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Inter-relation between "classic" motor neuron
disease and frontotemporal dementia:
neuropsychological and single photon emission
computed tomography study

Paul R Talbot, Peter J Goulding, James J Lloyd, Julie S Snowden, David Neary,
Humberto J Testa

Abstract
The purpose of this study was to examine
the possible association between "clas-
sic" motor neuron disease (cMND) and
frontotemporal dementia (FTD), using
neuropsychological evaluation and single
photon emission computed tomography
(SPECT). Psychological tests assessing
language, perceptuospatial, memory,
and "frontal lobe" functions were given
to patients with cMND and test scores
were compared with those ofnormal con-
trol subjects. 9mTc-HMPAO SPECT was
performed on patients with cMND, FTD
and motor neuron disease (FTD/MND),
FTD alone, and normal control subjects.
Regional cerebral blood flow indices
(rCBF,) were determined in 36 cortical
regions, and differences between grouped
rCBFi data were investigated by canoni-
cal discriminant analysis.
There were significant group differ-

ences in the scores of picture sequencing
and token tests in patients with cMND
compared with normal controls. Regional
CBFi data showed frontal and anterior
temporal reductions in patients with
cMND compared with normal controls. A
similar pattern of SPECT abnormality
was seen in patients with FTD/MND and
FTD alone, but to a more pronounced
degree than in patients with cMND.
Neuropsychological and SPECT find-

ings in cMND, FTD/MND, and FTD
showed a common pattern of cerebral
involvement, most pronounced in the
second two conditions. It is suggested
that cMND, FTD/MND, and FTD repre-
sent a clinical range of a pathological
continuum.

(_ Neurol Neurosurg Psychiatry 1995;58:541-547)
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Motor neuron disease (MND) is a degenera-
tive disorder of unknown aetiology that mani-
fests progressive weakness of bulbar, limb,
thoracic, and abdominal musculature.' The
term "classic" motor neuron disease (cMND)
refers to a clinical syndrome in which signs
are restricted to those of upper and lower
motor neuron involvement. Traditionally,

patients with cMND have been considered to
be free from cognitive impairment.2 Evidence
is emerging, however, to suggest that cogni-
tive impairment may occur, albeit of mild
degree, implicating more widespread cerebral
abnormality extending beyond motor cortices
and corticospinal tracts. Some authors' have
shown generalised impairment, whereas
others4-7 have provided evidence of frontal
lobe dysfunction. The presence of cognitive
impairment in cMND has not though, invari-
ably been detected.8 9 Structural MRI in
cMND has typically shown cerebral abnor-
mality restricted to the corticospinal tracts9-"1
and motor cortices.'2 Positron emission
tomography and single photon emission com-
puted tomography (SPECT), which are more
sensitive than MRI in delineating the extent of
functional abnormality within the brain,'3-'5
have shown abnormality outside the motor
cortices, although findings are not entirely
uniform. Some studies have shown gener-
alised abnormality,5 6 16 17 whereas others have
found cortical changes restricted to the pre-
frontal gyriLP and medial frontal regions.7 In
further studies of cMND, no impairment of
cerebral metabolism has been shown.919

It is increasingly recognised that non-
Guamanian forms ofMND may be associated
with dementia, although it is uncertain
whether this dementing condition should be
considered a clinical variant of MND2 20 or a
separate disease entity.2' MND usually fol-
lows, but may accompany or occasionally pre-
cede the onset of dementia.2' Cognitive
impairment manifests as a profound break-
down in personality and social conduct
together with a dynamic spontaneous speech,
culminating in mutism.20 21 The nature of
psychological breakdown is identical to that
encountered in FTD,22 implicating frontal
lobe involvement. MRI2' and SPECT9 18 20 23

findings in patients with FTD and MND
(FTD/MND) have supported this assump-
tion, and have shown frontal and anterior
temporal cerebral abnormality. Furthermore,
pathological studies of FTD/MND24 and
FTD24 25 have shown an identical form
of non-Alzheimer cerebral atrophy in a
predominantly frontal and anterior temporal
distribution.
The existence of FTD/MND raises the

possibility of a link between cMND and
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FTD. The purpose of this study was to con-
sider the possible association between these
conditions, by prospective evaluation of
cognitive abilities in cMND and by compar-
ing the pattern of SPECT abnormality in
cMND with that encountered in FTD/MND
and FTD alone.

