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Central motor conduction in degenerative ataxic
disorders: a magnetic stimulation study
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SUMMARY Central motor conduction to small hand muscles was measured using magnetic stimu-
lation of the motor cortex and electrical stimulation of proximal motor roots in 11 patients with
Friedreich's ataxia, 10 patients with early onset cerebellar ataxia with retained tendon reflexes
(EOCA) and 13 patients with late onset degenerative cerebellar disease (LOCD). Central motor
conduction was abnormal in 91% with Friedreich's ataxia, 70% with EOCA and 38% with LOCD.
Central motor conduction abnormalities were not specific to individual disorders but were more

severe and were related to disease duration in Friedreich's ataxia and EOCA.

The hereditary ataxias are a complex group of dis-
orders which can be classified according to their clini-
cal and genetic features.1 2 There are two main
groups, depending on whether the age of onset of
symptoms is before or after 20 years. The most fre-
quent early onset disorder in Caucasian populations
is Friedreich's ataxia comprising about two thirds of
cases of hereditary ataxia.' It is characterised clin-
ically by the onset of symptoms within the first two
decades of life, autosomal recessive inheritance,
progressive truncal and limb ataxia, dysarthria, ab-
sent tendon reflexes, pyramidal signs, distal loss of
vibration and joint position sense, foot and spinal de-
formity, and cardiomyopathy.2 3

Early onset cerebellar ataxia with retained tendon
reflexes (EOCA), also of autosomal recessive inher-
itance, is distinct from Friedreich's ataxia.4 The ten-
don reflexes are normal or increased and optic
atrophy, cardiomyopathy, diabetes and severe skele-
tal deformities are not features of this disease. The
clinical prognosis is better and patients remain ambu-
lant on average for 13 years longer than those with
Friedreich's ataxia.24

Late onset autosomal dominant cerebellar ataxias
(ADCA) are often associated with clinical features
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such as ophthalmoplegia, deafness, optic atrophy,
pigmentary retinopathy, dementia, peripheral neu-
ropathy, spasticity, extrapyramidal features and myo-
clonus.5 25 The underlying pathology is often, but
not always, olivopontocerebellar atrophy, although
this cannot be established on clinical grounds. Appar-
ently sporadic cases are more common and clinically
similar to those ofADCA; these have been referred to
as idiopathic late onset cerebellar ataxia (ILOCA).2

In Friedreich's ataxia, sensory nerve potentials are
usually absent, reflecting loss of large myelinated
fibres in peripheral nerves.65 Somatosensory poten-
tials are delayed and dispersed, indicating disturbance
of conduction in the posterior columns.8-10 Indirect
techniques such as long loop cortical reflexes have
shown abnormalities in cases of hereditary ataxia
which could indicate either altered central afferent or
efferent conduction in Friedreich's ataxia,"11 2 but
these cannot be distinguished reliably. A recent study
used transcutaneous electrical stimulation of the
motor cortex to examine efferent pathways directly1 3;
compound muscle action potentials (CMAPs) were
reported to be small in severely affected Friedreich's
ataxia patients but no data on latencies of responses
were provided.

Transcranial magnetic stimulation of the motor
cortex represents a major advance in the study of con-
duction in central motor pathways. 4 CMAPs evoked
by brain stimuli can be recorded from small hand
muscles without discomfort, in contrast to trans-
cranial electrical stimulation. When magnetic brain
stimulation is used in combination with percutaneous
electrical stimulation over the cervical spine, a means
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of exciting the proximal motor roots,15 the central
motor conduction time (CMCT) can be estimated by
subtracting the latency of the latter potential from
that of the response to brain stimuli."6 CMCT is a
measure of conduction in fast-conducting motor
pathways, probably from presynaptic structures in
the motor cortex, to alpha motoneurons and prox-
imal motor nerve roots.'6 The technique has been
used to demonstrate abnormal conduction in central
motor pathways in several neurological disorders,
particularly multiple sclerosis where marked CMCT
prolongation has been reported.'7 18 We have used
this technique to study conduction in central efferent
pathways in 34 patients with degenerative ataxias of
various types.

