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Abstract. Hand disabilities resulting from traumas, accidents and other causes 
impact how people carry on everyday tasks, thus, the importance of physical 
therapy. This process is characterized for performing repetitive sequences of 
motion with the guidance of a physical therapist, and in some cases, requires doing 
the therapy without attendance, which may lead to unsatisfactory results due to 
pain, unclear guides and poor feedback on their performance. This paper presents 
the development of a humanoid passive mechanism for hand exercising   using its 
limbs for achieving flexion/extension, pronation/supination and radial/ulnar 
deviations. Preliminary tests show an interest in having similar devices for hand 
training associated as a leisure activity that could be used as a stress reliever that 
allows entertaining while training. 
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Introduction 

Disabilities affect around 15% of the world’s population, with hand disabilities causing 
loss of mobility and dexterity due to traumas, accidents, and other causes leading to 
experience significant difficulties in performing daily tasks [1][2][3]. Hand exercises 
involve flexion/extension, abduction/adduction and ulnar/radial deviation 
movements that may stimulate muscles for recovering mobility and increase dexterity, 
with intensive repetitive sequences of motion for improving motion skills [4]. A 
successful therapy may depend on factors such as pain, lack of motivation, unclear 
guides, unattended guidance and repetitive monotonous activities that can affect 
the intrinsic motivation for completing the therapy sessions [5]. These challenges have 
motivated the development of assistive devices and Virtual Reality (VR) based 
solutions that stimulates, monitors and guide users through interactive and immersive 
environments using natural interfaces [6][7][8], along with gamified and serious game 
systems [9]. Current technological trends are changing how people interact with several 
devices through virtual skeletons with depth maps [10], infrared sensors [11], inertial 
sensors [12], EEG [13], wifi [14], and miography signals [15], for motion capture, 
however these devices can also be used for treating minor affections, motivating users 
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to engage in preventive exercises, that allows them to manage chronic pain, increase 
dexterity, gain muscle strength, and regain motion. 

This project presents a humanoid passive mechanism for practicing wrist 
flexion/extension, supination/pronation, and ulnar/radial deviations along with finger 
flexion/extension. The mechanism is configured with motion sensors for collecting 
motion data as a tool monitoring exercise progression while solving targeted positions 
as motivational goals.

1. Methods 

The system is designed considering the flexion/extension, pronation/supination and 
ulnar/radial deviations of the wrist, and fingers. The goal is to achieve targeted 
positions using a passive humanoid mechanism that allows performing exercises. The 
system architecture takes the motion data as inputs feedbacks the user for 
providing adequate feedback for monitoring and motion improvement, as presented in 
Figure 1. 

 

 
Figure 1. System architecture 

  
The mechanism is composed of 16 DOF and equipped with motion sensors at its 

joints. Data acquisition was achieved with Arduino boards using inertial sensors placed 
inside the structure. A second motion capture noninvasive device was included for 
detecting flexion/extension and supination/pronation motion for using when the 
mechanism is not available Both motion capture devices recorded rotational 
information for monitoring user performance through the exercises. 

2. Results 

The developed system allows practicing wrist and finger flexion/extension, 
supination/pronation and ulnar/radial deviations by rotating the mechanism joints as 
presented in Figure . The mechanism allows tracking the wrist and finger’s motion 
while performing exercises that may help prevent hand disorders caused by excessive 
use of computer keyboards or as a tool for using after an accident or during physical 
therapy. Motion tracking with the LeapMotion was limited to flexion/ extension angles 
of +-80º and supination/ pronation angles of +-60º. 
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Figure 2. Passive mechanism and hand tracking 

3. Conclusions 

The passive mechanism and LeapMotion are suitable complimentary tools for hand 
exercising, during preliminary tests users preferred the mechanism as it provided a 
physical structure to hold and manipulate that served as reference; however, the 
LeapMotion caused more interest and curiosity. Tracking issues were more evident on 
the LeapMotion as it depends on what the infrared sensors track while the fingers do 
not overlap. Users found very useful to perform guided tasks while checking their 
progress and performance through motion curves. Future works will continue to 
explore both devices capabilities for improving hand exercise along with serious 
games mechanics for improving motivation and use of the system. 

