pulp therapy procedures, while
also being more engaging and accessible than
conventional training tools. These findings highlight the
potential of 3D-printed educational models to bridge the
gap between theoretical knowledge and clinical practice,
improving training outcomes and preparing students for
real patient care [24]. (Figure 1).

Prosthodontics

* Crowns, Bridges & Dentures

* Customized Implants & Abutments

SN

Oral & Maxillofacial Surgery
.

* Implant Surgical Guides

* Anatomical Models
Bone Grafts & Scaffolds @
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« Tissue Scaffolds

* Personalized Periodontal Devices @

Orthodontics

* Clear Aligners & Braces @
* Surgical Guides for
/ Tooth Movement
Endodontics
————— * Guides for Root Canal Therapy
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Figure 1: Clinical Applications of 3d Printing in Dentistry
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4. Advantages and limitations of 3D printing in
Dentistry

3D printing in dentistry offers significant
advantages, including enhanced precision, customization
of restorations, reduced treatment time, and improved
patient outcomes. The clinical accuracy of 3D printing is
influenced not only by the printing process itself, but also

Table 2

by the overall digital workflow, including image
acquisition, software design, and post-processing
procedures. However, its widespread adoption is limited
by factors such as material constraints, equipment costs,
post-processing requirements, and the need for
specialized training, highlighting the balance between
technological benefits and practical challenges [24 -27].

Advantages

Challenges

Enhanced precision and customization-Enables
fabrication of patient-specific restorations, surgical guides,
and appliances with high accuracy and reproducibility.

Material limitations and mechanical properties-
Limited availability of materials that fully replicate the
strength, durability, and esthetics of natural dental
tissues.

Reduced treatment time and laboratory steps-
Streamlines digital workflows by minimizing manual
procedures, allowing faster production and in some cases
same-day (chairside) solutions.

Accuracy and resolution issues-Variability in printer
resolution and technique sensitivity may affect
marginal fit and surface quality of restorations.

Cost-effectiveness in the long term - Although initial costs
are high, reduced labor, material waste, and outsourcing
expenses can lower overall costs over time.

Post-processing requirements-Additional steps such
as cleaning, curing, sintering, and polishing are often
required, increasing time and complexity.

prostheses, fewer appointments, and enhanced treatment
predictability improve patient satisfaction.

Improved patient experience and outcomes - Better-fitting

Regulatory and safety concerns- Strict approval
processes and lack of standardized guidelines may
limit widespread clinical adoption.

Improved communication and treatment planning- 3D-
printed models help in patient education and
interdisciplinary collaboration.

Biocompatibility of materials- Some printing
materials may cause adverse reactions or lack long-
term clinical validation.

Facilitates complex procedures - Enables production of
surgical guides and anatomical models for precise and
minimally invasive interventions.

Limited clinical evidence in some areas - Emerging
applications such as bioprinting lack sufficient long-
term clinical data.

Supports digital dentistry integration - Seamlessly
integrates with CAD/CAM, CBCT, and intraoral scanning
technologies.

High initial investment - Equipment, software, and
maintenance costs can be prohibitively expensive for
smaller practices.

Learning curve for dental professionals — Requires
training in digital design, software handling, and
printer operation.

Integration into existing workflows-Transitioning
from conventional to digital workflows can be
complex and time-consuming.

5. Future Perspectives

The rapid evolution of 3D printing technology
continues to expand its potential in dentistry. Ongoing
advancements in materials, digital integration, and
regenerative approaches are expected to further
transform clinical practice. As research progresses, 3D
printing is likely to move beyond supportive applications
toward becoming a central component of fully digital,
patient-specific dental care.

5.1 Advancements in Materials and Techniques
5.1.1 Development of New Biocompatible Materials
One of the most critical areas of advancement
in dental 3D printing is the development of novel
biocompatible materials with improved mechanical,
physical, and biological properties. Current materials,
particularly photopolymer resins, often have limitations
in terms of long-term durability, wear resistance, and
esthetics.

Future materials are being engineered to exhibit
enhanced strength, flexibility, and resistance to oral
conditions such as moisture, temperature fluctuations,
and occlusal forces. Additionally, research is focused on
developing bioactive materials capable of promoting
tissue  integration, antibacterial  activity, and
remineralization. These innovations will expand the use
of 3D printing from temporary restorations to definitive,
long-lasting dental prostheses [28, 29].

