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Traditional casting methods for fracture immobilization, such as plaster and fiberglass,
have been used for decades but come with limitations, including discomfort, poor
ventilation, and difficulty in application. Three-dimensional printing (3DP) technology
offers a promising alternative by enabling patient-specific, customizable casts that
improve comfort, ventilation, and fit. This review systematically evaluates literature on
the clinical efficacy, patient satisfaction, and biomechanical properties of 3DP casts in
the non-surgical management of orthopedic injuries. A comprehensive search of
PubMed, EMBASE, and Cochrane Library was conducted. The retrieved studies were
screened based on title and abstract, then selected based on inclusion and exclusion
criteria to focus on musculoskeletal injuries treated with 3DP casts. Data were extracted
on patient satisfaction, clinical outcomes, and biomechanical properties. The quality of
the studies was assessed, and results were categorized into positive, neutral, and negative
findings. Of the 50 studies retrieved, 20 met the inclusion criteria, including
biomechanical studies, observational clinical studies, and randomized controlled trials.
The majority of studies reported high patient satisfaction, improved comfort, reduced
skin irritation, and favorable clinical outcomes with 3DP casts. Biomechanical studies
demonstrated that 3DP casts can optimize stress distribution and patient fit, while
clinical trials showed that 3DP casts were non-inferior to traditional casting methods in
terms of fracture healing. This technology shows great potential in the nonsurgical
management of fractures, with improvements in patient comfort and clinical outcomes.
This review provides evidence supporting the use of 3DP casts in the conservative
treatment of fractures and musculoskeletal injuries. Further research is needed to explore
the long-term outcomes, material strengthening, and expanded applications of this
technology in orthopedic care.
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BACKGROUND

The operative and non-operative management of fractures
are both heavily reliant on immobilization, fixation, and
stability to allow for appropriate healing over a specific
length of time. Without sufficient immobilization, the pa-
tient is at risk for recurrent fracture, deformity, or fracture
nonunion.

Traditional orthopedic casting methods, such as plaster
and fiberglass, have long been used for the immobilization
of fractures and other musculoskeletal injuries. Casting
with conventional materials remains the standard of care
in both post-surgical and non-surgical management due
to its affordability, ease of application, widespread avail-
ability, and proven efficacy in immobilizing fractures for
proper healing (Falk et al. 2022; Miller 2020). Fiberglass and
plaster casts provide sufficient rigidity and support, ensur-
ing stabilization and immobilization necessary for fracture
reapproximation and healing over time.

However, these conventional techniques have several
limitations that can impact patient comfort, healing out-
comes, and clinical efficiency (Miller 2020). Both materials
require manual application, which can lead to variability in
the amount of immobilization or general fit depending on
the skill and experience of the practitioner. When apply-
ing casts on children, the final result may be affected by
how much the patient moves during the initial cast applica-
tion. Casts may also be difficult to remove, often requiring a
saw, which can cause anxiety or discomfort in patients. Cast
burns are also a potential risk if the plaster or fiberglass
material is still warm or not fully cured (Miller 2020). Fric-
tion burns may also occur during the cast removal process
due to heat produced between the saw and cast if there is
insufficient padding (Shuler and Grisafi 2008).

With regards to patient factors, traditional casts often
cause patient discomfort due to their bulkiness, lack of ven-
tilation, and potential for pressure sores. Excessive sweat-
ing and skin irritation are common complaints, especially
since patients are advised to prevent their casts from get-
ting wet. Inadequate breathability or ventilation can in-
crease the risk of bacterial or fungal skin infections, poten-
tially complicating recovery. Patients with comorbidities
such as diabetes mellitus or vascular insufficiency are al-
ready non-ideal surgical candidates with poor healing, so
skin breakdown can lead to further complications (Flynn,
Rodriguez-del Rio, and Piza 2000).

