
Quantitative Susceptibility Mapping of the motor cortex in ALS and PLS patients: 
A Biomarker for Upper Motor Neuron Dysfunction 
 
Authors:  
Melkus, G. PhD; Chakraborty, S. MD; Bourque, P. MD 
 
Purpose:  
Motor Neuron Disease is a progressive neurodegenerative disease characterized 
by lower- (LMN) and upper motor neuron (UMN) dysfunction in ALS and mostly 
UMN dysfunction in PLS. A method that detects early UMN is highly desirable. In 
this study we investigated the importance of quantitative susceptibility mapping 
(QSM) analysis in ALS and PLS patients and compared the QSM values with 
presence of UMN signs in these patients. 
   
Methods:  
MRI was performed on nine ALS and three PLS using a 3D gradient-echo 
sequence at 3T. QSM images were calculated from the filtered phase maps and 
magnitude data using the iterative Susceptibility Weighted Imaging and Mapping 
(iSWIM) algorithm with a software package developed in-house. To evaluate the 
susceptibility changes, ROIs were drawn into the right (RMC) and the left motor 
cortex (LMC).  Control ROIs were in the anterior border of precentral gyrus on 
the right (RCT) and left (LCT) side. We correlated the susceptibility values 
between the primary motor cortex (in the hand knob area) and the anterior border 
of precentral gyrus with presence of UMN signs (spasticity and hyperreflexia). 
 
Results:  
Increased susceptibility values were found in the grey matter of primary motor 
cortex and not in the adjacent cortex including the anterior border of precentral 
gyrus. This is seen in a subgroup of ALS patients and all three PLS patients. 
Patients with spasticity symptoms have significant higher susceptibility values in 
the motor cortex area than those who do not (p<0.043). In the patient group 
showing symptoms of spasticity the susceptibility in the control cortex area is 
significant lower than in the motor cortex area (p<0.001).  
 
Conclusions:  
Our short series showed a significant correlation between QSM values and 
presence of UMN signs (spasticity). The results suggest QSM could be a 
quantitative tool to detect changes in the UMN as they are present in ALS and 
PLS.  
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