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EMG - Learning
objectives

This is a practical basic approach towards electromyography (EMG) and
includes:

Electromyography (EMG)
Spontaneous activity

Motor unit potentials

Recruitment and interference pattern
Single fiber EMG

Pitfalls and cautions

Reporting
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EMG

Needle
Needle uptake
Recording area Concentric
Needle insertion Monopolar |
Gl——
Rest, relaxation, posture Single fiber = .
—=t
EMG screen Macro recording surface
Macro EMG § ; ¥
LOUdSpeaker Figure 26-2. Electrode types used in recording EMG /
signals. The recording areas of each electrode type are
shown by the hashed regions.
EMG equipment (amplifier, filter, A D
recording)

Report
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Figure 3-1. Schematic illustration of (a) standard or coaxial bipolar, (b) concentric bipolar, (6 monopolar,
and (d,e) single-fiber needles. Dimensions vary, but the diameters of the outside cannulas shown resemble
26-gauge hypodermic needles (460 um) for a, d, and e, a 23-gauge needle (640 pm) for b, and a 28-gauge
needle 360 pm for ¢. The exposed tip areas measure 150 X 600 pm for a, 150 X 300 pm with spacing be-
tween wires of 200 ym center to center for b, 0.14 mm? for ¢, and 25 pm in diameter for d and e. A flat

skin elecrt{]ode completes the circuit with unipolar electrodes shown in ¢ and d. [Modified from Stalberg and
Trontelj.
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Electrophysiology Is an
extension of clinical neurology
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Elements of EMG
analysis

e Spontaneous activity
« MUAP (motor unit potentials)

 |F pattern (recruitment, interference pattern)
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Spontaneous activity

Endplate potentials
Fibrillation

Positive sharp wave
Fasciculation

CRD

Myotonia/Pseudomyotonia
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Fibrillationl
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Fibrillation 2
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Table 26-3 Diseases Associated with Fibrillation Potentials

Lower motor neuron diseases

Neuromuscular junction diseases

Myopathies

Other

Anterior horn cell diseases (e.g., ALS)
Polyradiculopathies

Radiculopathies

Plexopathies

Peripheral neuropathies, especially axonal

M_ﬂnuneu_mpathies

Myasthenia gravis, severe
Botulinum intoxication
Lambert-Eaton myasthenic syndrome, severe

Inflammatory (e.g., polymyositis, dermatomyositis, inclusion body
myositis)

Infiltrative (e.g., sarcoidosis, amyloid)

Muscular dystrophies (e.g., Duchenne, Becker, limb-girdle)
Myotonic dystrophy

Toxic myopathies (e.g., lipid-lowering agents, chloroquine)
Metabolic myopathies (e.g., acid maltase)

Congenital myopathies (e.g., myotubular, late onset rod myopathy)
Infectious myopathy (e.g., viral myositis, trichinosis)

Muscle trauma and rhabdomyolysis
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Fasciculation
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Figure 2-20. Fasciculation potentials , 3 ji . | | ‘_ﬁv’k\d e "l j k [/

recorded, in raster mode, from the vastus A
lateralis in a patient with motor neuron
disease. In (A) the sweep Spﬁﬂ.ﬂ! is set at
20 ms/division while in A
Continued

ELECTROMYOGRAPHY IN CLINICAL PRACTICE ISBN: 978-0-323-02899-8
Copyright © 2007 by Mosby, Inc., an affiliate of Elsevier Inc.
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Table 266 Disorders Associated with Fasciculation Potentials

Mormal Benign fasciculation syndrome

Peripheral nerve Cramp fasciculation syndrome
hyperexcitability syndrome

Neurogenic disorders Anterior hom cell diseases (e.g., ALS,
Kennedy disease, spinal muscular at'n::phv*l
Penpheml neumpaﬂnes axonal
Radiculopathies

Metabolic disorders Hyperthyroidism

Medications Anticholinesterase agents
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fiber that creates a circus movem
symapse. (Courtesy of Dr: David Preston. )


http://www.go2pdf.com



http://www.go2pdf.com

Table 26-5 Disorders Associated with Complex Repetitive Discharges

Neurogenic disorders Chronic anterior homn cell diseases (e.g., ALS, spinal muscular
atrophy, polio)
Chronic radiculopathies
Chronic axonal neuropathies (e.g., CMT)

