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Diffusion Tensor Group Tractography of the
Corpus Callosum in Clinically Isolated Syndrome

F. Lin
C. Yu
Y. Liu

K. Li
H. Lei

BACKGROUND AND PURPOSE: Many studies have observed atrophy and abnormal diffusion within the
CC in MS. However, few studies have addressed whether such abnormalities appear at the earliest
stage of MS, especially in CIS. In this study, we aimed to investigate the CC integrity and patterns of
CC abnormalities in CIS with diffusion tensor group tractography.

MATERIALS AND METHODS: First, probability maps of the entire CC and its subregions (genu, body,
and splenium) were created from 19 healthy subjects. Then these probability maps were used to
evaluate diffusion within the entire CC and its segments in 19 patients with CIS. Five indices, including
the midsagittal CC area, FA, MD, �1, and �23, were used to characterize CC integrity.

RESULTS: Significant differences were found between patients with CIS and healthy controls in the
entire CC and its segments. For the entire CC, patients with CIS had a significantly lower midsagittal
CC area and FA, higher MD and �23, with a trend toward higher �1. These 4 diffusion measures were
correlated with T2 lesion volume. Moreover, abnormal white matter integrity was present in subre-
gions of the CC; there was a robust significant increase in �23 in the body and splenium and no
difference in �1 in the genu.

CONCLUSIONS: Our results suggest that atrophy and abnormal diffusion inside the CC appear at the
stage of CIS and the severity of damage in the genu is milder than that in the body and splenium.

ABBREVIATIONS: CC � corpus callosum; CIS � clinically isolated syndrome; DTI � diffusion tensor
imaging; EDSS � Expanded Disability Status Scale; FA � fractional anisotropy; FACT � fiber
assignment by continuous tracking; FLAIR � fluid-attenuated inversion recovery; �1 � axial diffu-
sivity; �23 � radial diffusivity; MD � mean diffusivity; MNI � Montreal Neurological Institute; MS �
multiple sclerosis; NACC � normal-appearing corpus callosum; NAWM � normal-appearing white
matter; NC � healthy controls; TSE � turbo spin-echo

Atrophy of the CC, the largest white matter fiber bundle
linking the 2 hemispheres, is commonly observed in clin-

ically definite MS by using conventional MR imaging.1-3 Si-
mon et al2 found that patients with MS had a significantly
lower midsagittal CC area compared with that in healthy con-
trols. Dietemann et al3 also reported that severe atrophy of the
CC occurs in longstanding MS and that patients with severe
CC atrophy present serious clinical symptoms. Abnormal CC
integrity (reduced FA or increased MD) is also a common
finding in MS using DTI.4-8 Moreover, some DTI studies have
found different change patterns in the subdivisions of the CC.

Some authors observed FA decreases predominantly in the
body of the CC,6-8 with an insignificant trend in the spleni-
um,7,8 and no significant changes in the genu.7 Therefore,
some researchers reported that CC abnormalities might be a
sensitive marker of MS.9,10

CIS, suggestive of MS, as typically the earliest clinical ex-
pression of many patients with MS,11 has received a great deal
of attention from recent clinical research. Studies on CIS may
provide new insights into early pathologic changes and patho-
genetic mechanisms that might affect the course of the disor-
der.12 Nevertheless, to our knowledge, there are few studies
concerning the onset of CC atrophy, especially at the stage of
CIS.13,14 Bester et al13 found abnormal diffusion within the
NACC in patients with CIS with optic neuritis on the basis of
region-of-interest analysis. Their findings suggested that the
CC is an early site for the development of anisotropic changes
in MS.13 Another study using histogram analysis demon-
strated that occult damage occurs in normal-appearing brain
tissue in CIS and the occult damage might be related to both
T2 lesion load and brain tissue atrophy.14 They also found that
some DTI histogram measures might be useful for assessing
the disease progression in patients with CIS and MS.14

