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Figure 1: We present a design of an unpowered knee exoskeleton that (a) stabilizes the knee when the foot is in full contact
with the ground and (b) allows free movement during leg swinging. Our design supports adaptation to the walking gait cycle
on flat surfaces, (c) stairs, (d) hills. Additionally, our design allows (e) sit-stand transitions and (f) wearing under clothing.

Abstract
Walking aids are critical for people with mobility impairments,
yet current options remain unsatisfactory. Static knee braces are
lightweight and affordable, but their rigid joints force users into
unnatural gait patterns, leading to fatigue, reduced safety, and high
abandonment rates. Robotic exoskeletons, in contrast, offer dynamic
assistance that adapts to gait phases but rely on sensors, motors,
and batteries that make them heavy, complex, and prohibitively
expensive.

In this paper, we propose a fully passive knee exoskeleton design
that combines the accessibility of static braces with the adaptive
functionality of robotic systems. Our design employs a mechanical
trigger under the foot to lock and release the knee joint in sync with
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the gait cycle, enabling more natural walking without electronics
or actuation. Using human-centered methods, we conducted inter-
views with clinicians and orthosis users to guide our design and
evaluated an early prototype as a design probe with stakeholders.
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• Human-centered computing→ Human computer interac-
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1 INTRODUCTION
In HCI, we are concerned with how technologies can be designed
to meaningfully support people in their everyday lives. A hallmark
of our work is bridging technical innovation with a deep under-
standing of the target users. This spans a wide range of work: from
novel haptic controllers that evoke specific sensations and expe-
riences [38], to custom-fabricated furniture that integrates digital
fabrication for hobbyists [48], to wearable sensing approaches that
track physical activity and fitness [50].

While HCI is often associated with exploratory technologies,
it also has a strong tradition of addressing concrete challenges
for specific user groups. Rehabilitation and assistive technology
are one such area. Here, researchers design new tools, processes,
and devices for patients, caregivers, and clinicians: mindfulness-
based tangible devices for stroke rehabilitation at home [47], stan-
dardized assessment tools that help therapists measure recovery
progress [35], co-designed prosthetics tailored to individual pa-
tients [22], customizable mobility aids [11], new wearable devices
such as knitted sleeves for hand compression [37], socks with in-
tegrated sensors for prosthetic feedback [40], or thermoformed
orthoses with custom sensor integration [71].

With over 28% of adults in the U.S. living with some form of
disability, and 12% reporting mobility limitations such as difficulty
walking or climbing stairs [13], the development of new assistive
and rehabilitative technologies is both timely and necessary. Beyond
permanent aids like wheelchairs or canes, lower-limb orthoses and
exoskeletons play a key role in supporting gait rehabilitation. These
devices help patients recover from injuries such as strokes or spinal
cord damage and manage age-related muscle loss [3, 20].

Orthoses for walking are typically static or robotic. The most
widely available and affordable knee orthoses are static braces (Fig-
ure 5a). Their joints are preset to allow or block a fixed range
of motion, which means they cannot adapt to the body’s dynamic
movement. As a result, users must modify their natural walking pat-
terns—for example, swinging the entire leg outward in a “hip hike”
to clear the braced limb—leading to unnatural, tiring, and some-
times unsafe movement. This lack of adaptability contributes to
low adoption: studies report that 58–79% of static knee–ankle–foot
orthoses are abandoned [29].

In contrast, robotic exoskeletons have been developed that pro-
vide adaptive assistance, changing their support in real time based
on the user’s gait. For instance, a robotic brace might unlock the
knee during leg swing but lock it during midstance when the leg
bears weight [77]. Other systems detect gait phases using underfoot
pressure sensors or knee rotation signals and then apply adaptive
support [1, 29]. These robotic devices better preserve natural walk-
ing patterns and increase safety, including on uneven terrain such as
slopes. However, they rely on active sensing and actuation, making
them bulky, heavy, expensive, and often impractical for everyday
use.

