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Abstract
Introduction We aimed to devise a rating method for key
frontal and temporal brain regions validated against
quantitative volumetric methods and applicable to a range
of dementia syndromes.
Methods Four standardised coronal MR images from 36
subjects encompassing controls and cases with Alzheimer’s
disease (AD) and frontotemporal dementia (FTD) were used.
After initial pilot studies, 15 regions produced good intra- and
inter-rater reliability. We then validated the ratings against
manual volumetry and voxel-based morphometry (VBM) and
compared ratings across the subject groups.
Results Validation against both manual volumetry (for both
frontal and temporal lobes), and against whole brain VBM,
showed good correlation with visual ratings for the majority
of the brain regions. Comparison of rating scores across
disease groups showed involvement of the anterior fusiform
gyrus, anterior hippocampus and temporal pole in semantic
dementia, while anterior cingulate and orbitofrontal regions
were involved in behavioural variant FTD.

Conclusion This simple visual rating can be used as an
alternative to highly technical methods of quantification,
and may be superior when dealing with single cases or
small groups.

Keywords Visual rating scale . MRI . VBM

Introduction

Visual rating of MR scans can provide anatomical data for
clinical diagnosis or for research [1–3]. Advantages of the
rating approach include speed, a flexibility and clinical
applicability. Other approaches, however, provide more
precise quantification. For instance, MRI volumetry, the
‘gold standard’ of structural imaging, typically involves
tracing boundaries by hand [3–5]. Various automated
techniques devised in recent years, notably voxel-based
morphometry (VBM), lend objectivity to brain measure-
ment and permit assessment of the whole brain [6, 7].
Disadvantages of these methods, however, are that they
require sophisticated and time-consuming post-imaging
analysis. They also stipulate specific scanning protocols.
By contrast, clinical scans are often available from cases
where instructive behavioural data have been collected but
where further scanning is not possible. Valuable neuropsy-
chological data may also be held by workers without access
to automated imaging resources who may wish to perform
studies involving structure–function correlation.

A number of MRI rating scales have been devised but
have focused on certain lesion types (e.g. infarcts [2, 8]) or
on individual regions, e.g. hippocampus [1, 9], which limits
their applicability. There is scope for extension of this
approach as illustrated by Galton et al. who successfully
established a method for assessing atrophy of temporal lobe
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sub-regions [3]. In the light of recent insights concerning
localisation of brain function and distribution of atrophy in
neurodegenerative disease [4, 10], we wanted to develop a
more extensive rating scale which could be readily applied
to good quality clinical MRI images. We also intended the
scheme to encompass brain abnormalities other than
neurodegeneration, including post-operative or post-
encephalitic appearances, where a given brain structure
may be completely destroyed.

The primary aim of this study was to devise a reliable
rating scheme focusing on temporal and frontal lobe
regions important in diagnosis, in localisation of function,
or both. Secondly, because pilot studies were conducted
over many regions, we were able to gauge the limits of
rating as an approach. Thirdly, as the method was
developed using scans from patients with Alzheimer’s
disease (AD), behavioural variant FTD (bvFTD) and
semantic dementia (SD), we were able to draw inferences
about distribution of atrophy in those syndromes. Finally,
we examined the relationship between rating and the
automated structural imaging method of VBM. This
included using VBM for the validation of rating scores
and, also, a comparison of rating data with VBM analyses
across the neurodegenerative disease groups.

Materials and methods

Development of rating method

The following candidate regions were selected: basal
ganglia, orbitofrontal, dorsolateral frontal, ventrolateral
frontal, cingulated (anterior and posterior), temporal pole,
amygdala, hippocampus (anterior, mid and posterior),
parahippocampal gyrus (anterior, mid and posterior),
banks of the collateral sulcus, fusiform gyrus (anterior,
mid and posterior), lateral temporal, insula, superior
temporal, posterior temporal and inferior parietal lobule.
Landmarks for the regions were taken from standard
reference works [11–13]. To maximise the efficiency of
the scheme, the number of images used in the protocol
was limited to four easily identifiable T1 coronal scan
slices. All regions of interest, apart from the amygdala,
could be viewed in one of the four slices; the amygdala
was consequently removed from the protocol. In order to
maximise applicability, scan slice thickness and brain
orientation were not specified beyond the fact that the
slices must recognisably be in the coronal plane (perpen-
dicular to the anterior commissure–posterior commissure
axis, ±10°).

