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Abstract
Introduction We sought to determine whether diffusion-
tensor imaging (DTI) can detect in vivo axonal damage in
the corticopontocerebellar pathway of patients with adult-
onset ataxic neurodegenerative disease.
Methods Conventional MRI and DTI were performed on
18 patients with adult-onset ataxic neurodegenerative
disease and 28 age-matched control subjects. Fractional
anisotropy (FA) and the mean diffusivity (MD) were
measured in the ventral, central, and dorsal pons, middle
cerebellar peduncle (MCP) and internal capsule to evaluate
corticopontocerebellar projection. Changes in FA and MD
values were compared between patients and controls.
Clinical disability was assessed according to the Interna-
tional Cooperative Ataxia Rating Scale (ICARS). The
relationship between DTI measurements and ICARS was
studied. Follow-up MRI was performed in five patients
approximately 1 year later.
Results FA values were significantly lower in the ventral
and central portions of the pons, MCP, and internal capsules
than in these areas in control subjects (P<0.05) with the
lower FA values correlating with poorer ICARS (r>−0.57,
P<0.05). MD values were elevated in these areas, but the

differences were smaller than for the FA values. No
relationship was observed between the MD and ICARS.
In the five patients who underwent the follow-up study,
there were significant decreases between the initial study
and the follow-up DTI study for FA in the MCP and
internal capsule (P<0.05).
Conclusion DTI can demonstrate a degenerated cortico-
pontocerebellar pathway in patients, and FA values can be
correlated with ataxia severity. DTI may be a clinically
useful tool as a quantitative surrogate marker for monitor-
ing disease progression.
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Introduction

Ataxic neurodegenerative diseases include some heteroge-
neous groups and have been classified by clinical and
pathological observations. Recent advances in genetics have
permitted hereditary spinocerebellar ataxia (SCA) to be
divided into over 20 subtypes [1]. The majority of sporadic
diseases are multiple system atrophy (MSA) and late-onset
cerebellar cortical atrophy (LCCA). The dominant clinical
feature of these diseases is progressive ataxia, and the
primary lesion is considered to be a deterioration of the
pontine nuclei, pontocerebellar tract, and cerebellum [1, 2].

In previous magnetic resonance (MR) imaging studies,
the evaluation and assessment of neurodegenerative ataxic
disorders has included morphological analysis [2–7], signal
intensity changes [8, 9], proton MR spectroscopic imaging
[10, 11], and diffusion-weighted imaging [12–19]. Diffu-
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sion-tensor imaging (DTI) is a recently developed MR
technique that provides information regarding diffusion of
water molecules in tissue [20]. Two scalar measurements,
mean diffusivity (MD) and fractional anisotropy (FA) can
be extracted from DTI and can be used to create
quantitative isotropic and anisotropic maps, respectively.
MD represents the magnitude of diffusion [21] and FA
quantifies the preferential direction of water diffusion along
white matter tracts [22]. The diffusion of water is faster
along the longitudinal axis of a group of aligned fibers than
along the perpendicular (transverse) axis [23, 24].

The pontocerebellar tract has been previously studied by
DTI in patients with MSA (16, 17, 19), pure cerebellar
syndrome [18], parkinsonian syndromes [19], cerebellar at-
rophy in phenytoin users [16], and crossed cerebellar
diaschisis [25]. These studies have shown decreased FA
values in the pons and/or middle cerebellar peduncle
(MCP). In patients with MSA, a decrease FA in the pons
has been debated. The area and size of the region of interest
(ROI) were not defined in the previous studies [17, 18]. The
purpose of this prospective study was to confirm the
previous results and in particular to confirm which param-
eter (FA or MD) is more valuable in the determination of the
loss of white matter integrity, to discover which area of the
pons is most severely affected in patients with ataxic
neurodegenerative disease, and to detect possible ongoing
degeneration of the white matter tracts in patients who can
be followed for a year. In addition, we also investigated the
correlation between FA and clinical severity.

