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Abstract. Recent studies suggest that significant memory problems are not specific to Alzheimer’s disease (AD) but can be also
observed in other neurodegenerative conditions, such as behavioral variant frontotemporal dementia (bvFTD). We investigated
whether orientation (spatial & temporal) information is a better diagnostic marker for AD compared to memory and whether their
atrophy correlates of orientation and memory differ. A large sample (n = 190) of AD patients (n = 73), bvFTD patients (n = 54),
and healthy controls (n = 63) underwent testing. A subset of the patients (n = 72) underwent structural imaging using voxel-based
morphometry analysis of magnetic resonance brain imaging. Orientation and memory scores from the Addenbrooke’s Cognitive
Examination showed that AD patients had impaired orientation and memory, while bvFTD patients performing at control level
for orientation but had impaired memory. A logistic regression showed that 78% of patients could be classified on the basis of
orientation and memory scores alone at clinic presentation. Voxel-based morphometry analysis was conducted using orientation
and memory scores as covariates, which showed that the neural correlates for orientation and memory also dissociated with
posterior hippocampus cortex being related to orientation in AD, while the anterior hippocampus was associated with memory
performance in the AD and bvFTD patients. Orientation and memory measures discriminate AD and bvFTD to a high degree
and tap into different hippocampal regions. Disorientation and posterior hippocampus appears therefore specific to AD and will
allow clinicians to discriminate AD patients from other neurodegenerative conditions with similar memory deficits at clinic
presentation.
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INTRODUCTION

One of the clinical features traditionally regarded as
differentiating Alzheimer’s disease (AD) from other
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dementias, including frontotemporal dementia (FTD),
is performance on memory tests. Indeed, for some
forms of frontotemporal dementia, such as behavioral
variant frontotemporal dementia (bvFTD), substantial
episodic memory impairment is regarded as a diag-
nostic exclusion criterion [1]. Recent evidence [2],
however, suggests that a large percentage of bvFTD
patients present with episodic memory problems.
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Single case reports [3] have confirmed that patients
with pathologically confirmed bvFTD can have severe
amnesia, while a retrospective study [2] of bvFTD
cases, a proportion of whom came to autopsy, showed
that a high percentage had memory impairment of
the same magnitude as seen in AD. This is further
corroborated via imaging studies showing similar lev-
els of hippocampal atrophy in bvFTD and AD [4–6],
although this can vary for bvFTD patients [7]. A poten-
tial diagnostic distinction between AD and bvFTD,
however, may be the ability to correctly identify one’s
location in space and time. AD patients are known to
experience disorientation from an early stage [8]; clin-
ical reports suggest that orientation is intact in bvFTD
cases [2], although this has not been explored system-
atically.

We investigated memory and orientation in a large
sample of AD and bvFTD patients. We predicted
memory deficits in both groups, while only the AD
patients should show disorientation. In a second step,
we compared performance on more specific memory
(i.e., immediate versus delayed anterograde recall) and
orientation (i.e., temporal versus spatial orientation)
measures to explore their diagnostic utility. Finally,
we employed voxel-based morphometry to identify
the grey matter atrophy regions that covary with the
orientation and memory performance in the patients.

MATERIALS AND METHODS

Case selection

A sample of 73 AD and 54 bvFTD consecutively
seen patients were sourced from the FRONTIER
Dementia Clinic database, Sydney, Australia and the
Memory Clinic, Hyderabad, India. All FTD patients
met current consensus FTD criteria [1] and showed
disease progression as well as atrophy on scans to
exclude any phenocopy FTD cases. AD patients ful-
filled NINCDS-ADRDA criteria for probable AD [9].
Sixty-three healthy controls (volunteer panel recruits
or spouses/carers of patients) matched for gender and
education to the AD patients served as controls. The
study was approved by the University of New South
Wales Human Research Ethics Advisory panel D
(Biomedical, ref. #10035). Clinical, neuropsycholog-
ical, and demographics data (Table 1) were available
for all participants. High-resolution coronal T1 MR
brain images were available for all the Sydney patients
(33 AD, 39 bvFTD). All data was collected at the first
clinic presentation of the patients.

Test selection

The Addenbrooke’s Cognitive Examination-
Revised (ACE-R) [10] was administered to all
participants, which contains temporal (n = 5) and
geographical (n = 5) orientation questions. Clinicians
also completed the Clinical Dementia Rating Scale
(CDR) [11].