Three-dimensional printed (3DP) casting has emerged as
a promising alternative due to its ability to provide per-
sonalized fit, improved ventilation, and potentially lower
costs. The use of digital scanning and 3D modeling allows
for a precise, patient-specific fit that can enhance immo-
bilization and comfort. Figure 1 demonstrates a prelimi-
nary design for a simple lower extremity cast produced in
MeshMixer (version 3.5.0, Autodesk MeshMixer, accessed
on August 29 2024) using a generic ankle model. Clinical
imaging, such as magnetic resonance imaging (MRI) or
computed tomography (CT) scans, can be used to create
3D computer aided design (CAD) models and form cus-
tomized orthotics for patients, deferring the need for addi-

tional scans purely for computational modeling purposes.
Additionally, 3DP casts are often lighter and more breath-
able, reducing the risk of skin irritation and pressure sores.
The ability to design casts with an open-lattice structure
improves ventilation, minimizing issues such as excessive
sweating, pressure sores, and bacterial growth. Further-
more, once a machine is installed, 3DP technology facil-
itates rapid and inexpensive prototyping and production,
which can streamline the casting process and reduce mate-
rial waste.

This review aims to synthesize current findings and sum-
marize the general performance of 3DP casting regarding
clinical efficacy, patient satisfaction, and biomechanical
properties. As this technology continues to evolve, under-
standing its practical applications and limitations will help
guide its integration into clinical practice. By reviewing the
literature, this study aims to provide insights into how 3DP
casting can enhance non-surgical management of orthope-
dic injuries and identify areas for future research and devel-
opment.

METHODS

This literature review was conducted and reported in ac-
cordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. A proto-
col was developed a priori to define the search strategy, in-
clusion criteria, and methods of synthesis.

ELIGIBILITY CRITERIA (PICO FRAMEWORK)

Studies were selected based on the following PICO criteria:

« Population (P): Patients of any age with acute frac-
tures or tendon injuries requiring external immobi-
lization.

» Intervention (I): Treatment with a 3D-printed cast or
splint.

e Comparator (C): Traditional casting methods (plaster
or fiberglass) or no comparator (for single-arm stud-
ies).

e Outcomes (O): Primary outcomes included clinical ef-
ficacy (e.g., fracture healing, immobilization) and pa-
tient satisfaction (e.g., comfort, skin complications).
Secondary outcomes included biomechanical proper-
ties (e.g., durability, weight) and economic factors
(e.g., cost, production time).

For study design, primary source literature was included,
including randomized controlled trials (RCTs), non-ran-
domized comparative studies, prospective and retrospec-
tive cohort studies, case series, and biomechanical studies.

SEARCH STRATEGY

A comprehensive literature review was conducted to eval-
uate the efficacy of 3DP casting in orthopedic injuries. A
systematic search of relevant studies was performed using
PubMed, EMBASE, and Cochrane Library.
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Figure 1. CAD model of 3DP cast for lower extremity application.

3 views, including lateral (left), front (middle), and back (right) of a short-leg cast developed from a general ankle CAD model. The mesh size and shape of the open-lattice structure
can be adjusted based on designer preference, strength requirements, and/or patient comfort.

The search strategy utilized a combination of controlled
vocabulary (e.g., MeSH terms, Emtree) and free-text key-
words related to the core concepts of 3D printing, casts/
splints, and musculoskeletal injuries. Key search terms in-
cluded “3D printed cast”, “3D printed splint”, “fracture
healing”, “nonoperative management”, and various com-
binations of these phrases. This strategy was adapted for
syntax and subject headings for each respective database.
Reference lists of included articles and relevant review pa-
pers were also hand-searched to identify additional eligible
studies.

STUDY SELECTION

The study selection process was performed independently
by reviewer E.T.Y. in two phases. The retrieved articles were
initially screened for relevance to 3DP casting using title
and abstract. The full text of potentially eligible studies
was then retrieved and assessed in detail. Studies were also
excluded if the full manuscript was not accessible despite
reasonable efforts to obtain it. These articles were subse-
quently filtered to include only those focused on cast im-
mobilization of musculoskeletal injuries and exclude 3D-
printing applications for dental work, intra-operative
devices, and surgical planning models. The study selection
process was documented using a PRISMA flow diagram

(Figure 2).
DATA EXTRACTION

Data from included studies were extracted independently
by reviewer E.T.Y. using a piloted, standardized data ex-
traction form in Microsoft Excel. The form captured the
following information: Author, Year, Study Design, Sample

Size, Type of Injury/Immobilization, Outcome Measures,
Key Findings, Conclusions.

