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Material Matters: A Comparative Analysis of Hand Immobilization Orthoses
Using 3D-Printed, Thermoplastic, and Fiberglass Cast

Abstract

Background: Orthosis fabrication is a widely used technique in occupational therapy, and there is growing
evidence supporting the use of 3D printing in the fabrication of cost-effective orthotics. Nevertheless,
further research is needed to enable informed decision-making when selecting appropriate orthotic
materials.

Method: A comparative analysis was conducted to evaluate the fabrication processes and final products
of thumb immobilization orthosis made with three different materials from the fabricator’s perspective.
Factors examined included the required equipment and materials, assessment of time and skills involved
in the fabrication process, evaluation of ease of adjustment during fabrication, and objective
measurements of functional outcomes.

Results: Among the different orthosis materials evaluated, the 3D-printed orthotic demonstrated the
highest level of cost-effectiveness and replicability. However, it was also found to be the most time-
consuming to fabricate, requiring a significant learning commitment and initial investment.

Conclusion: Thermoplastic may be better suited for functional orthoses, while fiberglass cast may be
more appropriate for short-term and non-functional orthoses. It is crucial for fabricators to have a
comprehensive understanding of orthotic materials and their properties to select the most suitable option
based on the user's specific condition and occupational requirements.
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MATERIAL MATTERS

Orthosis fabrication is common practice in occupational therapy (OT) to immobilize or stabilize
an area of the body to promote healing, relieve pain, prevent or reduce deformity, decrease spasticity, and
increase functional capacity (Adrienne & Manigandan, 2011; Jackman et al., 2014; Kjeken et al., 2011).
Thermoplastic is one of the most used materials to fabricate orthotics, while synthetic cast materials are
an alternative growing in popularity (Waldburger et al., 2022). In addition, increased development and
availability of 3-dimensional (3D) scanning and printing technology has triggered widespread applications
of 3D printing in the health care field, such as the fabrication of dental and surgical implants, prostheses,
and orthoses (Ganesan et al., 2016; Tyminski et al., 2019). In OT, these technologies could provide
innovative and cost-effective methods to create assistive devices, adaptive equipment, and orthoses for
clients (Schwartz, 2018; Waldburger et al., 2022). Given the development of new technologies and
materials, it is critical for health care professionals to have objective information about all available
orthotic materials to make an informed decision when creating an orthotic device. This study evaluated
three different orthotic fabrication techniques from a fabricator’s perspective.
3D Printing in Health Care

New technological devices are often expensive and less available; however, they become more
accessible to customers over time (Benham & San, 2020). 3D printing is one of these technologies that
has become more accessible and has been increasingly used in the health care field (Bogue, 2013; Ganesan
et al., 2016; Prato & Britton, 2015). From artificial joints and hearing aids to prosthetics and implants, 3D
printing technology has been widely applied to create customized devices in the health care field (Eltorai
et al., 2015; Ventola, 2014; Wang et al., 2017). 3D-printed items have a distinct value in health care
because they are customizable, replicable, and cost-effective (Dodziuk, 2016). In OT, the technology has
been mainly used in fabricating assistive devices, adaptive equipment, and orthotics (Lee et al., 2019;
Portnoy et al., 2020; Schwartz et al., 2020).
3D Scanning in Health Care

3D printing can also involve the use of 3D scanners. 3D scanners capture an object image in a
three-dimensional format with great accuracy in a matter of a few seconds (Grazioso et al., 2018; Haleem
& Javaid, 2019). 3D scanning technology is applied in health care in various ways. An instant 3D whole-
body scanner is used to create implants and prostheses (Grazioso et al., 2018). It can also be used to detect
orthopedic anomalies of the human body, such as scoliosis of the spine and foot deformities (Haleem &
Javaid, 2019). In addition, 3D models created by a 3D scanner allow medical doctors to measure
parameters, such as distances and volume of human bodies to estimate bleeding in hemophilia and lung
capacities (Haleem & Javaid, 2019). The benefits of 3D scanning technology are that it eliminates the
process of manual measuring and provides quick and accurate measurements (Haleem & Javaid, 2019).
3D Scanning and Printing in OT

3D printing is being used to create assistive devices and adaptive equipment using customizable
and cost-effective methods (Ganesan et al., 2016; Hunzeker & Ozelie, 2020; Morgan & Schank, 2018).
Hunzeker and Ozelie (2020) completed a cost analysis of adaptive equipment that was 3D-printed
compared to those commercially available and found that 3D-printed adaptive equipment was, on average,
10.5 times more cost-effective than commercial alternatives. Occupational therapists also use 3D scanning
and printing technologies in the fabrication of orthoses. Portnoy et al. (2020) compared 3D-printed finger
orthoses to manual-made orthoses and found that 3D-printed finger orthoses were lighter in weight and
scored a higher satisfaction rating from the fit and overall process. Similarly, Lee et al. (2019) investigated
the efficacy of hand orthoses created by 3D scanners and printers for individuals with traumatic brain
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injury and found that the individuals who used 3D-printed orthoses demonstrated increased hand function
with activities of daily living, like feeding and typing as compared to those that used over-the-counter
orthoses.

Indications to Analyze Different Materials for Orthotic Fabrication

Recent studies have explored orthoses made from different materials and their impact on users. In
a study with 35 patients suffering from carpometacarpal joint osteoarthritis, those using custom-made
orthoses experienced a significant reduction in pain levels compared to those using commercial orthoses
(Bani et al., 2013). In addition, 3D-printed short thumb orthoses were found to offer greater flexibility and
support compared to traditional ones (Chu et al., 2022). A review of 22 articles revealed that 3D-printed
orthoses generally had similar or superior effects on factors like wrist-hand function and joint range of
motion, leading to higher satisfaction and comfort among users (Choo et al., 2020). Furthermore, a study
comparing 3D-printed wrist orthoses to those made from fiberglass cast material found similar function
scores but higher satisfaction, comfort, and perceived function with the 3D-printed orthoses (Graham et
al., 2020).

Investigation of 3D-printing applications in orthosis fabrication cannot be completed by examining
only users’ perspectives. It must also be examined from the fabricator’s perspective to compare fabrication
processes and usability of 3D-printed orthoses. A comparison of the materials to test feasibility, benefits,
and limitations is also warranted. It is the ethical responsibility of occupational therapists to be informed
of the limitations and benefits of novel interventions, such as 3D printing, to support the standards of
beneficence and nonmaleficence for clients (American Occupational Therapy Association [AOTA], 2015;
Hunzeker & Ozelie, 2021). Therefore, the goal of this study was to conduct a comprehensive analysis of
orthoses fabrication processes and final products using various materials. The analysis encompassed
several factors, including the examination of required equipment and materials, assessment of time and
skills involved in the fabrication process, evaluation of ease of adjustment during fabrication, and
objective measurements of functional outcomes. By taking these aspects into account, the study aims to
offer a heightened understanding of the orthosis fabrication process and its resulting products.