ACE-R scores were taken from response to the
temporal and geographical components. Overall ori-
entation was calculated by summing these for a total
score out of 10. Immediate and delayed recall were
scored out of 7 based on performance on the ACE-
R anterograde (name and address learning) and recall
tasks. Total memory (scored out of 19) was calculated
by summing scores for both anterograde ACE-R mem-
ory components (i.e., immediate and delayed recall) as
well as the recognition score (scored out of 5).

Voxel-based morphometry analysis

3D T1-weighted sequences (coronal orientation,
matrix 256 × 256, 200, 1×1 mm2 in-plane resolution,
slice thickness 1 mm, TE/TI = 2.6/5.8 ms) were ana-
lyzed with FSL-VBM, a voxel-based morphometry
analysis [12, 13] which is part of the FSL soft-
ware package http://www.fmrib.ox.ac.uk/fsl/fslvbm/
index.html [14]. First, tissue segmentation was car-
ried out using FMRIB’s Automatic Segmentation Tool
(FAST) [15] from brain extracted images. The result-
ing grey matter partial volume maps were then aligned
to the Montreal Neurological Institute standard space
(MNI152) using the nonlinear registration approach
using FNIRT, which uses a b-spline representation
of the registration warp field [16]. The registered
partial volume maps were then modulated (to cor-
rect for local expansion or contraction) by dividing
them by the Jacobian of the warp field. The modu-
lated images were then smoothed with an isotropic
Gaussian kernel with a standard deviation of 3 mm
(FWHM: 8 mm). A voxelwise general linear model
was applied and permutation-based non-parametric
testing (5000 permutations) was used to form clusters
with the Threshold-Free Cluster Enhancement method
[17]. Differences in cortical grey matter intensities
between patients (bvFTD and AD) and Controls were
assessed using t-tests and were tested for significance at
p < 0.05 corrected for family-wise error (FWE) correc-
tion (see Supplementary Figure 1). Covariate analyses
between memory and orientation scores and regions
of grey matter atrophy were investigated in bvFTD
and AD patients, separately. For statistical power,
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a covariate only statistical model with a [1] t-contrast
was used, providing an index of association between
decreasing grey matter volume and lower scores on the
experimental measures. Importantly, memory and ori-
entation measures were demeaned for the analysis. All
clusters in the covariate analyses were tested for signif-
icance at p < 0.001, uncorrected with a voxel threshold
of at least 20 contiguous voxels.

Statistics

Data were analyzed using SPSS 18.0 (SPSS Inc.,
Chicago, IL). Demographic (age and education) and
general cognitive (ACE-R) data were compared across
groups via one-way ANOVAs followed by Tukey post-
hoc tests. For analyses of orientation and memory
subscores, CDR was entered as a covariate to con-
trol for differences in disease severity. Comparisons
across centers (Sydney versus Hyderabad) showed no
significant difference for any of the demographic and
cognitive (memory, orientation) measures.

RESULTS

Demographics and global cognitive function

Comparisons of education between groups yielded
no significant differences (Table 1). BvFTD cases
were, however, significantly younger than AD patients
(p < 0.001) and controls (p < 0.001). BvFTD and AD
patients also differed significantly on CDR score

(p < 0.05), however were matched for disease duration
(p > 0.1).

Performance of both patient groups on the overall
ACE-R was significantly (p < 0.001) worse than that
of controls (see Table 1). Post-hoc tests revealed also
worse ACE-R performance in AD patients compared
to bvFTD patients (p < 0.001).

Orientation

Overall, group comparisons showed significant
differences across participants (all p’s < 0.001).
Follow-up tests showed that ACE-R orientation scores
(temporal, spatial, and overall orientation) were
not significantly different for bvFTD and controls
(Table 1 & Fig. 1a). By contrast, AD patients were
significantly impaired in comparison to controls and
bvFTD (Table 1 & Fig. 1a). Pair-wise comparisons of
temporal and spatial orientation subtests showed that
the overall group performed significantly better for the
spatial than the temporal orientation (p < 0.001). This
effect was driven by AD and bvFTD groups which
both showed significantly better spatial than temporal
orientation (p < 0.001 and p < 0.025, respectively),
whereas the controls did not differ significantly on
these measures (p > 0.1).

