SECTION II:
ILLUSTRATIONS OF SELECTED WAVEFORMS

FIGURE 1 COMPOUND SENSORY FIGURE 17 REPETITIVE NERVE STIMULATION
NERVE ACTION POTENTIALS
FIGURE 18 INSERTIONACTIVITY
FIGURE 2 SHORT-LATENCY SOMATOSENSORY
EVOKED POTENTIALS FIGURE 19 END-PLATE ACTIVITY
MEDIAN NERVE
FIGURE 20 FIBRILLATION POTENTIAL
FIGURE 3 SHORT-LATENCY SOMATOSENSORY
EVOKED POTENTIALS FIGURE 21 POSITIVE SHARP WAVE
COMMON PERONEAL NERVE
FIGURE 22 MYOTONIC DISCHARGE
FIGURE 4 SHORT-LATENCY SOMATOSENSORY

EVOKED POTENTIALS FIGURE 23 COMPLEX REPETITIVE DISCHARGE
FIGURE 5  VISUAL EVOKED POTENTIAL FIGURE 24 FASCICULATION POTENTIAL
FIGURE 6  BRAINSTEM AUDITORY EVOKED FIGURE 25 MYOKYMIC DISCHARGE
POTENTIAL

FIGURE 26 NEUROMYOTONIC DISCHARGE
FIGURE 7 M WAVE

FIGURE 27 CRAMP DISCHARGE
FIGURE 8 F WAVE

FIGURE 28 MOTOR UNIT ACTION POTENTIALS
FIGURE 9 H WAVE

FIGURE 29 SATELLITE POTENTIAL
FIGURE 10 AWAVE

FIGURE 30 RECRUITMENT PATTERN//

FIGURE 11 T WAVE INTERFERENCE PATTERN
FIGURE 12 BLINK RESPONSES FIGURE 31 SINGLE-FIBER ELECTROMYOGRAPHY
FIGURE 13 REPETITIVE NERVE STIMULATION FIGURE 32 MACROELECTROMYOGRAPHY

NORMAL RESPONSE
FIGURE 33 NEEDLE ELECTRODES
FIGURE 14 REPETITIVE NERVE STIMULATION
DECREMENTING RESPONSE FIGURE 34 FULL WAVE RECTIFIED EMG

FIGURE 15 REPETITIVE NERVE STIMULATION FIGURE 35 SYMPATHETIC SKIN RESPONSE

FIGURE 16 REPETITIVE NERVE STIMULATION

Each illustration is accompanied by a complete explanation that is, in most cases, the same as that given in
the alphabetic section. The definitions have been repeated in full with the illustrations so that readers do not
need to refer back and forth between the illustration and definition.

The illustrations have been modified and adapted from materials submitted by AAEM members. The illus-

trations of the short-latency somatosensory evoked potentials were reprinted fréoartied of Clinical
Neurophysiology1978;1:41-53) with permission of the journal editor and the authors.
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COMPOUND SENSORY NERVE ACTION POTENTIALS
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Figure 1. Compound sensory nerve action potentialsorded with surfacelectrodesn a normal subject. Bompound nerve action poten-

tial is considered to have been evoked from afferent fibers if the recording electrodes detect activity semganyanerver in a sensory
branch of amixed nerveor if the electricstimulusis applied to a sensory nerve or a dorsal nerve root, or an adequate stimulus is applied
synchronously to sensory receptors. &hgplitude, latency, duratiomnd configuration should be noted. Generally, the amplitude is meas-
ured as the maximum peak-to-peettagewhen there is an initial positive deflection or frivaselineto-peak when there is an intial neg-

ative deflection. The latency is measured as either the latency to the initial deflection or the peak latency to theeadgativkthe dura-

tion as the interval from the first deflection of thaveformfrom the baseline to its final return to the baseline. The compound sensory nerve
action potential is also referred to by the less preferred tsensory response, sensory potentalSNAP.