In this paper, we introduce a new exoskeleton design that offers a
middle ground: a passive brace that achieves some of the adaptabil-
ity of robotic devices without requiring electronics or motors. Our
design locks and releases knee flexion based on the gait cycle, trig-
gered by foot load, but it does so entirely through passivemechanics.
This means it retains the advantages of static braces—lightweight,

discreet, wearable under clothing, no batteries to charge, and low
cost—while providing adaptive support previously only seen in
robotic systems. Our design process is grounded in user-centered
HCI methods for understanding stakeholders and shaping technical
requirements. To ensure that our design aligns with real needs,
we conducted formative need-finding interviews with medical ex-
perts and orthosis users that shape our requirements. Building on
fabrication techniques and unpowered, body-triggered interactive
mechanisms in HCI, we developed a dynamic knee brace that uses a
fully passive system to engage during stance and disengage during
swing. We evaluate this prototype as a design probe with users
and experts, gathering qualitative insights into its effectiveness and
implications for everyday rehabilitation support.

1.1 Walkthrough
Walking consists of two alternating phases: a support phase, when
the foot is in contact with the ground and bears body weight, and a
swing phase, during which the foot lifts to propel the body forward.
Our exoskeleton, shown in Figure 1, explicitly leverages this rhythm
as its interaction mechanism by (a) locking the knee during the
support phase to provide stability, and (b) automatically unlocking
it during the swing phase to allow natural leg movement.

When the foot transitions from heel strike to full-foot contact,
the device detects ground reaction forces and engages the lock at
the knee joint, stabilizing the knee while the leg supports the body.
As the gait progresses into the swing phase, the load is removed, and
the joint unlocks, enabling free flexion so the leg can swing forward
naturally. Because the switching mechanism is load-dependent
rather than based on displacements, it supports movements beyond
level walking, including (c) climbing stairs, (d) sitting down and
standing up, and (e) walking on slopes. (f) The low-profile mecha-
nism can also be worn under clothing, which is an important factor
for patient comfort and acceptance.

1.2 Contributions
The main contribution of this work is a novel, user-centered de-
sign of a fully passive, low-cost knee exoskeleton that effectively
combines the accessibility of static braces with the adaptive func-
tionality of robotic systems. This papermakes the following specific
contributions:

(1) User-centered design requirements.We conducted for-
mative interviews with medical experts and orthosis users
to identify needs and constraints for daily knee exoskeleton
use.

(2) A novel passive knee exoskeleton design that adapts
to the gait cycle using only mechanical triggers. We intro-
duce an unpowered, load-triggered locking mechanism that
engages during stance and releases during swing, enabling
adaptive knee support without electronics or motors.

(3) Technical validation.We evaluate the mechanism’s load-
dependent triggers, timing accuracy, and strength, demon-
strating how it synchronizes with the wearer’s gait.

(4) Qualitative evaluation. Through stakeholder interviews,
we assess wearability, comfort, and willingness to adopt
the device in daily life. This validates the new direction for
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accessible, everyday exoskeletons that bridge static braces
and robotic systems.

(5) Design considerations. From our evaluations, we derive
key considerations that provide actionable guidance for fu-
ture passive knee exoskeletons. These highlight how such
devices can be designed to be more functional, accessible,
and comfortable for gait rehabilitation.

The scope of this paper is to address core challenges in knee assis-
tance and to highlight key design considerations for future devel-
opment. As such, the presented device should be understood as a
research prototype to assess the design of this novel exoskeleton,
rather than as a safety-tested, product-ready device. This paper lays
the groundwork by inventing a novel brace design and performing
the necessary initial evaluation�both technical (quantitative) and
with stakeholders (qualitative). These contributions, in turn, open
many opportunities for future research, including personalization,
computational design tools, patient studies on trust or social ac-
ceptability, and many more, which are outside of the scope of this
current paper.

2 RELATED WORK
In this section, we review prior work in participatory design for
assistive and rehabilitative devices, unpowered body-triggered in-
teractions in fabrication, and lower-limb exoskeletons.