Method
Design

This study was a comparative analysis of thumb immobilization orthosis fabricated with 3D-
printed, thermoplastic, and fiberglass cast material with consideration to the fabrication processes,
functions, cost-effectiveness, and replicability. This is a fabricator analysis of the fabrication and function
of a hand-based thumb spica orthosis. This study did not require approval from the institutional review
board as it did not include any interaction or intervention with human subjects other than the authors or
include any access to identifiable private information.

Procedures

Hand-based thumb immobilization orthoses were fabricated using 3D scanning/printing,
thermoplastic, and fiberglass casting material. The knowledge and skills gained from university
coursework and 3 months of fieldwork experience at a hand therapy clinic, making multiple orthotic
devices per day, were applied to fabricate orthoses using thermoplastic and fiberglass casts. 3D scanning
and printing were learned and practiced for 3 months of preparatory learning with approximately 2 to 4 hr
per week and then four dedicated full-time weeks of 4 to 6 hr/day before the fabrication of the 3D-printed
orthoses. One author (fabricator) fabricated three of each orthosis for analysis and averaged findings to
ensure the most accurate results. Orthoses were fabricated by one author (the “fabricator”) on the other
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author (the “user”). All orthoses were analyzed using the required equipment, materials, skills, time, ease
of adjustment, replicability, skin integrity, and fine motor control.
Hand-Based Thumb Immobilization Orthosis

A hand-based thumb immobilization orthosis was chosen as the orthosis subject for this study.
Hand-based thumb immobilization orthosis limits the mobility of the thumb carpometacarpal joint and
metacarpophalangeal joint and is often prescribed for clients with arthritis, low median nerve injury, or
first metacarpal fracture to allow healing, rest, and/or protecting involved structures (Gammons, 2021;
Jacobs & Austin, 2014). For this study, hand-based thumb immobilization orthoses were fabricated based
on the protocols in Jacobs and Austin (2014), with slight metacarpophalangeal joint flexion and the thumb
positioned in opposition. Additional fabrication requirements included clearing the distal palmar crease,
the interphalangeal (IP) joint of the thumb, and the radiocarpal joint to allow an unobstructed range of
motion of the finger flexors, thumb IP flexion, and wrist flexion (Jacobs & Austin, 2014). All protocols
were strictly followed when fabricating all orthoses to ensure consistency among orthoses.
3D Printed Hand-Based Thumb Immobilization Orthosis

A 3D scan of the hand must first be completed to provide measurements of the hand before
fabricating a 3D-printed thumb immobilization orthosis. POP Scanner and RevoScan were used to scan
the hand and convert the image into stereolithography (STL) format. Then, the image was imported into
nTopology 3D modeling software to develop a 3D modeled thumb immobilization orthosis based on the
scanned hand image. The model was imported into FlashPrint 5, a free slicing software, to be prepared for
print and printed by FlashForge Adventurer 3. This printer takes polylactic acid (PLA) filament, a durable
and cost-efficient filament that is made from cornstarch and is biodegradable (Simplify3D, 2023). A spool
of 1.75 mm PLA 0.5 kg filament was used in this study. Once printed, the orthoses were fitted, and some
grinding and filing were required to account for skin integrity concerns. No strap was used with this
orthosis, as there was an opening on the ulnar side of the orthosis in which the user could don the orthosis,
which fit without the need for a strap. The process was completed three times to average the time required.
Thermoplastic Thumb Immobilization Orthosis

For the fabrication of thermoplastic thumb spica, one-eighth of Rolyan Aquaplast T, 19% Optiperf
1/16” x 18” x 24” material was used. This specific material was chosen because of its thin and lightweight
nature, which was ideal for hand-based orthosis with perforations providing increased ventilation for the
hand (Performance Health, 2023). A pattern for hand-based thumb immobilization orthosis was
developed, and then a piece of thermoplastic was cut and heated to the required temperature. The softened
thermoplastic was placed and shaped on the hand according to the hand-based thumb immobilization
orthosis pattern (Jacobs & Austin, 2014). Scissors, an orthotic pan, and a heat gun were used to make
adjustments. The orthosis was fitted to the hand and adjustments were made to ensure an appropriate fit.
The process was completed three times to average the time required.
Fiberglass Cast Thumb Immobilization Orthosis

A thumb spica stockinette was placed directly onto the hand, and the hand was positioned
according to the hand-based thumb spica protocol. A roll of Delta-Lite Conformable Fiberglass Cast Tape,
2-inch width, was soaked in a bucket of water and used to wrap the hand and thumb over the stockinette.
During the next few minutes, the hand was supported in the position according to the protocol while it
hardened. A plastic stick was inserted in the dorsum part of the hand between the skin and the stockinette
for skin protection, and then, the cast was cut with a pair of bandage scissors along the plastic stick. After
being removed, the cast was trimmed, and the edges rounded off with a pair of orthotic shears to be formed
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into a hand-based thumb spica. Once fitted on the hand and checked for protocol adherence and comfort,
the thumb spica was lined with fleece edger and added with hooks and a loop Velcro closure. This process
has been completed three times to average the time required.
Outcome Measures
Equipment Required

All items used in the process to create the orthosis itself and can be used repeatedly are classified
as equipment in this study. Equipment is items that facilities can often purchase one time and then use
repeatedly. While the cost per orthotic may be inconsequential, it is an important consideration for upfront
budgetary costs associated with the various types of orthoses analyzed in this study. All equipment
required to fabricate an orthotic was analyzed for its cost. The cost of such equipment as an orthotic pan,
orthotic shears, and heat guns were referenced on the websites of rehabilitation supply companies and the
average prices of these sites were listed in the results. The sites included, but were not limited to,
Performancehealth.com, Rehabmart.com, and ncmedical.com. The cost analysis of 3D-print-related
equipment was retrieved from the associated manufacturer of the 3D printer, scanner, and filaments.
Materials Required

