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Conduction velocity and refractory period of single
motor nerve fibres in motor neuron disease
JORGEN BORG

From the Department of Neurology, Karolinska Hospital, Stockholm, Sweden

SUMMARY Electromyographic single motor unit recordings were used to study the axonal conduc-
tion velocity and the axonal refractory period of 60 motor units in patients with severe motor
neuron disease. Eighteen per cent of the motor units had abnormally low axonal conduction
velocity probably due to secondary degenerative changes. Thirty-two per cent of the motor units
had abnormally long axonal refractory period but normal conduction velocity. Whether this
reflects a primary disease mechanism or secondary changes remains to be established.

Maximal motor and sensory conduction velocities of
peripheral nerve trunks are usually normal in motor
neuron disease. Only in late stages with significant
muscle atrophy is there mild slowing of the maximal
motor conduction velocity.' This is usually attri-
buted to loss of alpha motor axons. The
pathogenesis of motor neuron disease is unknown.
Whether there is a primary neuronopathy or a prim-
ary axonopathy or both is debated (see refs 2 and 3).
No data about the physiological properties of single
alpha motor axons in motor neuron disease are
available.

Previously the axonal conduction velocity and the
axonal refractory period have been determined for

~ ~~~~~~~~~~~~single motor units in normal man.4- In the present
study these parameters were studied in single motor
units of patients with motor neuron disease.

Materials and methods

Seventeen patients aged 35-72 years with typical, sporadic
motor neuron disease were studied. Disease duration was
1/2-3 years. All patients had signs of generalised lower
motor neuron involvement with fasciculations and muscle
atrophy.

Electromyographic recordings were made by conven-
tional bipolar needle electrodes (DISA 9013 K0802). The
recordings were selective enough to permit identification
of single motor unit potentials even at maximal voluntary
effort and after supramaximal electric nerve stimulation.
This was due to the loss of motor units and the increased
fibre density of the remaining ones. The motor unit poten-
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tials were amplified and displayed on a Medelec oscillo-
scope (No. 4329) and recorded on Kodak Linograph direct
print paper.

Electrical shocks, 0-2 ms in duration, were delivered
proximally to the peroneal nerve close to the fibular head
and distally at the ankle. Surface electrodes, 0-6 cm in
diameter were used. The cathode was placed over the
nerve and the anode 2-3 cm medially or lateraly to the
cathode. Stimulus strength could be gradually changed
from 0 to 100 mA. The needle electrode was adjusted so
that the test motor unit potential could be identified in
sustained maximal voluntary contraction. The effort was
then reduced until the motor unit no longer discharged and
the electrical stimuli were delivered. Stimulus strength was
10% above the resting threshold level. The motor unit
identity at proximal and distal stimulation was confirmed
by the blocking experiment (point 2 below).

(1) One nerve stimulus was delivered proximally and
one distally, the latency difference was calculated and the
axonal conduction velocity determined.

(2) One proximal and one distal stimulus were delivered
coupled to each other. The proximal testing stimulus was
initially delayed 10-15 ms to permit the distally evoked,
antidromic propagated nerve impulse to pass the proximal
test point before stimulation there. The stimulus interval
was then reduced until the second evoked motor unit
potential disappeared due to blocking at the proximal, test-
ing, point during the refractory period after the antidromic
impulse. By comparing the shortest stimulus interval with-
out blocking with the previously determined latency differ-
ence (point 1 above), the axonal refractory period after an
antidromic propagated nerve impulse was calculated.5

(3) Paired electrical stimuli were delivered to the nerve
at the proximal stimulus point. The stimulus interval was
initially 10 ms and then reduced until the second evoked
motor unit potential disappeared in an all-or-none manner
due to blocking at the stimulus point during the axonal
refractory period. By defining the shortest stimulus interval
without blocking, the axonal refractory period after a con-
ditioning electrical nerve stimulus was determined.6
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Further, the interval between the evoked motor unit
responses was measured at each stimulus interval and the
shortest motor unit response interval was determined.6
When the identification of the second evoked motor unit
potential was difficult, because of peripheral blocking, a

distal nerve stimulus was introduced (cf. Results).
Room temperature was 23-250C. Skin temperature pf

the lower leg and the foot was carefully controlled and held
at 32°C by a Disaheater (DISA, Electronic, Skovlunde,
Denmark).

Results

AXONAL CONDUCTION VELOCITY

Sixty motor units were investigated in the 17
patients. In each patient 1-10 motor units were

studied.
Figure 1 shows the axonal conduction velocities of

the 60 motor units together with corresponding data

from normal subjects.4' In the patients 18% (11/60)
of the motor units had axonal conduction velocity
below 30 mi/s while normally less than 1% (2/222) of

the motor units had a conduction velocity below this

level.