The above-mentioned articles suggested that the brain tis-
sue might be damaged in CIS; however, to our knowledge,
there is no study of CC integrity and its damage patterns.
Therefore, in the present study, we first examined CC integrity
at the stage of CIS with diffusion tensor group tractogra-
phy,15,16 which can avoid unreliable and erroneous termina-
tion in fiber tracking because of the extremely low FA value in
the NAWM in diseased brains, especially in the lesions.17,18
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This method is also capable of constructing the probability
maps of fiber tracts on the basis of healthy DTI datasets; the
probability maps can be used as reference template images to
study abnormal diffusion within the tracts in neurodegenera-
tive diseases.15,16,19 Moreover, the fiber distribution in the CC
is known to be heterogeneous,20-22 and there are different
change patterns in the subdivisions of the CC in MS6-8; there-
fore, we hypothesized that the patterns of CC abnormalities
are also spatially heterogeneous in CIS. To show this hetero-
geneity, we parcellated the entire CC further into 3 subregions
on the basis of known callosal anatomic projections, which are
the genu, body, and splenium23-26; then, we created their
probability maps and used them to evaluate the diffusion in-
dices inside these regions. Finally, statistical analysis and cor-
relation analysis were performed.

Materials and Methods

Subjects
In this study, 19 patients with CIS (10 women), 4 with optic neuritis,

3 with brain stem syndromes, 10 with spinal cord syndromes, and 2

with multifocal abnormalities, were prospectively examined accord-

ing to the following criteria11: 1) a single clinical episode suggestive of

MS with at least 1 visible brain lesion on T2-weighted images; 2)

presentation within 6 months from onset; 3) no corticosteroid or

immunosuppressant treatment for at least 3 months before scanning;

4) exclusion of other possible diagnoses; and 5) no brain imaging

artifacts. Their mean age was 39.5 � 11.6 years (range, 19.0 – 60.0

years), the mean duration of the disease was 47 � 55 days (range,

1–150 days), and the mean EDSS score27 was 2.8 � 1.9 (range, 1.0 –

8.5). Nineteen age- and sex-matched healthy subjects (10 women;

mean age, 38.9 � 11.0 years; range, 18.0 –58.0 years) with no history

of neurologic or psychopathic disorders and normal neurologic ex-

amination findings, were selected as healthy controls. Two neurora-

diologists (C.Y., with 13 years’ experience in MR image evaluation,

and Y.L., with 6 years of experience) and 1 neurologist (K.L., with 18

years’ experience in neurology) assigned final clinical diagnoses for all

patients in consensus by reviewing all case histories, physical exami-

nation results, MR images, and laboratory data. One expert (F.L., with

7 years’ experience in DTI image analysis) analyzed the DTI data. The

local ethics committee of Xuanwu Hospital approved this study, and

written informed consent about all aspects of the project from all

participants was obtained before the MR imaging examinations.

MR Imaging Data Acquisition
MR images for all subjects were obtained with a 1.5T scanner (Sonata;

Siemens, Erlangen, Germany). We used the following sequences with

identical axial section positions, number of sections,28 section thick-

nesses (4 mm), and intersection gaps (0.4 mm): 1) TSE T2-weighted

imaging (TR � 5500 ms, TE � 94 ms, NEX � 3, echo-train length �

11, matrix � 256 � 224, FOV � 240 � 210 mm2), 2) a FLAIR se-

quence (TR � 8500 ms, TE � 150 ms, NEX � 1, TI � 2200 ms,

echo-train length � 8, matrix � 256 � 224, FOV � 240 � 210 mm2),

and 3) a spin-echo single-shot echo-planar pulse sequence (TR �

5000 ms, TE � 100 ms, NEX � 10, matrix � 128 � 112 zero-filled

into 256 � 224, FOV � 240 � 210 mm2). We obtained a total of 7

image sets: 6 with noncollinear diffusion-weighting gradients and a

b-value of 1000 s/mm2 and 1 without diffusion-weighting.

Data Preprocessing
The visible lesions were identified on the TSE T2-weighted and FLAIR

images and were manually extracted by an experienced radiologist by

using MRIcro (http://www.cabiatl.com/mricro). Then the T2 lesion

volume of each patient was calculated. For DTI data, all diffusion-

weighted images were first visually inspected for apparent artifacts

arising from subject motion and instrument malfunction, and then

distortions caused by eddy currents and simple head motions were

corrected by the Functional MRI of the Brain Diffusion Toolbox

(FSL; http://www.fmrib.ox.ac.uk/fsl). Finally, the DTI data were in-

terpolated into isotropic voxels of 0.94 mm.

