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Alzheimer’s disease and frontotemporal dementia (FTD) can be difficult to differentiate clinically because of
overlapping symptoms. Distinguishing the two dementias based on volumetric measurements of brain
atrophy with MRI has been only partially successful. Whether MRI measurements of cortical thinning improve
the differentiation between Alzheimer’s disease and FTD is unclear. In this study, we measured cortical thick-
ness using a set of automated tools (Freesurfer) to reconstruct the brain’s cortical surface from T,-weighted
structural MRI data in 22 patients with Alzheimer’s disease, 19 patients with FTD and 23 cognitively normal
subjects. The goals were to detect the characteristic patterns of cortical thinning in these two types of dementia,
to test the relationship between cortical thickness and cognitive impairment, to determine if measurement of
cortical thickness is better than that of cortical volume for differentiating between these dementias and normal
ageing and improving the classification of Alzheimer’s disease and FTD based on neuropsychological scores
alone. Compared to cognitively normal subjects, Alzheimer’s disease patients had a thinner cortex primarily
in bilateral, frontal, parietal, temporal and occipital lobes (P <0.00l), while FTD patients had a thinner cortex
in bilateral, frontal and temporal regions and some thinning in inferior parietal regions and the posterior cingu-
late (P <0.00l). Compared to FTD patients, Alzheimer’s disease patients had a thinner cortex (P <0.00l) in parts
of bilateral parietal and precuneus regions. Cognitive impairment was negatively correlated with cortical thick-
ness of frontal, parietal and temporal lobes in Alzheimer’s disease, while similar correlations were not signifi-
cant in FTD. Measurement of cortical thickness was similar to that of cortical volume in differentiating between
normal ageing, Alzheimer’s disease and FTD. Furthermore, cortical thickness measurements significantly
improved the classification between Alzheimer’s disease and FTD based on neuropsychological scores alone,
including the Mini-Mental State Examination and a modified version of the Trail-Making Test. In conclusion,
the characteristic patterns of cortical thinning in Alzheimer’s disease and FTD suggest that cortical thickness
may be a useful surrogate marker for these types of dementia.
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Introduction

Alzheimer’s disease and frontotemporal dementia (FTD) are
sometimes difficult to differentiate clinically because of
overlapping symptoms (McKhann et al., 1984; Neary et al.,
1998; Siri et al, 2001). Definite diagnosis requires
histopathological examination of brain tissue. Although

structural MRI data depict characteristic patterns of brain
atrophy in Alzheimer’s disease and FTD, aiding
a differential diagnosis between the dementias (Kitagaki
et al., 1998; Frisoni et al., 1999; Laakso et al., 2000; Rosen
et al., 2002; Gee et al., 2003; Grossman et al., 2004;
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Lipton et al, 2004; Whitwell et al., 2005), a complete
division based on MRI has not been accomplished.
Histopathological studies reported that Alzheimer’s disease
and FTD pathologies are associated with damage to specific
cortical layers, e.g. layer II of the entorhinal cortex and
layer III of the neocortex in Alzheimer’s disease and layer
III and V of frontal and temporal lobes in FTD (Pearson
et al., 1985; Lewis et al., 1987; Gomez-Isla et al., 1996;
Kersaitis et al., 2004). Although current MRI methods lack
the power to resolve individual cortical layers, these
histological ~observations raise the possibility that
MRI-based examination of cortical thickness may be more
specific than volumetric measurements for a differential
diagnosis between Alzheimer’s disease and FTD. However,
since the cortex is a highly folded structure and its surface
is rarely positioned perpendicular to any of the cardinal
axes, measurements of cortical thickness are difficult,
especially in presence of pathological alterations.
Techniques have been recently developed for measuring
cortical thickness in MRI using automated surface recon-
struction, transformation and high-resolution intersubject
alignment procedures (Fischl et al., 1999; Dale et al., 1999;
Fischl and Dale, 2000). In addition, a recent MRI study of
cortical thickness showed thinning of the cortex in broad
brain regions such as medial temporal lobe, frontal and
parietal lobes in patients with Alzheimer’s disease when
compared to cognitively normal (CN) subjects, consistent
with the expected pathological pattern of Alzheimer’s
disease (Lerch et al., 2005). However, to what extent these
patterns in Alzheimer’s disease are dissociable from other
dementias has not been established. Furthermore, MRI
reports of cortical thinning in FTD are sparse. Therefore the
main goal of this study was to determine the characteristic
pattern of cortical thinning in FTD compared to CN and
differences in cortical thickness between FTD and
Alzheimer’s disease. The second goal was to explore
the relationship between cortical thickness and severity of
cognitive impairment in Alzheimer’s disease and FTD.
Lastly, we compared the diagnostic value of assessing
cortical thinning versus cortical volume loss for differentiat-
ing between normal ageing, Alzheimer’s disease and FTD
and tested if measurement of cortical thickness improves
the classification between Alzheimer’s disease and FTD
based on neuropsychological scores alone.