All materials required to fabricate an orthotic were analyzed for their cost. Any items used in the
process and used to create the orthosis itself that have only a single use were classified as materials in this
study. The cost of filament to fabricate a hand-based thumb spica is calculated by the length of filament
used multiplied by the cost per meter. Each 1.75 mm PLA 0.5 kg filament spool costs $17.99 (FlashForge
3D Printer, 2023a). A spool of 1 kg has 335.3 meters of PLA filament (2016, 2020); hence, a spool of 0.5
kg has 167.65 meters of PLA filament. The cost per meter was calculated using the following equation:
(the cost of a spool of filament / the length of filament in the spool) multiplied by the length used to
fabricate a thumb spica. The cost of the hook and loop velcro straps, as well as the cost of the fiberglass
cast fleece edger, were calculated in the same way as above. The piece of thermoplastic used was an eighth
of the original sheet of thermoplastic; hence, the cost was calculated by the following formula: the price
of the original sheet / eight. The cost of fiberglass cast was calculated by the roll, not by length, because
a remaining roll of fiberglass cast cannot be saved for later use due to the chemical reaction that occurs
with air and water exposure. The cost-effectiveness was calculated using the following equation: the total
material cost required to fabricate an orthosis / the cost required to fabricate the most cost-effective
orthosis among the three.
Skills Required

All skills and knowledge required to operate equipment, use materials, and fabricate a thumb
immobilization orthosis were analyzed. Biomechanical principles are defined as the knowledge of hand
anatomy, physiology, and function relative to orthotic fabrication.
Time Required

The amount of time required to fabricate the three orthoses was analyzed using minutes and
seconds. Time is broken down into the time required for a user to be present and the time required for the
fabrication process. The recorded data on the 3D printer for the actual print time was used in this analysis
for the 3D printed orthosis. Three of each hand-based thumb immobilization orthoses were fabricated with
thermoplastic and fiberglass cast materials to calculate the average time required for the process and
ensure accurate analysis. The time-effectiveness was calculated using the following equation: the total
time required to fabricate an orthotic / the time required to fabricate the most time-effective orthotic among
the three.
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Ease of Adjustment

The level of ease or difficulty in adjusting an orthosis during the fabrication process is examined
from the fabricator’s perspective. The levels were rated as easy (able to make adjustments to the orthosis
in a short amount of time and make adjustments to all aspects of the orthosis), medium (able to make
adjustments in a moderate amount of time and make adjustments to some aspects of the orthosis), or
difficult (able to make adjustments to the orthosis requiring a significant amount of time or unable).
Replicability

The ability of the fabricator to recreate the exact orthosis is examined in this section. Replicability
is important in instances when patients lose or damage their orthoses and require replacements. The levels
of replicability were rated as perceived by the fabricator. The levels of replicability were rated as high
(able to replicate the exact same orthosis without requiring the presence of user), medium (able to replicate
the same orthosis to a moderate degree, does need user for final modifications), or low (unable to replicate
the exact same orthosis; must repeat entire process with user).
Skin Integrity

The condition of the skin was examined after the 3 hrs of the user wearing each orthosis and
performing similar activities (cooking tasks, writing, phone use) during a similar period during the day.
The condition of the skin was rated excellent (no redness or other signs of skin irritations), good (minor
redness), or fair (multiple areas of redness), according to the presence of red spots or any other signs of
skin irritations.
Fine Motor Control

The fabricator evaluated the functionality of each orthosis as measured by the nine-hole peg test
(NHPT). The NHPT is a standardized assessment tool used to gauge finger dexterity. Among test subjects
of healthy adults, it demonstrated excellent test-retest reliability and excellent correlation with the
Bruininks-Oseretsky Test of Motor Proficiency (Wang et al., 2011) and excellent interrater reliability
(Grice et al., 2003). With each orthosis, the NHPT was performed three times, and the average of the three
was calculated. One-way ANOVA was used to investigate if the difference between the three orthoses
material had a measurable effect. The statistical analysis was run using Microsoft Excel. Significance was
set at p <0.05.

Results

Overall, thermoplastic and fiberglass cast materials demonstrated similar results in many
categories, while 3D-printed orthoses demonstrated distinct differences in several categories analyzed.
The material cost of 3D-printed orthoses was significantly lower than the other two alternatives,
specifically 14.62 times more cost-effective than thermoplastic and 12.64 times more cost-effective than
fiberglass cast. The fiberglass cast demonstrated the most time-effectiveness, with an average of fewer
than 15 min, making it more than 30 times more time-effective than 3D-printed orthoses, which required
over 7 hrs to complete. Comparative analysis of equipment, materials, skills, and time required in the
fabrication process, ease of adjustments during fabrication and replicability, as well as skin integrity after
3 hrs of wear and fine motor functions are presented in Table 1. The cost and time-benefit analyses are
presented in Table 2. Table 3 provides a summary of the results of the ANOVA data analysis of fine motor
performance.
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Table 1
Analysis of Thumb Spicas Made with Different Materials
3D-Printed Thermoplastic Fiberglass Cast
I T T 1
Pictures
I 1
Equipment Total: $698 + Cost of 3D Total: $293.57~ $1,951.50 Total: $392.50
required** modeling software -Commercial Orthotic pan ($1,722) -Orthotic shears ($52.50)
-3D scanner: POP scanner ($399)  -OR electronic fry pan ($64.07)* -Bandage Scissors ($171)
-3D modeling software: -Slotted turner ($8) -Heat gun ($169)
nTopology (Free for -Orthotic shears ($52.50)
academics/students) -Heat gun ($169)
-3D printer: FlashForge
Adventurer 3 ($299)
I T T T 1
Materials Total: $0.74 Total: $10.82 Total: $9.35
required -PLA filament (6.86 m / $0.74 ) -Thermoplastic (Aquaplast-T 19% -Fiberglass Cast (Delta-Lite
Perforation 15cm x 23cm / $10.61) Conformable $6.50)
-Velcro hook (2.5 cm / $0.06) -Stockinette ($1.62)
-Velcro loop (11 cm / $0.15) -Fleece edger (52 cm / $1.02)
-Velcro hook (2.5 cm / $0.06)
-Velcro loop (11 cm/ $0.15)
I T T T 1
Skills required  -Biomechanical principles -Biomechanical principles -Biomechanical principles
- 3D scanning -Types of thermoplastic -Types/size of synthetic cast materials
- 3D modeling software -Fabrication/adjusting orthosis -Fabrication/adjusting orthosis
- 3D printing
-Overall skills with technology
I T T T 1
Time required  Total: 7 hr 17 min Total: 19 min 36 s Total: 14 min 38 s
-Scanning hand: 8 min -Making pattern -Fitting
-3D modeling: 30 to 45 min (with  -Fitting -Placing straps
established workflow 15 min) -Placing straps -Real-time adjustments
-3D printing: 6 hrs 31 min -Real-time orthosis adjustments
-Modifications & adjustments: 8
min
I T T T 1
Ease of Difficult Medium Easy
adjustment Need to re-scan, re-model, and/or  Able to adjust shape by reheating the  Able to adjust shape by trimming with
(Easy-Medium-  re-print the entire orthosis area; may deform other area; may scissors; minimal fingerprints or
Difficult) leave fingerprints deformity to other areas when
adjusting
I T T T 1
Replicability High Low Low
(High-Medium-  Able to replicate the exact same Unable to replicate the exact same Unable to replicate the exact same
Low) orthosis without requiring orthosis; must repeat entire process orthosis; must repeat entire process
presence of user with user with user
I T T T 1
Skin integrity Good Excellent Good
(after 3 hr of Very minor redness by vent holes  No redness or other signs of skin Minor indentations at first metacarpal
wear / Least water retention during light irritations joint
Excellent- cooking tasks Some water retention during light Very comfortable
Good-Fair) cooking tasks Remove for tasks using water
I T T T 1
Fine motor Average: 18.05s Average: 17.90 s Average: 16.96 s
control
(Measured by 18°95”,17°18”, 18°01” 17°68,18°177,17°85” 157917, 18754, 16°44”
NHPT)
* t?Iiven the variation of options for orthotic pans used by clinicians, both a commercially available orthotic pan and an electric fry pan are included in the
table.