Memory

Comparisons of ACE-R memory scores showed sig-
nificant group differences (all p’s < 0.001) (Table 1
& Fig. 1b) with no significant differences between

Table 1
Demographics & cognitive tests. Mean (SD) scores and comparisons of patients and controls on demographics and cognitive tests

AD bvFTD Controls F/K-S AD versus bvFTD versus AD versus
controls controls bvFTD

n 73 54 63 – – – –
Age 65.2 (7.5) 59.6 (10.4) 65.5 (5.9) *** n.s. *** ***
Education (Sydney only) 12.3 (3.0) 11.7 (2.9) 12.0 (2.4) n.s. – – –
Gender (M/F) 36/37 37/17 36/27 – – – –
Disease duration (y) 4.1 (3) 3 (2.1) – n.s. – – –
ACE-R (100) 65.0 (17.7) 75.6 (15.1) 94.0 (4.4) *** *** *** ***
CDR 0.9 (0.5) 1.2 (0.7) – * – – *
ACE-R – orientation
Temporal (5) 2.5 (1.7) 3.9 (1.3) 4.9 (0.3) *** *** n.s. ***
Spatial (5) 3.6 (1.4) 4.5 (0.8) 5.0 (0.2) *** *** n.s. ***
Overall (10) 6.1 (2.6) 8.4 (1.9) 9.9 (0.3) *** *** n.s. ***
ACE-R – memory
Immediate recall (7) 4.2 (2.2) 5.8 (1.5) 7.0 (0.1) *** *** n.s. ***
Delayed recall (7) 1.6 (2.0) 3.0 (2.3) 5.9 (1.4) *** *** ** ***
Recognition (5) 3.0 (1.9) 3.9 (1.3) 4.8 (0.5) *** *** n.s. **
Total (19) 12.8 (4.1) 16.7 (1.9) 17.6 (1.7) *** *** n.s. ***

F values indicate significant differences across groups; Tukey post hoc tests compare differences between group pairs.
*p < 0.05; **p < 0.01; ***p < 0.001.
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Fig. 1. Orientation and memory scores. Figure 1 shows boxplots of
overall orientation (a) and overall memory (b) scores on the Adden-
brookes Cognitive examination Revised (ACE-R). Whiskers indicate
5–95 percentile.

bvFTD and controls for ACE-R immediate recall and
recognition performance, whereas AD patients per-
formed significantly worse than bvFTD (p < 0.001) and
controls (p < 0.001). ACE-R delayed recall and total
memory differed significantly among groups, with
controls outperforming both patient groups (Table 1
& Fig. 1b) and bvFTD patients performing better than
AD patients (p < 0.001).

Logistic regression

We employed the overall orientation and memory
scores in a logistic regression employing the Enter
method with diagnosis (bvFTD versus AD) as the
dependent factor. Controls were excluded from the
analysis. Results showed that 78% of patients (bvFTD:
72.2%; AD: 82.2%) could be classified correctly on a
combination of overall orientation and memory scores
from the ACE-R. Overall orientation alone classi-
fied 74% of patients correctly (bvFTD: 66.7%; AD:

79.5%), whereas overall memory classified only 69%
correctly (bvFTD: 64.8%; AD: 72.6%).

Voxel-based morphometry

As evident in Figs. 2, 3 and Table 2, AD patients’
overall orientation performance covaried with pos-
terior hippocampus atrophy (r = 0.557, p < 0.01). By
contrast, ACE-R memory performance correlated with
more anterior hippocampus regions in AD (Figs. 2, 3
and Table 2) (r = 0.522, p < 0.025). Importantly, both
spatial and temporal orientation performance also cor-
related with posterior hippocampus atrophy (Fig. 4)
(r = 0.527, p < 0.025; r = 0.545, p < 0.01; respectively).
In addition, the spatial orientation performance also
covaried with more anterior hippocampal atrophy,
similar to the memory performance region (Fig. 4)
(r = 0.565, p < 0.01). For the bvFTD patients, only
the overall memory score significantly correlated with
more anterior/middle hippocampus atrophy (Fig. 2)
(r = 0.562, p < 0.01).

DISCUSSION

In keeping with the starting hypothesis, we found
distinct patterns of performance on measures on
episodic memory and orientation in bvFTD and AD
patients which could help diagnosis of these patient
groups. Only those patients with AD showed dis-
orientation. By contrast, memory impairments were
evident in both patient groups although the AD
patients showed more severe impairment. Moreover,
the neural correlates in AD showed that the posterior
hippocampus covaried with the performance on the ori-
entation scores, while the memory performance was
more affected by anterior hippocampal regions. In the
bvFTD group, only the memory performance covaried
with more anterior hippocampal atrophy.

