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Figure 1: We present the design of a bistable brace that (a) enables easy switching between immobilization, when the hands are
not actively used (e.g., running), and dexterity, when the hands are in active use (e.g., cutting vegetables). (b) Our customization
design pipeline generates 3D-printable models tailored to individual finger metrics, including finger strengths.
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Abstract
Orthoses are essential components of rehabilitation, yet limited
in functionality. Static braces immobilize joints, which, especially
for hand and finger injuries, interfere with users’ daily activities.
Additionally, early mobilization schedules require users to take off
and reapply their static orthoses frequently, which is cumbersome.

To facilitate both rehabilitation and dexterity, we introduce a
novel multifunctional yet unpowered finger orthosis design. Our
design supports easy switching between two distinct states: a stiff
state for immobilization and a flexible state for mobilization. A
key benefit is that it can be customized using our computational
design tool, and 3D printed in one piece. Our computational design
pipeline supports tailoring the switching thresholds of the brace
based on patients’ individual finger strengths and range of motion.
Following a preliminary study with 10 healthy people that validates
the usability and wearability of the brace, our two-week case study
with a patient indicates that our brace supports everyday activities
and assists with rehabilitation.

CCS Concepts
• Human-centered computing! Human computer interac-
tion (HCI).
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1 INTRODUCTION
Customization is crucial for wearable devices to ensure comfort,
functionality, and user compliance. Digital fabrication excels in
enabling such customization. Through computational design, tai-
lored geometries can be generated and 3D printed to conform to
the unique bodies of users. Personalization is even more critical for
injured body parts, which are typically sensitive to movement and
restricted in strength and range of motion due to specific condi-
tions (e.g., injury, inflammation, dislocations). HCI researchers have
acknowledged this user group (i.e., patients) and applied their ex-
pertise to innovate rehabilitation devices. Examples include sensor-
integrated textile covers for prosthetic limbs [26], moldable rigid
orthoseswith embedded electronics [36] and sensing [50], or robotic
devices for finger compression therapy [22].
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Among all rehabilitation tasks, hand rehabilitation particularly
demands personalization because the hands are typically involved
in many daily activities, so even minor dexterity limitations can
significantly affect daily function and independence. Hand injuries
account for up to 20% of all emergency room visits and represent
the most frequent occupational injury treated in the U.S. [8]. Many
hand injuries affect finger joints and their tendons, for which or-
thoses (also known as splints, see Figure 2a) are often prescribed
to immobilize the joints during healing [12] and help restore or
maintain range of motion [7].

Maintaining a balance between immobilizing the hand and ac-
tively using the hand is key to recovery [12, 45], but it is hard to
integrate this routine seamlessly into users’ daily activities [20, 44].
For example, to use the finger for, e.g., 1 hour every 3 hours (ex-
act times depend on the individual cases), patients using a static
brace have to remove it many times a day and put it back on. This
cumbersome routine often frustrates patients [44] as patients strug-
gle to manage hand exercise while keeping the finger well pro-
tected [20, 44]. Some forget to put their braces back on [38], while
others over-immobilize out of caution or pain [44], which may re-
sult in poor therapeutic outcomes, such as long-term stiffness and
reduced range of motion [6]. A simple and pain-free solution is
needed that supports patients in adhering to their recommended
rehabilitation routine.

In this paper, we present a novel finger brace that eliminates
the drawbacks of intermittent use of a static brace by combining
immobilization and mobilization into one personalized brace, without
requiring external power. Our bistable brace, shown in Figure 2b,
allows patients to switch between a sti� state for immobilization
and a �exible state where they can freely flex their finger for mo-
bilization, without taking the brace off. This supports patients to
follow their rehabilitation regimen and perform daily activities (Fig-
ure 2c). To switch between these states, users simply intentionally
bend their finger. Switching from the stiff state to the flexible state,
users simply flex their fingers. To switch from the flexible back into
the stiff state, users extend their fingers.

Our brace is personalized to the patient (joint strength, exten-
sion angle, finger dimensions), which is enabled by our custom
computational design tool.