**Equipment can be used repeatedly and is often a one-time purchase.
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Table 2
Cost and Time Benefit Analysis
3D-Printed Thermoplastic Fiberglass Cast
| | |
Cost-effectiveness Most cost-effective Least cost- Moderately cost-effective
(material) 14.62x more cost-effective than effective

thermoplastic
12.64x more cost-effective than
fiberglass cast

Time-effectiveness Least Moderately Most time-effective
time-effective time-effective 30.89x more time- effective than 3D-
printed

1.34x more time- effective than
thermoplastic

Table 3
One-way ANOVA for the Nine-Hole Peg Tests
Source of Variation Sum of Squares df Mean Square F P-value
Between Groups 2.0725 2 1.0362 1.1179 0.3867
Error 5.5615 6 0.9269
Total 7.634 8 0.9543
Discussion
Equipment

Equipment is defined as items that have been used in the process to create the orthosis itself and
that can be used repeatedly. It is crucial to recognize that equipment represents one-time purchases for
facilities, allowing for repeated use. Hence, while the per-orthotic cost might seem insignificant, it plays
a significant role in the initial budgetary expenses linked to the different types of orthoses examined in
this study. The equipment cost required for fabricating a hand-based thumb spica was the lowest using
fiberglass cast. The fabrication process of fiberglass cast also requires minimal specialized equipment.
Similarly, the fabrication process of thermoplastic requires minimal equipment, except for an orthotic pan,
which can range in cost, and, potentially, the use of a heat gun. It is important to note that the cost of the
orthotic pan can vastly differ depending on the type of pan the clinical site uses. Commercially available
pans from therapeutic supply companies that are larger are significantly more expensive; however, there
are much more cost-effective options that are smaller in size but can accommodate this type of orthosis.

The equipment cost of 3D-printed thumb spica can vary greatly depending on the type and grade
of scanners and printers. The scanner used in this study, the POP scanner ($399; Revopoint, 2023), is a
basic model, but the majority of 3D scanners in the market range roughly from $800 to $1,200. 3D printers
can also vary widely depending on the size and capabilities. Models range from $200 to $1,500 for
hobbyists, while professional models can cost up to $20,000. There are many free 3D modeling software
available that are great for beginners to learn 3D modeling basics and explore their interests (Frey, 2023),
while professional 3D modeling software is predominantly subscription or license contract-based, which
can cost up to several thousand dollars a year. Fabricators must seriously consider the upfront costs of the
equipment when making decisions about orthosis fabrication processes.
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Materials

The material cost required for fabricating the 3D-printed thumb spica was significantly less than
that of thermoplastic and fiberglass cast. As shown in Table 2, a 3D-printed orthosis using PLA filament
was 14.62 times (93%) more cost-effective than a thermoplastic orthosis and 12.64 times (92%) more
cost-effective than a fiberglass cast orthosis. Various filaments can be used to print a hand-based thumb
spica, and the prices vary according to their types (Monofilament Direct, 2021). A spool of nylon or carbon
fiber filament, which is more durable and heat resistant than PLA, can cost up to $90/kg, ranking in the
higher end of the filament price range (Monofilament Direct, 2021). Even in this case, the cost of
fabricating an orthosis would be $1.85, which is still much more cost-effective compared to the other two,
proving a strong cost-benefit of fabricating a 3D-printed orthosis. The cost of orthoses was identified as
one of the barriers for users of orthoses for functional or rehabilitation means (Nam et al., 2018; Souza et
al., 2016). Thus, the cost-effectiveness of 3D-printed orthotics may increase the accessibility of orthotics
for users.
Skills

It is essential to have knowledge of biomechanical principles and orthotic-specific fabrication
protocols to fabricate any type of orthotic properly. To fabricate an orthotic with thermoplastic, a
fabricator must know the types and properties of different thermoplastics and how to adjust them for
individual fittings. Similarly, fiberglass cast materials require the fabricator to have knowledge of the
types, sizes, and properties of synthetic cast materials and how to adjust them for individual fittings. These
skills to “assess the need for orthotics, and design, fabricate, apply, fit and train in orthoses and devices”
are the required skills for entry-level occupational therapists mandated by the Accreditation Council for
Occupational Therapy Education ([ACOTE], 2018 pp. 30) and continue to develop throughout careers.

