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Cerebral atrophy in motor neuron disease evaluated
by computed tomography
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SUMMARY Thirty-two (64%) of 50 patients with motor neuron disease showed various patterns of
cerebral atrophy (cortical, ventricular or both) at CT examination. The incidence of cerebral
atrophy, particularly cortical atrophy, in motor neuron disease was greater than in a matched
control group.

Involvement of the cerebral cortex in motor neuron
disease was first described by Pierre Marie in 1883 and
then was recognised by a number of authors. 1-3
Pathological changes were described mainly in
motor, premotor and opercular regions, consisting of
a reduction in number and degeneration of giant
pyramidal cells of Betz.4 A reduction in the weight of
the cerebral hemispheres with frontal lobe atrophy,5
and extensive degeneration involving several cortical
regions and cerebral structures such as the thalamus,
corpus striatum, subthalamic nucleus and substantia
nigra have also been reported.67 More recently, the
similarity between the type of neuronal degeneration
in motor neuron disease and that seen in normal aging
has been pointed out.8 9
Computed tomography (CT) has now provided the

opportunity to investigate this disorder by a non-
invasive and safe method. Considerable efforts have
been made to correlate the findings of cortical and/or
ventricular atrophy to age-related changes in normal
populations,'0 " and to early disturbances of
cognitive functions both in normal people'2 and in
demented patients. '1'5 Brain atrophy revealed by CT
has been also investigated in various neurological
conditions such as Parkinson's disease'6 and
hereditary ataxias.'7 In the present report we have
studied the presence of cerebral atrophy at CT
examination in motor neuron disease patients and its
possible relationship with the clinical variables of the
disease.
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Materials and methods

Fifty patients with motor neuron disease (mean duration 20
months) have been investigated. The control group
consisted of 50 subjects ofmatched age and sex examined by
CT either for minor neurological problems (headache or
vertigo: 30 cases) or for possible vascular disease (10 cases)
and seizures (10 cases). Data concerning the sex and mean
age of motor neuron disease and control patients are
summarised in table 1.
The patients have been divided into the following four

groups, according to the classification suggested by Engel 8:
1 = typical motor neuron disease (24 subjects), 2 = upper
motor neuron involvement (nine subjects displaying
increased tone, hyperreflexia, mild or severe upper motor
neuron paresis), 3 = lower motor neuron involvement (six
subjects manifested by lower motor neuron signs alone),
4 = bulbar or pseudobulbar involvement (11 subjects
predominantly with atrophy and weakness of cranial
muscles).
CT was performed in all the cases using an EMI 1010,

with an angle of 200 with the orbitomeatal line. The
following assessments were made: (a) lateral ventricle
dimensions were obtained by calculating the distance
between the most lateral portion of each frontal horn
(bifrontal diameter), and the width of the lateral ventricles
in the region of the caudate nucleus (bicaudate diameter);
these two dimensions were summed according to

Table 1 Number of cases, sex and mean age (years) + SD
in motor neuron disease and controlpatients. There was no
significant difference by Student's t test examination

Number ofcases Mean age (yr) + SD

males females males females

Motor neuron
disease
patients 34 16 53 94± 11-28 59 93 + 5 30

Controls 34 16 51 44 + 13 06 59 37 + 5 30
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Huckman. 15 (b) Cortical atrophy was evaluated "blind" by
two experienced neuroradiologists by summing the total
width of the four largest cortical sulci seen in the highest
three tomographic sections according to Huckman, I5 and by
giving a cortical atrophy score on a four point scale (none,
mild, moderate, severe) for five cortical regions (frontal,
parietal, temporal, insula, and occipital) in each
hemisphere, according to Jacoby." For the purpose of
statistical analysis, each patient and control subject was
given a score for ventricular dimensions according to
Huckman (VIH), a score for cortical atrophy according to
Huckman (CAH) and a score for cortical atrophy as

evaluated subjectively (CAS). The correlation coefficient
between CAH and CAS showed a high correlation both in
motor neuron disease (r = 0 7096; p < 0- 001) and controls
(r = 0-5571; p <0 01). Patients showing a CAH score > 5

mm and those displaying a CAS score : 1 were considered
to have cortical atrophy. During the evaluation of the
results the CAS score has been examined in detail, for it
localises the affected region. Correlation coefficient (r) and
chi-square were calculated for the purpose of the statistical
analysis, as well as Student's t test for the comparison of the
two groups.

Results

In the group of motor neuron disease patients, 36%
had a normal score (CAS). 64% showed different
patterns of cerebral atrophy: cortical (30%) or global
(34%). In the control group, 54% were normal and
4%, 34% and 8% respectively displayed signs of
cortical atrophy, ventricular enlargement or both.
Table 2 shows the CAH, CAS and VIH scores in the
two groups together with the statistical analysis.

In motor neuron disease, cortical atrophy affected
preferentially the parietal (50%), insulae (38%),
frontal (32%), temporal (20%), occipital (12%)
regions. It was bilateral or mutifocal in 80% of cases.