OUTCOME MEASURES

The variability in outcome measures presented in these
studies was addressed by categorizing them into three
broad areas. Subjective measures, including pain improve-
ment, patient comfort, compliance, odor and smell, and
skin irritation, were grouped under “Patient Satisfaction.”
Clinical outcomes, such as immobilization and fracture
healing, were categorized as “Clinical Efficacy.” Lastly, ma-
terial durability and water resistance were classified as
“Biomechanical Properties.”

The conclusions of the included studies were then cat-
egorized into three groups: positive, negative, and neutral.
Positive conclusions indicated that 3DP casting was supe-
rior to conventional casting methods. Negative findings in-
dicated that 3DP casting was inferior to conventional cast-
ing methods. Neutral findings were defined as
demonstrating no statistically significant differences in
outcomes between 3DP and conventional casting.

RESULTS

A total of fifty articles published between 2015 and 2025
were retrieved from initial search results across the afore-
mentioned electronic databases. Studies were included if
they assessed 3D-printed casting for the conservative man-
agement of musculoskeletal injuries. Of these, twenty arti-
cles met the inclusion criteria and were organized by study
design, patient outcomes, and biomechanical findings.
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| Identification of studies via databases and registers

Records identified from:
Pubhed (n = 50)
Embase (n = 39)
Cochrane Library (n = §2)

Identification

Records screened for tile and abstract
{n=89)

Reports sought for retrieval
{n=27)

Screening

Reports assessed for eligibility
{n = 26)

Studies included in review
(n=20)

Included

Figure 2. PRISMA 2020 Flow Diagram.

Reports not refrieved
(n=1)

Reports excluded-
Mot external casting (n = &)

The diagram illustrates the process of study identification, screening, eligibility assessment, and inclusion in the review. A total of 20 studies met the inclusion criteria and were in-

cluded in the qualitative synthesis.

BIOMECHANICAL STUDIES

Five studies provided proof-of-concept evidence for 3DP
casting in a non-clinical setting, summarized in Table 1
(D’Amado et al. 2024; Hoogervorst, Knox, Tanaka, et al.
2020; Lu, Liao, Zeng, et al. 2021; Ranaldo et al. 2023;
Sedigh et al. 2020). These studies performed various forms
of stress and materials testing on both upper extremity
(UE) and lower extremity (LE) models to evaluate the fea-
sibility of 3DP casts. The results overall demonstrated that
3DP casts are comparable to traditional cast materials in
strength and durability during biomechanical stress testing
with in vitro models, even superior in some cases.

The biomechanical studies also suggested that the 3DP
casts could be designed to optimize stress distribution in
vulnerable weak points and improve patient comfort
through improved fit. Modeling techniques in these studies

highlighted the potential for tailoring casts to specific
anatomical and injury-related requirements. For instance,
finite element analysis is a computer-based technique that
predicts how an object will behave when subjected to differ-
ent physical conditions (Stroud et al. 2025). When applied
to cast design, optimization analysis can predict where the
greatest shear and deformation stresses will occur in an in-
jury pattern, indicating where greater thickness should be
applied for protection (Lu, Liao, Zeng, et al. 2021).

CLINICAL STUDIES

Five clinical observational studies without control groups
assessed patient satisfaction and healing outcomes of UE
fractures treated with 3DP casting (Table 2) (Factor et al.
2022; Guida, Casaburi, Busiello, et al. 2019; Katt et al. 2021;
Lazzeri, Talanti, Basciano, et al. 2022; Surucu et al. 2022).
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Table 1: Summary of Biomechanical Studies on 3D Printed Casting

Study Study Design Key Findings Conclusions

D’Amado et al., 2024 Biomechanical 3DP cast withstood significantly 3DP cast has superior mechanical
higher forces compared to plaster stability when subjected to different
cast. forces.