1.1 Working Principle
We designed our brace as a compliant bistable mechanism. In Fig-
ure 1, we show an example of a patient with an injury to the PIP
joint of the index finger, i.e., the middle joint of their finger. In the
sti� state, the user’s finger is held in a stable position, allowing
their joint to rest. Users may keep it in this state during activities
that don’t require dexterity, e.g., in social settings, while taking a
walk, etc. In the �exible state, users can combine their mobilization
schedule with dexterous daily tasks like chopping vegetables, doing
household chores, etc. The force needed to switch from stiff to flex-
ible is set below the user’s measured strength to ensure that they
are capable of switching the state intentionally without accidental
triggering.

When users want to switch from the flexible state back to the
stiff state, they extend their finger as far as they can. We measure
their maximum extension angle and set the angle at which the brace
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Figure 2: The rehabilitation routine of (a) using a static brace
that immobilizes the �nger, which requires removing the
brace for active mobilization exercises; and (b) by naturally
switching between immobilization and mobilization with
our brace, by just bending the �nger. (c) Dexterity is limited
when using a static brace, whereas our design supports active
�nger use during daily tasks, such as grasping.

snaps to the sti� state just below that. As the brace snaps to the
sti� state, it creates a pulling force that pulls the user's �nger into a
straight position. Along with the user's �nger dimensions, we use
these three measured parameters, i.e., (1) user's pushing down force,
(2) their maximum extension angle, and (3) their joint sti�ness, as
input to our computational design tool. Our tool then optimizes the
single-piece 3D printable brace with appropriate forces for each
user's needs.

1.2 Contributions
Our core contribution is a novel parametric, bistable �nger brace
design that enables users to easily switch between performing
dexterous activities and rehabilitation. Speci�cally, we make the
following contributions:

(1) We present themonolithic geometry designof a multifunc-
tional yet unpowered orthosis.

(2) We characterize how key geometric parameters can be ad-
justed to match users' �nger strengths and extension angle
through atechnical evaluation.

(3) We further introduce acomputational design pipelinethat
generates personalized brace models based on user-speci�c
parameters.

(4) We validate the dual functionality and usability of our brace
through a preliminarywearability studywith 10 healthy
participants, demonstrating that our brace supports both
immobilization and dexterous tasks such as grasping and
writing.

(5) Following this, we conduct acase studywith a patient over
a two-week period, to evaluate our brace's impact on daily
living and rehabilitation journey.

Our work is situated within HCI fabrication research as we con-
tribute a new artifact (a novel 3D printed brace design) for speci�c
users (patients with joint injuries) and a design tool for physicians
to customize it. While there could be broader application potential
for our wearable device, e.g., as an exoskeleton, we intentionally
focus our application narrowly on rehabilitation. This paper is
not intended to generalize and explore applications, but to solve a
speci�c, important problem for users in joint rehabilitation.

2 RELATED WORK
Our work builds on previous work in personal and user-centered
rehabilitation devices, bistable mechanisms, and customized, multi-
functional orthoses.

2.1 Personal Fabrication for Rehabilitation
Customizable and interactive rehabilitation devices have been an
important area in human-computer interaction (HCI). Prior re-
search has explored various aspects of device fabrication [30], mon-
itoring [21, 51, 58], sensing [26], and tangible interactions [24, 31]
to support rehabilitation.

By enabling tailored rehabilitation, personal fabrication tech-
niques empower both end-users [15, 17, 41] and clinicians [16].
Supporting users in creating their own assistive technologies has
been shown to improve adoption rates [17]. Nowadays, 3D printing
technology is increasingly popular in personal orthopedic fabri-
cation [1, 33, 40], which supports easy customization and rapid
prototyping.

Building on this goal of empowerment and personalization, our
work provides a customizable, adaptive solution for users' �nger
rehabilitation.

2.2 Bistable Mechanism Applications
Bistable structures have been widely explored, due to their unique
snap-through behavior and the bene�t of the maintenance of two
stable con�gurations without requiring continuous energy input [5].
Applications include shape-changing interfaces composed of de-
ployable structures [10, 28, 34], materials with tunable proper-
ties [29, 57], soft robots with bistable actuation [4, 35] and digital
mechanical metamaterials [18, 19]. To the best of our knowledge,
this work is the �rst to investigate monolithic bistable structures
for rehabilitation.