References 

[1] Han-Liang Yu, Robert Arthur Chase, and Berish Strauch, Atlas of hand anatomy and clinical 
implications. Mosby Inc, United States, 2004. 

[2] Pr Matthias Jäger, Pr Barbara Griefahn Pr Alwin Luttmann, Protecting Workers' Health Series No. 5 
Preventing musculoskeletal disorders in the workplace. World Health Organization, 2004. 

[3] World Health Organization, Disabilities, July 2013. 
[4] National Stroke Association, HOPE: A Stroke Recovery Guide: National Stroke Association, 2010. 
[5] GC Burdea, Virtual rehabilitation-benefits and challenges, Methods of information in medicine 42 

(2003), 519-523. 
[6] E.J. Koeneman, R.S. Schultz, S. L. Wolf, D.E. Herring, and J.B. Koeneman, "A pneumatic muscle hand 

therapy device," in Engineering in Medicine and Biology Society, 2004. IEMBS '04. 26th Annual 
International Conference of the IEEE, vol. 1, 2004, pp. 2711-2713. 

[7] R Boian et al., Virtual reality-based post-stroke hand rehabilitation, Stud Health Technol Inform 82 
(2002), 64-70, Published by IOS Press. 

[8] Craig D Takahashi, Lucy Der-Yeghiaian, Vu Le, Rehan R Motiwala, and Steven C Cramer, Robot-
based hand motor therapy after stroke, Brain, 131-2 (2008), 425-437. 

[9] Burke, James William and McNeill, MDJ and Charles, Darryl K and Morrow, Philip J and Crosbie, 
Jacqui H and McDonough, Suzanne M, Optimizing engagement for stroke rehabilitation using 
serious games, The Visual Computer 25-12 (2009), 1085-1099.

[10] Yao-Jen, Shu-Fang Chen, and Jun-Da Huang Chang, A Kinect-based system for physical rehabilitation: 
A pilot study for young adults with motor disabilities, Research in developmental disabilities, 6- 32 
(2011), 2566-2570. 

[11] LeapMotion, Leap Motion, July 2013. 
[12] Chadwick A Wingrave et al., The wiimote and beyond: Spatially convenient devices for 3d user 

interfaces, Computer Graphics and Applications, 30- 2 (2010), 71-85. 
[13] Emotiv, EEG neuroheadset. 
[14] Washington University, Wisee Whole-Home Gesture Recognition Using Wireless Signals. 
[15] Thalmic, MYO, July 2013. 

