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Please be aware that some of the medical devices or pharmaceuticals discussed in this handout may not be cleared by the FDA or cleared by the FDA for 
the specific use described by the authors and are “off-label” (i.e., a use not described on the product’s label). “Off-label” devices or pharmaceuticals may 
be used if, in the judgment of the treating physician, such use is medically indicated to treat a patient’s condition. Information regarding the FDA clearance 
status of a particular device or pharmaceutical may be obtained by reading the product’s package labeling, by contacting a sales representative or legal 
counsel of the manufacturer of the device or pharmaceutical, or by contacting the FDA at 1-800-638-2041.
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INTRODUCTION

Potentials from single muscle fibers fire individually in a variety 
of forms of normal and abnormal spontaneous activity, and they 
fire in groups either under central nervous system control or in 
spontaneous groups. Recognition of the many different forms 
of these discharges is necessary to help identify the underlying 
diseases. This discussion will outline a method that has assisted 
many in learning waveform identification. The method utilizes 
the innate auditory skills that we each possess and applies those to 
recognizing and classifying sounds when tied to visual images.

Needle Electromyography: What Is There to Learn 
That Takes Six Months?

Clinical and Technical Skill

Learn to operate a needle EMG machine.• 
Learn the needling handling skills of “painless” needle EMG • 
and single fiber EMG.

EMG waveform analysis: How Do We Teach, 
Learn, and Remember?

Identify specific waveforms (e.g., myokymic discharges).• 
Learn the multiple forms of each specific waveform.• 
Separately recognize multiple, different, simultaneous • 
waveforms.

Interpret the Waveforms Elicited

Determine the significance of each individual waveform • 
(e.g., fibrillation potentials).
Determine the significance of the combination of waveforms • 
(e.g., fibrillation with myotonic discharges and small motor 
unit potentials).

Needle EMG residents and fellows need to learn brand new skills 
and a new language! Many waveforms need to be learned:

Normal spontaneous
Insertion activity• 
End plate• 
Fasciculation• 
Cramp discharges• 

Abnormal spontaneous
Fibrillation• 
Complex repetitive• 
Myotonic• 
Myokymic• 
Neuromyotonic• 

Other abnormal spontaneous
Synkinesis• 
Multiplet• 
Tremor• 
Myoclonus• 
Neurotonic• 
Artifacts• 
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Normal voluntary
Motor unit potentials• 
In “all” voluntary muscles• 
Variations• 

 Configuration
 Recruitment
 Doublets

Abnormal motor unit potentials• 
Reduced recruitment• 
Duration (long and short)• 
Polyphasic• 
Unstable• 

A LOT!

First, learn to identify individual types of waveforms. There • 
is no easy method, but there are some that make it easier. 
The brain is designed to learn and remember best with visual 
images (e.g., Moonwalking with Einstein [and Lambert]). 
Learn to link link specific names, people, or sounds to a 
visual image.
Second, use your auditory system to define categories of • 
sounds by a higher level of pattern recognition. Experience 
multiple examples of a category of an EMG sound (e.g., 
fibrillations). Dissect the fundamental nature of sounds in 
a category.
Third, learn how to identify different waveforms occurring • 
simultaneously by using your innate skills that allow you to 
identify musical instruments.

THE CATEGORIES OF EMG SOUNDS: WHAT 
IMAGES SHOULD WE THINK OF?

EMG Potentials Arising from Muscle Fiber 
Potentials, Firing Singly

End-plate spikes (Fig. 1) are the discharges of single muscle fibers 
that have been initiated by irritation of the nerve terminal, usually 
by the needle tip. The nerve fiber fires in rapid, irregular patterns 
that are reflected in the muscle fibers innervated by that fiber. 
Because they are recorded at the site of origin, they typically are 
initially negative, firing in a rapid, irregular pattern with the sound 
of fat in a frying pan. End-plate spikes usually are recorded near 
the end-plate region of the muscle, where the nerve terminal is 
innervating the muscle fiber.

It is often possible to also record the much smaller miniature end-
plate potentials in the end-plate region that are generated by the 
spontaneous, ongoing release of quanta of acetylcholine from 
the nerve terminals. These are called end-plate noise. The large 
numbers of these occurring at the same time gives the sound of a 
sound in a sea shell held up to your ear.

Fibrillation potentials (Fig. 2) are the action potentials of single 
muscle fibers that are twitching spontaneously in the absence of 
innervation. These potentials typically fire in a regular pattern 
at rates of 0.5-15/s. Infrequently, they may be intermittent or 
irregular, but, if so, the interspike interval is longer than 70 ms. 
Fibrillation potentials may have either of two forms: a brief, 
spike or a positive wave. When seen as brief spikes, fibrillation 

Figure 1. Examples of end-plate spikes.

Figure 2. Examples of fibrillation potentials. Top line: Triphasic, spike, 
fibrillation potentials. Middle line: Biphasic positive wave fibrillation 
potentials. Bottom line: train of spike fibrillation potentials gradually 
changing into positive wave form fibrillations.

Figure 3. increasing density of fibrillation (spike and positive wave form) 
potentials with increase in the number of damaged axons (graded 1+ to 
4+).
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potentials are triphasic or biphasic, 1-5 ms in duration, and 20 to 
200 µV in amplitude with an initial positivity (unless recorded at 
their site of origin).

When seen as positive waves, fibrillation potentials are of long 
duration and biphasic, with an initial sharp positivity followed 
by a long duration negative phase. The amplitudes are 20-200 
µV, with durations of 10-30 ms. Amplitude is proportional to 
muscle fiber diameter and decreases with muscle atrophy. The 
positive waveforms are muscle fiber action potentials recorded 
from an injured portion of the muscle fiber. The spike form and 
the positive waveform are both identified as fibrillation potentials 
by their slow regular firing pattern: the spike waveform like the 
ticking of a watch and positive waveform like the tocking of a 
clock.

The density of fibrillation potentials reflects the number of 
denervated muscle fibers in the region of the recording electrode 
(Fig. 3). This density may result from direct damage to muscle 
fibers in muscle disease or from axonal damage in nerve disease. 
In the latter case, the density may be high because of damage to a 
large number of nerve fibers or because of high innervation ratios 
of individual nerve fibers.

Myotonic discharges (Fig. 4) are the action potentials of muscle 
fibers that are firing spontaneously in a prolonged fashion after 
external excitation. They are less readily elicited in a muscle that 
has just been active. The potentials wax and wane in amplitude 
and frequency because of an abnormality in the membrane of 
the muscle fiber. Myotonic discharges are regular in rhythm, but 
they vary in frequency between 40-100/s, which makes them 
sound like a dive-bomber. The frequency typically changes in an 
exponential manner.

Myotonic discharges occur as brief spikes or positive waveforms, 
depending on the relationship of the recording electrode to the 
muscle fiber. When initiated by insertion of the needle, myotonic 
potentials have the configuration of a positive wave, with an initial 
sharp positivity followed by a long-duration negative component. 
These are action potentials recorded from an injured area of the 
fiber.

Myotonic discharges that occur after a voluntary contraction are 
brief, biphasic or triphasic, initially positive spikes of 20-300 
µV that resemble the spikes of fibrillation potentials. This after 
discharge corresponds to the clinically-evident poor relaxation. 
They wax and wane, similar to the mechanically-induced 
myotonic discharges.

Myotonic discharges may occur with or without clinical myotonia 
in several muscle disorders. Rarely, similar discharges may be 
seen with fibrillation potentials in chronic denervating disorders 
and with some drugs.

Motor Unit Potentials: Groups of Fibers Firing 
Together Under Central Control

The motor unit is comprised of an anterior horn cell, its peripheral 
axon, all the nerve terminals branching from the axon, and all the 
muscle fibers innervated by the nerve terminals. The number of 

Figure 4. An example of waxing and waning amplitude and frequency in 
the spike form and positive waveforms of myotonic discharges.

Figure 5. A variety of normal motor unit potential configurations recorded 
from a normal healthy individual.

Figure 6. An example of increasing motor unit potential (MuP) rate and 
number with normal MUP recruitment during voluntary contraction.

Figure 7. An example of mild reduced recruitment of normal motor unit 
potentials (MuPs) in the extensor digitorum muscle with only three MuPs 
active at 11 Hz.
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muscle fibers innervated by a single motor unit varies from 100 
to 2,000 in limb and trunk muscles. These fibers fire in synchrony 
in response to the activation of the anterior horn cell and the 
action potential traveling down the axon to all the muscle fibers. 
If synchrony is absolute, the resulting motor unit potential (MUP) 
will be a large, triphasic action potential (Fig. 5).

The muscle fibers in a motor unit do not fire in absolute synchrony 
because of the difference in locations of end plates, lengths of 
nerve terminal, and rates of conduction in the nerve terminals and 
muscle fibers. Loss of synchrony results in the individual spikes 
becoming apparent as “turns” or “polyphasic” potentials on the 
MUP. Thus, the MUP also will change with the location of the 
recording electrode. A single motor unit will therefore have a 
number of distinct MUPs associated with it, based on the location 
and type of recording electrode. The resulting MUPs are described 
by their duration, amplitude, number of phases, and stability.
MUP appearance is altered in both muscle and nerve disease. 
Neurogenic processes are by far the most common, and they 
will be given more attention. In any neurogenic process, the first 
change is the loss of axons or anterior horn cells. Loss of axons 
results in reduced recruitment, since there are fewer axons to fire. 
After denervation and reinnervation (through collateral sprouting) 
occurs after a number of weeks, the MUPs will also change their 
appearance.