Material and methods

Patients

This study was done between May 2004 and April 2006. A
group of 25 patients with ataxic neurodegenerative disease
were consecutively studied by DTI. The patients underwent
neurological examinations, blood and cerebrospinal fluid
analysis, and brain MR imaging. Paraneoplastic syndrome,
metabolic encephalopathies, inflammatory diseases, tumors,
and cerebellar vascular diseases were excluded. Clinical
evaluation using the International Cooperative Ataxia
Rating Scale (ICARS) was possible in 18 patients [26,
27]. This study focused on these 18 patients (10 women
and 8 men with ages ranging from 35 to 77 years, mean±
SD 60.4±12.4 years). The median duration of illness was
10 years (range 0.25 to 20 years). Based on the clinical
profile and MR imaging, six patients were diagnosed with
MSA. Two patients were diagnosed with LCCA and ten
patients had a tentative clinical diagnosis of unclassified
spinocerebellar degeneration (SCD). Nine of these ten
patients had a family history of ataxia, six of the nine

patients underwent gene analysis, which revealed SCA type
3 (SCA3) in two patients and SCA type 6 (SCA6) in one
patient; the remaining seven patients had unclassified SCA.
A control group comprising 28 age-matched healthy
volunteers (14 women and 14 men with ages ranging from
41 to 80 years, mean±SD 61.8±12.0 years) with normal
brain MR imaging were also examined.

Five patients agreed to have longitudinal imaging
studies. Follow-up MR imaging was performed at approx-
imately 1 year (mean 360.4 days) after the first MRI
examination. The patients’ data are summarized in Table 1.

This prospective protocol was approved by the Institu-
tional Review Board, and informed consent was obtained
from both patients and controls.

MR imaging

All imaging was acquired using a 1.5-T scanner (Echo-
speed Horizon LX; GE Medical Systems, Milwaukee,
Wis.). Axial images were aligned perpendicular to the long
axis of the brainstem. Axial T1-weighted, T2-weighted
spin-echo images, FLAIR images, and sagittal T1-weighted
images were obtained, with these sequences defined as
conventional MR imaging. The parameters used for DTI
were as follows: TR/TE 17,000/ 92 ms, flip angle 90°,
section thickness 4 mm without gap, 40 sections, NEX 5,
FOV 24×24 cm, matrix 128×128, and in-plane spatial
resolution 1.9×1.9 mm. The sensitizing diffusion gradients
were applied on six axes with two b values of 0 and 600 s/mm2

per axis. Although the b value of 1,000 s/mm2 is said to
be suitable for the DTI in general, we chose to use the b
value of 600 s/mm2 because of the dimensional distortion
that occurs particularly in the posterior fossa structures with
the higher value. The raw diffusion-tensor data were
transferred to a dedicated workstation (Sun Microsystems,
Santa Clara, Calif.), where the DTI data were postprocessed
using image analysis software (FuncTool 3.1; GE Medical
Systems). Maps of the FA and MD were calculated on a
pixel-by-pixel basis as described by Basser and Pierpaoli
[21].

Region of interest analysis

A ROI approach was used to measure FA and MD. A
neuroradiologist (K.K.) with 6 years experience and blinded
to the subject’s characteristics at the time of image analysis
placed the 22-mm2 round ROI over the pons, the center of
the bilateral MCP, and the posterior limb of the bilateral
internal capsule on the FA and MD maps. The pons was
divided into nine segments: ventral, central and dorsal rows
in an AP direction, and the right, middle and left sides in
the transverse direction (Fig. 1). Half-sized ROIs were used
in patients with marked atrophy of the pons and MCP to
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avoid contamination by cerebrospinal fluid. The inferior and
superior cerebellar peduncles were so small that no attempt
was made to measure the FA and MD of these structures.