Material and methods

Subjects

Twenty-three CN subjects, 22 patients diagnosed with Alzheimer’s
disease and 19 patients diagnosed with FTD were included in the
study (Table 1). The majority of subjects in this study are identical
to those reported in our previous perfusion study (Du et al., 2006)
except for two patients with Alzheimer’s disease, two patients with
FTD and two CN subjects, who had MRI of inferior quality, not
suitable for reliable tissue segmentation and spatial normalization
processing with Freesurfer (https://surfer.nmr.mgh.harvard.edu).
The patients with FTD and Alzheimer’s disease were recruited
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Table I Demographics
Controls AD FTD

Number (F/M) 23 (14/9) 22(8/14) 19 (3/16)
Age (years) 619+£63 62.84+70 6775
MMSE 299+03 192 +5.5* 25.1 £5.7*
CDR box score 0+0 50+2.8" 63+37"
Modified trail 35.6+6.2 6.0+ 8.0" 173 +11.7°

*P <00l between AD vs CN or FTD vs CN; 'P<00l between
Alzheimer’s disease and FTD. In units of number of corrected
lines per minute.

from the Memory and Aging Center of the University of
California, San Francisco as described in detail in our previous
paper (Du et al., 2006). All patients were diagnosed based upon
information obtained from an extensive clinical history and
physical examination. FTD was diagnosed according to the
consensus criteria established by Neary et al. (1998). Patients
with FTD who had motor neuron disease-related symptoms were
excluded. Patients with Alzheimer’s disease were diagnosed
according to the criteria of the National Institute of
Neurological and Communicative Disorders and  Stroke-
Alzheimer’s Disease and Related Disorders  Association
(NINCDS/ADRDA) (McKhann et al., 1984). All subjects received
a standard battery of neuropsychological tests, including assess-
ment of global cognitive impairment using the Mini-Mental State
Examination (MMSE) (Folstein et al., 1975) scores and global
functional impairment using the Clinical Dementia Rating (CDR)
scale (Morris, 1993). A modified version of the Trail-Making Test
(TMT) was used to assess executive functions (Rosen et al., 2004).
MRI data were visually inspected by a radiologist to rule out
major neuropathologies other than neurodegeneration, such as
tumour, stroke and severe white matter disease. All subjects or
their ~guardians gave written informed consent before
participating in the study, which was approved by the
Committees of Human Research at the University of California
and the VA Medical Center at San Francisco.

Data acquisition and processing

MRI data were obtained on a 1.5T Siemens Vision™ System
(Siemens Inc., Iselin NJ), using a standard quadrature head coil.
Structural MRI data were acquired using a double spin echo
(DSE) sequence and a volumetric magnetization-prepared rapid
gradient echo (MPRAGE) T;-weighted sequence. The parameters
of DSE images TR/TE1/TE2 =2500/20/80 ms  timing,
1.00 x 1.25 mm? in-plane resolution, and about 50 contiguous
3.00mm thick axial slices oriented along the optic nerve as seen
from a sagittal scout MR image. The parameters of MPRAGE
T,-weighted images were: TR/TE/TI = 10/7/300 ms timing, 15° flip
angle, 1.00 x 1.00 mm? in-plane resolution, and 1.40 mm thick
coronal partitions and oriented orthogonal to the image planes of
DSE.