5.1.2 Multi-Material and Full-Color Printing
Emerging  multi-material 3D printing
technologies allow the simultaneous use of different
materials within a single object. This capability enables
the fabrication of dental restorations that mimic the
natural gradation of tooth structures, such as enamel and
dentin. Full-color printing further enhances esthetic
outcomes by replicating the natural appearance of teeth
and gingival tissues. These advancements are
particularly valuable in prosthodontics and maxillofacial
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prosthetics, where both function and esthetics are
critical. As these technologies mature, they are expected
to significantly improve the realism and functionality of
dental restorations [30].

5.2 Integration with Digital Dentistry
5.2.1 Al and CAD/CAM Integration

The integration of Al with CAD/CAM systems
is poised to revolutionize digital dentistry. Al-driven
software can assist in automated diagnosis, treatment
planning, and design of dental restorations, reducing
human error and improving efficiency.

A clinically relevant workflow approach in
digital dentistry involves starting from the desired final
prosthetic outcome and working backward through
treatment planning and execution. This reverse planning
strategy helps ensure that functional, esthetic, and
biomechanical requirements guide each clinical step.
When integrated with CAD/CAM systems and 3D
printing, this approach enhances the accuracy of
translating virtual designs into definitive restorations
while reducing discrepancies between digital planning
and clinical outcomes [31].

5.2.2 Personalized and Predictive Treatment
Planning

3D printing, combined with advanced imaging
and Al, enables highly personalized treatment planning
tailored to each patient’s unique anatomical and
functional needs. Predictive modeling allows clinicians
to simulate treatment outcomes before intervention,
improving decision-making and patient communication.
This approach supports minimally invasive dentistry by
enabling precise interventions and reducing unnecessary
procedures. In the future, predictive analytics may allow
clinicians to anticipate disease progression and intervene
proactively [32, 33].

5.3 Potential in Regenerative Dentistry
5.3.1 Tissue and Organ Bioprinting

Bioprinting represents one of the most
promising frontiers in dental research. This technique
involves the layer-by-layer deposition of bioinks
containing living cells and biomaterials to create tissue-
like structures. In dentistry, bioprinting has the potential
to fabricate complex tissues such as periodontal
ligament, alveolar bone, and even whole tooth structures.
Although still largely experimental, advances in
biomaterials and printing techniques are bringing the
concept of bioengineered dental tissues closer to clinical
reality [34].

5.3.2 Stem Cell Integration for Dental Tissue
Regeneration

The incorporation of stem cells into 3D-printed
scaffolds offers significant potential for regenerating
damaged dental tissues. Stem cells can differentiate into
various cell types, enabling the reconstruction of pulp-
dentin complexes, periodontal tissues, and bone.

Combining stem cells with growth factors and
biocompatible scaffolds enhances tissue regeneration
and healing. This approach may eventually replace
traditional restorative procedures with biological
solutions that restore natural structure and function [35].

5.4 Emerging Trends
5.4.1 Chairside 3D Printing

Chairside 3D printing is an emerging trend that
allows clinicians to design and fabricate dental
appliances directly within the dental office. This
approach significantly reduces treatment time and
eliminates the need for external laboratories.
Applications include same-day crowns, surgical guides,
splints, and orthodontic appliances. As printers become
more compact, affordable, and user-friendly, chairside
manufacturing is expected to become increasingly
common in routine dental practice [36].

5.4.2 on-Demand Production for Dental Clinics

On-demand production represents a shift
toward decentralized manufacturing, where dental
clinics can produce devices as needed rather than relying
on centralized laboratories. This reduces inventory
requirements, minimizes delays, and allows for rapid
customization. Digital storage of patient data and design
files enables easy reproduction or modification of dental
appliances when required. This model enhances
efficiency, reduces costs over time, and supports a more
sustainable approach to dental care [37].

6. DISCUSSION

The integration of 3D printing in dentistry
represents a paradigm shift in clinical practice, enabling
highly precise, customized, and efficient treatment
modalities across multiple specialties. The clinical
applications reviewed in this article, including
prosthodontics, orthodontics, oral and maxillofacial
surgery, endodontics, and regenerative dentistry
highlight the technology’s transformative potential. One
of the most notable advantages of 3D printing is its
capacity for precision and customization. In
prosthodontics, for instance, patient-specific crowns,
bridges, and implant abutments achieve superior fit and
function compared to traditional fabrication methods.
Similarly, in orthodontics, clear aligners and surgical
guides improve treatment predictability, reducing
chairside adjustments and enhancing patient comfort.
These  examples  demonstrate  how  additive
manufacturing not only improves technical outcomes but
also positively influences patient satisfaction and overall
experience [38].

