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Diffusion gradient calibration:  To mitigate diffusion gradient bias error of measured ADC 

values, we performed gradient calibration for each physical gradient channel (X, Y, Z) used to 

encode diffusion. For this, the PVP phantom was opened and pre-cooled in an ice-water bath 

>1hr (Chenevert et al JMRI 2011), then filled with an ice-water slurry and sealed such that the 

central tube (pure water) was equilibrated to 0oC where the diffusion coefficient is known be 

Dtrue = 1.099µm2/ms (Holz et al PCCP 2000).  As with ambient temperature acquisitions, the ice-

water filled PVP phantom was scanned in the head coil at magnet isocenter with PVP tube axes 

aligned along the Z-axis of the 3T scanner.  After thermal equilibrium with the surrounding ice-

water slurry, 4 dynamics, 2-average, 3-orthogonal (X, Y and Z channel) directional DWI scans 

were acquired for 7 axial slices centered at magnet isocenter.  Calibration of each gradient 

channel (j) was implemented over an array of b-values: bnom = 0:500:2000 s/mm2 (Sup. Fig. S1).  

Matlab scripts were used to estimate a correction factor for each b-value and diffusion direction 

using the true diffusion coefficient of water = 1.099µm2/ms at 0oC.  Measured signal at nominal 

b-value, for the j-th gradient channel was modeled as: 

 𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑗𝑗 =  𝑆𝑆𝑜𝑜𝑒𝑒−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑗𝑗 ∙ 𝐷𝐷𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ,  (1) 

where btruej is the actual b-value modeled as a multiplicative function,  𝑓𝑓𝑏𝑏𝑏𝑏𝑗𝑗 , to the nominal b-

value: 

 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑗𝑗 =  1
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� =  𝑓𝑓𝑏𝑏𝑏𝑏𝑗𝑗  ∙ 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 . (2) 

Inspection of measured ln(So/Sbnomj) normalized by Dtrue · bnom (Sup. Fig. S1) indicates fbvj were 

not constant with respect to nominal b-value.  Assuming true DWI gradient amplitude, G, has an 

offset error relative to nominal gradient amplitude, and that b-value scales as G2, the functional 

form of fbvj was approximated as: 

 𝑓𝑓𝑏𝑏𝑏𝑏𝑗𝑗  ≈ 1 +  𝑝𝑝1 +  𝑝𝑝2
√𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

 . (3) 
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Volume of interest (VOI) mean DWI signals from the central vial of the ice-water calibration 

scans were used to derive fit coefficients p1 and p2 for each DWI gradient axis thereby providing 

estimates for the array of btruej for each gradient channel. These were subsequently used to 

estimate water diffusion in PVP at room temperature via linear fit of measured ln(So/Sbnomj) vs 

btruej performed on a pixel-by-pixel basis for the b-range selected for each PVP sample.  Finally, 

three orthogonal direction ADC maps were averaged to yield each PVP trace ADC value at room 

temperatures.  

 

 
 

 

 



3 
 

 

 

 
 
 
 

 



4 
 

 