Hoogervorst et al., 2020 Biomechanical No significant difference in 3D printed casts were noninferior to
interfragmentary motion between fiberglass casts in immobilizing
fiberglass and 3D printed casts, fractures, with clinically insignificant
except in 3-point bending,. differences in motion.

Lu et al., 2021 Biomechanical Both 3DP and conventional casts 3DP casts non-inferior in clinical
improved ankle function, but 3DP efficacy while superior in comfort,
casts demonstrated higher patient safety, and potential advantages for
satisfaction, better compliance, and practical use.
fewer complications.

Ranaldo et al., 2023 Biomechanical Developed a 3D printed cast with 3D printed casts can reduce skin
ventilation and reduced skin complications, improve comfort, and
complications, while maintaining maintain strength, offering a viable
mechanical strength. alternative to traditional casts.

Sedigh et al., 2020 Biomechanical 3D printed casts enable remote 3D printed casts reduce contact,
ordering, reduce patient-physician improve safety, and offer convenience,
contact, and are self-removable. especially during infectious crises like

COVID-19.

Table 1. Summary of Biomechanical Studies on 3D Printed Casting.

These studies reported high overall patient satisfaction and
favorable clinical healing outcomes. However, they also
noted occasional incidents of cast breakage, indicating a
need for further improvements in material durability and
structural integrity.

Ten randomized controlled trials comparing 3DP casting
with conventional fiberglass casting found that 3DP casting
was superior in patient satisfaction and non-inferior in
clinical efficacy (Table 3) (Y.-]. Chen et al. 2017; Y. Chen,
Lin, Yu, et al. 2020; El Khoury et al. 2022; Graham et al.
2020; Guebeli et al. 2024; Higgins, Gomez, Storino, et al.
2025; Skibicki, Katt, Lutsky, et al. 2021; Tobler-Ammann
et al. 2025; Xiao et al. 2024; Xu et al. 2025). Patients re-
ported improved comfort, reduced skin irritation, and bet-
ter ventilation with 3DP casts. Additionally, these studies
suggested that 3DP casts could be customized to optimize
immobilization while reducing the overall weight of the
casts. Table 4 summarizes these details.

In the “Patient Satisfaction” category, eight studies
demonstrated positive findings regarding pain score and
comfort levels (Y.-J. Chen et al. 2017; Y. Chen, Lin, Yu, et
al. 2020; Graham et al. 2020; Higgins, Gomez, Storino, et al.
2025; Skibicki, Katt, Lutsky, et al. 2021; Tobler-Ammann et
al. 2025; Xiao et al. 2024; Xu et al. 2025). One study con-
cluded neutral findings regarding patient-reported pain and
comfort (Guebeli et al. 2024). Six studies positively demon-
strated less skin irritation with 3DP compared to conven-
tional casting (Y. Chen, Lin, Yu, et al. 2020; Graham et al.
2020; Higgins, Gomez, Storino, et al. 2025; Skibicki, Katt,
Lutsky, et al. 2021; Tobler-Ammann et al. 2025; Xiao et al.
2024).

In the “Clinical Efficacy” category, eight studies reported
neutral findings with immobilization of the injury at fol-
low-up (Y.-]J. Chen et al. 2017; Y. Chen, Lin, Yu, et al. 2020;
El Khoury et al. 2022; Guebeli et al. 2024; Higgins, Gomez,
Storino, et al. 2025; Skibicki, Katt, Lutsky, et al. 2021; To-
bler-Ammann et al. 2025; Xu et al. 2025). Only one study

reported a negative comparison for fracture immobilization
(Xiao et al. 2024).

