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a b s t r a c t

Background: Non-invasiveness and comfort are crucial in the conservative management of distal radius and 
scaphoid fractures. While fiberglass casts are standard, three-dimensional (3D)-printed orthoses offer a 
promising alternative.
Purpose: To compare patient experiences, safety perceptions, and satisfaction between a 3D orthosis and 
fiberglass cast for distal radius or scaphoid fractures.
Study Design: Randomized feasibility trial.
Methods: Nineteen adult patients were randomly assigned (3D orthosis group, n = 10; fiberglass cast group, 
n = 9) and followed until orthosis or cast removal at 6–8 weeks. X-rays at weeks 1 and 6 documented bone 
healing, with weekly hand therapy visits assessed orthosis satisfaction and function. The Patient-Rated 
orthosis Satisfaction Questionnaire (PRSEQ) measured satisfaction at weeks 2, 4, and removal. Descriptive 
statistics and non-parametric correlation tests were used for data analysis.
Results: The 3D orthosis group achieved significantly higher PRSEQ scores (mean difference [MD] = 15.7%, 
p = 0.005 to 0.01, r = −.581 to −.638) and lower perceived pain (MD = −1.0 to −2.2, p = 0.001 to 0.048, 
r = −0.45 to −0.75) compared to the cast group. By week 4, the 3D group reported less discomfort 
(MD = −2.2, p = 0.03, r = −0.5) and felt safer (MD = 1.6, p = 0.043, r = −0.46). Routine activities were easier 
for the 3D group at weeks 2 and 6 (MD = −2.8 to −3.0, p = 0.033 to 0.034, r = −0.49). Satisfaction scores were 
higher in the 3D group (mean 8.4 vs. 5.6 points, p  <  0.001 to 0.01, r = −0.57 to −0.82). Compliance was 
excellent in both groups. No significant differences were observed in radiological outcomes, finger sensi
bility, or edema. Bone healing occurred in both groups without fracture displacement; however, one cast 
patient required subsequent surgery for scaphoid non-union.
Conclusions: Treatment with a 3D-printed orthosis appeared feasible and safe, with patients reporting 
higher satisfaction and better self-perceived hand function compared to a custom-made fiberglass cast, 
although further research is needed to confirm these findings.

© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).

Introduction

Forearm bone fractures that qualify for conservative treatment 
always require wrist immobilization. Distal radius or scaphoid 
fractures, when treated conservatively, are typically immobilized for 

6–8 weeks using fiberglass casts. During this period, patients often 
experience discomfort, including sweating, skin itchiness, odor, and 
restrictions in daily activities due to the bulky nature of the cast. To 
mitigate these issues, some authors recommend shorter periods of 
immobilization, such as 3 weeks for distal radius fractures.1 This 
approach may reduce patient discomfort, improve functional out
comes, and accelerate reintegration into daily activities. Others use 
three-dimensional (3D) printed orthoses as a promising alternative 
to the rather cumbersome casts, offering patient-specific designs 
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that may provide more comfort and easier re-integration of the in
jured hand into daily activities, already during the immobilization 
period.1,2

First clinical evaluations of 3D-printed forearm orthoses for distal 
radius fractures indicate a generally low complication rate and high 
patient satisfaction, compared to traditional fiberglass casts.3,4

However, a recent randomized controlled trial (RCT) comparing a 3D 
forearm orthosis to a conventional thermoplastic orthosis showed 
that patients favored the latter due to the rigid structure and sharp 
edges of the 3D orthosis.5 Another exploratory study developed a 3D 
orthosis for dorsally displaced and reduced distal radius fractures.6

Due to the high rate of secondary fracture displacement, this study 
had to be discontinued. Therefore, it remains to be proven whether 
the results obtained with 3D-printed orthoses are superior to those 
achieved with traditional casting.3