2.1 Participatory Design for Assistive Mobility
and Rehabilitation Technologies

Participatory design approaches [63] are widely applied in HCI
research [56]. In healthcare and assistive technology, researchers
commonly use interviews [12, 84], co-design sessions [11, 54, 64],
and prototype probes [25, 73] to understand the unique contexts
of speci�c user groups, learning from the knowledge and practice
of professionals which are essential for shaping design outcomes,
like assistive robots for the elderly [25, 64], information displays
for people with sensory or motor impairments [54, 73], or clinical
decision-support systems [84]. Here, we focus on the two most
related topics to our work: mobility assistive technologies and
rehabilitation devices.

Research onmobility assistive technologiesaims to enhance daily
mobility. User-centered design methods have been used to identify
factors that a�ect long-term acceptance of these devices [9, 21], in-
cluding social stigma [11, 24, 53, 57], limited usage scenarios [9, 11],
limited customization [11], and changes in user needs over time [11,
21]. However, this body of work has largely concentrated on non-
wearable aids, such as wheelchairs [12, 44], walkers, and canes [11],
while wearable systems such as exoskeletons and orthotic braces
are missing.

For research onrehabilitation devices, clinicians are often con-
sulted to assess how systems support strength recovery. Prior HCI
work has examined areas such as upper-limb rehabilitation exer-
cises [35, 46, 47], mental health support [6], and muscle-training
monitoring [84]. Because these devices require technical and clini-
cal expertise, presenting evaluation data can help clinicians assess
their e�ectiveness in supporting recovery [47, 71, 84]. However,
lower-limb wearable devices for gait rehabilitation have not yet
been explored.

Outside of HCI, previous work collecting stakeholder input
on wearable exoskeletons has focused on powered robotic sys-
tems [16, 18, 70, 74] and static orthoses [65]. Their �ndings reveal
interesting but di�erent user expectations in appearance [65, 74],
discreetness [16], and functionality [65]. For robotic exoskeletons,
users and clinicians prioritize functional capability, with appear-
ance playing a minor role [16, 74]. In contrast, for static braces,
users place strong emphasis on aesthetics and stigma [65]. Opinions
about discreetness vary across both users and clinicians, with no
clear consensus on whether devices should be concealed or openly
visible [16]. Therefore, they leave open questions about devices
that sit between these categories, e.g., passive yet multifunctional
exoskeletons. Moreover, most investigations rely on surveys or
interviews rather than iterative engagement with working proto-
types, o�ering fewer insights into how stakeholders respond to real
design constraints. Although a few robotics projects have explored
iterative development [52, 55], stakeholder feedback in guiding
future designs is missing.

To understand the speci�c user needs of a passive and adaptive
knee-support exoskeleton, we apply participatory and iterative
design methods to collect user and clinician input to shape both its
interaction mechanism and its physical form.

2.2 Lower Limb Exoskeletons
Wearable exoskeletons augment human movement [51]. While
exoskeleton research spans various applications, from monitoring
and sensing systems [72, 84] to custom rehabilitation devices [71,
80], we focus on lower-limb exoskeletons designed for walking
assistance and rehabilitation. This body of work encompasses both
active robotic designs and passive mechanical systems that provide
robot-like functionality for gait support.

Powered exoskeletons use sensors, actuators, and control al-
gorithms to stabilize or propel gait [43]. For knee stabilization,
stance-control orthoses are widely developed to detect gait phase,
commonly via ground contact sensors or inertial sensors, to lock the
joint during stance for stability, and to unlock it during swing [29,
36, 61]. This robotic functionality is highly relevant to our de-
sign. Some multi-joint robotic exoskeletons also use this method
of dynamically locking and unlocking the knee during gait [17],
with comprehensive joint support across the hip, knee, and an-
kle [2, 8, 60].

Quasi-passive exoskeletons sit between fully powered and fully
passive designs, using motor-free, passive mechanical elements
with minimal active control components [83]. For instance, Shamaei
et al. [61] developed knee exoskeletons with mechanical locking
that implement dynamic stance control by insole-based heel and
toe sensors.

Passive exoskeletons further introduce mechanical triggers [41].
For example, Jiménez et al. [33] presented a brace that engages
stability on heel contact. These passive approaches are lighter and
simpler, but they frequently rely on asingle contact point(e.g., heel)
and therefore lack the richer stance-phase detection used in robotic
stance-control orthoses.