SHORT-LATENCY SOMATOSENSORY EVOKED POTENTIAL (SSEP)
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Figure 2. Short-latency somatosensory evoked potengiaiied by stimulation of the median nerve in a normal subject. Recordings were

made from the scalp to a cephalic reference (C4'’-Fz), the scalp to contralateral Erb’s point (C4'-EP2), cervical spinaltoefefimmte

(C5S-Fz), and ipsilateral Erb’s point to the contralateral Erb’s point (EP1-EP2)-I&enoity somatosensory evoked potentials elicited by

electric stimulation of the median nerve at the wrist occur within 25 ms atithelusin normal subjects. Normal short-latency response
components to median nerve stimulation are designated P9, P11, P13, P14, N20, and P23 in records taken between scalp and noncephalic
reference electrodeand N9, N11, N13, and N14 in cervical spine-scalp derivation. It should be emphasizeat¢htialshaving oppo-

site polarity but similafatencyin spine-scalp and scalp-noncephalic reference derivations do not necessarily have gmeicaor

sources. The C4’ designation indicates that the recording scalp electrode was placed 2 cm posterior to the Internatichaledr@eC

location.
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SHORT-LATENCY SOMATOSENSORY EVOKED POTENTIAL (SSEP)
COMMON PERONEAL NERVE
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Figure 3. Short-latency somatosensory evoked potengatsked by stimulation of the common peroneal nerve in a normal subject.
Recordings were made from the scalp (Cz'-Fpz’), the mid-thoracic spine (T6S-4 cm rostral), the lower thoracic spine (T128al)cm ro
and the lumbar spine (L3S-4 cm rostral). Short-latency somatosensory evoked potentials elicited by stimulation of theeromeabn p
nerve at the knee occur within 40 ms of gienulusin normal subjects. It is suggested that individual response components be designated
as follows: (1) Spine components: L3 and T12 spine potentials. (2) Scalp components: P27 and N35. The Cz’ and Fpz’ designations in
cate that the recording scafectrodewas placed 2 cm posterior to the International 10-20 Cz and Fpz electrode locations.
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Figure 4. Short-latency somatosensory evoked potengiad&ed by stimulation of the posterior tibial nerve at the ankle. Recordings were
made from the scalp (Cz’-Fpz’), The lower thoracic spine (T12S-4cm rostral), the lumbar spine (L3S-4cm rostral), and thdgzsjpliteal
(PF-medial surface of knee). Short-latency somatosensory evoked potentials elicited by electric stimulation of theilpiastesivetat

the ankle occur within 50 ms of tlsémulusin normal subjects. It is suggested that individual response components be designated as fol-
lows: (1) Nerve trunk (tibial nerve) component in the popliteal fossa: PF potential. (2) Spine components: L3 and T12 ({8)ebtialls.
components: P37 and N45 waves. The Cz' and Fpz' designations indicate that the recordielgcitatfewas placed 2 cm posterior to
theInternational 10-20 syste@z and Fpz electrode locations.
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VISUAL EVOKED POTENTIAL (VEP)
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Figure 5. Normal occipital visual evoked potential to checker- T S S S Y S
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board pattern reversal stimulation recorded between occipital (01)
and vertex (Cz) electrodes showing N75, P100 and N175 peaks.
Visual evoked potentials are electric waveforms of biologic origin Figure 6. Normal brainstem auditory evoked potential to stimula-
recorded over the cerebrum and elicited by vistiahuli. VEPs tion of the left ear, recorded between left ear (A1) and vertex (Cz)
are classified by stimulus rate as transient or steady state and caelectrodes. Brainstem auditory evoked potentials are electric
be further divided by stimulus presentation mode. The normal waveformf biologic origin elicited in response to soustimuli.
transient VEP to checkerboard pattern reversal or shift has a majorThe normal BAEP consists of a sequence of up to seven waves,
positive occipital peak at about 100 ms (P100), often preceded bydesignated | to VII, which occur during the first 10 ms after the
a negative peak (N75). The precise range of normal values for theonset of the stimulus and have positive polarity at the vertex of the
latencyandamplitudeof P100 depends on several factors: (1) sub- head. In this recording, negativity in input terminal 1 or positivity
ject variables, such as age, gender, and visual acuity, (2) stimulusin input terminal 2 causes an upward deflection.

