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Introduction: While the susceptibility of a material is intrinsic to its composition, its geometric structure within the tissue also affects the resultant 
magnetic field as it is a sum of contributions from all sources in space. Recent observations have shown that within oriented fiber tracts there is 
evidence of a dependence of the apparent estimated susceptibility on the orientation of fiber tracts to the main magnetic field(1,2).  Magnetic 
susceptibility is derived from local field shifts, which in anisotropic material behave according to the generalized Lorentz correction for anisotropic 
structures:  ∆ 2 , (1,2,3). In this equation, ∆  is the frequency shift,  is the Larmor resonance frequency,  is the anisotropic 

susceptibility and  is the angle between the dominant orientation of the anisotropic structure and the B0 field. This orientation dependence 
potentially provides a conduit to assess multidimensional aspects of the underlying tissue based on susceptibility; structure and composition.  Myelin 
is a component that is unique to white matter fiber tracts; these tracts may be inferred with diffusion tensor imaging (DTI) and are observed to have 
more negative susceptibility(2). The purpose of this investigation is to assess the nature of these susceptibility characteristics within oriented fiber 
tracts in the brain by correlating quantitative susceptibility mapping (QSM) with DTI derived fiber orientations.  
Materials and Methods: Data Acquisition: All human scans were performed according to our institutional IRB. Six healthy volunteers (all male; 
ages 31 ±12yo) were imaged using a GE 3T MR scanner with an 8 channel birdcage head coil. Sequences acquired were: a multiecho spoiled 
gradient echo sequence using 5 TEs, uniform echo spacing and an in-plane resolution of 0.5mm and an effective slice thickness of 1.5mm and a DTI 
sequence using 33 directions at an in-plane resolution of 1mm and a slice thickness of 5mm. A T2 weighted spin echo and T2 weighted FLAIR were 
also recorded for anatomical identification and co-registration between images. Data Analysis: QSM images were generated by incorporating 
anatomical edge information from magnitude images into a nonlinear L1 minimization algorithm used to compute susceptibility(4). The orientation 
of the fiber tracts was estimated using the color fractional anisotropy(FA) map from DTI; by computing the angle between the principal components 
of diffusion and the direction of the B0 field. Image co-registration was performed in FSL using FLIRT(5). Regions of interest (ROIs) were identified 
in AFNI (6) on the T2 weighted images by an experienced neuroradiologist. Comparisons were performed in Matlab using one way analysis of 
variance (ANOVA), a multiple comparison procedure using Tukey’s honestly significant difference criterion and significant correlations within 
different ROIs were based on the correlation coefficient calculated from all subjects. Five white matter and four gray matter structures were 
identified; white matter regions include the optic radiation, corticospinal tract in the brain stem, superior corticospinal tract, internal capsule and genu 
and splenium of the corpus callosum; gray matter regions include: putamen, thalamus, head of the caudate nucleus and globus palidus. Significance 
was defined at an alpha of 0.05 for all statistical comparisons.  
Results: QSM susceptibility and color FA derived orientation 
are correlatively plotted in Fig.1. A significant correlation 
between fiber orientation and QSM value appears within white 
matter structures when the optic radiation is excluded (r = .6, P 
= <0.01); otherwise among all white matter regions there is no 
significant correlation between the orientation and measured 
QSM value (r = 0.08, P=0.54). Linear regression of the white 
matter regions excluding the optic radiation yields the 
relationship: measured susceptibility = 8.67×10-4 θ + -0.052. 
One way ANOVA of the QSM values of all regions reveals 
that there are significant differences among the means of the 
groups (P<0.01). Statistically significant pair-wise 
comparisons are: optic radiation vs. all other regions, globus palidus 
vs. all other regions, all other white matter vs. gray matter structures 
and the internal capsule vs. brain stem region of the corticospinal tract. The corpus callosum vs. structures other than the optic radiation and globus 
palidus and the putamen vs. the brain stem region of the corticospinal tract, were not statistically significant.  
Discussion and Conclusion: Many factors potentially contribute to the observed calculated susceptibility; for example iron deposition is a major 
source of susceptibility in gray matter structures, while susceptibility in the white matter fiber tracts may also come from other materials; such as 
myelin(7,8). The white matter of the central nervous system is more complex than gray matter in its composition due to the presence of myelin and 
variations in axonal and fiber density(9). The optic radiation as observed is shown to have susceptibility significantly different from other white 
matter regions observed. Artifacts appeared in the genu of the corpus callosum which could make QSM here less accurate here. However, orientation 
dependence alone, possibly due to the generalized Lorentz correction (1,2,3), cannot explain the observed differences between the optic radiation and 
the other white matter regions, since there is no correlation when the optic radiation is included. In summary, the measured white matter 
susceptibility in the in vivo data invites further studies of the diverse characteristics of the composition and structure of white matter that contributes 
to the measured susceptibility. Ref:1.Liu,Chunlei MRM 2010;63:1471-1477.  2.Lee, Jongho et al. PNAS 2010; 107:5130-5135.  3.Liu, Jing et al. ISMRM Proc 
2010:4996. 4.He, Xiang et al. PNAS 2009; 106:13558-13563 5.Jenkinson, Mark et al. MIA 2001;5:143-156. 6.Cox, Robert CBMR;29:162-173 7.Haacke, Mark et 
al.MRI 2005;23:1-25. 8.Hammond, Kathryn et al. ANA2008;64:707-713. 9.Savaskan, Nic et al. CTR 2009;33:213-221. 

Fig. 1. Average values for each subject and across all white matter ROIs analyzed, left 
hemisphere ROIs appear as circles and right as diamonds, filled symbols were excluded 
from the linear regression. 
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