2.3 Orthosis Customization
Researchers have been exploring computational design methods
that show promise in achieving precise body conformity, using
techniques such as thermoforming [36, 50] and casting [27, 56]. For
example, Zhang et al. [55] proposed a pipeline to produce thermal-
comfort and personalized orthopedic casts. To fabricate customiz-
able orthoses through 3D printing [33, 40], Wang et al. [50] intro-
duced a pipeline that enables both shape and electronics placement
to conform to individual bodies. These approaches focus on static
braces, highlighting the importance of on-body personalization of
orthotic devices.

Dynamic braces are a type of braces that allow movement while
applying corrective force on the �nger joint [3]. Adjustable dynamic
braces have been developed to allow users to manually change the
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corrective force of the device [37]. They are typically mass-produced
and rely on �xed-tension, large spring force. Due to the inherent
spring properties, the range of adjustable strengths is prede�ned.

To support user-speci�c customization based on individual
strengths, in this paper, we propose a design pipeline for a multifunc-
tional orthosis. This enables a rehabilitation routine that combines
both the immobilization and mobilization phases.

2.4 Multi-Functional Orthoses
Researchers have explored robotic and actuated exoskeletons that
adapt to users' daily needs through motorized [39, 49] or pneumatic
actuations [9, 30]. In HCI research, VR gloves also apply forces
for haptic feedback, enhancing virtual interactions [13, 14, 47].
These devices are also powered exoskeletons. For example, So-
matoShift [14] integrates mechanical articulation with feedback
mechanisms to provide realistic sensory experiences, such as modi-
fying the ease of movement.

In this paper, we emphasize a highly customizable and simple
solution, without relying on bulky actuators or external power
sources, which increase complexity and reduce wearability. To
support patients' everyday lives and long-term rehabilitation, we
propose a fully passive orthosis that supports dual functionalities.

3 BACKGROUND
In this section, we introduce the multiple stakeholders involved in
our design process and the two main rehabilitation scenarios that
we focus on.

3.1 Multiple Stakeholders in the Design Process
This interdisciplinary collaboration integrates expertise from HCI,
biomechanics, and clinical research. The HCI researchers initiated
the project, designed the mechanism, and conducted the evaluations.
The biomechanics experts supported this process by identifying
critical metrics and technical evaluation protocols. Our collabora-
tors evaluated early prototypes of the brace and provided feedback
based on the rehabilitation requirements and their experience with
patient care, which informed key design decisions, particularly
around assistive forces and wearability, ensuring relevance to clin-
ical practice. The medical experts on the team included a hand
orthopedic surgeon, a physical therapist, an occupational therapist
(all from the University of Pittsburgh Medical Center), and a re-
search scientist for hand-related research from Stanford University
School of Medicine. We developed the protocol for our case study
with a patient (Section 9) and reviewed the results with the clini-
cians on the team, ensuring that it is aligned with clinical practice
and captures meaningful outcomes.

Our medical collaborators provided insight into our target
patient populations, rehabilitation timelines, and requirements.
Among various �nger joint conditions (e.g., arthritis, contractures,
fractures), they identi�ed tendon injury rehabilitation [45] for proxi-
mal interphalangeal (PIP) joint as the most suitable focus, due to the
challenges of treating post-injury sti�ness without adequate early
mobilization [42, 53]. Speci�cally, two indications will potentially
bene�t from a device that supports both protective immobilization
and periodic mobilization, as described in the following.

3.2 Supporting Early Mobilization
Similarly to the rehabilitation routine described in the Introduction,
the patients' �ngers after tendon injuries are typically immobilized
for the �rst few weeks. As healing progresses, they transition to
alternating between wearing the brace to allow the tendon 'to grow'
and performing controlled exercises without it to prevent long-term
�nger sti�ness [ 42,53] in a day. The patients' �ngers may still have a
full range of motion in extension, they may be limited in �exion, and
their joints are typically sore and swollen. As mentioned, repeatedly
taking o� and putting on their static braces is cumbersome and can
disrupt their daily life and cause patients to follow their therapy
less consistently [44]. Since tendon rehabilitation can take several
weeks to months, creating comfortable braces that do not frequently
need to be removed can improve patient compliance and recovery
outcomes. Therefore, we anticipate that our brace can help these
patients adhere to a regular exercise schedule by supporting easy
switching between immobilization and mobilization.

