
Grasping Biomechanics 
 
 
Murray E. Maitland, PhD, PT, is currently researching clinical biomechanics of 
the lower and upper limb articulations such as the knee, shoulder and fingers. An 
important direction for his research is to understand how people grasp objects 
and then developing mechanisms that might replace some functions of the 
human hand.  
 
An early step in the research process is to 
use motion analysis techniques to 
observe how the hand moves to grasp 
various sizes and shapes of objects. In 
the figure, reflective markers have been 
placed on the joints of the hand so that 
when the subject grasps the sphere, 
infrared cameras can gather data about 
the normal hand.  
 
 Figure 1. Motion analysis testing of the hand 

with reflective markers  
 
The marker 
positions from all 
six cameras are 
combined to give 
the three-
dimensional 
positions relative to 
the sphere so that 
the relative 
geometry can be 
observed (Figure 2) 

Camera positions  Representation of hand markers in 3D 
space Figure 2. Computer representation of marker positions relative to the cameras 

 
 
 
 
 
 
 
 

 
 
 
 
 



 
 
 
Joint angles and contact positions 
calculated from the marker positions 
as people grasp systematically varied
objects allow us to formulate a set of
general rules for how people would 
grasp almost any object.  From the 
abstract rules, design criteria fo
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 Figure 3. Graphical representation of markers 

from which  joint angles and contact positions are 
calculated  

Whether we build a real 
prototype terminal dev
(Figure 4) or a virtual 
prosthetic device (Figure 
the general rules can be 
transferred into a working 
model. This allows for the 
development and testin
grasp mechanisms for 
terminal devices using 
motion analysis in
c
 
 
 

Figure 4. Prototype finger-object interface attached to splints 



 

Figure 5. Computer assisted design of a hook terminal device 
with a four-bar linkage interface to the objects 