Time efficiency and workflow optimization
constitute another significant benefit. Traditional dental
procedures often require multiple appointments,
extensive laboratory work, and manual adjustments. 3D
printing, integrated with digital scanning and CAD/CAM
software, streamlines these processes. Chairside and on-
demand production further reduce turnaround time,
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allowing clinicians to deliver same-day restorations and
surgical guides. This efficiency is particularly beneficial
in high-volume clinics, where reducing procedural
delays directly impacts both operational performance
and patient satisfaction.

Despite these advantages, several technical and
clinical challenges limit the widespread adoption of 3D
printing. Material limitations remain a critical concern;
many resins, polymers, and composites do not yet match
the mechanical properties, esthetics, or long-term
durability of conventional materials. Similarly, accuracy
and resolution can vary between printers and techniques,
potentially affecting marginal fit and surface quality of
restorations. Post-processing requirements, such as
curing, polishing, or sintering, add further complexity
and time, partially offsetting the efficiency gains of
printing [39].

From a clinical perspective, regulatory and
biocompatibility concerns pose additional barriers.
Many novel materials and bioprinting approaches lack
long-term clinical data, and their approval for routine
patient care is often delayed by stringent safety and
efficacy requirements. Furthermore, the integration of
3D printing into existing dental workflows requires both
technical training and substantial infrastructure
investment, including high initial costs and staff
education. These economic and practical factors may
limit adoption, particularly in smaller practices or
resource-constrained settings.

Looking forward, ongoing advancements in
materials, multi-material printing, and bioprinting offer
solutions to some of these challenges. The development
of stronger, more esthetic, and bioactive resins will allow
for definitive restorations that rival traditional methods.
Bioprinting and stem cell- integrated scaffolds have the
potential to shift dentistry from restorative to
regenerative paradigms, enabling tissue reconstruction
and even organ-level dental regeneration in the future.
Additionally, integration with Al-driven CAD/CAM
workflows promises more precise and predictive
treatment planning, further enhancing outcomes while
reducing manual intervention.

Finally, it is important to note that while 3D
printing demonstrates considerable promise, its long-
term impact on dental practice will depend on continued
clinical validation, standardization of workflows, and the
accessibility of cost-effective solutions. Current
evidence largely consists of in vitro studies, case reports,
and small clinical trials; robust longitudinal studies are
needed to confirm safety, durability, and patient-centered
outcomes across diverse populations and clinical
scenarios [40].

7. CONCLUSION

3D printing has emerged as a transformative
technology in modern dentistry, offering unprecedented

precision, customization, and efficiency across multiple
clinical disciplines. The integration of 3D printing with
digital workflows, including CAD/CAM and intraoral
scanning, has significantly reduced treatment time,
minimized laboratory steps, and enhanced patient
experience. Despite these advantages, challenges such as
material limitations, resolution and accuracy concerns,
post-processing requirements, regulatory hurdles, and
high initial investment continue to restrict its widespread
adoption. Clinical evidence for some emerging
applications, particularly in bioprinting and regenerative
dentistry, remains limited, highlighting the need for
robust longitudinal studies. Looking ahead, advances in
biocompatible and multi-material printing, Al-assisted
digital integration, chairside manufacturing, and tissue
engineering hold the potential to further expand the
clinical scope of 3D printing. As these innovations
mature, 3D printing is expected to not only streamline
conventional dental procedures but also enable
personalized, predictive, and regenerative dental care,
ultimately improving outcomes and shaping the future of
dentistry.

REFERENCES

1. Ventola CL. Medical Applications for 3D Printing:
Current and Projected Uses. P T. 2014
Oct;39(10):704-11. PMID: 25336867; PMCID:
PMC4189697.

2. Chakor M, Sakarna Z, Sakane SDC, Priyanka MS,
Bekheit MAK, Kothapalle J, Singh S. 3D printing in
dental prosthetics and implants: Current and
emerging applications [Internet]. [P  Ann
Prosthodont Restor Dent. 2025 [cited 2026 Apr
22];11(3):221-228.