The construction cortical surface was based on 3D MPRAGE
images using Freesurfer (http://surfer.nmr.mgh.harvard.edu/) soft-
ware. The detailed procedure for the surface construction with
Freesurfer has been described and validated in previous papers
(Fischl et al., 1999; Dale et al., 1999; Fischl and Dale, 2000). In brief,
the procedure involves segmentation of white matter, tessellation of
the grey/white matter junction, inflation of the folded surface
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tessellation patterns and automatic correction of topological defects
in the resulting manifold. This surface is then used as the starting
point for a deformable surface algorithm designed to find the grey/
white and pial surfaces with submillimetre precision. This method
uses both intensity and continuity information from the surfaces in
the deformation procedure in order to interpolate surface locations
for regions in which the MRI image is ambiguous. For each subject,
thickness of the cortical ribbon was computed on a uniform grid with
1 mm spacing across both cortical hemispheres, with the thickness
being defined by the shortest distance between the grey/white and
pial surface models (Fischl and Dale, 2000), providing in essence
estimates of submillimetre differences. Thickness measures were
mapped to the inflated surface of each subject’s brain reconstruction,
allowing visualization of data across the entire cortical surface. All
images were aligned to a common surface template using a high-
resolution surface-based averaging technique that aligned cortical
folding patterns. Regions of interest (ROI) on a standard brain
(Desikan et al., 2006) were mapped back to each participant’s native
image space using a high-dimensional spherical morphing procedure
to find the homologous regions across subjects. Then volume and
mean thickness of cortical grey matter in each ROI were determined.
Finally, cortical thickness was smoothed with a 10-mm full width at
half height Gaussian kernel to reduce local variations in the
measurements for further analysis.

Statistics

The comparison of regional cortical thickness variations between
groups was tested regionally unbiased vertex-by-vertex using
analysis of covariance (ANCOVA) with adjustments for age and
sex effects. Significance was set to a P-value of <0.001 without
correction for family-wise errors. In addition to the regionally
unbiased approach, ROIs measured cortical thickness in frontal,
parietal and temporal lobes were also compared between the groups
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using ANCOVA with age and sex as covariates. Furthermore, the
ROI measurements were used to test the relationship between
cortical thickness in frontal, parietal and temporal lobe regions and
cognitive function. Relationships between neuropsychological scores
and MRI measures were tested using Pearson correlation statistics.
The discriminatory powers of cortical thickness, cortical volume and
neuropsychological tests were tested by leave-one-out cross-valida-
tions of the logistic regressions. In addition, the comparison of
cortical thickness and volume for differentiating between CN,
Alzheimer’s disease and FTD was tested by comparing the area under
receiver operator characteristic analysis with Mann—Whitney tests
(DeLong et al., 1988). The significance level of the tests was o< 0.05.

Results
The comparison of cortical thickness in
Alzheimer’s disease and FTD versus CN

Figure 1 depicts the regional pattern of cortical thinning in
patients with Alzheimer’s disease compared to CN subjects,
showing for the Alzheimer’s disease significant cortical
thinning in broad regions of bilateral frontal, parietal,
temporal and occipital lobes (P<0.001), while the sensor-
imotor cortical regions are spared. The most significant
thinning in Alzheimer’s disease involved bilateral medial
temporal, temporoparietal regions, the posterior cingulate
and the precuneus. There was no brain region in patients
with Alzheimer’s disease where the cortex was significantly
thicker than in CN subjects. Figure 2 depicts the regional
pattern of cortical thinning in patients with FTD compared
to CN subjects, showing for the FTD significant cortical
thinning in bilateral frontal and temporal regions, and in
some inferior parietal regions and the posterior cingulate

Fig. | Regional variation of cortical thickness in Alzheimer’s disease compared to controls. The colour-code for P-values is on a logarithmic
scale of -7 Warmer colours (positive values) represent cortical thinning; cooler colours (negative values) represent cortical thickening.
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(P<0.001). The most significant thinning in FTD involved
bilateral prefrontal regions, the anterior and posterior cin-
gulate and right anterior temporal region. Similar to
Alzheimer’s disease, there was no brain region in FTD
patients where the cortex was significantly thicker than in
CN subjects.

