
INTRODUCTION
3D printing, alternatively referred to as rapid prototyping 
(RP) or additive manufacturing (AM), utilizes computer-
aided design and manufacturing (CAD/CAM) technologies 
or advanced imaging and scanning to build objects layer by 
layer.1,2 In 1983, Charles Hull pioneered this technology with 
the first 3D-printed object using stereolithography. He later 
founded the company “3D Systems,” which pioneered the 
commercial availability of the first 3D printer, known as the 
“SLA-250” in 1988. 

There are two mechanisms for manufacturing dental 
splints, namely subtractive and additive.3 Flowchart 1 depicts 
an overview of these methods two methods. 

Conventional dentistry relies heavily on subtractive 
manufacturing, akin to milling, which cannot fully replicate 

complex structures due to limitations in capturing internal 
details. The rise of 3D printing and advancements in computed 
aided design (CAD) and imaging techniques like CBCT and 
MRI has revolutionized the field. Today, dentists can design 
and print dental and maxillofacial prostheses with remarkable 
accuracy, restoring and replacing lost structures with lifelike 
precision.4 This review was undertaken to attain an overview 
of the available literature about the fabrication of splints using 
3D printing to improve practitioners’ understanding of such 
advancements.
Aims and Objectives
• To study the splint design and splint fabrication with 3D 

printing technology.
• To obtain biocompatible, cost-effective and user-friendly 

splints using 3D printing method.

ABSTRACT
Over the past decade, 3D printing has revolutionized dentistry, enabling a shift towards personalized, digitally driven treatment 
plans. This versatile technology allows for the on-demand creation of customized splints, including temporary prosthetics, 
implant guides, and aligners. Its efficiency, reproducibility, and affordability offer significant advantages over traditional methods, 
providing faster, more accurate results for patients. With the option of chairside printing or rapid outsourcing through dental 
labs, 3D printing empowers clinicians to deliver efficient, biocompatible, and stable splints with greater ease. The findings 
of this review will contribute to an understanding of the adoption of 3D printing technology in day-to-day dental practice.
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• Comparison between 3D printing fabrication method and 
other established techniques.

Advantages of 3D Printing for the Fabrication of 
Occlusal Splints
There are several advantages for both the dentist as well as 
the patients namely:
• Customization: 3D printing enables the creation of 

patient-specific occlusal splints, ensuring a precise fit that 
addresses individual dental anatomy and occlusion.5 

• Accuracy:  The technology provides high precision in 
replicating digital models, resulting in splints that match 
the intended design without error and discrepancies.6

• Time Efficiency: 3D printing can produce occlusal 
splints faster than traditional methods, streamlining 
manufacturing and reducing patient appointments.7

• Material Options:  A variety of materials compatible with 
3D printing can be used for occlusal splints, allowing for 
flexibility in choosing properties such as durability and 
biocompatibility.7,8

• Cost Effectiveness: While initial setup cost for 3D printing 
can be significant, the ability to produce customized 
splints efficiently may contribute to cost savings over time, 

particularly in high-volume applications. 7,9

• Reduced Waste: 3D printing generates less material waste 
than traditional manufacturing methods, aligning with 
sustainability goals.7,10

Stereolithography
The process involved in stereolithography (SLA) and digital 
light processing (DLP) technologies can be categorized into 
three distinct stages: light exposure, movement of the building 
platform, and replenishment of resin. Among the various 3D 
printing techniques used in dentistry, SLA stands out as one 
of the most extensively employed and oldest methods. In SLA 
printing, UV (Ultraviolet) lasers are utilized to solidify a liquid 
photopolymer resin into layers. This involves the gradual 
polymerization of the liquid resin as the laser comes into 
contact with it. Once each layer is cured, the build platform 
descends, allowing for the subsequent layers of resin to be 
solidified on top of one another. 11

Fused Deposition Modeling
Fused deposition modeling (FDM) stands as one of the widely 
favored and cost-effective 3D printing technologies within 
the dental field. This method involves heating and melting 
filamentous thermoplastic material using a nozzle. Controlled 
by a computer, the movement of the nozzle and worktable 
occurs along different axis directions. The molten material 
is then extruded and gradually solidified, layer by layer, 
ultimately shaping the final product through the accumulation 
of these materials.12

Selective Laser Sintering
Selective laser sintering (SLS) and selective laser melting 

Table 1: Advantages and disadvantages of most commonly used 3D 
printing technology