Imaging and data analysis

Conventional MR images were examined for signal
intensity and morphological changes. T2-weighted axial
images were visually inspected for the presence of hyper-
intensity of MCPs, cruciform hyperintensity in the pons
[8, 9], and vertical slit-like hyperintensity in the pons [28] by
two of the authors (K.K., K.N.). In the event of disagree-
ment, a consensus was reached through discussion. For
morphological changes, the distance between the anterior
surface of the pons and the floor of the fourth ventricle (AP
diameter) was measured in the T1-weighted midsagittal
image displayed on the monitor by one of the authors (K.K.)
(Fig. 2). Average FA and MD values in each ROI were
compared with those of the control subjects. FA and MD
values were compared between the group with hyperintensity

in T2-weighted images and the group without hyperintensity.
In five patients in whom follow-up MR imaging was
performed, signal intensity and morphological changes were
evaluated and FA and MD values were measured; these data
were compared with those of the initial study.

Statistical analysis

Differences in the AP diameters of the pons and in DTI
measurements between the patient group and the control
subjects were evaluated using Student’s t-test for unpaired
samples. The degree of correlation between the FA and MD
values and ICARS scores were evaluated using Pearson
correlation coefficients. The average FA and MD values
calculated for each ROI were compared between the first
and follow-up studies using Student’s t-test. P values less
than 0.05 were considered to indicate a significant differ-
ence. The statistical software package StatView, version 5.0
(SAS Institute, Cary, N.C.) was used to perform all
statistical analyses.

Table 1 Clinical and MRI findings

Patient no. Age
(years)

Sex Disease
duration

International Cooperative
Ataxia Rating Scale score
(total/100)

MRI findings

Pons MCP

T2 hyperintensity AP diameter (mm) T2 hyperintensity

Cruciform Vertical

1 68 M 6 years 65 − + 21.2 –
2a 64 F 10 years 58 − − 20 –
3a 69 F 9 years 53 − − 19.7 –
4a 43 M 5 years 51 − − 20 –
5 67 M 5 years 48 − + 20 –
6 41 F 13 years 48 − − 18.8b –
7a 35 M 16 years 47 − − 22.8 –
8 77 M 14 years 46 − − 22.9 –
9 66 M 3 months 44 − − 22.9 –
10a 64 F 20 years 39 − − 21 –
11 68 F 11 years 38 − − 21.9 –
12 70 F 6 years 36 − + 19.7 –
13 72 F 10 years 34 − − 21.4 –
14 67 M 3 months 30 − − 19.0b –
15 56 F 11 years 30 − − 20.4 –
16 39 M 10 years 17 + + 20.6 +
17 62 F 11 years 14 − − 20 –
18 60 F 3 years 11 − + 19.4b +
Mean±SD Patients 20.7±1.5

Controls (n=28) 21.1±1.5

a Follow-up study patients.
b AP diameter of the pons less than the normal range of control subjects.
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Results

On T2-weighted images, cruciform hyperintensity of the
pons and hyperintensity of the MCP together were
demonstrated in one patient and vertical hyperintensity of

the pons alone was observed in another four patients.
Hyperintensity of the MCP was observed in two of these
five patients (Table 1). The mean AP diameters of the pons
on T1-weighted midsagittal images were 21.1±1.5 mm in
the control group and 20.7±1.5 mm in patients; the
difference was with not statistically significant.

In most of the individuals, no side-related significant
differences in the average FA and MD values were observed
(Table 2). We found a statistically significant decrease in the
FA values in the ventral and central rows of the pons, MCP,
and internal capsule in patients compared with controls. No
significant differences were noted in the dorsal row of the
pons (Table 2). A clear relationship could not be found
between the FA values and disease duration (r=0.08, P=
0.77). A negative linear relationship was found between the
FA values and the ICARS scores in the ventral and central
rows of the pons, the internal capsule, and the MCP, with
the relationship being particularly strong in the ventral pons
(r=−0.82 to −0.85, P<0.0001; Fig. 3), the central row of
the pons (r=−0.73 to −0.77, P<0.001) and the internal
capsule (r=−0.74 to −0.82, P<0.001). A good relationship
was also found between the FA values and the ICARS
scores in the MCP (r=−0.57, P=0.01) but the relationship