The four slices defined by the protocol were, in antero-
posterior sequence: (I) the most anterior slice in which the
internal capsule may be seen in the corpus striatum; (II) the

most anterior slice in which the medial opening of the
intralimbic gyrus is visible; (III) the slice midway between
II and IV, at the same antero-posterior level as the lateral
genicluate nucleus; (IV) the most anterior slice in which the
crus of the fornix may be seen in continuity alongside the
pulvinar (Fig. 1). The slices were determined individually
for each hemisphere to minimise the confounding effects of
variation in brain orientation.

Initial pilot studies showed that rating was not viable for
eight of the initial candidate regions because of a high degree
of variability among controls or local degradation of image
quality. These were: slice I—dorsolateral and ventrolateral
frontal cortex (later combined to give the large ‘lateral frontal
cortex’ region); slice III—mid-parahippocampal gyrus, mid-
fusiform gyrus; slice IV—posterior parahippocampal, poste-
rior fusiform, inferior parietal lobule, posterior cingulate
cortex. The final selection of 15 regions is listed in Table 1
(see also Fig. 1).

The rating scheme encompasses four stages of atrophy
[1–4] with 0 indicating no atrophy and 4 being most
abnormal. Rating 2 indicates that a structure is undoubtedly
abnormal while rating 1 implies borderline appearances that
are not categorically abnormal. In the cases of the basal
ganglia, hippocampus and temporal pole, the absence of
discernible tissue is rated 4. The presence of only skeletal
remnants of white matter without identifiable grey qualifies
for a rating of 4 for the remaining cortical structures. A
rating of 3 indicates severe atrophy falling short of criteria
for 4. For consistency, appearances seeming to fall between
two levels were always given the higher rating.

For certain regional ratings, specific criteria were
adopted. The basal ganglia rating criteria were: (0) convex
contour of basal ganglia with normal-sized ventricle; (1)
prominence of the lateral ventricle but contour remaining
convex; (2) contour of basal ganglia flattened; (3) concave
basal ganglia; and (4) basal ganglia no longer discernible.
The anterior hippocampal criteria were: (0) no significant
cerebrospinal fluid (CSF) spaces visible; (1) mild promi-
nence of CSF but hippocampal structure essentially normal;
(2) convolutions of anterior hippocampus clearly separated
by CSF; (3) remnant of hippocampus at the medial tip of
the temporal horn; and (4) hippocampus no longer
discernible. The mid-hippocampal criteria were: (0) no
more than a small crescent of CSF visible; (1) mild
prominence of CSF but hippocampal structure essentially
normal; (2) temporal horn of ventricle taking up larger area
on slice than hippocampus; (3) remnant of hippocampus at
the medial tip of the temporal horn; and (4) hippocampus
no longer discernible. The posterior hippocampal criteria
were: (0) no significant CSF space between the fornix and
the retrosplenial cortex; (1) prominence of CSF but
hippocampal structure essentially normal; (2) CSF taking
up larger area under fornix than the hippocampus; (3)
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remnant of hippocampus at the base of the fornix; and (4)
hippocampus no longer discernible.

A key source of reference during the rating process was
an array of pre-rated images with a guide to the target
regions for rating (Fig. 1) and illustrations of levels of
atrophy taken from patients and controls selected to
encompass the whole range of pathologies likely to be
encountered by clinicians using the scale. The pamphlet
images were consulted during each rating session.

Evaluation of rating method

Methodological analyses were based on the rating of 36
MR scans. These included controls (n=8, age=63.8±6.0),
Alzheimer’s disease (AD) cases (n=8, age=64.9±4.6) and
frontotemporal dementia (FTD) cases [14, 15] (n=20;
semantic dementia n=9, age=61.1±7.8; behavioural vari-
ant FTD n=11, age=57.8±5.6). The scans selected had all
been used in previous volumetric studies, allowing compar-