A. Uribe-Quevedo et al. / Anthropomorphic Passive Mechanism for Performing Hand Exercises448


	Title Page
	Preface
	NextMed/MMVR21 Proceedings Editors
	NextMed/MMVR21 Organizing Committee
	Contents
	Development of a Virtual Reality Simulator for Natural Orifice Translumenal Endoscopic Surgery (NOTES) Cholecystectomy Procedure
	Computer-Based Planning System for Mandibular Reconstruction
	Toward the Development of a Virtual Electrosurgery Training Simulator
	Patient-Specific Pipeline to Create Virtual Endoscopic Third Ventriculostomy Scenarios
	Modular Simulator Building Blocks: Physiologic Signaling Requirements
	Application of Learning Record Stores and Other Forms of Electronic Competency Records in Modeling Competency Degradation
	Computation and Visualization of Risk Assessment in Deep Brain Stimulation Planning
	An Ultrasound-Based Navigation System for Minimally Invasive Neck Surgery
	Virtual Reality for Improving Body Image Disorders and Weight Loss After Gastric Band Surgery: A Case Series
	Do Not Forget the Oldest Old: Design Principles for the 80+
	Developing Clinically Relevant Aspects of the Nuss Procedure Surgical Simulator
	Navigated Simulator for Spinal Needle Interventions
	Automatic Detection of Inferior Alveolar Nerve Canal from Cone-Beam Computed Tomography Images for Dental Surgery Planning
	A Virtual Reality Platform for Assessment and Rehabilitation of Neglect Using a Kinect
	Outside Observer, an Enhanced Training Methodology: Bringing Back the Expert's Eye Whilst Training Alone
	Constraint-Based Simulation for Non-Rigid Real-Time Registration
	Using Virtual World Training to Increase Situation Awareness During Cardiopulmonary Resuscitation
	A Decoupled 2 DOF Force Feedback Mechanism for the Virtual Translumenal Endoscopic Surgical Trainer (VTEST TM)
	The Evolution of Design: A Novel Thoracoscopic Diaphragmatic Hernia Repair Simulator
	Overall Wrist Biomechanics Are Conserved by Phenol-Based Embalming
	Development of a Tele ENT Program to Support Distant Military Treatment Facilities for the European Regional Medical Command
	An Image-Based Multiproxy Palpation Algorithm for Patient-Specific VR-Simulation
	A Decision Support System for Real-Time Stress Detection During Virtual Reality Exposure
	PATIENT: Physical Anatomical Trainer Instrumented for Education and Non-Subjective Testing
	Simulation Fidelity: More than Experience and Mere Repetition?
	Raven Surgical Robot Training in Preparation for da Vinci(R) Use: A Randomized Prospective Trial
	Real-Time Passive Tracking for Multi-Touch Medical Modeling and Simulation
	Commercial Videoconferencing for Use in Telementoring Laparoscopic Surgery
	pWeb: A High-Performance, Parallel-Computing Framework for Web-Browser-Based Medical Simulation
	Design and Development of a Laparoscopic Gastrostomy Tube Placement Simulator
	Design and Development of Low-Cost Tissue Replicas for Simulation of Rare Neonatal Congenital Defects
	A Matrix Lie Group Approach to Statistical Shape Analysis of Bones
	Virtual Laparoscopic Surgical Skills Practice Using a Multi-Degree of Freedom Joystick
	Virtual Humans for Inter-Ethnic Variability Training in Sedation and Analgesia
	Self-Reported Differences in Personality, Emotion Control, and Presence Between Pre-Military and Non-Military Groups in a Pilot Study Using the Stress Resilience in Virtual Environments (STRIVE) System
	Unobtrusive Augmentation of Critical Hidden Structures in Laparoscopy
	Evaluation of Haptic Teaching Approaches for Laparoscopic Surgery Training
	Open Surgical Simulation (OSS) - A Community Resource
	Evaluation of a Mobile Augmented Reality Application for Image Guidance of Neurosurgical Interventions
	3D Simulation of a Hospital Environment and Ward Round to Augment a Summer School Program for Pre-Medical Students
	Tele-MFAsT: Kinect-Based Tele-Medicine Tool for Remote Motion and Function Assessment
	Modification of the Pelvic Examination Simulator for the Developing World
	Validity of a Newly Developed Tri-Axial Sensor for Clinical Breast Examination Skills Assessment
	Application of a New Adaptable Thyroid Model for Ultrasound and Hands-On Skill Assessment