Patients and methods

Central motor conduction time to the abductor digiti minimi
muscle (ADM) was studied in 34 subjects with cerebellar
ataxia. The procedures were approved by the Ethics Com-
mittee. Patients with a history of epilepsy or neurosurgery or
with a cardiac pacemaker were excluded, as were those with
ataxia due to known metabolic disorders, alcoholic and
paraneoplastic cerebellar atrophy. All patients were exam-
ined neurologically at the time of the central motor conduc-
tion study. The cases were classified according to Harding2
on the basis of genetic and clinical features, and additional
tests such as computed tomography, nerve conduction
studies and evoked potentials. There were 11 patients with
Friedreich's ataxia, 10 with EOCA, 10 with ILOCA and
three with ADCA. The last two groups were combined for
analysis of CMCT results, this group as a whole being
termed late onset cerebellar degenerations (LOCD). Clinical
data are shown in table 1. Disability was assessed as to
whether patients (1) were able to walk without help (ambu-
lant); (2) used walking aids, or (3) were wheel-chair bound.
The motor pathways to ADM were studied by per-

Table 1 Degenerative ataxias: clinical features

Friedreich's
ataxia EOCA LOCD

Cases Il 10 13
Height (mean, cm) 154 (SD, 10) 165 (SD, 12) 172 (SD, 8)
Age (mean, yr) 27 (SD, I 1) 31 (SD, 14) 53 (SD, 14)
Disease duration

(mean, yr) 16 (SD, 10) 19 (SD, 15) 7 (SD, 8)

Number of cases
Disability:
ambulant 3 6 9
walking aids 3 1 3
wheelchair 5 3 1

Upper linbs:
Increased tone 0 0 2
Distal weakness 9 5 2
Tendon reflexes

present 1 10 11
Lower limbs:
Ankle jerks

present 0 7 10
Extensor plantar

responses 10 8 3

cutaneous electrical stimulation of the ulnar nerve and the
motor roots and by magnetic stimulation of the motor cor-
tex. Recordings were made on a conventional electro-
myograph (Medelec MS8) with silver/silver chloride cup
electrodes filled with conducting jelly and attached over the
belly and tendon of the ADM (electrode distance 5 cm,
amplifier bandpass 20 Hz to 2 kHz). The electromyograph
was interfaced with a laboratory microcomputer (Research
Machines 380Z) for data storage and subsequent analysis.
Supramaximal stimuli were applied to the ulnar nerve at
the wrist and over the C7/TI interspace using an electrical
stimulator (Digitimer D180); the proximal motor roots are
excited at the intervertebral foramina when the stimulating
cathode is placed over the cervical spine and the anode is 6
cm lateral on the ipsilateral side.'5

Transcranial stimuli were delivered using a magnetic stim-
ulator,14 consisting of a capacitor charged up to a maximum
of 4 kV and discharged rapidly into a circular copper coil of
inner diameter 9 cm, placed over the subject's vertex. The
time course of the magnetic field produced by this coil peaks
at approximately 150 ts and this induces a stimulating cur-
rent with a peak at around 80 gs.16 To measure the cortical
response, subjects were asked to maintain slight voluntary
abduction of the fifth digit (about 5-10% maximum force),
which is know to facilitate the compound muscle response.
The magnetic stimuli were given at increasing intensities to
at least 20% above threshold for facilitated CMAPs. Once
reproducible responses were obtained, usually at 60-80%
maximum output of the stimulator, three further stimuli
were given. Thus, four responses to motor cortical stimu-
lation were obtained, and measurement was made of the
shortest onset latency and largest amplitude ofthe first nega-
tive deflection of the CMAP."6 The maximum duration of
CMAPs was measured from the beginning of the first nega-
tive deflection to the end of the last negative deflection which
had at least 10% of the maximum negative amplitude. In
some patients CMAPs were very small and could not be
reliably distinguished from the background EMG activity.
In these cases the side in question was kept relaxed and the
patient made a strong contralateral hand muscle con-
traction. This method of facilitation causes a shift in latency
similar to that when the ipsilateral ADM itself is activated
voluntarily."9 Responses were regarded as absent when no
CMAP was obtained, with ipsilateral or contralateral facili-
tation, at 95-100% maximum stimulator output.
Normal data were obtained from 26 male and six female

