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Central motor and sensory conduction in
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xanthomatosis, HTLV-1-associated myelopathy and
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SUMMARY Central motor and sensory conduction was studied by percutaneous electrical stimu-
lation of brain and spinal cord and by somatosensory evoked potential techniques respectively, in
patients with adrenoleukomyeloneuropathy, cerebrotendinous xanthomatosis, human T-cell lym-

photropic virus- 1-associated myelopathy and tabes dorsalis. The results were all consistent with
clinical and neuropathological findings in these disorders. Conductions in the corticospinal tract
and posterior column could be evaluated separately with these two techniques. Percutaneous elec-
trical stimulation technique would be useful for investigating conduction in the corticospinal tract
in patients with spinal cord disorders.

The recently developed techniques of percutaneous
electrical stimulation of the brain and spinal cord' 2
have allowed measurements to be made of central
motor conduction in conscious human subjects. The
normal values of central motor conduction times have
been established,`6 and delays have been demon-
strated in multiple sclerosis,7 8 motor neuron
disease9-1 and cerebrovascular disease.11 12 A few
myelopathic disorders have been studied with this
method, too.13 14 In this study, we have measured
conduction in both central miotor pathways and cen-
tral sensory pathways using this technique and con-
ventional evoked potential techniques in patients
with adrenoleukomyeloneuropathy (ALMN), cere-
brotendinous xanthomatosis (CTX), human T-cell
lymphotropic virus 1 (HTLV-l)-associated
myelopathy (HAM) and tabes dorsalis. The electro-
physiological results suggest differential involvement
of central sensory and motor pathways in a manner
compatible with clinical and pathological findings in
these disorders.
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Subjects

Two patients with ALMN, four with CTX, four with HAM
and one with tabes dorsalis were studied.
The two patients with ALMN had spastic paraparesis,

mild deep sensory disturbances, difficulty in urination,
decreased visual acuity and skin pigmentation. Patient 2
showed clinical signs of peripheral neuropathy, such as sen-
sory disturbance of the glove-stocking type. Laboratory
investigations disclosed adrenal insufficiency and elevation
of very long chain fatty acid in both of them.
The four patients with CTX showed cerebellar symptoms,

pyramidal tract signs, deep sensory disturbances, mental
deterioration and characteristic swelling of the Achilles ten-
dons. All ofthem had an increased cholestanol content in the
blood and an excretion of abnormal bile alcohols in the
urine.
The four patients with HAM suffered from spastic para-

paresis. Their deep tendon reflexes of the lower extremities
were hyperactive and plantar responses were extensor. They
had mild deep sensory disturbances (patient 7-9) or no sen-
sory disturbance (patient 10). We diagnosed all of these
patients as HAM first described by Osame et alls because of
the highly positive anti-HTLV-l antibody titres in both the
serum and cerebrospinal fluid (CSF). All patients showed
some improvement with predonisolone.
A 72-year-old man (patient 11) showed ataxic gait due to

the disturbances of deep sensation and suffered from gastric
crisis. He had severe deep sensory disturbances with
Romberg's sign, while he had neither weakness nor
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Babinski's sign. The diagnosis (tabes dorsalis) was confirmed
by the high titre of TPHA in serum and CSF; other causes

of myelopathy were excluded by myelography and con-

ventional means.

Patients with a history of convulsive seizures or cardiac
disease were specifically excluded from the study.

Methods

Conduction in central sensory pathway was studied using
somatosensory evoked potentials (SEPs). For the upper limb
SEPs, the median nerve was stimulated at the wrist. Record-
ings were made from the ipsilateral Erb's point, the seventh
and second cervical spinous process (CV7 and CV2,
respectively) and the contralateral hand somatosensory area

(7 cm lateral to the midline on a line drawn from a 2 cm
posterior to the vertex to the external auditory meatus). A
midfrontal (Fz) electrode was used as reference. For the
lower-limb SEPs, the posterior tibial nerve was stimulated at
the ankle and lumbar potentials and cortical SEPs were mon-

itored. Recordings were made from the first lumbar spinous
process (LI) and referenced at the contralateral iliac crest.
On the scalp, recordings were made from the foot somato-
sensory area (2 cm posterior to the vertex on the midline; Cz')
and referenced to Fz. The stimulus strength was adjusted to
a level which produced a minimal contraction of the
abductor pollicis brevis or the abductor hallucis muscles. The
potentials were amplified with filters set at 8 Hz and 3,000
Hz, and at least 1,024 responses were averaged. The latencies
of N9, NIl, N13 and N20 components of the upper-limb
SEPs and those of the lumbar potential (LP) and P37 com-

ponent of the lower-limb SEPs were measured. The central
sensory conduction times (CSCTs) were calculated as

N13-N20 and LP-P37 interpeak times for the upper and
lower limb SEPs, respectively. Normal values for all param-
eters have been established in 30 normal volunteers and the
upper limits of the normal range (mean + 2 5 SD) are listed
in the table.