Subjects and methods
STUDY GROUP
The study group consisted of 19 consecutive
referrals to the Department of Neurology who
fulfilled clinical criteria for probable MND.26
The diagnosis was supported by EMG find-
ings of chronic partial denervation in more
than one limb and normal nerve conduction.
Four patients had initial bulbar involvement.
None were terminally ill or had clinical
evidence of respiratory failure. All patients
were able to take part in neuropsychological
evaluation without becoming unduly fatigued,
and none of the patients had depressive
symptoms. In none of the study group was
cognitive impairment clinically evident.
Indeed, patients were assessed by two fully
trained neurologists and all were recruited to
a drug trial for MND, in which clinical
evidence of cognitive impairment was an
exclusion criterion. (Scientific Pan-European
Collaboration in Amyotrophic Lateral
Sclerosis (SPECIALS); a multinational ran-
domised placebo controlled parallel groups
trial of branched chain amino acids in amyo-
trophic lateral sclerosis.)

REFERENCE GROUPS
Eight patients fulfilled clinical criteria for
FTD/MND,25 five of whom were the subject
of an earlier report.20 In all patients, cognitive
impairment implicating frontal lobe dysfunc-
tion was the presenting symptom, followed
after several months by the clinical onset of
MND. Six patients had an initial bulbar man-
ifestation of MND. The diagnosis of MND
was supported by EMG findings and normal
nerve conduction. Pathological confirmation
of diagnosis has since been obtained in six
patients at necropsy.24
Twenty nine patients fulfilled clinical criteria

for FTD.23 All patients presented with a
profound alteration in personality and social
conduct, implicating frontal lobe involve-
ment. There was no clinical suspicion of
MND in any of the patients and therefore
EMG studies were not performed. Computed
tomography showed generalised cerebral
atrophy and EEG recordings were normal.

Table 1 Study and reference group characteristics

Duration of histo?y MND
Sex Age (y) (mean (SD)) characteristics

No (M:F) (mean (SD)) (months) (B:L)

cMND 19 10:9 58-4 (12-3) 19-6 (6 8) 4:15
Controls 10 4:6 54-9 (15-8)
FTD/MND 8 8:0 61-1 (10-9) 20-6 (4 7) 6:2
FTD 29 15:14 57-6 (10-9) 35-6 (18 8)

B = initial bulbar involvement; L = initial limb involvement.

Patients were qualitatively similar to a group
of 12 patients in whom pathological confirma-
tion of diagnosis has been obtained at
necropsy.24
Ten normal subjects, who were spouses of

patients with cMND, served as controls.
Table 1 shows the age, sex, and clinical char-
acteristics of the study and reference groups.
One way analysis of variance (ANOVA)
showed no significant differences between
groups for age (P = 030).

Informed consent was obtained from
patients with cMND and normal control sub-
jects, and approval was granted by the local
ethics committee and the administration of
radioactive substances advisory committee.

NEUROPSYCHOLOGICAL EVALUATION
To determine the nature of cognitive impair-
ment in cMND, a range of psychological
tests were given assessing language, perceptu-
ospatial, memory, and "frontal lobe" func-
tions. The frontal lobe tests used had
previously been shown to yield particularly
impaired performance in both patients with
FTD/MND and FTD alone.2" 22 Neuro-
psychological test scores in the cMND group
were compared with those of normal controls.

Language performance was measured by
the Boston naming test27 and token test,28 and
visuospatial skills by dot counting, position
discrimination, number location, and cube
analysis subtests from the visual object and
space perception (VOSP) battery.29 Verbal
and non-verbal memory were assessed with
the recognition memory test for words and
faces.30 Each of these tests was scored accord-
ing to the total number of correct responses.