Fabricating a 3D-printed orthosis, however, requires an extensive learning process involving 3D
modeling software. The internet is flooded with 3D modeling online courses, learning centers for
individual software, and related YouTube videos and articles. With the advancement of technology,
Howard (2021) discussed that learning 3D modeling has never been easier; however, it would still take 6
months to 1 year for a fabricator to become comfortable designing with 3D modeling software.
NTopology, the 3D modeling software used in this study, provided step-by-step instructions to model a
thumb spica along with access to the learning center and application support via email along with a free
license to the software. The instruction consisted of 46 steps detailed with screenshots. The application
support personnel were very responsive and provided extensive help with the modeling process.
NTopology demonstrated great capabilities to model an orthosis, especially a workflow palette that
provided a solid base for repeated modeling of thumb spica and contributed to increased time-
effectiveness. In addition to nTopology, there are multiple other software available. Geomagic Freeform
is another 3D modeling software that features an intuitive interface and enables curvy designs with the
use of a haptic device (Geomagic Freeform, 2023). Pohlig produces very aesthetically pleasing orthoses
and prostheses that can incorporate a watch or fitness devices into them (Pohlig, 2017). However, these
programs require fabricators to have additional skills almost similar to the level of professional
prosthetists. Considering a fabricator’s technological skills and propensity to technology would be
important for the use of 3D-printed orthotics in clinical settings.
Time

A comparison of the fabrication time resulted in fiberglass cast material being the most time-
efficient. Notably, the fiberglass cast was 30.89 times more time-effective than the 3D-printed orthotic.

https://scholarworks.wmich.edu/ojot/vol12/iss4/7
DOI: 10.15453/2168-6408.2241



MATERIAL MATTERS

However, it is important to note that a user only needs to be present for an average of 8 min during the
fabrication process of a 3D-printed orthotic, while one needs to be present for the entire time of 14 to 20
min of the fabrication process for fiberglass cast and thermoplastic. Notably, about 87% of the fabrication
time (6 hr and 31 min) for a 3D-printed orthotic was spent printing, which mostly required no attendance
of the fabricator or a client. The fabricator’s time spent with 3D modeling software varies from 15 min to
45 min, depending on the use of an established workflow (the fabricator can establish the steps needed
and create a workflow to reduce the number of individual actions needed with the software), which may
or may not be an option, depending on 3D modeling software. It is important to consider that because of
the long print time required for the orthosis, the user would need to return to get the completed orthosis.
This is an important consideration for the fabricator in relation to the client, contextual factors, and
reimbursement implications.

Another consideration related to time when choosing orthotic materials is billing codes. The most
commonly used reimbursement codes for orthotic fabrication are L-Codes, the numbers associated with
the specific orthotics for smooth communication with insurance carriers (Jacobs & Austin, 2014). L-Codes
are determined by the anatomical structure that orthotics support and if they are custom-made and rendered
timeless (Jacobs & Austin, 2014). Hence, the reimbursement rate is the same whether an orthotic
fabrication takes 10 min or 10 hr. Therefore, it should be considered before hospitals and clinics make
initial investments in the equipment and when clinicians choose a material.

Ease of Adjustment

With a 3D-printed orthotic, the hand should be scanned in the position according to the protocol
because 3D modeling software may or may not allow adjustments in joint angles. In this study, when the
hand was scanned with the thumb too far opposed or the palmer abducted, it required re-scanning of the
hand in the proper position. In addition, there were no adjustments possible once the printing started. Both
thermoplastic and fiberglass casts allow for adjustments during the fabrication process. Thermoplastic can
be adjusted by reheating the area using either hot water or a heat gun, but this may result in deformation
or fingerprints to the area or surrounding area. Fiberglass cast can be adjusted with scissors, which
minimizes the possibility of deformity or fingerprints. The adjustability of thermoplastic and fiberglass
cast is a benefit of using these materials, as they allow real-time adjustments, while 3D-printed orthotics
are only allowed for trials after full completion of the 3D-print. Thermoplastic and fiberglass cast materials
also allow for adjustments as the patient’s condition changes (e.g., changes in edema, arthritic changes,
etc.), whereas a 3D-printed orthosis would require the fabricator to create an entirely new template.
Replicability

With 3D-printed orthotics, a fabricator can replicate the same orthotic without requiring the
presence of the user. In contrast, the fabricator must repeat the entire process with the user present when
using thermoplastic or fiberglass cast. This high replicability is a strong advantage of using 3D-printed
technology to deal with the issue of a lost or broken orthotic. This feature may be especially important for
users with chronic conditions who may encounter such situations more often and require replacements.
Skin Integrity

After three hours of wear, all three orthotics demonstrated good to excellent skin integrity.

The 3D-printed orthosis consists of repeating patterns of lattice structures to reduce the weight and provide
increased ventilation for the hand. This lattice structure, at times, can result in some harsh surfaces even
after careful sanding and filing, causing minor skin irritation on the dorsum of the hand. Therapists can
avoid this by using Acrylonitrile butadiene styrene filament and removing the top layer with acetone
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solvent (Carolo et al., 2022). Initial research supports the superior comfort of 3D-printed orthoses
compared to other materials (Choo et al., 2020; Graham et al., 2020); however, this study may add to
growing research that meticulous finishing or special treatments may be required to achieve maximum
comfort. Notably, when the 3D-printed orthotic was worn during the occupation of cooking, it retained
the least amount of water inside the orthotic due to increased ventilation from the lattice structures and
allowed for comfortable task completion without a wet fabric strap touching the skin.

The thermoplastic orthosis was evaluated as excellent in relation to skin integrity because of its
minimal conformable nature among the three materials. The thermoplastic orthosis was used during the
occupation of cooking with minimal issues. The perforated thermoplastic retained a degree of water inside
the orthotic and the fabric strap became saturated, causing minimal discomfort during the cooking task
and interaction with water.

With the fiberglass cast, minor indentations appeared in the dorsum of the first metacarpal joint.
The first metacarpal joint is a potentially high-pressure area in the orthotic fabrication process (Jones et
al., 2022), and it has been recommended to expand the thumb hole manually once removed from the hand
before it hardens with the fiberglass cast-making process. The inner surface of the fiberglass cast consisted
of stockinette and fleece edger, making the fiberglass cast feel comfortable to the skin. It also felt warm
and slightly sweaty because of the resulting orthotic having the least ventilation among the three.
Fiberglass casts can be washed in a washer and air-dried. However, it was recommended to remove the
cast from the hand during tasks using water, so it was not tested with the occupation of cooking. These
characteristics of fiberglass casts may suggest that it may be a suitable material for short-term and non-
functional orthotics, such as immobilization of joints after injury or surgery.

Fine Motor Control

Fine motor control of the hand measured by the NHPT demonstrated just over a 1-s difference
among the three orthotics, and the difference was not statistically significant (p = 0.387). This result
suggests that all three orthotics maintained the same levels of fine motor control of the hand and that the
orthotic material did not impact fine motor control. As fine motor control is an important client factor
consideration for occupational therapists, this is an important consideration when considering orthotic
materials.

Limitations

There were several limitations to this study. One limitation of this study was the use of one
fabricator for analysis. An increased sample of fabricators may provide a greater representation of skills
and increase the validity of the findings. Future studies should consider recruiting multiple occupational
therapists as participants.