3.3 Limited Motion Range Due to Extensor Lag
Another indication is known as extensor lag, which limits patients'
active range of motion. As illustrated in Figure 3, the a�ected �ngers
remain bent; that is, patients cannot fully extend their �ngers by
themselves. However, the �nger can still be straightened passively
using the other hand, as we illustrate in Figure 3b. This is due to
an asymmetry between the extensor and �exor tendon strength,
where the extensor tendon is too weak to overcome the �exor
tendon. Extensor lag can be caused by tendon rupture or traumatic
elongation.

Figure 3: An illustration of a �nger joint with extensor lag,
which has (a) a limited active range of motion, but (b) with ex-
ternal assistance, can be manipulated through the full range
of motion (passive range of motion). (a) The angle between
the furthest reachable position and the fully extended posi-
tion is denoted as the furthest reachable angle, or extension
angle \ .

In addition, �exor lag is the opposite issue of extensor lag, i.e., the
patient cannot fully bend their �ngers into a �st independently, but
their �ngers can be bent passively. Since extensor tendon injuries
are more common than �exor tendon injuries [2], with the index
�nger representing the most commonly injured �nger [8], we will
demonstrate our bistable brace on extensor tendon rehabilitation.

For e�ective rehabilitation, braces in these cases need to position
the �nger beyond the range that the patient can actively achieve, to
help gradually restore the full range of motion. Our bistable brace
may be bene�cial for this patient group, as it can actively pull �ngers
when it transitions between its states, beyond the patients' active
motion range. Additionally, we can design our brace's angle in the
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sti� state and its transition angle independently (see Figure 6c) to
adjust to the patient's individual range of motion and rehabilitation
needs.

3.4 Current Splints in Practice
As discussed, patients recovering from tendon injuries are most
often prescribed static braces, which immobilize the injured joint
to protect the healing tissue. The aforementioned dynamic splints
are rarely used in practice for both of the above indications [52].
The reason is that their designs don't align well with rehabilita-
tion routines of alternating between periods of immobilization and
active mobilization. In addition, dynamic splints typically apply
signi�cant force to injured joints, which can cause discomfort or
pain [48].

4 BISTABLE ORTHOSIS
Based on the rehabilitation needs for the aforementioned tendon
injuries, we derive a set ofdesign goals:

� Easy switching between immobilization & mobilization,
allowing patients to conduct daily activities or doctor's sug-
gested exercise without removing the brace.

� Customizable range of motion such that the �nger can
be extended beyond its active range of motion during immo-
bilization.

� Customizable sti�ness of the brace to not cause excessive
stress on the injured joint.

� Customizable �t to ensure e�ective transmission of forces
from the brace and to avoid skin breakdown during wear.

To achieve these goals without actuation, we leverage structural
bistability. Our design takes the bent position for daily activities
and the extended position for rehabilitation as two stable states.
We make it a monolithic, compliant design that further supports
customization.

4.1 Easy Switching Mechanism
Bistable mechanisms can hold to distinct states without external
force [5]. We use this general mechanism to design our brace, as
we illustrate in Figure 4. The brace has two rigid members that are
connected by a sti� elastic band. As shown in Figure 4b, when users
bend their �nger, they rotate the rigid members, eventually causing
them to form a line. The elastic band resists this deformation and
stretches slightly before the rigid members can snap through and
bend further. In other words, it acts similarly to an extension spring.
Once snapped through, further rotation causes only little resistance,
as the thin band bends very easily (see Figure 4c). As shown in
Figure 4d, during the bending process, users must overcome a force
threshold� down, and the transition to the �exible region begins at
approximately2 � \ , as de�ned by the geometry of our design.

When returning, the mechanism stretches the elastic band until
the structure reaches the critical point, snaps through, and locks
itself in the extended position (Figure 5). During extending the
�nger, the maximum force users should exert isj� upj, and as long
as the bending angle\ is passed, the device snaps and pulls the
�nger into extension.

Figure 4: Illustrations of the switching process during �nger
�exion. (a) The brace starts in the sti� state; (b) �nger ap-
plies a force to reach the switching threshold, which slightly
stretches the orthosis elastic band; and (c) the orthosis snaps
to its flex state, where further rotation is easy. (d) The re-
quired �nger force during this process changes with the
bending angle.

Figure 5: Illustration of the switching process during exten-
sion. (a) The �nger starts in the flex state; (b) a force is applied
to reach the switching threshold; and (c) passing a critical
angle, the orthosis snaps into the sti� state.
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