Diffusion Indices
The diffusion tensor elements for each voxel were first estimated with

the multivariate linear fitting algorithm29; then, diffusion tensor was

diagonalized to obtain its 3 pairs of eigenvalues (�1, �2, and �3) and

eigenvectors. To quantitatively characterize the CC integrity, we gen-

erated 4 indices from these eigenvalues: FA measuring the degree of

diffusion anisotropy; MD measuring the magnitude of average diffu-

sion; �1 measuring the magnitude of diffusivity parallel to the direc-

tion of maximum diffusion; and �23, the average value of �2 and �3,

measuring the magnitude of diffusivity perpendicular to the direction

of maximum diffusion.28,30

CC Size
In the present study, the size of the CC was defined as the area of the

structure seen on the midsagittal plane of the reconstructed FA-

weighted color-coded images, because the outline of the CC in this

plane was red and easily identified. Moreover, this region of interest

was expected to be reproducible across subjects. Each of the marginal

pixels of the region of interest was identified when it was located at the

margin of the CC and showed high red intensity on the FA-weighted

color-coded images.

Fiber Tractography
The tractography for the CC was implemented with DTIStudio

(Johns Hopkins University, Baltimore, Maryland),31 in which the

FACT method was used.32 Fiber tracking was performed from all

voxels with an FA value of �0.25 inside the brain, according to the FA

threshold of 0.25– 0.35 for fiber reconstruction recommended by

Mori et al33 and Stieltjes et al34 and was terminated when the FA value

was �0.2 or the trajectory angle between 2 connected voxels was

�40°. To reconstruct the CC, the midsagittal plane on the FA-

weighted color-coded images was used as the filter region of interest

and fibers passing through this filtered region of interest were taken as

the entire CC.35,36 To evaluate the patterns of CC abnormalities in

patients with CIS, we evenly divided the entire CC on the FA-

weighted color-coded image into 4 quadrants along its anteroposte-

rior axis,25 which roughly corresponded to the genu, anterior and

posterior part of truncus (body), and the splenium.23-26 One example

of the 3 subregions of the CC is shown in Fig 1A.

CC Probabilistic Map
Tractography is less reliable in lesions of diseased subjects than in

healthy controls because it is affected by the altered DTI parame-

ters,17,18 which may cause the erroneous termination of fiber tracking

and influence reliabilities between group comparisons. Therefore, we

first created the entire CC and its subregion probability maps from

healthy volunteer DTI datasets and then applied these probability

maps as weighted images to evaluate diffusion indices inside the
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tract.15,16,19 The CC probability map was constructed as follows: First,

the entire CC was reconstructed by FACT for each healthy subject,

and then the diffusion unweighted (b�0) image was normalized to

the standard MNI space by using an echo-planar imaging template

with Statistical Parametric Mapping 2 (http://www.fil.ion.ucl.ac.uk/

spm). Then, the transformation parameter was applied to the fiber

tracts to normalize them to the MNI space and to obtain the CC mask.

Then, these masks were averaged to obtain the CC probability map.

The value of each voxel in this map could be considered as the prob-

ability that the voxel was part of the CC. The above method was also

used to create the genu, body, and splenium probability maps.

Diffusion Indices of the CC and Its Subregions
After the CC probability map was created, the following steps were

performed to calculate diffusion indices inside the CC: First, the b�0

images were normalized to the MNI space to obtain the transforma-

tion parameters. Second, the transformation parameters were used to

normalize the corresponding diffusion indices maps (FA, MD, �1,

and �23). Then the weighted means of the diffusion indices inside the

CC were estimated by superimposing the probability map on the

normalized diffusion-index images.

For patients with CIS, we analyzed the diffusion properties in the

NACC. To this end, we normalized lesion images to the MNI space to

obtain the lesion distribution in this space. Lesions were then used as

masks to calculate the diffusion indices within the NACC. The same

method was also used with the genu, body, and splenium probability

maps to obtain the diffusion indices inside subregions of the NACC.

Statistical Analysis
Statistical analysis was performed with the Statistical Package for the

Social Sciences, Version 11.5 for Windows (SPSS, Chicago, Illinois).

The group comparison for the CC size was performed by using a

2-sample t test. Repeated-measures analysis of variance was used to

assess the effects of group (controls-versus-patients), subregions

(genu, body, and splenium), and their possible interactions on diffu-

sion indices. Then a post hoc t test was used to examine the group

differences for each subregion when group effects were significant.

