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atrophy present in 100% of semantic dementia (SD) patients. 
By contrast, nearly half (47%) of the patients with clinical be-
havioural variant FTD had scans within the normal range. 
Behavioural cases with normal scans generally had fewer 
cognitive deficits and milder functional impairment than 
those with abnormal scans, yet displayed a clinically indistin-
guishable behavioural syndrome. They were not, however, 
simply at an earlier stage of the disease.  Conclusions:  MRI 
findings should form part of the diagnostic criteria for SD; 
the absence of atrophy on MRI in many behavioural cases 
raises the prospect that the behavioural syndrome of FTD is 
not specific for patients with a neurodegenerative disease. 

 Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Frontotemporal dementia (FTD) refers to the spec-
trum of non-Alzheimer dementias characterized by focal 
atrophy of frontal and temporal regions  [1, 2] . Three dis-
tinct clinical presentations of FTD are recognized  [3] . Be-
havioural variant FTD (bvFTD) is characterized by pro-
gressive changes in personality including disinhibition, 
apathy, loss of empathy, altered eating patterns and ste-
reotypic behaviour  [4] . Two aphasic variants are also de-
scribed. Progressive non-fluent aphasia (PNFA), which 
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 Abstract 
  Background/Aims:  The status of imaging findings in the 
clinical diagnosis of frontotemporal dementia (FTD) remains 
uncertain; while they may be supportive of a diagnosis of 
frontotemporal dementia, they are not mandatory. Our aim 
was to assess patterns of lobar atrophy in a large sample of 
clinically defined, prospectively studied, patients using a 
magnetic resonance image (MRI) rating scale, to (1) deter-
mine whether imaging findings warrant a more prominent 
position in FTD diagnosis and (2) correlate the extent of lo-
bar atrophy with clinical data.  Methods:  We adapted a re-
cently devised post mortem rating scale for FTD to rate lobar 
atrophy on MRI scans. The areas rated included the frontal 
cortex and both anterior and posterior temporal regions bi-
laterally. All available brain scans from all patients seen in the 
Cambridge Dementia Clinic (n = 258) diagnosed as having 
FTD, together with controls (n = 20), were used to assess the 
reliability of the method. A subset of these (n = 121) were 
used for clinico-anatomic analysis.  Results:  The scale proved 
quick and reliable (intra-, inter-rater k = 0.80, 0.67). MRI scans 
were abnormal in the majority of patients (75%), with focal 
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typically results in disruption of phonological and syn-
tactic components of language  [5] , and semantic demen-
tia (SD), by contrast, in which there is progressive loss of 
the knowledge base underlying language, resulting in im-
paired comprehension with preservation of conversa-
tional fluency  [6] .

  FTD consensus diagnostic criteria refer to frontal and/
or temporal lobar atrophy but do not mandate specific 
scan findings in the individual syndromes  [3, 7] . The 
terms ‘frontal variant’ and ‘temporal variant’ FTD, none-
theless, are widely used synonyms of bvFTD and SD, re-
spectively. The link between temporal lobe atrophy and 
SD, in particular, is well founded  [8, 9] . Furthermore, vol-
umetric MRI studies demonstrate that atrophy may be 
marked even at the time of diagnosis and that this feature 
can distinguish between FTD and other dementing con-
ditions  [10–12] . In everyday practice, however, many cas-
es seem to depart from the predicted patterns of atro-
phy. 

  Our aim was to devise a method for systematic assess-
ment of structural MR images in FTD that would be 
quick, reliable and applicable in a wide range of settings. 
The main purpose of this study was (1) to investigate the 
relative importance of imaging findings in a large, pro-
spectively studied, cohort of patients with a clinical diag-
nosis of FTD and (2) to assess the relationship of focal 
brain atrophy to clinical data.

  Method 

 Case Selection 
 The Cambridge Dementia Clinic database was interrogated 

for patients carrying a diagnosis from the clinical spectrum of 
FTD  [3, 7] . All available clinical MR scans from these cases that 
included a series of coronal images were considered (n = 258). A 
further 20 scans from control subjects were added to the image 
series. Controls were selected from a volunteer panel of normal 
individuals or were the spouses of subjects under study in the 
Cambridge Dementia Clinic. All were comprehensively assessed 
(by a multi-disciplinary team including a senior neurologist, a 
neuropsychiatrist and in most cases a neuropsychologist) to en-
sure an absence of neurological or psychiatric disease (in particu-
lar, schizophrenia, mania, depression and lifelong personality 
dysfunction). A history (personal and family) of psychiatric or 
neurologic disease was sought in all cases. Cognitive screening 
tests were also performed [Addenbrooke’s Cognitive Examina-
tion (ACE) and Mini-Mental State Examination (MMSE)]. Only 
a very small number of patient images (n = 2) were excluded be-
cause of poor image quality. The remaining 256 patient scans 
were placed in 2 categories based on whether the scans were per-
formed at initial presentation or during subsequent review. In de-
veloping the method 133 review scans (plus 20 control scans) were 
used (see reproducibility analyses below). For clinico-anatomical 

