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Abstract:

The primary objective of the study is to assess the mechanical suitability of each
filament material for finger splint applications and to determine their behaviour
under compressive loads. Several filament materials were used in the design and
Additive Manufacturing of patient-specific finger splints. Finite Element Analysis
simulations were then used to forecast mechanical responses. The simulation
results are then verified and the mechanical characteristics of the splints are
measured through experimental compression testing. The study's main
conclusions highlight the unique mechanical properties of each filament
material, such as differences in stiffness, strength, and resilience. Nylon splints
showed good flexibility and toughness, while PLA and ABS splints showed
differences in flexibility and moderate strength. PC splints are ideal for
applications needing strong support because of their high strength and rigidity.
The study has implications for the choice of filament materials for patient-
specific finger splints, taking into accounts the desired mechanical properties
and clinical needs. By offering useful data for improving the design and
manufacture of customized finger splints, these findings advance orthopedic
care.
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1. Introduction

Finger splints are orthopedic devices designed to provide support, immobilization, and protection to injured fingers,
as well as to aid in the rehabilitation process. Orthopedic devices known as finger splints are made to protect,
immobilize, and support injured fingers while also assisting with the healing process. They are frequently used to
treat a variety of finger ailments and injuries, such as fractures, dislocations, injuries to the ligaments and tendons,
and post-operative care. Finger splints are primarily used to keep the injured finger or fingers in the proper alignment
and to stop more damage or displacement while the injury heals. Splints help minimize pain, swelling, and
inflammation while fostering optimal healing and functional recovery by immobilizing the injured finger or fingers
[1,2]. Finger splints can be made in a variety of sizes, forms, and styles to suit the needs of each patient as well as the
particular injury or condition being treated. They can be manufactured specifically to fit the patient's hand and fingers,
or they can be prefabricated [3,4].

It is impossible to exaggerate the significance of patient-specific splints in orthopedic treatment. Custom-made splints
are made to fit the specific anatomy of each patient, taking into account their hands and fingers.
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By ensuring a precise fit, pressure points and discomfort are reduced and comfort and effectiveness are maximized.
Comparing customized splints to generic, one-size-fits-all splints, the former effectively immaobilizes injured fingers
or joints. This aids in stabilizing the injured area, halting additional damage, and encouraging appropriate healing. If
a splint fits well and does not hurt, patients are more likely to wear it as prescribed. Patient-specific splints increase
adherence to the recommended treatment plan because they are made to the patient's specifications and preferences.
Faster recovery from finger injuries or conditions can be facilitated by patient-specific splints, which offer optimal
support and immobilization. They facilitate faster tissue healing by lowering pain, edema, and inflammation.
Specialized splint designs may be necessary for some conditions in order to address particular difficulties. Optimizing
treatment outcomes, patient-specific splints can be made to accommodate things like tendon injuries, joint
deformities, or post-operative concerns [5,6]. Complications like pressure sores, skin irritation, or impaired
circulation can result from ill-fitting splints. Patient-specific splints reduce these risks by evenly dispersing pressure
and precisely fitting the patient's anatomy. When rehabilitation calls for dynamic splinting or controlled motion,
patient-specific splints can be made to offer the right amount of support while still enabling therapeutic movement.
This enhances muscular strength, joint mobility, and functional recovery. Customized splints for each patient can be
made to fit their activities and way of life. Splints can be made to offer protection and support for daily activities,
sports, or the workplace without compromising functionality [7,8].