characteristics, such as type of stimulator, full-field or half-field

stimulation, check size, contrast and luminescence, and (3) record-

ing parameters, such as placement and combinatioecofding

electrodes.
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Figure 7. M wavesecorded with surfacelectrodesver the abductor digiti quinti muscle elicited by electric stimulation of the ulnar nerve
at several levels. The M wave ixampound muscle action potent&loked from a muscle by an electstimulusto its motor nerveBy
convention, the M wave elicited by a supramaximal stimulus is used for maree conduction studiekleally, therecording electrodes
should be placed so that the initial deflection ofaheked potentidtom thebaselineis negative. Théatency,commonly called the motor
latency, is the time from stimulation (ms) to the onset of thegdhase(positive or negative) of the M wave. Theplitude(mV) is the
baseline-to-peak amplitude of the first negative phase, unless otherwise specifiddrafiom (ms) refers to the duration of the first neg-
ative phase, unless otherwise specified. Normally, the configuration of the M wave (usually biphasic) is quite stable \eithstepeft

at slow rates (1-bi2). Seerepetitive nerve stimulation.
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Figure 8. F wavesecorded withsurface electrodesver the abductor digiti quinti muscle elicited by electric stimulation of the ulnar nerve
at the wrist with two different gain settings. The F wave iacion potentiakvoked intermittently from a muscle by a supramaxistiat-
ulusto the nerve. Compared with the maxiraaiplitude M wavef the same muscle, the F wave has a smaller amplitude (1-5% of the M
wave), variable configuration and a longer, more varikdténcy.The F wave can be found in many muscles of the upper and lower extrem-
ities, and the latency is longer with more distal sites of stimulation. The F wave is ahidtomic activationof motor neurons. It was
named by Magladery and McDougal in 1950. Compare witlHtheveand theA wave.One of theate responses.
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H WAVE
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Figure 9. H wavesrecorded withsurface electrodesver the soleus muscle elicited by electric stimulation of the posterior tibial nerve at
the knee. Thatimulusintensity was gradually increased (top tracing to bottom tracing). The H wawismund muscle action poten-

tial having a consisteratencyevoked regularly, when present, from a muscle by an elatinulusto the nerve. It is regularly found in
adults only in a limited group of physiologic extensors, particularly the calf muscles. The H wave is most easily obtaihedatlihde
positioned proximal to thanode.Compared with the maximuamplitude M wavef the same muscle, the H wave has a smaller ampli-
tude, a longetatency,and a lower optimal stimulus intensity. The latency is longer with more distal sites of stimulation. A stimulus inten-
sity sufficient to elicit a maximal amplitude M wave reduces or abolishes the H wave. The H wave is thought to be dual tefeespin

the Hoffmann reflex, with electric stimulation of afferent fibers inrtiieed nervéo the muscle and activation of motor neurons to the mus-
cle mainly through a monosynaptic connection in the spinal cord. The reflex and wave are named in honor of Hoffmann@andascripti
1918. Compare with thE wave.
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A WAVE
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Figure 10. A wavequnder arrow markers) recorded with surfatectrodesover the abductor hallucis brevis elicited by electric stimula-
tion of the posterior tibial nerve at the level of the ankle (top four traces) and at the level of the knee (bottom fpUrtteakesave is a
compound muscle action potentiaioked consistently from a muscledybmaximal stimuto the nerve and frequently abolishedsipra-
maximal stimuliTheamplitudeof the A wave is similar to that of thewave,but thelatencyis more constant. The A wave usually occurs

before the F wave, but may occur afterwards. It is thought to be due tdisktrargesn the nerveephapsebetween adjacent nerve fibers,
or axonal branching. Compare with thevave.
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T WAVE
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Figure 11. T wavesproduced by triggering a microswitch in the handle oéflex hammer by striking the patellar tendon (quadriceps
femoris) or the Achilles tendon (triceps surae). The T wave@gpound muscle action potentealoked by rapid stretch of a tendon, as
part of themuscle stretch reflex.

