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Haptic Devices for Proprioception Assessment 
 
 
 
Introduction: 
Proprioception, the ability to sense the position, movement, and orientation of one's body 
parts, plays a crucial role in motor control and coordination. Impairments in proprioception 
are common in various neurological conditions such as stroke, Parkinson's disease, and spinal 
cord injuries, significantly affecting an individual's functional abilities and quality of life. 
Traditional methods for assessing proprioception often lack precision and sensitivity (Figure 
1), requiring the development of innovative technologies to accurately evaluate and 
rehabilitate proprioceptive deficits. Haptic devices (Figure 2) offer a promising path for 
enhancing proprioception assessment by providing tactile feedback to users, replicating real-
world sensory experiences, and facilitating targeted rehabilitation interventions. 
This proposal outlines a comprehensive research agenda focused on the design, development, 
and evaluation of haptic devices for proprioception assessment in neurological rehabilitation. 
By combining engineering expertise with insights from rehabilitation science and clinical 
practice, this research seeks to address the pressing need for accurate and accessible tools to 
assess and rehabilitate proprioceptive deficits. The proposed study holds significant promise 
for improving outcomes and enhancing the quality of care for individuals with neurological 
conditions affecting proprioception. 
 

 
Figure 1: Proprioception tools 

 
Figure 2: Commercial haptic device 
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Objectives: 
This research aims to design, develop, and evaluate novel tools based on haptic devices 
specifically tailored for proprioception assessment. The key objectives of the proposed study 
are: 
- To review existing literature on proprioception assessment methods and haptic feedback 
technologies. 
- To design and prototype haptic devices or use commercial haptic device capable of 
providing varied and controlled tactile stimuli to assess proprioceptive acuity across different 
joints and movement tasks. 
- To validate the effectiveness of the designed/chosen haptic devices in quantifying 
proprioceptive deficits in individuals with neurological conditions. 
- To explore the feasibility of integrating the haptic devices into existing rehabilitation 
protocols for proprioceptive training and motor rehabilitation. 
- To assess the usability, acceptability, and user experience of the developed haptic devices 
among clinicians and patients. 
 
 
Methodology: 
The proposed research will follow a multidisciplinary approach, combining principles from 
control engineering, robotics and neuroscience, rehabilitation science, and human-computer 
interaction. The methodology will encompass the following phases: 
- Literature Review: Conduct a comprehensive review of existing studies on proprioception 
assessment methods, haptic feedback technologies, and rehabilitation approaches for 
proprioceptive deficits. 
- Device Design and Prototyping: Utilize principles of mechanical engineering, robotics, and 
materials science to design and fabricate haptic devices capable of delivering precise and 
customizable tactile feedback. Another path could be the use of a commercial haptic device 
carefully chosen. 
- Validation Studies: Perform experimental studies involving healthy participants and 
individuals with proprioceptive impairments to validate the accuracy, reliability, and 
sensitivity of the designed haptic devices in assessing proprioceptive function. 
- Integration with Rehabilitation: Collaborate with rehabilitation specialists to integrate the 
haptic devices into existing therapy protocols and evaluate their efficacy in improving 
proprioception and motor function. 
- User Feedback and Iterative Design: Collect feedback from clinicians, therapists, and 
patients to refine the design, functionality, and usability of the haptic devices through iterative 
prototyping. 
 
 
 



 

Ecole Centrale de Lyon - INSA de Lyon - Université Claude Bernard Lyon 1 
 

Laboratoire Ampère 
 

Unité Mixte de Recherche du CNRS - UMR 5005 
 

Génie Electrique, Electromagnétisme, Automatique, Microbiologie Environnementale  
et Applications    

 

 

Laboratoire Ampère – INSA de Lyon - 25 Avenue Jean Capelle – Bâtiment St Exupéry  
69621 Villeurbanne Cedex – France 

        Tél : +33 (0) 4 72 43 81 98                Fax : +33 (0) 4 78 43 85 35                      http://www.ampere-lab.fr 

Expected Contributions: 
The proposed research is expected to make several contributions to the fields of rehabilitation 
engineering and neurorehabilitation, including: 
- Development of innovative haptic devices for precise and objective assessment of 
proprioceptive deficits. 
- Enhancement of rehabilitation protocols through targeted proprioceptive training using 
customized haptic feedback.  
- Advancement of knowledge on proprioception assessment techniques and their application 
in clinical practice. 
- Potential improvements in patient outcomes and quality of life through personalized and 
effective proprioceptive rehabilitation interventions. 
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Expected Collaboration: 
A part of the work will be developed with Lyon Neuroscience Research Centre with the 
Impact team of Alessandro Farne and Salam Bahmad 
 
https://www.crnl.fr/en/equipe/impact 
 
 
Bibliography 
[1] Antonio Frisoli, Alberto Montagner, Luigi Borelli, Fabio Salsedo, Massimo Bergamasco, "A force-feedback 
exoskeleton for upper limb rehabilitation in Virtual Reality", Applied Bionics and Biomechanics", 6(2) , 2009, p. 
115-126  
[2] The Proprioceptive Senses: Their Roles in Signaling Body Shape, Body Position and Movement, and Muscle 
Force, Uwe Proske, Simon C. Gandevia, Physiological Reviews Oct 2012, 92 (4) 1651-1697 
[3] Jia Han, Gordon Waddington, Roger Adams, Judith Anson, Yu Liu, Assessing proprioception: A critical 
review of methods, Journal of Sport and Health Science, Volume 5, Issue 1, March 2016, Pages 80-90, ISSN 
2095-2546 
[4] Christina T. Fuentes, Amy J. Bastian, Where Is Your Arm? Variations in Proprioception Across Space and 
Tasks, Journal of Neurophysiology Jan 2010, 103 (1) 164-171 
[5] Habib, Maki K. "Handbook of Research on Advancements in Robotics and Mechatronics (2 Volumes)." IGI 
Global, 2015. 1-994. Web. 2 May. 2017 
[6] G. Rosati et. al.,  Design of a new 5 d.o.f. wire-based robot for rehabilitation, Proceedings of the 2005 IEEE 
9th International Conference on Rehabilitation Robotics, June 28 - July 1, 2005, USA  
[7] X. Jin et. al., Upper Limb Rehabilitation Using a Planar Cable-Driven Parallel Robot with Various 
Rehabilitation Strategies, Cable-Driven Parallel Robots, Volume 32 of the series Mechanisms and Machine 
Science pp 307-321, 15 August 2014. 
 


