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IT IS MORE than zo years ago since Hodes,
Larrabee and German (rS+8) measured the motor
nerve conduction velocity for clinical diagnosis.
Since then, nerve conduction studies are performed
routinely in conjunction with clinical electromyo-
graphy as they have been shown to be of proven
value in the differential diagnosis of neuromuscular
disorders. The procedure is simple and rapid. The re-
sult is also obiective. Facilities for carrying out such
studies are a recent introduction to this country. It
is felt that a report of the examinaiions personally
performed during a year's fellowship in the Depart-
ment of Clinical Neurophysiology, Rikshosoitalet,
Oslo, Norway, will help to illustrate the usefulness
and principles of these tests.

In 1852, Helmholt with his ingenious mechanical
apparatus measured the conduction velocity of ihe
human median nerve and obtained values corres-
ponding to present day figures. Animal experi-
ments by Erlanger and Gasser (tSzl) demonstrated
the relationship between the conduction velocity and
the diameter of the perioheral nerve and that
different nerves with different nerve fibres vary in
their conduction velocities. Erlanger (tgz7),
Gasser and Grundfest (1939) showed that the con-
duction velocities in warmblooded animals were
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almost direaly proportionate to the aron diameters
of the nerve fibres.

Hodes, L{rrabee and German (IS+8) proved
the values of motor conduction studies in patients
with peripheral nerve injury and hysterical para-
lysis. Bv stimulating a given nerve at two points
and finding the latency difference to the muscle
response, they were able to measure the conduction
velocity. Later workers like Lambert (1956), Gil-
liatt and Thomas (196o), Gilliatt and Sears (lSS8)
showed that nerve conduction velocity is slowed in
localised nerve lesions, in polyneuropathies and
peroneal muscular atrophy. They helped to
establish the technique as a practical diagnostic
tool. Dawson and Scott (rg+il showed that it is
possible to detect nerve potentials in the median
and ulnar nerves evoked by distal percutaneous
stimulation at the wrist. The evoked potentials
were picked up by bipolar electrodes placed at the
appropriate nerve at the elbow. The evoked res-
pbnse- in this case is made up of an orthodromic
sensory and 'antidromic motor resPonse. Dawson
(rSS6) showed that by stimulating the digital nerves
in the fingers, a purely sensory potential could be

obtained flom the median or ulnar at the wrist.

In 1952, Norris, Shock and lfagman demon-
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strated slowing of the conduction velocity with in-
creasing age in adult life. S7agman and Lesse
(tgSz) showed that in persons over 6o years old,
there is a reduction of about to/s in the conduc-
tion velocity. Gamstrop (rS6:) has shown that in
motor fibres at birth, the conduction rate increases
from only about half that of adults to reach a
maximum in early adolescence. The conduction
rate is also affected by temperature. Henriksen
(1956), Buchthal and Rosenfalck (1966) showed that
the conduction velocity slows with cooling by z-2,4
metres/sec. per degree centigrade.

Conductio! velocity of normal human peripheral
neryes varies from 40 to 70 metres per second. In
newborn infants, the conduction velocity is about
27 metres per second and usually reaches adult
values when the child is z to 5 years of age.

Method
Satisfactory apparatus is now readily available

commercially. The principal components and their
connections are represented by the block diagram,
fig.r.

LOUO SPE XEI

Fle. l. BLOCX DIAGRAH OF AN ELECTROTI|OORAPH

silver or solder disc placed over the muscle and is
especially advantageous in children. However,
for distinguishing damage to one of the smaller
terminal branches of the median or ulnar nerve,
a needle electrode is needed. For sensory nerve
conduction, surface electrode or a needle electrode
may be used.

It is essential for the sweep of the cathode ray
tube (oscilloscope) to be triggered by a stimulus
after a suitable delay. The action potintial, picked
up by the recording electrode, is displayed on the
oscilloscope and is also heard via a loudspeaker
arrangement. The action potential on the oscillo-
scope screen is also photographed for permanent
record and further analysis. A time marker with
r msec. divisions is superimposed on the trace.

The time from the stimulus to the resDonse is
measured from the photograph. Alternatively, a
special device which causes a veftical deflection of
the horizontal axis of the oscilloscope trace, avail-
able commercially, permits direct measurement of
the time latency on the oscilloscope. This value
is read off from a digital counter, which records as
the deflected baseline is moved from the stimulus
to the response.

In the procedure, the patient is suitably earthed
with a plate type electrode; where possible, it is
placed between the site of stimulation and the pick
up electrodes, so as to decrease the stimulus artifact.

_ In determining the motor conduction velocity
of the median or the ulnar nerve, the recording
surface electrodes are placed with the active elec-
trode over the belly of the small muscle of the hand,
with the reference electrode over the tendon of the
muscle. !0ith a needle electrode, it is inserted into
the muscle. Stimulus is delivered to the nerve at
the wrist, elbow, and axilla, usually at the rate
of one per second and the latency time recorded
accordingly. The distance for each latency is then
measured.