Another limitation was that this study only explored one 3D scanning/modeling/printing
technology while there were multiple options for each. 3D-related technologies are diverse and ever-
evolving. Although the author dedicated many hours to learning and received generous assistance, there
is more to learn. Future studies should consider the time and process of learning the technologies and
choosing equipment and materials best suited for orthotic fabrication. The efficacy of 3D-modeling
software designed for orthotic fabrication to increase the feasibility of 3D-printed orthotics in clinical
settings is also warranted.

Finally, this study was based on the perspective and function of a fabricator with no hand
impairments. Future studies should focus on users’ perspectives and the functional outcomes of each
orthotic for persons with hand impairments.
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Conclusion

The results of this study support that 3D-printed orthotics are cost-effective and have a high degree
of replicability; however, it is time-consuming to fabricate and requires an extensive learning commitment
and investment for equipment and software. Further research on the feasibility of offering 3D-printed
orthotics in clinical settings is warranted to provide the best client-centered and evidence-based services
to clients of OT. Thermoplastic and fiberglass cast are comparable in many ways, but thermoplastic may
be more suited for functional orthotics, as it allows for water-related tasks, such as cooking and cleaning.
Fiberglass cast may be more suitable for short-term and non-functional orthotics because these orthoses
are quick to fabricate and comfortable; however, they need to be removed for water-related tasks. It is
critical for occupational therapists to understand orthotic materials and provide the most appropriate one
for a user’s condition and occupational demands because professional reasoning and client-centered
practice are the cornerstones of OT practice. This ensures that the chosen material aligns well with the
individual’s needs and facilitates optimal therapeutic outcomes.

If you enjoyed this article and are able to give, please consider a contribution to
support OJOT’s mission of providing open-access to high quality articles that focus
on applied research, practice, education, and advocacy in the occupational therapy

profession. https://[secure.wmualumni.org/s/give?funds=P0OJO

References

2018 Accreditation Council for Occupational Therapy Education
(ACOTE®) Standards and Interpretive Guide (effective
July 31, 2020). American Journal of Occupational
Therapy, 72(Suppl. 2), 7212410005p1-7212410005p83.
https://doi.org/10.5014/ajot.2018.72S217

3D Hubs. (2020). How much mm is a filament spool?
https://www.hubs.com/talk/t/how-much-mm-is-a-
filament-spool/4469/3

American Occupational Therapy Association. (2015).
Occupational therapy code of ethics. American Journal of
Occupational Therapy, 69(Suppl. 3), 6913410030p1—
6913410030p8. https://doi.org/10.5014/ajot.2015.696S03

Adrienne, C., & Manigandan, C. (2011). Inpatient occupational
therapists hand-splinting practice for clients with stroke:
A cross-sectional survey from Ireland. Journal of
Neurosciences in Rural Practice, 2(2), 141-149.
https://doi.org.10.4103/0976-3147.83579

Bani, M. A., Arazpour, M., Kashani, R. V., Mousavi, M. E., &
Hutchins, S. W. (2013). Comparison of custom-made and
prefabricated neoprene splinting in patients with the first
carpometacarpal joint osteoarthritis. Disability and
Rehabilitation: Assistive technology, 8(3), 232-237.
https://doi.org/10.3109/17483107.2012.699992

Benham, S., & San, S. (2020). Student technology acceptance of
3D printing in occupational therapy education. The
American Journal of Occupational Therapy, 74(3),
7403205060p1-7403205060p7.
https://doi.org/10.5014/ajot.2020.035402

Bogue, R. (2013). 3D printing: The dawn of a new era in
manufacturing. Assembly Automation, 33(4), 307-311.
https://doi.org/10.1108/AA-06-2013-055

Carolo, L., Issal, A., & Gharge, P. (2023). ABS acetone
smoothing: 3D print vapor smoothing guide. AlI3DP.
Retrieved March 15, 2023, from https://all3dp.com/2/abs-
acetone-smoothing-3d-print-vapor-smoothing/

Chu, C. H., Wang, I. J,, Sun, J. R., & Liu, C. H. (2022).
Customized designs of short thumb orthoses using 3D
hand parametric models. Assistive Technology, 34(1),
104-111. https://doi.org/10.1080/10400435.2019.1709917

Published by ScholarWorks at WMU, 2024

Choo, Y. J., Boudier-Revéret, M., & Chang, M. C. (2020). 3D
printing technology applied to orthosis manufacturing:
Narrative review. Annals of Palliative Medicine, 9(6),
4262-4270. https://doi.org/10.21037/apm-20-1185

Cutter, M., & Polovoy, C. (2014). Under pressure. The ASHA
Leader, 19, 36-44.
https://doi.org/10.1044/leader.FTR1.19062014.36

Dodziuk, H. (2016). Applications of 3D printing in healthcare.
Kardiochirurgia | Torakochirurgia polska/Polish Journal
of Cardio-Thoracic Surgery, 13(3), 283-293.
https://doi.org/10.5114/Kitp.2016.62625

Eltorai, A. E., Nguyen, E., & Daniels, A. H. (2015). Three-
dimensional printing in orthopedic surgery. Orthopedics,
38(11), 684-687. https://doi.org/10.3928/01477447-
20151016-05

Flashforge. (2023). Flashforge PLA standard filament 1.75 mm
0.5kg spool.
https://www.flashforgeshop.com/product/flashforge-pla-
standard-filament-1-75-mm-0-5-kg-spool?clD=31

Frey, S. (2023). Top 10: Best free 3D modeling software for
beginners. AlI3DP. Retrieved March 15, 2023, from
https://all3dp.com/1/best-free-3d-modeling-software-for-
beginners/

Gammons, M. (2021). Ulnar collateral ligament injury
(gamekeeper’s or skier’s thumb). UpToDate. Retrieved
March 15, 2023, from https://www.uptodate.com.

Ganesan, B., Al-Jumaily, A., & Luximon, A. (2016). 3D
printing technology applications in occupational therapy.
Physical Medicine Rehabilitation-International, 3(3), 1-4.

