
 
 

D. Xu1, X. Hao1, R. Bansal1, K. J. Plessen1,2, W. Geng3, B. S. Peterson1 
1MRI Unit, Psychiatry Dept, Columbia University & New York State Psychiatric Institute, New York, NY, United States, 2Center for 

Child and Adolescent Mental Health, University of Bergen, Bergen, Norway, 3State Key Laboratory of CAD & CG, Zhejiang 
University, Hangzhou, Zhejiang, China, People's Republic of 

A Multimodal Imaging Study Using Anatomical and DTI Data 
Introduction Combined use of differing imaging modalities can provide 
more comprehensive data on a subject or group than any single modality. For 
example, anatomical T1/T2-weighted magnetic resonance (MR) images can 
help to identify gray matter, white matter, and cerebral-spinal fluid (CSF), 
whereas diffusion tensor imaging (DTI) and its derived measurements (e.g., 
fractional anisotropy (FA), apparent diffusion coefficient (ADC), etc.) can 
provide information on neural fibers in white matter and even sub-cortical 
gray matter. Deployed together, these two modalities can be used to perform 
certain research tasks that would be substantially more difficult with either 
modality alone. For instance, a color map of the principal directions of water diffusion, generated with DTI, can help to parcellate the corpus callosum and other small 
structures (e.g., cingulum, external capsule, anterior thalamic radiation, et al.) with relative ease. Conversely, anatomical MRI can measure volumetric changes more 
reliably than DTI. Given the distinct advantages offered by each imaging modality, researchers have long worked toward integrating multiple modalities into their 
investigations for a more complete view of the human brain. However, integrating multimodal imaging data entails at least 3 major challenges: coregistration, ROI 
identification, and false positive/false negative removal. Taking all three aspects into consideration, we present an approach for extending volumetric findings in 
anatomical data to DTI in order to improve the definition of ROIs for fiber tracking and group comparison. We illustrate our method with results from a population of 
individuals with TS. 
 

Methods Compared to age-matched controls, children with TS have smaller volumes of the corpus callosum (CC) [1]. To conduct a group comparison of fiber 
connectivity, we identified these regions on the CC in anatomical MR images and then used them as ROIs in coregistered DTI data. Data: In vivo human DTI and 
MPRage data were acquired on a Siemens 1.5T scanner. We scanned 33 patients with TS and 35 control subjects; groups were gender- and age-matched (10-17 years 
old). Written consent was obtained from parents/guardians. Exclusion criteria included: IQ under 70, prominent motionartifacts during MR imaging, born before week 
36, deviation in gross brain anatomy. The controls did not have an Axis 1 diagnosis (DSM IV). We included 22 TS and 25 control subjects after clinical evaluation. T1 
weighted 3D images (MPRage) data were acquired at 176 sagittal slice locations of 1mm thickness without gaps, TR = 1910ms, TE = 3.93 ms, using a data matrix 
256×192 and FoV=256mm, resulting in voxel size 1.0 × 1.0 × 1.33 mm3. DW imaging data were acquired along 6 directions using b-value at 0 and 1000 s/mm2, 
respectively; TR = 4000ms, TE = 96ms, FoV=240mm, data matrix = 128 ×128, at 19 sagittal slice locations of thickness 4mm without gaps. The voxel dimensions of 
the DWI data were 1.88×1.88×4.0 mm3. The anatomical MPRage data included full brain coverage, while the DWI data covered the central portion in the brain 
reaching from claustrum to claustrum and in the axial direction from cerebellum to motorcortex. Algorithm: We first trilinearly resampled both the anatomical and 
DWI data to make them isotropic. The DWI data were then reconstructed into tensors using linear regression. We coregistered DT images to their corresponding 
anatomical images using our nonlinear deformation software developed in house [2]. Morphometric differences and geometric distortion were thus removed. One 
subject’s anatomical image was randomly selected from the 25 control subjects to serve as a template brain. The remaining 46 anatomical brain images were then 
coregistered to this template brain. All DTI data were normalized in just one step by combining the deformation fields generated during coregistration. Finally, we 
coregistered the anatomical and DTI data of all 47 subjects into the space of the template brain. We then 
identified regions of volumetric change with statistical significance on the CC by applying the previously 
generated deformation fields to the skull-stripped anatomical data in their native spaces. We used these 
regions as ROIs for fiber tracking in the coregistered DTI data. A fiber classification algorithm developed 
in house was then applied to color-code the fiber families according to their mutual similarity, thus 
highlighting differences in connectivity between the two population groups. 
 

Results By examining volumetric differences between groups based on normalized anatomical data, we 
identified ROIs of the CC in which volumes were lower for TS children than for normal control subjects 
(Fig. 1). We then retrieved fiber tracts corresponding to these abnormal brain volumes (Fig. 2). About 362 
fiber tracts in the TS group and 292 in the control groups were reconstructed using our fiber tracking tool 
[3]. From these, we identified 12 major fiber bundles using our fiber classification algorithm with a 
threshold of 0.2 (out of a range of 0.0 to 1.0, with 1.0 meaning “identical”), as shown in Fig. 3 (color-
coded in correspondence). However, in the prefrontal area, the TS group developed a thick and a large 
bundle of fibers in the left hemisphere, which has little coincidence with the fiberbundles detected in the 
control group. 
 

Discussion Our highly automated approach requires minimal human intervention for coregistration, 
identification of ROIs, fiber tracking and grouping, and difference recognition. In the procedure for 
identifying ROIs, only particular portions of the brain that are subject to TS-related volume differences 
were meaningful as seed points for analysis of fiber connectivity (Fig. 9). Our approach systematically 
removes false positives and false negatives, which are usually caused by human error during manual 
identification. Indeed, manual segmentation would be unable to reproduce the ROIs identified by our 
algorithm, even if the expert performing the segmentation knew in advance of the group differences in the 
callosum regions. Moreover, manual segmentation based on knowledge from previous studies may not 
apply to populations currently under investigation. Our proposed framework, by contrast, synchronizes the 
application of the knowledge currently extracted from the anatomical images to the same-population DTI 
data acquired in close temporal proximity. 
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Fig 1. Identified ROIs in anatomical data  

Fig 3. Identified fiber families (L: TS; R: Normal) 

 
Fig 2. Fibers on ROIs in 2 groups (L: TS; R: Normal) 
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