Myopathies Chronic inflammatory myopathies (e.g., polymyositis, inclusion
body myositis)
Muscular dystrophies
Hypothyroid myopathy

Schwartz—Jampel syndrome

Normal muscles lliopsoas
Eic-.ep5
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Types of Electromyographic Abnormalities

Myotonic
dystrophy

Figure 14-7. Myotonic dis-
tharges from the right ante-
dor tiblalis in a 39-year-old
man with myotonic dystro-
shy. The tracings show two
¥ypes of discharges: trains of
sositive sharp waves (a.b.c)
ind negative spikes with ini-
ial positivity (d.ef). The dis-
*harges In a and d reveals

waxing and waning quality.
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Table 26-4 Diseases Associated with Myotonic Discharges

M}ropathies with clinical myotonia

Myopatlﬁes without clinical myotonia

Neurogenic disorders

Myotonic dystrophy type 1 and 2 (DM1, DM2)
Myotonia congenita
Paramyotonia congenita

Hyperkalemic periodic paralysis
Polymyositis

Acid maltase deficiency

Statin-associated myopathy

Toxic myopathies (e.g., colchicine myopathy)
Potassium sensitive myotonia

Centronuclear myopathy

Hypothyroid myopathy

Amyloid

Severe axonal disorders (e.g., peripheral neuropathies,

radiculopathies)
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Myokymia Douplets Neuromyotonia

Multiplets
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Disorders Associated with Neuromyolonic Discharges

Foee g ; Hyperexcitable nerve symdromes Sytwdroanie of !u'ﬂll':l'l.l] nerve hyperexcitabiliey
1 i_"-IH"r'l entilation { Ixanc’s syndlrome
Tetany Tetany
i L Y Morvan's svidmmmne
Motor neuron disease (infrequent)
h'}mln e of |:-!'-r1'it||4 ral nerve h_‘. |wl'1"ﬂ"it.|] r:ii'tt_"-
b Isaac’s :\}'“{ir[“ nej Oither Anticholinesterase poboning

Other metabolic discases Entraoperative nerve fritation

Neurogenic Chronde spinal muscular strophy
Heredditary motor neuropathy
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Disorders Associated with Cramp

Discharges
Neurogenic disorders Chronic radiculopathies
Peripheral neuropathy
Motor neuron disorders
Metabolic or electrolyte disorders Salt depletion
Pregnancy
Hypothyroidism
Uremia (dialysis)
Peripheral nerve hyperexcitability Cramp fasciculation syndrome
disorders

Other Benign nocturnal cramps
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Types of MUAPS
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7 Electromyography 119

Normal Neuropathic Myopathic

Fig. 7.4 Motor unit action potential (MUAP) morphologies. Normal MUAPs have two to four
phases. In chronic neuropathic lesions that occur after reinnervation, the number of muscle fibers
per motor unit increases, resulting in long-duration, high-amplitude. and polyphasic MUAPs. In
myopathies or in neuromuscular junction disorders with block, the number of functional muscle
fibers in the motor unit decreases. This leads to short-duration, small-amplitude, and polyphasic
MUAPs. (From Ref. 3. Reprinted from Clinical-Electrophysiologic Correlations, copyright
Butterworth-Heinemann. 1998. Reproduced with permission from copyright holder Butterworth-
Heinemann/Elsevier)

From:Lawrence J. Kagen (Editor) The Inflammatory Myopathies
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Analysis

Manual

Computer-Assisted Quantitative Analysis of User Selected MUP
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The concept of normal values

Table 13-1 Mean Action Potential Duration (in milliseconds) in Various Muscles at Different Ages (concentric electrodes)