Frontal lobe function was assessed by the
modified version of the Wisconsin card sort
test (NCST),3' a picture sequencing task,32
and a verbal fluency task,33 all of which yield
highly impaired performance in patients with
FTD/MND20 and FTD.22 The NCST was
scored according to the number of categories,
errors, and perseverative errors in accordance
with Nelson,3' except that testing continued
until all cards had been placed, giving a maxi-
mum total of eight rather than six categories.
Picture sequencing was scored according to
the total number of sequencing errors. Verbal
fluency was scored according to the total
number of different words (beginning with the
letters F, A, and S) generated in three consec-
utive one minute periods.
The national adult reading test (NART)34

was used to provide a measure of premorbid
ability, on the basis of which patients with
cMND and normal controls could be
matched. This test was scored according to
the total number of correct responses.

SINGLE PHOTON EMISSION COMPUTED
TOMOGRAPHY ANALYSIS
All study patients and reference group
subjects were injected with 500 MBq of
99mTc-hexamethylpropylene amine oxime
(HMPAO) while seated in quiet and relaxed
surroundings with eyes open. Patient data
were acquired and reconstructed with a
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Table 2 Psychological test group scores for cMND study group and normal controls

Median (IQR) test scores
Score MWtest
range Controls cMND P values

NART 0-50 32 (17-5) 26 (24-0) 0 56
Token test 0-36 36 (0 3) 35 (3-0) 0.03*
Boston naming 0-60 53 (8 3) 52 (5-0) 0-93
VOSP: dot counting 0-10 10 (0 25) 10 (0 0) 0-81

position disc 0-20 20 (1 0) 20 (0.0) 0-81
no location 0-10 9 (3 0) 9 (2.0) 0-89
cube analysis 0-10 10 (0 25) 10 (1 0) 0-41

RMT: words 0-50 47 (4 8) 47 (9-5) 0-58
faces 0-50 42 (3 8) 38 (8-0) 0 13

Verbal fluency task 48 (16-5) 38 (18-0) 0 47
NCST: categories 7 (2 1) 5 (4-0) 0-056

errors 7 (120) 11 (21-5) 0 11
perseverative errors 3 (3 8) 4 (5-0) 0 30

Picture sequencing task (errors) 1 (1 3) 3 (5-0) 0.02*

*P < 0 05.
All scores refer to the total number of correct responses except where stated.
IQR = inter-quardle range; MW test = Mann-Whimey U test (with correction for ties);
NART = national adult reading test; VOSP = visual object and space perception test; RMT =
recognition memory test; NCST = revised Wisconsin card sort test.

Toshiba GCA-901A/SA integrated digital
gamma camera and computer system utilising
a single rotating detector fitted with a
low energy high resolution collimator. The
method of SPECT reconstruction and analy-
sis was identical to that in a previous study,35
and is described briefly.

Data from SPECT were reformatted to
provide 2 pixel (8 mm) thick transaxial sec-
tions parallel to the orbitomeatal line. Three
transaxial sections were selected according to
the following criteria. The lowest section dis-
played subcortical grey matter, orbitofrontal,
and temporal cortices. The middle section
was above subcortical grey matter and dis-
played frontal, parietal, and occipital cortices.
The highest section was above the corpus cal-
losum and displayed the frontal and parietal

Figure I Transaxial sections and regions used to provide ?CBF, data in a patient with frontotemporal dementia.
Top left: regions of interest in low section. 1 = left anterior orbitofrontal; 2 = left middle orbitofrontal; 3 = left anterior temporal; 4 = left posterior
temporal; 5 = left posterior parietal; 6 = left posterior parietal and occipital; 7 = right posterior parietal and occipital; 8 = right posterior parietal;
9 = right posterior temporal; 10 = right anterior temporal; 11 = right middle orbitofrontal; 12 = right anterior orbitofrontal. Top right: regions of
interest in middle section. I = left anteriorfrontal; 2 = left middle frontal; 3 = left posteriorfrontal; 4 = left anterior parietal; 5 = left posterior parietal;
6 = left posterior parietal and occipital; 7 = right posterior parietal and occipital; 8 = right posterior parietal; 9 = right anterior parietal; 10 = right
posteriorfrontal; 11 = right middle frontal; 12 = right anteriorfrontal. Bottom left: regions of interest in high section. 1 = left anteriorfrontal; 2 = left
middle frontal; 3 = left posteriorfrontal; 4 = left anterior parietal; 5 and 6 = left posterior parietal; 7 and 8 = right posterior parietal; 9 = right anterior
parietal; 10 = right posteriorfrontal; 11 = right middle frontal; 12 = right anteriorfrontal. Bottom right: cerebellar reference region section.
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A

