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Table 2

Scores of antisocial behavior

Behavior Scores of antisocial behavior n
Mean (SD; range)

Stealing 6.38 (3.42; 0-12) 8/22

Traffic accident 3.46 (3.46; 0-12) 4/22

Physical assault 4.50 (4.34; 0-12) 8/22

Sexual comments/advances 7.67 (2.31; 0-9) 3/22

Public urination 3.67 (1.86; 0-6) 6/22

Total 9.67 (6.82; 0-25) 18/22

n = number of subjects who showed the behavior. n for total means of
subjects who showed at least one of the behavior.

room. Ten minutes after injection, brain SPECT was performed
using a triple-headed gamma camera (MULTISPECT 3; Siemens,
Hoffman Estates, IL) equipped with high-resolution fanbeam
collimators. For each scan, projection data were obtained in
128 x 128 matrix, and camera was rotated through 120° with 24
steps of 50 s per step. SPECT images were reconstructed using a
Shepp and Logan Hanning filter at 0.7 cycles per centimeter.
Attenuation correction was performed using Chang’s method.

Image analysis

Voxel-based analysis of SPECT data was performed using
Statistical Parametric Mapping 99 (SPM99) (Wellcome Depart-
ment of Cognitive Neurology, London, U.K.) run on MATLAB
(The MathWorks, Inc., Sherborn, MA). The images were spatially
normalized to an original template for **"Tc-ECD using SPM99
(Ohnishi et al., 2000). Images were then smoothed with a gaussian
kernel of 12 mm in full width half maximum (FWHM). The
washout correction for **™Tc¢-ECD was not applied, because brain
SPECT was started at 10 min after injection.

Statistical analysis of SPECT data

The processed images were analyzed using SPM99 as
described by Ohnishi et al. (2000). The effect of global
differences in CBF among scans was removed by proportional
scaling with the gray matter threshold at 0.5. The subject and the
covariate effects were estimated with a general linear model at
each voxel. To test hypotheses about regional population effects,
the estimates were compared using linear compounds or
contrasts. The resulting sets of ¢ values constituted statistical
parametric maps (SPM{r}). The SPM{:} were transformed to
unit normal distribution (SPM{Z}) and thresholded at P < 0.005.
To correct for the multiple non-independent comparisons that
were inherent in this analysis, the resulting foci were character-
ized for their spatial extent. This characterization, regarding
probability, is to assess whether the region of the observed
number of voxels could have occurred by chance over the entire
volume analyzed.

Correlation analysis was performed to study the relationship
between rCBF changes and antisocial behavioral profiles. The
correlations between the scores of antisocial behaviors and CBF,
MMSE scores and CBF, and the duration of illness and CBF were
respectively computed on a pixel-by-pixel basis by covariance
analysis. Gender and age were treated as nuisance variables.

Statistical analysis of antisocial behavioral symptoms

Statistical data analysis of antisocial behavioral symptoms in
FTD patients was performed using the R software (The R
Foundation for Statistical Computing, Vienna, Austria).

[

Results
Antisocial behavioral symptoms in FTD patients

Eighteen of the 22 FTD patients had a history of antisocial
behavior. The mean score of the antisocial behavior was 9.67 +
6.82 (range, 0—25). The mean value of Cohen’s « coeflicient of all
the items for inter-rater was 0.82 (range, 0.67-0.91), which
appears to be satisfactory. Table 2 shows the subscale score of the 5
antisocial behaviors of the patients.

Changes in rCBF in FTD patients

Decreases of rCBF in the FTD patients compared with the
normal healthy volunteers were identified in the superior, the
middle, and the inferior frontal gyrus. In addition, there were
reductions of rCBF in the subcortical structures, particularly the
caudate nuclei and the thalami (Fig. 1).

As a result of the correlation analysis, a positive correlation was
observed between the scores of antisocial behavioral symptoms

Fig. 1. Result of SPM analysis (normal healthy volunteers vs. FTD
patients). The colored areas show the regions with lower perfusion in the
FTD patients compared with the normal healthy volunteers (P < 0.005,
uncorrected for multiple comparisons). View from medial right (A), medial
left (B), posterior (C), anterior (D), right lateral (E), left lateral (F), inferior
(G), and superior (H). Rt = right, Lt = left.
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Fig. 2. Result of SPM analysis: the areas of regional cerebral blood flow
that correlated with the score of antisocial behaviors in patients with FTD.
Representation in stereotaxic space of cerebral regions that correlated
positively with the score of antisocial behaviors (P < 0.005, uncorrected
for multiple comparisons), displayed on 3D-surface anatomical template.
View from medial right (A), medial left (B), posterior (C), anterior (D),
right lateral (E), left lateral (F), inferior (G), and superior (H). Rt = right,
Lt = left.

and the rCBF in partial areas of the orbitofrontal cortex (Fig. 2): the
bilateral inferior frontal gyri (Broadmann area, BA 47), the left
anterior cingulated gyrus (BA 32), the night caudate nucleus, and
the left insula (BA 13). The results were similar even when the
scores were independently analyzed for the severity scores and the
frequency scores. We searched for a negative correlation between
rCBF and the scores of antisocial behavioral symptoms, but no
significant finding was found in any of the regions.

On the other hand, the MMSE scores positively correlated with
rCBF in the bilateral posterior cingulate gyri (BA 31), the right
parahippocampal gyrus (BA 30), and the right msula (BA 13)
(Fig. 3). Furthermore, a correlation between the duration of illness
and rCBF was observed in the right middle frontal gyrus (BA 47)
and the bilateral inferior frontal gyri (BA 46, 47), as well as the
left superior temporal gyrus (BA 22), the middle temporal gyrus
(BA 21), and the parahippocampal gyrus (BA 27) (Fig. 4). The
two analyses have resulted to have BA 47, which constitutes the
orbitofrontal cortex, in common.

Discussion

FTD is the third most common neurodegenerative dementia
syndrome after Alzheimer’s disease and dementia with Lewy
bodies. Although criteria for clinical diagnosis of FTD, such as the
Lund and Manchester criteria and the more recent consensus
criteria (Neary et al., 1998), have high sensitivities and specificities
for diagnosing FTD (Lopez et al., 1999), clinicians frequently fail
to recognize FTD or misdiagnose it as Alzheimer’s disease, manic-
depressive illness, schizophrenia, depression, hypochondriasis,
obsessive—compulsive disorder, or sociopathy (Litvan et al,
1997; McKhann et al.,, 2001). The core diagnostic features of
FTD are early loss of personal and social awareness, early loss of
insight, carly decline in social interpersonal conduct, impaired
regulation of personal conduct, and emotional blunting. Thus, the
most common and early symptom of FTD can be summarized as a
decline in social interpersonal conduct (Neary et al., 1998).

Fig. 3. Result of SPM analysis: the areas of regional cerebral blood flow that correlated with the score of MMSE in patients with FTD. Representation in
stereotaxic space of cerebral regions that correlated positively with the score of MMSE (P < 0.005, uncorrected for multiple comparisons), displayed on 3D-
surface anatomical template. View from medial right (A), medial left (B), posterior (C), anterior (D), right lateral (E), left lateral (F), inferior (G), and superior

(H). Rt = right, Lt = left.
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Fig. 4. Result of SPM analysis: the areas of regional cerebral blood flow that correlated with the duration of illness in patients with FTD. Representation in
stereotaxic space of cerebral regions that correlated positively with the score of the duration of illness (P < 0.005, uncorrected for multiple comparisons),
displayed on 3D-surface anatomical template. View from medial right (A), medial left (B), posterior (C), anterior (D), right lateral (E), left lateral (F), inferior

(G), and superior (H). Rt = right, Lt = left.

Antisocial behavior, from Pick’s case report (Pick, 1892), has
been reported in association with FTD for decades (Gustafson,
1987; Lindau et al., 2000; Hokoishi et al., 2001; Hodges, 2001).
They include stealing, traffic accident, physical assault, sexual
comments/advances, public urination, and so on. In fact, 18 of 22
(82%) FTD patients of the present study showed such behaviors.
This figure is similar with the results reported in the previous
studies (Miller et al,, 1997).