Comparison of cortical thickness between
Alzheimer’s disease and FTD

Figure 3 depicts regional differences of cortical thickness
disease and FTD.

between patients with Alzheimer’s
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Compared to patients with FID, patients with
Alzheimer’s disease had a thinner cortex (P<0.001) in
parts of bilateral parietal and precuneus regions and in left
temporal and occipital regions. In contrast, patients with
FTD exhibited no significant regions of cortical thinning
when compared to patients with Alzheimer’s disease.

ROI analysis of cortical thickness in frontal,
parietal and temporal lobes

Average cortical thickness in the frontal, temporal and
parietal lobes is listed by group in Table 2. Consistent with

Fig. 2 Regional variation of cortical thickness in FTD compared to controls. The colour-coding for P-values is on a logarithmic scale of [-5.
Warmer colours (positive values) represent cortical thinning; cooler colours (negative values) represent cortical thickening.

Fig. 3 Regional variations of cortical thickness between Alzheimer’s disease and FTD. The colour-coding is identical to that shown in Fig. 2.
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the vertex-by-vertex analysis, patients with Alzheimer’s
disease and FTD had thinner cortices in the frontal,
temporal and parietal lobes than CN subjects (all
P<0.001), independent of age and gender. Furthermore,
patients with Alzheimer’s disease had a thinner parietal
cortex than patients with FTD (P<0.001), while differences
between Alzheimer’s disease and FTD in the frontal and
temporal cortices were not significant. Similar to the vertex-
by-vertex analysis, FTD patients exhibited no significant
regions of cortical thinning when compared to patients
with Alzheimer’s disease.

Since in the clinical FTD group, there is a greater risk
that older patients could be false positive where the true
pathological diagnosis is actually Alzheimer’s disease and
parietal cortical thinning is considered a feature of
Alzheimer’s disease, we tested in FTD separately the
extent to which age explains parietal cortical thinning, but
found no significant age effect (P=0.17). Furthermore, we
compared the neuropsychological profile of FTD patients
having a cortical thickness thicker than the median parietal
cortical thickness (1.83 mm) with those having a cortical
thickness thinner than the median parietal cortical thick-
ness, but found no significant difference in MMSE, CDR or
TMT scores (all P>0.8) between the two groups.

Relationship between cortical thickness and
cognitive function

The relationship between cortical thickness and cognitive
functions were tested including only Alzheimer’s disease
and FTD patients. MMSE scores were positively correlated
with cortical thickness of the frontal (r=0.50, P<0.05),
temporal (r=0.48, P<0.05) and parietal lobes (r=0.46,
P<0.05) in Alzheimer’s disease, but not in FTD (all
P>0.5). In Alzheimer’s disease, CDR box scores were
negatively correlated with cortical thickness of parietal lobe
(r=—0.45, P<0.05), but not that of frontal and temporal
lobes, in contrast to MMSE scores. In FID, no significant
correlations were found between CDR box scores and
cortical thickness, similar to the results for MMSE. Since
the distributions of both MMSE and CDR box scores were
skewed towards higher dementia severity, we repeated the
analyses of correlations for log-transformed MMSE and
CDR data but obtained similar results. Furthermore,
executive function, as measured with TMT, was not
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significantly correlated with cortical thickness of frontal,
parietal or temporal lobe in patients with FTD (all regions
P>0.16).

