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Abstract
Objectives—To characterise electrophysi-
ologically the central motor conduction of
spinocerebellar atrophy type 1 (SCA1),
type 2 (SCA2), and Machado-Joseph dis-
ease (MJD).
Methods—Motor evoked potentials
(MEPs) triggered by transcranial mag-
netic stimulation (TMS) was used to
investigate the functions of corticospinal
tracts of 10 patients with SCA1, 10 with
MJD, and eight with SCA2 in addition to
pathological study of the spinal cord in a
patient with SCA1.
Results—Central motor conduction time
(CMCT) was extremely prolonged and the
MEP threshold increased in all patients
with SCA1, whereas both were normal in
patients with SCA2 or MJD. The MEP size
in MJD was larger than normal, but was
normal in SCA1 and SCA2. A pathological
investigation of the corticospinal tract of
the spinal cord of a patient with SCA1
showed selective loss of large diameter
fibres.
Conclusions—SCA1, SCA2, and MJD dif-
fer in their pathophysiological features of
the central motor tract and can be diVer-
entiated from each other by MEP values
for the lower limb muscles, even though
their neurological symptoms are some-
times similar.
(J Neurol Neurosurg Psychiatry 1998;65:530–534)
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Pyramidal tract symptoms together with cer-
ebellar ataxia and ophthalmoparesis are cardi-
nal neurological features of autosomal domi-
nant inherited ataxias, especially in
spinocerebellar ataxia 1 (SCA1) and Machado-
Joseph disease (MJD). Common pathological
investigations, however, have shown little in-
volvement of the corticospinal tract in either
disease.1–4 We investigated the function of the

central motor tract using the motor evoked
potential (MEP) triggered by transcranial
magnetic stimulation. The pathophysiology of
the pyramidal tract lesions in the diseases is
discussed.

Patients and methods
Ten patients with SCA1, 10 with MJD, eight
with SCA2, and 16 age matched controls
were studied. The pyramidal features and
muscle strengths are presented in table 1.
CAG expansions at each chromosome were
used for the diagnosis of SCA1,5 SCA2,6 and
MJD.7

After giving their informed consent, the
patients and controls underwent transcranial
magnetic stimulation (Magstim 200, Magstim
Company Ltd, UK). The round coil (14 cm
diameter, 2.0 Tesla) was centred over the ver-
tex to stimulate the hand muscle and was
placed with the lower edge on the vertex to
stimulate the foot muscle. Anticlockwise
oriented current was used to stimulate the left
hemisphere, and recordings were made from
the first dorsal interosseous and abductor hal-
lucis muscles via surface electrodes attached in
a belly-tendon montage. To record the cortical
response, subjects were asked to contract the
target muscles with about 50% of the
maximum muscle force, which was monitored
with a force transducer. To cancel the volume
conducted potential of the hand muscles
innervated by the median nerve, the median
nerve was stimulated at the wrist when the
cortex was stimulated. More than eight
responses to cortical stimulation were
recorded at the maximum output of the
stimulator, and the shortest latency, largest
amplitude, and the area of MEP were
measured. For evaluation of peripheral motor
conduction time (PMCT), magnetic stimula-
tion was applied over the C7 and the L5
vertebrae with a figure of eight coil (9 cm
diameter, 2.2 Tesla) with maximum output
(PMCTspine). In addition, PMCT was also
calculated from the latency of the F wave
(PMCTF). Subtraction of PMCTspine and

Table 1 Patient profile

Age (y)
(mean (SD))

Duration of
illness (y)

Deep tendon reflex

Babinski
sign (%)

Spasticity
(%)

Muscle strength (mean (SD))

Increased
(%)

Decreased
(%) Grip (kg) AH (MRC scale)

SCA1 41.2 (15.1) 7.1 (5.2) 70 10 40 60 23.4 (10.7) 4.6 (0.5)
MJD 43.9 (11.0) 8.2 (5.2) 80 10 60 60 29.6 (10.8) 4.5 (0.4)
SCA2 46.8 (10.0) 14.3 (5.7) 0 100 50 0 25.5 (8.0) 4.6 (0.5)

AH=abductor hallucis muscle.
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PMCTF from MEP latency gave central
motor conduction time (CMCTspine) and
CMCTf, respectively.8 MEP size was
evaluated as the ratio to the size of the M wave
of the peripheral stimulation at the wrist and
ankle in peak to peak amplitude and positive
and negative areas (MEP/M amplitude and
area ratios). To record the MEP of the first
dorsal interosseous due to multiple discharges
of the á-motor neuron produced by single
cortical stimulation (MD), the ulnar as well as
the median nerve was supramaximally
stimulated at the time of cortical stimulation
for the collision of first descending volleys at
the peripheral nerve.9 The MEP threshold
stimulation intensity was defined as the
stimulus intensity required to produce an
MEP of at least 0.1 mV amplitude in three of
five trials.