Although a variety of scales to rate the Behavioral and
Psychological Symptoms of Dementia (BPSD) observed in
patients with AD is reported, to our knowledge, no scale is
available for the assessment of BPSD observed in FTD patients.
Thus, we employed the assessment method of the Neuropsychiatric
Inventory (NPI) (Cummings et al., 1994) for AD patients. The NPI
assesses BPSD on the basis of both frequency and severity. The
focused symptoms are derived from the report by Miller et al. on
BPSD of FTD patients.

In the comparison between the FTD patients and the normal
healthy volunteers, a significant reduction of rCBF in the
widespread frontal lobes was observed in the former. No other
region with significantly decreased rCBF was found. The results
seem to be compatible with the neuropathological and functional
changes of the disease and are consistent with the findings of
previous FDG-PET studies (Ishii et al., 1998; Salmon et al., 2003;
Grimmer et al., 2004). Although the diagnosis of the present study
was not confirmed by postmortem examination, the result appears
to support the validity of our diagnosis of FTD, the frontal variants
of FTLD.

Regarding the frontal lobe function, it is well known that
prefrontal cortex dysfunction is linked to social misconduct
(Harlow, 1868; Eslinger, 1999; Bassarath, 2001; Brower and
Price, 2001). Stuss and Benson (1986) have noted that orbito-
frontal pathology would most frequently be associated with
disinhibition, facetiousness, sexual and personal hedonism, and
lack of concern for others. Moreover, a recent PET study
evaluating patients with various frontal lobe pathologies (includ-
ing FTD) (Sarazin et al., 1998) with ROI approach has revealed
that the behavioral abnormalities are associated with metabolic
decline of orbitofrontal cortex. Also, it is now well known that
prefrontal cortex plays a major role in executive function and

working memory (Lezak, 1983). Anterior cingulate gyrus and
cortex are associated with sustained attention (Posner and
Petersen, 1990). Although dysfunction of the orbitofrontal cortex
plays a major role, failure of these cognitive functions may be
functionally involved together and contribute to the development
of the antisocial behaviors.

The highlight of our voxel-by-voxel SPECT study using the
SPM technique is the finding that the decrement of orbitofrontal
tCBF is associated with antisocial behaviors as well as the duration
of illness in the patients with FTD. MMSE score, on the contrary,
did not correlate with rCBF of the orbitofrontal cortex. A recent
longitudinal study in FTD has shown that the metabolic activity in
the orbitofrontal cortex decreases as the disease progresses
(Grimmer et al., 2004). In this multicenter study, the conjunction
analysis using SPM has demonstrated that the metabolic impair-
ment of orbitofrontal cortex is affected in every FTD patients
(Grimmer et al., 2004). Although this study did not examine the
association between metabolic impairment of orbitofrontal cortex
and antisocial behaviors, it may support the results of the present
study to some extent. Taking these findings together, the
association between antisocial behaviors and rCBF of orbitofrontal
cortex in FTD may appear to be robust.

We must refer to several limitations of the present study. As
described above, we did not pathologically confirm the clinical
diagnosis. However, clinical criteria of FTD are reported to have
high specificities (Rosen et al., 2002). SPM analysis for SPECT
study also has limitations; it can be affected by partial volume
effect (PVE). Matsuda et al. (2002) have established a PVE
correction method for SPECT study and reported its utility. In this
study, however, we did not correct the PVE. In future study,
correlation analysis between antisocial behavior and rCBF using
PVE correction is necessary. We also attempted to clarify the
relationship between the duration of illness and rCBF, but since the
onset of FTD is insidious and its progression is gradual, the
duration of illness remained uncertain (Neary et al, 1998).
Moreover, the number of the subjects was relatively small. Future
studies should overcome these limitations.

In summary, the orbitofrontal dysfunction appears to play a
major role in the emergence of antisocial behaviors in FTD
patients.
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The corpus callosum is the major commissure connecting the cerebral
hemispheres, and there is evidence of its change with aging. The sub-
regions of the corpus callosum (genu, rostral body, anterior midbody.
posterior midbody, isthmus, splenium) respectively comprise fibers
connecting heteromodal- and unimodal-associated cortical regions, and
it is known that abnormalitics of the corpus callosum are correlated
with abnermalities in cognition and behavior. Yet, little is known about
changes in the tissue charaeteristies of its sub-regions. We assessed age-
related changes in fractional anisetropy and mean diffusivity in the
sub-regions of the corpus callosum using ditfusion tensor imaging. We
studied 42 healthy right-handed individuals aged 21-73 years. There
were no significant interactions of sex x region. Age has significant
negative correlation with fractional anisotropy in the genu (£ < 0.001),
rostral body (P < 0.001), and isthmus (P = 0.005). Fractional
anisotropy of the anterior midbody was correlated negatively with
age at a trend level (P = 0.022). Age was significantly positively
correlated with mean diffusivity in the genu ( P = 0.001), rostral body
( P = 0.002), anterior midbody (P = 0.001), and isthmus (7 = 0.001).
Age-related changes were detected in the sub-regions where their
projection areas are thought to be vulnerable to normal aging. This
suggested that fractional anisotropy and mean diffusivity values of the
corpus callosum sub-regions could serve as markers of disturbance
across the vespective projection areas.
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Introduction

The corpus callosum is the major white matter tract that crosses
the interhemispheric fissure in the human brain. It consists of
approximately 200 million interhemispheric fibers, most of which
connect homologous regions of the cerebral cortex (Biegon et al.,
1994). The corpus callosum plays an integral role in relaying
sensory, motor, and cognitive information between homologous
regions in the two cerebral hemispheres (Mazziotta et al., 2001).
The corpus callosum is heterogeneous in its microstructural
composition (Aboitiz ¢t al.. 1992), heterotopic in its anteroposte-
rior cortical connectivity (de Lacoste et al., 1985: Seltzer and
Pandya, 1986; Schwarlz and Goldman-Rakic, 1991), and differ-
entially susceptible to aging {(Aboitiz et al., 1996). Furthermore,
specific regions of the corpus callosum (i.e., genu, rostral body.
anterior midbody, posterior midbody, isthmus, splenium) are
respectively comprised of fibers connecting heteromodally and
unimodally associated cortical regions (Huang et al. 2005:
Witelson. 1989), and the corpus callosum sub-regions are assumed
to have individually different roles of cognition (Baird et al., 2005;
Colvin et al, 2005; Madden et al., 2004) that were revealed by the
use of diffusion tensor imaging (DTI). Since the corpus callosum
sub-regions have their respective original characteristics, the age-
related changes they undergo are of particular interest.

Using magnetic resonance imaging (MRI), the morphology of
the corpus callosum has been extensively studied. Such studies have
shown that abnormalities of the corpus callosum are correlated with
abnormalities in cogniton (Duara et al.. 1991) and behavior
(Yargan and Kinshourne, 2003) and that callosal features becoming
modified during aging indicates modest thinning of its cross-
sectional area, measured on midsagittal sections, through young to
middle adulthood (Pfeflerbaum et al. 1996) with accelerated
thinning in older age (Driesen and Raz. 1995 Salat et al., 1997).
The gross morphology of the corpus callosum revealed on
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conventional MRI, however, does not necessarily reflect the
underlying quality of tissue in its microstructure, which is
measurable with DTI (Le Bihan, 1995, 2003). DTI allows white
matter tracts to be imaged in vivo (Basser and Pierpaoli, 1996) and
provides measures of both diffusivity (a measure of mean
diffusivity (MD), averaged in all spatial directions) and fractional
anisotropy (FA), a measure of the directionality of diffusion
(Pierpaoli and Basser, 1996). Degeneration of white matter tracts
would be expected to result in a reduction in FA, owing (o a loss of
directionality of diffusion as a result of the loss of myelin and
axonal membranes and possibly duc to Wallerian degeneration
(Kantarci et al . 2001). With the use of fiber orientation information,
one can identify various axonal tracts within the homogencous-
looking white matter. White matter fibers in the brain are essential
for linking functional regions. This capability of DTI may be useful
for studying the effects of development, aging, and diseases on
specific white matter tracts of interest.