Creating individualized and customized solutions for patients is one of the biggest benefits of 3D printing in medicine.
Medical professionals are able to customize surgical guides, prosthetics, implants, and even anatomical models to fit
each patient's unique anatomy and set of needs [9,10]. Complex and intricate structures that would be difficult or
impossible to create using conventional manufacturing techniques can now be created thanks to 3D printing. In
orthopedic and craniofacial surgeries, where patient-specific implants and prosthetics are frequently needed, this
capability is especially helpful. Medical-grade 3D printers are capable of producing precise anatomical models from
patient imaging data, including MRI and CT scans. Surgeons can use these models to simulate complex surgeries
before operating on patients, better plan surgical procedures, and view the anatomy of patients in three dimensions.
Furthermore, 3D-printed models can be used by medical students and trainees for practical experience and surgical
instruction [11-13]. In the process of developing medical devices, 3D printing makes rapid prototyping and iterative
design processes easier. Prototypes of medical devices, implants, and instruments can be made and tested quickly by
engineers and researchers, who can then refine their designs in response to feedback and testing outcomes. Patients
can learn more about their medical conditions and treatment options with the aid of 3D-printed anatomical models,
which are useful educational resources. Patients can feel more confident about their treatment plans and make better
decisions by seeing their anatomy and the proposed procedures. 3D bioprinting technologies have shown great
promise in tissue engineering and regenerative medicine in recent years. Researchers are investigating the use of
bioink materials and living cells in 3D printers to create scaffolds, organoids, and even functional tissues and organ
[14,15]. These developments could completely change regenerative medicine and organ transplantation. Low-cost,
decentralized medical supply and device production is made possible by 3D printing, especially in environments with
limited resources. By producing custom orthatics, prosthetics, and medical devices quickly, 3D printing facilities can
lessen the need for centralized manufacturing and distribution channels. Dental, hip, and cranial implants—among
the many patient-specific implants—are being produced with the help of 3D printing technologies. By precisely fitting
the patient's anatomy, these implants can enhance biocompatibility and long-term results [16,17].

This study aims to investigate the mechanical properties of finger splints customized for each patient using four
different filament materials: polylactic acid (PLA), polycarbonate (PC), nylon, and acrylonitrile butadiene styrene
(ABS). The study intends to compare the mechanical behavior of each filament material under compressive loads and
assess which is most appropriate for finger splint applications by combining Finite Element Analysis (FEA), 3D
printing technology, and compression testing. The focus on patient-specific design, the integration of FEA with
experimental testing, the comparative analysis of filament materials for patient-specific finger splints, and the study's
clinical relevance to orthopedic practice are what make it novel. By addressing these aspects, the study contributes to
advancing the understanding and application of 3D printing technology in the field of orthopedic rehabilitation.

2. Materials
When choosing filament materials for finger splints, such as polylactic acid (PLA), polycarbonate (PC), nylon, and
acrylonitrile butadiene styrene (ABS), careful consideration is given to the materials' mechanical characteristics,

biocompatibility, and orthopaedic applicability. PLA is a biodegradable thermoplastic made from renewable
resources that is suitable for patients with sensitivity issues because it is biocompatible and easy to print on [18,19].
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ABS, which is well-known for its strength and resilience to impact, offers the toughness and durability needed for
functional splints, even though printing may cause some fumes to release [20,21]. Because of its toughness,
flexibility, and chemical resistance, nylon provides good support and comfort, making it the perfect material for
dynamic splints that need flexibility [22,23]. The strong support and stability required for rigid splints is provided by
PC, which is prized for its high impact resistance and rigidity [24,25]. Clinicians can guarantee the best fit, comfort,
and performance of the splint by carefully choosing the material based on the patient's unique needs and the intended
application of the splint. This will ultimately improve the patients' therapeutic outcomes [26]. The material properties
of the filament were procured from the filament manufacturer as listed in Table 1.

Table 1: Material properties of Filament

Properties/Materials PLA ABS Nylon PC Standard
Tensile modulus (MPa) 3250 2,030 2331 2307 SO 527
(2 mm/min)
. . ISO 527
Tensile stress at yield (MPa) 52.5 43.6 63.1 62.7 (50 mm/min)
. . ISO 527
0
Elongation at yield % 3.4 4.8 6.1 6.3 (50 mm/min)
. ISO 527
0,
Elongation at break % 7.8 34 120 3.15 (50 mm/min)
%}?nrfy impact strength (at 23 °C) 3.9 58 137 3.41 1SO 180
. 1SO 1133
Melt mass-flow rate (MFR) g/10 min 6.1 41 6.2 34 (260 °C. 5 kg)
Vicat softening temperature °C 64.5 97 169.6 132.6 ISO 306
Melting temperature °C 151.8 225 188.4 215 ISO 294