Beyond rehabilitation, exoskeletons in HCI are mainly designed
to provide force sensation or augmentation, typically powered. For
example, Roam Robotics' robotic knee brace [5] and MO/GO—
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Figure 2: Walking gait cycle, ground reaction force, and knee �exion angles over the gait cycle (adapted from [ 67]). We highlight
the primary muscles involved in knee control (quadriceps and hamstrings) and illustrate how quadriceps weakness can lead to
knee buckling during the midstance phase.

motors [4] amplify strength for healthy users in knee motion, while
VR haptics simulate varied terrains and gravity using kinesthetic
feedback at lower forces [7, 26, 30, 34, 59, 68].

In sum, existing systems demonstrate the value of both powered
and passive approaches. We extend this space with a fully mechan-
ical, unpowered design that enables dynamic knee support for gait
rehabilitation. Our passive design goes beyond a single contact
point to distinguish, e.g., walking from sitting, by implementing a
mechanical logic that uses both heel and toe triggers.

2.3 Passive Wearable Devices and
Body-Triggered Interactions

This work is situated in HCI fabrication research, with reha-
bilitation as a speci�c application domain. Fabrication research
includes both sensor-integrated and actuated devices, as well as
a rich body of work on unpowered, passive physical artifacts for
user interaction. These passive physical interfaces are compelling
because of their simplicity and low maintenance. They often rely
on users' own manipulation or body movements as both input and
power, making such engagement an integral part of the intended
interaction. Examples from HCI fabrication research include me-
chanical computation systems that utilize user input to trigger their
shape- or material-changing behaviors [28, 31, 42], mechanisms
that render haptic feedback [78, 82], or materials that allow users to
switch between di�erent material properties [27, 45, 79], to name
just a few. Such human-powered, passive interfaces have also been
demonstrated as wearables [32, 45], using the wearer's own motion
to trigger and power the changes in the properties and shapes of the
devices. We build on this body of work by leveraging the bene�ts of
passive interfaces, which always remain available as people move
through di�erent contexts, and we use these principles to develop
our passive exoskeleton.

Applying this direction to gait-based interaction, our work pro-
posesfoot-load-triggered mechanismsthat use the mechanical pres-
sure generated during gait as the input signal. Prior hand-scale pas-
sive structures are designed for large deformations and low forces.
Instead, our system operates under high loads with small displace-
ments, enabling pressure-driven gait detection without the need
for electronics. By combining embodied interaction and passive me-
chanical design, this work advances a new form of body-triggered
assistive sensing for wearable rehabilitation devices.

3 BACKGROUND
This section provides background on the walking process in healthy
individuals and explains how knee impairments can disrupt it.

3.1 Walking Gait Physiology
Walking commonly follows a stereotypical and repeatable pat-
tern [67], described as the gait cycle. As Figure 2 illustrates, a gait
cycle is the period from when one foot touches the ground until
the same foot contacts the ground again. Each leg alternates be-
tween two phases:stance phasewhen the foot is on the ground
and supports body weight, andswing phase when the foot lifts
o� and moves forward for the next step. Within the stance phase,
midstance is particularly critical, as the body's center of mass
passes directly over the supporting foot, representing the point
of maximum single-limb loading and requiring the greatest stabil-
ity. During a gait cycle, vertical ground reaction force rises after
foot contact, dips at midstance, peaks again during push-o�, and
then drops to zero after toe-o�. The average total vertical ground
reaction force equals one body weight.

The knee moves in predictable patterns throughout the gait
cycle. At the start of stance, it is nearly straight to support body
weight. After heel strike, it bends slightly to absorb shock, then
straightens as the body passes over the leg, which is a critical stage
requiring strong single-leg support. Before push-o�, the knee bends
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to prepare for swing. During swing, it �exes further to lift the foot
clear o� the ground and then extends again before the next contact.

These knee movements are primarily controlled by two major
muscle groups. The quadriceps (magenta in Figure 2) extend the
knee to provide weight support, while the hamstrings (black in
Figure 2) �ex the knee during swing and control forward motion.