Fig. 2 Sagittal spin-echo (500/9 ms) image of 3-mm thickness
showing the measurement of the AP diameter of the pons

Fig. 1 ROIs used in the data
analysis. a, c Color-coded FA
maps on which regions of high
anisotropy are shown in yellow
and red, and regions of low
anisotropy are shown in blue at
the level of the pons (a) and the
internal capsule (c). b, d Color-
coded MD maps on which
regions of high diffusivity are
shown in yellow and red, and
regions of low diffusivity are
shown in blue at the level of the
pons (b) and the internal capsule
(d). The numbered circles show
the regions of interest: 1 right, 2
middle, 3 left in the ventral row
of the pons; 4 right, 5 middle, 6
left in the central row of the
pons; 7 right, 8 middle, 9 left in
the dorsal row of the pons; 10
right, 11 left in the MCP; 12
right, 13 left in the posterior
limbs of the internal capsule
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was not strong compared with that in the ventral and central
row of the pons and the internal capsule (Table 2).

MD values in the patients were higher than in the
controls. There was a significant difference in MD values of
the ventral row of the pons (P<0.05), but not of the internal
capsule or the MCP (Table 2). The difference was less than
that for the FA values. No relationship was noted between
MD values and the ICARS score in any ROI.

The patients were divided into two groups: one group
consisted of 5 patients who showed hyperintensity on T2-
weighed images, and the other consisted of 13 patients who
did not show T2 hyperintensity. An unpaired t-test showed

no significant difference in FA/MD values between these
two groups.

Follow-up examination

Approximately 1 year after the first examination, a follow-
up MRI study was performed in five patients. These
patients had moderately severe ataxia but no abnormal
hyperintensity was noted on conventional T2-weighted
images: three patients (patients 2, 3 and 4) showed a small
decrease in the AP diameter of the pons from the initial
examination. No objective interval change was found on
neurological examination. On follow-up conventional MRI,
no hyperintensity had developed between the first exami-
nation and the follow-up study. The AP diameter of the
pons on midsagittal images showed no interval change. On
the follow-up DTI study, a paired t-test showed significant
differences in FA in the MCP and the internal capsule. FA
values in the MCP were 0.53±0.05 at the initial examina-
tion and 0.50±0.06 at the follow-up examination (P=0.01).
FA values in the internal capsule were 0.66±0.02 at the
initial examination and 0.63±0.01 at the follow-up exam-
ination (P=0.02). MD values were slightly elevated, but not
significantly (Table 3).

Discussion

The dominant clinical feature of ataxic neurodegenerative
diseases is progressive ataxia with the primary lesion
considered to be a deterioration of the pontine nuclei,

Table 2 FA and MD values of the control group and patients with ataxic neurodegenerative disease and correlation coefficients between FA
values and the International Cooperative Ataxia Rating Scale (ICARS) scores in 18 patients

Region FA MD (×10−3 mm2/s) Correlation between
FA and ICARS (n=18)

Controls
(n=28)

Patients
(n=18)

P value Control
(n=28)

Patients
(n=18)

P value r P value

Pons Ventral row Left 0.53±0.07 0.44±0.05 <0.0001*** 0.99±0.20 1.17±0.33 0.02* −0.82 <0.0001
Middle 0.36±0.09 0.31±0.05 0.02* 1.02±0.22 1.11±0.23 0.22 −0.85 <0.0001
Right 0.53±0.08 0.44±0.05 0.0001*** 1.01±0.24 1.21±0.30 0.02* −0.82 <0.0001