Recruitment (Figs. 6-8) refers to the orderly addition of MUPs 
firing as the rate of individual MUP firing increases. Recruitment 
analysis first requires the recognition of MUPs by their 
semirhythmic pattern which is neither regular nor irregular; it has 
the firing pattern of an ataxic clock. In normal muscle, increasing 
voluntary effort causes the average rate of firing of individual 
MUPs to increase and the initiation of the discharge of additional 
MUPs. The relationship of the rate of firing of individual potentials 
to the number of potentials firing is constant for a particular muscle 
and is called the recruitment pattern. If there is a loss of MUPs 
in any disease process, the rate of firing of individual potentials 
will be out of proportion to the number firing; this is referred to as 
reduced recruitment.

Reduced recruitment may be seen in any disease process that 
destroys or blocks conduction in the axons innervating the muscle 
or that destroys a sufficient proportion of the muscle so that whole 
motor units are lost. This pattern is seen in association with all 
neurogenic disorders and may be the only finding in a neurapraxia 
in which the sole abnormality is a localized axonal conduction 
block or in cases of acute axonal loss in which fibrillation has 
not yet developed. In myopathies, however, more motor units 
are activated than would be expected for the force exerted in 
disorders in which the force that a single motor unit can generate 
is decreased. This is called rapid recruitment. The recruitment 
frequency and rate of firing in relation to MUP numbers are 
normal with rapid recruitment. 

Changes in MUP firing pattern also occur in disorders of central 
control. One centrally determined pattern of MUPs must be 
recognized, because it resembles the polyphasic MUP. In muscle 
tremor (Fig. 9), which may not be apparent clinically, MUPs fire 
in groups with different MUPs in each burst. The individual, 
superimposed MUPs often resemble polyphasic or complex 

Figure 8. An example of markedly reduced recruitment with only one motor 
unit potential firing at 24 hz.

Figure 9. An example of tremor. Note the marked differences between 
each burst that is typical of tremor.

Figure 10. An example of a stable motor unit potential (MuP) in a normal 
muscle in contrast to an unstable MUP seen in myasthenia gravis, which 
changes size and shape at each discharge.

Figure 11. An example of a highly complex, polyphasic, long-duration 
motor unit potential seen in poliomyelitis.
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longduration MUPs. They are identified by their semirhythmic 
pattern (an ataxic clock) and their changing appearance. The sound 
can be likened to a steam engine climbing a mountain. Minimal 
activation, with slightly increasing and decreasing effort, often 
allows single MUPs to be resolved and characterized. MUP firing 
patterns in stiffman syndrome, rigidity, and spasticity resemble 
normal patterns with a loss of voluntary control. In upper motor 
neuron weakness, motor unit firing cannot be maintained.

The aberrant regeneration of axons after nerve injury may result 
in two separate muscles being innervated by the same axon. The 
MUP in one muscle will fire in synchrony with those in another 
muscle, and the muscles will contract together clinically. This 
is called synkinesis. The associated long-duration, polyphasic, 
voluntary MUP may be mistaken for spontaneous activity. 
Examples include MUPs in facial muscles in association with 
blinking after reinnervation of a facial neuropathy or potentials 
in shoulder-girdle muscles in association with respiration after a 
plexopathy.

Collateral sprouting of intact nerve terminals in a neurogenic 
disorder will gradually reinnervate the denervated muscle fibers 
causing a series of changes in the MUP. Initial reinnervation with 
immature nerve terminals results in less stable transmission at 
the neuromuscular junction. The instability is seen as varying 
size end-plate potentials that result in variation in size and shape 
of the MUP. MUP variation (Fig. 10) or instability sounds like 
bongo drums and is evidence of ongoing reinnervation, often 
with ongoing denervation or of a neuromuscular junction disease. 
MUP variation can thus occur in a number of diseases of nerve, 
neuromuscular junction, or muscle.

The initial reinnervation results in poorly synchronized MUP with 
many turns, late components, and polyphasic potentials which can 
sound like an M-50 machine gun (Fig. 11). If some of the muscle 
fiber potentials are totally separated from the main components of 
the MUP, they are referred to as satellite potentials.

As the nerve terminals mature, the MUP becomes less polyphasic 
and much larger, especially in chronic neurogenic disorders such 
as spinal muscular atrophy. If muscle fibers are lost in a disease, 
such as a myopathy or neuromuscular block like botulinum toxin, 
the MUP become smaller.

Grouped Single Fiber Discharges

Groups of muscle fibers also can fire together from external 
activation or spontaneously. The most common external activation 
of activity is the needle movement through the muscle producing 
insertion activity. Insertion activity is the electrical response of 
the muscle to the mechanical damage by a small movement of the 
needle. Insertion activity may be biphasic, triphasic, spikes, or 
positive waves. Small needle movements produce short bursts of 
insertion activity; large needle movements produce large bursts. 
Evaluation of insertion activity requires a pause of 0.5-1 s or more 
to see any repetitive potentials that may be activated. Insertion 
activity may be increased, decreased, or show specific waveforms, 
such as myotonic discharges.

There are also a number of specific, spontaneous discharges due 

Figure 12. Examples of fasciculation potentials of a variety of sizes and 
configurations displayed at a slow sweep speed (5 s, above) and at a fast 
sweep speed (50 ms, below).

to activation of groups of muscle fibers firing together, each with 
a specific name. Fasciculation potentials are the action potentials 
of a group of muscle fibers innervated by an anterior horn cell 
that discharges in a random fashion. The rates of discharge of an 
individual potential may vary from a few per second to less than 
1/min. The sum of all fasciculations in a muscle may reach 500/
min.

Fasciculation potentials may be of any size and shape, depending 
on the character of the motor unit from which they arise and 
their relationship with the recording electrode. They may have 
the appearance of normal or abnormal MUPs, and thus can be 
identified only by their firing pattern. The discharges may arise 
from any portion of the lower motor neuron but usually from 
spontaneous firing of the nerve terminal. The random occurrence 
sounds like large raindrops on a roof.

Fasciculation potentials may occur in normal persons and in many 
diseases. They are especially common in chronic neurogenic 
disorders but have been seen in all neuromuscular disorders. It 
has not been clearly shown that they occur more often in patients 
with myopathy than in normal persons. Fasciculations usually 
occur in an overworked muscle, especially if there is underlying 
neurogenic disease. No reliable method exists for distinguishing 
benign fasciculations from those associated with specific diseases. 
However, in normal persons, fasciculations occur more rapidly 
and repetitively. Patients who have large motor units caused by 
chronic neurogenic diseases may have visible twitching during 
voluntary contractions. Such contraction fasciculations must be 
differentiated from true fasciculations by the pattern of firing.

Cramp potentials (Fig. 13) associated with a muscle cramp do 
not have a specific name but can be distinguished from other 
spontaneous activity by the firing pattern of many MUPs firing 
together in a disorganized pattern like a thunderstorm. Individual 
potentials are not distinctive and resemble MUPs. They fire rapidly 
at 40-60 Hz, usually with an abrupt onset and cessation; however, 
during their discharge, they may fire irregularly in a sputtering 
fashion, especially just before termination. Typically, increasing 
numbers of potentials that fire at similar rates are recruited as the 
cramp develops and then drop out as the cramp subsides. Cramps 
are a common phenomenon in normal persons and usually occur 
when a muscle is activated strongly in a shortened position.
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Spontaneous muscle potentials associated with the fine, wormlike 
quivering of facial myokymia are called myokymic discharges 
(Fig. 14). These potentials have the appearance of normal MUPs 
that fire with a fixed pattern and rhythm. They occur in bursts of 
2-10 potentials that fire at 40-60 Hz. The bursts recur at regular 
intervals of 0.1-10 s. The firing pattern of any one potential is 
unrelated to the myokymic discharge pattern of other potentials 
and is unaffected by voluntary activity. Myokymic discharges 
sound like marching soldiers.

Some forms of clinical myokymia—especially in the syndrome 
of continuous muscle fiber activity (Isaac’s syndrome)—are 
associated with neuromyotonic discharges and not with myokymic 
discharges. Although discharges that have regular patterns 
of recurrence but that fire at different rates or with a regularly 
changing rate of discharge may have similar mechanisms, they 
are better classified with the broad group of iterative discharges. 
Some investigators consider iterative discharges and myokymic 
discharges to be forms of fasciculation because they arise in the 
lower motor neuron or axon. It is best to separate these discharges 
from fasciculation potentials because of their distinct patterns and 
different clinical significance.

MUPs that are associated with some forms of continuous muscle 
fiber activity (Isaac’s syndrome) and that fire at frequencies of 
100-300 Hz are called neuromyotonic discharges (Fig. 15), 
that sound like a Formula One race car. These potentials may 
decrease in amplitude because of the inability of muscle fibers to 
maintain discharges at rates greater than 100 Hz. The discharges 
may be continuous for long intervals or recur in bursts. They 
are unaffected by voluntary activity and commonly are seen in 
neurogenic disorders.