3.2 Atypical Gait Due to Knee Impairments
When muscles are weakened by aging [19], injury, or disease, the
smooth rhythm of the gait cycle is disrupted, and people may adopt
compensatory walking patterns to stay upright [69]. Quadriceps
weakness reduces the ability to stabilize the knee during stance,
which can lead to sudden buckling and falls (Figure 2). Hamstring
weakness reduces control during swing and stance, often resulting
in knee hyperextension (genu recurvatum). This hyperextension
places abnormal stress on the joint, increases instability, and raises
the risk of long-term damage [15].

These atypical gaits are not only ine�cient but also unsafe. To
address them, knee braces and exoskeletons are widely used in reha-
bilitation. By resisting collapse and preventing hyperextension, they
support weakened muscles and help restore safer, more con�dent
walking. However, as discussed in Section 1 Introduction, many
existing devices are too rigid or uncomfortable, leading patients to
avoid wearing them and ultimately reducing their e�ectiveness in
rehabilitation. This motivated us to gather further insights directly
from experts and patients.

4 FORMATIVE INTERVIEW
To inform the design of a knee exoskeleton that is both e�ective for
gait rehabilitation and acceptable for everyday use, we conducted
semi-structured interviews with medical experts and prospective
end users. The goals were to understand: (1) patients' experiences
with existing orthoses and exoskeletons; (2) clinical perspectives on
functions and forms of assistance that meaningfully support gait
rehabilitation; and (3) design requirements that in�uence long-term
acceptance and use.

4.1 Participants
We conducted one-hour, one-on-one semi-structured interviews
with 6 participants. To participate in our study, participants must
be either: a licensed healthcare professional with rehabilitation or
orthopedic experience, or a patient with knee mobility limitations
who is currently using or needs to use an orthosis for assistance.
Among the 6 participants we recruited, 4 are medical experts who
treat patients in gait rehabilitation, and the other two are patients
who need to use orthoses. Their background information is in Fig-
ure 3. Note that among clinicians, P4's background di�ers slightly,
as they observe neurological patients rather than working directly
with orthoses, but they provide a valuable perspective on broader
patient populations who may need knee braces and can assess our
target users within the wider context of neurological conditions.
Regarding patients, PP1 (stroke survivor) uses an Ankle-Foot Or-
thosis (AFO) but experiences knee buckling and falls, having tried
multiple knee braces and exoskeletons. PP6 (multiple sclerosis) tran-
sitioned from long-term wheelchair use to gait training recently,
and their doctor thought they could bene�t from trying a knee brace.

Figure 3: Participants' demographic information.

Participants were compensated with $25. The study followed local
ethics procedures1, and participants provided informed consent.

4.2 Procedure
We asked two sets of questions tailored to di�erent stakeholder
perspectives. For clinicians, we asked speci�c patient populations
who could bene�t from knee braces, current treatment protocols,
opinions about current orthoses, and observed patient compliance.
For patients, we focused on their medical conditions, walking chal-
lenges, experiences with existing orthotic devices, satisfaction lev-
els, and usage compliance.

The interviews were conducted through Zoom and were audio-
recorded and transcribed. We coded the transcripts through the-
matic analysis [10]. Two researchers in the research team indepen-
dently coded all the transcripts and met to resolve con�icts. The list
of codes was consolidated after reaching a consensus and updating
the codes. Then, the research team grouped the codes using a�nity
diagramming [23] into themes: (1) patients' diagnoses and mobility
challenges, (2) patients' rehabilitation trajectory from injury to
hospital to at-home recovery, (3) the bene�ts and shortcomings of
current orthoses, and (4) desired features for future knee braces.
Through iterative discussion, the research team consolidated the
themes and synthesized the design goals.

4.3 Results
In this section, we �rst describe clinicians' and patients' perspec-
tives on the role of orthoses throughout rehabilitation, and then
present three major design goals for knee exoskeletons that emerged

1Carnegie Mellon University IRB #STUDY2025_00000229
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Figure 4: Design goals for knee orthoses across the gait rehabilitation journey.

from the interview results:Functionality ,Accessibility , andWear-
ability . These goals re�ect users' needs across their rehabilitation
journey (Figure 4) and inform our exoskeleton design. We elaborate
on each goal below.

