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Electrodiagnostic studies seem confusing at first. Remember this: the entire purpose of electrodi-
agnostic studies is to help you figure out whether there is a problem with nerves, muscles, or both, 
and if so, where the problem is occurring (Fig. 1.1). The American Association of Neuromuscu-
lar and Electrodiagnostic Medicine uses the term electrodiagnostic medicine (which is sometimes 
abbreviated to EDX) to define the medical subspecialty that utilizes neurophysiologic techniques 
to diagnose, evaluate, and treat patients who are believed to have or who have documented physi-
cal impairments of the nervous, neuromuscular, and/or muscular systems.

We all recognize that the nervous system is a complicated part of our anatomy. Indeed, many 
medical students, residents, and fellows find their initial exposure to these tests and the courses 
in which they are taught overwhelming. However, the truth is that they are fairly straightforward 
and easy to understand.

If you do not believe this, think back to when you were a small child learning to read. At first, 
all of the letters in the alphabet did not make sense. Some had loops, some had straight lines, 
some had angled lines, and some had all of these. However, once you figured out all the letters, 
suddenly you could look at them anywhere and they made sense to you. Of course, you still could 
not read; that came later. Even after you learned the alphabet, the higher-level task of reading (at 
some point not too long after you learned the alphabet) eventually became a breeze. So, too, will 
electrodiagnostic studies become a breeze.

Think of the first half of this book as learning the alphabet. You will need to simply memorize 
some terms and try to understand when to use them and in which context they are meaning-
ful—just like the alphabet letters. The second half of this book is the part where you learn to read 
or to put the things you have memorized to use in a logical way so that when electrodiagnostic 
studies are ordered, you can understand what information is being conveyed and how to perform 
the study. Keeping with the alphabet/reading example, more advanced electrodiagnostic textbooks 
(and clinical experience under experienced electromyographers) will teach you the equivalent of 
grammar and higher-level skills that are extremely important. Nevertheless, you do not need to 
know all that at first. Go through every chapter in this book, and just like you learned the alphabet 
and then learned to read, you will begin to become literate in electrodiagnostic studies—only it 
will happen much faster this time!

The term electrodiagnostic studies really encompasses a lot of different tests. The most common 
tests done (and the ones that will be presented in this book) are nerve conduction studies (NCS) 
and electromyography (EMG). Often people refer to both NCS and EMG as just EMG because 
these two tests are nearly always done together. But when you are talking with people who are 
familiar with electrodiagnostic testing, to avoid confusion it is best to speak of and write about 
(especially in your medical record documentation) these components separately. The tests can 
provide different information; however, both tests assess the electrical functioning of nerves and/
or muscles.

It is interesting to note that electrodiagnostic studies originated in the 19th century but have 
been used consistently only within the past 30 to 40 years. This is because the machines became 
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more sophisticated with computerization and, at the same time, easier to use. Highly refined tech-
niques enhanced diagnostic applications and encouraged people to use these tests.

One of the things that will make it much easier for you to learn both EMG and NCS is 
to understand that they are really extensions of the neurologic and musculoskeletal examination. The 
more you know about the basic anatomy of the nerves and muscles, the easier it will be for you to 
learn about electrodiagnostic studies. If you are just beginning to learn about which nerves sup-
ply which muscles, this will be a slightly more complicated subject, but still very manageable. Just 
keep reading.

Table 1.1 is a summary of the process of performing electrodiagnostic studies. The rest of this 
chapter is devoted to explaining the two basic tests: EMG and NCS. You will simply need to 
memorize some of this; but hopefully, as you read, it will start to make sense.

Nerve Conduction Studies
NCS are done by placing electrodes on the skin and stimulating the nerves through electrical 
impulses (Fig. 1.2). To study motor nerves, electrodes are placed over a muscle that receives its 
innervation from the nerve you want to test (stimulate). The electrical response of the muscle 
is then recorded, and you can determine both how fast and how well the nerve responded. This 

Sensory nerve root

Dorsal root ganglion

Motor
neuron

Motor nerve root

Peripheral nerve

Motor nerve

Neuromuscular junction

Muscle

Sensory
nerve

Fig. 1.1 The goal of electrodiagnostic studies is to determine whether there is a problem along the peripheral 
nervous system pathway and/or in the muscles and, if so, where the problem is. Examples of locations of 
possible lesions and associated diagnoses include: 

Motor nerve cell body (anterior horn cell): amyotrophic lateral sclerosis 
Root: cervical or lumbar radiculopathy 
Axon: toxic neuropathy 
Myelin: Guillain–Barré syndrome 
Neuromuscular junction: myasthenia gravis 
Muscle: muscular dystrophy
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is very valuable information and can help you determine whether the patient’s condition is  
stemming from a problem with the nerve or with the muscle.