This study aims to contribute to the expanding knowledge base on 
3D-printed orthoses for clinical use in forearm fractures. It follows a 
preclinical validation study where a convenience sample of 10 healthy 
volunteers evaluated the newly designed 3D orthosis developed by 
Swibrace.2 The final 3D orthosis was well tolerated, achieved an 
overall satisfaction score of 79%, weighed less than 90 g, was made 
from polyamide, and fixed using hook and loop straps (Fig. 1). The 
primary objective of this randomized feasibility trial was to assess if 
the patients’ personal experiences and perceptions of safety and sa
tisfaction were superior in the 3D orthosis compared to a custom- 
made fiberglass cast. Secondary objectives were to examine if there 
were significant differences in self-perceived hand function during 
daily activities and pain between both groups, and to compare radi
ological parameters at the end of the orthosis wearing period. Ad
ditionally, reasons for dropouts were documented.

Methods

Participants

Inclusion criteria were a signed informed consent, age ≥18 years, 
proficiency in the German language (written and oral), and pre
senting at the emergency department with a stable, non-displaced 
distal radius or scaphoid fracture suitable for conservative im
mobilization treatment (as determined by the attending surgeon). 
Exclusion criteria were known or suspected non-compliance, in
ability to follow study procedures (e.g., language difficulties, psy
chological disorders, dementia), age < 18 years, and vulnerable 
individuals.

Study procedure

Potential participants were screened for study inclusion by the on 
duty casting technician at the emergency department, where all 
patients initially received a fiberglass cast. Subsequently, the hand 
therapy department was notified about potential participants for 
study inclusion. A member of the hand therapy department then 
called the patient to request study participation. Following recruit
ment, group allocation was determined by simple randomization 
using sequentially numbered, sealed, opaque envelopes. The allo
cation was revealed to the participant during the phone call to plan 
the group-specific study intervention. Blinding of participants and 
personnel was not feasible, as the patients were not allowed to re
move the orthosis during the time of bone healing.

Both groups received identical treatment and follow-up, except for 
an additional scanning appointment for the 3D orthosis group (Fig. 2). 
The scanner used was a HandySCAN 300 (Creaform), capturing the 
entire forearm. All patients attended weekly hand therapy sessions at 
the study site. All patients attended weekly hand therapy sessions at 
the study site. This was specifically planned to closely monitor the 
patients in the 3D group, as it was their first experience with the 3D 
orthosis. Standard hand therapy practice typically does not involve 
weekly appointments; instead, therapy generally begins after orthosis 
removal, focusing on wrist mobilization. During the immobilization 
phase, patients are rarely seen, except in cases of excessive swelling. 
To ensure equal treatment for both study groups, we scheduled 
weekly hand therapy visits for all patients. Some of these visits were 
conducted via phone call, based on the clinical judgment of the hand 
therapist, when the recovery process was progressing smoothly.

All participants additionally completed a patient-rated orthosis 
satisfaction questionnaire after 2 and 4 weeks of wearing the or
thosis (3D or cast), and again after orthosis removal 6–8 weeks post- 
injury. At this point, patients underwent clinical effectiveness as
sessment including X-rays and surgeon’s clinical examination, con
cluding the study. All clinicians involved in the study were familiar 
with the study procedures and trained in the application of the 
study-specific outcome measurements.

Outcome measurements

As validated assessments for satisfaction with hand orthoses are 
lacking,7 the primary outcome measurement was the self-designed 
patient-rated splint evaluation questionnaire (PRSEQ) (Supplementary 
Material). Identical to the adult rated splint evaluation questionnaire 

Fig. 1. Study flow chart. Forty potential participants were screened for study inclusion at the emergency department of the study site. From the 21 included, two dropped out 
because of missed first appointments at the hand therapy department of the study site.
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(ARSEQ) used in the preclinical study,2 the PRSEQ comprises questions 
related to orthosis use, function-specific questions adapted from the 
validated Patient-Rated Wrist Evaluation questionnaire,8 and questions 
specific to 3D technology. The PRSEQ consists of two parts: Part 1 was 
completed during immobilization (at weeks 2, 4, 6) and part 2 after the 
orthosis wearing time (after week 6).