Conduction in the central motor pathway was studied
using percutaneous electrical stimulation of the brain and
spinal cord, details of which have already been described.4-6
Motor action potentials of the limb muscles were recorded
during cortical, cervical and lumbar stimulations by a spe-

cially constructed low-output impedance stimulator. To acti-
vate muscles in the arm, the anode was placed 7 cm laterally
on a line from the vertex to the external auditory meatus and
the cathode 5 cm anterior to the anode. For muscles in the
leg, the anode was placed at the vertex and the cathode 5 cm
anterior to the anode. For cervical stimulation, the anode
was applied over the fifth cervical (C5) spinous process and
the cathode over the C7 spinous process. For lumbar stimu-
lation, the anode and the cathode were applied over the
twelfth thoracic (T12) and the first lumbar (LI) spinous
processes, respectively. In all recordings, the stimulation
voltage was increased until a response of maximal amplitude
was obtained. Patients were instructed to relax as fully as

possible during the procedure. Recordings were made with
surface electrodes in pairs about 5 cm apart over the muscle
of interest. Compound muscle action potentials were
recorded from the extensor carpi radialis (ECR) and thenar
muscles in both arms and from the quadriceps femoris
(Quad) and tibialis anterior (TA) muscles in both legs.
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Recordings were also made from other muscles in some
patients. Responses were amplified (bandpass 80 Hz-10
KHz) on an electroencephalograph which was interfaced
with a microcomputer (Signal Processor 7T18, NEC San-Ei)
for display, storage and plotting of responses. The time from
the cortical stimulus to the onset of the evoked electro-
myographic (EMG) response in the relaxed muscle was
taken as the cortical latent period (Lcor). The time from the
cervical or lumbar stimulus to the onset of the EMG activity
was taken as the spinal latent period (Lsp). The central
motor conduction time (CMCT) was obtained by sub-
tracting Lsp from Lcor for each muscle. The parameters
measured in the relaxed condition were used, partly because
some patients could not produce appropriate voluntary con-
traction and partly because the latencies were sometimes
difficult to measure accurately with background muscle
activity. Normal values for Lcor, Lsp and CMCT of the
upper and lower limb muscles have already been established
in 40 normal volunteers aged between 17 and 72 years.6 The
upper limits of the normal range are listed in the table.

All patients gave their informed consent to the
investigations. These procedures were approved by the
Ethics Committee of Tokyo University Hospital.

Results

The results are summarised in the table. Since there
were no differences between the right and left sides,
the results of the right upper and lower limb SEPs and
those of motor responses on the right side are
summarised.

Central sensory conduction was considered
abnormal if the CSCT was prolonged or cortical SEPs
were absent despite a normal N 13 component
(median nerve SEP) or normal lumbar potential (pos-
terior tibial nerve SEP). Central motor conduction
was considered abnormal if the CMCT exceeded the
upper limit of the normal range or if no motor
response could be evoked by cortical stimulation
despite a normal response to cervical or lumbar
stimulations.

In two patients with ALMN, the CSCTs of median
nerve SEPs were prolonged, although those of the
N13 component were normal. The lumbar potential
was normal in patient I and was absent in patient 2,
and the cortical components of posterior tibial nerve
SEPs were absent in both of them. For both upper and
lower limb muscles, the Lsps were normal in patient
I and prolonged in patient 2, and CMCTs showed
some abnormalities in both of them (fig 1). In patient
1, the motor and sensory nerve conduction velocities
were normal. In patient 2, the right median nerve
motor and sensory conduction velocities (MCV and
SCV) between the elbow and the wrist were normal
(MCV: 46-7 m/s, SCV: 69-4 m/s), while both MCV in
the right peroneal nerve and SCV in the right sural
nerve were reduced (MCV: 33.7 m/s, SCV: 38 9 m/s).

In all patients with CTX, the cervical component
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Central motor and sensory conduction in adrenoleukomyeloneuropathy
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Fig 1 Central motor conduction to the right thenar and
tibialis anterior (TA) muscles in case 2
(Adrenoleukomyeloneuropathy). Both the spinal latent
period (Lsp) and central motor conduction time for the
right thenar muscle were abnormally prolonged. The Lsp for
the right TA muscle was 22 1 ms (the upper limit: 18 6 ms),
and no response could be evoked by cortical stimulation.

cortical stimulation in the Quad muscle and CMCTs
to the TA and GC muscles were prolonged, although
normal responses could be evoked by lumbar stimu-
lation. The response of the FHB muscle to cortical
stimulation lasted longer (temporal dispersion) than
those in normal subject, despite its normal latency.
The response in GC muscle was small and dispersed,
too. In patients with HAM, therefore, central motor
conduction was markedly involved although central
sensory conduction was normal or only mildly
involved. The results of SEP and central motor con-
duction studies after the treatment with pre-
donisolone showed no significant differences from
those before the treatment, even though the clinical
signs were improved by treatment.

