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Technical Note

ABSTRACT
This study explores the development and application of a 3D-printed forearm/wrist 
splint as an innovative alternative to traditional casts. In this study, 3D scanning was 
used to obtain the 3D model of the patient’s hand sculpture. The obtained 3D model was 
processed using reverse engineering to design a personalized splint, and fabricated using 
fused deposition modeling with polylactic acid filament. The lightweight, washable, and 
hygienic properties of 3D-printed splints enhance patient comfort and overall satisfac-
tion. By utilizing customized clamps, the splints ensure ease of use and aesthetic appeal. 
These splints hold promise for personalized healthcare. The production time of the cus-
tom forearm/wrist splint in this study was 24 hours. Their ability to prevent skin compli-
cations, provide better hygiene and ventilation, and enable physiotherapeutic techniques 
during immobilization underscores their potential in modern medical practices. Devel-
oping limb sculptures for the production of 3D-printed hand splints enables these splints 
to be manufactured in healthcare centers without the need for 3D scanners, highlighting 
the accessibility and practicality of utilizing 3D printing technology in various medi-
cal settings. Future advancements in 3D printing technology are anticipated to reduce 
production time and costs, making these splints more accessible and efficient. The study 
highlights the promising role of 3D-printed splints in adaptive wearable technologies 
and their suitability for improving patient care through personalized treatment options. 
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Introduction

Orthotics, a branch of medicine focusing on supportive devices like 
splints and braces, utilizes various materials, such as thermoplastics, 
composite carbon fiber, and polypropylene [1, 2]. Orthoses are essen-

tial for supporting or immobilizing limbs or the spine and address fractures, 
soft tissue sprains, tendon injuries, or deformations pending orthopedic treat-
ment [3]. Various types of splints include volar wrist splints, finger splints, 
thumb spicas, ankle stirrups, sugar tongs, ulnar gutters, and wrist/arm splints. 
Fractures common in trauma patients benefit significantly from cast immobi-
lization [1]. An optimal cast must be lightweight, long-lasting, and patient-
specific, providing comfort while minimizing potential issues like pressure 
sores and compartment syndrome [4]. The advent of three-Dimensional (3D) 
printing has revolutionized casting, providing these benefits more effectively 
than traditional methods. 3D-printed casts offer superior comfort, compli-
ance, aesthetics, and reduced skin irritation, enhancing clinical efficacy and 
patient satisfaction. In orthopedics and rehabilitation, Additive Manufactur-
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ing (AM) technologies, especially 3D printing, are 
increasingly personalizing patient care [5]. Rapid 
Prototyping (RP) techniques are gaining preva-
lence in the medical field, particularly in the field 
of orthotics. The use of 3D printers is expanding, 
driven by advances in materials and reduced pro-
duction costs [6]. Research on 3D-printed splints 
spans upper and lower limbs and fingers, includ-
ing clinical trials and algorithmic design studies 
[1, 5, 7, 8].

The AM technologies, such as Fused Deposition 
Modeling (FDM), create 3D objects by layering 
materials. Polylactic Acid (PLA), a popular FDM 
material, is readily available for producing func-
tional prototypes and end-use products [9]. Stud-
ies highlight the efficacy of 3D-printed splints 
[10-14]. PLA orthoses exhibit superior biome-
chanical properties over traditional plaster casts. 
The application of 3D digitizing and printing in 
creating bespoke splints, particularly for hand and 
mallet finger injuries, confers significant clinical 
advantages. These include superior patient com-
fort, improved fit and efficacy, enhanced hygiene, 
reduced skin complications, and high patient and 
clinician acceptance. Together, these benefits un-
derscore the transformative potential of personal-
ized rehabilitation devices [15-17].

This study aimed to design and fabricate a 
personalized 3D-printed upper limb splint us-
ing reverse engineering. This study introduces a 
straightforward procedure through a case study 
that creates a 3D model by casting and scanning 
a hand sculpture. This approach makes the tech-
nique applicable to diverse healthcare settings 
lacking a 3D scanner.

Technical Presentation

Molding of the Hand
A 32-year-old volunteer was selected as the 

subject for this case study. Chromogel molding 
alginate was employed to create a hand mold. The 
subject’s hand was immersed in the gel, and after 
the gel hardened, the hand was carefully removed. 
The resulting mold was then filled with industrial 
wax to produce an accurate hand sculpture.

3D Modeling of the Hand and Splint
The wax hand sculpture was scanned using a 

Tripod 3D Scanner of Rexcan 4 (Solutionix) to 
obtain a detailed 3D model of the hand. Utilizing 
reverse engineering techniques, a 3D model of the 
hand splint was developed by Computer-Aided 
Design (CAD). This model was then processed us-
ing Rhinoceros software to design a personalized 
hand splint tailored to the individual’s anatomy. 
Ventilation holes were integrated throughout the 
splint design. A thickness of 4 mm was selected to 
ensure the mechanical stiffness of the splint. The 
intricate design process was outsourced to experts 
at InoFab, ensuring precision and expertise.

3D Printing of the Splint
Once the design was finalized, the Stereolithog-

raphy (STL) file of the splint was prepared for 3D 
printing. FDM technology with a Keytec printer 
was selected for the printing process, using PLA 
filaments.

Following the 3D printing process and the at-
tachment of the two parts using hinges on one 
side, the necessary clamp sizes were measured 
and subsequently fabricated using a laser cutting 
machine.