The conduction velocity is calculated as follows.
(See Fig. z.)

In the sensory nerve determinations, the author
determines the antidromic sensory velocity. The
recording surface electrodes are silver strips placed
firmly round the fingers at a suitable distance apart.
Stimulus is again applied on the nerve on the sites
used for determining motor conduction velocity.
When the sensory response is small, better visua-
lisation can be achieved by suoerimposition of
many sweeps on a photograph. Other devices for
increasing the signal to noise ratio could be obtain-
ed by electronic averaging of multiple sweeps.

The method of measuring the conduction velo-

The stimulator is designed to give a brief con-
denser shock, a square wave type of stimulus, with
a duration of o.r msec. to o.5 msec. Stimulus
artifact is reduced either by a transformer or radio-
frequency isolating unit.

The stimulation may either be bipolar or mono-
polar. The stimulators have round padded elec-
trodes moistened with saline. For stimulating the
digital nerves of the fingers, Dawson recommended
small pliable silver strips two to four mm. wide
covered by lint, moistened with saline and firmly
applied to the fingers.

For motor nerve conduction, either a surface
or concentric needle recording electrode may be
used. The former electrode usually consisis of
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reduced interference pattern. Motor conduction
velocity study showed a prolonged distal delay of

5.2 msec. (normal not more than 4.2 msec.) for the
left median nerve, which had a normal proximal
velocity. The conduction velocity of the left ulnar
nerve was normal. These findings pointed to a

Carpal Tunnel syndrome rather than a metastatic
involvement of the plexus as originally feared.

G.S., a 5o-year-old married male, a carpenter,
complained of weakness of his left hand for the
last five months. He had been in the habit of
using his palm to drive chisels. There was no
sensory disturbance. Physical examinationrevealed
wasting and weakness of the right first dorsal in-
terosseous muscle. No sensory changes were
detected. Routine investigations, including radio-
logical examination of the cervical spine, were
normal. A provisional diagnosis of injury of the
deep branch of the ulnar nerve was made. Elec-
rromyography showed evidence of neurogenic lesion
affecting the muscles innervated by the deep branch
of the ulnar nerve. Conduction velocities of the
median and the ulnar nerves were as follows:

Neroes Median Ulnar
Distal Delay to

rst. Dorsal Interosseous 6.2 msec.

Distal Delay to
Hypothenar Group 3.6 msec.

Distal Delay to
Abductor Pollis Brevis 3 msec.

Conductor velocity
Axilla to Elbow 56m/sec. 55m/sec.
Elbow to wrist 7om/sec. 6om/sec.

Only the distal delay of the ulnar nerve to the
first dorsal interosseous muscle was prolonged. It
confirmed the diagnosis of injury of the deep
branch of the ulnar nerve, a benign condition com-
pared to amyotrophic lateral sclerosis which was the
other diagnosis suggested.

K.K., a 74-year-old female, since one year ago
complained of numbness and paraesthesia of the
fingers of both hands, which she was unable to
localise. Later the symptoms became worse. She
also began to have vague aches and pains of the
shoulders and elbows, especially at night. She
dropped things at times. Examination revealed
wasting and weakness of the thenar muscles. There
was slight impairment of sensation over the
thenar eminences and the lateral three fingers
of both hands. X-ray of the cervical spine
showed moderate cervical spondylosis. Electro-
myography showed fibrillation and positive dener-
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Fig.2. OIAGRAM OF MOTOR SIIMULATION AND RESPONSE

ANO MEIHOD OF CALCULATIOI OF NERVE CONDUCTIOT{

VELOCITY.

city of the lower limbs follows a similar technique.

Results

Out of a total of rro clinical electromyographic
examinations performed personally, 7o of the ex-
aminations weie accompanied by nerve conduction
studies.

In all the examinations, the motor nerve con-
duction velocity was measured. In about zo/s of
these, antidromic sensory conduction velocity was

tested as well. A total of rrz determinations were
performed on the 70 patients. z6 patients had

abnormal conduction velocities.

Neroes Number Number Percentage
Abnormal

Median 29 ro 34
Ulnar T 6 l8
Lateral Popliteal z8 ro 35
PosterialTibial 5 3 60

Facial 17 7 4t

Total rr2 36 32

In this series of examinations, the maiority with
abnormal conduction velocity correlated with
clinical findings.