Central row Left 0.40±0.07 0.34±0.07 0.01* 1.06±0.24 1.16±0.20 0.16 −0.74 0.0002
Middle 0.32±0.06 0.26±0.05 0.002* 1.08±0.22 1.20±0.21 0.09 −0.73 0.0003
Right 0.39±0.06 0.34±0.07 0.02* 1.07±0.23 1.17±0.21 0.12 −0.77 <0.0001

Dorsal row Left 0.51±0.07 0.49±0.08 0.46 0.96±0.17 1.03±0.17 0.19 −0.03 0.9
Middle 0.42±0.06 0.43±0.07 0.86 1.01±0.26 1.05±0.16 0.56 0.39 0.11
Right 0.52±0.06 0.49±0.08 0.15 0.96±0.19 1.03±0.18 0.24 −0.06 0.81

MCP Left 0.68±0.06 0.57±0.09 <0.0001*** 0.83±0.14 0.96±0.27 0.06 −0.57 0.01
Right 0.68±0.06 0.58±0.09 <0.0001*** 0.83±0.14 0.92±0.15 0.06 −0.57 0.01

Internal capsule Left 0.70±0.04 0.68±0.03 0.04* 0.78±0.05 0.80±0.09 0.23 −0.76 <0.0001
Right 0.70±0.03 0.68±0.03 0.04* 0.79±0.06 0.81±0.09 0.24 −0.82 <0.0001

*P<0.05, **P<0.01, ***P<0.001 vs controls.

Fig. 3 Relationship between FA values in the ventral row of the pons
and ICARS) scores in 18 patients. The FA values were measured for
three ROIs (left, middle, right) on the ventral row of the pons, and the
average FA values of the left and right ROIs were used as a
representative value
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pontocerebellar tract, and cerebellum [1, 2]. Histopatholog-
ically, affected areas are characterized by a loss of neurons
and variable astrocytosis. Pallor or loss of myelin is seen in
the white matter tracts and can be related to the severity of
the loss of neurons in affected areas [1]. The pontocerebellar
tract sends impulses from the pontine nuclei to the entire
cerebellar cortex except for the flocculonodular lobe via the
MCP. The cerebellar cortical neurons project to the cerebellar
nuclei, particularly to the dentate nuclei. Fibers of cerebellar
nuclei which form the superior cerebellar peduncle decussate
completely at the level of the inferior colliculus and ascend
to the ventrolateral nucleus of the thalamus. The major
projection of the ventral nuclei of the thalamus is to area 4 of
the cerebral cortex. Neurons of the motor cortex project into
the pontine nuclei, from where the fibers project to the
contralateral cerebellar cortex via the MCP.

Conventional MR imaging is a useful tool for assessing
the integrity of neural tissues in patients with ataxic
neurodegenerative disease: white matter hyperintensity on
T2-weighted images and atrophy of the brainstem and
cerebellum are common findings [2–9]. This study revealed
signal intensity changes in five patients (28%) and pontine
atrophy in three patients (17%). However, abnormal
findings such as these usually appear on MRI images only
in advanced phases of the disease.

DTI has been demonstrated to show white matter
integrity. Diffusion anisotropy in white matter originates
approximately from the specific organization of this tissue,
as bundles of more or less myelinated axonal fibers running
in parallel; diffusion is in the direction of the fibers [29].
Intact fiber tracts show restricted diffusion and bundles of
myelinated axonal fibers running in parallel would show
high FA values. In disease processes that disrupt the
integrity of the myelin sheath and/or nerve axons, such as

Wallerian degeneration, the restriction of water diffusion
across the fiber tract is reduced, so FA values would be
decreased.

In patients with ataxic neurodegenerative disease, DTI
was able to show decreased FA and increased MD in the
corticopontocerebellar pathway (ventral and central rows of
the pons, MCP and internal capsule). Comparing the FA
and MD values between the patients and the controls, FA
was a more valuable indicator than MD for demonstrating
degenerative changes of the corticopontocerebellar pathway
in patients (Table 2), although both values showed
significant differences between patients and controls.