Figure 2 Schematic representation ofgrouped mean
regional cerebral bloodflow indices (rCBF) data.

cortices. The sections were separated by 4
pixels (16 mm). Thirty six regions of interest
were generated for each SPECT (fig 1). A
further transaxial section was selected and
a cerebellar reference region defined
(fig 1 bottom right). The regional cerebral
blood flow indices (rCBF,) for each region of
interest were determined by normalising the
count densities to the cerebellar reference
region. The spatial resolution of the system
within transaxial sections was 4 pixels (16
mm), and the interplanar resolution was 2-5
pixels (10 mm).

This method of measurement ensured
reproducibility of data acquisition, recon-

struction, and analysis.35 The cerebellum was

used as the reference region because it has
been shown to be the most appropriate refer-
ence region in the quantification of SPECT in
FTD.3s Although use of the cerebellum in

MND might be considered inappropriate due
to the close proximity of brain stem pathol-
ogy, previous PET studies of MND have
shown the cerebellum to be spared.5 16 17

DATA ANALYSIS AND STATISTICS
To summarise the rCBF, data within the
study and reference groups, the mean values
for each region of interest were calculated.
The differences between groups were investi-
gated with canonical discriminant analysis.
This analysis finds those linear combinations
of the original rCBF, data that maximise
the ratio of between group to within group
differences. Each linear combination
(weighted sum) represents a discriminant
function (DF). In this case three DFs were
produced, which accounted for all the
variation in the data between the four
groups; the first DF accounted for 47-7%
of the total variation, the second 28-2%,
and the third 24-1%. These functions were
evaluated for each patient and control subject
and the value of the DFs for each individual
referred to as DF scores. Differences between
group mean DF scores were investigated
with one way analysis of variance (ANOVA)
and post hoc pair-wise comparisons with t
tests (with Duncan correction for multiple
comparisons). To aid interpretation of the
DFs the correlation between the original
rCBFi variables and DFs were calculated.

Differences in psychological test results for
the patients with cMND and normal controls
were analysed with Mann-Whitney U tests.

All statistical analyses were performed
with the SPSS for windows statistical package
(version 6-0).

Results
Table 2 shows the psychological test median
scores for patients with cMND and normal
control subjects. Performance was similar
between the two groups for language, and
perceptuospatial and memory tasks, with the
exception of the token test, which elicited
ceiling level performance in normal control
subjects and occasional errors in patients with
cMND. For tests of frontal lobe dysfunction,
scores were worse for patients with cMND,
although group differences reached statistical
significance only in the case of the picture
sequencing task.

Figure 3 Schematic representation offirst discriminant
function (DF).

544



Inter-relation between "classic" motor neuron disease andfrontotemporal dementia

Figure 4 Mean (2SD)
discriminant function (DF)
scores for study and
reference groups.
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The first DF seemed to reflect an anterior-
posterior asymmetry in rCBFi values (fig 3).
Figure 4 summarises the group scores for the
first DF: low scores indicate decreased frontal
and anterior temporal rCBFi values compared
with those in posterior temporal and parietal
cortices. ANOVA showed significant differ-
ences between group scores for the first
DF (P < 0O0001). Post hoc pair-wise compar-
isons showed that the first DF separated all
patient groups from normal controls (P <

