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INTRODUCTION

The term �clinical neurophysiology� is believed to have
been coined by Eric Kugelberg, a pioneer of  clinical
electromyography in Sweden.1 Clinical neurophysiology
is the science of  functional evaluation of  the nervous
system. In the last few decades, neurophysiological
techniques have increasingly been employed in the
diagnosis, treatment, prognosis and research of  both
neurological and other medical conditions. This article
considers the new developments in nerve conduction
studies (NCSs), electromyography (EMG), repetitive
nerve stimulation (RNS), evoked potentials (EPs) and
transcranial magnetic stimulation (TMS).

NERVE CONDUCTION STUDY AND
ELECTROMYOGRAPHY

NCS and EMG are routine investigations in the
evaluation of  neuromuscular disorders. NCS allows for
quick characterisation of  demyelinating or axonal
peripheral nerve disorders, localisation of  focal
entrapments and assessment of  more proximal root
lesions with late responses.2 The use of  mixed nerves
in NCS has not been extensively explored previously,
due mainly to uncertainty over relative contributions
of  motor and sensory components. However, mixed
nerve potentials allow for simultaneous evaluation of
these components, which can be useful in various
clinical situations. Mixed nerve conduction studies have
been shown to be of  value in the evaluation of  severe
axon loss ulnar neuropathy at the elbow when
conventional NCS could not adequately localise the
site of  entrapment.3 In brachial  plexopathy,
conventional neurodiagnostic techniques only provide
indirect evidence in lesion localisation. The use of
mixed nerve potentials over the brachial plexus is a
recently described adjunctive method for direct
recordings at Erb�s point.4 Side-to-side comparison

studies allow for further evaluation of  brachial plexus
injuries, as well as localisation of  rare distal ulnar nerve
entrapments.5

The technique of  sympathetic skin response, which
evaluates sudomotor components of  the autonomic
nervous system, has a role in the diagnosis and follow-
up of  statin-induced small fibre neuropathy.6 Neuralgic
amyotrophy or brachial  neurit is  is  an acute
inflammatory neuropathic disease of  the brachial or
lumboscral plexi and its nerves. This condition, long
thought to be axonal in origin, has been shown, using
a high voltage electrical stimulation technique, to evolve
from preceeding demyelination.7 This has subsequently
been reproduced in separate studies.8

Routine EMG is generally limited to limb musculature
studies. Needle EMG sampling aids in localising root
lesions, distinguishing neuropathic and myopathic
weakness, and assessing the extent of  axon loss in nerve
lesions. In recent years, the role of  EMG has expanded
to include sampling of  non-limb muscles, including
the diaphragm, anal sphincter, facial musculature and
larynx. In particular, EMG findings in laryngeal
musculature are of  value in elucidating the cause of
vocal paralysis post-radiotherapy by demonstrating
typical changes of  EMG myokymia.9 This EMG
finding has also been shown to be helpful in the
electrodiagnosis of  ptosis in hypothyroidism and
radiation-induced neurogenic muscle hypertrophy.10,11

Single fibre EMG (SFEMG) is a sensitive technique
for measuring defects of  neuromuscular transmission.12

It is particularly useful in the diagnosis of  myasthenia
gravis and myasthenic syndromes. The measure of
�jitter�, a statistical parameter of  latency variability in
single fibre potentials, can be a sensitive measure of
ongoing neurogenic reinnervation after nerve injury.
This phenomenon is  attr ibuted to uncer tain
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neuromuscular transmission in newly for med
nerve sprouts.13 Neurophysiological techniques now
play larger roles in critical care. NCS and EMG can
help distinguish acute inflammatory demyelinating
polyneuropathy from critical illness neuropathy and
myopathy.14, 15 Phrenic NCS are also complementary
in this situation and, in particular, in the ventilated
patient.16

REPETITIVE NERVE STIMULATION

This is a simple and well-tolerated method to evaluate
neuromuscular transmission defects, most commonly,
myasthenia gravis. Although RNS lacks the sensitivity
of  SFEMG, its main advantages are technical simplicity,
comfort and accessibility. Various methods have been
incorporated successfully to increase RNS�s diagnostic
yield, including recording close to the site of maximal
weakness and using area calculations of  motor
responses.17,18 RNS of  the long thoracic nerve may also
be useful  in assessing pat ients for possible
respiratory compromise.19

EVOKED POTENTIALS

The basic categories of  EPs � visual, auditory and
somatosensory � refer to averaged cortical wave
responses recorded from light, sound and nerve stimuli.
The characteristics of  these responses, when compared
with controls, are instrumental in assessing the integrity
of  their respective neural pathways. EPs are routine in
the diagnost ic work-up of  mult iple sclerosis,
demyelinating neuropathies, spinal cord disorders and
intra-operative monitoring.

Stacked derived-band brainstem auditory EP study
techniques have been proven to be of  comparable
sensit ivity in the detect ion of  smal l  acoust ic
neuromas.20 The use of  auditory EPs and cochlear
nerve action potentials have also been expanded to
monitoring intracranial and skull base surgery.21

Somatosensory EPs also play a role in the
prognostication of  coma after head injury.22

The P300 is a large positive wave recorded over the
scalp when subjects are presented with auditory stimuli.
Its peak latency is a reliable correlate of  the speed of
information processing. P300 waveform abnormalities
are helpful in the electrophysiological evaluation of
dementia and differentiation from pseudodementia.23

Movement-related cortical potentials recorded using
back-averaging techniques represent cortical activity
in the preparation of  movement. Its presence is helpful
in the diagnosis  of  vol i t ional  types of
movement disorders.24

TRANSCRANIAL MAGNETIC STIMULATION

Since its introduction some 15 years ago, TMS of  the
human brain has made tremendous progress.25 In
principle, TMS consists of  a circular coil capable of
generating a magnetic field, which in turn produces a
current in the motor cortex. A peripheral muscle
response, known as a motor EP, can be recorded in
the limb muscles. TMS allows for painless assessment
of  conduction abnormalities in the corticospinal
system and has contr ibuted g reat ly to the
understanding and evaluation of  multiple sclerosis,
motor neuron disease, cervical myelopathy, stroke and
movement disorders.26

The involvement of  central pathways in the Miller
Fisher syndrome (MFS), a variant of  the Guillain-Barre
syndrome, has long been a subject of  debate. A recent
study documented dynamic resolution of subclinical
corticospinal tract conduction abnormalities with
clinical resolution using TMS techniques.27 This has
subsequently been reproduced by other studies.28

Corticobulbar dysfunction has also been demonstrated
to occur in this condition using TMS with tongue
recordings.29 These findings corroborate imaging
evidence in demonstrating that MFS can manifest as a
widespread immunological disorder of  the central
nervous system.30

New methods of  TMS have allowed stimulation at the
foramen magnum level, enabling more detailed
localisation of  corticospinal tract conduction defects.31

Suppression of motor responses with magnetic
cerebellar stimulation has been shown to be of  value
in the diagnosis and follow-up of  lesions involving
cerebel lar  connect ions,  in par t icular the
degenarative ataxias.32 The use of  TMS has shifted
from diagnostic to therapeutic domains in recent years.
Repetitive TMS has been studied in relation to
depression, obsessive-compulsive disorders, mania and
hallucinations in separate trials with promising results.33

Repetitive TMS has also contributed to studies of
cognitive function and mood.34

CONCLUSION

Clinical neurophysiology, with its increasing scope of
application, holds a unique position connecting basic
research and clinical management of  diseases. The
future direction of  this field is towards the integration
of  i ts  var ious techniques with funct ional
neuroimaging,35 in the search for better understanding
of  the human nervous system.
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