In the “Biomechanical Properties” category, three stud-
ies were neutral on material durability (Y. Chen, Lin, Yu, et
al. 2020; El Khoury et al. 2022; Xiao et al. 2024). Two stud-
ies reported positive findings on durability of the 3DP cast
(Graham et al. 2020; Higgins, Gomez, Storino, et al. 2025).
Five studies reported positive findings on water resistance
of the 3DP cast (Y.-]. Chen et al. 2017; Y. Chen, Lin, Yu, et
al. 2020; El Khoury et al. 2022; Higgins, Gomez, Storino, et
al. 2025; Skibicki, Katt, Lutsky, et al. 2021).

LIMITATIONS OF INCLUDED STUDIES

The most consistent limitation across the included studies
was small sample sizes. With the exception of one, the ma-
jority of the comparative clinical studies were pilot or fea-
sibility studies with participant numbers less than 50, lim-
iting their statistical power to detect significant differences
in clinical outcomes.

Studies utilized different 3DP technologies, polymers,
and lattice patterns for their cast designs. Some also used
buckles or straps to secure the cast while others included a
clasp in the material itself. This makes direct comparisons
between studies difficult and only allows for qualitative
synthesis of details, rather than a formal meta-analysis.

A potential selection bias was also observed across the
reviewed literature, as the majority of these studies focused
on nondisplaced or minimally displaced, non-weightbear-
ing fractures (e.g. distal radius fractures). This limits the
overall generalizability of the findings to more complex or-
thopedic injuries, such as displaced, unstable, comminuted,
or lower extremity fractures requiring rigid, load-bearing
immobilization. The focus on upper extremity applications
is likely due to the lower mechanical demands placed on
these casts, which align better with the current material
limitations of common 3DP materials. Consequently, the

Journal of Orthopaedic Experience & Innovation 5


https://journaloei.scholasticahq.com/article/143914-casting-a-new-light-a-systematic-review-of-3d-printed-casting-for-non-surgical-management-of-orthopedic-injuries/attachment/306781.png

Casting a New Light: A Systematic Review of 3D-Printed Casting for Non-Surgical Management of Orthope...

Table 2: Summary of Case Series on 3D Printed Casting

Study

Study Design

Key Findings

Conclusions

extremity fractures were treated with
custom 3D printed casts, and both
showed excellent clinical outcomes at
one-year follow-up.

Factor et al., 2022 Case Study In-hospital production of 3D printed In-hospital 3D printing for wrist and
casts for non-displaced wrist and hand fractures is a feasible and
hand fractures demonstrated clinical efficient alternative to traditional
feasibility, excellent radiographic casting, with high patient satisfaction
results, and high patient satisfaction. and excellent clinical results.

Guida et al., 2019 Case Study 3D printed casts were successfully 3D printed casts are a feasible,
used for pediatric non-displaced effective alternative to plaster for
radius fractures, with no pediatric fractures, offering high
complications and high patient patient satisfaction and potential for
satisfaction. use in more complex fractures.

Katt et al., 2021 Case Study Two pediatric patients with upper 3D printed casts offer excellent

clinical outcomes for pediatric upper
extremity fractures and should be
considered by orthopedic surgeons.

Lazzeri et al., 2022

Case Series

3D printed casts for pediatric distal
radius fractures showed positive
outcomes in terms of comfort,
efficacy, and mechanical integrity,
with no complications.

3D printed casts are safe and effective
for treating pediatric buckle fractures,
and this technology has the potential
for use in more complex fractures.

Surucu et al., 2022

Case Study

24 patients with upper extremity
fractures were highly satisfied with
3D printed casts, rating them highly
for comfort, safety, and efficacy, with
no complications.

3D printed medical casts are
comfortable, safe, and effective, with
high patient satisfaction, and
represent a viable alternative to
traditional casting.

Table 2. Summary of Case Studies on 3D Printed Casting.

efficacy and durability of 3DP casts for a more diverse range
of injuries still require significant future investigation.