BLINK RESPONSES
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Figure 12.Blink responsesecorded with surfacelectrodesver the right orbicularis oculi (upper tracings) and left orbicularis oculi (lower
tracings) elicited by electric stimulation of the supraorbital nerve on the right (left tracings) and on the left (rigig)traia blink
responses arempound muscle action potentialgoked from orbicularis oculi muscles as a result of brief electric or mechstiicali to

the cutaneous area innervated by the supraorbital (or less commonly, the infraorbital) branch of the trigeminal nerve tAgradalign

early compound muscle action potentRlL(wave ipsilateral to the stimulation site withl@encyof about 10 ms and a bilateral late com-
pound muscle action potentidZ wavé with a latency of approximately 30 ms. Generally, only the R2 wave is associated with a visible
twitch of the orbicularis oculi. The configuraticeamplitude, durationand latency of the two components, along with the sites of record-

ing and the sites of stimulation, should be specified. R1 and R2 waves are oligosynaptic and polysynaptic teféxsteraspectively,
together called thblink reflex.The afferent arc is provided by the sensory branches of the trigeminal nerve, and the efferent arc is provid-
ed by facial nerve motor fibers.
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REPETITIVE NERVE STIMULATION
NORMAL RESPONSE
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Figure 13.Repetitive nerve stimulaticstudy in a normal subject. The successiv@vavesare displayed to the right. The M waves were
recorded wittsurface electrodesver the hypothenar eminence (abductor digiti quinti) during ulnar nerve stimulation at a rhfte Nb8

the configuration of the successive M waves is unchanged. Repetitive nerve stimulation is a technique ofuppaataximal stimula-

tion of a nerve while recording M waves from the muscle innervated by the nerve. It is commonly used to assess the integuity of neul
muscular transmission. The numbeistimuli and thefrequencyof stimulation should be specifieéctivation procedureperformed prior

to the test should be specified, e.g., sustained voluntariractionor contraction induced by nerve stimulation. If the test was performed
after an activation procedure, the time elapsed after it was completed should also be specified. The technique is comm@dgassed

the integrity of neuromuscular transmission. For a description of specific patterns of responsesemeating response, decrementing
response, facilitationandpostactivation depression.

REPETITIVE NERVE STIMULATION
DECREMENTING RESPONSE
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Figure 14. Repetitive nerve stimulatiostudy in a patient witimyasthenia gravisSuccessivéVl waveswere recorded witlsurface elec-
trodesover the rested nasalis muscle during repetitive facial nerve stimulation at a rate, efith a display to permit measurement of the
amplitudeandduration of the negativgphase(left) or peak-to-peak amplitude (right).deecrementing responsga reproducible decline in

the amplitude and/or area of the M wave of successive responses to repetitive nerve stimulation. The rate of stimulatioteandritx

ber ofstimuli should be specified. Decrementing responses with disorders of neuromuscular transmission are most reliably seen with sl
rates (2 to 5 Hz) of nerve stimulation. A decrementing response with repetitive nerve stimulation commonly occurs inafisenders
muscular transmission, but can also be seen in smiyaeuropathies, myopathiemnd motor neuron diseasén artifact resembling a
decrementing response can result from movement of the stimulatregasding electrodesluring repetitive nerve stimulatiopgeudo-
decrement Contrast withincrementing response.
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REPETITIVE NERVE STIMULATION
INCREMENTING RESPONSE
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Figure 15. Repetitive nerve stimulatistudy in a patient with Lambert-Eaton myasthenic syndrome (LEMSp&amenting response

was recorded witlsurface electrodesver the hypothenar eminence (abductor digiti quinti) during repetitive ulnar nerve stimulation at a
rate of 50Hz with a display to permit measurement of the peak-to-peaflitude(top) or amplitude anduration of the negativeohase
(bottom). An incrementing response is a reproducible increase in amplitude and/or area of successive Mspavesgto(repetitive nerve
stimulation. The rate of stimulation and the numbestimfiuli should be specified. An incrementing response is commonly seen in two sit-
uations. First, in normal subjects the configuration of the M wave may change with repetitive nerve stimulation so thatutie propl
gressively increases as the duration decreases, but the area of the M wave remains the same. This phenomepse isltfaniéthtion.
Second, in disorders of neuromuscular transmission, the configuration of the M wave may change with repetitive nerve sintbkttion
the amplitude progressively increases as the duration remains the same or increases, and the area of the M wave inpreaseseT his
non is termedacilitation. Contrast withdecrementing response.