Fig. 1 Reference pamphlet sli-
ces 1 to 4. Guide for identifying
regions to be rated (upper left
hand corner) and images for
comparison while rating show-
ing range of severities (0–4) for
each rated region. Slice 1: temp
(ant) anterior temporal pole; b
ganglia basal ganglia; orbital fr
orbitofrontal cortex; dorsal fr
dorsolateral frontal cortex;
cingulate anterior cingulate cor-
tex. Slice 2: HPC (ant) anterior
hippocampus; ERC entorhinal
cortex (anterior parahippocam-
pal gyrus); PRC perirhinal cor-
tex; fus (ant) anterior fusiform
gyrus; temp (lat) lateral temporal
region; insula. Slice 3: HPC
(mid) mid-hippocampus; temp
(sup) superior temporal gyrus.
Slice 4: post HPC posterior
hippocampus; 37 area 37
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isons across data-sets [3, 4, 16]. All scans were also
available in electronic form (necessary for VBM analysis).

Agreement analyses

Agreement analyses were based on assessment of all scans
by three independent raters blinded to clinical details and,
after further blinding, repeat rating by one of the three (rater

1, RD), a behavioural neurologist, with extensive experi-
ence of reviewing scans. Rater 2 (VS), a neuropsychologist,
was involved with selecting the regions for rating and the
preparation of reference material. Rater 3(AG), a trained
neurologist, had not been involved with the initial phase of
devising the scheme.

The rating of 36 scans yielded 72 measurements in total
for each region (ratings for left and right for each of the 36

Fig. 1 (continued)
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cases). Agreement between raters was measured overall,
by region, and by subject group, using Cohen’s kappa
statistic and the intra-class correlation coefficient. For
each pair of raters, three measures of agreement were
calculated: the raw proportion of ratings in absolute
agreement and kappa, unweighted and weighted. The
weighted kappa statistic is more appropriate than the
unweighted as discrepancies carry greater weight if raters

have disagreed by a greater margin. The intraclass
correlation coefficient (ICC), unlike kappa, permits simul-
taneous analysis of agreement across all raters but has the
disadvantage of being influenced more by variance in the
sample assessed (more homogeneous samples will yield
lower ICCs for the same measure). Scoring from the two
sessions undertaken by rater 1 were compared in a similar
manner to the inter-rater data.

Fig. 1 (continued)
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Validation analyses: manual volumetrics

To validate the scale against independent volume measures,
rating data were compared with manual volumetrics and
with VBM (discussed below). A subset of 25 scans (eight
controls; eight AD patients; nine SD patients) had been
used in a manual volumetric study of four temporal lobe

regions (temporal pole, perirhinal, entorhinal, anterior
hippocampus) [4]. For the frontal lobe, manual volumetric
data were available from four regions (orbitofrontal, insular,
lateral frontal, anterior cingulate) in 14 scans (three controls
and 11 bvFTD) [16]. Temporal lobe volumetric data were
based on grey matter boundaries defined by Insausti
(temporopolar, perirhinal and entorhinal cortices) or Watson

Fig. 1 (continued)
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(hippocampus) [12, 17]. Frontal lobe regions were defined
using a hub and spoke manner, from the most lateral point
of the lateral ventricle, into orbitofrontal, insula, inferior,
middle and superior frontal areas [16]. Spearman analyses
were used to correlate rating scores and volumetrics; as
with the agreement analyses, left and right scores for a
given region were analysed together.

Validation analyses: VBM

VBM an automated procedure for comparing relative grey
matter, white matter or CSF density between groups of
subjects on a voxel-by-voxel basis has been used in a variety
of settings, including dementia [18–21] and ageing [22].
Typically, the comparison is between groups of controls and
subject population. For our purposes, however, groups were
formed according to rating scores for each region (see
below). The expectation was that groups rated as having
milder atrophy would show also less atrophy on VBM.

Pre-processing was undertaken to form grey matter
images in Talairach space [23] by means of an optimised
VBM protocol involving the creation of customised a
priori probability density images of white matter, grey
matter and CSF, followed by an iterative procedure of
segmentation and normalisation [22]. Images were
smoothed with a 12 mm Gaussian kernel in order to reduce
the individual variation in gyral anatomy. The normalised
grey matter probability density images produced for each
subject allowed comparison of relative regional grey matter
concentrations between the groups. As ratings were
performed independently on the left and right hemispheres,

the brains were flipped left-to-right to double the sample
size for each regional analysis (n=72).