healthy volunteers, aged 21 to 78 years (mean 37, SD12).18
Both sides were studied in 17 subjects to assess normal side-
to-side variation. CMAPs were easily obtained with stimu-
lation at each site. The mean CMCT on 46 sides of 32
subjects was 6-2 ms (range 4 5-7 7, SD 0 86) and the upper
limit of normal was taken as 8 3 ms (mean +2 5 SD). The
CMAP duration was 8-6 ms (SD 1-2). Amplitudes of
CMAPs to cortical stimulation ranged from 2 1-6-7 mV; for
assessment of normal limits, amplitude was expressed as a
percentage of that obtained with stimulation at the wrist and
was always at least 18%. The lower limit of normal was set
conservatively at 15%. Mean peripheral motor conduction
velocity from root and wrist stimulation was 66 m/s (range
52-76, SD 5 7, lower limit of normal 52). The upper limit of
normal distal motor latency to ADM was 3 3 ms (range
1-6-3-3, mean 2-4, SD 0 4).

791



792

Table 2 Degenerative ataxias: physiological results

Cases (n)
Sides (n)

Friedreich :s
ataxia

11
21

DML (mean, ms) 2 6
SD; range 0 6; 18-45
abnormal cases/

sides 1/2

MNCV (mean, ms) 58
SD; range 5 9; 49-68
abnormal cases/

sides 2/2

CMCT (mean, ms) 12 7
SD; range 5-2; 6-1-27 1
abnormal cases/

sides 9/16

CMAP amplitude
C7/Wrist
(mean, %) 6

SD 2

CMAP amplitude
Scalp/Wrist
(mean, %)

SD; range 9
abnormal cases/

sides 8

CMAP duration
C7/Wrist
(mean, %)

SD

CMAP duration
Scalp/Wrist
(mean, %) 3

SD; range I

CMC latency
and/or amplitude
abnormal
cases/sides I

EOCA

10
19

29
09; 1-8-50

3/5
61
9-8; 45-77

3/4
108
4-0; 6 1-19 7

6/11

LOCD

13
24

2-6
04; 20-33

3/3
56
4 9; 46-67
3/4
78
3 3; 4 1-17-7

5/6

65 69 68
21 15 18

14
9; 1-32

8/12

22
19; 2-66

5/8

38
16; 8-74

1/1

120 122 120
15 16 18

306 218
105; 160-533 99; 121-444

10/18

177
57; 109-340

7/12 5/6

DML = Distal motor latency
MNCV = Motor nerve conduction velocity
CMCT = Central motor conduction time
CMC = Central motor conduction
CMAP = Compound muscle action potential.

For statistical analysis of findings in the various patient
groups, differences between independent samples were

assessed using the Mann-Whitney U-Test. Nominal
differences were investigated by the X2-test with Yates'
correction. Correlation coefficients were calculated using
Spearman's rank correlation test.