Results
This study successfully implemented a reverse 

engineering procedure, which involved casting 
and 3D scanning a hand sculpture, to create a dig-
ital model and design a personalized splint. The 
splint was then fabricated via 3D printing. The fi-
nal device demonstrated the necessary rigidity to 
ensure hand immobility.

Molding of the Hand
Figure 1a illustrates the hand sculpture manu-

facturing process, highlighting the ease with 
which the chromogel mold was removed, leaving 
an accurate wax hand sculpture.

3D Modeling of the Upper Limb and 
Splint 

Figure 1b presents the software environment 
used for splint design, showcasing the ventilation 
holes integrated throughout the splint to promote 
skin airflow.

3D printing of the Splint
The splint was 3D printed using FDM  
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technology with PLA filaments, as depicted in 
Figure 2a. The splint was printed in two parts with 
two colors and subsequently assembled using mini 
hinges on one side. Designed holes facilitated the 
closure mechanism of the splint, with clamps of 
three different sizes fabricated for this purpose. 
The 3D printing process was implemented in 12 
hours. The whole process of splint preparation, 
including sculpture preparation, 3D scanning, 3D 
modeling, 3D printing, shipping, and delivery, 
was completed in one day.

Splint Fitness Test
Figure 2(b-e) demonstrates the proper fit and 

alignment of the splint on both the hand sculpture 
and the subject’s hand, confirming the accuracy of 
the design and manufacturing process. The suc-
cessful implementation of these steps validates 
the use of 3D printing technology in creating 
personalized, functional splints with enhanced 
mechanical stiffness and patient comfort [18-21].  
Figure 3 provides a visual summary of the pro-
duction process of the personalized 3D-printed  

Figure 1: a) Hand sculpture manufacturing process. The chromogel mold was removed, leaving an 
accurate wax hand sculpture. b) The software environment displays the splint design, highlighting the 
strategically placed ventilation holes integrated across the splint for enhanced airflow. The designed 
splint is divided into two separate parts and exported as the StereoLithography (STL) files, ready for use 
in the 3D printing workflow

Figure 2: a) The splint 3D printing process using Fused Deposition Modeling (FDM) technology with 
Polylactic Acid (PLA) filaments. The 3D-printed splint from b) front and c) back view. The precise fit and 
alignment of the splint on both d) the hand sculpture and e) the subject’s hand, validate the accuracy 
of the design and manufacturing process
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forearm/wrist splint.

Discussion
This study represents a significant advance-

ment in the design and production of 3D-printed 
splints, highlighting the benefits of customized 
clamps in terms of ease of use and improved aes-
thetics. The innovative application of 3D printing 
for the final splint product, rather than merely pro-
totypes, represents a noteworthy departure from  
traditional cast methods. In various studies, imag-
ing and scanning techniques, such as Computed 
Tomography (CT) scan [22], Magnetic Resonance 
Imaging (MRI) [23], and 3D limb scanning [24], 
have been employed to create accurate models for 
splint design. Furthermore, multiple 3D printing 
technologies, including FDM [1, 8], DLP [10, 
25], PolyJet [26], and SLS [23] with various ma-
terials, have been utilized to produce splints tai-
lored to different anatomical regions and medical  
conditions.

In this study, a hand sculpture was fabricated, 
leading to the utilization of this technology in 
hospitals and clinics without any 3D scanners. In 
addition, the introduction of uniquely designed 
clamps provides a practical alternative to tradi-
tional velcro straps [27, 28], rubber bands [26], 
and zip ties [24]. These clamps not only enhance 
ease of use but also offer the potential for aesthetic 
customization, improving overall patient satisfac-
tion. These modifications highlight the benefits of 
integrating modern technology into medical de-
vices [8, 29]. These splints offer significant practi-

cal benefits, including comfort, washability, and 
aesthetic customization options. Clinically, they 
enable therapeutic techniques during immobiliza-
tion and help prevent skin issues, positioning them 
as a foundation for future adaptive wearables [29].

3D-printed splints are applicable for various 
medical conditions and anatomical regions. Stud-
ies highlight their use in treating fractures [24, 30], 
carpal tunnel syndrome [31], peripheral nerve in-
juries [31], and rheumatoid arthritis [26, 30], with 
designs adaptable to fingers [17, 32], forearms/
wrists [16, 18], and legs [33, 34].

The total production time of a personalized 
3D-printed forearm/wrist splint in this study was 
approximately 24 hours. The process time was 
as follows: sculpture fabrication (2 hours), trans-
portation for scanning (2 hours), 3D scanning (1 
hour), digital model processing and splint design 
(3 hours), 3D printing (12 hours), and final deliv-
ery to the healthcare center (4 hours). This pro-
duction time, poses a limitation for emergency 
cases requiring immediate immobilization. How-
ever, the potential benefits, including improved 
hygiene, ventilation, and overall patient com-
fort, outweigh the drawbacks in non-emergency  
scenarios.

Conclusion
This study demonstrates the advantages of 

3D-printed splints over traditional casts, includ-
ing customizable design and material properties, 
which make them hygienic and allow ventila-
tion. The overall benefits of these splints result in  
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Figure 3: Schematic workflow of the personalized 3D-printed forearm/wrist splint fabrication process
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enhanced patient comfort. Despite the dominant 
role of 3D printing in prototype production, the 
end product of the splint was successfully fabri-
cated in this case study. This showcases its viabil-
ity as a replacement for traditional casts. These 
advantages highlight the potential of 3D-printed 
splints for personalized healthcare.
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