SOLIDWORKS MODEL Finite Element Analysis

Finger Splint 3D Printing of Finger Splint
Fig. 1. Scheme of the proposed work

The current study uses a methodical approach to examine the mechanical characteristics of finger splints customized
for each patient that are made from four different filament materials: polylactic acid (PLA), polycarbonate (PC),
nylon, and acrylonitrile butadiene styrene (ABS). The study's plan includes multiple crucial steps, as shown in Figure
1. First, using anatomical information gleaned from medical imaging, finger splint designs tailored to each patient
are created. Subsequently, 3D printing technology is employed to fabricate the splints, with each material chosen
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based on its distinct characteristics and appropriateness for orthopaedic uses. Next, simulations using Finite Element
Analysis (FEA) are used to forecast how the splints will behave mechanically when subjected to compressive loads.
Experimental compression testing is then carried out to confirm the simulation results and measure the splints'
mechanical characteristics. In order to better understand how well and whether or not the splints are appropriate for
clinical use, the study intends to compare the stiffness, strength, and resilience of the splints made from various
materials. This all-encompassing method enables a comprehensive examination of the mechanical properties of finger
splints customized for each patient, advancing orthopaedic care and individualized treatment options.

3. Modeling, Additive Manufacturing and Finite Element Analysis
3.1 Modeling of Finger Splint

In order to precisely capture the anatomical details of the patient's hand and fingers, a number of steps were involved
in the patient-specific modeling of finger splints using a Shining 3D scanner. The patient's hand and fingers were
cleaned to remove any oils or debris that might interfere with the scanning procedure before the procedure began.
Then, in accordance with the manufacturer's instructions, the Shining 3D scanner was calibrated to guarantee exact
and accurate measurements. This involved adjusting settings like resolution and accuracy. The scanner was used to
take three-dimensional pictures of the patient's hand and fingers after it had been calibrated. The hand was exposed
to a light or laser beam from the scanner, which was reflected back and picked up by the device's sensors. In order to
produce an intricate 3D model of the hand and fingers, the scanner gathered data points as it moved over the hand.
Following scanning, the raw data gathered by the scanner needed to be processed in order to create a 3D model that
could be used. To do this, specialized software from Shining 3D had to be used to clean up the scan, get rid of any
noise or artifacts, and produce a smooth, precise representation of the patient's hand and fingers. The creation of the
finger splint came after the patient's hand and fingers were captured in a 3D model. A virtual model of the splint was
created directly on top of the 3D scan of the patient's hand using SOLIDWORKS 2023® software. This allowed for
precise customization of the splint to fit the patient’s anatomy perfectly. Once the finger splint design was finalized,
it was necessary to validate the fit and functionality of the splint before proceeding to fabrication. This could be done
using virtual simulations or by 3D printing a prototype of the splint for physical testing and evaluation [27].

3.2 Additive Manufacturing

Using the Ultimaker S5 3D printer, additive manufacturing of finger splints involved a methodical procedure to create
personalized splints from filament materials like polylactic acid (PLA), polycarbonate (PC), nylon, and acrylonitrile
butadiene styrene (ABS). The Ultimaker S5 3D printer was ready for fabrication prior to printing. This required filling
the printer with the proper filament material (PLA, ABS, Nylon, or PC) in accordance with the intended splint design,
as well as making sure the build plate was clean and level. Using computer-aided design (CAD) software, the finger
splint model was created initially. The patient's hand and finger requirements and unique anatomy were taken into
consideration when designing the design [28]. Size, shape, and thickness were among the parameters that were
changed to maximize functionality and fit. After the splint model was created, it was divided into layers using
Ultimaker S5-compatible slicing software. The 3D model had to be sliced into a number of 2D layers that the printer
could comprehend. To get the appropriate print quality and mechanical qualities, parameters like layer height, infill
density, and printing speed were set. The finger splint was printed using the Ultimaker S5 3D printer after the slicing
was finished. In accordance with the sliced layers, the printer deposited successive layers of molten filament material
onto the build plate [29]. High accuracy and dependability were provided by the Ultimaker S5, which made it possible
to fabricate complex and personalized splints with reliable results. The finger splint was post-processed to eliminate
any support structures, smooth out uneven surfaces, and guarantee correct fit and finish after printing was finished.
To attain the intended appearance and performance, the printed splint had to be manually sanded, cut, or polished.
Following post-processing, the printed finger splint was subjected to quality control inspections to confirm overall
quality, structural integrity, and dimensional accuracy. To make sure the splint complied with the necessary
requirements and standards, this required visual inspection, measurements, and functional testing [30].