Precipitation or augmentation of neuromyotonia with ischemia 
may distinguish the neuromyotonia occurring with tetany. 
Neurotonic discharges occur intraoperatively with the mechanical 
irritation of cranial or peripheral nerves and, thus, are valuable in 
alerting surgeons to possible nerve damage.

Complex repetitive discharges (CRDs) (Fig. 16), referred to 
previously as bizarre repetitive (or high-frequency) potentials or 
as pseudomyotonic discharges, are the action potentials of groups 
of muscle fibers discharging spontaneously in near synchrony. 
Standard needle and single fiber EMG recordings suggest that 
they are the result of ephaptic activation of groups of adjacent 
muscle fibers. An abrupt onset and cessation characterize CRDs. 
During the discharge, they may have abrupt changes in their 
configuration. They have a uniform frequency that ranges 3-40/s.
Although CRD form is variable, it typically is polyphasic, with 
3-10 spike components with amplitudes of 50-500 µV and duration 
of up to 50 ms. CRDs usually are seen with chronic disorders, 
both myopathic and neurogenic. CRDs may be confused with 
other repetitive discharges, such as myokymic discharges, cramps, 
neuromyotonia, tremor, and synkinesis, but they can be identified 
by their sound like a jackhammer. Each of the others also has a 
characteristic pattern of firing best recognized by its sound that is 
distinct from that of a CRD.

Figure 13. An example of a cramp discharge with typical gradual decrease 
in the irregular firing of individual motor unit potentials at the end of the 
discharge.

Figure 14. An example of three overlapping myokymic discharges: one of 
higher amplitude with 4-6 MuPs per burst; one intermediate amplitude with 
2-4 MuPs per burst; one low amplitude with 1-2 MuPs per burst.

Figure 16. An example of a single, recurring complex repetitive discharge 
at 35 hz; each discharge has 6-8 spikes, 2 of which fire intermittently.

Figure 15. Five different examples of neuromyotonic discharges waning 
amplitude, with rates of 160-250 hz.
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SUMMARY

Single muscle fiber potentials are the source of each of the 
discharges seen on needle EMG (Table). Combinations of the 
changes in shape, electrode type, electrode position, damage to the 
muscle fibers, and different patterns of grouping of spontaneous 
and voluntary potentials define the MUPs. Careful isolation of 
individual potentials and characterization of their sound linked 
to a visual image allows their identification, recognition of their 
patterns, and semiquantitative measurement of their parameters, 
quickly and efficiently.
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Waveform  Occurrence Firing pattern  Spike number  Sound

End-plate spikes   Spontaneous Irregular   Single   Fat sputtering
End-plate noise  Spontaneous Irregular   Multiple MEPP  Sea-shell
Spike fibrillation   Spontaneous Regular   Single   Tick of a watch
Positive fibrillation Spontaneous Regular   Single   Tock of a clock
Fasciculation potential Spontaneous Irregular   Single   Raindrops on tin roof
CRD   Spontaneous Regular-stable  Multiple   Jack hammer
Myotonic Discharge Spontaneous Regular-change   Single   Dive bomber
Myokymic Discharge Spontaneous Burst, regular  Multiple   Marching soldiers
Neuromyotonic  Spontaneous Regular   Single   Formula one racecar
Cramp discharge  Spontaneous Irregular   Multiple   Thunderstorm
MUP   Voluntary Semirhythmic  Single   Ataxic clock
Polyphasic MUP  Voluntary Semirhythmic  Single   M-50 machine gun
Unstable MUP  Voluntary Semirhythmic  Single   Bongo drums
Doublet   Voluntary Semirhythmic  Two   Two hand finger snaps
Tremor   Involuntary Burst (regular)  Multiple   Steam engine

Table. Types of needle electromyography waveforms

CrD = complex repetitive discharge, MEPP = miniature end-plate potential, MuP = motor unit potential
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INTRODUCTION

Peripheral neuropathy is a commonly encountered disorder 
evaluated by primary care physicians and neurologists in the 
community. Peripheral neuropathy can be subdivided into 
three types: mononeuropathy, mononeuropathy multiplex or 
mononeuritis multiplex, and polyneuropathy based on the 
involvement of a single nerve, multiple single nerves, or many 
nerves in a symmetric length-dependent fashion. This discussion 
will focus on the evaluation of patients with diffuse symmetric 
polyneuropathies.

CLINICAL PRESENTATION AND ETIOLOGIES

The prevalence of polyneuropathy is approximately 2.4% of the 
population in mid-life, but rises to 8% in individuals older than 55 
years. A careful history, physical examination, electrodiagnostic 
(EDX) testing, and laboratory testing reveals a cause in 74 to 82% 
of patients.

The clinical presentation of polyneuropathy usually obeys a 
sensory and motor length-dependent pattern that make the 
diagnosis relatively easy once the history has been elicited and the 
examination performed. Patients often state their condition began 
with numbness and paresthesia of the toes and soles of the feet and 
over time the symptoms advanced proximally to affect the entire 
foot and ankle. Other descriptors include lack of feeling, woody 
sensation, sharp jabbing pain, electric shocks, sharp pains, and 
ice pick pain. Often, the first motor symptom is gait instability, 

particularly walking in the dark or maintaining balance when the 
eyes are closed. As the disease advances, patients develop a foot 
drop and frequent falls. Cramps are common, particularly in the 
distal legs. When the process progresses to the knees, patients 
often begin to experience hand weakness and dropping of items. 
Atrophy in the hands and feet is common when the polyneuropathy 
is severe or longstanding. Somatic neuropathies of the sensory 
and motor nerves are commonly accompanied by involvement of 
the autonomic fibers that can manifest as lack of sweating, change 
in skin color, orthostatic symptoms, change in bowel or bladder 
habits, and erectile dysfunction.

The neurologic examination in most neuropathies shows a distal 
gradient loss from the toes to the more proximal legs and as the 
disease advances from the finger tips to the wrists or forearms. 
The findings are relatively symmetric and any major asymmetry 
suggests a superimposed radiculopathy of a single or multiple 
roots, a plexopathy, a spinal cord process, or a brainstem or 
cerebral cortex lesion. If the large sensory fibers are primarily 
affected, there is greater loss of vibration, light touch, and joint 
position sense than small fiber functions of pain, pin prick, and 
cold perception. In most neuropathies, there is involvement of 
both large and small fibers. Strength is lost in a similar pattern 
from the toes to the ankles and from the intrinsic hand muscles 
to the finger flexors and wrist extensors and flexors. In inherited 
neuropathies and long standing neuropathies, it is common to find 
high arched feet, hammer toes, and pronounced distal more than 
proximal atrophy, giving rise to the term inverted champagne 
bottle legs. Reflexes are diminished or lost in a predictable 
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fashion. Ankle reflexes are lost first followed by the knee reflexes, 
brachioradialis, and lastly the biceps brachii and triceps reflexes. 
If autonomic involvement is present, the examiner may observe 
distal extremities that are cold or too warm, erythematous or 
blanche color changes, shiny skin, loss of hair over the feet and 
distal shins, dystrophic nails, lack of sweating in the axilla and 
groin region, and dry mouth, eyes, and mucosa.

When first evaluating a patient with a polyneuropathy, it is a good 
practice to ask specific questions about prior diseases, lifestyle, 
and work and occupational exposure that may give a clue to the 
diagnosis. Questions should be asked about diabetes, alcohol 

abuse, vitamin deficiencies, dietary habits, use of over the counter 
drugs, zinc consumption, gastric bypass surgery, medications 
prescribed in the past (especially those used long term), human 
immunodeficiency (HIV) infection, family history of neuropathy, 
foot deformities in the family, amyloidosis, thyroid disease, 
chronic renal and liver disease, malignancy, chemotherapeutic 
agents, connective tissue disorders, recreational use of substances, 
and exposure to heavy metals, industrial agents, herbicides, and 
pesticides.

Table 1 lists etiologies for polyneuropathy classified by type. As 
is the case in any classification, some disorders are more difficult 
to classify and some are so rare as to minimize the need to place 
them in a broad table.

DIABETES

Diabetes is the most common cause of polyneuropathy in the United 
States. Recent data from the National Institutes of Heath (NIH) and 
the Centers for Disease Control (CDC) for the years 2005-2006, 
using interview techniques, fasting, and 2-hour glucoses measured 
in subsamples, report that the crude prevalence of diabetes is 12.9% 
of patients over the age of 20 years. Forty percent of those patients 
were undiagnosed diabetes. The crude prevalence of impaired 
fasting glucose is 25.7% and of impaired glucose tolerance is 
13.8% with almost 30% of patients having either. Over 40% of 
individuals had diabetes or prediabetes. The prevalence was twice 
as high for non-Hispanic blacks and Mexican Americans. Diabetes 
is the seventh leading cause of death. The total cost of diabetes in 
2007, including direct and indirect sources, was $174 billion.

