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INTRODUCTION 

Body powered prostheses allow upper extremity 
amputees to control prehensors without the 
assistance of an external power system. Various 
prehensors can be attached to the prostheses and 
are controlled manually with a harness system 
through scapular abduction. Although 85,000-90,000 
people have lost an upper limb in the United States, 
only a small percentage are using a prosthesis mostly 
due to the limited function and flexibility the current 
devices provide.

1
 Voluntary closing (VC) terminal 

devices are thought to provide enhanced 
proprioception, kinaesthetic awareness and grip 
forces compared to voluntary opening (VO) 
alternatives. This study directly compared the function 
of VC and VO devices during a series of tasks and 
activities of daily living (ADL).   
METHOD 
Subjects: Nine able-bodied males, and one able-

bodied female used VO and VC with a prosthetic 
simulator. Two males with a transradial amputation 
(TRA) used both the VO and VC prehensors with a 
body-powered prosthesis.  

Apparatus: An 8 Vicon (Englewood, CO) camera 
motion capture system with 29 reflective markers 
placed at specific points on the subject’s body were 
used to track the subject’s motion. The completion 
time of each task was recorded.  

Procedures: The University of South Florida’s 
Institutional Review Board approved the protocol and 
each subject was asked to complete a consent form. 
Subject’s then completed a unilateral lift, bilateral lift, 
Box and Blocks test, a towel fold, and a cutting task.  

Data Analysis: Marker locations were used to define a 
forearm and an upper limb segment and the elbow 
joint angles were calculated as the relative orientation 
between these two segments using Euler angles. The 
elbow range of motion (ROM) was calculated by 
subtracting the minimum angle from the maximum 
angle. This determined the flexion (positive) angle 
and extension (negative) angle. The sternal linear 
displacement was also measured in the medial lateral 
direction from right (positive) to left (negative) in 
relation to a fixed point. 

RESULTS 

 Figure 1 shows the elbow angle ROM for both the 
VO and VC prehensors from two of the amputees 
during the bilateral and unilateral lift tasks. Figure 2 
shows sternal linear displacement for 10 of the 
controls and 2 TRAs for both VO and VC prehensors 
during all tasks. 

 

Figure 1: Elbow angle range of motion for amputees during the 
Bilateral and Unilateral Lift tasks 

 
Figure 2: Sternum Linear Displacement during all tasks 

DISCUSSION 

As shown in Figure 1, the VC prehensor allows for a 
larger elbow ROM. This suggests the VO prehensor 
may limit elbow motion. Figure 2 shows there to be 
less linear sternal displacement in the majority of 
tasks when using the VC prehensor. This suggests 
when using the VO prehensor, the subjects had to 
depend on trunk movement to compensate for the 
limited function in order to complete the tasks. Future 
work will involve further data analysis.  

CONCLUSION 

These interim results show that the VC prehensor 
allowed for a greater elbow angle ROM and is less 
limiting compared to the VO design. When using the 
VC prehensor, subjects used less medial-lateral trunk 
movement to complete the tasks.   

CLINICAL APPLICATIONS 

This interim data shows how the VC terminal device 
can allow greater elbow angle ROM and limits less 
function in several applications over the voluntary VO 
design. 
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