analysis 125 initial scans from patients in whom a core of clinical 
information could be extracted from the records (FTD syndrome 
category; indication of overall disability within 1 year of scan-
ning) were used (see below and results). It is important to note 
that the patients’ diagnosis was established clinically and not on 
the basis of their imaging findings. While such findings were of-
ten supportive of the diagnosis, in line with the consensus criteria, 
scan appearance did not define the FTD subtype, and a normal 
scan did not exclude a diagnosis of any of the FTD subgroups. 
Pathological verification was available for 28 patients of the cur-
rent series and in all cases upheld a diagnosis of 1 of the FTD syn-
dromes; any individual in our database with known non-FTD 
pathology, regardless of prior clinical mode of presentation, was 
excluded    from    the    study   at   inception.   The   research   program-
me was approved by the Cambridge Local Research Ethics Com-
mittee.

  Method of Image Assessment 
 We derived an MRI rating scale from a recently devised stag-

ing scheme, initially developed to rate the severity of atrophy in 
FTD brains post mortem that is similar to scales used in other 
diseases  [13, 14] . The post mortem staging has been shown to be 
reliable and to correlate with both disease duration and symptom 
severity  [13] . The in vivo method, used to rate brain images in this 
study, involves assessment of frontal and temporal lobe atrophy 
at 2 defined coronal levels on MRI (see  fig. 1 ). The process is rap-
id (1–2 min per case) and uses standard clinical-quality coronal 
MR images. In this study, scans were anonymized and their order 
randomized prior to rating, which was performed by 2 clinicians 
(R.D. and C.K.), who were blind to subject identity, diagnosis and 
clinical features.

  The 2 coronal slices assessed are the same as those used for the 
post mortem rating: (I) the slice through the temporal pole just 
anterior to where the ‘temporal stem’ connects frontal and tem-
poral lobes and (II) the slice showing the lateral geniculate nuclei 
( fig. 1 ). In all, 3 lobar regions were rated: slice I – frontal and an-
terior temporal; slice II – posterior temporal. A 5-point scale was 
adopted (e.g. rating 0 = normal, 1 = borderline abnormality, 4 = 
most severely abnormal) with specific criteria formulated for each 
level ( fig. 2 ). An array of standard reference images was used 
while rating to maximize consistency ( fig. 2 ). The overall rating 
for each case was the highest score recorded among the lobar rat-
ings, and we retained separate data for each lobar region. Lateral-
ization of brain atrophy was recorded when ratings for any region 
were not symmetric (i.e. difference between hemispheres in any 
region not equal to zero).

  Reproducibility Analysis 
 Cronbach’s  �  was 0.9 for overall rating; individual lobar rat-

ings varied between 0.8 and 0.9, implying high internal consis-
tency of the scale for the individual raters. Intra-rater analyses 
(R.D., n = 60) gave Cohen’s  �  values for frontal, anterior tempo-
ral and posterior temporal regions of 0.82, 0.83 and 0.79, respec-
tively, suggesting good agreement. Inter-rater analyses (R.D. and 
C.K., n = 256) also showed substantial agreement (frontal = 0.62, 
anterior temporal = 0.71 and posterior temporal = 0.64). Both 
intra- and inter-rater reliability data compared very favourably 
to those of previously published MRI rating methods  [11, 15] . 
Scores from only 1 rater (R.D.) were used in the analyses below 
to maximize the internal consistency of the scale. Any lobar rat-
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ing that differed between the 2 raters by more than 1 point on 
the scale (only 17 of 1,536 individual lobar ratings) was reviewed 
by both raters and consensus reached on the final rating re-
corded.