4.3.1 Expected Roles of Orthoses in Rehabilitation.According to
clinicians (PC2�PC5), knee orthoses are recommended to restore
mobility and independence in daily activities, typically for rehabili-
tation after injury, stroke (PP1), or prolonged wheelchair use (PP6).
These patients often experience knee hyperextension, muscle weak-
ness, or instability (PC2�PC5, PP6). These orthoses should provide
physical assistance for gait rehabilitation and daily mobility. By
o�ering reliable support and safety, orthoses can further provide
psychological reassurance by reducing fear of falling, thus "allowing
them to engage in more rehabilitation" (PC4).

4.3.2 G1: Functionality.A core function is that knee orthoses must
reliably prevent knee buckling when support is needed, without
hindering movement when it is not.

Load-bearing support to prevent knee buckling.The exoskeleton
must provide timely and su�cient support, particularly during
leg loading when collapse may occur. Without adequate support,
patients experience fatigue, tripping, and imbalance (PC5, PP6),
which increases anxiety and fear of falling (PC4).

Flexibility for bending and lifting motions.In addition to support,
knee orthoses are expected not to hinder normal movements like
leg lifting, sitting, or stair climbing (PP1, PC3, PC5). Conventional
KAFOs (Knee-Ankle-Foot Orthoses) lock the knee in full exten-
sion for stability, e�ectively preventing �sudden buckling� (PP1,
PC2�PC5), but introduce new mobility challenges. Clinicians report
that patients are ��ghting against the KAFO on bending the knees�
during walking and sit-stand transitions (PC3), and they experience
di�culty landing the braced leg stably on uneven terrain (PP1) or
stairs (PC3), as demonstrated in Figure 5a. Because the knee cannot
�ex, users must hike the hip for ground clearance, which increases
metabolic e�ort [14] and reliance on additional walking aids such
as canes or caregiver support (PP1, PP6). In contrast, supporting

more natural gait mechanics can reduce compensatory e�ort and
minimize unwanted social attention.

Dynamic adaptation for arbitrary walking surfaces.Beyond phase-
based support, orthoses must also adapt to diverse real-world use
contexts and daily activities (e.g., sit-stand transitions, stair climb-
ing), which vary across users' homes, community facilities, and
surrounding terrains (PC5). These contexts demand more reliable
phase detection and thus di�erent timings of providing stability
and �exibility.

While advanced robotic braces (e.g., stance-control orthoses, C-
Brace) can enable more natural gait patterns (Figure 5b) with gait
phase detection, clinicians reported that they �can be clunky and
lock unexpectedly� in real-world use (PC5), making them di�cult
to learn and get used to (PP1).

Figure 5: Comparison of the range of motions of (a) a static,
(b) a robotic [1], and (c) our brace.

4.3.3 G2: Wearability.To support long-term daily use, the exoskele-
ton must be comfortable, unobtrusive, lightweight, low-pro�le, and
socially acceptable to wear. Limitations in any of these factors can
reduce user adoption.

Ease of donning and do�ng is the �rst step of use.Independent
donning and do�ng is critical for adoption and a prerequisite for
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clinicians to consider a device feasible for home use. As PC3 em-
phasized, �If they can't get it on themselves, they're never gonna wear
it � (PC3). Moreover, when donning is di�cult, patients become
stressed, and braces are more likely to be damaged (PC3, PC5, PP6).

Adjustable �t for swelling limb.Physical changes such as swelling
or muscle atrophy can alter limb size and a�ect �t (PC5). Therefore,
a safe and comfortable �t must accommodate variations in limb size
and shape. Poor �t and swelling-related pressure can cause �pain,�
� rubbing,� � di�erent stress throughout the brace,� or even "getting an
infection" over extended daily wear (PC3, PC5).