Its degree was mainly mild or moderate, being severe
in only 15% of cases. Ventricular enlargement was

found in 17 cases (34%), but in none was it isolated;
the same incidence was observed in the control
group. The distribution of motor neuron disease
cases with cortical or ventricular atrophy (in percent)
in different decades is shown in the figure. A
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Fig Frequency ofabnormal CTfindings in motor neuron
disease in relation to age; the number on the top ofeach
bargraph indicates the numberofpatients in each decade; on
the ordinate are the percentages ofthose numbers.

statistical comparison between subjects aged over
and under 60 years did not show any significant
difference (X2 = 1-2357; p = NS). The correlation
coefficient between CAS and age was not significant
irn motor neuron disease or controls. Ventricular
atrophy was present in 50% of motor neuron disease
subjects aged over 60 years, and only in 26% of those
younger; a significant correlation was found between
VIH and age in motor neuron disease (r = 0 3356;
0-05 > p > 0-02), and in controls (r = 0-3676; p <
0 01). Cortical and ventricular atrophy did not show
any relationship with the duration of the disease.
Cortical atrophy in motor neuron disease was
associated in a statistically significant proportion (X2
= 7 171; 0 01 > p > 0 001) to the male sex; 76 5% of
males and 36% of females exhibited atrophy.
Ventricular enlargement did not show such a relation
(X2 = 2- 4385). This pattern was not observed in the
control group.

Cortical atrophy appeared in 79% of typical motor
neuron disease cases (19 of 24), in 72% of bulbar
motor neuron disease cases (eight of 11), in 44% of
upper motor neuron cases (four of nine) and only in
16% of lower motor neuron cases (one of six).
Statistical analysis showed a significant association
between cortical atrophy and cortico-spinal pathway

Table 2 Cortical atrophy according to Huckman (CAH), cortical atrophy subjectively evaluated (CAS) and ventricular
dimension (VIH) scores (means + SD) in motor neuron disease patients (without atrophy, with cortical and with cortical +
ventricular atrophy) and in control subjects
*p < 0 01 (Student's t test) as compared to controls

Motor neuron disease patients Number ofcases CAH (mm) CAS VIH (mm)

(%)
Without atrophy 10 8 36 2-47±0-84 0 13-11 ± 1-52
Withcorticalatrophy 10 5 30 4-46± 1-63 4-20 ± 2-67 13 20 ± 1-32
With cortical and ventricular atrophy 14 3 34 5-32 + 1-77 9-82 ± 8-27 18-05 ± 1-81
Total motor neuron disease patients 34 16 - 4-04 - 1 88* 4-60 + 6-45* 14-82 - 2 81
Controls 34 16 - 3-36+ 1-42 1-84 ± 4-13 1510± 2-03
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involvement in the first three motor neuron disease
subtypes. Ventricular enlargement, on the other
hand, did not appear to follow a similar distribution.

Discussion

The frequency of atrophic changes in the cortex of
motor neuron disease patients was higher than in a
control group both in objective and subjective
measurements. If comparison is made between these
CT results and previous reports on necropsy cases,57
64% exhibited cortical atrophy and 34% ventricular
enlargement on CT, as compared to 50% of the
Lawyer5 necropsy series, and one-third of cases in the
Bromwell7 necropsy series.

In the group of volunteers over the age of 60 years
investigated by Jacoby," the mean cortical atrophy
score, calculated with the same criteria employed
here, was 2 0 + 1- 79 (1- 5 in the seventh decade; 2 0 in
the eighth decade and 3- 2 in the ninth decade). The
group studied here was considerably younger than
this, but the mean score was clearly higher (4- 6 ±
6- 45) and significantly different from that of controls
of matched age (184 ± 4-13). Ventricular
dimensions were almost the same in motor neuron
disease and control groups.
The regions with a high frequency of atrophic

changes (frontai, parietal, insulae) are those of the
sensori-motor cortex but, as already observed in
pathological studies,57 cortical atrophy in motor
neuron disease may be diffuse. This distribution does
not seem to be different from that observed in other
diseases of the central nervous system such as
Parkinsonism 1 or in the subjects chosen as controls.

Cortical atrophy was not correlated with age either
in motor neuron disease or in control group. A posi-
tive relation between cortical atrophy and age has
been found in elderly "normal" people "I and in
Parkinsonian patients,'6 but not in senile dementia
patients.'9 A correlation was found for ventricular
size and age in both groups. Ventricular atrophy
tends to correlate better than cortical atrophy with
age also in necropsy cases.20 These facts suggest a
preferential relationship between cortical atrophy
and disease. Ventricular atrophy, on the contrary,
may be a collateral phenomenon determined by the
physiologic processes of aging.
The frequency of appearance of cortical atrophy

was higher in males than in females in motor neuron
disease. This is not easy to explain, but there have
been frequent reports of a preponderance of male to
female patients with motor neuron disease2' 22 and
the average age at onset is generally higher in females
than in males.22

Cortical atrophy in different subtypes of motor
neuron disease was especially evident in the cases

with signs of involvement of corticobulbar and
corticospinal pathways. This suggests that cortical
atrophy may be related to the diminution of giant
cells of Betz, or to degeneration of pyramidal tracts.8
The possibility also exists that various other neuronal
populations, functionally related to pyramidal cells,
may degenerate, through mechanisms of transynaptic
anterograde or retrograde degeneration.23 These
facts could give some support to the view that motor
neuron disease is not confined exclusively to the
voluntary motor system,24 though only three cases
out of 50 of our series displayed some defect of
cognitive functions; two of these showed mild cortical
atrophy.
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