Determining the prevalence of diabetic neuropathy depends on 
the parameters used to establish the diagnosis. For example, the 
diagnosis can be based on symptoms, signs (sensory and reflex 
loss, weakness, or autonomic features), nerve conduction studies 
(NCSs) and needle electromyography (EMG), nerve pathology, 
or skin biopsy results. The prevalence can also depend on whether 
the data are collected on inpatients or outpatients. The medical 
literature has reported the prevalence from 15 to 100% depending 
on the diagnostic criterion and the characteristics of the population. 
The neurologic literature suggests that greater than 60% of patients 
with diabetes will have signs or EDX evidence of a polyneuropathy 
at some time in their illness. In 1973 Pirart published his data 
on the prevalence of polyneuropathy in diabetes after following 
4400 diabetics for decades. Approximately 8% had neuropathy at 
the time of diagnosis of diabetes, 40% after 20 years and 50% at 
25 years. Other authors feel these percentages underestimate the 
prevalence of diabetic neuropathy in the population. A neurologist 
not uncommonly establishes the diagnosis of diabetes when 
appropriate testing for glucose intolerance is ordered in the pursuit 
of a cause for an unexplained neuropathy. Approximately 25% of 
patients with diabetic neuropathy will have neuropathic pain, and 
its presence may be the impetus for referral to the neurologist.

Several classifications have been created for diabetic neuropathy. 
This author favors the classification by Dyck (see Table 2) in which 
neuropathy is separated into anatomical groupings of symmetric 
polyneuropathies, asymmetrical proximal neuropathy, and 
asymmetrical neuropathy with symmetrical distal neuropathy.

Table 1  Etiologies for polyneuropathies

Endocrine: diabetes mellitus, hypothyroidism, hyperthyroidism
Alcohol abuse
Nutritional deficiencies: B1, B2, B6, B12, folic acid, gastric bypass surgery
Vitamin excess: pyridoxine
Metabolic: uremia, liver disease, porphyria
Sarcoidosis
Connective tissue disorders: SLE, RA, Sjögren’s syndrome, polyarteristis 

nodosum
Vasculitis
Amyloidosis: secondary and familial
Genetic: CMT disease and other inherited neuropathies
Inflammatory: GBS, CIDP, plasma cell dyscrasias, HIV infection, Lyme 

disease
Toxic: industrial, therapeutic, anti-retroviral, chemotherapeutic agents, 

tacrolimus, heavy metal poisoning
Paraneoplastic: carcinoma, lymphoma, leukemia

CIDP = chronic inflammatory demyelinating polyneuropathy, CMT = Charcot-Marie-
Tooth, GBS = Guillian-Barré syndrome, HIV = human immunodeficiency virus,  
RA = rheumatoid arthritis, SLE = systemic lupus erythematosus

Table 2  Classification of diabetic neuropathy

Symmetrical distal neuropathy
Symmetrical proximal neuropathy
Asymmetrical proximal neuropathy

Cranial
Trunk radiculopathy or mononeuropathy
Limb plexus or mononeuropathy
Multiple mononeuropathy
Entrapment neuropathy
Ischemic nerve injury from acute arterial occlusion

Asymmetrical neuropathy and symmetrical distal neuropathy

From Dyck and colleagues, 1993.



17

BASICS WITH THE EXPERTS

17

The Diabetes Control and Complications Trial (DCCT) in 1995 
showed that strict control of diabetes using an insulin pump or 
three or more injections of insulin per day dramatically reduced 
the progression of neuropathy and delayed the onset of neuropathy 
in diabetes compared to those patients receiving conservative 
treatment. The development of confirmed clinical neuropathy was 
reduced by 64% in the intensive therapy group after 5 years of 
followup and the prevalence of abnormal nerve conduction and 
abnormal autonomic nervous system function was reduced by 
44%.

ALCOHOL ABUSE

Alcohol abuse remains a common cause of polyneuropathy, 
but probably not to the same degree as in decades past when 
the nutritional aspects of neuropathy were less known to the 
general public. The clinical presentation of alcoholic neuropathy 
may depend on whether the patient is also thiamine deficient. 
Alcoholic neuropathy without thiamine deficiency tends to cause 
a slowly progressive predominantly sensory neuropathy affecting 
the small fibers. Conversely, alcoholic neuropathy with thiamine 
deficiency is more variable giving rise to a larger spectrum of 
motor and sensory abnormalities. Putative mediators of the effect 
of alcohol on the peripheral nerve include acetaldehyde, protein 
kinase A, and protein kinase C. It is estimated that 10-15% of 
chronic alcoholics develop neuropathy. Abstinence from alcohol 
can prevent progression of the neuropathy, but it is the author’s 
experience that alcoholic neuropathy often does not improve after 
alcohol consumption is stopped. 

CONNECTIVE TISSUE DISEASES

Polyneuropathies are commonly observed in patients with 
connective tissue diseases such as systemic lupus erythematosus, 
rheumatoid arthritis, Sjögren’s syndrome, and polyarteritis 
nodosum. Other conditions include: Churg-Strauss syndrome, 
microscopic polyangiitis, Wegener’s granulomatosis, nonsystemic 
vasculitis of the peripheral nerve, and rarely systemic sclerosis. In 
this author’s experience, Sjögren’s syndrome is the most common 
connective tissue disease seen in his clinic associated with a 
polyneuropathy. Sjögren’s syndrome is a chronic inflammatory 
disorder characterized by diminished lacrimal and salivary gland 
function which gives rise to the sicca complex of dry eyes and 
mouth. Sjögren’s syndrome can present as a sole connective 
tissue disorder or in association with other conditions, most 
commonly rheumatoid arthritis. Approximately 20% of patients 
with Sjögren’s syndrome will manifest a detectable antibody to 
the SSA (Ro) or the SSB (La) antigens at the time of diagnosis and 
43% during followup over 10 years. A salivary gland biopsy is 
often needed to substantiate the diagnosis when serologic testing 
is negative or equivocal. Many types of neuropathies can be seen 
in Sjögren’s syndrome including a motor, sensory, sensorimotor, 
or autonomic polyneuropathy; a sensory ganglioneuropathy; a 
polyradiculoneuropathy; mononeuritis multiplex; a trigeminal 
mononeuropathy (unilateral or bilateral); and other cranial 
neuropathies. The most common neuropathy is a symmetric 
sensory greater than motor axon loss polyneuropathy followed by 
a cranial neuropathy of the trigeminal, facial, or cochlear nerves.

INHERITED NEUROPATHIES

Inherited neuropathies are common and account for approximately 
10% of neuropathies seen at large referral centers. Inherited 
neuropathies are often lumped together under the term Charcot-
Marie-Tooth (CMT) disease, yet this term applies to an inherited 
motor greater than sensory neuropathy typically associated with 
foot deformities such as pes cavus. The disease can present as 
early as the first decade of life, but often is not diagnosed until 
later in life and sometimes not until the sixth or seventh decade. 
In addition to foot deformities, patients often have severe atrophy 
of the feet and hands, areflexia, mild distal sensory loss, scoliosis, 
and other orthopedic abnormalities. Many autosomal dominant, 
recessive, and X-linked recessive forms have been reported 
which has complicated the ordering of genetic testing in patients 
with CMT. At the time of the composition of this manuscript, 
six genetic defects have been identified in CMT type 1, 16 in 
CMT type 2, nine in CMT type 4, and five in typeX. Genetic 
tests are available for rarer causes of inherited neuropathies 
including congenital hypomyelinating neuropathy, hereditary 
neuropathy with propensity to pressure palsies (HNPPs), distal 
hereditary pure motor neuropathies, distal sensory and autonomic 
neuropathies (HSANs), hereditary focal neuropathies, and giant 
axon neuropathy.

MEDICATION-INDUCED NEUROPATHIES

The list of medications that can cause polyneuropathy increases 
each year as new treatments are introduced for the management 
of cardiac diseases, neoplasia, infections, and autoimmune and 
necrotizing illnesses. The toxic effects of medications can act at 
several levels of the peripheral nerve including the anterior horn 
cell, such as is the case for Dapsone, the dorsal root ganglion 
(DRG) (which is the mechanism for toxicity of several of the 
chemotherapeutic agents) the peripheral myelin, and the motor 
and sensory axon. The majority of medications cause dysfunction 
at the level of the peripheral axon. Table 3 lists common 
medications for which there is a cause and effect association for 
polyneuropathy.

Several of the medications deserve special mention. Amiodarone 
is a commonly prescribed medication for the treatment of cardiac 
arrhythmias. Amiodarone can cause a demyelinating neuropathy 
whose presentation is not unlike that of chronic inflammatory 
demyelinating polyradiculoneuroathy (CIDP). The same drug can 
produce a motor and sensory axon loss neuropathy. The association 
between vincristine and polyneuropthy has been known for 
decades and is one of the best known chemotherapeutic agents to 
cause a polyneuropathy. Cisplatin and paclitaxel are also common 
causes of polyneuropathy. They affect the dorsal root ganglion, 
giving rise to sensory symptoms and gait ataxia. The effect is dose 
related and coasting (further progression of the neuropathy after 
the medication is stopped) may occur following exposure to these 
chemotherapeutic treatments.

Nitrofurantoin is a bacteriostatic antibiotic which has been used to 
treat urinary tract infections for decades. It is prescribed frequently 
on a daily basis to suppress chronic and recurrent urinary tract 
infections; some patients may take the medication for years 
without interruption. It is also a popular drug for lactating mothers 
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as it is safe during breast feeding. Nitrofurantoin can cause a mild 
to severe sensory greater than motor polyneuropathy which in 
some patients is irreversible.