Since we had a strong prior hypothesis that we would
find atrophy at the location of rated regions, we used a
small volume correction to correct for multiple comparisons
[24] (see Table 1 for coordinates and sphere radius).
Corrected probabilities in statistical parametric mapping
software (SPM99) are based upon random field theory. This
estimates the number of independent measurements (resels)
occurring in a given search volume (there will be fewer
resels than voxels due to correlation between nearby voxels
and smoothing effects). The resulting statistical correction
is, appropriately, less conservative than Bonferroni correc-
tion based on the number of voxels. Corrected thresholds
for VBM may be misrepresented, however, when variation
in spatial density of resels over the brain is not accounted
for. We avoided this problem by repeating the analyses
calculating separately the number of resels in the small
volume studied for each analysis.

Fifteen different grey matter concentration analyses were
performed, one for each region, with each image placed in a
group corresponding to its rating, 0–4. If there were fewer
than three images in the highest rating category, these were
included at the next lowest point on the scale (e.g. for
temporal pole—rating 0, n=21; rating 1, n=23; rating 2
n=19; rating 3 or 4, n=9). Analysis of variance (ANOVA)
was performed to look for significant differences between
the groups’ mean concentration of grey matter with one-
tailed t tests to confirm the direction of main effects shown
by ANOVA. For the latter, statistical power was increased
by including all scans in each test. Hence, group 0

Table 1 Brain regions included in the final rating protocol.

Slice Region Approximate Brodmann
designation

Talairach coordinates
(x, y, z)

Small volume correction
radius (mm)

I Temporal pole BA 36/38 −41 16 −30 10

Anterior basal ganglia N/A −19 16 0 5

Orbitofrontal gyri BA 11/25 −35 16 8 5

Lateral frontal gyri BA 8/9/46 −36 24 32 15

Anterior cingulate gyrus BA 24 −6 24 27 3

II Anterior hippocampus N/A −22 −12 −21 3

Anterior parahippocampal gyrus (entorhinal) BA 28 −20 −12 −31 2

Collateral sulcus (perirhinal) BA 35 −29 −12 −31 2

Anterior fusiform gyrus BA 36/20 −32 −12 −36 2

Lateral temporal gyri BA 21/22 −53 −12 −26 5

Insula BA 13 −39 −8 −2 3

III Mid hippocampus N/A −29 −20 −15 2

Superior temporal gyrus BA 41/42 −43 −20 −1 3

IV Posterior hippocampus N/A −27 −32 −8 3

Posterior temporal gyri BA 37 −55 −32 −16 5

BA Brodmann area; N/A not applicable
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was compared with groups 1, 2, 3 and 4; groups 0 and 1
were compared with groups 2, 3 and 4; groups 0, 1 and 2
were compared with groups 3 and 4 and groups 0, 1, 2 and
3 were compared with group 4. The a priori prediction was
that, for each comparison, there should be a directed
difference between the two sets of categories; lower-rated
groups should have higher concentrations of grey matter. In
the same manner, we undertook three further analyses of
mean CSF concentrations in groups defined by hippocam-
pal ratings (anterior, mid and posterior), in the expectation
that the more mildly rated groups would have lower CSF
concentrations.

Analyses by diagnostic category

Scans were categorised into diagnostic groups: controls
(n=8), AD (n=8), SD (n=9) and bvFTD (n=11). ANOVAs
were undertaken across all patient groups and all regions.
Rating data across all regions were compared by Kruskal–
Wallis tests, with post hoc Mann–Whitney tests. Discrim-
inant analysis was used to determine which regional ratings
were most important in distinguishing between the syn-
dromes. Further, ANOVAwas also undertaken on the VBM
data with cases categorised by diagnosis. A note was made
of the location of the most significantly different voxel and
corresponding cluster size; coordinates of regions that had
been found to differ between groups on rating score were
also examined.

Statistics

Weighted kappas were calculated using Analyse-It (Ana-
lyse-It Software Ltd., Leeds, UK), an add-on for Microsoft
Excel. VBM data processing was performed in SPM99
(http://www.fil.ion.ucl.ac.uk/spm) using Matlab 6.5 (Math-
works, MA, USA). SPSS 11.0 was used for all other
analyses (SPSS Inc., Chicago, IL, USA).

