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Abstract

Individuals who have suffered cervical
spinal cord injury (SCI) usually loose
the ability to manipulate objects in a
reasonably efficient way. In order to be
able to perform simple tasks, they must
resort to specially designed passive de-
vices. This paper describes the design
and implementation of a one degree-of-
freedom functional hand orthosis. The
main objective was to develop a sim-
ple, inexpensive, adaptable device that
would help in restoring the precision
grip capability of individuals with SCI.
Several experiments of the grasp-and-
release type were conducted with dif-
ferent objects, and preliminary results
that show and quantify the improve-
ment in an individual’s gripping abili-
ties are presented.

Introduction

The human hand is an impressive de-
vice that is essential to the interaction
with the physical world. Its importance
is evident in communication [1] and
cognitive processes. The ability to ma-
nipulate small objects is very important
in general, but is fundamental to the
activities of daily life (ADL). In the

school environment, for instance, the
hand can be seen in action in the ma-
nipulation of objects such as pens,
erasers and books. In order to manipu-
late small objects, the hand executes a
movement that is known as precision
grip [1]. This type of grip has an im-
portant role in the execution of several
ADL. One such a precision grip called
the bidigital grip is very important and
is present in about 20% of the ADL
[3]. Among the bidigital grips, the
pinch  grip, which is performed with
the index and thumb fingers, is the
most frequently used.

Individuals with C5-C6, C6 and C6-C7
SCI are usually able to move and posi-
tion their hands in free space and in
most cases, are also capable to control
wrist movements such as extension and
flexion. Unfortunately, such individu-
als lack the ability to efficiently and
adequately grasp and release common
objects. Often this inability is one of
the main reasons which hinders such
individuals from undertaking profes-
sional, social and personal activities.

This work presents the design and im-
plementation of a simple and inexpen-
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sive device that significantly improves
the ability of an individual to perform
bidigital grips between thumb and in-
dex fingers (pulp-to-pulp pinch). A
simple orthosis prototype was built in
order to assess potential functional
gain. Preliminary results compare fa-
vorably to tenodesis (a type of synergy
where the wrist extension causes a
flexion of the fingers (to grasp) and the
wrist flexion causes and extension of
the fingers (to release) [4]) alone, in
object manipulation tasks.

Background

SCI individuals usually grasp and re-
lease objects using tenodesis. How-
ever, tenodesis alone is limited since
both the aperture and grasping of fin-
gers are passive and depend, among
other factors, on the tension applied to
the tendons and ligaments of the fin-
gers [5].  Hand orthosis [6] and neuro-
prosthesis [4, 7] are alternatives com-
monly used to (partially) restore the
functionality of the hand.

Several promising alternatives of de-
vices that were designed to assist in the
recovery of functionality of SCI indi-
viduals have been reported in the reha-
bilitation robotics literature [2, 8, 9,
10].  Nevertheless, considering the
large number of devices that have been
proposed, it is very disappointing to
verify that only a few were effectively
useful. According to Kumar et al. [2],
this situation can be explained by the
high costs involved in building sophis-
ticated robotic contraptions, by awk-

ward interfaces with the user and by
the social stigma of robots. A low-cost,
functional and user-friendly orthosis,
which can be aesthetically improved in
order to be less apparent was designed.

Methodology

The prototype of the orthosis is de-
picted in Figure 1. The structure was
built from low-temperature thermo-
plastic [6], which has as main advan-
tages the low-cost, light-weight and
shape adaptability. The structure is
composed of three parts (links) con-
nected by one actuated joint and one
passive, instrumented joint. The last
link keeps the thumb in a fixed posi-
tion,  that allows the closing of the grip
only with the movement of the index
finger. Actuation of the joint corre-
sponding to the  metacarpophalangeal
joint (MCP) of the index finger and its
consequent movement, is provided by
a directly coupled DC servomotor. A
potentiometer, approximately located
on the flexion-extension axis of the
wrist, informs the angular position to a
microcontroller, which is actually the
set point of the control system.

Figure 1:  The  prototype and some of its
components.
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The device has only one artificially
actuated degree of freedom at the MCP
joint and two passive ones at the wrist
joint. The last two allow for a free
movement of the wrist during the flex-
extension, while permitting for limited
freedom of movement of tradio-ulnar
joint (arrow in Figure 2). Removing the
constraints provides a more comfort-
able use of the orthosis.

Figure 2: Potentiometer assembly. Arrow in-
dicates radio/ulnar typical trajectory.

Motor Command

Hand Sensors
an Vision

User’s
Central Nervous

System

Orthosis

MCP joint position

Joint at MCP

Grip
Aperture

Applied
Force

ActuatorMicrocontroller

Nervous
Impulse

Position Sensor

Wrist
Flexors/Extensors

User’s Body

Figure 3: Orthosis block diagram.

User control of the orthosis

Orthosis control by the user is very
simple and natural. Simplicity results
from the fact that there is only one de-
gree of freedom to control. One of the
important features is that control is

very natural to the user since standard
tenodesis movements can be used. This
also greatly improves learning time to
control the device. A block diagram of
the system and its interaction with the
user  is shown in Figure 3.