NCS are broken down into two categories: motor and sensory nerve conduction testing. The 
autonomic nervous system can be tested, but it rarely has clinical applications and is beyond the 
scope of this text. NCS can be performed on any accessible nerve, including peripheral nerves and 
cranial nerves.

The basic findings are generally twofold: (1) How fast is the impulse traveling (e.g., How well 
is the electrical impulse conducting?)? And (2) What does the electrical representation of the 
nerve stimulation (action potential morphology) look like on the screen (e.g., Does there appear to 
be a problem with the shape or height that might suggest an injury to some portion of the nerve, 
such as the axons or the myelin?)?

The terms you need to memorize in NCS are listed in Table 1.2. EMG terms are listed and 
explained in Chapter 5, Electromyography.

TABLE 1.1 n The Electrodiagnostic Process

 1. Evaluate the patient by doing a history and physical examination, with the goal of developing a dif-
ferential diagnosis.

 2. Select the appropriate electrodiagnostic tests you want to perform to rule in or out diagnoses on your 
list.

 3. Explain to the patient what the test will feel like and why it is being done.
 4. Perform the study in a technically competent fashion, usually starting with NCS and then proceeding 

with EMG.
 5. Interpret the results to arrive at the correct diagnosis or to narrow your list of differential diagnoses.
 6. Communicate the test results to the referring physician in a timely and meaningful manner.

EMG, Electromyography; NCS, nerve conduction studies.
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Fig. 1.2 This is the basic setup for a sensory nerve conduction study. The machine gives a tracing of the 
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TABLE 1.2 n Nerve Conduction Study Terms

Action potential: This is the waveform you see on the screen. (To give more details about what you 
are describing, more specific terms may include compound nerve action potential, compound motor 
action potential, or sensory nerve action potential.)

Amplitude: The maximal height of the action potential.
Antidromic: When the electrical impulse travels in the opposite direction of normal physiologic conduc-

tion (e.g., conduction of a motor nerve electrical impulse away from the muscle and toward the 
spine).

Conduction velocity: How fast the fastest part of the impulse travels (can also be referred to as a mo-
tor conduction velocity or a sensory conduction velocity).

F-wave: A compound muscle action potential evoked by antidromically stimulating a motor nerve from 
a muscle using maximal electrical stimulus. It represents the time required for a stimulus to travel 
antidromically toward the spinal cord and to return orthodromically to the muscle along a very small 
percentage of the fibers.

Latency: The time interval between the onset of a stimulus and the onset of a response (can also be 
referred to as a motor latency or a sensory latency).

H-reflex: A compound muscle action potential evoked by orthodromically stimulating sensory fibers, 
synapsing at the spinal level and returning orthodromically via motor fibers. The response is thought 
to be due to a monosynaptic spinal reflex (Hoffmann reflex) found in normal adults in the gastrocne-
mius–soleus and flexor carpi radialis muscles.

Orthodromic: When the electrical impulse travels in the same direction as normal physiologic conduc-
tion (e.g., when a motor nerve electrical impulse is transmitted toward the muscle and away from the 
spine, or when a sensory impulse travels toward the spine).

Electromyography
EMG is the process by which an examiner puts a needle into a particular muscle and studies the 
electrical activity of that muscle. This electrical activity comes from the muscle itself—no shocks 
are used to stimulate the muscle. EMG also differs from NCS because it does not involve actu-
ally testing nerves. However, you do get information about the nerves indirectly by testing the 
muscles. (Remember that all muscles are supplied by nerves, so if you can identify which muscles 
are affected by a disease process, then you simultaneously obtain information about the nerves that 
supply those muscles.)

So the EMG is different from NCS in the following ways:
 1. In EMG, you use a needle and put it into the muscle rather than placing electrodes on the 

skin (NCS).
 2. In EMG, you do not use any electrical shocks; rather, you are looking at the intrinsic electri-

cal activity of the muscle.
 3. In EMG, you get direct information about the muscles and indirect information about the 

nerves that supply the muscles you test.
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