There have been several reports on the topic of DTI and aging,
and some studies have examined the change of FA in the corpus
callosum (Abe et al.. 2000; Plefferbaum et al.. 2000; Salat et al .
2005; Sullivan et al. 200]: Hasan et al. 2004; Bhagat and
Beaulicu, 2004: Nusbaum et al.. 2001 Chepuwi et al., 2002). Yet,
little 1s known about changes in the tissue characteristics of the
corpus callosum sub-regions. In this study, we investigated the age-
related changes of FA and MD in the corpus callosum sub-regions.
A full characterization of the patterns of the corpus callosum sub-
region microstructure deterioration occurring in normal aging
would lead to an understanding of the pathophysiology of normal
cognitive decline and would provide a proper background for
interpreting the observed changes in neurodegenerative diseases of
the aged beyond those of normal aging.

Methods and materials
Subjecty

Forty-two healthy individuals (32 men. 10 women; mean age:
men 47.3 +19.5 years, 21 to 72 years; women 43.0 + 18.1 years,
24 to 73 years. sce Table 1) participated in this study. All
individuals were right-handed according to the Edinburgh inven-
tory (Oldfield. 1971). Conventional MR images of all subjects
were acquired to exclude brain morphometric abnormalities.
Subjects with neurological illness, head trauma, loss of conscious-
ness, or psychiatric disorder were also excluded. This study was
approved by the [Fthics and Radiation Safety Commitiees of the
National Institute of Radiological Sciences, Chiba. Japan. All
participants gave written informed consent.

DTI datu acquisition and processing

Images were acquired by Philips Intera, 1.5 T (Philips Medical
Systems, Best, The Netherlands). Diffusion-weighted images were

Table 1

Age - gender distribution of cach age group

Age group Male Female
21 38 years 15 4

39 - 56 years 9 3

857 - 73 years N 3

31 (2006) 1445 1452

acquired by single-shot echo-planar imaging with sensitivity-
encoding (SENSE), parallel-imaging scheme (reduction factor =
2.0, TR = 8645 ms. TE = 96 ms). The imaging mamix was 96 x
96, with a field of view of 240 x 240 mm” (nominal resolution,
2.5 mm) zero-filled to 256 x 256 pixels, 60 continuous
transverse slices, slice thickness 2.5 mm, b value 0 s/mm® (1
measurement) and 700 s/mm®. Diffusion was measured along six
non-collinear directions: (x, y, 2) = [(1, 0, 0), (0, 1, 0}, (0, 0, 1),
(=1/V2,1/V2,0), (1/v2.0, =1v/2),(0,1/V2. =1//2)]. The
diffusion gradient pulse duration and separation were 5 = 24 ms
and A4 = 24 ms, respectively. Acquisition time per data set was
approximately 80 s, and total scan time was 40 min. To enhance
the signal-lo-noise ratio, acquisition was repeated 30 times. We
evaluated signal-to-noise ratio in subjects under 30 years of age
{1 = 13) (see Statistica] analysis). The averaged images obiained
with a b value of 0 s/mm” were used for signal-lo-noise
determination (Hunsche et al.. 2001). Signal-to-noise ratio was
defined as the quotient of the mean signal intensity in image of »
value of 0 s/mm” and the standard deviation (SD) within centrum
semiovale (Ogura et al., 2003). We did not use SD in the
background noise because parallel imaging methods such as
SENSE reduce the background noise level. Average signal-to-
noise ratio was 22.0. This is large enough to accurately estimate
parameters derived from diffusion tensor imaging, eigenvalues,
aud anisotropy m particular (Hunsche et al., 2001).

The DTT data sets were transferred to a workstation, and DTI
quantification was preceded by eddy current correction. Each
directional volume from the diffusion data set was resampled to the
b =0 image to correct for remaining eddy current distortion (Kim
etal.. 2002) as well as to correct for participant motion. These data
realignments were performed with the use of software written in
IDL Version 5.5 Win32 (x86) (Research Systems Inc., 2001).
After these processes, we analyzed these data sets by using
DitiStudio (H. Jiang, S. Mori; lohns Hopkins University) after all
diffusion-weighted images were visually inspected for apparent
artifacts due to subject motion and instrument malfunction. From
b =0 and six diffusion-weighted images, six maps of the apparent
diffusion coefficient (ADC) were calculated. Solving six sinmilta-
neous equations with respect to ADC,,, ADC,,, ete. yielded the
elements of the diftfusion tensor. The diffusion tensor was then
diagonalized, yielding eigenvalues 4. Ao, A3, as well as eigenvectors
that define the predominant diffusion orientation. Based on the
eigenvalues, FA and MD were calculated on a voxel x voxel basis
{Picrpaoli and Basser, 1996; Basser and Pierpaoli, 1998; Basser and
Jones. 2002).

I'A was used for the anisotropy map. The eigenvector associated
with the Jargest cigenvalue was used as an indicator of fiber
orientation. For 31 tract reconstruction, {iber assignment by means
of continnous tracking, called the FACT method (Mori et al.,
1999), was used. Fiber tractography was obtained with the
threshold value of fiber tracking termination as FA = 0.2 and
trajectory angle = 50° (Huang ct al.. 2005). To reconstruct tracts of
interest, we used a multiple region-of-interest (ROl approach
(Mori et al.. 2002). Firstly, tracking was performed from all pixels
inside the brain, and results that penetrated the manually defined
ROIs were assigned to the specific tracts associated with the ROIs
(Wakana ot al . 2004). When multiple ROIs were used for selecting
tacts in the corpus callosum sub-regions, we used the CUT
operation (Fig 1) with the DuStudio (Huang et al . 2004). ROIs for
measurement of the corpus callosum sub-regions were placed using
landmarks adopted previously (Witelson. 1989). The rostrum was
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CUT operation

E

w........ U

Fig. 1. CUT operation for fractional anisotropy and mean diffusivity.
Diagram shows the CUT operation in this study. Two ROIs (circles) were
placed on the anatomic landmarks of Fig. 2. When the CUT operation is
used, tracts that run through the ROIs are selected.

treated as an extension of the genu as Witelson had pointed out in
his article. In summary, six callosal subdivisions were defined as
follows. The maximal length of the corpus callosum was taken as
the line joining the most anterior and posterior points of the
callosum. Perpendiculars to this axis were drawn at specific
arithmetic divisions, resulting in six callosal segments (see Fig, 2).
The ROIls of each region were plotted on the two parallel
parasagittal planes located 2.8--8.4 mm (3 -9 planes) on either
side of the midsagittal corpus callosum. The ROIs were drawn
directly onto the FA maps (Sullivan et al. 2005). The size of the
fibers depended on the configuration of each region, with the fibers

Antcrior Posterior
Sl U R - L S Iy R—

<= 1/3 > <= 1/3 ==

ACC PCC

Fig. 2. Corpus calloswn sub-regions. Diagram of the midsagittal view of'the
corpus callosum of the human adult shows the six regional subdivisions
numbered 1 6. ACC and PCC indicate the anterionmost and posteriormost
points of the callosum. with ACC - PCC defined as the length of the
callosum. (3 indicates the anterionmost point on the inner convexity of the
anterior callosum. ACC PCC was used as the hnear axis to subdivide the
callosum into anterior and posterior halves; anterior, middle, and posterior
thirds, and the posterior one-{ifth region (region 6) that is roughly congruent
with the splenium. The line perpendicular to the axis at point G was used to
define the anteriormost division of the callosum, roughly congruent with
the genu (region 1). The rostral body (region 2) was defined as the anterjor
one-third minus region 1. The anterior midbody (region 3) was defined as
the anterior one-half minus the anterior one-third. The posterior midbody
(region ) was defined as the posterior one-half minus the posterior one-
third. The isthmus (region 3) was defined as the posterior one-third minus
the posterior one-1ifil.

to be plotted being visually confirmed between the bilateral lateral
ventricles in the H = 0 image. Mean FA, MD, and eigenvalues of
each voxel comprising cach set of fibers were measured. The
object was to obtain solely white matter areas, and for the purpose
of excluding visibly apparent areas of white matter hyperintensity,
some fibers located on the area of white matter hyperintensity were
manually excluded by NOT operation {Wakana et al.. 2004). A
fiber tracking example showing the parcellation of the corpus
callosum of a young woman is shown in Fig. 3. Two trained
operators placed the ROIs, and the reproducibilities of FA and MD
values were evaluated. The coefficients of variation for these
measurements were as follows: MD, 4.5%: FA, 4.7%. These were
in the same range as previously reported (O Sullivan ct al., 2004).