Classification between groups

Results of group classifications using either volume or
thickness of frontal, temporal or parietal cortex are
summarized in Table 3. This shows that Alzheimer’s disease
patients could be distinguished from controls with 87 to
99% accuracy, based on either volume or thickness of
frontal, parietal and temporal cortex. In comparison, FTD
patients could be distinguished from controls with 74 to
94% accuracy based on either volume or thickness of
frontal, parietal and temporal cortex. Moreover,
Alzheimer’s disease and FTD patients could be distin-
guished from each other with 76 to 83% accuracy, based on
either volume or thickness of parietal cortex. However,
whether volume or thickness was used for classification
made no significant difference (all P>0.3). Note, volume
and thickness of frontal and temporal cortex were not used
for classification, because differences in these regions
between Alzheimer’s disease and FITD were not significant.
Using MMSE scores alone correctly (P<0.01) separated
FTD and Alzheimer’s disease patients with an overall
classification of 72 42%. Using TMT scores alone correctly
(P<0.01) separated FTD and Alzheimer’s disease patients
with an overall classification of 76 2%. Adding parietal
cortical thickness to the MMSE scores significantly
improved (P<0.01) overall classification between
Alzheimer’s disease and FID to 78+2%. Similarly,
adding parietal cortical thickness to TMT scores signifi-
cantly improved (P=0.02) overall classification between
Alzheimer’s disease and FTD to 84 4=2%.

Discussion

The major findings of this study are: (i) Alzheimer’s disease
is associated with cortical thinning primarily in the frontal,
parietal, temporal and occipital lobes, while a different
regional pattern of cortical thinning is found in FTD,

Table 3 Overall classification between CN, FTD and AD
based on logistic regressions and leave-one-out cross valida-
tions using either cortical thickness or volumes of frontal,
parietal and temporal lobes

Table 2 Average cortical thickness (in mm) and standard Cortical Alzheimer’s  FTDvs  Alzheimer’s
deviation of frontal, parietal and temporal lobes in CN, measure disease vs CN (%)  disease vs
Alzheimer’s disease and FTD CN (%) FTD (%)
Frontal Temporal Parietal Volume Frontal 93+3 89+5 -2
Parietal 95+4 8l +7 79+£3
CN 24+02 28+02 2.1+0.2 Temporal 95+3 85+7 =2
Alzheimer’s disease 20+02° 2.2+03" .5+0.2° Frontal 9l +4 88+ 6 =
FTD 19+ 04" 2.3+04" 19+ 0.2* Thickness  Parietal 96 +3 82+7 82+1
Temporal 9343 85+6 =2

*P <0.00l between Alzheimer’s disease vs CN or between FTD vs
CN; TP <0.001 between Alzheimer’s disease and FTD.

*No difference between AD vs FTD.
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involving primarily the frontal and temporal lobes. The
pattern of cortical thinning in each disease is consistent
with previous MRI studies using volumetric measurements
of brain atrophy and also with histopathological findings of
the brain’s selective vulnerability to Alzheimer’s disease and
FTD; (ii) dementia severity is negatively correlated with
cortical thickness in Alzheimer’s disease, while comparable
correlations in FTD were not significant; (iii) measurement
of cortical thickness provided similar accuracy as that of
cortical volume for differentiating between CN, Alzheimer’s
disease and FTD and significantly improved the classifica-
tion between Alzheimer’s disease and FTD based on
neuropsychological scores alone.