Faclal Muscles
Arm Muscles Leg Muscles Orbicularis
Extensor Opponens Abductor Biceps Extensor Oris Superior;
Age in Biceps Triceps Digitorum  Pollicis; Digiti Femoris; Gastroc- Tibialis Peroneus Digitorum Triangularis;
Years Deltoideus Brachii Brachii Communis Interosseus Quinti Quadriceps nemius Anterior Longus Brevis Frontalis
0 8.8 7.1 8.1 6.6 7.9 9.2 8.0 7.1 8.9 6.5 7.0 4.2
3 9.0 7.3 8.3 6.8 8.1 9.5 8.2 7.3 9.2 6.7 7.2 4.3
5 9.2 7.5 85 6.9 8.3 9.7 84 7.5 9.4 6.8 7.4 4.4
8 9.4 7.7 8.6 7.1 8.5 9.9 8.6 7.7 9.6 6.9 7.6 4.5
10 9.6 7.8 8.7 7.2 8.6 10.0 8.7 7.8 9.7 7.0 7.7 4.6
13 9.9 8.0 9.0 7.4 8.9 10.3 9.0 8.0 10.0 7.2 79 4.7
15 10.1 8.2 9.2 7.5 9.1 10.5 9.2 8.2 10.2 7.4 8.1 4.8
18 10.4 8.5 9.6 7.8 9.4 10.9 9.5 8.6 10.5 7.6 8.4 5.0
zu 1U.7 B.4 9.9 5.1 v.7 11.2 v.5 5./ 1U.5 .0 5.0 0.1
25 11.4 9.2 10.4 8.5 10.2 11.9 10.3 9.2 11.5 8.3 9.1 5.4
30 12.2 9.9 11.2 9.2 11.0 12.8 11.1 9.9 12.3 8.9 9.8 5.8
35 13.0 10.6 12.0 9.8 1.7 13.6 11.8 10.6 13.2 9.5 10.5 6.2
40 13.4 10.9 12.4 10.1 12.1 14.1 12.2 10.9 13.6 9.8 10.8 6.4
45 13.8 11.2 12.7 10.3 12.5 14.5 12.5 11.2 13.9 10.1 11,1 6.6
50 14.3 11.6 13.2 10.7 12.9 15.0 13. 11.6 14.4 10.5 11.5 6.8
55 14.8 12.0 13.6 11.1 13.3 15.5 13.4 12.0 14.9 10.8 11.9 7.0
60 15.1 12.3 13.9 11.3 13.6 15.8 13.7 12.3 15.2 11.0 12.2 7.1
65 15.3 12.5 14.1 11.5 13.9 16.1 14.0 12.5 15.5 11.2 12.4 7.3
70 15.5 12.6 14.3 11.6 14.0 16.3 14.1 12.6 15.7 11.4 12.5 7.4
75 15.7 12.8 14.4 11.8 14.2 16.5 14.3 12. 15.9 11.5 12.7 7.5

The values given are mean values from different subjects without evidence of neuromuscular disease. The standard deviation of each value is 15

percent (20 potentials for each muscle). Therefore, deviations up to 20 percent are considered within the normal range when comparing measure-
ments in a given muscle with the values of the table.
Source: From Buchthal, 32 with permission.

'_,,._\ Examplo:
20 %/ h 20 % Mormal value : 10 ms
|1 Uppar limi - 12 ms

III b Lowar firmit : 8 ms
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Assessing the Motor Unit with Needle Electromyography

Table 26-10 Disorders Associated with Long-Duration MUPs

Neurogenic disorders Motor neuron diseases (e.g., ALS, poliomyelitis, spinal muscular
atrophy)
Chronic axonal neuropathies (e.g., hc-reditar_'!; motor sensory
neuropathy type 2, diabetic neuropathy)
Chronic l'EI.dIEUICIl_‘IEltIHE'S or the residua of an old radiculopathy
Chronic mononeuropathies or the residua of an old

m nnnnﬂumpal:h}-'

Myopathies Chronic myopathies (e.g., inclusion body myositis)

R N\
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Table 26-11 Disorders Associated with Short-Duration MUPs

Myopathies

Heurﬂmuscularjuncﬁ{m disorders

Neurogenic disorders

Disorders of muscle membrane

Muscular dystrophies

Inflammatory myopathies (e.g., polymyositis, inclusion body
myositis)

Infiltrative myopathies (e.g., sarcoidosis, amyloid)

Toxic myopathies (e.g., |1p1d lowering agents chloroguine)
Congenital myopathies

Endocrine myopathies (e.g., hypothyroid)