Statistical analysis

Statistical analyses were performed with SPSS for Windows
11.0.1.  (SPSS Inc, 1989--2001). At furst, sex differences for FA
and MD values of the corpus callosum sub-regions were tested
with analysis of variance {ANOVA) with repeated measures. Then,
the relationships of the FA and MD values of the corpus callosum
sub-regions with age were evaluated by Pearson’s correlation
method. A P value less than 0.008 (0.05/6) was considered
significant to avoid type 1 errors in the multiplicity of statistical
analysis. For further understanding of the environmental alterations
in the aging process of the corpus callosun, the eigenvalues of the
diffusion tensor were also evaluated by Pearson’s correlation
method (Suzuki et al.. 2003; Bhagat and Beaulicu, 2004). A P
value less than 0.003 (0.05/18) was considered significant.

For evaluation of the differences among the 6 divided regions of
the corpus callosum, regional differences for FA values were tested
with ANOVA in subjects under 30 years of age (n = 13) to avoid the
aging effect of FA. Dunnett T3 correction was used. A P value less
than 0.05 was interpreted as being statistically significant.

Fig. 3. Six fiber bundles projected in the corpus callosum sub-regions in
midsagittal (a) and obligue from right anterior angles (b). Red. green, blue,
pink, forest green. and white fibers run through the genu. rostral body.
anterior midbady, posterior midbody. isthmus, and splenium, respectively.
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Results

When FA in men vs. women was compared by ANOVA with
repeated measures across the 6 regions. there were no significant
interactions of sex x region { Fspeo = 1.768; P = 0.12). This result
corresponds well with a previous study (Hasan et al., 2005) and
with the findings of a postmortem study (Aboitiz et al.. 1992). MD
was also compared by ANOVA with repeated measures, and there
were no significant interactions of sex x region { Fsyge = 0.827;
P = 0.53). Thus, the male and female data were pooled to reduce
redundant comparisons and the possible loss of statistical power
due to the small populations.

The decline of FA showed a significant negative correlation
with age in the genu, rostral body, and isthmus. The results are
summarized n Table 2 and Fig 4. FA of the anterior midbody
correlated negatively with age at a trend level (P = 0.025, r =
—0.35). The increase of MD showed a significant positive
correlation with age in the genu, rostral body, anterior midbody.
and isthmus. The results are summarized in Table 2 and Fig. 5. The
changes of eigenvalues are summarized in Table 3 and Fig 6. The
increase of 4>, A, the perpendicular diffusivities, showed
significant positive correlation with age in the genu, rostral body,
anterior midbody. and isthmus (only 4, of the anterior midbody
was correlated at a trend level (P = 0.005)). All 4;, the parallel
diffusivities, showed no correlation with age.

To assess the differences in the division of the corpus callosum
into 6 regions, 13 young volunteers out of the 42 volunteers, age
under 30 years (23.7 + 1.5, mean + SD), were evaluated for
regional differences using ANOVA. ANOVA revealed that the FA
values of the genu and splenium were statistically larger than those
of the rostral body, anterior midbody, posterior midbody, and
isthmus { 2 < 0.001, corrected). There were no differences between
the genu and splenium nor between the rostral body, anterior
midbody, posterior midbody and isthmus (Fig. 7).

Discussion

Previous study showed the FA values of 7 segments of the
corpus callosum and the age-related change of FA in the genu and
splenium (Hasan et al., 2004, 2005). In the present study, we
showed the age dependence of FA, MD, and eigenvalues of the
corpus callosum sub-regions with a larger number of subjects (n =
42). Our results showed that age is significantly correlated with FA
and MD in the genu, rostral body, anterior midbody, and isthmus.
FA in the genu showed a steeper decline with age than that in the
splenium, a finding consistent with postmortem results (Aboitiz et
al.. 1996). Previous studies showed that FA declines in the genu
with advancing age (Abe et al., 2000; PiefTerbaum et al . 2000: Salat
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et al. 2005; Sulbvan et al., 2001; Hasan et al., 2004), relative
anisotropy declines in the genu and splenium (Nusbaum et al.,
2001), and FA declines in the genu and splenium by using {luid-
atienuated inversion recovery-prepared diffusion imaging sequen-
ces {Bhagat and Beaulicu, 2004), whereas one study failed to detect
age-related declines in anisotropy in the corpus callosum (Chepuwi
et al.. 2002). However, no study had investigated the age-related
decline in FA in the corpus callosum sub-regions. Using postmor-
temt material, volume loss in the splenium with advanced age was
indicated (Clarke ct al., 1989), although there was no significant
correlation of FA or MD with age in our study. Clarke et al. and
Nusbaum et al. studied subjects more than 80 years old, while those
of our study were somewhat younger. It is suggested that the
splenium has subtle but increasing sensitivity to aging. Bhagat and
Beaulieu showed a slight decrease in FA of the splenium compared
to the genu as the FA value of older subjects (6174 years) in the
genu had reduced by 13% compared to young subjects (2125
years) but that in the splenium decreased by only 3%. They used
fluid-attenuated inversion recovery prepared diffusion imaging
sequences, which allowed precise quantification of the FA values.
In addition, our study showed that the observed decrease in aniso-
tropy was due to a lack of change in 4, and an increase in 4., A;. Itis
consistent with a previous study (Bhagat and Beaulicu. 2004) and a
basic pathology study that mndicated a decrease in the number of
myelinated nerve fibers with aging (Meier-Ruge et al.. 1992).

We also showed that the mean FA values of 13 subjects in the
genu and splenium were statistically larger than those in the rostral
body, anterior midbody, posterior midbody, and isthnus. This result
corresponds well with previous studies (Hasan et al, 2004, 2005).
The trend of FA (splemium) > FA (genu) has been shown in some
studies (Hasan et al., 2004, 2005; Chepuri et al., 2002; Sullivan et
al.. 2001). On the other hand, some studies regard FA values in the
splenium and in the genu of younger subjects as almost equal
(Bhagat and Beaulieu. 2004; Abe et al.. 2000: Salat et al., 2005;
Foong et al.. 2000). Only Hasan et al. had divided the corpus
callosum using landmarks adopted previously (Witelson, 1989) and
showed that the FA was lower in the genu than in the spleniwm, but
they compared FA values of subjects from 20 to 60 years old. The
decrease of FA in the genu according to aging may affect the results.
Some studies used a method in which the corpus callosum was
subdivided 1nto 3 regions: genu, body and splenium (Chepuwri et al .
2002 Westerhausen et al.. 2004). Our results showed that the FA
value of the anterior one-third differs from that of the genut or rostral
body. The posterior one-third also differed from the isthmwus or
splenium. This highlights the availability of landmarks as used in
the present study for the corpus callosum subdivision (Witelson,
1989).

The sub-regions of the corpus callosum correspond to each of
the specilic projection areas. In this study, we found the aging

Table 2
Associations of age and FA and MD analyzed by Pearson’s correlation coefficient
Genu RB AMB PMB Isthunus Splenium
FA Correlation Coeflicient —0.66 —().53 —(1.35 —0.29 -0.42 -0.17
P value <0.001" <0.001° 0.025" 0.066 0.005" (.204
MD Correlation Coefliciem (.51 0.46 0.49 0.25 0.51 0.28
P value 0.0047 0.002° 0.001" 0.115 0.001° 0.074

RB, rostral body; AMB, anterior midbody:; PMB, posterior midbody. 1 = 42.