I 0-001) and cMND from FTD (P = 0-004)Controls cMND FTD/MND FTD and FTD/MND (P = 004), but did not dis-
tinguish between FTD/MND and FTD (P =
094). The mean group score for cMND was
between that of normal controls and those of

le 3 and fig 2 show the mean rCBFi FTD/MND and FTD (fig 4). Although there
for each region of interest in patient were significant differences between group
)ntrol groups. In cMND, mean rCBFi scores for the other DFs, they were difficult to
were numerically lower than those in interpret in a physiologically meaningful way.
controls for all regions of interest. The Furthermore, very different functions were
nces in rCBFi values, however, between produced if individual patients were removed
two groups were most pronounced in from the analysis. It was therefore assumed
and anterior temporal cortices. In that these DFs only reflect random sampling
AND and FTD, reductions were sub- and not real effects.

stantially greater than in cMND, yet the
topographical distribution of reductions com-
pared with normal controls was very similar,
most pronounced in frontal, anterior tempo-
ral, and high left sided parietal regions.

Table 3 Mean (SD) rCBF, data for study and reference groups

Reference groups

ROIs cMND Controls FIFD/MND F1I)

Low
1 Laof 75-4 (6-0) 78-4 (7-6) 65-6 (10-3) 65-8 (12-2)
2 Lmof 74-1 (6.3)* 81-1 (7-6) 70-0 (5-0) 68-0 (9 5)
3 Lat 74-4 (7-4)* 80-0 (4 0) 73-2 (3-1) 70 5 (9 3)
4 Lpt 80-9 (5-2) 81-4 (3 4) 77-4 (5 5) 76-4 (8 9)
5 Lpp 81 3 (5-2) 83-4 (7-4) 74-9 (7-1) 76-5 (9-1)
6 Loc/pp 85-2 (6 5) 87-0 (7-9) 83-6 (9-1) 83-3 (7-9)
7 Roc/pp 86-3 (6-1) 88-5 (7 3) 87-2 (7-6) 85-8 (7-7)
8 Rpp 83-2 (5 9) 85-2 (7-5) 80-0 (3-4) 80-2 (9-2)
9 Rpt 83-4 (5 4) 85-9 (4-5) 80-3 (4-8) 79-8 (8-8)
10 Rat 79-2 (6 0)* 83-7 (4-3) 78-3 (6-1) 75-2 (8 9)
11 Rmof 78-1 (5.2)* 83-3 (6-1) 70-8 (5 6) 70-0 (9 2)
12 Raof 75.9 (5-9) 78-8 (7 4) 66-5 (10-6) 67-0 (9-5)

Middle
1 Laf 78-2 (6-8) 80-5 (6 9) 65-4 (14-2) 67-8 (13-4)
2 Lsmf 77-4 (5 6) 79-1 (5-3) 66-9 (9 4) 68-3 (11-5)
3 Lpf 76-4 (6 4) 80-0 (5-0) 71-1 (5 3) 71-3 (8-4)
4 Lap 80-6 (6-1) 82-9 (5 6) 76-6 (5-3) 76-7 (9-5)
5 Lpp 80-1 (5-7) 81-2 (6 6) 75-4 (6-1) 75-0 (8 5)
6 Loc/pp 83-8 (7 8) 84-2 (8-0) 78-8 (8-3) 80-1 (9 1)
7 Roc/pp 85-9 (7 5) 87-9 (6-5) 80-6 (9-4) 83-2 (10-6)
8 Rpp 80-0 (5-2) 81-9 (5-7) 75-4 (5 2) 77-3 (7 7)
9 Rap 81-6 (7-0) 85-0 (4 7) 77-3 (4 5) 78-1 (10-2)
10 Rpf 78-6 (6-6) 82-1 (4-7) 75-5 (6-0) 75-7 (8-6)
11 Rmf 78-7 (6 3) 81-1 (6-0) 70 3 (11-8) 72-4 (9-8)
12 Raf 77-8 (6-3) 79-8 (7-8) 66-6 (14-9) 68-8 (11-7)