Behaviorally, bvFTD patients performed at an
equivalent level to controls for spatial and temporal
orientation. This confirms the clinical impression but
has not previously been documented [18]. By con-
trast, AD patients were poorly orientated for time and
place in keeping with numerous prior observations [8,
18]. Analysis of the memory scores from the ACE-R
revealed a different picture, with both patients groups
showing impairment in comparison to controls with the
exception of immediate recall and learning of the name
and address from the ACE-R, which was preserved in
bvFTD. Furthermore, bvFTD and AD patients differed
on the memory scores with more severe impairment in
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Fig. 2. Brain atrophy related to orientation and memory. Voxel-based morphometry analyses showing grey matter atrophy covarying with overall
orientation and memory scores for AD and bvFTD. Clusters are overlaid on the MNI standard brain (t > 2.41). Colored voxels show regions that
were significant in the analyses for p < 0.0001 uncorrected and a cluster threshold of 20 contiguous voxels.

AD. This replicates our previous findings [2] which
also showed a similar “step-function” of bvFTD and
AD memory performance with bvFTD patients show-
ing a lesser memory impairment than AD. Prior studies
[19] showed an even milder memory impairment in
bvFTD, which might have been due to the inclusion of
so called phenocopy cases, who generally do not show
memory impairments [2]. Phenocopy cases mimic the
behavioral symptoms of bvFTD but do not progress in
their disease, show no macroscopic brain atrophy, and
perform at control level for most neuropsychological

tests. Thus, inclusion of these cases might have led to
the misconception that memory is intact in bvFTD.

The imaging results show that orientation perfor-
mance relates specifically to posterior hippocampus
cortex atrophy, whereas memory performance was
more related to the anterior hippocampus. The mem-
ory deficit in AD is typically regarded as reflecting
medial temporal lobe pathology, with damage even
only to the anterior hippocampus causing a substan-
tial deficit in encoding and recall of new information
[20]. Our findings corroborate this notion by showing a
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Fig. 3. Correlation between grey matter (GM) intensity and orienta-
tion and memory scores. Pearson correlations showing relationship
between GM intensity at peak voxels and a) overall orientation and b)
overall memory scores. Continuous line indicates a linear coefficient
fit between the measures. The dashed line indicates 95% confidence
intervals of the linear coefficient fit.

strong correlation of anterior hippocampus and ACE-
R memory performance. Nevertheless, the observed
relationship between orientation scores and poste-
rior hippocampus has not been shown before. The

overall function of the posterior hippocampus is still
debated. Functional neuroimaging studies in healthy
participants commonly show activations in the pos-
terior hippocampus/retrosplenial cortex during spatial
navigation tasks (e.g., [21]). More importantly, a
functional imaging study showed that activity in the
posterior hippocampus increased when topographi-
cal information was updated or manipulated and also
when the topographical information was acquired [22].
These findings are in alignment with our results, as
spatial and temporal orientation information was cor-
related with atrophy in this region. Further, spatial
orientation was also associated with anterior hip-
pocampus atrophy, at nearly exact the same location
as the memory neural correlates. It is currently not
clear why the temporal and spatial orientation infor-
mation show this different pattern, which clearly
needs to be investigated in the future. The imaging
results in the bvFTD groups showed only a significant
relation between the overall memory score and ante-
rior/middle hippocampal atrophy. Interestingly, only
the right hippocampus correlated significantly with
memory performance. A stronger right lateralization
of atrophy is commonly observed in bvFTD [7] and
might therefore have contributed to this finding.

The findings confirm the common clinical obser-
vation of severe disorientation in AD, while bvFTD
patients can usually provide place and time information
with little hesitation. One reason for the dissociation
could be the structural integrity of anterior versus pos-
terior hippocampus across both groups. Indeed, AD
and bvFTD patients both show hippocampal atrophy,
although the magnitude of atrophy in bvFTD varies
across patients and can be more focused in ante-
rior hippocampal regions [7], particularly with the
tau-negative FTD patients showing more substantial

Table 2

Voxel-based morphometry results showing regions of significant grey matter intensity decrease that
covary with memory and orientation performance. All results uncorrected at p < 0.001; only clusters with

at least 50 contiguous voxels included

Regions Hemisphere MNI Coordinates Number of T score
(L/R/B)

X Y Z
voxels (peak voxel)

