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Abstract— Weight support can facilitate upper-limb move-
ments, with which the patients may do more and more
meaningful exercises earlier in the rehabilitation process. Most
rehabilitation devices support the arm against gravity in one
way or the other. Weight support can be realized by limiting
vertical displacement or applying constant supportive forces
which counteract the gravitational pull. Of these, using constant
supportive forces is the most natural way to facilitate natural
arm movements as it allows full freedom of movement and the
amount of weight support is scalable to the patients needs. To
apply the supporting forces to the arm, endpoint mechanisms
and exoskeletons are more complex to build and use then cable
suspensions, but offer more control over the movements. Finally,
passive weight support is inherently safe, but active systems
have enhanced control options and the capability to create
training conditions beyond limb weight.

I. INTRODUCTION

Supporting the arm against gravity of hemiparetic stroke
patients has been shown to result in significant improvements
in the arm function of patients [1], [2], [3], [4], [5]. In these
training studies, the weight support facilitated functional
movement of the patients and was gradually reduced as per-
formance improved. Cross-sectional studies have shown that
weight support does not negatively influence the execution
of movements and only facilitates them [6], [7]. In these
studies, weight support has been provided by exoskeletons
[1], [3], endpoint manipulators [8], [2] and cable suspensions
[9], [6], [7].

Of these devices, endpoint manipulators have a single
connection to the hand, wrist or forearm. Often patients
hold onto a handle while making movements in a virtual
environment. Exoskeletons are external skeletons placed par-
allel to the arm and are generally powered by actuators on
each of the joints. They control (a subset of) the joints
of the shoulder, elbow, and wrist directly, at the cost of
more complex mechanics. Cable suspensions support the arm
with one or two slings, increasing both control options and
complexity with every additional cable linkage. They are
simplest to realize but offer the least amount of control of
the movements of the arm.

These device types do differ in the resulting implemen-
tation of weight support, with each having their own ad-
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Fig. 1. Difference between table and full weight supports in a single case
example. With the table support condition, a stroke patient has a larger
range-of-motion (solid black line & dark gray area), whereas with full
weight support the reachable area is a lot smaller (stripped gray line &
light gray area). Data provided by Mike Ellis and Jacob McPherson.

vantages and disadvantages. In this short report, we wish to
highlight these differences and detail the functional conse-
quences.

II. TABLE SUPPORT VERSUS FULL WEIGHT SUPPORT

Weight-support systems function by either restricting ver-
tical displacement or by supporting the arm with constant
vertical forces. Planar devices like the MIT-Manus [10]
support the weight of the arm by restricting all vertical
displacement, which feels like forced sliding of the arm on
a smooth horizontal surface. Although this fully supports an
arm at rest, the amount of compensation is always equal to
the normal force between the arm and the surface and cannot
be scaled or externally controlled. Even when such planar
mechanisms allow some upward displacements, patients need
to fully support their arm themselves before any lift-off is
achieved. In none of the aforementioned training studies
[1], [2], [3], [4], [5] was a planar devices used; for all the
slow reduction of weight support was an integral part of the
therapy. One of these studies explicitly finds the progressive
shoulder abduction loading to be a crucial element of arm
rehabilitation in chronic stroke [5].

Secondly, patients can actively press their arm downwards
in planar devices, potentially helping their achievements but
hindering relearning of normal movement control. For exam-
ple, using a table-like support artificially increases the range
of motion of stroke patients over a fully force-supported arm
[8] (see Fig. 1). This rewards patients for the erroneous motor
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Fig. 2. Device types suitable to provide weight support. A) 3D endpoint
manipulators. B) Cable suspension systems. C) Exoskeletons.

pattern of pushing down while wanting to achieve horizontal
movements.

For these two reasons, planar endpoint manipulators seems
less suitable for restoration of functional movements in
stroke rehabilitation therapy. Full 3D endpoint manipulators
[11], [12], [8], however, are fully capable of offering weight
support through scalable forces.

III. EXOSKELETONS VERSUS ENDPOINT MANIPULATORS

For devices needing close control over the endpoint,
exoskeletons or endpoint-manipulators are preferred over
cable suspensions (see Fig. 2). Comparing exoskeletons
and endpoint manipulators as an application mechanisms
for transferring the supporting forces to the arm can be
done on the variability of gravity compensation force in the
workspace, the achievable range of motion, the movement
impedance (mostly inertia and friction), the position and
angle measurements, the ease of use, and finally, the ease of
construction (including price and maintenance). For generic
designs of these two types of rehabilitation devices, the
following conclusions can be drawn.

Overall, exoskeletons do not score high marks as a ded-
icated weight support system. The main problem for the
exoskeleton is the need of mechanics for all joint rotations,
and the alignment of the exoskeleton joints to the anatomical
ones [13], [14], [15]. Misalignment of axes and the additional
two translational DOFs in the human shoulder require ad-
ditional mechanics, making the exoskeleton more complex
to construct and use. As an application mechanism, it has
a relatively high impedance due to inertia and a limited
range of motion. Control of supporting forces depends on
the joint orientation. Exoskeletons not directly linked to the
limb movements can use better force generating mechanisms
with a larger range of movement [1].

Endpoint manipulators are easier to construct than ex-
oskeletons and have a lower movement impedance. Having
a mechanical system fully independent of the arm makes a
constant force and a large range of motion easier to realize,
although the device needs more workspace to operate in.
Accurate position and angle measurements require recalcu-
lations from manipulator to arm coordinates and assumptions

on the positions of trunk and/or shoulder.
Combination of application mechanisms have been used

before. Many partial exoskeleton consist of endpoint mecha-
nisms connection to a forearm cuff [16], often with reduced
arm DOFs [8]. Some reduces the gravitational pull on their
haptic endpoint device by supporting most of the weight of
the arm by cable suspensions [12].

IV. ACTIVE VERSUS PASSIVE DEVICES

Another aspect to consider when providing weight support
is wether to use active or passive actuation. All three devices
types can be fitted with passive mechanisms like counter
weights, springs, or spring mechanisms [17], [1], [9], al-
though many rehabilitation robots also have active actuators
like electro motors (partly) providing weight support [11],
[12], [8], [15]. Advantages of passive weight support are the
inherent safety of the device-patient interaction and no need
for expensive electronics. Advantage of active support are the
availability of fast, computerized control over the amount
of weight support and the availability of negative support.
With the latter, the training exercises can be made heavier
beyond the limb weight, thereby simulating the weight of
manipulated objects [8], [4], [5].

V. CONCLUSIONS

To facilitate upper-extremity movements, most rehabilita-
tion devices support the arm against gravity. With weight
support, patients may do more and more meaningful exer-
cises earlier in the rehabilitation process.

There is a fundamental difference between weight sup-
port by limiting vertical displacement or applying constant
supportive forces which counteract the gravitational pull on
the arm. Using constant supportive forces is the most natural
way to facilitate arm movements as it allows full freedom of
movement and the amount of weight support is scalable to
the patients needs.

To apply the supporting forces to the arm, endpoint
mechanisms and exoskeletons are more complex to build and
use then cable suspensions, but offer more control over the
movements. This control is useful when combined weight
support with other movement manipulation.

Finally, using passive weight support has the advantage of
inherent safety, but actively-actuated weight support results
in greater control of the support forces and the possibility to
extend training environments to beyond limb-weight levels.
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