The finding of characteristic patterns of cortical thinning
in Alzheimer’s disease replicates the previous study (Lerch
et al., 2005) and is consistent with the pattern of tissue loss
reported by histopathological and volumetric MRI studies
(Braak and Braak, 1995, 1998; Baron et al., 2001).
Furthermore, we found that FTD is associated with a
characteristic regional pattern of cortical thinning in
frontal, temporal regions and parietal lobe, and also with
greatest cortical atrophy in prefrontal regions, and less
cortical atrophy in parietal regions. The findings in FTD are
consistent with previous pathological reports and volu-
metric MRI studies (Rosen et al., 2002; Broe et al., 2003;
Grossman et al., 2004; Whitwell ef al., 2005). In particular,
prominent thinning of frontal and temporal cortex in FTD
is in agreement with autopsy findings from macroscopic
examinations of FTD brains showing consistently frontal
and temporal and, less commonly, parietal atrophy
(Dickson, 2001; Kersaitis et al., 2004). Furthermore, this
study showed that FID was associated with the cortical
thinning in both orbital and medial frontal cortices with a
similar severity, which is also consistent with the previous
pathological study that FID is associated with the orbital
and medial frontal cortices in the early stage (Broe et al.,
2003). However, the previous VBM studies (Rosen et al.,
2005; Williams et al., 2005) have shown that in FTD, the
behaviour change is related to grey matter loss in the
medial frontal cortex other than the orbital frontal cortex.
More studies may be needed to elucidate the relationship
between the behaviour change and cortical atrophy with
cortical thickness measurement in FTD. While patients with
Alzheimer’s disease had thinner cortices on MRI than FTD
patients, specifically in the precuneus and the parietal lobe
regions, no cortical region in FTD was significantly thinner
than in Alzheimer’s disease. The finding that Alzheimer’s
disease and FTD patients showed similar levels of cortical
thinning in the frontal lobe is surprising, given that greater
brain atrophy in frontal regions in FTD than Alzheimer’s
disease has previously been reported (Grossman et al.,
2004). Different demographics of patients including
stage and severity of cognitive impairment may explain
the different findings. For example, in the previous MRI
study (Grossman et al., 2004), patients with Alzheimer’s
disease or FTD were matched for dementia severity based
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solely on MMSE scores, which assesses predominantly
memory impairments but less executive functions. In fact, a
previous neuropsychological study demonstrated that FTD
patients could be more impaired in judgement and problem
solving than Alzheimer’s disease patients when MMSE
scores of the patients are matched (Rosen et al., 2004). It is
therefore conceivable that previous findings of more frontal
lobe atrophy in FTD than in Alzheimer’s disease can be
explained at least in part by greater executive dysfunction in
some of FTD patients than in Alzheimer’s disease patients.
It is also possible that Alzheimer’s disease heterogeneity
may lead to different results, depending whether the frontal
cortex is involved in the disease process or not. Although
there was no difference in cortical thinning in the frontal
regions between Alzheimer’s disease and FTD in this study,
we found that Alzheimer’s disease was associated with a
thinner cortex in the dorsolateral frontal cortex than the
orbital and medial frontal cortices (Fig. 1), while FTD was
associated with a similar cortical thinning in the dorso-
lateral, orbital and medial frontal cortices (Fig. 2). Taken
together, these results suggest that while there are areas of
overlap between the atrophic patterns of the two dementias,
their patterns are dissociable and measurements of cortical
thickness may be a useful surrogate marker for Alzheimer’s
disease and FID.

In this study, we found that FTD was associated with
cortical thinning in inferior parietal lobes and the posterior
cingulate cortex, which are prominent regions affected by
Alzheimer’s disease pathology. Other MRI studies using
voxel-based morphometry found no significant structural
abnormalities in these regions in FID (Rosen et al., 2002;
Gee et al., 2003; Whitwell et al., 2005). There are several
possible explanations for the discrepancy. First, cortical
thickness measurements may be more sensitive than voxel-
based morphometry in detecting cortical alterations.
Second, older patients with FID may have concomitant
Alzheimer’s disease pathology or could be false negatively
classified as Alzheimer’s disease patients. However, we did
not find systematic differences in brain atrophy between
younger and older FTD patients; nor did we discover
differences in the neurocognitive characteristics between
FTD patients with more parietal atrophy and less parietal
atrophy. Nonetheless, only autopsy can provide conclusive
results for comorbidity of Alzheimer’s disease pathology in
some patients with FTD symptoms.