DISCUSSION

The emerging use of 3DP casts in the management of mus-
culoskeletal injuries offers several potential advantages
over traditional plaster and fiberglass casts. The ability to
tailor 3DP casts to a patient’s unique anatomical and in-
jury-specific needs through digital scanning and modeling
is one of the most significant benefits of this technology.
This personalized fit can improve comfort, reduce the risk
of pressure sores, and potentially enhance immobilization,
leading to more effective healing.

LIMITATIONS OF 3DP CASTING

Of the studies included in this qualitative synthesis, several
key limitations of 3D-printed (3DP) casting technology
were identified in clinical practice. One commonly stated
constraint was the production time required, as the process
of 3D scanning, CAD design, and printing itself typically re-
quires up to 2-3 hours to complete. This is especially perti-
nent if the hospital does not have a 3D printer on-site and
has to outsource these steps to a third party vendor, which
would extend the delay to up to 72 hours. Having to rely on
a third-party source for the cast production would necessi-
tate the application of a temporary splint or conventional
cast at the initial patient visit, adding an extra step to the
clinical workflow.

Furthermore, the economic feasibility of 3DP casting re-
mains a significant barrier. The cost of producing 3DP casts
was consistently reported to be higher than that of tradi-
tional casts, with some studies citing up to 50% increase
in direct production costs. This is largely attributed to the

current reliance on third-party providers for the scanning,
design, and printing processes. For clinics or hospitals con-
sidering in-house production, the significant initial capital
investment required for 3D scanners, software, and printers
must also be factored into the long-term cost-benefit
analysis, presenting a substantial financial hurdle for many
institutions.

Concerns regarding the material durability of 3DP casts
were noted in several biomechanical and clinical studies,
some of which reported incidents of minor cast breakage
or deformation. A primary reason is the inherent material
property difference between common thermoplastics used
in 3DP (e.g. PLA, PETG) compared to the fiberglass or plas-
ter composites used in conventional casts. These failures
may also be attributed to the anisotropic nature of layered
printing and stress concentration at the interfaces between
printed layers, particularly in high-stress or weight-bearing
applications. While the open-lattice design is advantageous
for ventilation, it can also introduce structural vulnerabili-
ties if not optimized for the specific biomechanical forces of
the injury.

More work is needed to optimize the mechanical prop-
erties of 3DP casting materials to ensure they can with-
stand the stresses placed on them during daily activities,
especially in cases of fractures that require more rigid im-
mobilization. This highlights a need for further refinement
in material science, such as the development of composite
polymers, and in design protocols. A potential solution may
be to include finite element analysis for deformation pre-
diction and tailor the open-lattice structure to increase
strength in regions of high stress.
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Table 3: Summary of Studies Comparing 3D Printed Casting to Conventional Casting