Part 1 consisted of five categories: (1) pain because of the or
thosis (2) personal experiences with the orthosis (3) personal safety, 
(4) performance of specific (e.g., opening a door, using a mobile 
phone) and (5) routine activities (work, leisure and self-care) while 
wearing the orthosis. Pictures from the orthosis were included to 
allow ticking pressure marks and skin irritations where they ap
peared. Part 2 included three categories: (6) satisfaction with the 
orthosis, (7) personal attitude towards 3D technology and (8) sa
tisfaction with the scanning procedure, the latter completed by the 
experimental group only.

Each category included several sub-questions, where the patients 
rated their answers on a 11-point-Likert scale (0−10). Zero to two 
points corresponded to poor, 3–5 points to fair, 6–8 points to good, 
and 9–10 points to excellent satisfaction with the orthosis. As the 
achievable maximum points varied between topics, the achieved 
points per topic were expressed as percentages, where the max
imum (e.g. 70 points in the “satisfaction with the orthosis” topic) 
equalled 100%, and 0 points 0%. For the 3D orthosis to be clinically 
successful, the mean PRSEQ score was expected to be good to ex
cellent (6–10 points) at the end of the orthosis wearing time (6–8 
weeks).

Secondary outcomes included the following hand therapy para
meters (measured weekly): 

• Assessment of patient satisfaction as described by Chen et al. on 
p. 5.9 This assessment rates the items “patient comfort”, “patient 
compliance”, “cast odor and smell”, and “skin itchiness” on a 4- 
point Likert scale: 0 for “poor”, 1 for “acceptable”, 2 for “good”, 
and 3 for “excellent”.

• Documentation of finger edema within the orthosis (from 0 = no 
swelling to 3 = significant increase in finger diameter and almost 
disappearance of skin folds).

• Finger sensibility using the Ten-test. 10,11

• Finger range of motion in the orthosis (touch down of the palm 
with the fingertip, yes/no).

• Pain on a numeric pain rating scale (NPRS) from 0 (no pain) to 10 
(worst pain imaginable). 12

The hand surgeons evaluated pre- and post-intervention X-rays 
(week 1 and 6–8) and assessed the clinical effectiveness of the or
thosis at the time point of its removal using the “assessment of 
clinical efficacy" as described by Chen et al. on p. 5.9 This assessment 
rates the items ”stability of immobilization”, “blood circulation”, 
“wear pressure-related pain”, and “pressure sores” on a 4-point 

Likert scale: 0 for “poor”, 1 for “acceptable”, 2 for “good”, and 3 for 
“excellent”.

Data analysis
Data was analysed descriptively, reporting frequencies, medians, 

means, and standard deviations as appropriate for each variable. 
This included analysis of the PRESQ, as well as hand therapy and 
radiological parameters measured during various therapy/surgeon 
visits at the study site. For within-group differences between weeks 
2 to 4, 4 to 6 and 2 to 6, the Wilcoxon sign-rank test was calculated. 
For differences between groups per measurement time point, the 
Mann-Whitney-U-test was used. Dropouts were not included in the 
data analysis. The mean score of the group at the corresponding 
measurement time point replaced missing data. Statistical sig
nificance was set at p = 0.05. Pearson r was calculated with an effect 
size around 0.1 being small, around 0.3 being medium and more 
than 0.5 being large.13

The focus of a sample size calculation in a randomized feasibility 
trial is on determining a sample size that allows for meaningful 
assessment of feasibility objectives rather than hypothesis testing.14

Therefore, with the expectation of a mean good to excellent PRSEQ 
score in the experimental group at 6–8 weeks, an estimated popu
lation size of 180 scaphoid and distal radius fractures treated per 
year at the study site, and a 95% confidence interval, we aimed for a 
sample size of 18 patients. Accounting for 10% dropouts, we aimed 
for 10 patients per group.

Ethics
The study was accepted by the local Ethical Committee (BASEC No. 