In the patients, the most significant decrease in FA was
observed in the ventral row of the pons and the MCP
followed by the central row of the pons and the internal
capsule (Table 2). The significant decrease in FA in the
ventral row of the pons may be explained by a loss of
pontine nuclei and astrocytosis and pallor or loss of myelin
in the descending longitudinal fiber tracts and transverse
fibers. The decrease in FA in the central row of the pons
was slightly less significant. This result may be because
there are fewer neuronal fibers in the central row than in the
ventral row of the pons. In contrast, the dorsal row of the
pons did not show any significant FA changes in patients.
This could be because the dorsal row of the pons has many
ascending fiber tracts as described above which appeared to
be less deteriorated than those of the corticopontocerebellar
pathway. A significant decrease in FA in the basis pontis
has been reported in patients with MSA [17, 19]. In those
studies, however, FA was measured in a single ROI in the
central portion of the basis pontis and the size and
placement of the ROI was not clearly defined. In this
study, a ROI was placed in the ventral, central, and dorsal
row of the basis pontis, including the lateral and central

Table 3 FA and MD values in five patients at the 1-year follow-up

Region FA MD (×10−3 mm2/s)

First examination Follow-up examination First examination Follow-up examination

Pons Ventral row Left 0.41±0.02 0.39±0.04 1.30±0.27 1.29±0.17
Middle 0.27±0.03 0.28±0.03 1.24±0.24 1.43±0.35
Right 0.41±0.03 0.40±0.02 1.48±0.34 1.56±0.41

Central row Left 0.31±0.06 0.29±0.04* 1.25±0.19 1.24±0.17
Middle 0.24±0.03 0.24±0.04 1.27±0.14 1.31±0.17
Right 0.31±0.05 0.49±0.06 1.29±0.16 1.32±0.08

Dorsal row Left 0.52±0.04 0.50± 0.05 1.09±0.21 1.09±0.34
Middle 0.45±0.05 0.45±0.05 1.03±0.18 1.03±0.23
Right 0.49±0.06 0.49±0.06 1.08±0.24 1.09±0.33

MCP Left 0.54±0.07 0.49±0.06* 0.98±0.08 1.08±0.18
Right 0.53±0.05 0.50±0.06* 0.99±0.10 1.09±0.11

Internal capsule Left 0.67±0.02 0.63±0.01* 0.80±0.03 0.83±0.06
Right 0.66±0.02 0.63±0.01* 0.80±0.06 0.83±0.07

*P<0.05
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portion of each row. Detailed analysis of the FA values in
the patients suggested that in the pons the ventral row
would better reflect the degenerative change than the
central or dorsal row.

The MCP consists of densely packed fibers running in
parallel. The most significant decrease in FA values in the
MCP in the patients seems to reflect myelin pallor and loss
of myelin of the pontocerebellar fibers, almost all of which
seem to be involved in the disease process. This result is
consistent with those of prior studies in patients with MSA
[16, 17, 19]. The decrease in FA in the internal capsule was
an expected result, since degenerative change of the
pyramidal tract has been pathologically described in
patients with SCD [1, 30, 31]. In this study, the internal
capsule showed a significant decrease in FA but to a lesser
degree than the ventral row of the pons and the MCP
(Table 2). It is speculated that this result can be explained
by the fact that the internal capsule not only contains the
pyramidal tract, which also has compact axonal fibers
running in parallel, but contains many fibers from the
cerebral cortex, some of which would not be affected by
ataxic neurodegenerative disease.

Reduced FA values of the internal capsule have been
reported in patients with amyotrophic lateral sclerosis
(ALS) as well as in those with ataxic neurodegenerative
disease [32–35]. The ALS patients showed a reduction in
FA values in the posterior limb of the internal capsule in
comparison with volunteers. Sach et al. concluded that DTI
could be useful for assessing upper motor neuron involve-
ment in ALS patients before clinical symptoms of the
corticospinal tract lesion become apparent [33].