Case Reports

M.G., a 6r-year-old married woman, was found

to have cancer of the left breast and undergone a

radical mastectomy 3 years ago. Six months prior
to being seen, she started to complain of numbness

and paiaesthesia of the left hand, especially over

the iadial aspect. Examination revealed hypal-
gesia over the'thumb. There was no evidence of

metastatic recurrence of cancer. Electromyography
of the hand muscles showed a few fibrillation poten-

tials localised to the abductor pollicis brevis and a
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vation potentials in both abductor pollicis brevis.
Nerve conduction velocity study showed a orolonged
distal delav of 7.5 msec. and 9.6 msec. for the
left and right median nerves respectively as com-
pared to a normal distal delay of not more than
4.2 msecs. A firm diagnosis of bilateral carpal
tunnel syndrome was made and surgical treatment
performed with good results.

leg 6 months
beganago. left foot to catch the ground re-

cently. As a result, he walked with a limp. There
was no sensory symptoms. Five years ago, he had
a car accident, but there was no serious iniury,
except he began to have pains on the lumbar spine
now and then. Clinical examination revealed a left
foot droo. There was weakness and wasting of
the muscles innervated by the lateral popliteal
nerve. No sensory loss was detected Myelography
showed no abnormality. Electromyography and
conduction study showed partial palsy of the Ieft
lateral popliteal nerve with a prolonged conduction
velocity for the ankle-knee segment of the nerve,
while the distal delay and the conduction rate for
the popliteal fossa-knee segment of the nerve were
normal. These findings were more in favour of a
lateral popliteal nerve palsy instead of root com-
pression syndrome from disc protrusion of the
lumbar spine.

S.A., a r6-year-old schoolgirl, in 1968 began
to have progressive weakness of the lower extre-
mities. She found it difficult to walk. There were
no sensory symptoms. No other members of the
family had a similar illness. Clinically, she had
bilateral atrophy and weakness of the foot muscles
and the anterior tibial and posterior tibial muscles
of the legs. The small muscles of the hands,
especially the first dorsal interosseous muscles, were
atrophied and weak. No obiective sensory loss was
detected. Laboratory investigations, including
C.S.F. and enzyme studies for muscle disease,
were normal. Electromyography showed evidence
of a neurogenic lesion affecting the distal group
of muscles of the lower exuemities and the muscles
of the hands. Conduction velocity study performed
showed the following:

Nenses

Left Lateral Popliteal
(motor) Knee to Ankle 3om/sec.

Distal Delry r5.2 msec.

Left Posterior Tibial Knee to Ankle z3m/sec.
Distal Delay 8.4 msec.

Sensory Distal Delay rr.2 msec.

Right Ulnar (Motor) Axilla to Elbow 56m/sec.
Elbow to wrist 44m/sec.
Distal Delay 4.8 msec.

The result showed that the conduction rates
of the left lateral popliteal, the posterior tibial
and the right ulnar nerve were prolonged. The
findings indicated a diagnosis of a chronic peri-
pheral neuropathy which afiected the lower limbs
more than the upper limbs.

Discussion
The motor unit is a physiological concept, which

consists of the motor neuron, its axon, the neuro-
muscular junction, and motor fibres, which the
nerves innervate. The number of muscle fibres
per motor unit varies from a few in the extra-
occular muscles to about two thousand in some
of the muscles of the lower limbs. (Feinstein,
Lindergaard, Nyman and Wohfart, 1955) Fig. I.

W.S', a

noticed
male

weakness of
working
his left

as a labourer,

Fig.3. TWO MOTOR UNITS

Neuropathic lesions of the motor unit can afiect
either the anterior horn cell or the nerve fibre,
anywhere along its course. Myopathic lesions in-
volve the neurbmuscular junction or the muscle
fibres. In the maiority of patients, clinical electro-
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myography easily distinguishes the myopathic
lesion from the neurogenic lesions. !7hen the
peripheral neuropathy affects mainly the motor
components of the nerve fibres, it may be dfficult
to distinguish this from a chronic myopathic lesion
clinically and with electromyography. Motor nerve
conduction study may be of great help on such
occasions. With electromyography alone, it is often
difficult to separate those neuropathic conditions
affecting primarily the nerve fibres (Case 5) from
those affecting the lower motor neuron. Conditions
such as poliomyelitis, amyotrophic lateral sclerosis
and othei spinal cord lesions do not alter the nerve
conduction velocity appreciably. Infective poly-
neuropathy, diabetic neuropathies, pressure and
traumatic neuropathies causing damage to the
peripheral nerves decrease the nerve conduction
velocities.

Measurement of the nerve conduction velocity
is a relatively simple and quick method of differ-
entiating the two Sroups of neurogenic lesion.
Localised lesions along a nerve can be frequendy
identified and localised with this technique. Ex-
amples of such localised lesions are the_compression
of 

-the 
median nerve beneath the flexor retina-

culum at the wrist producing the carpal tunnel
syndrome, and pressure of the ulnar nerve at the
wrist or at the elbow. At the level of the wrist,
if the deep branch of the ulnar nerve is affected,
the sensory conduction velocity to the little finger
is not affected. In carpal unnel syndrome (Cases

r and 3) or in a lesion of the deep branch of the
ulnar nerve (Case z), the distal delays from the
wrist to abductor pollicis brevis and the fust dorsal
interosseous muscle respecdvely are prolonged' In
localised neuropathies at the sites, such as the
pressure of the ulnar nerve at the elbow or_Pressure

bt tne hteral popliteal nerve at the neck of the
fibula (Case 4), stimulating proximal to the lesion
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