The non-parametric Mann-Whitney U test
was used to analyse the MEP data of the
patients and normal subjects and correlations
with CAG repeat numbers for clinical and
electrophysiological results.

A neuropathological examination of the spi-
nal cord at th5 was carried out at postmortem
in a patient with SCA1. The sections were fixed
in 1% osmium tetroxide and stained with hae-
matoxylin and eosin, Sudan black B, Klüver-
Barrera, Holzer, and Bodian stains. This
patient was the older sister of one of our
patients with SCA1 who was electrophysiologi-
cally examined. These sisters had the same age
of onset (41 years), number of CAG repeats
(49), and duration of illness (13 years). The
necropsied patient had not had an electro-
physiological examination, but the CMCT-
spine and CMCTf of the abductor hallucis in
her younger sister were markedly prolonged
(26.4 and 23.8 ms). The pyramidal features of
both patients were similar (positive Babinski’s
sign, no spasticity, normal tendon reflexes, and
mild muscle weakness). Detailed clinical data
on these siblings have been reported
elsewhere.10

Results
Results of the electrophysiological study are
given in table 2. CMCTspine and CMCTf of
both the first dorsal interosseous and abductor
hallucis were markedly prolonged in almost all
the patients with SCA1(p<0.01), whereas they
were normal in all the patients with MJD or
SCA2 (figs 1, 2). There was no overlap of
CMCTs of the abductor hallucis between
SCA1 and MJD or SCA2 (fig 1). The thresh-
old stimulation intensity for MEP was
increased in all patients with SCA1 (p<0.01),
and normal in patients with MJD or SCA2.
Both the MEP/M amplitude and area ratios
were increased in the patients with MJD
(p<0.01, fig 2), but were normal in the
patients with SCA and SCA2. The multiple
discharge of á-motor neurons excited by
cortical stimulation was also significantly
larger in patients with MJD, but was normal in
patients with SCA1 (fig 3).

Age of onset was inversely correlated with
the CAG repeat number of mutant allele in all
groups (p<0.01). There was no significant cor-
relation for any disease for the CAG repeat
number, electrophysiological findings (CMCT,
MEP/M ratios, MEP threshold), pyramidal
tract symptoms (tendon reflexes, spasticity,
Babinski’s sign, and muscle strengths), and the
duration of illness.

Table 2 Results of motor evoked potential (MEP) study

FDI AH

CMCT spine
(ms)

CMCTF
(ms) MEP/M (amp) MEP/M (area) MEP Th (%)

MD/MEP
(area)

CMCT spine
(ms) CMCTF (ms) MEP/M (amp)

SCA1 10.7 (1.9)* 9.5 (1.6)* 0.37 (0.13) 0.83 (0.28) 64.3 (21.1)* 0.30 (0.22) 24.7 (2.7)* 21.3 (3.5)* 0.16 (0.08)
MJD 6.3 (0.5) 4.5 (0.8) 0.70 (0.19)* 1.24 (0.37)* 40.0 (10.0) 0.63 (0.12)* 16.0 (1.0) 13.2 (0.9) 0.35 (0.15)*
SCA2 6.5 (0.4) 5.1 (0.4) 0.48 (0.11) 0.79 (0.10) 44.2 (3.9) 0.42 (0.27) 15.5 (1.9) 13.1 (1.6) 0.17 (0.13)
Normal 6.1 (0.7) 4.8 (1.1) 0.39 (0.13) 0.80 (0.16) 41.2 (3.8) 0.35 (0.16) 15.1 (1.2) 13.0 (1.7) 0.14 (0.11)

*p<0.01.
Values are mean (SD).
MD=multiple discharge; Th=threshold.

Figure 1 CMCTspine in SCA1, SCA2, and MJD, The
CMCTs of both the first dorsal interosseous (FDI) and
abductor hallucis (AH) were markedly prolonged in almost
all the patients with SCA1, but were normal in all the
patients with MJD and patients with SCA2. There was no
overlap of CMCTs of abductor hallucis between patients
with SCA1 and those with MJD or SCA2.
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A study of the pathology of the thoracic
cord of a patient with SCA1 showed
selective loss or axonal atrophy of large myeli-
nated fibres (diameter>10 µm) but most
smaller fibres were preserved as shown by
Sudan black B for myelin sheaths (fig 4).
There was a slight fibrillary gliosis, but the
fibre loss could not be detected by other rou-
tine stains.