2021-00112) and is registered on ClinicalTrials.gov (NCT05075135). 
The manuscript follows the CONSORT 2010 checklist of information to 
include when reporting a randomized trial.15 Informed consent was 
obtained before study entry.

Results

Demographics of the two groups are presented in Table 1. Fisher’s 
exact test showed no significant differences between groups 
(Table 1). Data collection was between July 2021 to July 2023. From 
the 40 screened patients, 21 were enrolled in the study, out of whom 
two dropped out due to missed appointments (scanning visit and 
cast control). In total, 19 patients completed the study and were 
included in data analysis, with 10 patients being randomized to the 
3D group and nine to the cast group, thereby meeting the required 
sample size for this trial (Fig. 1). Patients in the 3D group had to wait 
on average 10.7 days (SD 2.1) from the scanning appointment to 
receipt of the 3D-printed orthosis. Missing values were 16% at week 
2, 11% at week 4% and 6% at week 6. They were replaced using the 
last value carried forward (e.g. pain, sensibility) or by the mean score 

Fig. 2. Study procedure. PRSEQ = patient rated splint evaluation questionnaire. 
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at the same measurement time point (e.g. personal experience, sa
tisfaction).

The mean PRSEQ score was 79.3% (SD 10.5%) in the 3D orthosis 
(59.4% (SD (14.1%) in the cast group), therefore meeting the ex
pectation of a good to excellent rating at the end of the orthosis 
wearing time. There were significant between-group differences at 
all three measurement time points in the total PRSEQ scores 
(p = 0.005 to 0.01) with strong effect sizes (r = −.58 to −.64) in favor of 
the 3D group. The Mann-Whitney-U-tests run per categories of part 
1 further showed significant differences in favor of the 3D group for 
perceived pain in the orthosis at all three measurement time points 
(p = 0.001 to 0.048) with medium to large effect sizes (r = −0.45 to 
−0.75) (Figs. 3A–B).

Personal experiences (sweating, skin irritations and pressure 
marks) and feeling of safety and stability in the orthosis were sig
nificantly better in the 3D group at week 4 (p = 0.03, r = −0.5 and 
p = 0.043, r = −0.46, respectively), with no between-group differences 
at week 2 and 6. While the pressure marks slightly decreased and 
general discomfort slightly increased after week 4 in the 3D group, it 
was vice-versa in the cast group (Figs. 3C–D). The feeling of safety 
was good to excellent in both groups, increasing more steadily in the 
3D group than in the cast group (Figs. 3E–F).

Specific activities showed significant group differences with large 
effect sizes in favor of the 3D group at week 2 (p = 0.014, r = −0.56), 
but not at week 4 and 6. Routine activities showed significant group 
differences with large effect sizes in favor of the 3D group at week 2 
(p = 0.033, r = −0.49) and week 6 (p = 0.034, r = −0.49). There was a 
trend of generally more difficulties with routine activities the longer 
the immobilization period lasted, especially for household, self-care 
and leisure activities in the 3D and for sports and leisure activities in 
the cast group (Figs. 3I–J).

The Wilcoxon sign-rank test showed no significant within-group 
differences for the PRSEQ categories of part 1 at any measurement 
time points for both the 3D (p = 0.440 to 0.889) and cast (p = 0.260 to 
1.0) group.

Results of part 2 of the PRSEQ showed a mean satisfaction score 
of 8.4 (SD 1.6) points in the 3D group and 5.6 (SD 2.7) in the cast 
group. Specifically, satisfaction with the appearance, the material, 
comfort, cleanliness and weight of the 3D orthosis was significantly 
higher than in the cast with strong effect sizes (p  <  0.001 to 0.01, 
r = −0.57 to −0.82). The patients in the experimental group generally 
had a positive attitude towards the 3D printed orthoses (mean 
score = 9.6, SD 0.8) and were very satisfied with the scanning 
procedure (mean score = 9.1 points, SD 1.2).

Assessment of patient satisfaction judged by hand therapists 
showed excellent patient compliance in both groups. Satisfaction 

with the orthosis in terms of comfort, odor and smell and skin 
itchiness was higher in the 3D-group than in the cast group (Fig. 4).