3.3 Finite Element Analysis of Finger Splint
The CAD model is imported to ANSYS WORKBENCH 2023® for FEA. The splint model is meshed to discretize

the geometry into smaller elements. Meshing is the process of dividing the geometry into finite elements, such as
tetrahedral or hexahedral elements, to facilitate numerical analysis. The model was discretized into 20188 nodes and
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36333 elements with an element size of 1 mm, Figure 2(a). Material properties such as Young’s modulus, Poisson’s
ratio, and yield strength were defined based on the properties of the filament material used to fabricate the finger
splint. These properties govern the mechanical behavior of the material under loading conditions [31]. Boundary
conditions were applied to the model to replicate the experimental setup of the compression test, Figure 2(b). This
includes fixing the bottom surface of the splint to simulate constraint against movement and applying a uniform
displacement to the top surface to simulate compression. In ANSYS, a remote displacement boundary condition is a
type of boundary condition that allows you to apply displacements at a specific location on a model without directly
applying the displacement to the associated nodes. This can be particularly useful in situations where the displacement
is not directly applicable at the node level. The boundary conditions represented the loading conditions experienced
during the physical compression test. Once the model is prepared with appropriate geometry, mesh, material
properties, and boundary conditions, it was solved using finite element analysis software [32]. The solver applies
mathematical algorithms to solve the equations governing the behavior of the material under loading conditions,
resulting in predictions of stress, strain, and deformation throughout the splint geometry. After the simulation was
completed, post-processing techniques are used to analyze the results and extract relevant information. This includes
visualizing stress and strain distributions, determining maximum stresses and displacements [33].

B
Al Fixed Support /

B Remote Displacement

Fig. 2. Loading conditions in Finger Splint
4. Experimental Testing

The compression test was selected to evaluate the finger splint's performance because finger splints often experience
compressive forces during daily activities such as gripping, pressing, or holding objects. Assessing the material's
ability to withstand these forces is essential for ensuring the splint provides adequate support without deforming or
failing under typical use. While the compression test simulates a specific type of load, it provides a controlled method
to gauge the material's mechanical properties, such as compressive strength and deformation resistance. However, in
real-world conditions, finger splints may experience a combination of compression, tension, and shear forces. The
compression test focuses on the splint's resistance to forces perpendicular to the surface, which is common in many
hand movements but may not capture every scenario. Nonetheless, it offers a useful baseline for understanding the
material's behaviour under one of the most frequent loading conditions. Currently, there are no widely established
industry standards specifying minimum force endurance or maximum displacement under specific forces for 3D-
printed finger splints. However, splint designs and materials must adhere to general medical device regulations, and
many healthcare providers rely on clinical trials or in-house performance testing to ensure safety and functionality.
Future research may benefit from establishing standardized benchmarks for the performance of finger splints under
various loads.

A structured approach was used in the experimental compression testing of finger splints using a Digital Compression

Testing Machine (CTM) - DIG - 40DIG to assess the splints' mechanical characteristics and performance under
compressive loads (Figure 3). The finger splints were carefully prepared for testing prior to the compression test. This
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involved making certain that the splints were consistently and reliably mounted or positioned on the platform of the
testing apparatus. The DIG-40DIG Digital Compression Testing Machine underwent calibration to guarantee precise
and dependable measurements. During calibration, it was confirmed that the machine's load and displacement sensors
were calibrated accurately and that it was operating within predetermined tolerances. The testing parameters were
calibrated and then set up in accordance with the experiment's requirements. This required defining the maximum
load limit, compression rate, and any other pertinent testing parameters. After everything was set up, the compression
test process started. With the finger splint, the testing apparatus applied a compressive force at a predefined rate,
usually expressed in millimeter per minute (mm/min). The machine recorded information about the applied load and
corresponding displacement as the splint was compressed. The digital compression testing machine continuously
recorded data on the load and displacement that the finger splint experienced during the compression test. Usually
shown in real-time on the computer's digital display, this data could also be recorded for review at a later time.