- 279 -

ICORR ’99: International Conference on Rehabilitation Robotics, Stanford, CA

Gripping is executed by extension
movements of the wrist. The central
nervous system of the user sends im-
pulses commanding the wrist to be ex-
tended and also the fingers to flexed.
Wrist rotation is measured  by  the po-
sition sensor (potentiometer) which is
converted to angular displacement (set
point) by the control unit. A simple PD
control algorithm receives as input the
wrist position and sends control signals
to the servo. The servo applies torque
to the joint corresponding to MCP joint
of the index finger, which causes grip
closure around the object. Prior to fin-
ger-object contact, proprioceptors of
the individual’s hand and vision are the
main sensors used to control the grip
aperture. In the mean time, the position
sensor sends off to the automatic con-
trol system the angular position of the
wrist joint. After contact is made be-
tween the object and the hand, higher
prehension forces can be achieved by
moving the wrist sensor further in the
same direction. From that point on,
force sensing is provided by the indi-
vidual’s hand tactile and force sensors.
Hence, the cutaneous - proprioceptive
– visual – robotics loop is able to pro-
vide full control of the orthosis.  This
loop is extremely important to the ac-
ceptance of the orthosis by the user as
well as to minimize learning time to
control the device. One of the reasons
for is the inclusion in the loop of the
cutaneous and proprioceptive sensors
of the user. That happens because the
feedback is done by organs of the very
body of the user, who can sense the

object manipulation. The counter-
opposition (to open the fingers) is exe-
cuted in a similar way, but it uses the
wrist flexion movement.

Results

Initial observations of the benefits of
the orthosis suggest that it provides a
good gain in functionality, allowing
the user to execute important tasks
such as feeding and writing.

In order to quantify the functional gain, a
test of grasp-and-release was conducted.
The test is described as follows and fur-
ther details can be found in [5, 11].
Grasp-and-release Test

This test is performed in sessions. Each
session consists of testing each object
5 times with and without the orthosis.
Subjects are requested to complete a
maximum number of tasks within 30
seconds trials. The number of success-
ful completions and failures are is re-
corded for each trial. Objects are tested
in random order to minimize system-
atic errors or successes due to fatigue
or learning by the subject. A gap of 30
seconds was kept between trials.

Object Weight
(N)

Size
(cm)

Material

Peg 0.0196 0.71 (dia.) × 7.6 Wood
Block 0.0981 2.5 × 2.5 × 2.5 Wood
Can 2.207 6.5 (dia.) × 12.2 Alumi-

num
Video
tape

3.286 3.0 × 12.3 × 22.5 Plastic

Table 1: Test objects.
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Figure 4: Grasp-and-release tests.  Successful
completions. Columns show scores for 5 tests
in 4 sessions.

One subject, with C6-C7 level injury,
participated of the tests. The subject
has a good control of the upper limbs.
The orthosis was worn on his left hand
(non-dominant), while the right hand
(dominant) was used to perform the
tests without the orthosis. That is justi-
fied by the fact that we are comparing
the functional capability of a hand
supposedly less dexterous but worn
with the orthosis (left), with the other
hand supposedly more dexterous, since
it is the dominant one, but without the
orthosis (right).

Grasp-and-release Test Results

Figure 4 presents some results for the
four sessions of tests conducted during
four consecutive days. It can be no-
ticed that the performance with the or-
thosis was consistent and superior to
that of with tenodesis alone. The sub-
ject’s learning curve can be observed
in the grasping of a can, where the per-
formance using the device gradually

became similar to tenodosis. The most
remarkable differences are seen for the
both the peg and videotape. The later
could not be manipulated in no one of
the sessions, without the orthosis.
The number of failures with the ortho-
sis were quite small, as seen in Figure
5. This is mainly due to the learning
process the subject went thorough as
he tried to execute the maximum num-
ber of tasks within the allotted time for
each trial. Indeed, in the first session
no failures were observed with the or-
thosis. The difference is substantial
both for the peg and the videotape.
Furthermor,  for the later not even a
single failure was registered.

Figure 5: Grasp-and-release tests. Failures
are shown by session. Columns show the
scores for the 5 tests in 4 sessions.

Conclusion

The design and implementation of
prototype of an orthosis was presented
here. The main features of the device
are its performance, low cost, easiness
of use and adaptation to other indi-
viduals. Preliminary results of the
grasp-and-release test suggests that the
orthosis provides real functional gain
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for its user. Evidently, more tests are
necessary with a reasonable sized
population of subjects. However, in
despite of that, the subject that under-
went the experiments was very satis-
fied with the performance and easiness
to use presented by the device, to the
point that he had motivation to use it in
his daily life. Mainly, this is due to the
fact that the device feels comfortable,
it is easy to control, it is easy to wear,
it also provides firmness during ma-
nipulation and, most importantly, en-
ables the execution of tasks that other-
wise could not be performed (like the
videotape manipulation during the
tests). Some problems need to be ad-
dressed in order to make the orthosis
more acceptable to the user, and the
main one is to move the servomotor
from the hand to a more proximal po-
sition in the forearm. This can be ac-
complished by simple modifications to
the current design.
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