REPETITIVE NERVE STIMULATION
NORMAL (N), MYASTHENIA GRAVIS (MG), LAMBERT-EATON MYASTHENIC SYNDROME (LEMS)
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Figure 16.Repetitive nerve stimulati@tudies in a normal subject (N) and patients witfasthenia gravifMG) and Lambert-Eaton myas-
thenic syndrome (LEMS). Three succesdiyeiaveswvere elicited by repetitive nerve stimulation at a rateldz Zrhe thregesponsesvere
superimposed. This method of display emphasizes a change in the configuration of successive responses, but does ndfipationit ident
of their order. In each superimposed display of three responses where the configuration did change, the highest ampkelidesetEon
first, and the lowest amplitude response was the third. After testing the rested muscle, the muscle was maximally coritfatme80for
seconds (exercise time). Repetitive nerve stimulation was carried out again 3 s, 2 min, and 10 min after the exercisereadislillise
tratefacilitation andpostactivation depression.
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REPETITIVE NERVE STIMULATION
PSEUDOFACILITATION
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Figure 17.Repetitive nerve stimulaticstudy in a normal subject. The successive M waves were recordeslwidbe electrodesver the
hypothenar eminence (abductor digiti quinti) during ulnar nerve stimulation at a ratélpf B8eudofacilitatiomay occur in normal sub-
jects with repetitive nerve stimulation at high (20-50 Hz) rates or after strong volitmmaction,and probably reflects a reduction in the
temporal dispersioof the summation of a constant numbennfscle fiber action potentiatiie to increases in the propagation velocity of
muscle cellction potentialavith repeated activation. Pseudofacilitation should be distinguishedfd@litation. The recording shows an

incrementing respongeharacterized by an increase in #mplitudeof the successive M waves with a corresponding decreasedurigre
tion, resulting in no change in the area of the negaheaseof successive M waves.

INSERTION ACTIVITY

Figure 18. Insertion activityrecorded by an intramusculaeedle electrodé a normal subject. Insertion activity is the electric activity

caused by insertion or movement of a needle electrode within a muscle. The amount of the activity may be described aducednal, re
or increased (prolonged), with a description ofweveformand repetitive rate.
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END-PLATE ACTIVITY
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Figure 19. Spontaneous activityecorded by an intramusculaeedle electrodelose to muscle end-plates. May be either of two forms:

1. Monophasic end-plate activitypper and lower traces): Loamplitude(10 to 20 uV), short-duration (0.5 to 1 ms), monophasic
(negative)potentialsthat occur in a dense, steady pattern and are restricted to a localized area of the muscle. Because of the mul-
titude of different potentials occurring, the ex&requencyalthough appearing to be high, cannot be defined. These nonpropa-
gated potentials are probabtyiniature end-plate potentialecorded extracellularly. This form of end-plate activity has been
referred to agnd-plate noiser sea shell sound (sea shell noise or roar).

2. Biphasic end-plate activitfupper trace): Moderate amplitude (100 to 300 pV), short-duration (2 to 4 ms), biphasic (negative-pos-
itive) spikepotentials that occur irregularly in short bursts with a high frequency (50 tdA0f@estricted to a localized area with-
in the muscle. These propagated potentials are generated by muscle fibers excited by activity in nerve terminals. Taksse potenti
have been referred to and-plate spikeand, incorrectlynerve potentials.

FIBRILLATION POTENTIAL

Figure 20.Fibrillation potentialsrecorded by an intramusculaeedle electrodéhe top trace shows theaveformof a single fibrillation

potential. The bottom trace shows the pattern of discharge of two other fibrillation potentials which differ with respplitideand dis-
chargefrequencyA fibrillation potential is the electric activity associated with a spontaneously contracting (fibrillating) muscle fiber. It i
theaction potentiabf a single muscle fiber. The action potentials may occur spontaneously or after movement of the needle electrode. They
usually fire at a constant rate, although a small proportion fire irregularly. Classically, the potentials are $yitessit shortduration

(usually less than 5 ms) with an initial positive phase and a peak-to-peak amplitude of less than 1 mV. When recordedntrith @onc
monopolar needle electrodabge firing rate has a wide range (1 to 50 Hz) and often decreases just before cessation of an individual dis-
charge. A high-pitched regular sound is associated with the discharge of fibrillation potentials and has been desclef iitehature

as “rain on a tin roof.” In addition to this classic form of fibrillation potentipsitive sharp wavesay also be recorded from fibrillating