PYRIDOXINE TOXICITY

Pyridoxine is an essential vitamin that has been consumed in 
large doses by individuals to aid in bodybuilding and has been 
prescribed as a treatment for premenstrual syndrome, carpal 
tunnel syndrome, schizophrenia, fibromyalgia, autism, and 
hyperkinesis. Pyridoxine is almost always prescribed when 
isoniazid is given for treatment of tuberculosis or for a recently 
converted purified protein derivative (PPD) test. Schaumburg and 
colleagues reported a large cohort of patients who developed a 
severe sensory neuronopathy after taking from 2-6 g of pyridoxine 
daily for 2-40 months. All patients showed profound loss of most 
sensory modalities and were areflexic. All patients improved 
when pyridoxine was stopped, and two patients experienced 
almost complete recovery after 2-3 years of followup. The authors 
concluded that vitamin B6 in high doses was probably toxic to 
the DRG.

Although pyridoxine sensory neuronopathy is most commonly 
observed in individuals taking large doses of the vitamin, toxicity 
can be observed in patients consuming much smaller doses. Of 
the 16 patients reported by Parry and Bredesen, three had been 
taking less than 1 gm/day, and one had taking only 100-200 mg 
for 3 years.

POLYNEUROPATHIES AND HIGHLY ACTIVE 
ANTIRETROVIRAL THERAPY

Polyneuropathies are associated with highly active antiretroviral 
therapy (HAART) drugs such as the nucleoside reverse 
transcriptase inhibitors, zalcitabrine, stavudine, and didanosine. 
Colchicine can cause not only a neuropathy, but a myopathy. 
Thalidomide may cause a sensory polyneuropathy. Thalidomide is 
making a strong come back to the pharmaceutical scene as it is 
highly effective for the treatment of several dermatologic conditions, 
multiple myeloma, HIV infections, and rheumatologic disorders.

STATINS

Statins cause a polyneuropathy in less than 1% of patients, but its 
potential neurotoxicity must be recognized when no other etiology 
is found for a patient referred for an idiopathic polyneuropathy. The 
statins are inhibitors of 3-hydroxy-3-methyl-glutaryl-coenzyme A 
(HMG-CoA) reductase, an enzyme that regulates the synthesis of 
cholesterol. In 1994, Jacobs reported the development of a sensory 
polyneuropathy in a patient who was treated with lovastatin for 
2 years. The patient’s symptoms abated when lovastatin was 
discontinued, but returned within 2 weeks when pravastatin was 
substituted for lovastatin.

Substitution of one statin that causes a polyneuropathy for another 
may not prevent the reoccurrence of a drug-induced neuropathy. 
Ziajka and Wehmeier reported a patient who developed a 
neuropathy after taking lovastatin and whose symptoms returned 
when treated individually with simvastatin, pravastatin, and 
atorvastatin.

Axonopathy
Almitrine*
Amiodarone
Amitriptyline
Bortezomib
Carbimide*
Chloramphenicol
Chloroquine*
Clioquinol
Colchicine
Cyanate
Cytosine arabinoside (Ara-C)
Danosine (ddl)
Disopyramide*
Disulfiram
Docetaxel
Efosfamide
Enalapril*
Ethambutol
Ethioniamide
Fialuridine (FIAU)
Hydralazine
Gold
Glutethimide
Isoniazid
Lamivudine (3TC)
Leflunomide
Lithium
Mercury
Methaqualone
Metronidazole
Misonidazole
Nitrofurantoin
Nitrous Oxide
Paclitaxel
Phenytoin

Sulfapyridine*
Sulfasalazine
Statins
Stavudine (d4T)
Suramin
Tacrolimus
Thalidomide
Tumor necrosis factor-α antagonists
Vancomycin*
Vincristine
Vinorelbine
Zalcitabine (ddC)

Anterior horn cell
Dapsone

Dorsal root ganglion
Pyridoxine
Cis-platin
Carboplatin
Oxaliplatin
Etoposide (VP-16)

Schwann cell
Allopurinol
Amiodarone
Cytosine arabinoside (Ara-C)
Gentamicin*
Indomethacin
L-tryptophan contaminant 
Perhexiline
Streptokinase*
Suramin
Tacrolimus
Tumor necrosis factor-α antagonists
Zimeldine

Table 3  Medication-induced neuropathies anatomic site of 
pathology

*isolated case reports
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Some physicians have challenged the relationship between 
statins and the development of polyneuropathy. Others recognize 
the relationship to be low risk, but acknowledge that long-term 
exposure increases the chances for the neuropathy. One paper 
estimated the incidence of statin-induced neuropathy to be 
approximately 1 case per 10,000 patients taking statins; another 
manuscript estimated 60 cases per 100,000.

INDUSTRIAL AND ENVIRONMENTAL AGENTS

Table 4 lists common industrial and environmental agents that have 
been associated with causing neuropathy. Most of them are rare. 
Arsenic poisoning can lead to an acute polyradiculoneuropathy 
which clinically looks strikingly similar to the acute inflammatory 
demyelinating polyneuropathy (AIDP) form of Guillain-Barré 
syndrome (GBS). Patients present with a gastrointestinal illness 
of vomiting, nausea, and diarrhea that is followed by a subacute 
ascending sensory and motor process producing weakness, 
areflexia, a severe length dependent sensory loss, and autonomic 
involvement. Patients typically have other organ involvement such 
as a cardiomyopathy, anemia, rash, hepatitis, and encephalopathy 
that should clue the physician to the unlikelihood of classic GBS. 
Testing for arsenic in the urine is more sensitive than blood levels, 
particularly several days after the poisoning. Mee’s lines are 
found in the fingernails of patients with acute arsenic poisoning, 
but the lines commonly do not appear for 6-8 weeks. Low level 
chronic arsenic poisoning results in a painful sensory and motor 
length dependent polyneuropathy that is indistinguishable from 
most other chronic neuropathies. Lead intoxication can cause a 
motor and sensory length dependent neuropathy or the clinical 
constellation of wrist and foot drop.

B12 DEFICIENCY MYELONEUROPATHY

B12 deficiency as a cause of polyneuropathy remains a common 
phenomenon. Patients typically present with a sensory neuropathy 
and a myelopathy called subacute combined degeneration 
(SCD), a term that is descriptive for the pathology of the dorsal 
column, cortical spinal tract, and peripheral nerve. Patients have 
loss of vibration and joint position sense in the toes and ankles, 
hyperreflexia in the upper extremities and knees, and absent 
ankle reflexes. Neuropathologically, patients have a large fiber 
neuropathy and atrophy of the dorsal column and the corticospinal 
tracts. Hematologic studies show a megaloblastic anemia with 
an elevated mean cell volume (MCV) and hypersegmented 
polymorphnuclear white blood cells (WBCs). Serum levels of 
B12 below100 pg/ml are diagnostic of B12 deficiency and levels 
between 100 and 200 are suggestive. Levels between 200 and 300 
should be considered suspicious for the diagnosis and should lead 
to further testing if the patient has a polyneuropathy. An elevated 
methylmalonic acid and homocysteine level helps to support the 
diagnosis. In years past, it was common to order a Schilling’s test 
to assess B12 absorption and the level of dysfunction in the gut. 
This practice has been supplanted by testing for methylmalonic 
and homocysteine levels. Treatment with B12 injections is thought 
to arrest disease progression and, in some instances, reverse some 
of the symptoms and signs of subacute combined degeneration. 
Patients with blind loop and other causes for B12 malabsorption 
may require treatments other than parenteral replacement.

Table 5 Paraproteinemias associated with polyneuropathy

Monoclonal gammopathy of undetermined significance (MGUS)
Multiple myeloma
Smoldering myeloma
Osteosclerotic myleoma

Solitary plasmacytoma
Multiple plasmacytomas

POEMS syndrome
Waldenstrom’s macroglobulinemia
Systemic amyloidosis
Cryoblobulinemia
Lymphoma

POEMS = a polyneuropathy in a patient with organomegaly, an endocrinopathy, a 
monoclonal protein, and skin changes

Table 6  Indications for nerve biopsy

Vasculitis
Amyloidosis
Hanson disease (leprosy)
Metachromatic leukodystrophy (MLD)
Fabry disease
Krabbe’s disease
Giant axonal neuropathy
Polyglucosan body disease
Tumor infiltration
Small fiber neuropathy

Table 4  Industrial and environmental toxic neuropathies

Heavy metals  Organophosphates
Arsenic   Triorthocresylphosphate
Cadmium   Miscellaneous
Mercury   Acrylamide
Lead   Buckthorn toxin
Thallium   Carbon disulfide
Hexacarbons  Ciguatera toxin
N-hexane   Diethyl glycol
Methyl-n-butylketone  Ethylene oxide
    Ethylene glycol
    Hexachorophene
    Methyl bromide
    Puffer fish toxin
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Copper deficiency is a recently described disorder which bears 
many similarities to subacute combined degeneration, although 
the condition is much less common than B12 deficiency. Patients 
manifest lower extremity paresthesia, leg weakness, gait ataxia, and 
spasticity, if the disease is severe or untreated for long periods. Similar 
to SCD, patients have a myelopathy and a peripheral neuropathy 
clinically and electrodiagnostically. The anemia associated with 
copper deficiency is microcytic and is associated with neutropenia 
and sometimes pancytopenia. Intravenous copper treatment 
reverses the hematologic, but not the neurologic, manifestations of 
the illness. Recently, several cases of copper deficiency neuropathy 
and anemia have been described in patients who have zinc toxicity, 
as high zinc levels lead to copper deficiency. Some of the patients 
were using large amounts of denture cream to secure their teeth and 
some denture creams are known to contain large amounts of zinc. 
Thus, all patients with low copper levels should be screened for 
zinc toxicity.