Results

Agreement analyses: between raters

Inter-rater reliability data are given in Table 2. The mean
weighted Cohen’s kappa of 0.71 demonstrates significant

overall agreement between raters (p<0.05). This value
compares favourably to those reported for other rating
scales, for instance, a kappa value between two raters for a
visual measure of hippocampal atrophy of 0.63 [3]. The
kappa (0.71) can also be interpreted as demonstrating a
“good” level of agreement between raters [25]. The ICC
was calculated separately for each of the different subject
groups: normal controls, 0.64; AD, 0.53; SD, 0.81; and
bvFTD, 0.82 (p<0.05 for all). The lower level of agreement
is a reflection of less variance in the rating data for the
former two groups. The ICC was also used to compare
agreement across regions: the region of least agreement was
the anterior cingulate (ICC=0.71), while the region of best
agreement was the anterior hippocampus (ICC=0.90)
(p<0.05 for all correlations). These results indicate signif-
icant agreement between raters across all subject groups
and brain regions studied.

Agreement analyses: within-rater

Intra-rater reliability analyses gave the raw proportion of
ratings in absolute agreement for rater 1 across sessions of
0.75; the unweighted Cohen’s kappa statistic was 0.64 and
the weighted Cohen’s kappa statistic 0.75 (p<0.05 for all).
Again, these results demonstrate significant intra-rater
reliability and compare favourably to those reported by
previous visual ratings scales [3]. The ICC across sessions
for rater 1 varied between 0.58 and 0.86 for the different
subject groups (p<0.05 for all), indicating significant intra-
rater agreement.

Validation analyses: manual volumetrics

The correlations between the visual ratings (rater 1) and the
temporal and frontal lobe measures generated by volumet-
rics are summarised in Table 3: correlations were signifi-
cant across all regions, indicating good agreement between
the visual rating scale and independent methods of volume
estimation for all regions studied.

Validation analyses: VBM

Figure 2 shows the results for the temporal pole. Significant
differences (p<0.05 corrected) between the rating catego-
ries were found for 12 out of the 15 regions (all except

Table 2 Raw absolute agreement and Cohen’s kappa values (unweighted and weighted) for all pairs of raters (*p<0.05).

Rater 1 versus rater 2 Rater 1 versus rater 3 Rater 2 versus rater 3 Mean

Raw absolute agreement 0.69* 0.76* 0.70* 0.71*

Cohen’s kappa (unweighted) 0.55* 0.66* 0.57* 0.59*

Cohen’s kappa (weighted) 0.69* 0.76* 0.70* 0.71*
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posterior hippocampus, superior and posterior temporal). In
ten of these 12 regions, the predicted direction of differ-
ences was confirmed in all analyses (0 versus 1, 2, 3, 4; 0, 1
versus 2, 3, 4 etc). The exceptions were anterior basal
ganglia and anterior cingulate cortex. For both of these,
however, comparison between “normal” (rated 0) and
“abnormal” (rated 1, 2, 3 or 4) did show a significant
difference in the predicted direction. For the regions in
which we did not find significant differences at the pre-
determined coordinates (posterior hippocampus, superior

and posterior temporal), significant clusters were, however,
found in the vicinity of those coordinates. Furthermore,
complementary analyses using the hippocampal small-
volume correction spheres with ANOVA based on CSF,
rather than grey matter, concentration yielded significant
results (for all analyses except 0, 1, 2 versus 3, 4 for
posterior hippocampus), showing that ventricular size
increases with severity of hippocampal rating. The antero-
posterior gradient of atrophy is clearly evident in the visual
representation of analysis of cases categorised by anterior,
mid and posterior hippocampal ratings (Fig. 3).

Analyses by disease category

Comparison of rating data across disease groups showed
significant group effects for all regions (p<0.001). Post hoc
pairwise comparisons between controls and each of the
disease groups confirmed significant differences in all
instances (i.e. significantly lower ratings for controls).
Corresponding analyses between disease groups gave
significant differences (p<0.05) as follows (Table 4): (1)
AD versus SD—temporal pole, anterior parahippocampal
gyrus, anterior fusiform gyrus and lateral temporal gyri (all
worse in SD); (2) AD versus bvFTD—orbitofrontal gyri,

Fig. 2 Result of VBM ANOVA
with cases categorised by tem-
poral pole ratings—glass brains
showing voxels differing signif-
icantly in grey matter concen-
tration across rating groups

Table 3 Correlations between ratings for rater 1 and regional brain
volumes obtained by manual volumetrics (*p<0.05).