3. Jun, M.-K.; Kim, J.-W. Ku, H.-M. Three-
Dimensional Printing in Dentistry: A Scoping
Review of Clinical Applications, Advantages, and
Current  Limitations. Oral 2025, 5, 24.
https://doi.org/10.3390/0ral5020024

4. Arefin, A M.E.; Khatri, N.R.; Kulkarni, N.; Egan,
P.F. Polymer 3D Printing Review: Materials,
Process, and Design Strategies for Medical
Applications.  Polymers 2021, 13, 1499.
https://doi.org/10.3390/polym13091499

5. Jeong M, Radomski K, Lopez D, Liu JT, Lee JD,
Lee SJ. Materials and Applications of 3D Printing
Technology in Dentistry: An Overview. Dent J
(Basel). 2023 Dec 19;12(1):1. doi:
10.3390/dj12010001. PMID: 38275676, PMCID:
PMC10814684.

6. Kessler A, Hickel R, Reymus M. 3D Printing in
Dentistry-State of the Art. Oper Dent. 2020
Jan/Feb;45(1):30-40. doi: 10.2341/18-229-L. Epub
2019 Jun 7. PMID: 31172871.

7. Rathee M, Kaushik S, Malik S. 3D printing — A
revolution in prosthetic dentistry. Sch J Dent Sci.
2021;8(11):327-34.

8. TianY, Chen C, Xu X, Wang J, Hou X, Li K, Lu X,
Shi H, Lee ES, Jiang HB. A Review of 3D Printing
in Dentistry: Technologies, Affecting Factors, and

© East African Scholars Publisher, Kenya

119


https://doi.org/10.3390/oral5020024
https://doi.org/10.3390/polym13091499

Rana Rakha et al; EAS J Dent Oral Med; Vol-8, Iss-3 (May-Jun, 2026): 113-121

Applications. Scanning. 2021 Jul 17;2021:9950131.
doi: 10.1155/2021/9950131. PMID: 34367410;
PMCID: PMC8313360.

Malda J, Kaigler D, Trichés ES, Bottino MC.
Personalized bioceramic grafts for
craniomaxillofacial bone regeneration. Int J Oral

9. Prakash J, Shenoy M, Alhasmi A, Al Saleh AA, C Sci. 2024 Oct 31;16(1):62. doi: 10.1038/s41368-
SG, Shivakumar S. Biocompatibility of 3D-Printed 024-00327-7.  PMID:  39482290; PMCID:
Dental Resins: A Systematic Review. Cureus. 2024 PMC11528123.

Jan 5;16(1):e51721. doi: 10.7759/cureus.51721. 20. Choudhury SA, Pal S, Sen S, Srivastava SK, Sikdar
PMID: 38318586; PMCID: PMC10839546. C. 3D Printing and Guided Endodontics: The Future

10. Saini RS, Gurumurthy V, Quadri SA, Bavabeedu of Precision Access Cavity Design. Cureus. 2025
SS, Abdelaziz KM, Okshah A, Alshadidi AAF, Nov 25;17(11):€97734. doi: 10.7759/cureus.97734.
Yessayan L, Mosaddad SA, Heboyan A. The PMID: 41458768; PMCID: PMC12739765.
flexural strength of 3D-printed provisional 21. El-Shorbagy HAES, Hussien GAE, Abel Sadek
restorations fabricated with different resins: a HM, Hamdy AM. Fracture resistance of
systematic review and meta-analysis. BMC Oral CAD/CAM-milled, 3D-printed, and customized
Health. 2024 Jan 10;24(1):66. doi: 10.1186/s12903- fiber post-and-core systems: an in vitro study. BMC
023-03826-x. PMID:  38200473; PMCID: Oral Health. 2025 Dec 11;26(1):94. doi:
PMC10782672. 10.1186/s12903-025-07418-9. PMID: 41382145;

11. Sahrir, C.D.; Wang, C.-W_; Shen, Y.-K.; Lin, W.-C. PMCID: PMC12802327.

Three-Dimensional Printing in Dentistry: Evolution, 22. Lee, H.-S.; Byun, S.-H.; Cho, S.-W.; Yang, B.-E.
Technologies, and Clinical Application. Polymers Past, Present, and Future of Regeneration Therapy
2026, 18, 785. in Oral and Periodontal Tissue: A Review. Appl. Sci.
https://doi.org/10.3390/polym18070785 2019, 9, 1046. https://doi.org/10.3390/app9061046.

12. Eweis, I. A. M., Rakha, R., Badve, S., Nimale, A., 23. Gul M, Arif A, Ghafoor R. Role of three-
Chokshi, R., Rodil, M. M. P., & Singh, dimensional printing in periodontal regeneration

13. S. (2026). Embracing Digital Technology in and repair: Literature review. J Indian Soc
Implantology: From Current Practice to Future Periodontol. 2019 Nov-Dec;23(6):504-510. doi:
Potential.  International Journal of Dental 10.4103/jisp.jisp_46 19. PMID: 31849394;
Materials, 8(1), 16-25. PMCID: PMC6906903.
https://doi.org/10.37983/1J]DM.2026.8104 24. Shiezadeh F, Moghadasin M, Mastour H.

