
  

 

Abstract— This research presents and discusses the state-of-
the-art in passive upper limb assistive orthoses in order to find a 
suitable structure for an inconspicuous wearable passively 
balanced upper limb orthosis. Almost all devices that were found 
are not wearable and conspicuous. All the devices balance the 
arm with a one cup, placed at the combined center of gravity of 
the whole arm. A great scope for development is to balance all 
degrees of freedom of the arm with a passively assistive orthosis 
that fits underneath clothes.  

I. INTRODUCTION 

People with neuromuscular disorders often rely on assistive 
devices to perform activities of daily life (ADL). The muscles 
of the patients are affected, resulting in muscle weakness and 
contractures and eventually in loosing functions. They will 
become highly dependent on caregivers. To regain or increase 
independency in performing ADL they can use assistive 
devices to support motions. To encourage the use of these 
devices in daily life the aesthetics are important. It should be 
inconspicuous and give a natural support [1].   

Assistive devices can be categorized into three groups [2]: 
1) robotic manipulators, 2) powered orthoses and 3) non-
powered orthoses. In this research the focus is on non-powered 
orthoses that balance the arm of the user. This research 
presents and discusses the state-of-the-art in passive upper 
limb assistive orthoses in order to find a suitable structure for a 
wearable arm orthosis, which balance the arm passively and is 
inconspicuous: in the ideal case it fits underneath clothes. 

II. METHOD 

The available orthoses were found using SCOPUS and the 
references of the articles. For every orthosis it was investigated 
which degrees of freedom (DoF) are supported and balanced. 
The whole arm (without the wrist and hand) has 5 DoF. In the 
shoulder joint 3 DoF are possible: abduction/adduction 
(S.abd/add), flexion/extension (S.fl/ext) and lateral/medial 
rotation (S.lrot/mrot). The elbow joint has 2 DoF: 
flexion/extension (E.fl/ext) and pronation/supination 
(E.pro/sup). For each DoF the range of motion (i.e. workspace) 
was analyzed. Furthermore, the structure of the devices was 
analyzed on the volume and the places where the forces are 
transferred to the body or the ‘fixed world’ to investigate to 
what extent the orthosis is wearable and inconspicuous.  

III. RESULTS 

In total 14 passive assistive orthoses were found. Only two 
of them are wearable [1, 3], the others are attached to the 
wheelchair. All the devices use a cup at the forearm to produce 
a vertical force and balance the whole arm. Seven devices use 
an extra cup at the elbow to prevent sliding of the forearm 
during motion. The wheelchair mounted devices are all 
mounted behind the shoulder inside the outer dimensions of the 
wheelchair. All of them are voluminous, not wearable and 
conspicuous. Only one orthosis is small enough to fit 

 
 

underneath clothes without being noticed, but this orthosis only 
supports the elbow flexion/extension [3]. 

For all the devices the workspace lies between the head and 
the table in front of the user. S.abd/add is possible in 9 devices, 
S.fl/ext in 11, S.lrot/mrot in 12 and E.fl/ext is possible in 12 
devices. For none of the devices E.pro/sup is possible. The 
forearm is either fixed in the cup, or the motion can be done by 
sliding the forearm in the cup, resulting in friction and shear 
stresses on the skin. 

To balance the arm the devices produces a vertical force at 
the forearm. This supports the motions S.abd/add, S.fl/ext and 
E.fl/ext. None of them shows a balanced support for 
S.lrot/mrot. There are 8 devices that use elastic elements (e.g. 
springs, rubber bands) in combination with a parallelogram to 
balance the arm. Two devices use elastic elements combined 
with pulleys and cables attached at the back of the wheelchair. 
In 4 devices the height of the arm is not adjustable during 
motions.  

IV. DISCUSSION 

There are only two orthoses that are wearable. They use the 
upper extremities (up till the trunk) of the patient to transfer the 
forces. All the devices used the combined center of gravity 
(CCG) of the whole arm to support the arm at only one place.   

The use of elastic elements combined with a parallelogram 
to balance the arm needs a relatively large construction with 
conventional joints. Also the increase of DoF of the orthosis 
needs a more complex design.  

An interesting direction for future research is to develop a 
wearable passively balanced arm orthosis by using the lower 
extremities to transfer the forces to the body and to integrate the 
elastic elements into the structure, resulting in a compliant body 
suit in order to distribute the forces and the volume over the 
whole body. 

V. CONCLUSIONS 

All the devices support the arm by producing a vertical 
force in the CCG of the whole arm, situated at the forearm. 
Most of the devices use elastic elements combined with a 
parallelogram structure. Almost all the devices are mounted to 
the wheelchair, not wearable and conspicuous. None of the 
devices supports pronation/supination of the forearm. Only one 
orthosis is found that fits underneath clothing, but this one only 
supports 1 DoF. Interesting future research is to develop a 
wearable orthosis that fits underneath clothes and balance all 5 
DoF of the arm, including pronation/supination of the forearm. 
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