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Abstract

Muscle excitability is an experimental technique
that probes the properties of the muscle fibre
membrane in vivo. In doing so, one can make
determinations about the excitability of the
membrane during different phases of the muscle
velocity recovery cycle, which in turn allows for
the assessment of membrane ion channel func-
tion. This has been applied to a range of nerve
and muscle conditions. To date, it has primarily
been used to provide a better understanding of
the underlying disease mechanisms and there-
fore is of relevance to physicians with an interest
in neuromuscular conditions. Due to the high
intra-individual repeatability and sensitivity of
the test, interest is growing in its potential uses
as a disease biomarker in therapeutic trials for
patients with nerve and muscle diseases.

he assessment of muscle excitability is

not an entirely new concept. Standard

needle electromyography techniques do
measure the presence of spontaneous activity
such as fibrillations or positive sharp waves,
which provide a very rudimentary assessment
of muscle hyperexcitability. This assessment is
superficial and does not provide insight into the
underlying cellular or electrochemical mech-
anisms underlying these changes. More useful
mechanisms of muscle excitability assessment
are now employed in the research setting, and
therefore it is useful for physicians interested in
neuromuscular disorders to have a basic under-
standing of these techniques and their utility.

Methods of assessing nerve excitability have
been well established on the back of an explo-
sion of research interest in the late 1990s and
early 2000s. A detailed description of these tech-
niques is beyond the scope of this article but can
be found in Ng & Burke [1] in this journal as well
as recent consensus guidelines by Kiernan et al
[2]. These techniques can’t be readily applied
to muscle for a variety of reasons. Z'Graggen
and Bostock developed a recording protocol
inspired by the microneurography studies of
C-fibres using velocity recovery cycles to facili-
tate more sophisticated assessments of muscle
fibre excitability [3,4]. These techniques have
been further refined and can now be performed
using a standardised protocol run by the same
software (QtracS) often used for nerve excita-
bility assessments.

To perform muscle excitability recordings,
a stimulating needle electrode (cathode) is
inserted into the muscle of interest. This should
be placed distal to the muscle endplate region
to avoid unintentional motor axon stimulation.
A surface electrode (anode) is placed distally.
A small current is applied directly through
these electrodes to generate muscle fibre action

potentials (MFAPs) in a small number of fibres
in the vicinity of the needle electrode. A further
recording needle electrode is inserted 2 cm
proximally to record from the same group of
muscle fibres (Figure 1). It is very difficult
to stimulate and record from the same single
muscle fibre, but recording a compound muscle
fibre action potential from a small number
of adjacent muscle fibres is more achievable.
The procedure is well tolerated. Apart from the
minor discomfort associated with initial needle
insertion, most subjects are unable to detect the
applied electrical stimuli.

In nerve excitability studies the primary vari-
able measured is the stimulus amplitude required
to generate an action potential that reaches a
defined threshold. In muscle excitability record-
ings, the major component of the assessment is
the acquisition of the muscle velocity recovery
cycle (MVRC) [3]. The primary variable meas-
ured is the change in the MFAP latency. The
MFAP latency reflects the conduction velocity
of the muscle fibre membrane, which relates to
muscle excitability. The standard practice is to
measure changes in MFAP latency in response
to 1 to 5 preceding conditioning stimuli (10 ms
apart) with a varying interstimulus interval.

In normal subjects, we observe that the MFAP
latency progressively shortens with shorter
interstimulus intervals, reflecting increased
MFAP velocity (supernormality) (Figure 2).
Supernormality progressively increases until the
muscle relative refractory period (MRRP) is
reached. Early supernormality (ESN) is thought
to be due to the depolarising afterpotential
which follows an action potential and reflects
the dissipation of charge across the sarcolemma

Table 1. Spectrum of conditions for which muscle

excitability techniques have been applied.

Metabolic
Conditions

@ Chronic renal failure

@ Critical illness myopathy

Primary Muscular | @ Myotonic dystrophy type 1and 2
Conditions

@ Sporadic inclusion body myositis

Neurogenic
Conditions

@ Common peroneal neuropathy

@ Radiculopathy

@ Orthostatic hypotension

Channelopathies | @ Andersen-Tawil syndrome

@ Myotonia congenita

@ Sodium channel myotonia

@ Paramyotonia congenita

@ Hypokalaemic periodic paralysis

@ Hyperkalaemic periodic paralysis
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Figure 1. Muscle excitability recording set up for the tibialis anterior muscle. The stimulating needle electrode (cathode) is inserted into the distal muscle, distant from the motor point.
A surface anode is placed distally. The electrical stimulus is provided by a constant current stimulator controlled with excitability software through a data acquisition system (DAQ). A
recording needle electrode is inserted 20 mm proximally, with signals amplified and then digitised by the DAQ before being fed into the threshold tracking software, which produces a
readable output as well as setting up the next stimulus pattern. The brachioradialis is another commonly assessed muscle.

over time [3]. Late supernormality (LSN) is
thought to reflect the progressive accumula-
tion of potassium in the sarcolemmal T-tubule
system [3].

Other common components of the muscle
excitability assessment include the frequency
ramp and repetitive stimulation protocols.
The frequency ramp protocol again measures
changes in MFAP latency but does so in
response to trains of progressively increasing
frequency conditioning stimuli up to 30 Hz
[5,6]. The MFAP latency obtained from the
final stimulus in the train is compared to
the MFAP latency from the initial stimulus to
provide a further assessment of sarcolemmal
supernormality, which again is thought to
be secondary to potassium accumulation
within the T-tubule system [5,6]. The repeti-
tive stimulation protocol involves prolonged
stimulation at 20 Hz to mimic the short and
long exercise tests [5,6]. This is not always
performed but can be useful in the assessment
of channelopathies.

It is important to note that muscle excit- Figure 2. Muscle velocity recovery cycle (MVRC) recording. The obtained MVRC after a single conditioning stimulus is
ability is affected by several non-patholog- shown with the solid line. The y-axis demonstrates the MFAP latency change, which is shorter as the interstimulus interval
ical variables such as temperature, electro- is reduced. The phases of late supernormality (LSN) and early supernormality (ESN) are shown. A figurative MRVC after

at least one conditioning stimulus is shown, with the dashed line demonstrating that both LSN and ESN increase as the
number of conditioning stimuli is increased.

MRRP = ESM LSN
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lytes, muscle fibre subtype and patient age.
Reduced muscle temperature, particularly
when below 30°C, results in an increased
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MRRP and to a lesser extent reduced super-
normality [7]. Electrolyte concentrations are
well known to affect membrane dynamics;
muscle excitability is particularly dependent
on potassium concentrations, with increasing
serum potassium, even within the normal
physiological range, resulting in an increased
MRRP [8,9]. Muscle fibre parameters also
vary between different target muscles. This
is thought to be secondary to the differential
expression of more oxidative type I and IIA
fibres in postural muscles and glycolytic type
[IX fibres in non-postural muscles. This was
demonstrated by Lee et al. who compared
the rectus femoris to the tibialis anterior
[5,10]. Elderly subjects undergo type Il fibre
atrophy, which is a possible explanation for the
difference in muscle excitability parameters
between younger and older subjects [11,12].
Finally, much like explorations of nerve excit-
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