Another finding is that regional cortical thinning
correlated with dementia severity in Alzheimer’s disease
but no significant correlations were seen in FID. It is
unclear why correlations show a disease selective effect. One
reason could be that severity of FID, which presents with
predominantly behavioural problems, is not accurately
reflected in MMSE and CDR tests, which assess primarily
cognitive functions, though other studies have used MMSE
and CDR together to compare dementia severity between
Alzheimer’s disease and FTD (Likeman et al., 2005).
Previous pathological studies showed that FTD impacts
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also white matter and several subcortical nuclei such as the
thalamus in addition to cortical involvement (Mann and
South, 1993; Broe et al., 2003; Schofield et al., 2003). Thus,
damage of white matter and subcortical nuclei may play a
role in cognitive impairment in FID. However, both
dementias are neuropathologically defined by cortical
neuronal changes, thus involvement of white matter is
not surprising, because neuronal damage implies damage to
the white matter as the white matter reflects the neuronal
axons and dendrites that are affected in Alzheimer’s disease
as well as in FTD. More studies involving novel MRI
techniques, such as diffusion imaging that is more sensitive
to white matter changes than volumetric MRI are needed to
evaluate the difference of white matter and subcortical
nuclei between Alzheimer’s disease and FTD. In addition,
the negative finding between cortical thickness and
cognitive function may be due to the small range of
MMSE and CDR scores in FTD patients, which makes
detecting a relationship between cortical thickness and
cognitive functions unreliable. More studies of FTD
patients with a broader spread of dementia severity are
needed to evaluate a potential relationship between cortical
thickness and cognitive functions.

The best discriminator between Alzheimer’s disease and
FTD was parietal lobe atrophy in Alzheimer’s disease. This
is in agreement with a recent diagnostic MRI study, which
reported for a range of pathology confirmed dementia cases
that only posterior greater than anterior gradient of atrophy
was highly specific for Alzheimer’s disease when compared
to other dementias, including FTD (Likeman et al., 2005).
Overall, however, we found no significant improvement in
correctly classifying CN, Alzheimer’s disease and FTD from
cortical thickness measurement as compared to volumetric
measurements of the cortex. We expected that measure-
ments of cortical thinning would be less confounded by
underlying white matter atrophy than measurements of
cortical volume. Our argument was based on the assump-
tion that the inner surface area of grey matter, which is
interfaced with the surface area of white matter, might
shrink as a consequence of white matter atrophy or white
matter lesions, hence impacting computations of volume
measurements more than computations of cortical thick-
ness. The negative outcome could be due to the fact that
thickness measurements are intrinsically limited by the
finite resolution of MRI, diminishing the advantage of
assessing cortical thickness versus cortical volume. Studies
at higher magnetic fields that can afford higher image
resolution may overcome this limitation. Although cortical
thickness and volume measurements provided similar
divisions between Alzheimer’s disease and FTD, cortical
thickness measurement significantly improved the classifi-
cation between the two diseases based on neuropsycholo-
gical scores alone. In addition, measurement of cortical
thickness provided a similar distinction between
Alzheimer’s disease and FTD patients than biomarkers
such as CSF based tau and isoprostane and better
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classifications than CSF amyloid beta (1-42), as reported
in the previous study (Grossman et al., 2005). Taken
together, this suggests that cortical thickness is a useful
marker for differentiating the illnesses.

A major limitation of this study is that the diagnosis of
dementia and its type was made clinically without autopsy
confirmation. Therefore, it is possible that some of the
patients with FTD had also Alzheimer’s disease, vice versa
or had other causes of dementia. The inclusion of patients
at a more advanced stage of disease may reduce the
relevance of our findings to the earliest detection of
dementia and differentiation between Alzheimer’s disease
and FTD. Studies including early stage patients may be
more useful in evaluating the clinical diagnostic value of
cortical thickness. The relatively young age of patients with
Alzheimer’s disease, used to match the average age of the
patients with FTD, may limit the projection of the findings
to an older Alzheimer’s disease population.
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