AXONAL REFRACTORY PERIOD FOLLOWING A

CONDITIONING PROPAGATED NERVE IMPULSE

The axonal refractory period following an anti-

dromic propagated nerve impulse was determined
for the 60 motor units using test stimulus strength
10% above the resting threshold level. The refrac-

tory periods ranged from 1-4 to 3-2 ms. In the

patients 38% (23/60) of the motor units had axonal
refractory periods longer than 2-5 ms while in nor-

mal subjects less than 1% (1/109) had refractory
periods longer than this.7 In 12 of the 17 patients at
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Fig 1 Axonal conduction velocities of (A), 60 motor units

in patients with motor neuron disease and, (B), 222 motor

units in normal subjects.
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least one motor unit with axonal refractory period
longer than 2-5 ms was observed.

Fifty per cent (30/60) of the motor units had
abnormally low conduction velocity, that is, below
30 m/s, and/or abnormally long refractory period.
that is, longer than 2-5 ms. thirty-two per cent ( 19/
60) had an abnormal refractory period and normal
conduction velocity. Twelve per cent (7/60) had an
abnormal conduction velocity and normal refractory
period. Seven per cent (4/60) were abnormal in both
respects.

Figure 2 shows the individual mean values of the
axonal conduction velocities and the refractory
periods for the 17 patients together with corres-
ponding data from 22 normal subjects. For the
patients these refractory period data exhibited a
mean of 2-3 ± 0-46 ms (M + SD). The correspond-
ing mean value in normal subjects was 1-9 ±+ 0-26
ms.7 The difference between the mean values was
statistically significant (p < 0-01).

SHORTEST MOTOR UNIT RESPONSE INTERVAL
When paired electrical stimuli are delivered proxi-
mally to the peroneal nerve at intervals shorter than
3 ms, the slowing of the conduction of the second
impulse propagated during the relative refractory
period of the first impulse normally prevents
peripheral blockings and limits the motor unit
response interval to 3-5 ms.1

For 20 of the motor units in eight patients, paired
electrical stimuli were delivered proximally to the
peroneal nerve at stimulus intervals shorter than 3
ms. For 65% (13/20) of the motor units, having
axonal conduction velocities 28-43 m/s, the shortest
motor unit response interval ranged from 3-5 to 7-5
ms. For six motor units the interval was longer than
5 ms which was never observed normally. Three of
the six motor units had an abnormally long axonal
refractory period at the proximal test point while the
other three had refractory periods within normal
limits. All six had normal axonal conduction veloc-
ity.

Figure 3 shows the individual mean values of the
shortest motor unit response intervals and the
axonal conduction velocities for seven patients
together with corresponding data from normal sub-
jects.6 The mean value for the patient data, 5-55 +

1-55 ms, was significantly longer than the corres-
ponding value in normal subjects, which was 4-2
0-30 (p < 0-01).

For 35% (7/20) of the motor units significant
peripheral blockings occurred at stimulus intervals
shorter than 5 ms.

Figure 4 shows the recordings of a motor unit
when paired electrical stimuli were delivered proxi-
mally. Figure 4A shows that when the stimulus
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Fig 2 Axonal refractory period and
axonal conduction velocity. Mean values
for 17 patients with motor neuron disease
(open dots) and 22 normal subjects (filled
dots). Regression line ofnormal data
marked as illustration.
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interval already reached 5 ms, the second evoked
motor unit response was delayed in relation to the
second stimulus. Figure 4B shows that when the
stimulus interval was 3 ms the second potential
almost disappeared. This was due to peripheral
blocking because when test stimulus strength was
increased the main part of the potential remained
blocked. Thus, for this particular motor unit, the
shortest response interval after paired electrical
nerve stimuli was restricted by peripheral blocking.
This was not seen normally.6
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Fig 3 Shortest motor unit response interval after paired
electrical nerve stimuli. Mean values of 7 patients with
motor neuron disease (open dots) and 1 I normal subjects
(filled dots).