PARANEOPLASTIC NEUROPATHY

Paraneoplastic neuropathy refers to a neuropathy associated 
with the presence of a neoplasm in other areas of the body (a 
remote effect phenomenon). The most common paraneoplastic 
neuropathy is a length dependent sensory greater than motor 
polyneuropathy which is indistinguishable from other conditions 
giving this clinical picture. The less common, but earlier reported, 
neuropathy is the dorsal root ganglionopathy first reported by 
Denny Brown in 1948. This neuropathy manifests as a pure sensory 
neuronopathy affecting large and small fibers. The neuropathy 
often precedes the detection of the tumor by months to years. 
The neuropathy may be prominent enough to cause severe ataxia 
of gait and, in the severest form, chorioathetosis of the hands 
and arms. The majority of paraneoplastic sensory neuropathies 
are secondary to lung carcinomas. Approximately 65% are due 
to small cell (oat cell) carcinoma of the lung and another 13% 
from anaplastic, bronchial, and squamous cell carcinoma of the 
lung. Other neoplasms rarely causing a sensory neuronopathy 
include Hodgkin’s disease, reticulum cell sarcoma, epidermoid, 
esophageal, colon, breast, uterus, and synovium.

HIV infection

HIV infection can cause disease almost anywhere in the nervous 
system. Many types of neuropathies including mononeuropathies, 
mononeuritis multiplex, chronic sensory and motor axon loss 
neuropathies, GBS, and CIDP can be seen in the patients with 
HIV infection. For this reason, it is wise to check the HIV status 
of patients when initial screening does not reveal a cause. It is 
estimated that between 30 and 60% of HIV patients have a painful 
distal, predominantly sensory, polyneuropathy.

PARAPROTEINEMIAS

Paraproteinemia is a common cause of polyneuropathy. Kelly 
and colleagues showed that approximately 10% of patients 
with previously undiagnosed neuropathies were found to have 
a monoclonal protein. Table 5 lists the diseases that produce a 
paraprotein and each should be investigated in a patient with 
neuropathy and a paraproteinemia. The pathology can be axon 
loss or demyelinating. Monoclonal gammopathy of uncertain 

significance (MGUS) accounts for the etiology in more than 50% 
of these patients. A rare, but interesting, condition is POEMS 
syndrome. The latter eponym describes a polyneuropathy in a 
patient with organomegaly, an endocrinopathy, a monoclonal 
protein, and skin changes.

Patients with monoclonal proteins and a severe demyelinating 
neuropathy should be screened for osteosclerotic neuropathy a 
condition associated with single or multiple osteosclerotic lesions 
in the spine, pelvis, and the long bones of the arms and legs. The 
clinical and EDX features of the neuropathy suggest the diagnosis 
of CIDP and the neuropathy may precede the detection of the 
monoclonal protein. Treatment depends on whether the condition 
is solitary or multiple and the polyneuropathy may partially 
reverse after radiation therapy or chemotherapy.

GASTRIC BYPASS SURGERY

Neuropathies have been associated with nutritional factors, 
a relationship known for decades. A recent association is the 
neuropathy that arises after bariatric surgery. Thaisetthawatkul 
and colleagues reported their results from a review of 435 patients 
undergoing bariatric surgery at the Mayo Clinic. A polyneuropathy 
was observed in 27 patients, a mononeuropathy in 39, and a 
radiculoplexopathy in five. Risk factors for the neuropathy 
include the rate and amount of weight loss, the presence of 
prolonged gastrointestinal symptoms, failure to attend a nutrition 
clinic after surgery, a reduced albumin or transferrin after surgery, 
postoperative surgical complications requiring hospitalization, 
and a jejuno-ileal bypass procedure.

INFLAMMATORY POLYRADICULONEUROPATHIES

GBS is an acute or subacute polyradiculoneuropathy, typically 
observed in patients who were not previously ill and did not 
have a systemic illness predisposing them to a polyneuropathy. 
The disease most commonly begins 7-10 days after a seemingly 
benign viral infection of the respiratory or gastrointestinal system. 
The illness typically begins with paresthesias in the toes and feet 
which rapidly ascend proximally in the lower extremities and 
eventually to the  parathesis distal upper extremities. Within a few 
hours to days, the patient experiences weakness that progresses in 
the same pattern. The weakness varies from mild to quadriplegia 
and in approximately 30% of patients to diaphragmatic weakness, 
respiratory failure, and intubation. In 40% of patients, the 
weakness is proximal greater than distal, in keeping with the 
radicular component of the inflammatory polyradiculoneuropathy. 
Autonomic involvement is not uncommon and is manifested 
as unexplained bradycardia or tachycardia, hypotension or 
hypertension, profuse sweating, urinary retention, cool limbs, 
skin erythema, or blanching. Pain is observed in 40% of patients 
and tends to be localized to the lower back and posterior thighs.

The pathophysiology of GBS can vary from a pure demyelinating 
motor more than sensory polyradiculoneuropathy to a pure axon 
loss neuropathy (acute motor axonal neuropathy [AMAN]) to 
a pure axon loss motor and sensory neuropathy (AMSAN) to 
a pure sensory or autonomic neuropathy. Rare presentations of 
GBS include a paraparetic form, a pharyngeal–cervical–brachial 
form, and a presentation only affecting the upper extremities. 
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Fisher syndrome is a commonly diagnosed form of GBS in which 
patients develop over a few days ophthalmoplegia, areflexia, and 
ataxia.

Laboratory studies that support the diagnosis of GBS are an 
elevated spinal fluid protein in the setting of few or no WBCs, i.e., 
cytoalbumin dissociation and abnormal EDX results which can 
vary from normal to peripheral nerves that cannot be stimulated. 
A common electrophysiologic picture is one of multifocal 
demyelination. In this setting, patients have prolonged distal 
latencies, slowed conduction velocities, temporal dispersion, 
partial to complete conduction block in motor nerves, and 
prolonged or absent F waves. The diagnosis of GBS requires 
a high level of diagnostic suspicion when the spinal fluid 
protein is normal and the EDX findings are not classic for the 
condition. Treatment of GBS within the first 30 days should be 
either intravenous immunoglobulin (IVIg) or plasma exchange 
(plasmapheresis) unless the patient is ambulatory. Both therapies 
are considered equally efficacious.

CIDP is often considered in the same realm as GBS as both 
diseases share EDX and spinal fluid similarities. The prevalence 
of CIDP is 2-5 per 100,000 people, similar to GBS. Considering 
the monophasic presentation of GBS and the chronicity of CIDP, 
CIDP populates more outpatient clinic visits than GBS at most 
large neuromuscular centers. CIDP is the diagnosis reached in 
approximately 20% of patients who initially have an undiagnosed 
neuropathy and in 10% of patients referred to a tertiary care 
neurology clinic for presumed idiopathic neuropathy. CIDP by 
definition evolves over 2 or more months and often is present for 
months to years before the diagnosis is established. Patients have 
symmetric weakness in the arms and legs and, not uncommonly, 
the weakness is greater proximally than distally. Sensory findings 
are more common than in GBS, and they tend to affect large more 
than small fibers, so patients typically have more involvement 
of vibration, light touch, and joint position sense than pain and 
temperature. Deep tendon reflexes tend to be reduced or absent. 
The nerve biopsy may show demyelination, inflammation, or 
both, but large studies of nerve biopsies in CIDP show both 
phenomena in fewer than 50% of patients. There are now eight 
published criteria for CIDP, spanning the spectrum from the strict 
1991 AAN Ad Hoc committee criterion for CIDP for research 
studies, requiring specific EDX abnormalities and a nerve biopsy, 
to the most current criterion that does not absolutely require 
electrodiagnosis. Ten criteria have been published describing the 
EDX findings necessary to make the diagnosis of a multifocal 
demyelinating neuropathy. 

The spectrum of treatments for CIDP is broader than for GBS. 
Prednisone, IVIg, and plasma exchange have been shown to 
be effective in controlled studies. Other therapies have been 
tried such as azathioprine, cyclophosphamide, cyclosporine, 
mycophenylate mofetil, interferon, and rituximab with success 
in some patients. None of those immunosuppressants have been 
shown to be effective in large, placebo-controlled trials.

Approximately 15-20% of patients with CIDP have an associated 
monocloncal protein, usually of the IgG or IgA type. Treatment is 
often similar to CIDP.