In a patient with tabes dorsalis, posterior tibial
nerve SEPs were severely delayed at the cortex with no
recordable lumbar potential. The median nerve SEP

Lumbar stimulation

Quad1

I~~~~~+- t

TA
i

GC

FHB 1 15mv
± 20ms

Cortical stimulation

(N1 3) of the median nerve SEPs and lumbar poten-
tials (N20) of the posterior tibial nerve SEPs were
normal. The CSCTs of median nerve SEPs were pro-
longed in one out of three patients, and those of pos-
terior tibial nerve SEP in all oftwo examined patients.
Central motor conduction to the upper-limb muscles
was abnormal in all three examined patients (in five
out of seven muscles) and those to the lower-limb
muscles in two examined patients (in all of six mus-
cles), whereas the Lsps were normal in all muscles
(table).
The CSCTs of the median nerve SEPs were within

the normal range in all four patients with HAM, while
those of the posterior tibial nerve SEPs were mildly
delayed in one of four patients. The CMCTs to the
upper limb muscles were all normal and central motor
conduction to the lower-limb muscles was considered
abnormal in all these patients. Figure 2 shows motor
responses in the lower-limb muscles in one patient
with HAM (case 10). There was no motor response to

LettIK:gnT

Quad r-- Ii
T4-

TA

GC

FHB

- - ~~I-

I~~~~~~~ -I
20 ms

Fig 2 Motor responses in case 10 (HTLV-I-associated
myelopathy). Motor responses to cortical stimulation in
gastrocnemius andflexor hallucis brevis muscles were small
and dispersed. No motor responses could be evoked by
cortical stimulation in quadriceps femoris muscle. Quad:
quadriceps femoris muscle; TA: tibialis anterior muscle;
GC: gastrocnemius muscle; FHB: flexor hallucis brevis
muscle.
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Table The electrophysiological results

Median Nerve Posterior Tibial Nerve

Case Diagnosis Age (yr) Sex N13 N20 CSCT LP P CSCT
(N13-N20) (N20) (N20-P37)

1 ALMN 33 M 13-0 21-4 8-4 22-1 NR
2 ALMN 22 M 13-0 22-3 9-3 NR NR
3 CTX 26 F 14-0 22-4 8-4 * * *
4 CTX 38 F 12-2 18-2 6-0 18-2 43-6 25-4
5 CTX 43 M 13-2 19-8 6-6 21-8 47 9 26-1
6 CTX 56 M * * * * * *
7 HAM 45 M 13-3 19 3 6-0 17-5 36-7 19-2
8 HAM 44 F 13-6 19-6 6-0 21-2 44-0 22-8
9 HAM 61 F 13-7 20-3 6-6 20-7 40 7 20-0
10 HAM 31 F 12-3 18-7 6-4 19 5 40-0 20 5
11 Tabes Dorsalis 72 M 14-4 20-6 6-2 NR 54-2

Controls
Mean 13-5 19-1 5 5 21-4 38-8 17-5
SD 0-7 0-8 0.5 1-2 1-4 1-2
Mean +25 SD 15-3 21-1 6-8 24-4 42-3 20-5

ALMN: Adrenoleukomycloneuropathy, CTX: Cerebrotendinous Xanthomatosis.
HAM: Human T-cell lymphotropic virus 1 (HTLV-l)-associated myelopathy.
CSCT: Central sensory conduction time, CMCT: Central motor conduction time.
Del: Deltoid, Bi: Biceps brachii, ECR: Extensor carpi radialis.
TA: Tibialis anterior, GC: Gastrocnemius, FHB: Flexor hallucis brevis.
NR: no response, *: not done.

was normal (fig 3). The CMCTs to all upper and lower
limb muscles were normal. The motor conduction
velocity was 48-9 m/s in the left peroneal nerve and the
sensory conduction velocity of the left sural nerve was
44-4 m/s. The amplitude of the sensory nerve action

20.6

C% -Fz

14.4

CV2-Fz

potential was 3-7 uV in the left sural nerve. Peripheral
motor and sensory conduction velocities were normal
in all other nerves examined in this patient.
No untoward side effects of cortical stimulation

were noted in any of the patients.

