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Introduction 
A recent DTI tractography study demonstrated that specific patterns of correlation exist in microstructural parameters such as FA across major white matter tracts in the 
normal adult brain [1]. These microstructural correlations are thought to reflect phylogenetic and functional similarities between different axonal fiber pathways.  
However, this prior research was limited to whole-tract DTI parameters in only 12 axonal pathways using pairwise correlations.  In this investigation, we perform a 
whole-brain multivariate analysis of microstructural white matter correlations at the voxel scale using independent component analysis (ICA) of tract-based spatial 
statistics (TBSS) [2]. The resulting independent components (ICs) show distinct spatial localization patterns indicating high FA co-variation across subjects. We 
hypothesize that the strongest voxel correlations of each IC spatial map will localize to an anatomically distinct white matter tract, or to a homologous pair of tracts, and 
that functionally distinct subregions of large tracts will be split among different IC spatial maps.  Hence, we postulate that fully automated mapping of multivariate FA 
correlations at the voxel spatial scale using ICA of DTI parcellates normal human brain white matter according to relatedness of function, as reflected purely in the co-
variation of white matter microarchitecture across subjects and not on fiber connectivity. 

Methods  
53 normal adult volunteers (mean age 30.7 ± 8.8 years, 31 men, 44 right-handed) underwent 3T DTI with 55 directions at b=1000, as described in Wahl et al. [1].  
Preprocessing, including motion correction and brain extraction, as well as DTI parameter mapping were conducted in FSL.  Direct registration of individual FA 
volumes to the FMRIB58 template was applied and the mean FA image and mean FA skeleton were computed in TBSS.  To improve SNR, the group FA skeleton was 
smoothed by a Gaussian kernel with FWHM=9mm but confined to the skeleton.  The global FA variation was removed by subtracting the mean FA from the group FA 
data. Principal component analysis was applied to retain the first 25 principal components, thereby preserving 74.5% of the total variance.  FastICA [3] was applied to 
this dimension-reduced FA data to estimate 25 independent components. Voxel correlation values in each component were normalized to have unit spatial variance, 
thresholded at 2.5 standard deviations, and displayed in color in MNI152 atlas space on the 3D T1-weighted images at 1x1x1 mm3 resolution.  To ensure reproducibility 
of the results, 30 ICA trials were performed with a random initial point in each trial.  The estimated ICs from all trials were clustered with a hierarchical clustering 
algorithm [4] to find the component estimates that are the most similar across the different Monte Carlo trials.  

Results 
The voxels with the strongest FA correlations in most of the IC spatial maps corresponded to anatomically distinct white matter tracts, tract segments, and/or 
homologous pairs of tracts. The dominant feature of each IC map could be grouped into at least 5 classes, corresponding to (i) supratentorial commissural pathways 
(Fig. 1), (ii) supratentorial projection pathways (Fig. 2), (iii) neocortical association pathways (Fig. 3), (iv) limbic association pathways (Fig. 4), and (v) thalamic, 
brainstem, and cerebellar white matter (Fig. 5).  The pattern of suprathreshold FA correlations was predominantly bilaterally symmetric in most of the IC spatial maps, 
representing single commissural pathways, or homologous pairs of projection or association tracts.  Some large tracts were subdivided across multiple IC maps, each 
with different patterns of connectivity and function.  For example, as displayed in Fig. 1, the corpus callosum was subdivided into the genu (IC-14), body (IC-6), and 
splenium (IC-20).  It can also be seen from Fig. 3 that the bilateral SLF is segmented into posterior parietal (IC-10), mid-parietal (IC-18), and frontoparietal (IC-15) 
components, likely reflecting microstructural differences in the short association fibers that exist among these regions of each cerebral hemisphere, but not between the 
left and right hemispheres. 

Discussion 
In this work, we present a novel fully automated ICA parcellation of normal brain white matter based on the multivariate correlations of voxel-wise FA values across 
subjects, thereby greatly improving on the pairwise tract-scale microstructural correlations shown by Wahl et al. [1].  Without requiring any fiber connectivity 
information, these IC spatial maps localize the strongest microstructural correlations to well-known anatomic white matter pathways, or homologous pairs of pathways, 
as well as segmenting certain large tracts into functionally distinct subdomains that have different patterns of connectivity.  Although much more research is needed to 
fully understand the significance of this new approach to white matter parcellation, ICA of voxel-based DTI, HARDI, or DSI parameter maps might provide an 
interesting alternative to tractography for feature extraction in studying the normal microstructure of human white matter as well as the abnormal white matter 
microstructure found in neurological and psychiatric disorders. 
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Fig. 1. Independent components (ICs) corresponding to
commissural pathways: anterior commissure (IC2), and the genu
(IC14), body (IC6), and splenium (IC20) of the corpus callosum. 

Fig. 2. IC spatial maps localizing to projection pathways:
corticospinal tracts at motor cortex (IC9), posterior
thalamic radiations at the retrolenticular internal capsule
(IC3), and optic radiations in the occipital lobes (IC13). 

Fig. 3. Neocortical association tract segments:
posterior parietal (IC10), mid-parietal (IC-18), and 
frontoparietal (IC15) segments of the superior 
longitudinal fasciculi (SLFs). 

Fig. 5.  IC spatial maps localizing to white matter of the cerebellum, brainstem, or thalamus:
superior vermis of the cerebellar (IC1), inferior vermis of cerebellum (IC23), deep white matter
of the cerebellar hemispheres (IC12), superior cerebellar peduncles and posterior brainstem
(IC7), and dorsolateral thalami, upper midbrain, and posterior fornices (IC5). 

Fig. 4. Association tract segments in
limbic system: ventral (IC8) and
dorsal (IC19) cingulum bundles.  
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