The NPRS assessed during weekly hand therapy appointments 
showed a general decrease of both pain at rest and pain during 
motion in both groups (Fig. 5). The mean pain at rest decreased from 
0.8 in week 1 to 0.5 in week 6 in the 3D group, and from 1.3 to 1.1 in 
the cast group. The mean pain during motion decreased from 1.6 to 
0.8 in the 3D group and from 4.7 to 2.2 in the cast group from week 1 
to 6 (Fig. 5). Quality of pain over the orthosis wearing time was 
described as numb, tearing, tugging or sharp and was mostly loca
lized at the fracture site at wrist level or basis of the thumb. Few 
patients described pain on the ulnar head when rotating the forearm 
in the orthosis. The NPRS scores corresponded to those assessed in 
the PRSEQ (Fig. 3).

Mean Ten-test scores were high in both groups during the whole 
orthosis wearing time, indicating normal finger sensibility, ranging 
from 9.8 to 10.0 (SD 0.6 to 0.0) in the 3D and from 9.6 to 10.0 (SD 0.6 
to 0.1) in the cast group. Grading of edema of hand therapists was no 
(0) to minimal (1) for the fingers during the first three weeks post- 
injury in both groups with no swelling thereafter. The hand was 
swollen in two out of 10 patients in the 3D group and in four out of 9 
patients in the cast group 1 week after injury, and no more there
after. Accordingly, finger range of motion was excellent in eight out 
of 10 patients in the 3D group, who were able to touch the palm with 
their fingertip by week 1, compared to all patients in the cast group. 
Distance from fingertip to the distal palmar crease was 0.5 cm and 
0.1 cm in week 1 and 2, respectively, in the 3D group and 0 cm 
thereafter, while it was already at 0 cm in the cast group from week 1 
onwards.

Assessment of clinical efficacy showed no differences between 
groups (Fig. 4). The X-ray at week 1 showed no fracture displace
ment in either group, allowing immobilization to continue as 
planned. In the 3D group (9/10 scaphoid fractures), bone healing was 
achieved after an average of 7.5 weeks, followed by the removal of 
the orthosis. Hand therapy then began with gradual loading of the 
forearm for all patients except one, who needed to wear the splint 
for 12 weeks due to delayed scaphoid healing. In the cast group (5/9 
scaphoid fractures), bone healing was accomplished after an average 
of 6.7 weeks, also followed by orthosis removal. Hand therapy 
started with gradual forearm loading in six out of nine patients. Two 
patients (one with a scaphoid and one with a radius fracture) con
tinued immobilization with a prefabricated wrist brace for an ad
ditional 2 weeks. Thereafter, the patient with the distal radius 
fracture was allowed to gradually load the forearm during daily ac
tivities. Unfortunately, the scaphoid did not heal in this patient, 
necessitating surgery.

Table 1 
Demographics of patients 

3D group (n = 10) Cast group (n = 9) Group difference*

Age (y), mean (SD) 31.2 (15.8) 34.6 (15.0) 0.58
Sex (f/m/other) (2/8/0) (2/7/0) 0.67
Work status apprentice 1 4 1

blue-collar 4 1
white-collar 3 2
student 1 1
retired 1 1

Handedness right 10 9 1
Immobilized hand dominant 3 4 0.43

non-dominant 7 5
Orthosis type Radius 1 4 0.17

Scaphoid 9 5
Time emergency unit to scanning appointment (d), mean (SD) 10.8 (5.0)
Time scanning appointment to receival of 3D orthosis (d), mean (SD) 10.7 (2.1)