AP value less than 0.008 (0.05/6) was considered significamt.
* Fractional anisotropy correlated negatively with age at a trend level.
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Fig. 4. FA values plotted against age. The decline of FA showed a significant negative correlation with age in the genu, rostral body, and isthmus. A 2 value less
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Table 3

Associations of age and eigenvalues analyzed by Pearson’s correlation

coetficient
Genu RB AMB  PMB  Isthmus  Splenium

/1 Correlation  —0.14 0.15 0.35 0.13 038 0.63

Coeflicient

P value 0.378 0.355  0.021 0429 0013 0.692
/5 Correlation  0.64 0.45 0.43 0.23 051 0.18

Coefficient

P value <0.001*  0.003" 0.005" 0.437 0.001"  0.248
/5 Correlation  0.75 053 049 029 049 0.15

Coeflicient

P value <0.001%  <0.001" 0.001" 0.068 0.001" 0346

RB. rostral body; AMB, anterior midbody:; PMB, posterior midbody. n =42.
* A P value less than 0.003 (0.05/18) was considered significant.
® Eigenvalue correlated positively with age at a trend fevel.

effect on FA in the genu, rostral body, and isthmus, which
correspond to the frontal and parietal regions (Huang et al., 2005,
Witelson. 1989) where age-related gray matter volume loss and
decline in FA are observed (Good et al., 2001: Resnick et al., 2003:
Sullivan et al.. 2001). Relation of the corpus callosum sub-regions
with disease, cognition. and development has recently been
reported. The directionality of diffusion in an Alzheimer’s disease
group was significantly decreased in the splenium and caudal
portion of the body of the corpus callosum compared with age-
matched normal volunteers (Rose et al.. 2000). Tibers from the
splenium and caudal portion of the corpus callosum body originate
from temporoparietal regions that are characteristically affected in
Alzheimer’s disease (Brun and Fnglund, 1986). In periventricular
white matter mjury patients with motor deficit, reduced FA was
found in the body region of the corpus callosum. corresponding to
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Rostral Anterior Posterior Isthmus Splenium
body  midbody midbody

Genu

Fig. 7. Mean FA values of 13 subjects in 6 corpus callosum sub-regions.
Regional differences for FA values were tested with analysis of variance
(ANOVA)Y. A P value less than 0.05 (corrected) was interpreted as being
statistically significant. FA value of genu (*) was statistically larger than
those of rostral body, anterior midbody, posterior midbody. and isthmus
(£ < 0.001. corrected). FA value of splenium (¥%) was statistically larger
than those of rostral body, anterior midbody, posterior midbody, and
isthmus (£ < 0.001. corrected). There were no differences between genu
and splentumi nor between rostral body, anterior midbody. posterior
midbody. and isthmus.

the motor cortices (Thomas et al, 2005). A relation was reported
between splenium FA and visual target detection task (Madden et
al . 2004). Some MRI and DTI studies suggested that information
on normal maturational processes from within each of the corpus
callosum sub-regions could serve as markers of the developmental
process across cortical regions (Innocenti, 1994; Keshavan et al.,
2002 Snook et al., 2005). From these results, we suppose that
fewer cortical newrons could be associated with fewer callosal
fibers and that changes in FA or MD in the corpus callosum sub-
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Fig. 6. Figenvalues plotted against age. The increase ol /., /; showed a significant positive correlation with age in the genu, rostral body. anterior midbody.
& t=) E= = - B = p=l & 7 B
and isthmus (23 of the anterior midbody was at the trend Jevel). A 2 value fess than 0.003 (0.05/18) was considered significant.
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regions may imply the degeneration of the respective projection
areas. In this study, we did not detect any significant change of MD
or FA in the posterior midbody or splenium nor did we find
significant change of FA in the anterior midbody. These results
may reflect the slight sensibility to aging of the thalamus. occipital,
and temporal lobe structure (Resnick et al, 2003; Salat et al.
-2005). These projection areas may obscure the aging effect on FA
and MD in these sub-regions.

There is limitation to this study. In this study, the sample size of
female was small. However, it has often been reported that there
was uno significant difference in MD or FA between males and
females (Hasan ¢t al., 2005). The smaller number of females would
not be expected to make a difference. Further work with larger
study populations using the same method will be necessary to
confirm our results.

Correct evaluation of FA and MD in subcortical regions
requires high signal-to-noise ratio. spatial resolution, and well-
experienced neuroradiologists. The results of this study suggest
that simple evaluation of projection areas using FA or MD in the
corpus callosum sub-regions may aid in the comprehension of
neurological disorders that disrupt the corresponding cortical
NEUrons or axons.
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Abstract

The aim of this study was to assess the efficacy and safety of tandospirone, a 5-HT, 4 partial agonist, for
treatment of behavioural and psychological symptoms of dementia (BPSD). Thirteen outpatients with
DSM-IV diagnosis of Alzheimer’s type or vascular dementia were enrolled in this study. Their BPSD and
cognitive functions were evaluated with the Neuropsychiatric Inventory (NPI) and Mini-Mental State
Examination, respectively, for an 8-wk period of treatment. The maximum benefit of tandospirone was
achieved at a mean dose of 19.6 mg/d. There were significant improvements in the NPI subscores for
delusion, agitation, depression, anxiety, and irritability at 2 or 4 wk after the start of administration of
tandospirone. No patients experienced severe adverse effects. The results suggest that tandospirone was
effective at improving BPSD symptoms and well-tolerated in elderly demented patients.
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Introduction

The International Psychiatric Association defines
Behavioral and Psychological Symptoms of Dementia
(BPSD) as non-cognitive symptoms such as behaviour
(e.g. agitation, aggression, wandering, screaming) and
psychiatric disturbances (e.g. hallucination, delusion,
depression, anxiety, insomnia). In a previous study,
BPSD was observed in 20-80% of patients with de-
mentia (Lawlor, 2004). BPSD often could have a nega-
tive impact on patients’ daily activities, and especially
on caregivers’ quality of life (Lawlor, 2004). Although
non- pharmacological interventions should be a first-
line treatment for BPSD, severe BPSD often needs
to be managed with psychotropic agents, especially
atypical neuroleptics such as risperidone, olanzapine,
and quetiapine (Lawlor, 2004). Recently, increased
mortality has been reported in elderly patients with
dementia using atypical antipsychotics (Food and
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Drug Administration, 2005) as well as conventional
antipsychotic medications (Wang et al., 2005). Thus,
it is crucial to develop a safer treatment for BPSD in
demented patients.

Tandospirone citrate, a 5-HT, 4 partial agonist pro-
duced in Japan, is an anxiolytic azapirone, and has
shown anti-anxiety effects as well as antidepressant
effects with remarkable tolerability (Murasaki et al.,
1992). Although there have been only a few reports
regarding the effects of tandospirone on BPSD, bus-
pirone, a 5-HT,  partial agonist like tandospirone, has
been reported to be effective at managing agitation
or aggressive behaviour, and to be well tolerated in
patients with dementia (Cantillon et al., 1996). Here,
we report the usefulness of tandospirone for treating
various behavioural and psychological symptoms of
dementia.

Method
Subjects

Thirteen subjects were recruited from the outpatient
clinic of Tsukuba Central Hospital between April 2003
and April 2004. All had either Alzheimer’s disease
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Table 1. Mean (s.0.) of Neuropsychiatric Inventory (NPI) scores at each time-point with tandospirone (n=13)

Subscale Baseline 2wk after 4 wk after 6 wk after 8 wk after
Delusion 52 (4.9) 39(3.8) 3.1 (3.0 3.5(2.8) 35(2.8)
Hallucination 0.9 (3.3) 0.9 (3.3) 0.1(0.3) 0.7 (2.2) 0.7 (22)
Agitation/Aggression 6.6 (4.4) 4.5 (3.5)* 3.4 (2.6)* 3.2 (2.5 3.2 (2.5)*
Depression/Dysphoria 42 (5.3) 34 (4.1) 22 (27) 2.2 (2.8) 2.0 (2.7)*
Anxiety 58 (5.2) 42 3.9y 32(2.8) 29 (2.6)* 2.5 (2.0)*
Euphoria/Elation 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 0.0 (0.0)
Apathy/Indifference 4.9 (4.1) 4.6 (3.9) 4.6 (3.9) 4.6 (3.9) 4.6 (3.9)
Disinhibition 152.7) 1.52.7) 0.8 (1.3) 0.8 (1.3) 0.9(1.4)
Irritability /Lability 6.5 (4.5) 4.4 (4.0 2.7 (2.8)** 2.6 (2.9)* 2.6 (2.9)**
Aberrant motor behaviour 5.2 (4.6) 4.8 (4.6) 3.9 (44) 39(44) 3.9 (4.4)

NPT subscale scores at each time-point were compared to baseline scores using the Wilcoxon signed-rank test.

* p<0.05, *p<0.01.