Results

Clinical data on the 34 patients investigated are shown
in table 1. Age and height of patients were generally
comparable to the control group, although the Fried-
reich's ataxia patients were shorter than the others,
partly due to scoliosis. The Friedreich's ataxia and
EOCA patients were younger and disease duration
was longer than in those with LOCD. Friedreich's
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ataxia patients were slightly but not significantly more
disabled than other disease categories when mobility
was assessed. Weakness of small hand muscles was
present in a much higher proportion of the Fried-
reich's ataxia cases than the other groups and plantar
responses were extensor in all but one with Fried-
reich's ataxia; that patient had severe paresis of toe
extensors. Extensor plantar responses were noted in
eight out of 10 EOCA cases but only three with
LOCD. Abnormal prolongation ofCMCT was found
in nine out of 11 FA cases, six out of 10 EOCA cases
and five out of 13 with LOCD. When the amplitude
of the cortical response was taken into account, 10
Friedreich's ataxia, seven EOCA and five LOCD
cases had abnormal central motor conduction (table
2). Typical responses in a patient with Friedreich's
ataxia, a patient with EOCA and one with LOCD are
illustrated in fig 1. Responses to cortical stimulation
were small and of prolonged latency in the first two
patients, but to a greater degree and with greater dis-
persion in most of the Friedreich's ataxia cases. Figure
2 illustrates CMCT and amplitude findings in all the
patients studied. Similar abnormalities of latency and
amplitude occurred in patients in all the groups stud-
ied, but group comparisons showed significant
differences (table 2). Mean CMCT was much longer in
Friedreich's ataxia and EOCA than in LOCD (U-test:
Friedreich's ataxia/LOCD, p < 0 001, EOCA/
LOCD, p = 0-01) and correlated with disease du-
ration in Friedreich's ataxia and EOCA (Friedreich's
ataxia, r = 0 55, p < 0 01; EOCA, r = 042, p <
0 05). CMCT was also significantly correlated with
disability in Friedreich's ataxia and EOCA
(Friedreich's ataxia, r = 0 58, p < 0-005; EOCA,
r = 0-65, p < 0 005). There were three Friedreich's
ataxia cases who were ambulant at the time of the
study. CMCT was abnormal in 2, with disease
durations of 1 and 6 years but was normal in one case
despite an 11 year history.
Abnormal CMCT occurred less frequently in

EOCA than in Friedreich's ataxia, and CMCT was
entirely normal in three subjects with disease dur-
ations of 27, 16 and 8 years. CMCT was normal in
eight out of 13 cases with LOCD including subjects
symptomatic for as long as 30 years. LOCD patients
with normal CMCT were not distinct clinically from
those with abnormal central conduction, and were
certainly not less severely affected.
The mean interside difference ofCMCT was higher

in Friedreich's ataxia (4 7 ms, SD 4 2) compared with
EOCA (1.4, SD 19) and LOCD (1 9, SD 1-6). How-
ever, eight out of nine abnormal Friedreich's ataxia
cases in which both hands were investigated had bilat-
erally prolonged CMCT. CMCT was bilaterally pro-
longed in five out of six abnormal EOCA cases and in
only one out of five abnormal LOCD cases when both
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Fig I CMAPs recordedfrom right ADM with, from above, electrical stimulation at wrist, and C7/TJ interspace, and
magnetic stimulation over the scalp vertex (three responses). Left: Friedreich's ataxia, CMCT 15 3 ms. Middle: patient
with EOCA, CMCT 19 7 ms. Right: patient with ILOCA, CMCT 5-5 ms. The figure illustrates the variability of responses
to brain stimulation.

hands were investigated. The amplitude of responses
to brain stimulation was larger in LOCD than in
Friedreich's ataxia and EOCA (U-test: Friedreich's
ataxia/LOCD, p < 0-001, EOCA/LOCD, p < 0-01),
whereas duration of cortical responses (not regarded
as a criterion of abnormality) was significantly longer
in Friedreich's ataxia than in the other disorders
(U-test: Friedreich's ataxia/EOCA, p < 0-01,