High
1 Laf 79 0 (7.3) 81-6 (7 7) 67-2 (12-3) 69-0 (13-3)
2 Lmf 78-6 (6 0) 80-2 (6-1) 68-2 (10-4) 68-7 (10-8)
3 Lpf 77-4 (5-6) 77-7 (4-8) 71-0 (6-7) 70-1 (10-1)
4 Lap 79-6 (5 8) 80-4 (6-4) 73.9 (7-4) 73-2 (9 1)
5 Lpp 80-5 (6 2) 80-7 (5 7) 74-4 (6-1) 73-1 (8 8)
6 Lpp 81-7 (6 3) 83-1 (7-8) 76-1 (9 1) 76-5 (10-2)
7 Rpp 84-1 (8-1) 85-1 (5 8) 78-0 (9-4) 78-9 (12-2)
8 Rpp 80-0 (6 6) 80-8 (5-2) 76-9 (7 9) 77 0 (9 0)
9 Rap 80-5 (7-1) 82-7 (5-2) 76-0 (4 2) 76-2 (9-9)
10 Rpf 78-4 (7 5) 80-0 (5 8) 73-3 (5-2) 73-7 (9-3)
11 Rmf 79 9 (6 4) 81-4 (6 0) 68-3 (10-5) 72-9 (10-3)
12 Raf 79-2 (6-7) 81 6 (7 6) 66-3 (12-2) 70 3 (10-9)

*Significant (P < 0-05) difference between cMND and control group mean rCBFi values (t test
assuming unequal variance). rCBFi = indices of regional cerebral blood flow; ROIs = regions
of interest; L = Left; R = Right; aof = anterior orbitofrontal; mof = middle orbitofrontal;
af = anterior frontal; mf = middle frontal; pf= posterior frontal; at = anterior temporal;
pt = posterior temporal; ap = anterior parietal; pp = posterior parietal; oc = occipital cortex.

Discussion
With respect to the neuropsychological
evaluation, patients with cMND performed as
well as normal controls for most tasks.
Nevertheless, significant group differences
were present between patients and normal
controls for picture sequencing and token test
scores. The picture sequencing task was similar
to the picture arrangement subtest of the
Wechsler adult intelligence scale (WAIS),'6
which assesses the ability to plan, organise,
and self monitor test performance, and has
been considered sensitive to frontal lobe dys-
function.'7 The present picture sequencing
task was a much simplified version of the
WAIS test, designed for children, which has
been found to be sensitive to the frontal lobe
deficit of patients with FTD/MND20 and
FTD." Picture sequencing scores within the
cMND group seemed to be widely distrib-
uted, suggesting a range of cognitive impair-
ment. The token test is ostensibly a test of
language comprehension, although sporadic
errors might arise for extralinguistic reasons,
such as poor attention, monitoring, and
checking of responses.'8 In the present study,
results seemed to be biased by a few patients
who made some perseverative errors. These
patients were inattentive during testing, and
were the same patients whose performance
in the picture sequencmg test was poor,
suggesting that errors indeed occurred as a
result of poor self regulation of performance
rather than a primary linguistic disorder.
Furthermore, no patient showed overt evi-
dence of aphasia. Overall, the neuropsycho-
logical test results suggested preserved
cognitive function in some patients with
cMND with evidence of subtle frontal lobe
dysfunction in others.
The neuropsychological finding of frontal

lobe disorder in cMND is consistent with pre-
vious studies, which have shown abnormal
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scores in card sorting tests4 I and impaired
verbal fluency.67 In the present study, group

differences between patients with cMND and
normal controls for the scores of card
sorting and verbal fluency tests did not reach
significance. Nevertheless, there was a trend
towards fewer categories in the card sorting
test and reduced verbal fluency in patients
with cMND than in normal controls. Some
studies have shown apparently normal psy-

chological test performance89 in cMND. One
possible explanation for this apparent dispar-
ity lies in the fact that tests considered sensi-
tive to frontal lobe dysfunction were not
employed. Alternatively, if there is indeed a

range of frontal lobe change in cMND, "nor-
mal" test performance may have reflected the
patient sample in that particular study. A fur-
ther study has revealed apparently "gener-
alised" cognitive impairment3 in cMND. It
has been argued that this apparently global,
and therefore non-specific, pattern of cogni-
tive impairment could be attributed to
depressed mood. Alternatively, the interpre-
tation of test results may have been incorrect,
and overall performance may in fact have
reflected inattention, poor planning, and
self-monitoring due to frontal lobe dysfunc-
tion.38

In cMND, reductions in rCBFi values were

most pronounced in the frontal and anterior
temporal cortices. Furthermore, it was the
degree of frontotemporal SPECT abnormality
that separated the cMND group from normal
controls. These findings are consistent both
with the neuropsychological findings and the
results of previous functional neuroimaging
studies in cMND, which have shown cortical
abnormality outside the motor cortices in pre-
frontal gyri18 and medial frontal regions.7 The
fact that such neuroimaging findings have not
been invariable5 6 9 16 17 19 may have reflected
differences in the sample of patients (the pro-

portion of patients with cMND with cerebral
involvement outside the motor cortices).