Correlations between these diffusion indices and EDSS or the area of

CC or T2 lesion volumes were evaluated. A P value � .01 was consid-

ered statistically significant, and a value between .01 and .05 was con-

sidered a trend.37

Results

Comparison of Patients with CIS and Controls in the
Entire CC
One example of the entire CC and its subregions in the mid-
sagittal plane is shown in Fig 1A. The average midsagittal CC
area was 6.27 � 0.60 cm2 for healthy subjects and 5.50 � 0.64
cm2 for patients with CIS. The 2-sample t test revealed a sig-
nificant difference in the midsagittal CC area between groups
(2-paired, P � .001; Fig 1B). The group difference remained
statistically significant after correction for possible influences
from individual brain size (normalized CC size: 0.046 � 0.005
for controls and 0.041 � 0.004 for patients with CIS; P � .001;
Fig 1C). For diffusion measures, patients with CIS had signif-
icantly higher MD and �23 and a lower FA in the entire CC
with a trend toward a higher �1 (P � .001 for FA, P � .004 for
MD, P � .003 for �23, P � .010 for �1; Table) compared with
healthy subjects (Table).

Comparison of Patients with CIS and Controls in
Subregions of the CC
Fiber tracking was able to reconstruct callosal fiber bundles
projecting into the cortical hemispheres for all healthy sub-
jects. According to their cortical projections, 3 subregions
(genu, body, and splenium) of the CC were obtained. Figure 2
shows the entire CC and its 3 subregion probabilistic maps
created in the template (MNI) coordinates. These probabilis-
tic maps of the CC are well-defined at the core with higher
probabilities, while they become more dispersed and have
lower probabilities as they approach cortical regions.

Repeated-measures analysis of variance showed significant
group and region effects without any interaction (group-by-
region) effects. Therefore, a post hoc t test was performed with
group as the independent variable, and FA, MD, �1, and �23

within the genu, body, and splenium as dependent variables.
Compared with healthy subjects, patients with CIS had a sig-
nificantly lower FA in the body with a trend toward a lower FA
in the genu and splenium (P � .002 for the body, P � .011 for
the genu, P � .019 for splenium). For MD, CIS had a signifi-
cantly higher MD in the body and splenium without a differ-
ence in the genu (P � .007 for the body, P � .004 for the

Fig 1. The size of the midsagittal CC for NC and CIS suggestive of MS groups. A, One example of midsagittal CC and its subregions (yellow indicates the genu; red, the body; green, the
splenium). B, The midsagittal CC area for the 2 groups. C, The normalized midsagittal CC area by midsagittal brain for the 2 groups.
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splenium, P � .060 for the genu) (Table). For �1, CIS had a
trend toward being higher in the body and splenium with no
difference in the genu (P � .022 for the body, P � .014 for the
splenium, P � .225 for the genu) (Fig 3A). For �23, CIS had a
significantly higher �23 in the body and splenium with a trend
toward being higher in the genu (P � .005 for the body; P �
.003 for the splenium; P � .037 for the genu) (Fig 3B).

Cross-Correlation between MR Imaging Parameters
Measured in the Entire CC
The mean lesion volume was 6.12 � 9.90 mL (range, 0.14 –
33.05 mL) in patients with CIS. There was a trend toward
inverse correlation between FA from the entire CC and T2
lesion volumes, with a trend toward a positive correlation be-
tween MD, �1 and �23, and T2 lesion volumes (r � �0.502,
P � .029 for FA; r � 0.554, P � .014 for MD; r � 0.504, P �
.028 for �1; r � 0.542, P � .016 for �23).

Discussion
We used diffusion tensor group tractography to investigate
abnormal diffusion within the entire CC and its segments in
patients with CIS. First, fiber tracking was performed in each
healthy subject with DTIStudio, and the entire CC and its
subregions were reconstructed by using the multiple region-
of-interest method. Second, the white matter fiber tracts (the
entire CC and its subregions) were normalized to the MNI
space, and then the probability maps of the entire CC and its
subregions were generated by averaging the normalized fiber
tracts from all healthy subjects. Then, the probability maps
were used as weighted template images to evaluate the average
diffusion indices of healthy subjects and patients with CIS
within the entire CC and its segments. There are several rea-
sons for applying the diffusion tensor group tractography

method. First, in diseased brains, DTI measures are abnormal
in normal-appearing brain tissue, especially in the lesions,17,18

which might cause unreliable and erroneous termination of
tractography. However, the diffusion tensor group tractogra-
phy is not affected by abnormal tissues. Second, this method is
capable of defining the cores of fiber tracts from the healthy
population, and the resultant probability maps can then be
used as references for studying abnormal diffusion within
tracts in neurodegenerative diseases.15,16,19 Therefore, in our
study, diffusion tensor group tractography was used to evalu-
ate CC integrity and patterns of CC abnormalities in CIS.