Geomagic Freeform. (2023). 3D design & sculpting software. OQTON.
https://ogton.com/freeform/3F,0r%20CAD%2Dto%20manufact
uring%20workflows

Graham, J., Wang, M., Frizzell, K., Watkins, C., Beredjiklian,
P., & Rivlin, M. (2020). Conventional vs 3-dimensional
printed cast wear comfort. Hand, 15(3), 388-392.
https://doi.org/10.1177/1558944718795291

Grazioso, S., Selvaggio, M., & Di Gironimo, G. (2018). Design
and development of a novel body scanning system for
healthcare applications. International Journal on

11


https://doi.org/10.5014/ajot.2018.72S217
https://www.hubs.com/talk/t/how-much-mm-is-a-filament-spool/4469/3
https://www.hubs.com/talk/t/how-much-mm-is-a-filament-spool/4469/3
https://doi.org/10.5014/ajot.2015.696S03
https://doi.org.10.4103/0976-3147.83579
https://doi.org/10.3109/17483107.2012.699992
https://doi.org/10.5014/ajot.2020.035402
https://doi.org/10.1108/AA-06-2013-055
https://all3dp.com/2/abs-acetone-smoothing-3d-print-vapor-smoothing/
https://all3dp.com/2/abs-acetone-smoothing-3d-print-vapor-smoothing/
https://doi.org/10.1080/10400435.2019.1709917
https://doi.org/10.21037/apm-20-1185
https://doi.org/10.1044/leader.FTR1.19062014.36
https://doi.org/10.5114/kitp.2016.62625
https://doi.org/10.3928/01477447-20151016-05
https://doi.org/10.3928/01477447-20151016-05
https://www.flashforgeshop.com/product/flashforge-pla-standard-filament-1-75-mm-0-5-kg-spool?cID=31
https://www.flashforgeshop.com/product/flashforge-pla-standard-filament-1-75-mm-0-5-kg-spool?cID=31
https://all3dp.com/1/best-free-3d-modeling-software-for-beginners/
https://all3dp.com/1/best-free-3d-modeling-software-for-beginners/
https://www.uptodate.com/
https://oqton.com/freeform/3F,or%20CAD-to%20manufacturing%20workflows
https://oqton.com/freeform/3F,or%20CAD-to%20manufacturing%20workflows
https://doi.org/10.1177/1558944718795291
https://secure.wmualumni.org/s/give?funds=POJO

THE OPEN JOURNAL OF OCCUPATIONAL THERAPY - OJOT.ORG

Interactive Design and Manufacturing, 12(2), 611-620.
https://doi.org/10.1007/s12008-017-0425-9

Haleem, A., & Javaid, M. (2019). 3D scanning applications in
medical field: A literature-based review. Clinical
Epidemiology and Global Health, 7(2), 199-210.
https://doi.org/10.1016/j.cegh.2018.05.006

Howard, N. (2021, April 27). How long does it take to learn 3D
design? SelfCAD. https://www.selfcad.com/blog/how-
long-does-it-take-to-learn-3d-design

Hunzeker, M., & Ozelie, R. (2021). A cost-effective analysis of
3d printing applications in occupational therapy practice.
The Open Journal of Occupational Therapy, 9(1), 1-12.
https://doi.org/10.15453/2168-6408.1751

Jackman, M., Novak, I., & Lannin, N. (2014). Effectiveness of
hand splints in children with cerebral palsy: A systematic
review with meta-analysis. Developmental Medicine &
Child Neurology, 56(2), 138-147.
https://doi.org/10.1111/dmcn.12205

Jacobs, M., & Austin, N. M. (2014). Immobilization orthoses.
Orthotic intervention for the hand and upper extremity.
Splinting principles and process (2nd ed., pp. 167-169).
Lippincott Williams & Wilkins.

Jones, D., Vardakastani, V., Kedgley, A. E., Gardiner, M. D.,
Vincent, T. L., Culmer, P. R., & Alazmani, A. (2022).
HAILO: A sensorised hand splint for the exploration of
interface forces. IEEE Transactions on Biomedical
Engineering, 69(9), 2850-2859.
https://doi.org/10.1109/TBME.2022.3155589

Kjeken, I., Smedslund, G., Moe, R. H., Slatkowsky-Christensen,
B., Uhlig, T., & Hagen, K. B. (2011). Systematic review
of design and effects of splints and exercise programs in
hand osteoarthritis. Arthritis Care & Research, 63(6),
834-848. https://doi.org/10.1002/acr.20427

Lee, K. H., Kim, D. K., Cha, Y. H., Kwon, J. Y., Kim,D. H., &
Kim, S. J. (2019). Personalized assistive device
manufactured by 3D modelling and printing techniques.
Disability and Rehabilitation: Assistive Technology,
14(5), 526-531. https://doi.org/10.1002/acr.20427

Monofilament Direct. (2021). How much does 3D printer
filament cost? https://www.monofilamentdirect.com/how-
much-does-3d-printer-filament-
cost/#:~:text=Buying%20from%20an%200pen%2Dsource
Jfilaments%20between%20%2440%20t0%20%2460

Morgan, M., & Schank, J. (2018). Making it work: Examples of
OT within the maker movement. OT Practice, 23(14), 19—
22. https://doi.org.10.7138/0tp.2018.2314.maker

Nam, H. S., Seo, C. H., Joo, S. Y., Kim, D. H., & Park, D. S.
(2018). The application of three-dimensional printed
finger splints for post hand burn patients: A case series
investigation. Annals of Rehabilitation Medicine, 42(4),
634-638. https://doi.org/10.5535/arm.2018.42.4.634

Orthopedic Technology Pohlig (2017, April 7). 3D printed
orthosis:One process, many opportunities [Video].
YouTube.
https://www.youtube.com/watch?v=8hHoPeU9INXw

Grice, K. O., Vogel, K. A,, Le, V., Mitchell, A., Muniz, S., &
Vollmer, M. A. (2003). Adult norms for a commercially
available Nine Hole Peg Test for finger dexterity. The
American Journal of Occupational Therapy, 57(5), 570—
573. https://doi.org/10.5014/ajot.57.5.570

Performance Health. (2023). How to choose the best splinting
material for your patient.
https://www.performancehealth.com/articles/how-to-
choose-the-best-splinting-material-for-your-patient

Portnoy, S., Barmin, N., Elimelech, M., Assaly, B., Oren, S.,
Shanan, R., & Levanon, Y. (2020). Automated 3D-printed
finger orthosis versus manual orthosis preparation by
occupational therapy students: Preparation time, product
weight, and user satisfaction. Journal of Hand Therapy,
33(2), 174-179. https://doi.org/10.1016/j.jht.2020.03.022

Prato, S. C., & Britton, L. (2015). Digital fabrication technology
in the library: Where we are and where we are going.
Bulletin of the Association for Information Science and
Technology, 42, 12-16.
https://doi.org/10.1002/bul2.2015.1720420106