Fig. 3. Compression Testing of Finger Splint

5. Results and Discussion
5.1 Experimental Results

Following the completion of the compression test, the gathered data is examined to assess the finger splint's
mechanical characteristics and functionality. The maximum load that failed was noted. The structural integrity, load-
bearing capability, and deformation behaviour of the finger splint under compressive loads are evaluated by
interpreting the compression test results. This data offers insightful information about the splint's functionality and
appropriateness for orthopaedic uses. Before failing, the PLA finger splint could withstand a maximum load of
1145.25 N. This suggests that PLA might not have the same load-bearing capacity as other tested materials, despite
having good rigidity and being easy to print. Before failing, the ABS finger splint showed a maximum load of 1285.32
N. Given its reputation for strength and impact resistance, ABS was probably able to support heavier loads than PLA.
With a value of 1322.86 N, the nylon finger splint displayed the highest maximum load of all the materials tested.
Nylon's superior load-bearing capacity in the compression test was probably aided by its toughness, flexibility, and
chemical resistance. The PC finger splint failed after displaying the highest maximum load of 1396.74 N. PC is prized
for its high rigidity and impact resistance, which makes it ideal for applications needing strong support and stability.
The maximum load of finger splint made of each filament is indicated in the Figure 4.
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Fig. 5. Load vs Displacement Graph behaviour for splints

The Figure 5 shows the load vs. displacement behaviour for splints made of PC, Nylon, ABS and PLA highlighting
their stiffness through the slope and curvature. PC exhibits the highest stiffness with the steepest curve, showing
minimal displacement for the highest load. Nylon follows with a slightly less steep curve, indicating slightly lower
stiffness but still good resistance to deformation. ABS displays moderate stiffness, with more displacement for a
similar load compared to PC and Nylon. PLA has the flattest curve, reflecting the lowest stiffness, as it undergoes the
largest displacement under the smallest load. The overall trend indicates that as stiffness decreases from PC to PLA,
the curves become less steep, and the materials exhibit greater deformation under load. PC tends to exhibit brittle
failure, breaking abruptly with minimal deformation under high loads. Nylon shows ductile failure, allowing
significant plastic deformation before yielding or breaking. ABS demonstrates a mixed mode, where either brittle or
ductile failure can occur depending on the stress and strain conditions. PLA undergoes ductile failure with noticeable
deformation prior to fracture, though it lacks the toughness of the other materials. The progression from brittle to
ductile behavior indicates varying energy absorption capacities across the materials under load.
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5.2 FEA Results

The maximum principal stress and directional deformation in the Finite Element Analysis (FEA) results of the
compression test for the finger splints made from various filament materials (PC, Nylon, ABS and PLA) offer
important information about the mechanical behaviour of the splints under loading conditions. In comparison to the
other materials, the FEA results for the splints made of PC filament usually displayed the highest maximum principal
stress values. This suggests that during compression, PC splints had higher stress concentration and better load
distribution throughout the structure. Furthermore, the directional deformation analysis showed that there was less
localized distortion or deformation and a tendency for PC splints to deform more uniformly. Nylon filament splints
typically showed the next best results in terms of maximum principal stress and directional deformation, after PC.
Nylon splints showed good load-bearing capacity and deformation characteristics, although they were slightly less
stressed than PC splints. According to the directional deformation analysis, Nylon splints distorted fairly uniformly,
exhibiting mild localized deformation in regions where stress concentrations were higher. Figure 6 indicates the
maximum principal stress for different materials results obtained through FEA.
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Fig. 6. Maximum principal stress results

When compared to PC and Nylon, ABS filament splints generally displayed lower maximum principal stress values,
indicating reduced stress concentration in specific splint structure areas. ABS splints had more noticeable localized
deformation, especially in low-stress areas, according to the directional deformation analysis. PLA filament splints
generally showed more noticeable directional deformation and the lowest maximum principal stress values among
the materials tested. This implies that, in comparison to PC, Nylon, and ABS splints, PLA splints underwent more
uniform deformation and less concentrated stress under compressive loads. In terms of stress distribution and
deformation characteristics during the compression test, PC filament outperformed Nylon, ABS, and PLA, according
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to the FEA results overall. These results offer insightful information about the best filament materials to use when
creating finger splints, which has ramifications for improving the mechanical qualities of orthopaedic devices and
optimizing design parameters. Figure 7 indicates the directional deformation results for different materials obtained
through FEA.
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Fig. 7. Directional Deformation results

The load vs. displacement behaviour, failure modes, and the observed FEA stress results correlate closely, providing
insights into each material’s mechanical response and failure characteristics. PC, exhibiting the highest stress value
(61.5 MPa), aligns with its steep load-displacement curve and brittle failure mode, indicating that it withstands higher
loads but fractures suddenly with minimal plastic deformation. Nylon, with a stress of 54.4 MPa, supports slightly
lower loads but behaves more ductile, allowing greater deformation before failure, which corresponds to its more
gradual curve. ABS, showing a moderate stress of 45.2 MPa, reflects its mixed failure mode, balancing between
brittle and ductile responses depending on the loading conditions, consistent with its intermediate curve. PLA, with
the lowest stress value (40.6 MPa), deforms the most under load and undergoes ductile failure, as seen from its flatter
curve and higher displacement at failure. The FEA results validate the load-displacement trends, as higher stresses in
PC and Nylon result in stiffer responses with less deformation, while lower stresses in ABS and PLA lead to more
plastic deformation before failure.