In this study, the severity of ataxia was evaluated with
ICARS. There was a negative correlation between the
ICARS score and the FA value in the ventral and central
rows of the pons, internal capsule, and MCP. A strong
correlation was noted in the ventral row of the pons and
internal capsule. There have been few studies investigating
FA/MD values in patients with neurodegenerative ataxia
using brain MR-DTI [17–19]. Shiga et al. studied 11 MSA
patients by DTI and found that FA values decreased in the
MCP, basis pontis, and internal capsule. They also found
that ataxia was negatively correlated with FA values in the
MCP but not in the internal capsule, and suggested that
the degree of ataxia in MSA patients may be parallel the
degenerative process in the MCP [17]. This study’s results
suggest that clinical severity is correlated with the degen-
erative changes of the pontocerebellar tract, as Shiga et al.
reported, and may correlate to some extent with those of the
internal capsule. It is unclear why the correlation between
the FA values of the ventral and central rows of the pons
and the internal capsule and clinical severity was stronger
than that between the FA value of the MCP and clinical
severity. Yoon et al. studied five patients with sporadic

cerebellar ataxia and found decreased FA values in the
bilateral MCP and deep cerebellar hemisphere, but normal
FA values in the basis pontis [18]. They found no clear
relationship between FA and ICARS score. No significant
difference in FA change in the basis pontis in their patients
was probably due to the size and placement of the ROI. In
their study, FA was measured by a single large ROI placed
in the central portion of the basis pontis, which appears to
contain the central and dorsal row of the pons and may not
contain a sufficient amount of pontine nuclei and descend-
ing longitudinal tracts. Therefore, FA values of the pons in
their study do not seem to represent the corticopontocer-
ebellar tract. Another group studied 17 patients with MSA,
17 patients with progressive supranuclear palsy, and 12
patients with Parkinson disease with DTI [19]. In the
patients with MSA, FA was markedly reduced in the MCP,
and MD was increased in the pons and MCP. Unfortunately,
these authors did not study FA values in the pons because
they thought that FA changes in the pons would be difficult
to interpret since the pons includes both white matter tracts
and pontine nuclei.

Follow-up conventional MR imaging on five patients
revealed no significant interval change in signal intensity or
AP diameter in the pons. The follow-up DTI study,
however, revealed a significant decrease in FA in the
MCP, the ventral and central rows of the pons, and the
internal capsule. These results suggest that there are
ongoing axonal degenerative changes that are detectable
only by DTI as a significant decrease in FA, but could not
be visualized even by modern conventional MR imaging.
Since the number of patients studied by follow-up DTI was
limited, further studies are recommended.

There were some limitations to this study. First, the
patients with ataxic neurodegenerative disease consisted of
a heterogeneous group of patients with inherited and
sporadic disease sharing the clinical features of progressive
ataxia. Underlying pathological changes, however, are not
the same but are similar between these groups. Therefore,
we believe that the results of this study are reliable and
reflect the underlying pathological processes. Second, the
ROI methodology applied might not be sufficiently
sensitive to detect a potential underlying abnormality in a
proportion of the tracts since so many different fiber tracts
are comingled, particularly in the pons and internal capsule.
ROIs were manually placed, not automatically. Determin-
ing the boundaries of the structure of interest and avoiding
partial volume contamination from unrelated fiber tracts are
problems with this method. Third, the circumference of the
ROIs was held constant for the sampled regions in each
patient, and a ROI of 22 mm2 might be too large to reflect
changes of a microscopic order for neuronal fibers.

In conclusion, this study confirmed that DTI provides a
powerful tool for detecting degenerated corticopontocer-
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ebellar pathways in patients with ataxic neurodegenerative
disease and may provide a useful quantitative tool for
monitoring disease progression. The most reliable sites for
measuring FA values seem to be the ventral aspect of the
pons, the MCP, and the posterior limb of the internal
capsule.
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