Region Spearman’s rho

Temporal lobe Temporal pole 0.55*

Perirhinal cortex 0.50*

Entorhinal cortex 0.61*

Anterior hippocampus 0.60*

Frontal lobe Orbitofrontal cortex 0.80*

Insular cortex 0.71*

Dorsolateral prefrontal cortex 0.91*

Anterior cingulate cortex 0.62*
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Fig. 3 Result of VBM ANOVA
with cases categorised by ratings
for anterior hippocampus, mid-
hippocampus and posterior
hippocampus—glass brains
showing voxels differing signif-
icantly in CSF concentration
across rating groups. Note
antero-posterior axis of in-
creased CSF; also note extra-
cerebral artefact in posterior
hippocampal analysis
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anterior parahippocampal gyrus and lateral temporal gyri
(all worse in bvFTD); and (3) SD versus bvFTD—temporal
pole and anterior fusiform (worse in SD) and the anterior
cingulate (worse in bvFTD).

To explore the key regions that differentiated subject
groups, we used discriminant analyses and showed differ-
ences as follows: (1) controls versus AD—insula, anterior
hippocampus, orbitofrontal gyri and temporal pole; (2)
controls versus SD—anterior fusiform; (3) controls versus
bvFTD—insula; (4) AD versus SD—temporal pole, anteri-
or hippocampus and lateral temporal (all worse in SD); (5)
AD versus bvFTD—orbitofrontal gyri, anterior hippocam-
pus and lateral frontal cortex (all worse in bvFTD); (6) SD
versus bvFTD—anterior cingulate (worse in bvFTD) and
temporal pole (worse in SD).

VBM analyses by disease group showed the most sig
nificant reductions in grey matter concentration at the
following locations (Table 4): (1) AD minus controls—
posterior cingulate cortex (BA31) (p=0.000, cluster=
475 voxels); (2) SD minus controls—anterior fusiform
(BA36) (p=0.000, cluster=4,608 voxels); (3) bvFTD minus
controls—lateral orbitofrontal gyrus (BA10) (p=0.000,
cluster=2,478 voxels); (4) SD minus AD—anterior fusiform
gyrus (BA36) (p=0.000, cluster=437 voxels); (5) bvFTD
minus AD—medial prefrontal gyri (BA9/10) (p=0.003,
cluster=25 voxels) and (6) bvFTD versus SD, bvFTD minus
SD—white matter underlying lateral frontal gyri, SD minus
bvFTD—white matter underlying posterior insula (p=0.000,
0.000; clusters=329, 89 respectively). No further voxels in
regions deemed to differ between the subject groups by
rating survived a corrected threshold of 0.05.

Discussion

We describe a visual rating method that provides anatomical
data for 15 brain regions. By means of a combination of
written criteria and reference images, we obtained favourable
reliability data for all 15 regions, across raters of varied
baseline expertise thus fulfilling the primary aim of the study.

Validation of the rating data against independent struc-
tural data also gave favourable results. Available volumetric
data in eight regions spanning temporal and frontal lobes
correlated significantly with rating scores. To the best of
our knowledge, validation of a rating scale against VBM is
novel. Significant differences in grey matter concentration
at pre-defined locations were found across groups, cate-
gorised by rating severity, for 12 of the 15 regions. For the
remaining three regions (e.g. posterior hippocampus),
validation by VBM may have failed because of distance
to grey matter boundaries, which are readily detected by
VBM.