14. Ergill T, Giileg A, Goymen M. The Use of 3D Educational use of patient-specific 3D-printed
Printers in Orthodontics - A Narrative Review. Turk models in dental operative procedures: enhancing
J Orthod. 2023 Jun 22;36(2):134-142. doi: clinical training through technology. BMC Med
10.4274/TurkJOrthod.2022.2021.0074. PMID: Educ. 2025 Aug  29;25(1):1223. doi:
37346463; PMCID: PMC10318848. 10.1186/s12909-025-07821-4. PMID: 40883688;

15. Grassia V, Ronsivalle V, Isola G, Nucci L, Leonardi PMCID: PMC12395827.

R, Lo Giudice A. Accuracy (trueness and precision) 25. Beefathimathul H. Precision and Customization:
of 3D printed orthodontic models finalized to clear The Role of 3D Printing in Modern Prosthodontics.
aligners production, testing crowded and spaced Eur J Dent. 2025 Jul;19(3):580-586. doi: 10.1055/s-
dentition. BMC Oral Health. 2023 Jun 2;23(1):352. 0044-1801276. Epub 2025 Apr 16. PMID:
doi: 10.1186/s12903-023-03025-8. PMID: 40239716; PMCID: PMC12182399.

37268910; PMCID: PMC10239183. 26. Monalisa S, Alipuor M, Paul D, Rahman MA,

16. Jungbauer, R.; Sabbagh, H.; Janjic Rankovic, M.; Siddika N, Apu EH, Mostafiz RB. Transforming
Becker, K. 3D Printed Orthodontic Aligners- Dental Care, Practice and Education with Additive
AScoping Review. Appl. Sci. 2024, 14, 10084. Manufacturing and 3D Printing: Innovations in
https://doi.org/10.3390/app142210084. Materials, Technologies, and Future Pathways. Dent

17. Integration of Digital Technologies in Implant J  (Basel). 2025 Nov 25;13(12):555. doi:
Dentistry: Workflow, Challenges, and 10.3390/dj13120555. PMID: 41440313; PMCID:
Opportunities. (2026). European Journal of Dental PMC12732216.
and Oral Health, 7(1), 22-28. 27. Huang G, Wu L, Hu J, Zhou X, He F, Wan L, Pan
https://doi.org/10.24018/ejdent.2026.7.1.13414 ST. Main Applications and Recent Research

18. Wake N, Alexander AE, Christensen AM, Liacouras Progresses of Additive Manufacturing in Dentistry.
PC, Schickel M, Pietila T, Matsumoto J. Creating Biomed Res Int. 2022 Feb 24;2022:5530188. doi:
patient-specific anatomical models for 3D printing 10.1155/2022/5530188. PMID: 35252451; PMCID:
and AR/VR: a supplement for the 2018 Radiological PMC8894006.

Society of North America (RSNA) hands-on course. 28. Jamroz W, Szafraniec J, Kurek M, Jachowicz R. 3D
3D Print Med. 2019 Dec 30;5(1):17. doi: Printing in  Pharmaceutical and Medical
10.1186/s41205-019-0054-y. PMID: 31889235; Applications - Recent Achievements and
PMCID: PMC6937827. Challenges. Pharm Res. 2018 Jul 11;35(9):176. doi:

19. de Carvalho ABG, Rahimnejad M, Oliveira RLMS, 10.1007/s11095-018-2454-x. PMID: 29998405;
Sikder P, Saavedra GSFA, Bhaduri SB, Gawlitta D, PMCID: PMC6061505.

© East African Scholars Publisher, Kenya 120


https://doi.org/10.3390/polym18070785
https://doi.org/10.37983/IJDM.2026.8104
https://doi.org/10.3390/app142210084
https://doi.org/10.24018/ejdent.2026.7.1.13414
https://doi.org/10.3390/app9061046

Rana Rakha et al; EAS J Dent Oral Med; Vol-8, Iss-3 (May-Jun, 2026): 113-121

29.

30.

31.

32.

33.

34.

35.