Study Study Sample Size Population Outcome Key Findings Conclusions
Design Measures
Chen et al., 2007 Clinical trial 3DP (n:l(]), Distal radius Clinical efficacy, Similar clinical JDF superior in
Plaster (n=10) fractures, age 5-T8 | satisfaction scores; satisfaction satisfaction, non-inferior in
significantly higher efficacy.
in 3DP.
Chen et al., 2020 Clinical trial 3DP (n=20), Distal radius Clinical efficacy, 3DF group had ADP superior to plaster,
Plaster (n=20), fractures satisfaction highest total scores. non-inferior to splint.
Splint (n=20)
El Khoury et al., RCT 3DF (n=18), Distal radius Pain, pressure Higher pain in 3DF 3DF better in waterproofing
2022 Splint (n=16) fractures sores, subjective group: no difference and comfort, inferior in
questionnaire in subjoective scores. clinical outcomes.
Graham et al., 2020 Safety trial 3DP (n=12), Healthy volunteers JHFT, PRWE, PRWE and comfort ADP superior in perceived
Fiberglass comfort, significantly better function and satisfaction.
(n=12) satisfaction with 3DP.
Guebeli et al., 2024 RCT 3DpP (n:lg), Minimally Satisfaction, No significant J3DFP non-inferior in
Fiberglass displaced distal healing, pain, difference in satisfaction and clinical
(n=20) radius fractures ROM, DASH, satisfaction or efficacy.
PRWE healing; higher minor
complications in 3DP
group.
Higgins et al., 2025 RCT 3DP (n=49), stable upper Patient 3DF had less overall 3DP superior in durability,
Fiberglass cast extremity fracture satisfaction functional patient’s ability to
(n=5T) patterns in outeomes, limitations, participate in common
patients age 2-18 patient-reported significantly higher activities, and satisfaction.
functional patient-reported
outcomes durability, no
significant difference
in skin irritation
Skibicki et al., 2021 RCT 3DP (n=11), Pediatric XK-ray, fit, skin 01% healed in ADP non-inferior in healing,
Fiberglass nondisplaced Appearance, excellent position; superior in satisfaction.
(n=12) wrist /forearm care, satisfaction | better comfort and
fractures skin outcomes with
iDP
Tobler-Ammann et RCT 3DP (n=10), Patient stable Significantly higher ADP superior for patient
al., 2024 Fiberglass (n=9) | satisfaction nondisplaced patient satisfaction satisfaction, non-inferior in
questionnaine, distal radius or in 3DP, overall pain clinical efficacy, functional
radiclogical scaphoid reduction noted in outcomes
outcomes, edema, fracture in both groups, no
stiffness, sensation patients age over | significant differences
18 in fracture healing or
alignment
Xiao et al., 2024 RCT 3DF (n=20), Colles fracture DASH, Lower pain and ADP superior in comfort
Paolymer orthosis satisfaction, better and clinical performance.
(n=20) immobilization, immobilization
skin irritation scores with 3DP.
Xu et al., 2025 RCT 3DP (n=28), nondisplaced distal | Patient Significantly higher 3DP superior for patient
Plaster (n=28) radius fractures in satisfaction patient satisfaction satisfaction, non-inferior in
patients age 5-13 guestionnaire, in 3DP, no clinical efficacy, functional
MMWS score, significant differences | outcomes
radiological in MMWS function
outcomes seore, fracture
healing or alignment

Table 3. Summary of Clinical Studies Comparing 3D Printed Casting to Conventional Casting.

DASH: Disabilities of the Arm, Shoulder, and Hand questionnaire; JHFT: Jebsen Hand Function Test; PRWE: Patient-Rated Wrist Evaluation; MMWS: Modified Mayo Wrist Score.

Table 4: Comparison of 3D-printed cast systems across patient satisfaction, clinical efficacy, and biomechanical properties.

A Patient Satisfaction | Patient Satisfaction C]i.nical_Efﬁcacy Biomechanical _Properties Biomechanical Propertifas
(Comfort) (Skin Integrity) (Immaobilization) (Durability) (Water Resistance / Ventilation)

Chen et al, 2017 Positive Neutral Neutral N/A Positive

Chen et al, 2020 Positive Positive Neutral Neutral Positive

El Khoury et al, 2022 Negative Negative Neutral Neutral Positive

Graham et al, 2020 Positive Positive N/A Positive N/A

Guebeli et al, 2024 Neutral Nentral Nentral N/A N/A

Higgins et al., 2025 Positive Positive Neutral Positive Positive

Skibicki et al, 2021 Positive Positive Nentral N/A Positive
Tobler-Ammann et al., 2024 Positive Positive Neutral N/A N/A

Xiao et al, 2024 Positive Positive Negative Neutral N/A

Xu et al, 2025 Pasitive N/A Neutral N/A N/A

Table 4. Comparison of 3DP and Conventional Casting Across 3 Categories.
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Positive findings indicate that 3DP casting was superior to conventional casting methods. Negative findings indicate that 3DP casting was inferior. Neutral findings reflect no statisti-
cally significant differences between the two methods.
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BENEFITS OF 3DP CASTING

The clinical studies consistently demonstrate that 3DP
casts are well-received by patients, with high satisfaction
rates regarding comfort, ventilation, and ease of wear. Im-
provements in comfort are largely attributed to the light-
weight nature of 3DP casts and their open-lattice structure,
which enhances breathability and reduces the discomfort
associated with sweating or skin irritation in traditional
casts. The customizable design also helps prevent issues
with poor fit, a common challenge in conventional casting.

