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INTRODUCTION 

Neural control for complex movement has been 
extensively addressed in the neurosciences. One 
specific aspect of motor control has been the neural 
control of “praxis” movements, which are defined as 
symbolic pantomimes or actual tool or communicative 
gesture movements. It is clear from prior studies that 
left parietofrontal networks are engaged in performing 
tool-use pantomime and communicative gestures for 
right hand dominant individuals. While left hand  
individuals tend to engage bilateral parietal regions 
while performing praxis movement. It remains unclear 
how limb loss affects lateralization of skilled 
movement in motor planning and execution.  We 
hypothesize that RHD individuals that have lost their 
dominant hand will maintain lateralization of motor 
planning and execution in the left parietal area of the 
brain when performing praxis movements.   
METHOD 
Subjects: 20 intact subjects, 10 left-hand dominant 
and 10 right-hand dominant, each wearing a 
prosthosis on their right arm.  4 right-hand affected 
amputee subjects, all right-hand dominant  
Apparatus: Edinburgh Handedness Inventory; 
Electrocorticography (EEG), Electromyography 
(EMG) 
Procedures: Each participant was instructed to 
perform two tasks. For the amputee group, the tasks 
were performed with both the sound side and affected 
side with the prosthesis donned. For the intact group, 
the subjects performed the motor tasks with their 
unaffected left arm while the fictive amputee modeling 
system device was on the right arm. First, participants 
were told to reach out and rotate forearm (“Rotation”) 
which emulates tool use.  They were naïve to the 
nature of the task.. Next, they were shown a three 
minute video of an individual using a screwdriver.  
Finally the participants were asked to pantomime 
using a screwdriver (“Tool Pantomime”).  Both 
movements have similar kinematics.  The participants 
were instructed to perform each movement about 
every 10 seconds.   
Data Analysis: The magnitude of regional activation at 
18-22 Hz was compared between subjects. ANOVA  
and 2 sample t-test was used to evaluate statistical 
significance between subject groups and tasks 
RESULTS 

While performing simple or tool pantomime tasks with 
the left hand, the amputee subjects showed 
comparable neural activity during motor planning and 
execution for all regions of the brain as the right hand 
dominant individuals.  Compared to the left hand 
dominant subjects, increased neural activity was 
observed for the amputee subjects in the parietal and 
occipital regions during motor planning and execution.  
While performing simple and tool pantomime tasks 
with the right affected hand, amputees exhibited 

increased activity in the occipital regions compared to 
both right and left hand dominant individuals during 
motor planning.  Amputees also exhibited faster 
rebound to baseline after movement onset while 
performing simple and tool pantomime tasks with their 
right affected hand compared to intact individuals.  

DISCUSSION 

During motor planning and execution, activity over 
parietal regions for amputees was increased 
compared to left hand dominant individuals, but did 
not differ compared to right hand dominant 
individuals.  These neural patterns suggest that 
although the dominant hand had been amputated, 
hemispheric lateralization is still maintained.  It was 
also noted visuomotor regions of the brain had 
increased activation for amputees while performing 
tasks with their prosthesis compared to all intact 
individuals.  More study is needed to understand the 
activation observed when a device is used. 
CONCLUSION 

Regardless of the task performed, neurophysiological 
function indicates that hemispheric lateralization of 
hand dominance is maintained in chronic amputees 
even when the dominant hand is amputated in right 
hand dominant individuals.    
CLINICAL APPLICATIONS 

 The overall goal of this study is to understand the 
neurophysiological aspects of upper extremity 
amputees who are learning how to use their device 
for praxis motor control. There are significant 
advantages of studying this process. First, this work 
suggests that functional restoration of the amputated 
limb with prostheses may utilize similar brain areas to 
when their limb was present. Second, with a better 
understanding of how prostheses can be incorporated 
into a subject’s body schema, novel occupational 
therapy approaches can be designed to facilitate 
usage and acceptance. This work has important 
implications, as wearers of these devices may be able 
to shed the stigma of being disabled and become 
further re-integrated into society. Additionally, this 
type of research may aid the development of neural 
prosthetics by showing how the central nervous 
system “encodes” a prosthetic device during praxis 
motor control. 
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