SD = standard deviation; f = female; m = male; 3D = three-dimensional.
* Fisher’s exact test.
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Fig. 3. Mean Patient Rated Splint Evaluation Questionnaire (PRSEQ) scores Part 1. X-axis: Three measurement time points. Y-axis: mean 11-point Likert scale ratings of the two 
groups. On the left, the results of the three-dimensional (3D) orthosis group are displayed and on the right those of the cast group. (A–B): Mean “pain in orthosis” scores of the 3D 
(A) and cast (B) group, where 0 indicates no pain and 10 = worst imaginable pain. (C–D): Mean “personal experiences in orthosis” scores of the 3D (C) and cast (D) group, where 0 
indicates not at all experienced and 10 = very much experienced. (E–F): Mean “personal safety in the orthosis” scores of the 3D (E) and cast (F) group, where 0 = not at all safe and 
10 = perfectly safe. (G–H): Mean “performance of specific activities” scores of the 3D (G) and cast (H) group, where 0 = no difficulties at all and 10 = very difficult. (I–J): Mean 
“performance of routine activities” scores of the 3D (I) and cast (J) group, where 0 = no difficulties at all and 10 = very difficult.
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Discussion

The findings from this feasibility trial highlight the potential for 
wearing a 3D-printed orthosis for conservative management for 
scaphoid or distal radius fractures to be feasible, acceptable and safe. 
Results showed no between-group differences in patient com
pliance, radiological outcomes, finger sensibility, and edema at the 
end of the orthosis-wearing period. The participants’ reports of 
significantly higher satisfaction, a greater sense of safety, better hand 
function, and significantly less pain with the 3D orthosis compared 
to the custom-made fiberglass cast warrant further testing in a 
larger-scale study.

In contrast to our expectations, we recruited hardly any distal 
radius fractures (n = 4 in the cast and n = 1 in the 3D orthosis group). 
A possible reason for this might be that patients with non-displaced 
and stable fractures are directly treated by their general practi
tioners and are not referred to a specialized hand surgery and 
therapy clinic. Therefore, the longer immobilization time in the 3D 
group of 7.5 weeks compared to the cast group with 6.7 weeks was 
due to the higher proportion of scaphoid fractures in the 3D group.

Despite evidence for immobilization of the thumb appearing 
unnecessary for non-displaced or minimally displaced scaphoid 
fractures,16 the thumb was still immobilized in this trial, corre
sponding to current clinical practice at the study site. We aimed to 
avoid a higher risk of non-union in the scaphoid by excluding the 
thumb, as the 3D orthosis was tested on patients for the first time. 
Nevertheless, the 3D group showed a trend toward experiencing 
fewer restrictions in daily activities, despite having more thumbs 
immobilized, compared to the cast group (Table 1).

Patients reported experiencing less pain in the 3D orthosis 
compared to the fiberglass cast during the immobilization period, 
although the difference may require further investigation 

(Figs. 3A–B). The slight increase in pain after 4 weeks in the 3D group 
might be due to being more active in the orthosis after 1 month of 
immobilization. This finding is supported by experiencing more 
discomfort in the 3D orthosis despite less pressure marks. Hand 
therapy played a crucial role by alleviating signs of discomfort 
during the orthosis wear time. This was achieved by patient edu
cation, adding padding for pressure sores, or covering sharp edges 
with Velcro tape. These measures, of course, contributed to the 
PRSEQ results for all patients.

Satisfaction with scanning duration (mean 8.4 points, SD 1.6) 
indicated a tendency to remain high in the 3D group, although it was 
the lowest-rated sub-theme in the ’scanning procedure’ category in 
part 2 of the PRSEQ. The scanner used in this trial works with self- 
adhesive light-reflective dots on anatomical landmarks. The ad
vantage is that these dots make the scan very precise, but the dis
advantage is that sticking these dots to the skin is time-consuming. 
Other scanning techniques, e.g. tablet-based ones with optical sen
sors,17 might be viable solutions for faster scans. We had good ex
perience in scanning the injured forearm. Others use the mirror 
image of the contralateral (non-fractured) wrist to account for 
posttraumatic swelling.6 As edema was only marginally present in 
our sample and subsided during the first week, scanning the injured 
forearm was feasible for non-displaced stable distal radius and 
scaphoid fractures.