Type of 3D 
printing method Advantages Disadvantages

Stereolithography 
(SLA)

Highest resolution 
and accuracy  Complex processing

Suitable for fine detail Final product is weak

Digital light 
processing 
(DLP)

Simplest method Lower resolution

Offers smoothest 
finishes

Not suitable for 
surgical guide

Selective laser 
sintering (SLS)

Lower cost for 
patients

Not suitable for a large 
part

Good mechanical 
properties High maintenance

Fused deposition 
model (FDM)

Suitable for complex 
structure Lower accuracy

A wide range of 
materials can be used Less finishing

Flowchart 1: Schematic representation of various manufacturing 
processes in dentistry Figure 1: Composite splint lingual arch fabricated using conventional 

method

Figure 2: 3-D Printed models used for the preparation of occlusal 
splints
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(SLM), both classified under powder bed fusion processes, 
find application in the production of metal dental prostheses 
like fixed partial dentures, implant guides, and splints.13 These 
manufacturing techniques involve the selective sintering of 
a thin layer of metal powder by a laser beam, guided by 3D 
data. The primary distinction between SLM and SLS lies in 
their treatment of the powdered material: SLM fully melts 
the powder, whereas, in SLS the powder is partially melted 
or sintered.14

Digital Light Processing
Within the realm of 3D printing, digital light processing (DLP) 
diverges from the use of a laser and employs a projector instead. 
Unlike SLA, where the light is constrained to a single spot, in 
DLP, the entire layer is crafted simultaneously once the light 
interacts with the resin. In this process, precise illumination 
patterns play a crucial role in achieving the intended shape for 
each layer. Three primary types of DLP solutions are available: 
network, endpoint, and cloud. 15 

This comprehensive approach and the associated 
technologies have the potential to be integrated into various 
stages of procedural workflows and can be effectively combined 
with traditional manufacturing methods to enhance overall 
efficiency and precision in production.16 

Table 1 depicts in brief the advantages and disadvantages 
of the commonly used methods in 3D printing.

DISCUSSION
In earlier days, stainless steel wire and composite splints 
were the most commonly used splints in clinical practice 
(Figure 1). Conventional techniques used in the fabrication of 
splints involve methods such as the application of a sprinkled 
layer, thermoforming, and the lost wax technique. These 
splints have a number of drawbacks such as less mechanical 
retention, dependence on meticulous bonding protocol, plaque 
accumulation, and possible soft tissue laceration.17-19 The 
conventional process for the fabrication and try in of splints 
is also very time-consuming and tedious.

3D printing occlusal splints provides many benefits over the 
traditional process and allows dentists to expedite treatment 
during each stage of the treatment process (Figure 2). A 
prominent attribute of digital splints lies in the smoothness 
of their contact surface (Figure 3). Unlike traditional 

manufacturing methods that might retain leftover material 
from the casting process, digitally crafted splints exhibit a 
flawlessly smooth surface. This absence of imperfections 
ensures a seamless experience, enabling the teeth to move 
freely across the splint’s surface without any obstructions. 
Overall, the advent of 3D printing technology has proved to 
be superior, less invasive, and more accurate than conventional 
methods.20

CONCLUSION
3D printing in amalgamation with 3D imaging and CBCT 
technology have a huge impact on all aspects of medicine as 
well as dental practice, emerging as a trustworthy technology 
with a vast scope for betterment. Due consideration must be 
given to the cost of appliances, maintenance, and materials 
used. 

REFERENCES
1. Huang SH, Liu P, Mokasdar A, Hou L. Additive manufacturing 

and its societal impact: a literature review. The International 
Journal of Advanced Manufacturing Technology. 2012 Oct 
16;67(5-8):1191–203.

2. Ngo TD, Kashani A, Imbalzano G, Nguyen KTQ, Hui D. Additive 
manufacturing (3D printing): A review of materials, methods, 
applications and challenges. Composites Part B: Engineering 
[Internet]. 2018 Jun 15; 143:172–96.

3. Moser N, Santander P, Quast A. From 3D imaging to 3D 
printing in dentistry - a practical guide. International journal of 
computerized dentistry. 2018 Jan 1;21(4):345–56.