(AD) or vascular dementia (VD), according to DSM-IV
(APA, 1994) diagnostic criteria, and exhibited one or
more BPSD symptoms that had been unmanageable
with non-pharmacotherapy for at least 1 month.
All patients and their caregivers provided written
informed consent for study participation; if a patient
lacked the ability to give consent, we obtained it from
his/her caregiver. The patients underwent physical,
neurological, and laboratory examinations as well as
brain magnetic resonance imaging or brain computed
tomography. If they had a serious physical illness or a
past history of mental or neurological disorders, they
were excluded from the study.

Study design

The trial was an open-label, 8-wk study. The Mini-
Mental State Examination (MMSE) and Clinical Global
Impression (CGI) Rating Scale were used to assess the
severity of cognitive deficits at baseline, and to evalu-
ate the clinical improvements at 8 wk. The frequency
and severity of BPSD were assessed according to the
Neuropsychiatric Inventory (NPI; Cummings et al.,
1994) at baseline and 2, 4, 6, and 8 wk after the start of
tandospirone administration. Initially, the adminis-
tration of tandospirone started at 10 mg/d, divided
into morning and evening doses. If the efficacy was
deemed insufficient, the daily dose was increased
weekly by 5mg/d to a maximum dose of 30 mg/d.
The maximum effective and tolerated dose was deter-
mined based on clinical judgment and NPI scores.
Ten patients in this study were receiving other medi-
cations (tiapride 3, donepezil 4, risperidone 2, and
mianserine 2) at the study’s start. These medications
were continued at the same dose. We did not add
or change any psychotropic medications during the

investigation. Changes in the NPI scores were ana-
lysed by means of the Wilcoxon signed-rank test.

Results

All patients completed this trial. Their mean age was
76.7 +7.8 (range 67-93) yr, and seven (53.8%) of the 13
patients were male. Among the patients analysed, six
(46.2%) had AD and seven (53.8%) had VD. Their
baseline MMSE score was 13.9 +6.5 (range 0-22). The
maximum benefit of tandospirone was achieved at
19.6+8.0mg/d (range 10-30). No serious adverse
effects were observed during the study. The efficacy
evaluations at each time-point are shown in Table 1.
At 8wk, scores for agitation/aggression, anxiety,
irritability /lability, and depression/dysphoria sig-
nificantly improved. These symptoms, except for
depression/dysphoria, had already improved at
2 wk after the treatment with tandospirone, while the
depression/dysphoria score significantly improved
4 wk after the treatments start. For evaluation of CGI,
clinical improvements of the BPSD were observed in
10 (77 %) of the 13 patients (6 very much improved,
1 much improved, 3 minimally improved, 2 no
change, 1 minimally worse).

Despite study design limitation, this open-label
pilot trial suggests that moderate doses of tandospir-
one (mean dose 19.6 mg/d) significantly reduced the
severity and frequency of BPSD, including psycho-
logical symptoms such as depression, anxiety, and
irritability /lability, as well as behavioural symptoms
such as agitation and aggression. In addition,
approximately 70% of the subjects showed clinical
improvements in the symptoms evaluated by CGL
No patients showed serious adverse effects such
as extrapyramidal symptoms and drowsiness, which



are often observed in patients taking neuroleptics
and benzodiazepine. Collectively, our study suggests
that tandospirone is an effective and well-tolerated
treatment for BPSD.

Discussion

Recently, the effects of busipirone, a 5-HT;5 partial
agonist like tandospirone, on aggression and agitation
in demented patients have been reported (Cantillon
et al., 1996). Lai et al. (2003) have reported that the
5-HT,, receptor density in brains of AD patients
correlates negatively with the maladaptive behaviour
of aggression. It has also been reported that in a case
study, tandospirone improved aggression in four
out of seven demented patients (Yamane, 2001). The
present study suggests that tandospirone is effective
for aggression and agitation in patients with dementia,
‘presumably due to improvements in serotonergic
dysfunction in the brain. We also observed the effects
of tandospirone on depression and anxiety symptoms
of patients with dementia in this study. A double-
blind study comparing tandospirone and diazepam
for the treatment of neurosis demonstrated that
tandospirone has shown anti-anxiety effects similar
to diazepam, and also that tandospirone had anti-
depressant effects (Murasaki et al., 1992). In a prior
study of nine demented patients with depressive
symptoms, 15mg/d tandospirone manifested an
effect on depressive symptoms (Masuda et al.,, 2002).
The results of our study are consistent with those of
these prior studies. In addition, our study showed
improvements in agitation/aggression, anxiety, and
irritability /lability at 2wk, thus indicating that
tandospirone takes effect relatively soon after com-
mencing treatment. Recently, Sumiyoshi et al. (2001)
reported that tandospirone is useful for improving
cognitive performance in patients with schizophrenia.
Although it remains to be determined if tandospirone
improves cognitive function in patients with de-
mentia, it is reasonable to suppose that tandospirone is
also safe with respect to cognitive function, since
neuroleptics often induce aggravation of cognitive
function in patients with dementia.

In the present study, tandospirone showed a lack of
severe adverse effects, and was effective for various
BPSD; thus, tandospirone is a promising medicine for
safely managing BPSD.
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Abstract

Mpyotonic dystrophy type 1 (MyD) is a common inherited neuromuscular disorder. In addition to neuromuscular symptoms, many MyD patients
show central nervous system neuropathology. This study evaluated whether MyD patients display diffusion tensor (DT) abnormalities associated
with regional cortical atrophy and clinical features. Three-dimensional T1-weighted and DT magnetic resonance images of the brain were obtained
in 11 MyD patients and 13 age- and sex-matched healthy subjects. Fractional anisotropy (FA) and mean diffusivity (MD) values were calculated
in corpus callosum subregions with DT imaging (DTI) along with volumetric changes, and correlations with clinical features were examined.
Differences between MyD patients and healthy subjects were analyzed statistically. Significantly lower FA and higher MD values were found in
the genu, rostral body, anterior midbody, posterior midbody and splenium in MyD patients than in control subjects (p <0.05, corrected; lower
FA in the splenium was at a trend level). These corpus callosum subregions were the areas connected to cortical areas where significantly lower
volumes were found in MyD patients. No significant decrease in volumes was noted in the parietal cortex, where connecting fibers pass through
the isthmus in which DTI abnormalities were not detected in MyD patients. Significant negative correlations to volumes of frontal areas were
noted, particularly bilateral motor areas, with cytosine thymine guanidine (CTG) triplet expansion. DTI results in corpus callosum may reflect
morphological changes in the connecting cortical areas of MyD patients.
© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Myotonic dystrophy; Fractional anisotropy; Mean diffusivity; Voxel-based morphometry; CTG repeat

Myotonic dystrophy (MyD) is a hereditary disease charac- MyD patients [,4]. Some pathological data concerning brain

terized by muscular atrophy and myotonia associated with
various systematic abnormalities, including some in the central
nervous system [ 1]. MyD patients display cognitive disorder,
personality change and hypersomnia. This progressive auto-
somal dominant, multisystemic disease is characterized by an
unstable triplet cytosine thymine guanidine (CTG) repeat on
chromosome 19, which appears to be excessively amplified [8].

Previous magnetic resonance imaging (MRI) studies of
the brain have shown ventriculomegaly, scattered patches
of increased signal in white matter, and cortical atrophy in

* Comresponding author. Tel.: +81 42 341 2711; fax: +81 42 346 2094.
E-mail address: snoriko@nenp.go.jp (N. Sato).

0304-3940/$ ~ see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
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involvement in MyD have shown central nervous system neu-
ropathology, cell loss in the cerebral cortex, neuronal inclusion
bodies mostly in the thalamus, caudate and other brainstem
nuclei, decreased myelin sheathing, and increased neurofib-
rillary tangles [11,18]. However, few studies have examined
relationships between morphometic or microstructural changes
of the brain and disease severity.

Diffusion tensor imaging (DTI) is a sophisticated MRI
technique that reveals tissue microstructure [16,17], allows in
vivo white matter tract imaging [2], and provides measures of
both diffusivity (a measure of mean diffusivity (MD), averaged
in all spatial directions) and fractional anisotropy (FA), a
measure of the directionality of diffusion [22]. DTI analysis
of cerebral white matter in MyD patients has been reported
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previously [9,23], but scattered patches of increased signal in
" white matter made microstructural changes in manually plotted
regions of interest (ROIs) difficult to discuss.