Another issue in this trial was the lengthy delay (an average of 
10.7 days) between the scanning appointment and the receipt of the 
3D orthosis. This delay was due to the lack of an in-house laser 
sintering technique (SLS) 3D printer. SLS printers use high power 
lasers to sinter small particles of polymer powder into solid struc
tures based on a 3D model.18 The advantage of this printing tech
nique is its superior quality (no sharp edges, semi-rigidity of the 
material, light-weight) compared to other techniques, such as the 

Fig. 4. Assessment of patient satisfaction and clinical effectiveness. Left: Assessment of patient satisfaction rated by hand therapists during the orthosis wearing time on a weekly 
basis. Mean scores over the orthosis wearing time are presented. Right: Assessment of clinical effectiveness rated by hand surgeons at the time point of orthosis removal after 6–8 
weeks. The four items are rated as: 0 = poor; 1 = acceptable; 2 = good; 3 = excellent.

Fig. 5. Numeric Pain Rating Scale (NPRS) scores. Pain at rest (A) and during motion (B) assessed during weekly hand therapy visits at the study site. Zero means no pain and 10 
corresponds to the worst imaginable pain.
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fusion deposition modeling (FDM) 18 or the digital light processing 
(DLP) technique.17 While FDM melts plastics and depositing poly
olefin materials to form the orthosis, DLP is based on a tank filled 
with photosensitive resin that is polymerized by exposure to light, 
layer-by-layer. As both techniques are faster than the SLS technique 
and suitable for in-house production, they are often used in 3D or
thoses studies.5,7,17,19 Since the study’s inception to article submis
sion, costs and printing time have halved. As of now, the costs for a 
3D orthosis are comparable to those of a custom-made fiberglass 
cast or a thermoplastic orthosis for distal radius and scaphoid frac
tures. Patients receive their 3D orthoses within 1–2 days, delivered 
to their homes if desired. These improvements highlight ongoing 
potential for improvement in the 3D printing industry.

This feasibility trial suggested a trend toward significantly higher 
overall satisfaction among patients wearing the 3D orthosis. Further 
studies are needed to confirm the treatment’s benefits and safety. 
Due to the inability to blind patients and treatment providers to the 
intervention, there might have been a bias towards rating the new 
3D orthosis more favorably, compared to the conventional fiberglass 
cast. Furthermore, the fact that patients in the 3D group directly 
experienced the contrast between the cast they had to wear during 
the initial immobilization period and the 3D-printed orthosis may 
have additionally influenced their favorable rating of the latter.

A recent systematic review, which summarized developments 
and experiences with 3D printed orthoses for forearm fractures, 
included six studies assessing the clinical efficacy of 3D orthoses, 
primarily for distal radius fractures.3 Patients generally reported low 
complication rates and higher satisfaction with 3D-printed orthoses 
compared to fiberglass casts, aligning with our preliminary findings. 
Nevertheless, the implementation of 3D printing technology in hand 
therapy settings presents challenges, including the high costs of 
equipment, limited expertise, and long production times. Addressing 
these resource limitations will be essential for making 3D printing a 
viable option in clinical practice.20

Larger, randomized controlled trials are recommended to eval
uate the full efficacy and safety of the 3D-printed orthosis. Future 
studies on new technologies, such as the 3D orthosis tested in this 
trial, could benefit from incorporating a Sex and Gender-Based 
Analysis (SGBA), along with other relevant factors, to ensure that 
design and outcomes are inclusive and account for potential differ
ences in treatment effectiveness across diverse populations.

Conclusion

The results of this feasibility trial suggest a preference for the 3D 
orthosis among patients, hand therapists, and surgeons, with parti
cipants reporting greater comfort and a high sense of protection 
compared to traditional casts. These preliminary findings indicate 
that the 3D orthosis may facilitate better hand function during the 
orthosis-wearing period. However, for 3D printing to be effectively 
implemented in hand therapy settings, further improvements in 
resources and infrastructure are needed. Larger, definitive trials are 
necessary to confirm these potential benefits and assess the long- 
term efficacy and safety of the 3D orthosis.
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