
Failes, J.F. and Lakany, H. and Conway, B. (2018) A soft wearable robotic 

exoskeleton for rehabilitation of the frozen shoulder. In: BioMedEng18, 

2018-09-06 - 2018-09-07, Imperial College. , 

This version is available at https://strathprints.strath.ac.uk/65755/

Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 

Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 

for the papers on this site are retained by the individual authors and/or other copyright owners. 

Please check the manuscript for details of any other licences that may have been applied. You 

may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 

commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the 

content of this paper for research or private study, educational, or not-for-profit purposes without 

prior permission or charge. 

Any correspondence concerning this service should be sent to the Strathprints administrator: 

strathprints@strath.ac.uk

The Strathprints institutional repository (https://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 

outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 

management and persistent access to Strathclyde's intellectual output.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of Strathclyde Institutional Repository

https://core.ac.uk/display/195293836?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://strathprints.strath.ac.uk/
mailto:strathprints@strath.ac.uk
http://strathprints.strath.ac.uk/


ISBN 978-1-9996465-0-9 

 

 

A Soft Wearable Robotic Exoskeleton for Rehabilitation of the Frozen 
Shoulder 

J.F. Failes1, H. Lakany 1, B. Conway 1 

1 Graham Hills Building, University of Strathclyde, Glasgow, G1 1QE 

Introduction 
Adhesive capsulitis (or “frozen shoulder”), is a joint condition resulting in pain and reduction to 
range of motion (ROM).  Contemporary treatments can be effective but currently suffer from a 
number of drawbacks, including: high cost, lengthy treatment; lack of specificity to each patient; 
and lack of consistent, repetitive treatment between clinics and therapists [1]. Researchers are 
thus working to combat these drawbacks by developing rehabilitation exoskeletons. Traditional 
exoskeletons however aren’t always suitable, being rigid and heavy. Soft robotics may be 
suitable to overcome all of the above problems, combining the best of robotics (consistency, 
specificity) while being affordable and wearable through lightweight, compliant materials and 
design. 
 
Methods 
A literature review on the current state of both soft robotics and the robotic rehabilitation field has 
been conducted. Important features and current capabilities of soft robots have been identified 
through comparison with traditional exoskeletons. This data will be used to choose both the 
methods of actuation and the control system (plus informing other design considerations) to be 
taken forward into a novel soft robotic design, the realisation of which will form the remainder of 
the project. 

 
Results & Discussion 
While electric actuated rigid exoskeletons were the most prominent of the previous generation 
due to their high power-to-weight ratio, their weight and noise makes them unsuitable for soft 
robotics. Pneumatic systems on the other hand forgo heavy motors and utilise compliant 
compression chambers, matching with the lightweight, wearable characteristics of soft robotics, 
as shown through O’Neill’s shoulder device [2]. Shape memory alloy (SMA) also looks 
promising [3], but requires further development by the field to be viable. Control systems have 
benefitted from the switch to soft robotics, allowing the development of sensing suits and 
lightweight sensors, with inertial measurement units (IMUs) receiving a lot of focus due to their 
affordability and adaptability.  
 
Conclusion 
A direction for the project has been presented, focusing on a pneumatic-based shoulder 
rehabilitation device, using IMUs as a primary sensor for feedback and control. There will be 
further detailed research into pneumatics, followed by CAD development to determine an 
appropriate and effective design. A prototype will be completed by the end of 2018. 
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