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M
uscle disorders are regularly encountered by
neurologists and clinical neurophysiologists.
Nerve conduction studies are either normal or

reveal reduced compound muscle action potential
(CMAP) amplitudes. Needle electromyography (EMG)
may reveal spontaneous activity (fibrillations or positive
sharp waves), myopathic motor units and abnormal
recruitment patterns. Structural muscle changes (varia-
tion in fibre size and a predominance of smaller fibres)
contribute to the ‘myopathic’ EMG. Some muscle disor-
ders however are due to muscle fibre membrane ion chan-
nel dysfunction. Increased muscle fibre membrane
excitability may result in spontaneous discharges, clinical-
ly manifesting as myotonia or stiffness. Reduced excitabil-
ity may cause slowing or failure of action potential prop-
agation, which may manifest as weakness or paralysis. In
a similar way to nerve excitability studies, the pathophys-
iological consequences of ion channel mutations on mus-
cle membrane function can be assessed using neurophys-
iological techniques, complementing advancing knowl-
edge of the genetic and molecular defects and of clinical
phenotypes.

For muscle contraction to occur, conduction of action
potentials along the muscle fibre membrane is dependent
upon normal membrane excitability. Depolarisation is
mediated by the Nav1.4 Na+ channel, product of the
SCN4A gene. Calcium ions are subsequently released
from the sarcoplasmic reticulum mediating excitation-
contraction coupling. Chloride channels (encoded by
CLCN1), which have high conductance near the resting
membrane potential, stabilise it in the resting and post-
excitation state.

Assessments of CMAP morphology, muscle fibre con-
duction velocity (MFCV) and short and long exercise tests
can all be helpful in assessing membrane function. Action
potential propagation velocity along the muscle fibre
membrane (MFCV) can be estimated by cross-correlation
of surface recorded EMG1 or invasive methods.2-4

In myotonias, exercise can trigger, relieve or aggravate
symptoms, so it can be used as a neurophysiological func-
tional test, to aid diagnosis. The short exercise test, first
described by Streib et al is useful in investigating myoton-
ic disorders.5 Repeated brief exercises are followed by rest
and serial supramaximal CMAP recordings. The long
exercise test, described by McManis et al is useful for the
assessment of suspected periodic paralysis.6

To illustrate the potential utility of EMG techniques the
following will describe recent work relating to the non-
dystrophic myotonias and critical illness myopathy, where
these investigations have been used.

Myotonias
Muscle fibre hyperexcitability is the fundamental abnor-
mality in myotonia, resulting in spontaneous trains of
action potentials, which with contraction coupling results
in delayed relaxation. Myotonic discharges arise from sin-
gle muscle fibres. They show rapid firing, waxing and

waning of frequency and amplitude, and may be facilitat-
ed by mechanical stimuli. However, myotonic discharges
are not diagnostically distinctive according to cause. In
the absence of prominent clinical myotonia, electrical
myotonia is observed in, amongst others, acid maltase
deficiency, congenital myopathies, hypothyroidism and
polymyositis. These conditions may also possess motor
unit and recruitment abnormalities on EMG.

Routine assessment of myotonia relies upon needle
EMG revealing myotonic discharges. Neurophysiological
provocative tests including repetitive nerve stimulation,7

short and long exercise tests, can help distinguish the
main phenotypes.

Broadly divided into two groups, variants of myotonia
congenita (MC) are caused by dominant or recessive muta-
tions of the chloride channel gene (CLCN1). Myotonia
increases after periods of rest and declines with repetition of
exercise (warm up phenomenon). Mutations of the alpha
subunit of the voltage gated skeletal muscle sodium channel
gene (SCN4A) have been found to cause paramyotonia con-
genita (PC), where myotonia conversely is induced by exer-
cise or cold. Clinical history and examination is frequently
enough to be able to guide genetic testing, however it is
sometimes unreliable or the phenotype unclear, for exam-
ple, some SCN4A mutations produce myotonia without an
increase after exercise, mimicking MC.8

Recent studies have addressed the utility of the short and
long exercise tests in the non-dystrophic myotonias and
have found them to be helpful in supporting the diagnosis
and guiding genetic testing. Fournier et al studied patients
with identified ion channel mutations, using a modified
form of the short exercise test.9 Instead of the originally
described 10 minute rest period between tests, they used
three brief exercise periods separated by only 1 minute
each. In patients with myotonia congenita, Fournier, like
Strieb previously, noted an initial decline in CMAP ampli-
tude following exercise which gradually improved with fur-
ther exercise, similar to the clinically recognised warm-up
effect. Based on the findings they defined five electrophysi-
ological groups, which distinguished between sodium,
chloride and calcium channel mutations and also between
subgroups of sodium channelopathies. The first three
groups related to myotonic syndromes, which were distin-
guishable using repeated short exercise tests. The reported
sensitivity of the repeated short exercise test was about
85%. Further work studying 54 patients with myotonia
identified sodium or chloride channel mutations, describ-
ing increased sensitivity (approaching 90-100%) of the
short exercise test when combined with muscle cooling.10

The patterns recorded correlate with the clinical symp-
toms. Those with PC due to the most common sodium
channel mutations displayed a pattern of post exercise
decreasing CMAPs, aggravated by repetition. Cold aug-
ments this decline in excitability. The common mutations
impair inactivation of the channels and an increase in the
sustained current, causing increased membrane excitabil-
ity and myotonia or reduced excitability with paralysis,
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