Orientation overall
Hippocampus R 26 –34 4 135 2.9

Memory overall
Hippocampus L –18 –14 –12 118 2.9

Orientation temporal
Hippocampus R 24 –34 4 22 2.5

Orientation spatial
Hippocampus R 22 –32 4 149 2.9
Hippocampus L –16 –18 –14 35 2.9
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Fig. 4. Brain atrophy related to temporal and spatial orientation. Voxel-based morphometry analyses showing grey matter atrophy covarying
with i) temporal and ii) spatial orientation scores in AD only. Clusters are overlaid on the MNI standard brain (t > 2.41). Colored voxels show
regions that were significant in the analyses for p < 0.0001 uncorrected and a cluster threshold of 20 contiguous voxels.

hippocampal sclerosis [23]. By contrast, atrophy and
hypometabolism of the posterior hippocampus and
the adjacent retrosplenial cortex has been shown to
already be present in the prodromal stages of AD [24,
25], whereas the same brain regions remain intact in
bvFTD until the late disease stages [26]. Thus, tests
that tap into the function of anterior hippocampus
versus posterior hippocampus should dissociate both
patient groups. This notion is corroborated by a recent
spatial navigation study [27] in mild cognitive impair-
ment (MCI), AD, and semantic dementia (SD) patients,

which showed that MCI and AD patients were severely
impaired on simple route learning tasks and head ori-
entation tasks. By contrast, the SD patients, showing
mostly anterior hippocampal atrophy, performed at
controls level on these tasks. Thus, there appears to be a
functional dissociation along the axis of the hippocam-
pus which has clinical relevance. Our results dovetail
this notion of a functional dissociation by show that a
combination of simple orientation and memory mea-
sures can distinguish AD and bvFTD in 78% of cases
at presentation. Employment of such simple measures
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might therefore aid diagnosis, in particular when the
neuropsychological profile of a patient is not clearly
indicative of AD or bvFTD.

Taken together, our findings show that AD and
bvFTD patients can be discriminated to a large degree
on simple orientation and memory measures. More
importantly, the orientation and memory measures
tap into different neural correlates with the posterior
hippocampus involved in orientation and the anterior
hippocampus involved in memory recall. This has clear
diagnostic implications in that clinicians should take
into account orientation measures in combination with
memory and other cognitive measures to distinguish
AD from other neurodegenerative conditions.

Unfortunately, we did not have pathological confir-
mation in the tested cases so we cannot exclude that
some of the bvFTD patients might have AD pathology,
in particular those who performed very badly at orien-
tation. This is an important point to address in future
studies as the NINCDS-ADRDA criteria show only a
poor differentiation of AD and FTD [28] and patients
with behavioral symptoms may have underlying AD
pathology [29]. Thus Pittsburgh Compound B scan-
ning or cerebrospinal fluid testing of future sample will
be important to confirm our results. Still, our memory
findings are in keeping with studies using pathological
confirmed cases of bvFTD [2, 3], supporting therefore
the validity of the current findings.

Another shortcoming of the current study is that the
imaging data did not survive more conservative multi-
ple comparison corrections procedures (i.e., FWE) and
thus is reported uncorrected at p < 0.001. We tried to
therefore reduce the potential of false positive results
by introducing a cluster extent threshold of 20 con-
tiguous voxels in our data. The rationale behind such
cluster extent thresholding is based on the notion that
the probability of a contiguous extent of voxels being
all false positive is lower than for any given single
voxel. Indeed, Monte Carlo simulations as well as
experimental data have shown that cluster thresholding
can be an efficient tool to reduce false positives without
having significant effects on the statistical power [30].
Still, there is currently no consensus in the literature
on the appropriate minimum cluster extent threshold
size. This is in particular relevant for studies investi-
gating subcortical structures, such as the hippocampus
in our study, as it is not clear whether cluster threshold-
ing disadvantages results in those regions due to their
small spatial extent. Not surprisingly, therefore studies
exploring hippocampal atrophy have either employed
cluster thresholding ([e.g. 31], or not [e.g. 32]. We think
our current approach with a cluster extent threshold of

20 contiguous voxels is on the conservative side of
studies investigating subcortical atrophy correlates of
cognitive dysfunction. Nevertheless, replication of our
results by future investigations is very important in par-
ticular for the smaller cluster in our results, such as for
the orientation subscores. Future investigations should
also corroborate our findings in pathologically con-
firmed cases and also explore more objective, in-depth
assessments of orientation.
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