  Clinico-Anatomical Analysis 
 The patients were subcategorized based on the dominant clin-

ical features into bvFTD (n = 51), PNFA (n = 22) and SD (n = 52) 
with reference to FTD consensus criteria  [3] , although we retain 
our preferred usage of the term bvFTD to indicate the behavioural 
variant of FTD. Age at scanning, symptom duration to scanning 
and gender were documented. The Clinical Dementia Rating 
(CDR) was used as an indicator of overall disability  [16] . Further 
measures of the cognitive and behavioural impairments were also 
available in the majority of cases. The ACE  [17–19]  had been 
performed within 1 year of scanning in 105 cases (bvFTD = 46, 
PNFA = 13, SD = 46). The ACE, which has been shown to be useful 
in the setting of FTD  [17] , is a 100-point general cognitive battery, 
which incorporates the 30-point MMSE  [20]  along with further 
tests of language (verbal fluency, naming and comprehension), re-
call and visual construction. The Cambridge Behavioural Inven-
tory (CBI), a carer-based questionnaire covering a broad range of 

neuropsychiatric symptoms, validated in FTD and Alzheimer’s 
disease  [21] , provided behavioural data in 77 cases (bvFTD = 39, 
PNFA = 10, SD = 28). Dichotomized behavioural data (abnor-
mal = 1, normal = 0) were extracted from the CBI and summated 
for 13 domains (delusions, hallucinations, depressed mood, anxi-
ety, irritability, elevated mood, agitation, apathy, sleep, disinhibi-
tion, stereotypies, dietary changes and ritualized behaviour). The 
latter 4 (disinhibition, stereotypies, dietary changes and ritualized 
behaviours) were prespecified, on the basis of previous studies, to 
be particularly salient features of FTD  [1]  and were combined to 
form a CBI subset score. Apathy was not included in this subset, as 
its discriminatory value with other neurodegenerative diseases is 
poor. 

  Statistics 
 SSPS 10 (SPSS Inc., Chicago, Ill., USA) was used for all statisti-

cal analyses. Comparisons were undertaken across syndrome cat-
egories (bvFTD, PNFA and SD) and rating scores. The parametric 
clinical data (age, symptom duration and ACE score) were com-
pared across syndromes and rating levels by ANOVA with Schef-
fe post hoc tests. Gender comparisons between groups were per-
formed using  �  2  tests. Kruskal-Wallis tests were employed for the 
non-parametric data (CDR scores, total CBI and CBI subset 
scores, lobar rating scores and lateralization indices), with subse-
quent Mann-Whitney U testing as necessary. Correlational anal-
yses for ordinal data sets were based on Spearman’s analyses; in 
view of the multiple comparisons made, significance was taken to 
be p  !  0.01.

  Results 

 Clinical Data 
 Demographics and data are summarized in  table 1 . 

The 125 cases included 83 men and 42 women. The gen-
der ratios did not differ significantly across syndromes. 
The mean age at scanning was 62.8 years ( 8  standard 

  Fig. 1.  Anatomical markers for rated slices.  A  Slice I. The most 
posterior scan slice through the temporal pole with no visible 
connection between the frontal and temporal pole. It includes 
frontal and temporal cortices, white matter, basal ganglia (BG) 
and corpus callosum.  B  Slice II. The slice showing the clearest 
view of the lateral geniculate nuclei (LGN). If contour of the nuclei 
is not well seen (occurs in  ! 10%), the slice immediately posterior 
to the flattening of the medial prominence of the thalami is cho-
sen. If LGN are equally prominent in adjacent slices, the anterior 
of the candidate slices is taken. It includes hippocampus (HP) in 
the classical ‘cornu ammonis’ conformation, posterior temporal 
cortex and white matter, posterior frontal/parietal lobes, thalami 
(TH; anterior pulvinar), corpus callosum and lateral ventricles 
(body and inferior horn).  

Table 1. Demographic characteristics and clinical indices by FTD 
subtype

No. Sex
M/F

Age (years) Duration to MRI
(years)

bvFTD1 51 38/13 60.187.7 5.083.6
PNFA 22 16/6 66.386.8 3.682.2
SD 52 29/23 64.487.1 4.082.5
Controls 20 10/10 61.686.5 –

All 145 93/52 62.887.5 –

Age and duration are expressed as means 8 standard devia-
tions.

1 Age – bvFTD vs. SD, PNFA (p < 0.05).
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deviation 7.5). An ANOVA showed a significant age effect 
across syndromes (F = 5.2, d.f. = 3, p  !  0.01); post hoc 
testing showed the bvFTD group to be significantly 
younger than either the PNFA (p  !  0.01) or the SD group 
(p  !  0.05), but not the controls. The 2 aphasic groups did 

not differ significantly in age from each other or from the 
controls. The mean symptom duration to scanning was 
not significantly different between the groups (F = 2.1, 
d.f. = 3, n.s.). 