One of the major advantages of 3DP casts is that they are
waterproof, a feature that greatly improves patient comfort
and convenience. Traditional fiberglass or plaster casts can-
not get wet because moisture weakens the material, causes
skin irritation, and increases the risk of infection. Even
small amounts of water trapped inside a conventional cast
can create odor, skin breakdown, or fungal growth. As a
result, patients must take extra precautions to keep their
casts dry while bathing or showering, often needing protec-
tive plastic covers or bags that are not always effective. If
a traditional cast does become wet, it usually requires an
inconvenient and time-consuming clinic visit for replace-
ment. In contrast, 3DP casts eliminate these challenges, al-
lowing patients to wash, shower, or swim without worry.
This waterproof property not only enhances patient sat-
isfaction but also reduces unnecessary clinic visits, ulti-
mately improving both quality of life and healthcare effi-
ciency.

The lattice design of 3DP casts also offers important
clinical benefits in terms of skin health. By promoting con-
tinuous airflow, the structure reduces heat and moisture ac-
cumulation, thereby lowering the risk of maceration, bac-
terial or fungal overgrowth, and skin breakdown. The
openness of the design further allows for visual monitoring
of the underlying skin, leading to early detection and treat-
ment of irritation or pressure-related complications. These
features are particularly valuable for high-risk populations,
such as patients with diabetes mellitus, where skin com-
plications during immobilization are common and can be
detrimental to their healing.

Moreover, while the initial cost of 3D printing technol-
ogy may be higher than traditional casting methods, the
potential for reduced production time, material waste, and
the ability to create customized solutions could result in
long-term cost savings for healthcare systems. The ability
to print casts on-demand using locally available 3DP equip-
ment also adds a layer of accessibility that could reduce de-
pendence on traditional cast materials.

FUTURE DIRECTIONS AND RESEARCH IMPLICATIONS

While the majority of studies reviewed have focused on 3DP
casts for fracture immobilization, there is growing poten-
tial for the use of this technology in managing a broader
range of musculoskeletal injuries. For instance, 3DP casts
could provide customized immobilization for Achilles ten-
don injuries treated non-surgically. For patients who elect
for conservative management or are unable to proceed with
surgery, the healing period is usually uneventful, albeit
over a longer period of time. Nonsurgical treatment con-
sists of nonweightbearing cast immobilization at maximum
passive plantar flexion for the first 2 weeks after injury, fol-
lowed by gradual weight bearing and restricted activities
in a walking cast or boot with heel lifts for 6-8 weeks.
However, patients who are unable to undergo surgery for
medical reasons, such as diabetes, vascular disease, or car-
diovascular disease, may become more susceptible to com-
plications. 3DP casts can be precisely designed to maintain
the required angles of plantarflexion while offering more
comfort and breathability than traditional casts or walking
boots.

The ability to design casts with open-lattice structures
would also make them ideal for soft tissue injuries, where
maintaining circulation and allowing for swelling are cru-
cial components of the healing process. For patients with
ligamentous sprains, tendinopathies, or post-surgical reha-
bilitation, 3DP splints and casts could offer more personal-
ized support without compromising comfort, which is often
a challenge with traditional casting methods. Additionally,
for chronic conditions such as arthritis or malalignment is-
sues, this technology could facilitate the development of
dynamic splints that not only provide support but also al-
low for progressive adjustments to accommodate changes
in progression.

Given these potential applications, 3DP casting tech-
nology may become a useful tool in the orthopedic field.
However, further research is needed to explore the bio-
mechanical properties, long-term outcomes, and economic
feasibility of these alternative uses. As the technology ma-
tures, its integration into a wider array of musculoskeletal
injury management could significantly enhance patient
outcomes by offering customized solutions that are not
only more comfortable but also more effective in promoting
healing.
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