Table 2: FEA Results

Filament Material Maximum principal stress (MPa) Directional Deformation (mm)
PC 61.5 0.26
Nylon 54.4 0.30
ABS 452 0.37
PLA 40.6 0.44
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Validating FEA results with experimental data is essential for several reasons, as it helps ensure the accuracy and
reliability of the model used for simulation. Experimental validation helped verify the correctness of the FEA model.
The reaction force from simulations was validated against the experimental obtained load valves.
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Z
N’
=
<
=]
p—
S 1300
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= 1200

1100
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Material

Fig. 8. Experimental vs simulation results

Validation process ensured that the geometry, material properties, boundary conditions and other input parameters in
the simulation accurately represent the real-world scenario. Experimental validation mainly helped confirm that the
material properties assigned in the FEA model accurately reflect the real material behaviour under loading conditions.
An average of 3% error deviation was observed between the experimental and simulation results. Figure 8 is the
graphical representation of simulation and experimentally observed load values.

Polycarbonate is the superior material for finger splints based on the present analysis, as it demonstrated the highest
mechanical strength with a stress value of 61.5 MPa, allowing it to withstand significant loads without considerable
deformation. This is reflected in its steep load-displacement curve, which indicates that PC maintains rigidity and
effectively supports the finger during healing. In contrast, Nylon has a lower stress value of 54.4 MPa and allows for
greater deformation, which may compromise the splint's ability to immobilize the finger effectively. ABS, with a
moderate stress value of 45.2 MPa, exhibits a mixed failure mode that can lead to unpredictable performance under
varying loads, while PLA, having the lowest stress value of 40.6 MPa, shows significant deformation, making it
inadequate for providing the necessary support. Additionally, the brittle failure mode of PC, while potentially
concerning in some contexts, ensures that it does not undergo gradual yielding, which is critical for maintaining the
integrity of the splint. Overall, the data clearly indicate that PC provides the best combination of strength, stiffness,
and reliability for finger splint applications.

6. Conclusion

The mechanical characteristics of patient-specific finger splints made of nylon, polycarbonate (PC), polylactic acid
(PLA), and acrylonitrile butadiene styrene (ABS) filament materials are thoroughly examined in this research paper.
By combining 3D printing, compression testing, and Finite Element Analysis (FEA), we have been able to gather
important information about how these materials work in orthopedic applications. According to our research,
Polycarbonate (PC) filament outperformed the other materials in terms of mechanical performance. During the
compression test, PC filament showed more uniform directional deformation and a lower maximum principal stress
value. Positive mechanical characteristics were also demonstrated by nylon filament, whereas ABS and PLA
filaments displayed greater stress concentrations and less even deformation. When choosing appropriate materials for
patient-specific finger splints, clinicians and designers can benefit greatly from the comparative analysis of these
filament materials. While ABS and PLA filaments may be appropriate for applications where cost-effectiveness or
ease of printing is prioritized, PC and nylon filaments offer promising options for fabricating splints that require
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optimal load distribution and deformation characteristics. Overall, by offering evidence-based insights into the
mechanical behavior of 3D-printed finger splints, this study advances orthopaedic care. Through the utilization of
Finite Element Analysis (FEA), 3D printing technology, and experimental testing, we have acquired a more profound
comprehension of the performance attributes of various filament materials. This has enabled us to make well-
informed decisions and optimize splint designs tailored to individual patients. Going forward, more research is
necessary to investigate new filament materials, improve manufacturing processes, and find out how well 3D-printed
finger splints function over time and are biocompatible. Through interdisciplinary research and collaboration,
orthopedic devices can be continuously innovated and refined, leading to improved patient outcomes and quality of
life in the field of orthopedic rehabilitation.

