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Introduction 
MRI of the foot has proven useful in the assessment of soft tissue damage and structural changes in the diabetic foot. In particular, a 
number of studies have focused on imaging foot muscles and have shown that magnetization transfer (MT) can be used to assess 
muscle atrophy which is a result of diabetic neuropathy [1-3]. To assess the damage of the peripheral nervous system itself, however, 
it is necessary to image the foot nerves. This is challenging, because of their small cross-sectional size, with diameters of a few mm. 
In this work, we sought not only to image foot nerves but also to measure intrinsic MR properties such as MT ratio (MTR), at 3 T. 

 
Methods 

MRI experiments were performed on a clinical 3 T Tim Trio Siemens scanner. A dedicated transmit/receive coil was used for all 
measurements. MT effects were investigated with 3D high-resolution (330 μm x 330 μm in-plane resolution) gradient echo images 
(TR/TE = 33/7 ms, α = 10°), acquired with and without a saturation pulse (8ms gaussian pulse, 500° effective flip angle, applied 1.5 
kHz off-resonance). The MT ratio maps were generated according to the equation MTR = 100*(So – Ss)/So, with So and Ss being the 
signal without and with off-resonance saturation pulse, respectively. 

 
Results and Discussion 

Foot nerves could be clearly visualized on the gradient echo images as 
well as on the MTR maps (in Figure, nerves are indicated by the 
arrows). A substantial reduction of the MT ratio was observed in the 
nerves (MTR in 25-35% range), compared to muscle (42-50% range). 
The results of this study indicate that the high signal-to-noise ratio 
afforded at the field strength of 3 T and the use of high-sensitivity coils 
allows not only for the visualization of foot nerves but also for 
quantitative assessment of their intrinsic MR properties. To date, MRI 
of the foot has been used to detect muscle atrophy in diabetic foot, 
since muscle atrophy provides an index of the severity of neuropathy. 
On the other hand, for early detection of peripheral neuropathy, the 
peripheral nervous system of the foot should be the primary target for 
imaging studies. The MT contrast has proven useful in investigations 
of soft tissue damage. As such, MT contrast in foot nerves could be of 

interest for early detection of diabetes-induced peripheral neuropathy and can be provide a means for detecting and investigating 
damage to peripheral nervous system in diabetic foot. 
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