Frontal

Anterior
temporal

Posterior
temporal

0 1 2 3 4

  Fig. 2.  Array of prerated reference images and rating criteria for 
lobar regions.   Frontal lobe (on slice I). Stage 0 = Normal appear-
ances; stage 1 = mild atrophy of orbital or supero-medial frontal 
cortex – contour of the basal ganglia in the lateral ventricle is 
convex, as in controls, but with some prominence of the lateral 
ventricle; stage 2 = definite sulcal widening in any cortical sub-
region or flattened profile to basal ganglia; stage 3 = severer cor-
tical atrophy with clear reduction in white matter and reduced 
white-grey matter differentiation – stage 3 basal ganglia have 
concave profile; stage 4 = cortex reduced to a ribbon and the 
basal ganglia virtually indiscernible.   Anterior temporal lobe (on 
slice I). Stage 0 = Normal appearances; stage 1 = slight promi-
nence of anterior temporal sulci; stage 2 = temporal sulci def-
initely widened; stage 3 = gyri severely atrophic and ribbon-
like – white and grey matter cannot be distinguished (normal 

temporal lobe at this level is less substantial than the frontal lobe, 
and so the ribbon-like gyri of the stage 3 temporal lobe are simi-
lar to stage 4 frontal gyri); stage 4 = temporal pole has a simple 
linear profile or is not seen at all.   Posterior temporal lobe (on slice 
II). Stage 0 = normal appearances; stage 1 = slight increased 
prominence of the lateral ventricle to form a rim around the an-
terior hippocampus – temporal sulci show mild prominence; 
stage 2 = lateral ventricle unarguably dilated with subtle reduc-
tion in hippocampal size – the medial temporal gyri may be
atrophic, and there may be prominence of the temporal sulci; 
stage 3 = the hippocampus is small and sits at the medial tip of a 
greatly expanded temporal horn – sulci are definitely widened; 
stage 4 = hippocampus is extremely small – temporal cortex and 
white matter show almost complete atrophy. 
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  Atrophy Ratings across FTD Syndromes 
 Control scans were rated as 0 or 1 in all cases across all 

regions, thus defining the normal range of scan appear-
ance. In the patients, a degree of cerebral atrophy (rating 
grades 2–4) was seen in 75% of cases. All patients catego-
rized as SD, and most with PNFA (71%), showed clearly 
abnormal MRI findings, even at first scanning. By con-
trast, almost half (47%) of the patients with bvFTD had a 
normal appearing scan ( fig. 3 ).

  Formal comparison found significant differences 
across syndromes for all 4 temporal subregions (anterior 
and posterior on the left and right) but not the frontal re-
gions. The SD group showed significantly greater atrophy 
than either the bvFTD (p  !  0.01) or the PNFA (p  !  0.05) 

group. Comparison of the bvFTD and PNFA groups re-
vealed greater atrophy on the left in the latter (p  !  0.05). 

  Relative scoring for frontal and temporal lobes in in-
dividual cases differed across syndromes, as expected 
( fig. 4 ). In bvFTD, the frontal lobe ratings were often 
worse than temporal ratings (49%); the reverse was true 
in 67% of SD cases with a significant difference in relative 
frontal and temporal atrophy (p  !  0.001). Moderate num-
bers of both bvFTD and SD cases (40% of the series as a 
whole), however, had equal frontal and anterior temporal 
scores. In the case of bvFTD, usually this uniformity was 
because all lobar regions were rated as normal. In a mi-

  Fig. 3.  Numbers of cases at each overall rating level in FTD syn-
dromes – bvFTD ( A ), PNFA ( B ) and SD ( C ). 

  Fig. 4.  Rating scores by FTD syndrome – comparison of frontal 
and anterior temporal ( A ), anterior and posterior temporal ( B ), 
and left and right ratings ( C ). Note that a uniform rating can be 
achieved by a scan which appears normal in all lobar regions, or 
a scan with a similar degree of atrophy across all regions rated.  
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nority of cases (8%), the atrophy profile defied the pre-
dicted gradient (i.e. temporal emphasis in bvFTD and 
frontal emphasis in SD). Over half the PNFA cases were 
rated alike for frontal and anterior temporal atrophy 
(59%); the remainder had greater frontal atrophy, signif-
icantly different from SD (p  !  0.001) but not bvFTD. An-
terior and posterior temporal ratings were equal in 61% 
of cases overall. Among the aphasic cases, there was 
greater anterior temporal atrophy in SD and greater pos-
terior atrophy in PNFA (p  !  0.001).