The corpus callosum (CC) displays heterotopic anteroposte-
rior cortical connectivity. Furthermore, specific regions of the
CC (i.e., genu, rostral body, anterior midbody, posterior mid-
body, isthmus and splenium) comprise fibers connecting hetero-
and unimodally associated cortical regions [13,25]. The genu,
rostral body, anterior midbody, posterior midbody, isthmus and
splenium comprise fibers connecting caudal/orbital prefrontal
areas and inferior premotor area, prefrontal area, frontal area
and motor system, frontal area and motor system, parietal area,
temporal and occipital areas, respectively, and the FA and MD
values of CC subregions are linked to the associated regions
[12,21]. Evaluation of normal-appearing white matter of the CC
subregions could be used as a marker of the projection area,
where ROIs are difficult to place.

This study performed DTI and voxel-based morphometry
(VBM), which can be used to evaluate regional changes in brain
volumes, to determine whether MyD patients have DT abnor-
malities associated with regional cortical atrophy. Furthermore,
we also evaluated relationships between these MR data and var-
ious clinical features, such as CTG triplet expansion.

A total of 11 MyD patients (six men, five women; mean age,
56.6 - 8.6 years; mean duration of illness 28.5 4+ 15.5 years;
mean age at onset, 28.2 & 13.8 years) and 13 sex- and age-
matched healthy subjects (six men, seven women; mean age,
56.3 £12.5 years) were examined. Patients with congenital
MyD or any other neurological disease, and healthy subjects
with neurological illness, head trauma, loss of consciousness or
psychiatric disorder were excluded. Diagnosis was made based
on family history, presence of myotonia on clinical examination
and/or myotonic discharge on electromyographic examination.
Diagnosis was confirmed by linkage analysis using DNA mark-
ers on chromosome 19 evaluated in all patients from leukocytes
and showing abnormally numerous repeats of the CTG fragment.
For clinical data, disease duration, age at onset and age at scan
date were examined, in addition to repeats of CTG triplet expan-
sion in each patient. All participants provided written informed
consent, and the protocol was approved by the local ethics com-
mittee.

MR images were performed on a 1.0-T Magnetom Har-
mony system (Siemens, Erlangen, Germany). DTI was per-
formed in the axial plane (echo time (TE)/repetition time (TR),
113/10,100 ms; field of view (FOV), 230 mm x 230 mm; matrix,
128 x 128; 40 continuous transverse slices; slice thickness 3 mm
with no interslice gap). To enhance the signal-to-noise ratio,
acquisition was repeated 5 times. Diffusion was measured along
12 non-collinear directions ((x, y, 2) =[(1, 0, 0.5) (0, 0.5, 1) (0.5,
1,0)(1,05,0) (0,1, 05) (05,0, 1) (1, 0, -0.5) (0, —0.5, 1)
(-0.5,1,0) (1, -0.5,0) (0, 1, —0.5) (0.5, 0, 1)]) with the use
of a diffusion-weighted factor b in each direction for 700 s/mm?Z,
and one image was acquired without use of a diffusion gradi-
ent. The signal-to-noise ratio in the b =0 image was roughly
30 in the central semiovale. This was large enough to accurately
estimate the parameters | 14 ]. The DTI examination took approx-
imately 11 min. High spatial-resolution, 3-dimensional (3D) T1-

weighted images of the brain were obtained for morphometric
study. The 3D T1-weighted images were scanned in the sagit-
tal plane (TE/TR, 3.93/2080 ms; flip angle, 15°; effective slice
thickness, 1.23 mm; slab thickness, 177 mm; matrix, 208 x 256;
FOV, 256 mm x 315 mm; acquisition, 1) yielding 144 contigu-
ous slices through the head. In addition to DTI and 3D T1-
weighted images, conventional axial T2-weighted turbo spin
echo images (TE/TR, 89/6580 ms; flip angle, 180°; slice thick-
ness, 5 mm; intersection gap, 0.4 mm; matrix, 128 x 128; FOV,
230 mm x 230 mim; acquisition, 1) and fluid attenuation inver-
sion recovery images in an axial plane (TE/TR, 104/9100 ms;
flip angle, 150°; slice thickness, 3 mm; intersection gap, 0 mm;
matrix, 256 x 256; FOV, 230 mm x 230 mm; acquisition, 1)
were acquired to exclude cerebral vascular disease. On conven-
tional MRI, no abnormal findings were detected in the brain
except for cerebral atrophy and cerebral white matter signal
abnormalities compatible with MyD in all patients.

Raw diffusion tensor data were transferred to a worksta-
tion and DTI data sets were analyzed using DtiStudio software
(H. Jiang, S. Mori; Johns Hopkins University). Diffusion ten-
sor parameters were calculated on a pixel-by-pixel basis, then
FA, MD, and finally 3D fiber tracts were calculated. Fiber trac-
tography was performed with a threshold value of fiber-tracking
termination of FA = 0.2 and a trajectory angle of 50° [13]. In this
study, we selected the range-designated tract fibers as the ROIs
for the evaluation of FA and MD in the same manner as previ-
ously reported [21,25]. Six callosal subdivisions were defined at
the midsagittal plane, with the CC being divided into the genu,
rostral body, anterior midbody, posterior midbody, isthmus and
splenium, from anterior to posterior. The anterior half included
the genu, rostral body and anterior midbody. The line perpen-
dicular to the axis at the anterior point on the inner convexity
of the anterior CC was used to define the anteriormost division
of the CC, indicating the genu. The rostral body was defined
as the anterior one-third minus the genu. The anterior midbody
was defined as the anterior half minus the anterior one-third.
The posterior half included the posterior midbody, isthmus and
splenium. The posterior midbody was defined as the posterior
half minus the posterior one-third. The isthmus was defined as
the posterior one-third minus the posterior one-fifth. The pos-
teriormost one-fifth of the CC represented the splenium. Next,
tracts of interest were calculated between two parasagittal planes
located 3.8 mm (two planes) on either side of the midsagittal CC.
Mean FA and MD for each voxel comprising each set of fibers
were measured. Statistical analyses were performed using SPSS
for Windows 11.0.1J software (SPSS, Japan Co., Tokyo, Japan).
Initially, differences in FA and MD values of the CC subregions
between MyD patients and healthy subjects were evaluated using
Student’s r-test. Values of p <0.008 (= 0.05/6) were considered
statistically significant to avoid type 1 errors in the multiplicity
of statistical analysis. Relationships of the FA and MD values
of CC subregions with CTG expansion, age at onset, age at scan
data, and disease duration were evaluated using Pearson’s cor-
relation method. Values of p < 0.008 (=0.05/6) were considered
significant.

To clarify volume differences between patients and healthy
subjects, structural 3D T1-weighted MR images were ana-
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Fig. 1. (a) Regions of atrophy for gray matter in myotonic dystrophy patients compared to healthy subjects (two-sample r-test, SPM 2). Significant volume losses
were detected in the prefrontal cortex, thalamus, striatum, temporal cortex and occipital cortex, but not in the parietal cortex. (b) Regions of atrophy for the corpus
callosum in myotonic dystrophy patients compared to healthy subjects (two-sample r-test, SPM 2). Significant volume decrease was detected in the genu.

lyzed using an optimized VBM technique. Data were analyzed
using Statistical Parametric Mapping 2 (SPM2) software (Well-
come Department of Imaging Neuroscience, London, UK) run-
ning on MATLAB 6.5 (Math Works, Natick, MA). Images
were processed using optimized VBM script (dbm.neuro.uni-
jena.de/vbm.html). Details of this process are described else-
where [10]. Normalized segmented images were modulated
by multiplication with Jacobian determinants of spatial nor-
malization function to encode the deformation field for each
subject as tissue density changes in normal space. Images
were smoothed using a 12mm full-width half-maximum of
an isotropic Gaussian kernel. Statistical analyses were per-
formed using SPM2 software. Differences in regional gray mat-
ter volume and white matter volume, especially callosal volume,
between MyD patients and healthy subjects were assessed by
the two-sample #-test, while the relationship between regional
gray matter volume and CTG expansion, disease duration, age
at onset, and age at scan date of the MyD patients was evaluated
by single regression model. Only correlations that met these cri-
teria were deemed statistically significant. In this case, a seed
level of p<0.001 (uncorrected) and a cluster level of p<0.05
were selected.