4. Yang J, Li H, Xu L, Wang Y. Selective laser sintering versus 
conventional lost-wax casting for single metal copings: A 
systematic review and meta-analysis. The Journal of Prosthetic 
Dentistry. 2021 Mar;

5. Pillai S, Upadhyay A, Khayambashi P, Farooq I, Sabri H, Tarar M, 
et al. Dental 3D-Printing: Transferring Art from the Laboratories 
to the Clinics. Polymers. 2021 Jan 4;13(1):157.

6. Hegedus T, Kreuter P, Kismarczi-Antalffy AA, Demeter T, 
Banyai D, Vegh A, et al. User Experience and Sustainability of 
3D Printing in Dentistry. International Journal of Environmental 
Research and Public Health [Internet]. 2022 Jan 1 [cited 2022 
Apr 15];19(4):1921.

7. Tian Y, Chen C, Xu X, Wang J, Hou X, Li K, et al. A Review of 
3D Printing in Dentistry: Technologies, Affecting Factors, and 
Applications. Relucenti M, editor. Scanning [Internet]. 2021 Jul 
17; 2021:1–19.

8. Barazanchi A., Li K. C., Al-Amleh B., Lyons K., Waddell J. N. 
Additive technology: update on current materials and applications 
in dentistry. Journal of Prosthodontics. 2017;26(2):156–163.

9. Balhaddad AA, Isadora Martini Garcia, Lamia Mokeem, 
Rashed Alsahafi, Majeed-Saidan A, Albagami HH, et al. Three-
dimensional (3D) printing in dental practice: Applications, areas 
of interest, and level of evidence. 2023 Apr 5;

10. Prasad S, Kader NA, Sujatha G, Raj T, Patil S. 3D printing in 
dentistry. Journal of 3D Printing in Medicine. 2018 Jul;2(3):89–91.

11. Deshmane S, Kendre P, Mahajan H, Jain S. Stereolithography 
3D printing technology in pharmaceuticals: a review. Drug 
Development and Industrial Pharmacy. 2021 Oct 29;1–11.

12. Parulski C, Jennotte O, Lechanteur A, Evrard B. Challenges 
of fused deposition modeling 3D printing in pharmaceutical 

Figure 3: Occlusal splint placed intraorally



3D Printing

IJHTI, Volume 3 Issue 1, January – April, 2024 Page 14

applications: Where are we now? Advanced Drug Delivery 
Reviews. 2021 Aug; 175:113810.

13. Unkovskiy A, Schmidt F, Beuer F, Li P, Spintzyk S, Kraemer 
Fernandez P. Stereolithography vs. Direct Light Processing for 
Rapid Manufacturing of Complete Denture Bases: An In Vitro 
Accuracy Analysis. Journal of Clinical Medicine. 2021 Mar 
4;10(5):1070.

14. Gueche YA, Sanchez-Ballester NM, Cailleaux S, Bataille B, 
Soulairol I. Selective Laser Sintering (SLS), a New Chapter 
in the Production of Solid Oral Forms (SOFs) by 3D Printing. 
Pharmaceutics. 2021 Aug 6;13(8):1212.

15. Wang H, Yu X, Zhang Z, Xie Z. 3D Gradient Printing Based 
on Digital Light Processing. Journal of Materials Chemistry B. 
2023 Jan 1;11(37):8883–96.

16. Martelli N, Serrano C, van den Brink H, Pineau J, Prognon P, 
Borget I, et al. Advantages and disadvantages of 3-dimensional 

printing in surgery: A systematic review. Surgery. 2016 
Jun;159(6):1485–500.

17. Rams TE, Slots J. Local delivery of antimicrobial agents in the 
periodontal pocket. Periodontology 2000. 1996 Feb;10(1):139–59.

18. Hannig M, Kriener L, Wiebke Hoth-Hannig, Carsten Becker-
Willinger, Schmidt H. Influence of Nanocomposite Surface 
Coating on Biofilm Formation in Situ. Journal of Nanoscience 
and Nanotechnology. 2007 Dec 1;7(12):4642–8.

19. López-Jornet P, Fabio CA, Consuelo RA, Paz AM. Effectiveness 
of a motivational-behavioural skills protocol for oral hygiene 
among patients with hyposalivation. Gerodontology. 2013 Mar 
9;31(4):288–95.

20. Ahmad S, Hasan N, Fauziya, Gupta A, Nadaf A, Ahmad L, et al. 
Review on 3D printing in dentistry: conventional to personalized 
dental care. Journal of Biomaterials Science, Polymer Edition. 
2022 Jul 18;1–32.