LABORATORY TESTING

The goal of evaluating patients who present with polyneuropathy 
is to identify etiologies that are reversible or amenable to 
stabilization. Select tests may be used to detect and follow 
an illness and genetic testing can be useful for counseling of 
patients, their siblings, and children. Testing in phases, based on 
the frequency and probability of a disorder, yields a diagnosis 
more quickly and without expending valuable resources in many 
patients. Recently, England and associates reported their findings 
on the value of ordering tests for the evaluation of polyneuropathy. 
They determined that the evaluation of a serum B12 with 
metabolites, blood glucose, and serum protein electrophoresis with 
immunofixation yielded the highest benefit when testing patients 
who presented with a polyneuropathy. The yield of other studies 
dropped off rapidly. This author advocates a three phase approach 
to evaluating polyneuropathies beginning first with a complete 
blood count (CBC), comprehensive metabolic profile, B12, serum 
protein electrophoresis with immunofixation, sedimentation 
rate, and testing for glucose intolerance. If this testing does not 
render a diagnosis, he orders a B1 and B6 level, rheumatology 
screen, antinuclear antibody (ANA), anti-SSA, and anti-SSB, and 
sometimes other studies for connective tissue diseases. The third 
phase of testing is HIV testing, angiotensin-converting enzyme 
(ACE) level, paraneoplastic antibodies, 24 hour urine for heavy 
metals, a vitamin E and copper level, and testing for autoantibodies 
to axon and myelin proteins. Cerebrospinal fluid testing is reserved 
for those patients who might have an inflammatory neuropathy 
such as CIDP or GBS and in whom the diagnosis would be aided 
by this procedure.

Nerve biopsies are usually not necessary for the evaluation 
of the vast majority of patients with a distal length-dependent 
polyneuropathy. An etiologic diagnosis can be made in most patients 
without tissue. Often the sural nerve is biopsied, but the superficial 
peroneal nerve may be preferable in special circumstances and the 
radial sensory might be biopsied if symptoms are more prominent 
in the upper extremities. Some authors recommend obtaining 
adjacent muscle tissue when performing a sensory nerve biopsy 
as the two tissues sampled in the same surgical procedure increase 
substantially the yield for vasculitis. For this reason, biopsying the 
superficial peroneal sensory nerve and the adjacent gastrocnemius 
muscle can be a good choice in patients where a tissue diagnosis 
is needed.

Table 6 lists the indications for sensory nerve biopsy based 
on this author’s review of the neurologic literature. The most 
common indication is vasculitis. A small fiber neuropathy can be 
substantiated by sural or superficial peroneal sensory nerve biopsy 
or may be more easily established using quantitative sudomotor 
axon reflex testing (QSART) or skin biopsy for epidural nerve 
fiber density.

As the number of genetic defects in hereditable neuropathies 
increases, a need arises for an organized approach to ordering tests 
for inherited neuropathies. England and colleagues published a 
helpful algorithm for logically ordering genetic testing for patients 
with CMT and other suspected familial neuropathies. According 
to the algorithm, if an inherited neuropathy is suspected, the first 
tests ordered are NCSs and needle EMG. If the family history is 
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positive and the neuropathy appears to be demyelinating and the 
inherited pattern is autosomal dominant, then peripheral myelin 
protein 22 (PMP22) duplication testing should be ordered, and 
if negative, one would proceed to testing for myelin protein zero 
(MPZ) mutation and PMP22 mutation. The testing algorithm is 
different for recessive and sex-linked presentations and if the 
family history is negative.

ROLE OF ELECTRODIAGNOSTIC TESTING

NCSs and needle EMG are necessary and justifiable in many 
patients with polyneuropathy to help establish if a neuropathy 
is present, to determine whether the motor or sensory fibers are 
involved, and whether the process is axon loss, demyelinating, or 
both. They are also useful to document the areas of involvement 
(diffuse, focal, or multifocal), and whether the neuropathy 
documented by the NCSs parallels the clinical examination. The 
needle examination can help determine the age of the neuropathy 
primarily through the analysis of recruitment and the morphology 
of the motor unit action potentials. EDX testing can also be used 
to exclude disorders that mimic or complicate a neuropathy such 
as a polyradiculopathy, anterior horn cell disorder, mononeuritis 
multiplex, myelopathy, or neuromuscular junction abnormality. Not 
all patients with neuropathy require peripheral electrodiagnosis. 
This is often the case in patients with the classic presentation 
of a mild diabetic neuropathy or in patients with a small fiber 
neuropathy. Table 7 lists a sequence of testing that often defines 
the presence and type of polyneuropathy by evaluating a limited 
number of sensory and motor nerves. If requested to perform a 
screening evaluation for polyneuropathy, testing of the sural and 
peroneal nerves only, on one side, often suffices to rule out a large 
fiber neuropathy.

Appendix A classifies most polyneuropathies by their principle 
EDX features. Neuropathies are grouped by whether they are motor 
or sensory predominant, whether the demyelination is uniform or 
multifocal or whether axon loss is the primary pathologic feature, 
and if both processes are present.

SUMMARY

In summary, determining an etiology for a diffuse polyneuropathy 
requires a thorough history, looking for conditions that cause or 
predispose to neuropathy, a detailed examination, and a logical 
sequence of testing for potentially treatable and reversible causes. 
Once a precise diagnosis is made, treatment is directed toward 
that condition, based on known established therapies and review 
of the current neurologic literature.

BIBLIOGRAPHY

1. Bosboom WMJ, van den Berg LH, Franssen H, et al. Diagnostic 
value of sural nerve demyelination in chronic inflammatory 
demyelinating polyneuropathy. Brain 2001;124:2427-2438.

2. Brown WV. Safety of statins. Curr Opin Lipidol 2008;19:558-562.
3. Cowe CC, Rust KF, Ford ES, et al. Full accounting of diabetes and 

pre-diabetes in the US population in 1988-1994 and 2005-2006. 
Diabetes Care 2009;32:287-294.

4. Delalande S, de Seze J, Fauchais AL, et al. Neurologic manifestations 
in primary Sjögren’s syndrome: a study of 82 patients. Medicine 
2004;83:280-291.

5. Denny-Brown D. Primary sensory neuropathy with muscular 
changes associated with carcinoma. J Neurol Neurosurg Psychiatry 
1948;11:73-87.

6. Donofrio PD. Drug-related neuropathies. In: Brown WF, Bolton 
CF, Aminoff MJ, eds. Neuromuscular function and disease. Basic, 
clinical and electrodiagnostic aspects, Vol. 2. Philadelphia: WB 
Saunders Co; 2002. Ch. 62.

7. Donofrio PD, Albers JW. AAEM minimonograph #34: 
polyneuropathy: classification by nerve conduction studies and 
electromyography. Muscle Nerve 1990;13:889-903.

8. Donofrio PD, Albers JW, Greenberg HS, Mitchell BS. Peripheral 
neuropathy in osteosclerotic myeloma: clinical and electrodiagnostic 
improvement with chemotherapy. Muscle Nerve 1984;7;137-141.

9. Donofrio PD, Wilbourn AJ, Albers JW, Rogers L, Salanga V, 
Greenberg HS. Acute arsenic intoxication presenting as Guillain-
Barré-like syndrome. Muscle Nerve 1987;10:114-120.

10. Dyck PJ, Kratz KM, Karnes JL, et al. The prevalence by staged 
severity of various types of diabetic neuropathy, retinopathy, and 
nephropathy in a population-based cohort: the Rochester Diabetic 
Study. Neurology 1993;43:817-824.

11. Dyck PJ, Oviatt KF, Lambert EH. Intensive evaluation of referred 
unclassified neuropathies yields improved diagnosis. Ann Neurol 
1981;10:222-226.

12. Dyck PJ, Litchy WJ, Kratz KM, et al. A plasma exchange 
versus immune globulin infusion trial in chronic inflammatory 
demyelinating polyradiculoneuropathy. Ann Neurol 1994;36:838-
845.

13. England JD, Gronseth GS, Franklin G, et al. Distal symmetric 
polyneuropathy: a definition for clinical research: Report of the 

Strategy differs depending upon severity of the suspected 
neuropathy

If mild or moderate, test most involved site
If severe, test least involved site
Peroneal motor nerve (extensor digitorum brevis muscle). If no 

response, study:
Tibial motor nerve (abductor hallucis muscle)
If no peroneal or tibial responses are recorded, study:
Peroneal motor nerve, recording from the anterior tibial muscle
Ulnar motor nerve (abductor digit minimi muscle)
Median motor nerve (abductor pollicis brevis muscle)
Sural sensory nerve (ankle)
Median sensory nerve (index finger)
Test additional nerves if findings equivocal (e.g., radial sensory, 

musculocutaneous)
Definite abnormalities should result in testing of:
Opposite extremity
Evaluation of suspected superimposed focal or multifocal process

Modified from Donofrio PD, Albers JW.7

Table 7.  Proposed electrodiagnostic studies in evaluating neuropathy



23

BASICS WITH THE EXPERTS

Appendix A  Neuropathy classification based on electrodiagnostic findings

Motor greater than sensory, uniform 
conduction slowing

Amiodarone
Charcot-Marie-Tooth disease type I (hereditary 

motor sensory neuropathy type I)
Cytosine arabinoside (ara-C)
Dejerine-Sottas disease (hereditary motor sensory 

neuropathy type III)
Hexacarbons
Perhexiline maleate
Sodium channel blockers
Motor greater than sensory, multifocal 

conduction slowing
Arsenic (acute intoxication)
Guillain-Barré syndrome (GBS)
Subacute inflammatory demyelinating 

polyneuropathy (SIDP)
Chronic inflammatory demyelinating 

polyradiculoneuropathy (CIDP)
Chronic disimmune polyneuropathy

Monoclonal gammopathy of undetermined 
significance (MGUS)