muscle fibers when the action potentials arise from an area immediately adjacent to the needle electrode.
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POSITIVE SHARP WAVE
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Figure 21.Positive sharp wave®corded by an intramusculaeedle electrodélhe top trace shows a single positive sharp wave. The bot-
tom trace shows the pattern of initdischargeof a number of different positive sharp waves after movement of the needle electrode in a
denervated muscle. A positive sharp wave is a biphasic, positive-neaetve potentiainitiated by needle movement and recurring in a
uniform, regular pattern at a rate of 1 to88. The dischargdérequencymay decrease slightly just before cessation. The initial positive
deflection is rapid (<1 ms), idurationis usually less than 5 ms, and @replitudeis up to 1 mV. The negatiyghaseis of low amplitude,

with a duration of 10 to 100 ms. A sequence of positive sharp waves is commonly referredriorasfgositive sharp waveRositive

sharp waves can be recorded from the damaged area of fibrillating muscle fibers. Their configuration may result frononhef plositi
needle electrode which is believed to be adjacent to the depolarized segment of a muscle fiber injured by the electnad¢hdptesic

tive sharpwaveformis not specific for muscle fiber damagd@otor unit action potentialend potentials immyotonic dischargesay have

the configuration of positive sharp waves.

MYOTONIC DISCHARGE
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Figure 22. Myotonic dischargeecorded by an intramuscular needle electrode. A myotonic dischargepstiive dischargevhich fires

at rates of 20 to 8Blz. There are two types: (1) biphasic (positive-negatigele potentialsess than 5 ms idurationresemblingfibrilla-

tion potentialsand (2)positive wavesf 5 to 20 ms duration resemblipgsitive sharp wave8oth potential forms are recorded afitere-

dle electrodensertion, voluntary muscleontractionor muscle percussion, and are due to independent, repetitive discharges of single mus-
cle fibers. Thamplitudeandfrequencyof the potentials must both wax and wane to be identified as a myotonic discharge. This change pro-
duces a characteristic musical sound in the audio display efabgomyograpldue to the corresponding change in pitch, which has been
likened to the sound of a “dive bomber.” Contrast witining discharge.
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COMPLEX REPETITIVE DISCHARGE
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Figure 23.Complex repetitive dischargescorded by an intramusculagedle electrodé complex repetitive discharge is a polyphasic or
serratedaction potentialthat may begin spontaneously or after needle movementdiSbleargeshave a unifornfrequencyshape, and
amplitude with abrupt onset, cessation, or change in configuration. Amplitudes range from 100 pV to 1 mV and the frequency of discharge
from 5 to 100 Hz. This term is preferredldizarre high frequency discharge, bizarre repetitive discharge, bizarre repetitive potential,
pseudomyotonic discharge.

FASCICULATION POTENTIAL
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Figure 24.Fasciculation potentialsecorded by an intramusculaeedle electrod&Six different fasciculation potentials are displayed in the
top traces, on a time scale which permits characterization of the indiwduaformsThe bottom two traces display fasciculation poten-
tials on a time scale which demonstrates the random discharge pattern. A fasciculation potergtlda gaotentiawhich is often asso-
ciated with a visibldasciculation.It has the configuration of motor unit action potentiabut occurs spontaneously. Most commonly these
potentials occur sporadically and are termed “single fasciculation potentials.” Occasionally, the potentials apowpasl @ischargand

are termed a “briefepetitive dischargé.The repetitive firing of adjacent fasciculation potentials, when numerous, may produce an undu-
lating movement of muscle (seg/okymid. Use of the termbenign fasciculatiomndmalignant fasciculatioms discouraged. Instead, the
configuration of the potentials, peak-to-peakplitude, durationnumber ofphasesand stability of configuration, in addition to tifre-
guencyof occurrence, should be specified.
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MYOKYMIC DISCHARGE
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Figure 25. Tracings of two differentmyokymic dischargegcorded with an intramusculaeedle electrodare displayed on a time scale
(left) which illustrates the firing pattern and with a different time scale (right) which illustrates that the inddatkrelalshave the con-
figuration of amotor unit action potentialA myokymic discharge is a group of motor unit action potentials that fire repetitively and may
be associated with clinicahyokymiaTwo firing patterns have been described. (1) Commonly, the discharge is a brief, repetitive firing of
single motor unit action potentials for a short period (up to a few seconds) at a uniform rate k)téoi@wed by a short period (up to

a few seconds) of silence, with repetition of the same sequence for a papatalaial.(2) Rarely, the potential recurs continuously at a
fairly uniform firing rate (1 to 5 Hz). Myokymic discharges are a subclagsoofped dischargeandrepetitive discharges.