Analysis of the rating data by subject group was largely
in keeping with the literature on the various syndromes
represented in our sample of 36 cases and the finding that
all regions were rated significantly differently from controls
in all three disease groups reinforces the favourable validity
analyses. Discriminant analyses of control data and patient
groups showed the anterior fusiform rating to be the region
in distinguishing SD from controls [3, 10] and the insula to
be key in discriminating bvFTD [21, 26]. Multiple regions
were relevant in discriminating the AD from controls
(insula, anterior hippocampus, orbitofrontal gyri and tem-
poral pole) in keeping with the more diffuse atrophy seen in
AD. The key regions differentiating AD and SD were the
temporal pole, anterior hippocampus and lateral temporal
gyri [3, 4, 10, 19]. The SD versus bvFTD discrimination
was based on the temporal pole being more atrophic in the
former and the anterior cingulate being more atrophic in the
latter, in keeping with hypothesised roles for these regions
respectively in semantics and social cognition [4, 18, 27,
28]. Direct comparison of regional ratings between the
syndromes paralleled the discriminant analyses.

The key voxels in the VBM analyses of the controls
versus each of the three disease groups were located in
regions previously implicated in the respective syndromes—
posterior cingulate cortex in AD [29], anterior fusiform in
SD [3, 10] and lateral orbitofrontal gyrus in bvFTD [20]. The
anterior fusiform was also highlighted in the AD-versus-SD
analysis. The remaining whole brain analyses comparing

Table 4 Regions of significant relative atrophy identified by rating and by VBM.

Groups compared Atrophied regions detected by RATING Atrophied regions detected by VBM

AD versus controls All rated regions Posterior cingulate

SD versus controls All rated regions Anterior fusiform

bvFTD versus controls All rated regions Lateral orbitofrontal gyri

SD versus AD Temporal poleanterior parahippocampal gyrusanterior fusiform
gyruslateral temporal gyri

Anterior fusiform

bvFTD versus AD Orbitofrontal gyrianterior parahippocampal gyruslateral temporal gyri Medial prefrontal gyri

SD versus bvFTD Temporal poleanterior fusiform gyrus Lateral frontal gyri

bvFTD versus SD Anterior cingulate Posterior insula
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disease groups proved difficult to interpret. Notably, neither
the temporal pole nor hippocampus was found to differ
between controls and any subject group by VBM although
differences were manifest on simple visual inspection. By
contrast, the posterior cingulate proved difficult to rate (this
region was removed from the rating protocol in pilot phase)
but was shown by VBM to differ between AD and controls
in accordance with recent evidence on the status of the
posterior cingulate in AD [29, 30].

Logistical considerations significantly limit the applica-
tion of volumetric and automated methods, including VBM.
Such data are also open to more fundamental criticism.
Firstly, individual case data is, of necessity, distorted during
the processing required for automated analysis; indeed, the
application of VBM to single cases may be fundamentally
flawed. Secondly, certain automated analyses may be
inherently insensitive to changes in particular structures,
such as the hippocampus [7]. Thirdly, gross distortion of
anatomy in some diseases may interfere with the applica-
tion of automated imaging software and, to a lesser extent,
volumetric protocols. Visual inspection, by its nature,
provides a holistic assessment. A previous VBM study in
SD, for instance, failed to show hippocampal atrophy [19]
as did the VBM undertaken here, although atrophy was
clearly evident on volumetric and visual inspection meth-
ods [3, 10].Volumetric protocols for cerebral cortex
typically aim to delineate entire regions but are crucially
dependent on gross anatomical landmarks which vary in
position from case to case, making some error inevitable. In
taking post mortem tissue specimens, by contrast, the
approach is usually to sample a circumscribed area well
within recognised boundaries. The rating approach, it may
be argued, is analogous. Rating therefore lends itself to
comparison of in vivo and post mortem appearances for
longitudinal assessment [31].

The disadvantages of the rating approach are transparent.
Rating will not give precise volumes. Rating is also prone
to sampling error in that only one view of a structure is
usually assessed. Rating can be further criticised for lacking
objectivity although this can be improved by rigorous
blinding and by the use of specific rating criteria. Logistical
advantages of rating are equally clear. It is quick and widely
applicable, requiring little training and no special equip-
ment. For certain purposes, we argue that validated visual
rating methods may be preferable both to descriptive
reporting and to attempts at more precise quantification.

We hope that this rating system will find widespread
application in studies of brain structure–function relation-
ships. It is particularly applicable to single-case and small-
group studies when the variabilities in volumetric analyses
limit their use and in correlative studies when there is gross
brain destruction.
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