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Abstract—Stroke survivors often experience deficits in their
hand’s motor function, which can greatly impact their ability to
perform Activities of Daily Life (ADL). Home-based rehabilita-
tion with robotic devices has been shown to improve the recovery
of hand functions. The WiGlove is a home-based robotic orthosis
that has been developed using a user-centred approach to offset
the hyperflexion in the hand and wrist of hemiparetic stroke
survivors. It facilitates training the distal joints of the upper limb
at home while performing ADL or playing therapeutic games on a
tablet. In a formative evaluation, stroke therapists positively rated
the WiGlove’s usability and provided feedback which assisted in
improving its design. Additionally, the preliminary results of a
feasibility analysis at a stroke survivor’s home showed evidence of
the WiGlove’s usability and acceptance with a noticeable impact
on reducing the tone in the impaired hand.

Index Terms—Stroke rehabilitation; Robot-aided rehabilita-
tion; Home-based therapy; Hand-wrist orthosis; Feasibility.

I. INTRODUCTION

Stroke often results in hemiparesis, where the survivors
experience motor function deficits on one side of their body.
Hemiparetic stroke survivors often experience weakness and
abnormal synergies such as excessive involuntary flexion
(hyperflexion) in their hand which severely affects their
ability to independently perform Activities of Daily Life
(ADL) [1].

While rehabilitation is prescribed to regain the hand’s
functions, the traditional approach of one-to-one therapy
limits the amount of training due to factors such as the
availability of therapists’ appointments. The WiGlove (Fig
1) was designed to allow stroke survivors to independently
perform flexion/extension exercises at a flexible schedule
reducing fatigue, which could lead to longer training
durations. It allows the therapists to remotely monitor the
progress.

An analysis of the requirements of such devices showed the
significance of usability for their acceptance and repeated use
[2]. Therefore, the objective of this study is the evaluation
of the WiGlove’s usability and its feasibility in providing

Luke Jai Wood
Robotics Research Group
University of Hertfordshire
Hatfield, United Kingdom

l.wood @herts.ac.uk

Farshid Amirabdollahian
Robotics Research Group
University of Hertfordshire
Hatfield, United Kingdom
f.amirabdollahian2 @herts.ac.uk

Hand Module Forearm Module
- Inelastic cord  Hook  Elastic strap  Flexible Interconnection
Silicone _
Finger
Caps

Passive
Unassisted
DoF

Fig. 1: WiGlove
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effective rehabilitation of the hand and wrist for stroke sur-
vivors. Beginning with the features of the WiGlove, this paper
discusses the outcomes of its formative usability evaluation
with stroke therapists and presents preliminary results from
the feasibility study conducted at a stroke survivor’s home.

II. BACKGROUND

Robot-aided rehabilitation techniques have shown the po-
tential to act as a valuable companion to therapists, offering
the ability to provide high repetitions and objective measures
of assessments [3]. While a variety of robotic devices have
been proposed for the neurorehabilitation of the hand [4]—
[7], the majority of these solutions are only suitable for
use in a clinical environment, resulting in limited training
durations. A study has shown that robotic devices that allow
stroke survivors to independently perform exercises at home
at a flexible schedule, can lead to an overall increase in
training intensity and associated recovery [8]. Home-based
rehabilitation devices enable therapists to remotely monitor the
progress and use their expertise to help more stroke survivors
which is invaluable in times like the COVID-19 pandemic.

Most of such existing devices focus only on training either
the wrist or the fingers but not both, neglecting the synergy
between them. Concurring with this, a recent survey of
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Fig. 2: Image showing a stroke survivor’s hand with hyper-
flexion in the fingers being offset by WiGlove

exoskeletal devices for hand rehabilitation identified only two
devices that train both the wrist and the fingers [9]. Among
them, only SCRIPT Passive Orthosis (SPO) [1] was found to
be suitable for training independently at home.

SPO is a passive orthosis that allows stroke survivors to
perform hand and wrist exercises. Developed in a European
Framework 7 project, it is a part of the SCRIPT system that
includes interactive games and a backend system for clinical
monitoring. While a study involving 23 stroke survivors
validated SPO’s feasibility, it also identified several functional
and usability shortcomings [1] [10].

The research presented in this paper aims to design and
develop a home-based rehabilitation device for the hand and
wrist that addresses the limitations of SPO. In a user-centred
design process, an extensive review of the state of the art
including task analysis and user studies by the SCRIPT
consortium was used to compile a comprehensive set of
user requirements for such a device [2]. Building on the
knowledge from SPO, the WiGlove was designed to satisfy
these requirements.

III. WIGLOVE

The WiGlove is a passive dynamic orthosis that assists
hemiparetic stroke survivors in performing flexion/extension
exercises with their fingers and wrist while performing ADL
or playing therapeutic games on a tablet. In addition to
providing support, a dynamic orthosis also helps to articulate
the joint. The WiGlove consists of a forearm and a hand
module coupled using a flexible interconnection to allow for
ab/adduction of the wrist reducing the risk of hypertonia from
non-use. It uses elastic straps with hooks for easy don/doffing
of the device with the unimpaired hand. Furthermore, all the
surfaces of the device that come in contact with the body
while wearing are lined with thermoplastic polyethene foam
to ensure comfortable soft interaction. Since the modules are
3D printed, it allows the user to customise their appearance
which could enhance its acceptance.

A. Extension assistance

The WiGlove uses extension springs as passive actuators
to assist with the extension of the wrist and fingers to a
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Fig. 3: Extension assistance mechanism

more neutral position from a fully flexed position (Fig 2).
This allows the stroke survivors to voluntarily perform flexion
against the resistive force of the springs. This mechanism
where the device remains passive during training is adopted
due to its reduced safety concerns compared to its active
counterparts.

The wrist’s assistance mechanism is located on the forearm
module from which the spring force is transmitted to the
joints using an inelastic cord that is attached to the hand
module. Similarly, each finger is individually assisted, where
the cord is attached to the distal segment of the finger in
a base-to-distal configuration that eliminates the concerns of
misalignment between the centres of rotation of the fingers
and the device. This also ensures that the ab/adduction of
the fingers is unrestricted. The cords are guided through
an extension structure and are attached to the fingers using
a silicone digit cap that allows for tactile feedback while
grasping objects (Fig 3). The extension structure is transparent
to permit visual feedback while training.

The thumb’s mechanism is attached to the forearm module
to reduce the weight acting on the hand. Additionally, it has
a passive joint to facilitate the thumb’s ab/adduction, which is
essential for its opposing action while grasping.

B. Feedback sensors

The spring in each assistance module is attached to the re-
spective inelastic cord through a coupler that rotates about the
shaft of a rotary potentiometer. When a finger or the wrist is
flexed, the inelastic cord exerts a torque on the coupler which
rotates the potentiometer’s shaft. This generates an analogue
output voltage that is interpreted by the microcontroller to
measure the flexion/extension angle of the wrist and individual
fingers. Furthermore, the microcontroller used to interpret the
joint angles contains a built-in 9-axis Inertial Measurement
Unit (IMU) which is used to estimate the arm’s posture.

C. Tension adjustment

Based on the degree of hyperflexion experienced by the
user, springs of appropriate stiffness can be used. However,
the amount of assistance required could change during training
with recovery. Therefore, the WiGlove has a motorised tension
adjustment system that increases or decreases the free length of
a given spring. This allows the user and the therapists to mod-
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