NEUROMYOTONIC DISCHARGE
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Figure 26. Neuromyotonic dischargeecorded by an intramusculaeedle electrodare shown on a time scale which illustrates the char-
acteristic firing pattern. A neuromyotonic discharge is a burstaidr unit action potentiale/hich originates in motor axons firing at high
rates (150 to 306iz) for a few seconds. They often start and stop abruptlyam@itudeof the waveformdypically wanesDischarges

may occur spontaneously or be initiatedri®edle electrodenovement, voluntary effort, ischemia, or percussion of a nerve. These dis-
charges should be distinguished framyotonic dischargeandcomplex repetitive dischargeBhey are one type of electrical activity that
may be recorded in patients who have clinfe@romyotonia.
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CRAMP DISCHARGE
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Figure 27.Cramp dischargesecorded by an intramusculaeedle electroded cramp discharge arises from the involuntary repetitive fir-
ing of motor unit action potentialat a highfrequency(up to 150Hz) in a large area of muscle, usually associated with painful mcsole
traction. Both thedischarge frequencgnd the number of motor unit action potentials firing increase gradually during development, and
both subside gradually with cessation. Beescle cramp.

MOTOR UNIT ACTION POTENTIALS
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Figure 28.A selection of differeniotor unit action potentialecorded with an intramusculaeedle electrodé motor unit action poten-
tial is apotentialwhich reflects the electrical activity of a singi®tor unit.It is thecompound action potentiaf those muscle fibers with-
in the recording range of atectrodeWhen it is produced by voluntary muscle contraction, the potential is characterized by its consistent
appearance and relationship to the force of contraction. The following parameters may be specified, quantitatively if flessh#e, a
recording electrodés placed randomly within the muscle.
1. Configuration

a. Amplitude peak-to-peak (uV or mV).

b. Duration, total (ms).

c. Number ofphases (monophasic, biphasic, triphasic, tetraphasic, polyphasic).

d. Sign of eaclphase(negative, positive).

e. Number oturns.
f.  Variation of shapejiggle), if any, of consecutiveischarges.
g. Presence dfatellite (linked potentials)f any.
h. Spikeduration, the duration of the spike including satellites.
Recruitmentharacteristics
a. Thresholdof activation (first recruited, low threshold, high threshold).
b. Onset frequency
c. Recruitment frequency (Hay recruitment intervalms) of individual potentials.
Descriptive terms implying diagnostic significance are not recommendedngapathic, neuropathic, regeneration, nascent, giant, BSAP
andBSAPPSeepolyphasic action potential, serrated action potential.
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SATELLITE POTENTIAL
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Figure 29.Four discharges of the sammtor unit action potentialith satellite potentialsre indicated by the arrows. A satellite potential
is a smallaction potentialseparated from the main motor unit action potential by an isoelectric interval which fires in a time-locked rela-

tionship to the main action potential. Thgmstentialsusually follow, but may precede, the main action potential. Less preferred terms
includelate component, parasite potential, linked potenaaldcoupled discharge.

RECRUITMENT PATTERN/INTERFERENCE PATTERN
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Figure 30.Recordings made with an intramuscutaedle electrodat five different levels of force of voluntagpntraction. Recruitment
refers to the successiegtivationof the same and nemotor unitswith increasing strength of voluntary muscle contraction. The recruit-
ment pattern is a qualitative and/or quantitative description of the sequence of appearstoe wifit action potentialduring increasing
voluntary muscle contraction. Thecruitment frequencgndrecruitment intervahre two quantitative measures commonly used.iffiee-
ference patteriis the electric activity recorded from a muscle withegdle electrodduring maximal voluntary effort. A full interference
pattern implies that no individual motor unit action potentials can be clearly identified (see tracing on far right). A neddfeeghice pat-
tern (intermediate interference pattern) is one in which some of the individual motor unit action potentials may be ideiteifetdens
cannot due to superimposition whveformsThe term discrete activity is used to describe the electric activity recorded when each of sev-
eral different motor unit action potentials can be identified due to limited superimposition of waveforms. The term sipafieexmis used

to describe a single motor unit action potential, firing at a rapid rate (should be specified) during maximum voluntafpefiorte of
contraction associated with the interference pattern should be specified.
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SINGLE FIBER ELECTROMYOGRAPHY
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Figure 31.Schematic representation of the location of the recording surfacsimgla fiber needle electrodecording from two muscle

fibers innervated by the same motor neuron (row 1). Consedlisigleargef a potentialpair are shown in a superimposed display (row