Revopoint. (2023). 3D scanners.
https://us.revopoint3d.com/?gclid=CjwKCAjwue6hBhBV
EiwA9YTx8M40-
aeoPJA508QWTIXVAI2gtrUkz6F527 byDVocPvjvbDijF
F_GHBoCTmQQAvVD BwE

Schwartz, J. K., Fermin, A., Fine, K., Iglesias, N., Pivarnik, D.,
Struck, S., Varela, N., & Janes, W. E. (2020).
Methodology and feasibility of a 3D printed assistive
technology intervention. Disability and Rehabilitation:
Assistive Technology, 15(2), 141-147.
https://doi.org/10.1080/17483107.2018.1539877

Simplify3D. (2023). Ultimate 3D printing materials guide.
https://www.simplify3d.com/resources/materials-quide/

Souza, K. E., Cai, L. Z., Lim, J. P., Dangol, M. K., Chataut, D.,
Chee, N. B., Rai, S. M.& Chang, J. (2016). Development
and field-testing of an alternative low-cost hand splint for
burn contracture. Plastic and Reconstructive Surgery
Global Open, 4(9 Suppl), 120-121.
https://doi.org/10.1097/01.GOX.0000503037.28504.6¢

Tyminski, Q. P., Nguyen, A., & Taff, S. D. (2019). Proposing a
metacurriculum for occupational therapy education in
2025 and beyond. Journal of Occupational Therapy
Education, 3(4), 4.
https://doi.org/10.26681/jote.2019.030404

Ventola, C. L. (2014). Medical applications for 3D printing:
Current and projected uses. Pharmacy and Therapeutics,
39(10), 704-711.

Waldburger, L., Schaller, R., Furthmdller, C., Schrepfer, L.,
Schaefer, D. J., & Kaempfen, A. (2022). 3D-Printed hand
splints versus thermoplastic splints: A randomized
controlled pilot feasibility trial. International Journal of
Bioprinting, 8(1). https://doi.org/10.18063/ijb.v8i1.474

Wang, S., Wang, L., Liu, Y., Ren, Y., Jiang, L., Li, Y., Zhou,
H., Chen, J., Jai, W., & Li, H. (2017). 3D printing
technology used in severe hip deformity. Experimental
and Therapeutic Medicine, 14, 2595-2599.
https://doi.org/10.3892/etm.2017.4799

Wang, Y. C., Magasi, S. R., Bohannon, R. W., Reuben, D. B.,
McCreath, H. E., Bubela, D. J., Gershon, R. C., & Rymer,
W. Z. (2011). Assessing dexterity function: A comparison
of two alternatives for the NIH Toolbox. Journal of Hand
Therapy, 24(4), 313-321.
https://doi.org/10.1016/j.jht.2011.05.001

https://scholarworks.wmich.edu/ojot/vol12/iss4/7
DOI: 10.15453/2168-6408.2241

12


https://doi.org/10.1007/s12008-017-0425-9
https://doi.org/10.1016/j.cegh.2018.05.006
https://www.selfcad.com/blog/how-long-does-it-take-to-learn-3d-design
https://www.selfcad.com/blog/how-long-does-it-take-to-learn-3d-design
https://doi.org/10.15453/2168-6408.1751
https://doi.org/10.1111/dmcn.12205
https://doi.org/10.1109/TBME.2022.3155589
https://doi.org/10.1002/acr.20427
https://doi.org/10.1002/acr.20427
https://www.monofilamentdirect.com/how-much-does-3d-printer-filament-cost/#:~:text=Buying%20from%20an%20open%2Dsource,filaments%20between%20%2440%20to%20%2460
https://www.monofilamentdirect.com/how-much-does-3d-printer-filament-cost/#:~:text=Buying%20from%20an%20open%2Dsource,filaments%20between%20%2440%20to%20%2460
https://www.monofilamentdirect.com/how-much-does-3d-printer-filament-cost/#:~:text=Buying%20from%20an%20open%2Dsource,filaments%20between%20%2440%20to%20%2460
https://www.monofilamentdirect.com/how-much-does-3d-printer-filament-cost/#:~:text=Buying%20from%20an%20open%2Dsource,filaments%20between%20%2440%20to%20%2460
https://doi.org.10.7138/otp.2018.2314.maker
https://doi.org/10.5535/arm.2018.42.4.634
https://www.youtube.com/watch?v=8hHoPeU9NXw
https://doi.org/10.5014/ajot.57.5.570
https://www.performancehealth.com/articles/how-to-choose-the-best-splinting-material-for-your-patient
https://www.performancehealth.com/articles/how-to-choose-the-best-splinting-material-for-your-patient
https://doi.org/10.1016/j.jht.2020.03.022
https://doi.org/10.1002/bul2.2015.1720420106
https://us.revopoint3d.com/?gclid=CjwKCAjwue6hBhBVEiwA9YTx8M4O-aeoPJA5q8QWT9XvAl2gtrUkz6F527_byDVocPvjvbDjFF_GHBoCTmQQAvD_BwE
https://us.revopoint3d.com/?gclid=CjwKCAjwue6hBhBVEiwA9YTx8M4O-aeoPJA5q8QWT9XvAl2gtrUkz6F527_byDVocPvjvbDjFF_GHBoCTmQQAvD_BwE
https://us.revopoint3d.com/?gclid=CjwKCAjwue6hBhBVEiwA9YTx8M4O-aeoPJA5q8QWT9XvAl2gtrUkz6F527_byDVocPvjvbDjFF_GHBoCTmQQAvD_BwE
https://us.revopoint3d.com/?gclid=CjwKCAjwue6hBhBVEiwA9YTx8M4O-aeoPJA5q8QWT9XvAl2gtrUkz6F527_byDVocPvjvbDjFF_GHBoCTmQQAvD_BwE
https://doi.org/10.1080/17483107.2018.1539877
https://www.simplify3d.com/resources/materials-guide/
https://doi.org/10.1097/01.GOX.0000503037.28504.6c
https://doi.org/10.26681/jote.2019.030404
https://doi.org/10.18063/ijb.v8i1.474
https://doi.org/10.3892/etm.2017.4799
https://doi.org/10.1016/j.jht.2011.05.001

	Material Matters: A Comparative Analysis of Hand Immobilization Orthoses Using 3D-Printed, Thermoplastic, and Fiberglass Cast
	Recommended Citation

	Material Matters: A Comparative Analysis of Hand Immobilization Orthoses Using 3D-Printed, Thermoplastic, and Fiberglass Cast
	Abstract
	Comments

	Keywords
	Cover Page Footnote
	Credentials Display


	tmp.1727900283.pdf.IdRG2