The analysis of different filament materials for finger splints reveals significant implications for patient care and
comfort, particularly highlighting polycarbonate (PC) as the superior choice due to its optimal mechanical properties.
With a maximum principal stress of 61.5 MPa and minimal directional deformation of 0.26 mm, PC offers excellent
stability and immobilization, crucial for preventing complications such as malunion during healing. In contrast,
materials like polylactic acid (PLA) exhibit higher deformation (0.44 mm) and lower stress (40.6 MPa), which may
compromise immobilization and patient safety. The comfort associated with lower deformation materials like PC
enhances patient compliance, as a secure and well-fitting splint reduces pressure points and irritation. Furthermore,
the durability and impact resistance of PC ensure effective protection against external forces, while ongoing research
into innovative materials and smart technologies holds the potential to improve recovery experiences. Overall,
selecting materials based on their mechanical performance directly influences healing outcomes, safety, and patient
satisfaction in medical applications like finger splints.

References

[1] Blough C, Najdawi J, Kuschner S. Patient preference for trigger finger treatment. World J Orthop.
2022;13:1006-14.

[2] Peng C, Huang RW, Chen SH, Hsu CC, Lin CH, Lin YT. Comparative outcomes between surgical treatment
and orthosis splint for mallet finger: a systematic review and meta-analysis. J Plast Surg Hand Surg.
2023;57:54-63.

[3] Yang TC, Fufa D, Huang HK, Huang YC, Chang MC, Wang JP. Percutaneous Al pulley release combined
with finger splint for trigger finger with proximal interphalangeal joint flexion contracture. J Hand Surg Asian
Pac Vol. 2019;24:270-5.

[4] Tajik H, Shirzad N, Rahimibarghani S, Rezapour B, Nejadhosseinian M, Faezi ST. The effects of adding splint
use to corticosteroid injection for the treatment of trigger finger: a randomized controlled trial.
Musculoskeletal Care. 2022;20:908-16.

[5] Thillemann JK, Thillemann TM, Kristensen PK, Foldager-Jensen AD, Munk B. Splinting versus extension-
block pinning of bony mallet finger: a randomized clinical trial. J Hand Surg Eur Vol. 2020;45:574-81.

[6] Chhikara K, Gupta S, Saharawat S, Sarkar S, Chanda A. Design, manufacturing, and trial of a 3D printed
customized finger splint for patients with rheumatoid arthritis. Rheumato. 2023;3:51-62.

[7] Papavasiliou T, Shah RK, Chatzimichail S, Uppal L, Chan JCY. Three-dimensional printed customized
adjustable mallet finger splint: a cheap, effective, and comfortable alternative. Plast Reconstr Surg Glob Open.
2021;9:e3500.

[8] Guven E, Suner-Keklik S. Custom-made finger splint versus prefabricated finger splint: finger flexion
stabilization. Rev Assoc Med Bras. 2022;68:935.

[91 Maharaj PSRS, Maheswaran R, Vasanthanathan A. Numerical analysis of fractured femur bone with
prosthetic bone plates. Procedia Eng. 2013;64:1242-51.

[10] Maharaj PSRS, Vasanthanathan A, Ebenezer FBD, Giriharan R, Athithiyan M. In situ bio printing of carbon
fiber reinforced PEEK hip implant stem. AIP Conf Proc. 2022;2653.

[11] Vasanthanathan A, Kennedy SM. Bio-printing of femur model: a bone substitute for biomedical research.
Mater Tehnol. 2023;57:283-9.

[12] Senthil Maharaj PSR, Vasanthanathan A. An insight into the mechanical and tribological behavior of carbon-
flax reinforced bioepoxy hybrid composite bone plates for orthopedic applications. Polym Polym Compos.
2023;31:1-11.

[13] Kennedy SM, Robert RBJ, Seenikannan P, Arunachalam V, Amudhan K. An investigation on mechanical
properties of 3D pen fused zones for additive manufactured parts. Eng Solid Mech. 2023;11:263-70.

J. Res. Appl. Mech. Eng. 2025, Volume 13(2)/11



[14]
[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]
[32]

[33]

Kennedy SM, Raghav GR, Jeen Robert RB, Manikandaraja G, Selvakumar M. PEEK-based 3D printing: a
paradigm shift in implant revolution for healthcare. Polym Technol Mater. 2024;00:1-23.

Maharaj S, Vasanthanathan KA, Jeen RB, Vignesh RA, Pandian M. Impact of mechanical engineering
innovations in biomedical advancements. Vitr Model. 2024.