  In terms of laterality, most of the aphasic cases had 
left-sided atrophy (PNFA = 79%, SD = 67%). The number 
of symmetrical cases of either SD or PNFA was small 
(SD = 6%, PNFA = 14%). One quarter of the SD cases had 
greater right-sided atrophy. A substantial proportion of 
bvFTD cases had lateralized atrophy (left 37%, right 
22%). Approaching one half of bvFTD cases, however, 
had symmetric scan appearances, differing significantly 
from the PNFA (p  !  0.01) and SD (p  !  0.001) groups – 
again this was influenced by the significant proportion 
of bvFTD patients with a normal scan.

  Clinical Data: Functional, Cognitive and Behavioural 
Measures 
 Overall disability, indicated by CDR, differed among 

the syndromes ( �  2  = 20.1, d.f. = 2, p  !  0.001), with sig-
nificantly higher CDR in bvFTD than in PNFA (p  !  0.01) 
or SD (p  !  0.01); the SD group had significantly higher 
CDR than the PNFA cases (p  !  0.05). ACE scores also dif-
fered across syndromes (F = 22.7, d.f. = 2, p  !  0.001), with 
post hoc tests confirming performance to be significant-
ly better in the bvFTD group than either the PNFA (p  !  
0.01) or SD (p  !  0.001) groups. The mean ACE scores for 
the aphasic groups were not significantly different. In 

parallel with the disability measure, behavioural impair-
ment scores from the CBI showed a highly significant dif-
ference across the sample as a whole ( �  2  = 20.4, d.f. = 2, 
p  !  0.001), translating into greater behavioural distur-
bance in the bvFTD than either the PNFA (p  !  0.001) or 
the SD (p  !  0.01) group. Between the aphasic groups, the 
SD cases had significantly greater behavioural distur-
bance (p  !  0.05;  table 2 ).

  Relationship between Ratings and Clinical Measures 
 Neither age at scanning nor symptom duration to 

scanning differed significantly across rating scores. The 
ACE scores correlated with rated atrophy (all cases/over-
all rating Spearman’s  �  = –0.50, p  !  0.001; for each sub-
region p  !  0.05). The CDR scores also varied significant-
ly with rating when all 3 groups were combined (Spear-
man’s  �  = –0.26, p  !  0.01).

  By contrast, the summed behavioural scores extracted 
from the CBI did not correlate with any regional rating 
in the sample as a whole. Looking specifically at the 
bvFTD group where behavioural rather than cognitive 
problems dominated the clinical picture, the plot of CBI 
score against overall rating revealed an interesting profile 
with a cluster of patients showing highly abnormal be-
haviour but normal scan appearances ( fig. 5 ). Correla-
tional analysis of CBI against cases with definite atrophy 
(2, 3 or 4 ratings) again failed to find a positive correla-
tion. However, the prespecified subset of CBI scores 

Table 2. Clinical data in FTD subgroups

CDR score ACE score CBI score
(max. 3) (max. 100) (max. 13)

bvFTD 1 [0–3] (39) 83810 (46) 8.283.0 (39)
PNFA 0.5 [0–1] (10) 64819 (13) 2.483.1 (10)
SD 0.5 [0–3] (28) 53830 (46) 5.583.6 (28)

All 1 [0–3] (77) 64829 (105) 6.583.8 (77)

Numbers in parentheses indicate cases in each cell. CDR 
scores are expressed as medians, with ranges in square brackets; 
ACE and CBI scores are expressed as means 8 standard devia-
tions.

  Fig. 5.  CBI score plotted against atrophy rating (n = 39). Thirteen 
patients have profound behavioural disturbance (CBI of 9 or 
greater) but largely normal scan appearances (rated 0 or 1). One 
patient with a rating of 0 on the CBI was judged to have a clinical 
syndrome consistent with bvFTD, although this particular pa-
tient’s carer only made modest endorsements on the behavioural 
rating scale. 
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deemed to be most characteristic of FTD did correlate 
significantly with both overall ratings (Spearmans’  �  = 
0.51, p  !  0.05) and frontal, but not temporal, ratings bi-
laterally (Spearmans’  � : left frontal = 0.53, right frontal = 
0.51, p  !  0.05 for both).