Significant differences in FA and MD were noted between
MyD patients and healthy subjects in the genu, rostral body,
anterior midbody, posterior midbody and splenium (Table 1).
Only the difference in FA in the splenium was at a trend level
(p=0.019). Nosignificant differences were noted in the isthmus.
However, no correlations were found between FA and MD values
and CTG expansion, disease duration, age at onset, and age at
scan date in MyD patients (data not shown).

CC subregions comprised fibers connecting associated
cortical regions, so atrophy of these areas was evaluated using
VBM analysis. Significantly decreased volumes in prefrontal,

temporal and occipital areas, thalamus and striatum were
found, but not in parietal areas (Fig. 1a), where connecting
fibers pass through the isthmus. The callosal volume was also
measured, with volume loss being detected only in the genu of
CC subregions (Fig. Ib). Significant negative correlations were
also found between cerebral volumes and CTG expansion in
bilateral motor areas (Fig. 2). These areas were not correlated
with disease duration, age at onset, or scan date (data not
shown). .

DTI was used to evaluate microstructural changes in CC sub-
regions in 11 MyD patients. Changes in FA and MD values
were detected in the genu, rostral body, anterior midbody, pos-
terior midbody and splenium, comprising fibers connecting the
frontal area, motor system, and temporal and occipital areas. No
such changes were detected in the isthmus containing fibers con-
necting to the parietal area. Conversely, VBM analysis revealed
regional volume atrophy of areas, such as the prefrontal cor-
tex, thalamus, striatum, temporal cortex and occipital cortex,
but not the parietal cortex. These changes in the microstructure
of CC subregions corresponded well with atrophic cortical areas,
where fibers connecting between the hemispheres ran through
these CC subregions. This study also revealed that CTG expan-
sion size correlates with volume loss of the motor and prefrontal
cortices.

Only two previous studies have evaluated FA and MD
changes of the brain in MyD patients, examining various white
matter areas. Regarding the CC, only estimations of the genu
and splenium were made, and those data were consistent with
our own findings. However, no estimations of the rostral body,
midbodies or isthmus were made [9,23]. Furthermore, data
were obtained from manually plotted ROIs, whereas our data
were obtained from 3D fiber tracts between the two paral-
lel parasagittal planes on either side of the midsagittal CC.



M. Ora et al. / Neuroscience Letters 407 (2006) 234-239 237

i "~ H PR
T LTI

Fig. 2. Relationship between regional gray matter volume and CTG expansion in MyD patients (single regression model, SPM2). There was negative correlation
between CTG expansion size and gray matter volumes of the bilateral motor area and right prefrontal cortex.

Our detailed examination showed differences in microstructural
changes between the two sides.

No postmortem studies have revealed neuronal degeneration
of the CC, but cortical neuronal losses are known to occur in gray
matter of MyD patients [[8]. These changes in CC may sug-
gest that the loss of myelin and axonal membranes in some CC
subregions may be due to Wallerian degeneration derived from
atrophy of those projected cortical areas [19]. The absence of
microstructural changes in the isthmus would be due to the lack
of atrophic changes of the parietal cortex. The difference in FA at
the splenium, which comprises fibers connecting temporal and
occipital lobes, was at a trend level. In our study, regional volume
losses were also revealed in temporal and occipital cortices. The
failure to detect significant changes in the splenium could thus
be ascribed to the degree of volume changes. In the occipital
lobe, cortical atrophic changes were lower than in other corti-
cal regions in our patients. To determine whether the changes
of FA in CC subregions were related to CC subregion volume
losses, we investigated the callosal volume. Significant volume
decrease was shown only in the genu, not in the other CC sub-
regions. This indicated that the reduction of callosal volume did
not contribute to the reduction of anisotrophy. Furthermore, it
may suggest that the microstructural changes precede the mor-
phometrical changes of the CC subregions.

Microstructural changes in the rostral body, anterior midbody
and posterior midbody would be caused not only by degener-
ation of the frontal area, but also by dysfunction of the motor
system. Decreases in volume of the thalamus and striatum were
detected in this study, and neuropathological changes in the tha-
lamus, caudate, brainstem nuclei and the so-called motor system
are well known [6.11,20]. These changes were of major inter-
est both for research and clinical practice. However, regarding

DTI analysis, the thalamus and striatum are known to display
laterality and subregional differences [3,7], and comprehensive
evaluation of the motor system is complicated. FA and MD val-
ues of these areas could thus serve as indices of disturbance
across motor areas. The mean MD value in the isthmus of CC
in normal subjects is larger than in other subregions. However,
a previous study showed that the MD of the isthmus is larger
and accelerated along with age compared to the other CC subre-
gions, and the data of the present study corresponded well with
the previous one [21].

In this study, correlations between DTI metrics and clinical
features, such as age at scan and CTG repeat were not found.
This may be due to the fact that the age distribution of MyD was
quite narrow (one was 34 years old, and the others were 50-64
years old), and thus the results were not influenced by an aging
effect. This VBM analysis showed a correlation between CTG
repeat and the limited regional volumes. However, the FA and
MD values of the CC subregions were indirect indices of the
related cortical regions, and the slight changes of gray matter
would not affect the FA and MD values of CC subregions.

Correlation between changes of brain structures and CTG
expansion were analyzed, and it was revealed for the first time
that CTG expansion size correlates with volume loss of the motor
and prefrontal cortices. CTG expansion size is known to cor-
relate with disease severity [11], cognitive executive (frontal)
deficits [24], full scale intelligence quotient (IQ), performance
IQ, and verbal IQ [15]. Motor areas in MyD patients were
smaller than in healthy subjects [ 1]. Cerebral hypoperfusion of
the frontal lobe and working memory deficit were also reported
in MyD patients [5,15]. Our findings may explain the correla-
tions between these changes. Previous studies were unable to
detect correlations between volume and CTG expansion size
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Table 1

Differences in fractional anisotropy (FA) and mean diffusivity (MD) in myotonic dystrophy (MyD) patients and healthy subjects

Splenium

Isthmus

PMB

AMB

Genu

0.77+£0.077 (¢
0.84 3 0.04

0.56£0.07 (¢
0.70£0.12

0.70+£0.09" (¢
0.844+0.04

2.73)

0.61£0.08 (r=1.43)

=3.42)
0.66 £0.10

0.61+0.11" (¢
0.74 - 0.08

3.15)

0.60£0.10" (¢
0.72£0.09

3.45)

4.56)

FA in MyD patients

FA in healthy subjects

MD in MyD patients

1073142 (¢
8.4640.88

9.004+ 1.10" (t=-4.02)

7.46+0.78

=—2.04)

11.36 £2.06 (¢

9.92+1.38

—4.78)

10.82£2.79" (1=-2.93)

8.3841.04

1145£1.92 (1=-3.49)

8.62 £2.06

10.27 £ 1.85" (1=-5.13)

7.23£0.73

MD in healthy subjects

y; PMB, posterior midbody; MD: (10~ mm?2/s).

Significant difference between MyD patients and healthy subjects; jp < 0.008 (

RB: Rostral body; AMB: anterior midbod
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0.05/6) was considered significant.

).

®

Difference between MyD patients and healthy subjects at a trend level (p <0.05

ek

| 1. Participants in those studies contained patients who became
ill in childhood. Patients with early onset, such as congenital
MyD are known to show severe neuromuscular symptoms and
CNS disorders {11]. A combination of adult and younger onset
patients may thus affect the results. However, the number of
patients in the present study was small, raising the question of
adequate statistical power. Further studies with larger groups of
patients and controls are warranted to confirm our results.

In summary, microstructural changes of FA and MD in CC
subregions connecting to cortical areas correlate well with cor-
tical volumes in MyD patients. Significant negative correlations
also exist between the volume of the frontal cortex, particu-
larly the bilateral motor areas, and CTG triplet expansion size.
DTI and VBM demonstrated the presence of microstructural
changes, especially in motor neurons of MyD patients.
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