Myasthenia gravis
Lambert—Eaton m}fasthenic slmdmme
Botulinum intoxication

Early reinnervation after nerve damage (“nascent MUP”)
Late-stage neurogenic atrophy

Periodic pmlysi-_a

—
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Recruitement/“Interference pattern
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From: J Neurol Neurosurg Psychiatry 2005;76:ii32-
ii35 doi:10.1136/jnnp.2005.069211
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Figure 26-7. MUP firing under vobantary control showisg minimal reduction i recnatiment in an extensor carpd radialis
mauscle with normal stremgth. Top, Two motor untts (A and B) instially fire at 3 and 6 Hz Middle, With tscreased voluntary
effort, firing rate of A and B tecveases 1o B and B Hz, with recrustment of & thind usst (C). Bottom, With preater efforn,
the rates fncrescs bo 10 and 11 Hz, with mo additional nearby usdis recrufied Only a2 smalll, distast undt begins Bring ai
THz (I7}. (From Daube, . B 2000, Electrodiapnostic studies tn amyoirophéc lateral sclerosts amd other motor newron
disorders. Musale & Neroe Zk14588-502. By permisson of Joha Wiley & Sons.) (From Daube J[R. AAEM mintmonography
£11: meedle emmination in chsscal electromyopraphy. Muscle & Nerve. 1861 14-685-T00. Usad with permission of the

nashilisheer. |
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Single Fiber EMG:
SFFMG

Identify the presence of a disorder of neuromuscular transmission when other
electrophysiologic assessments are normal.

Follow the course of mild defects of neuromuscular transmission.
Identify the presence of signs of regeneration in neurogenic and myopathic
Fiber density

Calculate muscle fiber membrane propagation velocity


http://www.go2pdf.com

e Fiber density reflects the packing density of
muscle fibers within the recording area of the
single fiber electrode. It correlates with the degree

of motor unit potential po
needle EMG recordings. Fi
IN neurogenic and myopat

yphasia in concentric
per density Is increased

nic disease.

o Jitter measures the latency variability of muscle
fiber action potentials within the same motor unit.

It reflects the variability In

rise time of the end

plate potential, providing a sensitive indicator of a
mild defect of neuromuscular transmission.
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Figure 28-1. SFEMG electrode with active electrode
{@rrow) located along needle shaft proximal to tip of
needle.
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What do you need ?

e SFEMG needle or
e Concentric needle
e Spontaneous vs simulated

e Software
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Jitter
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Jitter Measurement During
Voluntary Activation
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Artefacts

Electrode noise JW
Amplifier noise i
e e

Defect recording electrodes
efect recording ReSeas

Movement artifact
Electrostatic and magnetic interference

Radio- and mobile phone interference
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EMG complications

Anticoagulation and bleeding
Lymph edema and skin
Infections

Peripleural muscles
Pacemaker

Obese patients

Low pain tolerance
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Table 1.

Eflects of 80-Hz alectrical shock currant through the
body trunk in an average individual.”

Current

intensity

() Effect

1 Sensation threshold

5 Accepted as maximum harmiess current intensaty

10=20 “Let-go” current before sustained muscle contraction

50 *ain; possible fainting. exhaustion, mechanical injury;
heart and respiratory functions continue

100-300 Ventncular hbrllation starts, butl respiratory center

remains imact; usually results in daath
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e Muscle Nerve: 1. Al-Shekhlee A, et al. latrogenic complications and risks of
nerve conduction studies and needle electromyography. Muscle Nerve

2003:27:517-526.
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Examples of Diseases

rocalizing 72— Localizing

Distribution

Myopathies N LFJ m j ¥
Polygraphy g\ d\ R Loy

Interventions


http://www.go2pdf.com



http://www.go2pdf.com

Interventions

e Botulinus toxin treatment

e |nfiltration

e Pain therapy \
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Reporting normal Rt biceps brachii

* Rt. biceps brachil muscle

e Conditions: good, impression: normal muscle,
no atrophy

o At 6/6 positions no spontaneous activity. The
mean duration of the MUAPs Is 10,5 ms (age
related normal value 10 ms), which
corresponds to + 5 %. Maximal contraction
shows an interference pattern with an
amplitude of 2 mV.
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