	From Trauma in Austere Environments to Combat or Medical School: How Blended Hyper-Realism in the Real and Virtual Worlds Can Better Prepare Surgeons
	Multimodality Approach to Classifying Hand Utilization for the Clinical Breast Examination
	Development of Extracorporeal Suturing Simulation in Virtual Basic Laparoscopic Skill Trainer (VBLaST(C))
	3D++ Visualisation of MEBN Graphs and Screen Representations of Patient Models (PIXIE II)
	Personal Training Simulator for Asynchronous Learning of Obstetric Ultrasound
	Sensor-Based Assessment of Cast Placement and Removal
	Ultrasound-Stimulated Vibro-Acoustography for High-Resolution Differentiation Based on Viscoelastic Properties of Tissue Mimicking Phantoms
	Touch-Free, Gesture-Based Control of Medical Devices and Software Based on the Leap Motion Controller
	Initial Biomechanical Evaluation of Wearable Tactile Feedback System for Gait Rehabilitation in Peripheral Neuropathy
	Virtual Reality as Allocentric/Egocentric Technology for the Assessment of Cognitive Decline in the Elderly
	Particle Based Simulation of the Aortic Valve by Considering Heart's Pulsation
	Portable System for Auscultation and Lung Sound Analysis
	Monte Carlo Based Simulation for Evaluating Optode Fiber Placement in Prefrontal Cortex Imaging of Motor Skills During Surgical Training
	Realism, Criterion Validity, and Training Capability of Simulated Diagnostic Cerebral Angiography
	A Hybrid Contact Model for Cannulation Simulation of ERCP
	A Method for Semi-Automatic Nuchal Translucency Thickness Measurement
	Complete Real-Time Liver Model Including Glisson's Capsule, Vascularization and Parenchyma
	Varying the Speed of Perceived Self-Motion Affects Postural Control During Locomotion
	Visualization of Tissue Removal Using Focus + Context Techniques
	Expansion of a VR Exposure Therapy System for Combat-Related PTSD to Medics/Corpsman and Persons Following Military Sexual Trauma
	Kinematic Measures for Evaluating Surgical Skills in Natural Orifice Translumenal Endoscopic Surgery (NOTES)
	The Effect of Contextual Sound Cues on Visual Fidelity Perception
	The Impact of Secondary-Task Type on the Sensitivity of Reaction-Time Based Measurement of Cognitive Load for Novices Learning Surgical Skills Using Simulation
	Development of a Patient-Specific Surgical Simulator for Pediatric Laparoscopic Procedures
	Haptic Device in Endoscopy
	A Framework for Providing Cognitive Feedback in Surgical Simulators
	Cardiovascular Blood Flow Analysis Under Normal and Open Injury Conditions
	A Framework for Modeling and Visualizing Cardiovascular Deformation Under Normal and Altered Circulatory Conditions
	Endovascular Seldinger Needle Placement: A Simulator for Examining Haptic Skills
	Anatomic Surface Reconstruction from Sampled Point Cloud Data and Prior Models
	The Medical Simulation Markup Language - Simplifying the Biomechanical Modeling Workflow
	Towards Open-Source, Low-Cost Haptics for Surgery Simulation
	Development of AR Surgical Navigation Systems for Multiple Surgical Regions
	A Concept for Overlaid-Type Surgical Navigation System with Organ Modification Functions Using Non-Contact Type Surface Measurement
	Sensing and Visualization Tools for Objective Assessment and Debriefing of High-Risk Neonatal Resuscitation Training Scenarios
	Interactive Planning of Cryotherapy Using Physics-Based Simulation
	Liver Biomechanical Model for Virtual Palpation
	Development of a Tele-Anesthesia Preoperative Clinic to Support Distant Military Treatment Facilities for the European Regional Medical Command
	Real-Time Simulation of Transesophageal Echocardiography
	Design and Validation of 3D Printed Complex Bone Models with Internal Anatomic Fidelity for Surgical Training and Rehearsal
	Anthropomorphic Passive Mechanism for Performing Hand Exercises
	Human Eye Haptics-Based Multimedia
	Toward a Realistic Simulation of Organ Dissection
	Tourniquet Master Training for Junctional and Inguinal Hemorrhage Control (TMT)
	A Temporal Bone Surgery Simulator with Real-Time Feedback for Surgical Training
	Real-Time Haptic Cutting of High-Resolution Soft Tissues
	Smart Dry Lab: An Augmented Reality (AR) Based Surgical Training Box
	An Immersive Surgery Training System with Live Streaming Capability
	Subject Index
	Author Index