Discussion
Prolonged CMCT is caused by the following
mechanisms: (1) conduction delay in the fast
pyramidal tract axon due to demyelination or
axonal atrophy; (2) activation of the á-motor
neuron via slow pyrimidal tract axons or
polysynaptic descending pathways; and (3)
prolonged rising time of the membrane poten-
tial of the á-motor neuron in reaching the

Figure 2 (A) The wave forms of MEPs of a patient with SCA1 and (B) a patient with MJD. The CMCT was
markedly prolonged in the patient with SCA1, and was normal in the patient with MJD. The MEP was large in the
patient with MJD and was dispersed in the patient with SCA1.

Figure 3 MEP by multiple discharge of á-motor neuron. The MEPs not collided by peripheral nerve stimulation were larger than normal in patient 8
with MJD.
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threshold for the action potential due to
decreased excitability of the á-motor neuron or
the decreased size of the EPSPs from the
pyrimidal tract. In SCA1, CMCT was pro-
longed, but the MEP size and MD/MEP ratio
were in the normal range. These findings indi-
cate that the conduction of the pyrimidal tract
is slowed, but that its connection is preserved.
This interpretation is supported by the fact that
muscle weakness was minimal in these pa-
tients. The pathology in the SCA1 necropsy
showed selective large fibre loss or axonal atro-
phy in the corticospinal tract. Large fibres with
diameters of more than 10 µm are considered
to arise from the Betz cells in the primary
motor cortex and to end directly on the
á-motor neuron.11

Demyelination and axonal atrophy is im-
probable because thin or thick myelin, or a
redundancy of myelin, was rarely seen. We
hypothesise that the fast and large pyrimidal
tract axons are selectively degenerated and that
the small and slow pyramidal tract axons, or
the polysynaptic pathway, activates the
á-motor neuron in SCA1. However, the patho-
logical findings of one patient alone cannot rule
out the possibility of conduction slowing of the
fast pyramidal tract axons.

The MEP threshold stimulation intensity
was also abnormal only in SCA1, although the
responsible lesion site could not be deter-
mined. Increased intensity for MEP threshold
has been known to be caused by dysfunction of
the pyrimidal tract axons or interneurons in the
primary motor cortex, but could be influenced

by changes in tuning of the primary motor cor-
tex from the basal ganglia, cerebellum, or other
cortex.

Interestingly, we found the MEP size to be
abnormally large in MJD, the MEP area
recorded from first dorsal interosseous being
larger than the M wave area. This is caused in
part by increased multiple discharges of the
á-motor neuron by single cortical stimulation.
Whether this hyperexcitability of the central
motor tract in MJD occurs at a cortical, or spi-
nal level, or both, could not be determined. We
speculate, however, that it is caused at the cor-
tical level because this MEP abnormality was
not correlated with increased tendon reflex.

Studies of genotype and neurological symp-
toms have shown that the number of CAG
repeats correlates with the severity of cerebellar
deficits in SCA1,12 and with the severity of
ataxia, abnormal tendon reflexes, and de-
creased vibration sense in MJD.4 In our study
the electrophysiological abnormalities of the
central motor tract were not clearly correlated
with the CAG repeat number. A definitive con-
clusion awaits further studies of a large number
of patients, because age and duration of illness
at the time of examination seem to aVect the
correlations, although not significantly. No
correlation was found between the abnormal
results in the MEP study and pyramidal tract
symptoms (tendon reflex abnormality, Babin-
ski’s sign, spasticity). This indicates that the
pyramidal tract symptoms seen in these
diseases are not caused by dysfunction of the

Figure 4 Transverse sections of the lateral corticospinal tract of the spinal cord at th5 in a patient with SCA1 (right) and
a control (left). Sudan black B staining. Bar=10 µm. The density of large myelinated fibres in the patient with SCA1 is
markedly decreased.
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strictly defined pyramidal tract axon—that is,
from Betz cells to á-motor neurons.

In summary, our results clearly show that
there is a marked diVerence in the pathophysi-
ology of the central motor tract in SCA1, MJD,
and SCA2; prolonged CMCT and increased
MEP threshold in SCA1, increased MEP size
in MJD, and no abnormality in SCA2. The
prolonged CMCT for the lower limb muscle in
SCA1 is so significant that it can be used to
diVerentiate SCA1 from MJD or SCA2,
although the clinical manifestations of domi-
nant inherited ataxias are sometimes very
similar.13 14

We are grateful to Drs Tatsuro Oda and Fumiko Hirashima for
their help.

Addendum
During the revision process of this article, a
similar study on MEP in SCA 1–3 patients has
been published (Brain 1998;120:2141–8).
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