Lightweight to reduce additional e�ort.As an on-body device, an
exoskeleton increases physical e�ort, especially when it is heavy.
As PP1 noted, a major issue with a robotic brace he tried was: �It
was so heavy� (PP1). Reducing weight was a common request to
prevent added walking e�ort.

Unobtrusiveness to reduce unwanted social attention.Another
common complaint about conventional KAFOs and robotic devices
relates to their bulk and noise, respectively. When engaging socially,
users preferred braces that �t under clothing and remain quiet. PP1
described frustration with full-length KAFOs: �Each time I have
to wear the thing, the pants don't come on, it's just a real hassle.�
Noise was also unacceptable: �Any sound I will not use, if it's making
too much sound� (PP1). One stance-control device was abandoned
speci�cally due to audible clicking (PP1).

4.3.4 G3: Accessibility.For broader accessibility, the device should
be a�ordable, easy to obtain, easy to maintain, and usable for diverse
users through easy adjustment.

A�ordability to lower the total rehabilitation cost.Rehabilitation
involves signi�cant costs, including devices, treatments, and ther-
apy. Making rehabilitation devices more a�ordable would help
reduce patients' overall �nancial burden (PC3). Robotic exoskele-
tons are typically considered �expensive� (PP1, PC2) due to factors
such as low production volume, specialized materials, and labor-
intensive manufacturing. As one clinician observed, �cost is always
kind of an issue,� making these devices �impractical� for many pa-
tients (PC2).

Long-term rehabilitation needs often change, requiring new or
modi�ed devices. Users' physical conditions may improve (PP6)
or decline due to aging or progressive weakness (PP1), leading to
di�erent orthotic needs �six months, a year, or two years out� (PC5).
For example, slower reaction to perturbations with age (PC2) may
require adjustments in support strategy. When repair or adjustment
is not feasible or a�ordable, patients may simply �not wear it for a
period of time� rather than obtain a new brace (PC5). Therefore, the
device should support sustained use over time through low-cost
repair, modi�cation, and re-adjustment.

Ease of adjustment for clinicians.During �tting, patients typically
try a standard-size brace �rst to evaluate basic function. Then, they
may prescribe a custom-made device, which can improve �t and
reduce weight, but require specialized orthotist labor and additional
fabrication time (PP1, PC5). Thus, the device should be designed to
allow clinicians to adjust it easily across diverse users without the
need for extensive customization.

5 DESIGN
To address the aforementioned design requirements, we present
a knee exoskeleton design. To address the essentialfunctions
(G1), i.e., to both provide support and �exibility during walking,
we design a load-triggered mechanism that locks and releases the
knee motion in coordination with ground pressure. We design our
exoskeleton as a fully passive mechanism, which makes our device
lightweight (0.95 kg) and low-cost ($38), thereforeaccessible (G2)
to broader populations. Lastly, we keepwearability (G3) in mind
and construct this research prototype to conform to the leg in a
sock-like form factor.

5.1 Overview
Our passive exoskeleton design consists of three main parts, as we
show in Figure 6. To support the knee, we design (1) alockable
joint that allows free rotation when unlocked and can lock the
knee in a straight position. The locking is triggered by (2) two
pairs of load-triggered switches under the foot. The switches are
designed as non-linear springs to activate when ground reaction
forces exceed half body weight. Since we only want to lock the joint
during midstance, we connect the input of the switches to (3) a
mechanical logic gate (AND). As we show in Figure 6b, the overall
functioning sequence �ows as follows: ground pressure triggers
the load-triggered switches, which provide input to the logic gate,
which in turn locks the joint. The forces are transmitted through
a Bowden-style cable actuation, as it is �exible and conformable
(implemented as a metal wire running through a tube to propagate
displacements). The joint unlocks automatically when the pressure
is released from the foot switches, i.e., at heel-o�. To distribute
locking forces and prevent shear forces during support, we place
identical sets of these components on both sides of the leg.

Figure 6: (a) Our knee exoskeleton prototype includes
(b) three core components: a lockable knee joint, a mechani-
cal AND logic gate, and two pairs of load-triggered switches
under the foot.

Accurate gait cycle detection is essential to support body weight
when needed and to allow free knee motion otherwise. Existing
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