Borthakur PP, Sahariah JJ, Sarma M, Das A, Pathak
K, Ahmad MZ, et al. Advances in 3D printing for
dentistry:  clinical applications and future
perspectives. Explor Med. 2025;6:1001374.
Jasmin, J., Sukka, B., Kadiyala, N. S., Daniel, A. O.,
Solanki, D., Badve, S., & Singh, S. (2026).
Nanotechnology in Dentistry: Current Applications,
Challenges, and Future Perspectives: A Narrative
Review. International Journal of Dental Materials,
8(1), 26-33.
https://doi.org/10.37983/1JDM.2026.8105

Gallardo YNR, Karayazgan B, Mukai E, Soto CP,
Sukotjo C, Nima G. Accuracy of fused deposition
modeling using biodegradable material: A
comparative study with four resin-based additive
manufacturing  methods. J  Dent. 2025
Oct;161:105972. doi: 10.1016/j.jdent.2025.105972.
Epub 2025 Jul 10. PMID: 40651766.

Elbanna L. Digital reverse engineering applications
on implant-supported restorations. International
Dental Journal. 2018;68(Suppl 2).

Chiang YC, Wu F, Ko SH. Effective Patient-Dentist
Communication with a Simulation System for
Orthodontics. Healthcare (Basel). 2023 May
15;11(10):1433. doi: 10.3390/healthcare11101433.
PMID: 37239718; PMCID: PMC10218630.
Dominguez Trujillo C, Monopoli Forleo D, Davila
Quintana CD, Mora Delgado J. Applications of 3D
Printing and Artificial Intelligence in Healthcare
Management: A Narrative Review. Bioengineering
(Basel). 2026 Feb 9;13(2):196. doi:
10.3390/bioengineering13020196. PMID:
41749736; PMCID: PMC12938761.

Agarwal S, Mistry LN, Kamath S, Thorat R, Gupta
B, Kondkari S. Pioneering the Future of Oral
Healthcare: Bioprinting and Its Transformative

36.

37.

38.

39.

40.

41.

Clinical Potential in Dentistry. Cureus. 2025 Feb
15;17(2):¢79030.  doi:  10.7759/cureus.79030.
PMID: 40104473; PMCID: PMC11914852.

Hsiao HY, Nien CY, Hong HH, Cheng MH, Yen
TH. Application of dental stem cells in three-
dimensional tissue regeneration. World J Stem
Cells. 2021 Nov 26;13(11):1610-1624. doi:
10.4252/wjsc.v13.i11.1610. PMID:  34909114;
PMCID: PMC8641025.

Turkyilmaz I, Wilkins GN. 3D printing in dentistry
- Exploring the new horizons. J Dent Sci. 2021
Jul;16(3):1037-1038. doi:
10.1016/j.jds.2021.04.004. Epub 2021 Apr 20.
PMID: 34141126; PMCID: PMC8189864.

Kamali AH, Moradi M, Goodarzian F, Ghasemi P.
A discrete event simulation method for performance
analysis of an additive manufacturing in the dental
clinic. Int J Adv Manuf Technol. 2022;118(9-
10):2949-2979. doi: 10.1007/s00170-021-08135-7.
ChakorM, Sakarna Z, Sakane SC, Priyanka MS,
Bekheit MAK, Kothapalle J, Singh S. 3D printing in
dental prosthetics and implants: Current and
emerging applications. IP Ann Prosthodont Restor
Dent. 2025;11(3):221-228.

Maleki Varnosfaderani S, Forouzanfar M. The Role
of Al in Hospitals and Clinics: Transforming
Healthcare in the 21st Century. Bioengineering
(Basel). 2024 Mar  29;11(4):337. doi:
10.3390/bioengineering11040337. PMID:
38671759; PMCID: PMC11047988

Heid S, Boccaccini AR. Advancing bioinks for 3D
bioprinting using reactive fillers: A review. Acta
Biomater. 2020 Sep 1;113:1-22. doi:
10.1016/j.actbio.2020.06.040. Epub 2020 Jul 2.
PMID: 32622053.

Cite This Article: Rana Rakha, Naeim Azarkhish, Valli Durga Bala Vinuthna Darisipudi, Latifa Elbanna, Kiranprasad Chileveru, Aakriti
Babbar, Sandeep Singh (2026). Redefining Digital Dentistry: Clinical Applications, Limitations, and Future Perspectives of 3D Printing -A
Comprehensive Review. EAS J Dent Oral Med, 8(3), 113-121.

© East African Scholars Publisher, Kenya

121


https://doi.org/10.37983/IJDM.2026.8105