C'z-Fz

A

54.2

11.2

CV7- Fz

10.3

Erb-Fz I5iv

20ms

loms
Fig 3 SEPs in case 11 (tabes dorsalis). The lumbar potential was absent and the latency ofP37 component was 54-2 ms
(upper limit: 42-3 ms), while median nerve SEP was normal. C3': left hand somatosensory area; Fz: mid-frontal; CV2,
CV7: second, and seventh cervical vertebrae, respectively; Cz'. leg somatosensory area; LI: first lumbar spinous process; IC:
iliac crest.
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Central motor and sensory conduction in adrenoleukomyeloneuropathy

CMCT

Del Bi ECR Thenar Quad TA GC FHB

* * 15-9 157 NR NR * *
* * 111 11-4 NR NR * *
* * * * * * * *

* * * 140 * *
* * 16-4 125 NR NR * *
NR 73 9-8 119 NR NR NR 201
* * 68 5.8 NR NR NR 190
* * 69 9.1 NR 225 NR 17-2
72 68 75 85 NR NR NR 19-9
* * 61 88 NR 173 282 164
5-8 54 6-7 66 122 131 13-0 136

65 68 73 76 129 13-2 130 14.4
05 06 12 12 14 1-6 13 19
77 83 10-3 106 164 17-2 163 192

(msec)

Discussion

Results in control subjects,4 5 13 in patients with
cerebrovascular 1 12 or motor neuron disease9-12
suggest that electrical stimulation of brain and spinal
cord is a test of conduction in the corticospinal tract.
We used this technique together with conventional
SEP testing of dorsal column function16 to study cen-
tral motor and sensory conduction in four disorders.
The results are compared with the clinical features
and neuropathological findings in each disorder.

Both central motor and sensory conduction were
abnormal in both patients with ALMN. These results
were consistent with the neuropathological findings of
ALMN. Neuropathological studies demonstrated
diffuse involvement of the white matter in the brain
and spinal cord; both the tract of deep sensation and
the corticospinal tract were damaged. The absence of
lumbar sensory potential and prolongation of the
Lsps in patient 2 were probably due to the
involvement of peripheral nerves. Prolongation of
conduction time along a short segment of motor roots
may cause an increase in CMCT in some patients with
neuropathy. 17 However, judging from the motor con-
duction velocities of the peripheral nerves and the
degrees of prolongation of Lsp or CMCT, we con-
cluded that the conduction in the corticospinal tract
was abnormal in this patient.

In patients with CTX, peripheral conduction was
normal although both central motor and sensory
conductions frequently were involved. The results
were consistent with clinical findings and also with
neuropathological observation that there is demy-
elination of both the corticospinal tract and posterior
column. 8 The fact that some abnormalities of central
motor and sensory conduction were more frequent in

the lower-limbs than in the upper-limbs also was con-
sistent with the neuropathological findings of a distal
axonal degeneration.'8

In one of four patients with HAM, the CSCT of the
posterior tibial nerve SEP was longer than normal. In
all of them, central motor conduction to the lower-
limb muscles was abnormal, although that to the
upper-limb muscles was normal. The motor roots
might be mildly involved in some patients with
HAM.'9 Since these mild involvements would not
cause the severe abnormalities in the central motor
conduction demonstrated in our patients, our results
suggested that the corticospinal tract was involved in
the patients with HAM. This disease was thought to
be a kind of myelopathy with prominent corticospinal
tract signs and mild sensory disturbance. 5 The
electrophysiological results were consistent with these
clinical features in this disorder. The fact that central
motor conduction was abnormal only in the leg is
further evidence that the spinal cord is involved in this
disease.

In a patient with tabes dorsalis, the posterior tibial
nerve SEP was markedly abnormal, whereas central
motor conduction was normal in all of the upper and
lower limb muscles. These results were consistent with
the neuropathological observations that the corti-
cospinal tract was intact despite severely degenerated
posterior columns in tabes dorsalis.20 The result that
the median nerve SEP was normal in spite of
abnormal posterior tibial nerve SEP was compatible
with the clinical feature that he had more severe deep
sensory disturbances in the lower extremities than in
the upper extremities and also consistent with the
neuropathological findings that the posterior columns
from the cervical segments were more mildly degener-
ated than those from the lumbar segments. In this
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patient, the lumbar potential could not be recorded
although both the sensory conduction velocity and the
amplitude of the sensory nerve action potential were
normal in the sural nerve. The absence of lumbar
potential was also consistent with the neuropatho-
logical findings that the dorsal roots were severely
degenerated as well as the dorsal columns in tabes
dorsalis,20 - 22 because the lumbar potential was
thought to be generated in the root entry zone of the
spinal cord.16
The technique of percutaneous electrical stimu-

lation of central motor pathway has been applied clin-
ically to a few kinds of spinal cord diseases, such as
radiation myelopathy 3 and cervical spondylosis. 4 In
this report, we confirm the usefulness of this technique
in the diagnosis of patients with various spinal cord
diseases. We stress here that the lower-limb muscles
have to be studied in patients with spinal cord
diseases, as in motor neuron disease.1'
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