Friedreich's ataxia/LOCD, p < 0-001), as shown in
fig 3.
The amplitude and duration of responses evoked by

root stimulation were similar in all three groups and
there was no significant difference in distal latency or
MCV along the ulnar nerve between the groups;
virtually all cases were normal.
No adverse effects of the procedure were reported

or noted in any of the patients or control group.
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ataxia and the attendant electrophysiological findings
are in general well described, although modem mor-
phological information on the corticospinal tracts is
surprisingly limited. It is known that there is shrink-
age and reduction in number of Betz cells in the motor
cortex with diffuse sclerosis of the internal capsules
and pyramidal tract degeneration in the spinal
cord20-23 but these structures have until now been
relatively inaccessible to the physiologist. Such studies
as there have been have not wholly separated the
central efferent component from, on the one hand, the
afferent pathways and, on the other, the peripheral
motor system, since there is some loss of anterior horn
cells and motor fibres as well as severe degeneration of
the posterior columns and spinocerebellar tracts." 12

Little is known of the pathology in EOCA although
one report suggests that the cerebellum and brainstem
are particularly affected.24 Pyramidal tract involve-
ment would be expected from the clinical features. In
many patients with LOCD, olivopontocerebellar or
cerebello-olivary atrophy is seen at necropsy, and
these may be accompanied by corticospinal tract
degeneration.220

Central motor conduction, as measured in this
study, was abnormal in almost all the Friedreich's
ataxia cases examined; this is consistent with our un-
derstanding of the disorder and indicates the sensi-
tivity of the technique in the study of central motor
pathways. Characteristically CMAPs on magnetic
brain stimulation were attenuated and bilaterally de-
layed (fig 2). A normal central motor conduction
study, although not ruling out the diagnosis of
Friedreich's ataxia, must lead to a reassessment of the
case. A high incidence of central motor conduction
abnormality was also found in EOCA, but less than in
Friedreich's ataxia. This suggests that the retention of
tendon reflexes which particularly differentiates this
condition from Friedreich's ataxia is due mainly to
preservation of the afferent section of the reflex arc,
rather than more severe corticospinal tract disease.
Some EOCA cases, even with long histories, had
normal central motor conduction and this raises the
possibility that EOCA is a heterogeneous disorder
rather than a single entity. Marked variability in cen-
tral motor conduction in LOCD would also suggest
heterogeneity, as expected from the clinical and
pathological findings in this condition. CMAP
amplitudes were higher than in Friedreich's ataxia (fig
2) and CMCT was prolonged often only unilaterally.

Studies of central motor conduction by magnetic
stimulation in other neurological disorders have dem-
onstrated that the abnormalities encountered in this
study are not specific to any single pathological pro-
cess. Prolongation of CMCT may be due to slowed
conduction in demyelinated fibres but a similar delay
might be caused by conduction in smaller fibres of the
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same tract due to selective loss of large fibres, by
utilisation of another, oligosynaptic pathway or by
reduction in the size or synchrony of the efferent vol-
ley impinging on the anterior horn cell.25 Thus axon
loss alone can cause CMCT prolongation and values
as high as 20 ms have been recorded in motor neuron
disease"8 and cerebrovascular disease (unpublished
observation) as well as in multiple sclerosis.'7 18
CMCT as measured here includes a small peripheral
component of around 15 ms due to synaptic delay
and conduction in the C8 and TI motor roots prox-
imal to the intervertebral foramina; none of the cases
studied had slowing of conduction in the peripheral
nerves which was significant in itself to prolong
CMCT. Furthermore, it has been shown previously
that CMCT can be successfully studied by both elec-
trical and magnetic brain stimulation in the presence
of severe peripheral neuropathy.2627 One striking
feature of the present study was the much greater
duration and apparent temporal dispersion of
responses to cortical stimulation in Friedreich's ataxia
compared with the other disorders. No similar phe-
nomenon was seen on wrist or root stimulation. The
pathophysiological significance of this observation is
uncertain; single stimuli to the motor cortex cause a
train of descending impulses which may result in
repetitive firing of anterior horn cells in normal sub-
jects.'6 Whether the potential duration differences
noted here represent qualitatively distinct patho-
logical processes, or are simply a matter ofdegree, has
yet to be established.

This work was supported by the Deutsche For-
schungsgemeinschaft, the Multiple Sclerosis Society,
and the Friedreich's Ataxia Group.
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