  Discussion 

 Imaging findings enjoy an uncertain status in the di-
agnosis of FTD according to accepted clinical criteria  [3, 
7] . In this study, we describe an MRI visual rating scale 
for assessing brain atrophy in FTD and apply it to a large 
cohort of clinically defined cases. The scale is reliable, 
and it correlates with clinical measures of severity in the 
disease across the subtypes of FTD. Most importantly, 
application of the scale highlights a number of key rela-
tionships which have implications for clinical diagnosis 
and suggest a more prominent role for imaging findings 
in the clinical criteria for FTD. 

  The majority (75%) of patients had evidence of frontal 
and/or temporal atrophy, which is in keeping with the 
published literature. Strikingly, however, nearly half 
(47%) of the patients with bvFTD had a scan which was 
no different to the controls (rated 0 or 1). In contrast, all 
patients manifesting the clinical syndrome of SD had ab-
normal imaging (rated 2 or worse), as did the majority of 
patients with PNFA (71%). This included many patients 
with scans performed at the time of clinical presentation. 
At least in the case of SD, these findings suggest that cur-
rent consensus clinical criteria on FTD might be modi-
fied to stipulate the presence of atrophy as a requirement 
for diagnosis. 

  The profiles of lobar atrophy were in keeping with the 
tone of the consensus document  [3] . The frontal scores 
were generally worse in the bvFTD cases and the tempo-
ral scores worse in SD in keeping with their respective 
synonyms ‘frontal’ and ‘temporal variant’. Where bvFTD 
cases were classed as being ‘uniform’, this was invariably 
an artefact due to many such cases showing little or no 
atrophy. Over 80% of PNFA patients in this series had 
detectable left-sided asymmetry, even in the minority of 
scans which were graded as normal. Comparison of lobar 
atrophy between PNFA and SD showed more involve-
ment of frontal and posterior temporal than anterior 
temporal regions in PNFA: frontal and posterior tempo-
ral regions are implicated in the phonological and gram-
matical processes affected in PNFA. These findings are 
in keeping with functional and structural imaging results 
 [22, 23] . Lateralization of atrophy was a feature of SD as 

well as PNFA, with the majority again showing left-sided 
atrophy. Even those PNFA scans that were rated as grade 
1 showed a left-sided asymmetry. A significant propor-
tion of the SD group, however, had right-sided atrophy. 
Such cases, said typically to display impairment in person 
knowledge, are well recognized  [24] . By contrast, non-
dominant hemisphere atrophy has not been described in 
PNFA. Despite this, 2 PNFA cases in this series showed 
mainly right-sided atrophy; unfortunately, neither hand-
edness nor other information on cerebral dominance was 
available.

  Of the clinical measures of symptom severity, both 
CDR (reflecting overall functional impairment) and ACE 
(reflecting cognitive impairment) correlated with all 6 lo-
bar rating points in the group as a whole. Notably, the 
behavioural data extracted from the CBI failed to corre-
late with any regional rating either in bvFTD or the apha-
sic groups. The absence of a correlation may be attribut-
able to the fact that the CBI data subsume a disparate 
range of behavioural characteristics generated by diverse 
brain regions, not all of which were measured in this 
study. Alternatively, the range of frontotemporal scores 
generated by the rating scale may lack sufficient variance 
to adequately detect a correlation if present. The plot of 
CBI data and overall rating scores in bvFTD suggests an 
important, additional explanation. There appears to be a 
distinct group of patients with normal scan appearances 
and markedly abnormal behaviour. This impression is 
strengthened by the detection of a correlation between 
behaviour and rating scores among the bvFTD cases with 
abnormal scans (cases rated 0 or 1 excluded). Specifically, 
modest post hoc correlations were found between our 
prespecified behavioural measure (summed disinhibi-
tion, stereotypies, dietary changes and ritualized behav-
iour scores) and frontal ratings bilaterally.

  How then should we view the group of bvFTD patients 
with normal scans? It should be noted that our normal 
scan bvFTD subgroup has significantly less cognitive 
dysfunction and less overall disability, raising the possi-
bility that they have simply presented at an early stage of 
their illness. The recorded symptom duration, however, 
was not shorter in those with normal scanning, and the 
absence of a normal scan subgroup among the SD pa-
tients further suggests a different spectrum of patholo-
gies in bvFTD. Another curiosity is that 23 out of the 24 
normal scan cases were men, in contrast to the far more 
balanced sex ratios among bvFTD cases with abnormal 
scanning and among aphasic cases. We have recently de-
scribed this subgroup from the bvFTD cohort in detail 
elsewhere  [25] . In that report, patients with normal or 
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