In this study, we found that both the volume and micro-
structure of the CC appear to be damaged at the CIS stage. In
the midsagittal CC area, the CC size was reduced relative to
healthy subjects (Fig 1B and 1C), which indicated that the
onset of CC atrophy might appear at this stage of CIS, the
earliest clinical expression of MS. This result was consistent
with previous observations in MS, which reported that the
midsagittal CC areas were significantly reduced in patients
with MS and that severe atrophy of the CC occurs in long-
standing MS.2,3 Although our results contradicted those in 1
report in which no atrophy of the CC for CIS was found by the
region-of-interest method with MR imaging and diffusion-
weighted imaging,38 the reason might be attributed to the dif-
ferent sample, imaging, and analysis methods.

We found that patients with CIS had a significantly higher
MD and �23 and a lower FA, with a trend toward higher �1 in
the entire CC compared with healthy controls (Table). These
findings indicated that patients with CIS have abnormal dif-
fusion in the CC, which suggests that CC integrity might be
damaged in CIS. The underlying pathologies may be inflam-
mation, gliosis, demyelination, and axonal loss. The analysis of
the diffusion tensor eigenvalues may provide more informa-
tion about pathology. The �23 reflects the changes of axonal
membrane, myelin sheath, extracellular space, and so
forth.28,39-41 Loss of axonal structures may lead to the less-
restricted diffusion perpendicular to the main direction of fi-
bers and increased �23.28,39-41 In our study, we also found that
CIS had a trend toward being higher on �1, which might be
caused by inflammation and gliosis in our patients with CIS
who were experiencing the first attack. In combination, these
effects are expected to add up to a reduced FA and increased
MD in the entire CC.

To further investigate the patterns of the CC abnormalities
in CIS, we divided the entire CC into 3 subregions (genu,
body, and splenium) according to their fiber projections, then
we created probability maps, and finally we evaluated the dif-
fusion indices inside these subregions on the basis of their
probability maps. Statistical analysis revealed that patients
with CIS had a significantly lower FA in the body with a trend
toward lower FA in the genu and splenium, a significantly
higher MD in the body and splenium with no difference in
genu, a trend toward higher �1 in the body and splenium with
no difference in the genu, and a significantly higher �23 in the
body and splenium with a trend toward higher �23 in genu
(Table; Fig 3). These results suggested that the subregions of
CC were not equally affected, and the severity of abnormalities
in the genu was milder than that in the body and splenium in
CIS.

Before attempting to explain these findings in relation to

Comparison of diffusion indices measured in subregions of CC of
NC and CIS

NC (n � 19) CIS (n � 19)

P aMean � SD Mean � SD
FA

Whole CC 0.46 � 0.03 0.42 � 0.04 .001
Genu 0.458 � 0.038 0.419 � 0.053 .011
Body 0.442 � 0.032 0.399 � 0.046 .002
Splenium 0.494 � 0.034 0.453 � 0.062 .020

MDb

Whole CC 0.90 � 0.06 1.02 � 0.16 .004
Genu 0.868 � 0.062 0.937 � 0.142 .064
Body 0.868 � 0.070 0.995 � 0.182 .009
Splenium 0.948 � 0.078 1.087 � 0.181 .005

�1
c

Whole CC 1.38 � 0.06 1.49 � 0.15 .010
Genu 1.333 � 0.059 1.417 � 0.175 .228
Body 1.310 � 0.087 1.409 � 0.177 .024
Splenium 1.505 � 0.086 1.633 � 0.197 .016

�23
d

Whole CC 0.66 � 0.07 0.79 � 0.16 .003
Genu 0.635 � 0.071 0.718 � 0.151 .040
Body 0.648 � 0.070 0.785 � 0.188 .007
Splenium 0.670 � 0.082 0.814 � 0.183 .004

a A P value � .01 was considered statistically significant, while a value between .01 and
.05 was considered a trend.
b MD � �10�3 mm2/s.
c �1� �10�3 mm2/s.
d �23 � �10�3 mm2/s.
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CIS, we interpreted our regional diffusion anisotropy of the
CC in healthy subjects and patients with CIS. In our study, we
observed that the CC regional FA was heterogeneous in
healthy controls and patients with CIS: FA(splenium) �
FA(genu) � FA(body), which has also been observed in other
studies.7,42,43 Some researchers found that tensor anisotropy
was significantly larger in the splenium compared with the
genu of the CC in both adult men and women.42,43 Hasan et al7

also reported similar FA distribution patterns inside the CC in
healthy subjects and patients with relapsing-remitting MS by
segmenting the midsagittal CC into 7 subregions. This char-
acterization of FA distribution patterns reflects the differences
in the architecture of subregions of the CC. Some previous
studies revealed that the interfiber distance in the splenium is
smaller than that in the genu and that the body has a greater
interfiber distance compared with the genu.20,21

