
 
UPPER EXTREMITY PROSTHETIC TRAINING WITH THE USE OF A 
COMPUTER ASSISTED REHABILITATION ENVIRONMENT (CAREN) 

                     Ashley Knight
1
, Dr. Stephanie Carey

2
, Dr. Rajiv Dubey

2 

The University of South Florida, Department of Chemical and Biomedical Engineering
1
, and Mechanical Engineering

2
 

  

American Academy of Orthotists & Prosthetists 

43rd Academy Annual Meeting &  

Scientific Symposium 

March 1-4, 2017 
FPTH14 

 
INTRODUCTION 

Approximately 10 million people live with a limb loss 

worldwide, with around 30% being an upper extremity 

amputee (LeBlanc, 2008). The sudden loss of a hand or arm 

causes the loss of fine, coordinated movements, reduced 

joint range of motion (ROM), proprioceptive feedback and 

aesthetic appearance, all which can be improved with the 

use of a prosthesis (Michael, 2004). An effective prosthetic 

training and rehabilitation regime is important in returning 

the patient to the highest level of independence and 

functioning possible. The present study describes a virtual 

reality (VR) environment system to facilitate an effective 

training and rehabilitation process for amputees. 
 

METHOD 

Subjects: The study included two male and two female 

subjects without an amputation, and one male and two 

female subjects with a unilateral transradial amputation 

who regularly used a myoelectric prosthesis. Subjects had a 

mean (SD) age of 29.3 years (±12.2), weight of 71.0 kg 

(±13.4), and height of 1701.7 mm (±98.5). 

Apparatus: All subjects participated in a 2-hour session, on 

a Computer Assisted Rehabilitation Environment 

(CAREN). The CAREN is a multimodal system consisting 

of 10 motion-capture cameras, a 6-DOF hydraulic base, an 

instrumented treadmill, and a 180-degree projection screen.  

Procedures: A series of ROM, activities of daily living 

(ADL), and return to duty (RTD) tasks were tested with 

and without the VR visualization. The session with the VR 

included a real-time model, which directly corresponded to 

the motion of the subject, and an avatar performing the 

optimal motions developed with average normal joint 

positions and ROMs (Norkin, 2009).  

 
 

 

 

 

 

 

Data Analysis: The user’s motion and joint angle 

measurements were recorded and calculated throughout all 

tasks and compared to one another. Observations 

throughout the tasks were also considered, and patient 

feedback was collected through a post-testing survey. 

RESULTS 
The results of this study suggest that the use of the VR 

allowed for improved positioning, motivation, and overall a 

better performance. The patient feedback revealed that 

subjects found the tasks more enjoyable and felt more 

motivated to perform with proper movement with VR. This 

allowed subjects to quickly adjust and perform the 

movements alike the optimal motion shown. 

The interim results demonstrated differences in joint angles 

with and without VR. Looking at one amputee subject, 

greater pelvic tilt was demonstrated when preforming the 

unilateral lift without VR (Figure 2). This shows that with 

VR, subjects were able to adjust their positioning to be 

closer to the optimal of little to no pelvic tilt. 

Figure 2. Pelvic tilt of one amputee subject during the unilateral lift 

task, with and without the use of the virtual reality visual feedback. 

DISCUSSION 
The visual feedback provided by VR, allowed for the 

subjects to adjust and correct their motion to perform tasks 

without compensating with other joint movements. The 

visual feedback, along with the quantitative data collected, 

allowed for the patient and operator to know where 

improvements must be made while providing an accurate 

assessment of the patient’s developments.  

CONCLUSION 
The provisional and anecdotal results suggest that the use 

of VR enhances upper limb prosthetic training and 

rehabilitation with the thought that a more extensive 

biomechanical analysis will further support the findings. 
CLINICAL APPLICATIONS 
The results from this study intend to introduce a way to 
significantly improve prosthetic training and rehabilitation, while 

providing useful guidelines and recommendations for an adaptable 

system for clinics or at home use. This will be clinically significant 
to training and rehabilitation programs by introducing an adaptable 

way to increase effectiveness and greatly impact the future of 
prosthetic users. 
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Figure 1. Real-time and optimal model avatar visualization 

with an amputee subject on the CAREN system. 