Kennedy SM, Amudhan K, Jeen Robert RB, Vasanthanathan A, Vignesh Moorthi Pandian A. Experimental
and finite element analysis on the effect of pores on bio-printed polycaprolactone bone scaffolds. Bioprinting.
2023;34:e00301.

Kennedy SM, Vasanthanathan A, RB JR, Amudhan K. Advancements and prospects of polymer-based hybrid
composites for bone plate applications. Polym Technol Mater. 2023;63:1-20.

Ebrahimi F, Ramezani DH. Poly lactic acid (PLA) polymers: from properties to biomedical applications. Int
J Polym Mater Polym Biomater. 2022;71:1117-30.

Dana da S, Maya K, Maria P, Omer A, Nitzan K, Janna SR, Avi S.Biocompatibility, biodegradation and
excretion of polylactic acid (PLA) in medical implants and theranostic systems. Chem Eng J. 2018;340:9-14.
Moradi M, Beygi R, Mohd. Yusof N, Amiri A, da Silva LFM, Sharif S. 3D printing of acrylonitrile butadiene
styrene by fused deposition modeling: artificial neural network and response surface method analyses. J Mater
Eng Perform. 2023;32:2016-28.

Kirby B, Kenkel JM, Zhang AY, Amirlak B, Suszynski TM. Three-dimensional (3D) synthetic printing for
the manufacture of non-biodegradable models, tools and implants used in surgery: a review of current
methods. J Med Eng Technol. 2021;45:14-21.

Shiva S, Asuwin Prabu RG, Gauri B, Amy Elsa J, Sharan C, Vishnu VK, Seeram R. A review on the recent
applications of synthetic biopolymers in 3D printing for biomedical applications. J Mater Sci Mater Med.
2023;34:1-22.

Kumar A, Kumar D, Faisal N, Sharma A, Kumar Ansu A, Goyal A. Application of 3D printing technology
for medical implants: a state-of-the-art review. Adv Mater Process Technol. 2023.

Abar B, Alonso-Calleja A, Kelly A, Kelly C, Gall K, West JL. 3D printing of high-strength, porous,
elastomeric structures to promote tissue integration of implants. J Biomed Mater Res A. 2021;109:54-63.
Banerjee K, Debroy M, Balla VK, Bodhak S. Recent progress in 3D-printed polyaryletherketone (PAEK)-
based high-performance polymeric implants for musculoskeletal reconstructions. J Mater Res. 2021;36:3877—
93.

Formisano M, luppariello L, Casaburi A, Guida P, Clemente F. An industrial oriented workflow for 3D
printed, patient specific orthopedic cast. SN Appl Sci. 2021;3:1-11.

Kropla F, Winkler D, Lindner D, Knorr P, Scholz S, Grunert R. Development of 3D printed patient-specific
skull implants based on 3D surface scans. 3D Print Med. 2023;9:1-10.

Cox SC, Jamshidi P, Eisenstein NM, Webber MA, Hassanin H, Attallah MM. Adding functionality with
additive manufacturing: fabrication of titanium-based antibiotic eluting implants. Mater Sci Eng C.
2016;64:407-15.

Javaid M, Haleem A. Current status and applications of additive manufacturing in dentistry: a literature-based
review. J Oral Biol Craniofac Res. 2019;9:179-85.

Rehman M, Yanen W, Mushtaq RT, Ishfaq K, Zahoor S, Ahmed A. Additive manufacturing for biomedical
applications: a review on classification, energy consumption, and its appreciable role since COVID-19
pandemic. Prog Addit Manuf. 2022;8:1007-41.

Zolfagharian A, Gregory TM, Bodaghi M, Gharaie S, Fay P. Patient-specific 3D-printed splint for mallet
finger injury. Int J Bioprinting. 2020;6:1-13.

Kennedy SM, Arunachalam V, Kannan A. A novel carbon-flax bioepoxy hybrid composite bone plate with
enhanced bio-mechanical performance. Materwiss Werksttech. 2024;55:508-17.

Xie Q, Li X, Wang P. Three dimensional finite element analysis of biomechanics of osteotomy ends with three
different fixation methods after hallux valgus minimally invasive osteotomy. J Orthop Surg. 2023;31.

12/ Volume 13(2), 2025 J. Res. Appl. Mech. Eng.



