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Abstract— In this paper, we present the combination of the
Soft-SixthFinger, a wearable robotic extra-finger designed to
be used by chronic stroke patients to compensate for the
missing hand function, with a robotic arm that is used as
an assistive device to support the patient arm. The extrafinger is a tendon-driven modular structure worn at the paretic
forearm. The robotic extra-finger is used jointly with the paretic
hand/arm to grasp an object similarly to the two parts of a
robotic gripper. The flexion/extension of the robotic finger is
controlled by the patient using an Electromyography (EMG)
interface embedded in a cap. The robotic arm is controlled
to partially compensate for the weight of the paretic arm,
while not interfering with the user arm motion. The system
has been designed as a tool that can be used by chronic stroke
patients to compensate for grasping in many Activities of Daily
Living (ADL). We performed a pilot test to demonstrate that
the proposed system can significantly improve the performance
and the autonomy in ADL.
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Fig. 1. The experimental setup. The Soft-SixthFinger works with the paretic
limb to compensate for hand grasp functionality. The patient can control the
device thanks to a wearable EMG interface embedded in a cap. The weight
of the arm is partially supported by the robotic arm.

I. I NTRODUCTION
Long-term disabilities of the upper limb affects millions of
stroke survivors [1]. More than 80% of individuals who experience severe hemiparesis after stroke cannot completely recover hand and arm functionality [2]. The majority of robotic
devices have been developed to provide intensive, repetitive
and task-specific rehabilitation procedure to patients with
mild to severe motor impairments after neurologic injury [3],
[4]. However, at the moment, robot-assisted therapy did not
significantly improve motor function in patients with longterm upper-limb deficits after stroke, as compared with usual
care or intensive therapy [3]. Thus, together with the current
efforts in improving rehabilitation technologies, we believe
that there is a need of active tools able to recover basic hand
and arm functions in chronic stroke patients with a paretic
upper limb.
In this work, we present a possible solution to recover hand
grasp capability based on the combination of an extra-robotic
finger, called the Soft-SixthFinger [5], and a robotic arm.
The aim of the Soft-SixthFinger is not to assist the paretic
hand motion of the patient, but rather to add just what is
needed to grasp: an extra thumb [6]. The robotic extra-finger
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is worn on the user forearm and can accomplish a given task
in cooperation with the paretic limb, see Fig. 1. The robotic
extra-finger has been designed to guarantee high wearability
and portability, with kinematics and actuation inspired by
recent works on underactuated compliant robotic hands [7].
In particular, the robotic extra-finger is passively compliant
due to its flexible joints. Only one motor is used to control
the device flexion/extension with a tendon-driven actuation.
The patient can control the motion of the robotic extrafinger through an EMG based interface [8]. Such interface
can recognize, through the acquisition of the EMG signal
read at the frontalis muscle of the patient, when the patient
voluntary moves his or her eyebrows upwards. Frontalis
muscle contractions generate events that switches the states
of a Finite State Machine (FSM) which regulates the finger
flexion/extension. The whole system is embedded in a cap.
Electrodes can be easily placed on the patient’s forehead just
wearing the interface.
To test the proposed devices for grasp compensation, we
set up a pilot experiment where a subject was asked to
perform three different tasks without using the hand: blocks
and box test, pouring water from a bottle and drinking from
a small bottle, see Fig. 2.
II. T HE S OFT-S IXTH F INGER AND ROBOTIC ARM SYSTEM
The Soft-SixthFinger has been designed to be wearable,
robust and capable to adapt to different object shapes. The
flexible finger has a modular flexible structure attached to a
support base that can be worn at the forearm. Each module
has a 3D printed ABS polymeric part that acts as a rigid
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Fig. 2. Tasks executed using the Soft-SixthFinger and the robotic arm support. a) Blocks and Boxes test. b) Pouring water on a glass. c) Drinking from
a small bottle.

the Kinova Mico arm. The robotic arm was controlled in
gravity compensation so to assist the arm motion without
interfering the subject motion.
IV. C ONCLUSION

Fig. 3.

The Soft-SixthFinger exploded view and part details.

link and a 3D printed thermoplastic polyurethane part that
realizes the flexible joint. The CAD of the module as well
as details of the extra-finger parts are reported in Fig. 3.
The modules are connected by sliding the thermoplastic
polyurethane part in the ABS part, see Fig. 3. The SoftSixthFinger has one servomotor that account for the motion
of the whole finger through a tendon. Due to flexible parts in
the modules, the device can passively adapt to objects with
different shapes. The support base of the finger is realized in
ABS. It contains the actuator and an elastic band that allows
the user to wear the device on the forearm. The structure
of the support base is symmetrical, feature that enables the
robotic finger to be worn on both the left or right arm of
the patients without any modification in the device. The
extra-finger flexion and extension are commanded through
the EMG interface described in [5].
The robotic arm used was a Kinova Mico. This arm has
a payload of 1.9 kg a workspace of around 900 mm and six
degrees of freedom.
III. P ILOT STUDY
As a pilot study, we tested the system in three different
tasks: a) blocks and boxes, b) pouring water from a bottle to
a glass and c) drinking from a small bottle. The subject was
able to grasp the different objects using the Soft-SixthFinger.
The robotic arm was used to partially support the weight of
the arm. The simulated paretic limb of the subject was linked
to the robotic arm using the two-finger gripper available with

In this extended abstract, we presented our preliminary
setup where the Soft-SixthFinger is combined with a robotic
support for the paretic arm. In our previous works on active
tools for manipulation compensation, we focused mostly
on the grasping part developing a robotic supernumerary
finger that can adapt to different object shapes. However,
we noticed that most of the patients testing our devices were
still not able to fulfill basic ADL due to the poor mobility
of the arm. The system proposed in this work is a first step
toward the realization of an assisting platform for chronic
stroke patients.
We are currently testing the devices with patients also
using passive assistive device for the arm support.
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