AXONAL REFRACTORY PERIOD FOLLOWING A
CONDITIONING ELECTRICAL NERVE STIMULUS
For 20 of the 60 motor units the axonal refractory
period was also determined at the proximal test
point by using a conditioning electrical stimulus
delivered through the same electrode as the testing
stimulus. One to six motor units were studied in
each of eight patients. Test stimulus strength was
10% above the resting threshold level. For these
motor units, where peripheral blocking restricted
the shortest motor unit response interval after
paired electrical nerve stimuli (cf. above), the axonal
refractory period after a conditioning electrical
nerve stimulus could not be determined without
introducing a distal nerve stimulus to block the
impulse elicited by the first conditioning, proximal
stimulus. The recordings from such an experiment
are shown in fig 4 C-D. Figure 4C shows that when
the interval between the proximal stimuli was 3 ms,
the proximal test stimulus elicits a second recorded
motor unit potential. When the stimulus interval was
2-8 ms, as in fig 4D, the second response disap-
peared due to blocking during the axonal refractory
period at the test point. Thus, the axonal refractory
period for this motor unit was 3*0 ms.
The axonal refractory periods following a condi-

tioning electrical stimulus ranged from 1-8 to 3-5 ms.
For 30% (6/20) of the motor units the refractory
period was longer than 3 ms which was observed in
only 5% (2/27) of normal motor units.7 The mean
value was 2-69 + 0-61 ms. This was longer than the
corresponding value in normal subjects, which was
2-38 0-24 ms, but the difference was not statisti-
cally significant.
The refractory period after a conditioning electri-

cal nerve stimulus was always longer than after a
propagated nerve impulse (mean 0-36 0.25),
which was also found normally.'
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Discussion of the seco
intervals lc

The axonal conduction velocity and refractory when the
period of single motor units in motor neuron disease nerve trunt
have not been studied previously. In the present ques as des
study, 50% of the motor units in patients with between th
severe motor neuron disease were abnormal in one proximal te
or both parameters. The most conspicuous finding between tI
was that 32% of the motor units had an abnormally stimulus an
long axonal refractory period but normal axonal Thus a dec
conduction velocity. It cannot be determined might be fa
whether this finding in patients with advanced motor of the nerv
neuron disease is due to a primary disease mechan- Eighteen
ism or to secondary changes. Further studies at dif- axon had a
ferent stages of the disease might be of value to ity, severa
establish this. explanatior

In the present study the axonal refractory period undergoing
was determined both after a conditioning propa- of nerve fit
gated nerve impulse and after a conditioning electri- to occur oi
cal nerve stimulus. Low test stimulus strength was believe thX
used to minimise stimulus pain. The difference be- nerve sproi
tween the results obtained by the two methods was Previous
of the same magnitude as observed normally.7 trum of pi
When paired stimuli were delivered proximally to neuron dis

the peroneal nerve it was found that, for about one reveal a slc
third of the motor units tested, the shortest motor This might
unit response interval was longer than that observed ques using,.
normally.6 It is well known that the conduction vel- cle action I
ocity of an impulse propagated during the relative In summ
refractory period of a prior impulse is subnor- electrophys
mal.69 "' Thus, the prolonged motor unit response neuron dis(
interval is probably mainly due to prolonged axonal gated. Abo
refractory period. abnormally
For another third of the motor units tested, the mal axonz

second evoked motor unit potential was successively reflects a
broken down at shorter stimulus intervals due to secondary
peripheral blockings. This is in accordance with pre-
vious findings in motor neuron disease that the References
safety factor of the peripheral propagation is lower
than normal.' Lambert I
The occurrence of peripheral blocking and delay of m

Fig 4 Single motor unit recordings when,
in A-B, paired stimuli were delivered
proximally to the peroneal nerve and, in
C-D, when the same paired, proximal
stimuli were delivered together with one
distal stimulus to coincide with the first
proximal stimulus. Further description in
text. Time bar 10 ms.

)nd motor unit response even at stimulus
onger than 5 ms should be considered
refractory period of peripheral motor
ks is measured by using blocking techni-
cribed by Kimura.'2 If the nerve segment
ie distal blocking stimulus point and the
-sting stimulus point is short, the interval
he muscle responses due to the distal
nd the testing stimulus might be critical.
rease of the test muscle action potential
alsely interpreted as due to refractoriness
e fibres at the test point.
per cent of the investigated alpha motor
bnormally low axonal conduction veloc-
1 extremely low. The most probably
n of this is that these are nerve fibres
g secondary degeneration. Since sprouting
bres due to denervation is not considered
utsie the muscle,'3 there is no reason to
at the slow conducting fibres are long
luts.
istudies of the conduction velocity spec-
,eripheral motor nerve trunks in motor
sease using collision techniques did not
Dw conducting nerve fibre population.'4 '5
be due to insensitivity of these techni-

surface recordings of the compound mus-
potential or to different materials.
iary this study has shown that there are
siological signs of axonopathy in motor
iease when single motor units are investi-
)ut one third of the motor units have an
y long axonal refractory period but nor-
al conduction velocity. Whether this
basic pathophysiological mechanism or
changes remains to be established.
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