In the present study, we observed that the severity of ab-

normalities in the genu was milder than that in the body and
splenium, which indicated that the subregions of the CC were
not equally damaged in patients with CIS. These patterns of
CC abnormalities have also been partly observed in MS.7,44,45

Ciccarelli et al44 reported that the FA was significantly de-
creased in the splenium, while it was normal in the genu in
patients with MS compared with controls. Evangelou et al45

described spatially dependent axonal attenuation loss in the
NAWM of the CC in patients with MS. They found a signifi-
cant decrease in the callosal axonal attenuation in the body of
the NAWM of the CC and correlation between the loss in
axonal attenuation and regional lesion load. Our studies indi-
cated that the reduced FA observed in the body might reflect
reduced axonal attenuation in CIS. Hasan et al7 observed a
significant reduction in FA of the body, with a trend toward
lower FA in the genu, with no difference in the splenium. The
contradictions between our findings in the splenium of the CC

Fig 2. The probability maps for the entire CC and its subregions. A, The entire CC probability map. B, The genu probability map. C, The body probability map. D, The splenium probability
map. The gray-scale overlay indicates the probability of a voxel being part of the CC or its subregions.

Fig 3. The �1 and �23 distributions for the 3 subregions of the CC in CIS suggestive of MS and NCs. A, �1 (�10�3 mm2/s) distribution for the 3 subregions of the CC for these 2 groups.
B, �23 (�10�3 mm2/s) distribution for the 3 subregions of the CC for these 2 groups.
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and the results of Hasan et al might be attributed to different
sample and analysis methods.

The diffusion indices derived from the entire NACC corre-
lated well with lesion volume, which might suggest that axonal
degeneration resulted in the abnormal diffusion in the CC of
our group of patients with CIS. Several previous studies have
found some measurements of axonal attenuation correlated
with lesion volume, and they used these correlations as evi-
dence for the predominance of wallerian degeneration.45 In
our study, there were no correlations between any of diffusion
indices from the CC and either EDSS scores or disease dura-
tion. This might be because that the subject sample is not large
enough.

Some possible limitations should be noted in this study.
First, although diffusion tensor group tractography was used
to create tract probability maps to reduce the effects from le-
sions in diseased brains, some influences from lesions for the
quality of registration cannot completely be excluded. Second,
the relatively poor resolution of source images might slightly
influence our measurements, so a higher resolution MR imag-
ing scanner might improve the reliability of diffusion mea-
surements. Additionally, the EDSS scores of some patients
with CIS were evaluated during the first attack, which may
have led to EDSS scores being higher than those in other
studies.

Conclusions
In this article, by using diffusion tensor group tractography,
we found the presence of atrophy and abnormal diffusion in-
side the CC in patients with CIS and found that the severity of
damage in the genu was milder than that in the body and
splenium. Moreover, we also found the diffusion indices of the
entire NACC correlated with T2 lesion load, which indicates
that both T2 lesion load and CC atrophy contribute to the
damage in CIS. The underlying pathologies might be myelin
disease and edema at the stage of CIS. Our findings suggested
that atrophy and abnormal diffusion inside the CC appear at
the earliest stage of MS, especially in CIS, which indicates that
the CC is an early site of abnormal white matter diffusion in
CIS and it might be used as a biomarker to monitor the disease
progression in CIS and predict the clinical outcome of CIS.
Our results also suggested that the pattern of CC abnormalities
is spatial heterogeneity in CIS. In conclusion, this quantitative
measurement approach of diffusion tensor group tractogra-
phy can detect occult pathologic abnormalities beyond mac-
roscopic lesions in fiber tracts in CIS and can provide further
anatomic insights into mechanisms of white matter damage.
Additionally, it might also be used to monitor the specific
neurologic deficits in CIS. This method can also be used to
investigate abnormal diffusion in other fiber tracts in a variety
of neurologic and psychiatric disorders.
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