2) and in aasterdisplay (row 3). The potential pairs were recorded from the extensor digitorum communis of a patientasttienia
gravis.They show normal jitter (column A), increagéter (column B), and increased jitter aimdpulse blockingcolumn C, arrows). Jitter

is synonymous with “single fiber electromyographic jitter.” It is the variability ofriterpotential intervabetween twanuscle fiber action
potentialsbelonging to the sammotor uniton consecutive discharges. It is usually expressed quantitatively as the mean value of the dif-
ference between the interpotential intervals of successive dischargemeéheonsecutive difference, MCDnder certain conditions, jit-

ter is expressed as the mean value of the difference between interpotential intervals arranged in the order of decdésdiaggeteter-

vals (themean sorted difference, MED
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MACROELECTROMYOGRAPHY (MACRO-EMG)
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Figure 32.Schematic representation of the location of the recording surfacerofittte-EMG needle electrodecording from all the mus-

cle fibers innervated by the same motor neuron (upper diaghdatyo motor unit potentialsecorded by the technique ofacroelec-
tromyography(lower traces) from a healthy subject (column A) and from a patient with amyotrophic lateral sclerosis (column B).
Macroelectromyography is a general term referring to the technique and conditions that approximate recordimgsolediber action
potentialsarising from the samenotor unit.
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NEEDLE ELECTRODES
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Figure 33.Schematic representation of five different types of needle electrodes. (tpitentric needle electrod®nsists of a hollow,
stainless steel cannula (light gray) containing a centrally located wire (black) from which it is insulated. The lattas seeaetve elec-
trode (E1)while the entire barrel of the needle serves asefieeence electrode (EQR) Themonopolar needle electrodensists of a solid
stainless steel needle coated with insulation except for its distal tip, which serves as the cone-shaped recording stitfecef@Ehce
electrode (E2) consists of either another monopolar needle electrodeidace electrodg3) Thebipolar needle electrodeonsists of a
stainless steel hollow cannula which contains two wires, insulated from each other and from the cannula itself. The eaptigsdiist
these wires on the bevel surface serve as the active (E1) and reference (E2) elect'®ideste (@)er needle electrod®imilar to the con-
centric needle electrode, the proximal portion of this electrode consists of a hollow cannula, which contains a centralwiiietfribmn
insulated. This wire, instead of ending on the bevel tip, is exposed through a side port in the cannula opposite the heergp. area
serves as the active electrode (E1) while the surface of the cannula serves as the reference electrode (E)c(®EME needle elec-
trode consists mainly of a modified single fiber needle electrode. Two diffprantialsare recorded. The first is recorded from the sin-
gle fiber EMG needle electrode. The recording surface opposite the bevel of the needle serves as the active electrotiee(Edhand
lated portion of the cannula (light gray) serves as the reference electrode (E2). The potential recorded from this elsetidderigger
the sweep for recording tmeacro motor unit potentidfom the second electrode. The second electrode consists of the uninsulated portion
of the cannula, which serves as the active electrode (E1). A surface electrode serves as the reference electrode (E2).

FULL WAVE RECTIFIED EMG

Figure 34. Motor unit action potentialsecorded normally (top sweep) and simultaneously &sl svave rectified EMGsignal (bottom
sweep). A full wave rectified EMG signal is the absolute value of the raw EMG signal. Full wave rectification involvesyialettie
waveformselow theisopotential lineand displaying them with opposite polarity above the line. A technique used to skiabaielogic

EMG signals.
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SYMPATHETIC SKIN RESPONSE
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Figure 35.Sympathetic skin responseeorded from the palm following stimulation of the contralateral median nerve. The sympathetic skin
response is an electrotentialresulting from electrodermal activity in sweat glands in response to both direct and peripheral or sympa-
thetic trunk stimulation of autonomic activity.
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