In both FTD/MND and FTD, severe fron-
totemporal SPECT abnormality reflected the
pattern of psychological breakdown that was

strongly indicative of frontal lobe dysfunc-
tion.'0" These two conditions have previously
been shown to manifest an identical profile of
neuropsychological disorder (dementia), sug-

gesting dysfunction of the anterior hemi-
sphere.2' It is not surprising, therefore, that
canonical discriminant analysis of rCBFi data
failed to distinguish reliably between
FTD/MND and FTD. These results are con-

sistent with the findings of previous functional
neuroimaging studies, which have shown
frontal and anterior temporal lobe abnormal-
ity in both FTD/MND9 18 20 21 and FTD39 40

alone.
Patients with cMND seem to share similar-

ities with patients with FTD/MND and FTD
with respect to the pattern of cognitive
impairment. In cMND, evidence of frontal
lobe dysfunction has been elicited only by for-
mal neuropsychological evaluation, whereas
in FTD/MND and FTD, the frontal lobe dis-
order was profound and clinically evident,

manifesting as dementia. This apparent clinical
range of disorder has been reflected in the
results of SPECT imaging, which showed a
common pattern of cerebral abnormality in all
three syndromes, and findings in cMND that
seemed to represent an overlap between those
of normal controls and FTD. It would seem
that both neuropsychological and SPECT
findings have implicated a common pattern of
cerebral involvement in cMND, FTD/MND,
and FTD, most pronounced in the last two
conditions. This suggests that the three syn-
dromes represent a clinical range of a patho-
logical continuum; cMND results from initial
brain stem and spinal cord involvement. The
poor life expectancy associated with cMND
ultimately limits disease spread into the
frontal lobes and consequently, patients usu-
ally manifest either no or very mild frontal
lobe impairment, and only rarely go on to
develop profound neuropsychological dys-
function (FTD/MND).21 By contrast, initial
and extensive frontal lobe involvement pre-
sents as FTD. In the event of disease spread
to the brain stem, patients go on to develop
FTD/MND, thereby curtailing the further
progression of frontal lobe pathology. This
hypothesis is supported by pathological
studies that have shown frontotemporal atro-
phy in FTD/MND less severe than that
encountered in FTD alone.24 Nosological
relation between these apparently overlapping
conditions, however, cannot be confirmed in
the absence of defined pathological and mole-
cular markers.'4
An association between cognitive impair-

ment and bulbar involvement in MND has
been suggested,4 but others have failed to con-
firm a link.7 In the present study, only 21% of
patients with cMND (selected on the basis of
having no overt cognitive disorder), presented
with bulbar symptoms. By contrast, 75% of
patients with FTD/MND (in whom profound
cognitive disorder was the presenting feature),
manifested initial bulbar problems. These
findings support a relation between psycho-
logical breakdown and bulbar involvement in
MND. Within the cMND group, however,
there were no statistically significant correla-
tions between the pattern of clinical onset
(bulbar v limb) and the scores of cognitive
tests. Nevertheless, the number of patients
with initial bulbar involvement was small, so
that a link cannot be excluded.

In conclusion, neuropsychological and
SPECT findings in cMND, FTD/MND, and
FI'D show a common pattern of cerebral
involvement, most pronounced in the last two
conditions. These findings point to an impor-
tant link between cMND and FTD. It is sug-
gested that FT7D/MND should be considered a
clinical variant of MND and that the syn-
dromes of cMND, FTD/MND, and FTD
represent a clinical range of a common
pathology.
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