Osteosclerotic myeloma
Multiple myeloma (substantial proportions are 

axonal)
Systemic lupus erythematous
Waldenstrom's macroglobulinemia
Gamma heavy chain disease
Cryoglobulinemia
Castleman’s disease
Lymphoma
Carcinoma
Human immunodeficiency virus

Multifocal motor neuropathy (MMN) with 
conduction block

Sensory, Axonal Loss
Cisplatin
Congenital
Metronidazole 
Paraneoplastic sensory neuronopathy
Pyridoxine toxicity
Sjögren’s syndrome
Styrene poisoning
Thalidomide

Motor or motor greater than sensory, axonal loss
Axonal form of Charcot-Marie-Tooth disease 

(hereditary motor sensory neuropathy type II)
Dapsone toxicity
Disulfiram toxicity
Acute motor axonal neuropathy (AMAN)
Acute motor sensory axonal neuropathy (AMSAN)
Hyperinsulinism
Nitrofurantoin toxicity
Organophosphate poisoning
Porphyria
Paraneoplastic motor neuropathy (lymphoma or 

carcinoma)
Vincristine toxicity
Sensory greater than motor, axonal loss
Acromegaly
Amyloidosis
Chronic illness neuropathy
Connective tissue diseases

Rheumatoid arthritis
Periarteritis nodosa 
Churg-Strauss vasculitis

Degenerative disorders
Friedreich’s ataxia
Olivopontocerebellar

Gout
Hypothyroidism
Metals

Arsenic (chronic)
Gold
Lithium
Mercury

Multiple myeloma
Myotonic dystrophy
Nutritional

B12 deficiency
Folate deficiency
Post-gastrectomy
Thiamine deficiency

Pharmaceuticals
Amiodarone
Amitriptyline
Chloroquine
Colchicine
Ethambutol
Gold
Hydralazine
Isonicotine hydrazine (INH)
Lithium
Nitrous oxide
Phenytoin
Sulfapyridine
Sulfasalazine
Statins
Thalidomide
Thallium
Vincristine

Polycythemia vera
Sarcoidosis
Toxic

Acrylamide
Carbon disulfide
Ethyl alcohol
Hexacarbons (glue sniffing)
Organophosphorous esters

Mixed sensory and motor, conduction slowing 
and axonal loss

Diabetes mellitus
End-stage renal disease
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INTRODUCTION

Cervical and lumbosacral radiculopathies are conditions involving 
a pathological process affecting the spinal nerve root. Commonly, 
this is a herniated nucleus pulposis that anatomically compresses 
a nerve root within the spinal canal. Another common etiology for 
radiculopathy is spinal stenosis resulting from a combination of  
degenerative spondylosis, ligament hypertrophy, and spondylolis-
thesis. Inflammatory radiculitis is another pathophysiological 
process that can cause radiculopathy. It is important to remember, 
however, that other more ominous processes such as malignancy 
and infection can manifest the same symptoms and signs of ra-
diculopathy as the more common causes.

This manuscript deals with the clinical approach used in an  
electrodiagnostic (EDX) laboratory to evaluate a person with neck 
pain, lumbar spine pain, or limb symptoms which are suggestive 
of radiculopathy. Given the large differential diagnosis for these 
symptoms, it is important for EDX physicians to develop a conceptual 
framework for evaluating these referrals with a standard focused 
history and physical examination and a tailored EDX approach. 
Accurately identifying radiculopathy by EDX whenever possible 
provides valuable information for treatment and minimizes other 
invasive and expensive diagnostic and therapeutic procedures.

SPINE AND NERVE ROOT ANATOMY: DEVIATIONS 
FROM THE EXPECTED

The anatomy of the bony spine, supporting ligamentous 
structures, and neural elements provides a unique biomechanical 
system that allows tremendous strength, yet flexibility. The  
interested reader can consult standard anatomy texts for further 

discussions. The important structural issues that relate to 
radiculopathy are addressed in this manuscript.

In the lumbar spine, the attachment and shape of the posterior 
longitudinal ligament predisposes the nucleus pulposis to  
herniation in a posterolateral direction where it is the weakest. The 
dorsal root ganglion (DRG) lies in the intervertebral foramen and 
this anatomical arrangement poses major implications for clinical 
EDX of radiculopathy. Intraspinal lesions can cause weakness due 
to their effects on the motor axons which originate in the anterior 
and lateral gray matter and pass through the lumbar spine as spinal 
roots. These roots form the “cauda equina,” or horse’s tail, the name 
used to describe this anatomic structure. Intraspinal lesions can 
also produce sensory loss by damaging the dorsal roots, which are 
composed of central processes from the sensory nerve cell bodies in 
the DRG, as they project to the spinal cord. Electrophysiologically, 
severe axonal damage intraspinally results in spontaneous activity 
on needle electromyography (EMG) and possibly reduced 
compound muscle action potentials (CMAPs). However, the 
sensory nerve action potentials (SNAPs) are preserved. This  
anatomical relationship provides a mechanism for further confirming 
whether or not a lesion is radicular (intraspinal) or on the periphery. 
A destructive intramedullary (spinal cord) lesion at T11 can produce 
EMG findings in muscles innervated by any of the lumbosacral nerve 
roots and manifest the precise findings on needle EMG as those seen 
with a herniated nucleus pulposis at any of the lumbar disc levels.

For this reason, the EDX physician cannot determine for certain the 
anatomic location of the lumbar intraspinal lesion producing distal 
muscle EMG findings in the lower limbs. EMG can only identify the 
root or roots that are physiologically involved, but not the precise 
anatomic site of pathology within the lumbar spinal canal.
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Radiculopathies
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In a prospective study of 100 patients with lumbosacral 
radiculopathy who underwent lumbar laminectomy, EMG 
precisely identified the involved root level 84% of the time.68 
EMG failed to accurately identify the compressed root in 16% of 
patients. However, at least half of the failures were attributable 
to anomalies of innervation. Another component to this study 
involved stimulating the nerve roots intraoperatively with 
simultaneous recording of muscle activity in the lower limb using 
surface electrodes. These investigators demonstrated variations in 
root innervations, such as the L5 root innervating the soleus and 
medial gastrocnemius in 16% of a sample of 50 patients. Most 
subjects demonstrated dual innervations for most muscles.68

Regarding the cervical nerve roots and the brachial plexus, there 
are many anatomic variations. Perneczky described an anatomic 
study of 40 cadavers where in all cases there were deviations 
from accepted cervical root and brachial plexus anatomy.47 Levin, 
Maggiano, and Wilbourn examined the pattern of abnormalities 
on EMG in 50 cases of surgically proven cervical root lesions.39 A 
range of needle EMG patterns was found with EMG demonstrating 
less specificity for the C6 root level, but more specificity and 
consistent patterns for C8, C7, and C5 radiculopathies. In subjects 
with C6 radiculopathies, half the patients showed findings similar 
to those with C5 radiculopathies and the other half demonstrated 
C7 patterns.

These findings underscore the limitations of precise localization 
for root lesions by EMG. The EDX physician should maintain an 
understanding of these anatomic variations to better convey the 
level of certainty with respect to diagnostic conclusions.

COMMON MUSCULOSKELETAL DISORDERS 
MIMICKING CERVICAL RADICULOPATHY 

The symptoms of radiculopathy are often nondescript and not 
specific for radiculopathy. Many other neurologic and musculosk-
eletal conditions can produce pain, weakness, and sensory symp-
toms. In addition to the standard peripheral neurologic examina-
tion, one of the most helpful maneuvers is to ask the patient where 

it hurts, then carefully palpate that area. If pain is reproduced by 
this palpation then the examiner should have a heightened sus-
picion for a musculoskeletal disorder. However, whereas a mus-
culoskeletal disorder identified on examination makes a normal 
EDX study more likely, the presence of a musculoskeletal dis-
order does not exclude an abnormal EDX study with reliability 
or specificity. Common musculoskeletal disorders that produce 
symptoms similar to those produced by a cervical radiculopathy 
are shown in Table 1.

Shoulder impingement, lateral epicondylitis, and de Quervain’s 
tenosynovitis are easily identifiable conditions that are 
extraordinarily common. Even with a positive EDX test showing 
an entrapment neuropathy or radiculopathy, treatment of a 
concomitant musculoskeletal disorder can often improve overall 
symptoms.

Common entrapment neuropathies can present with symptoms 
similar to radiculopathy. Median neuropathy at the wrist and ulnar 
neuropathy at the elbow are common conditions for which patients 
are referred for EDX, and complicate the EDX assessment for 
radiculopathy. Plexopathies such as idiopathic brachial neuritis 
can pose diagnostic dilemmas for the EDX consultant as pain, 
weakness, and sensory loss are all common symptoms in both 
plexopathies and radiculopathies.

COMMON MUSCULOSKELETAL DISORDERS 
MIMICKING LUMBOSACRAL RADICULOPATHY

Conditions that present with symptoms similar to those of 
lumbosacral radiculopathy are shown in Table 2. In this author’s 
opinion, one of the most readily treatable, yet under-recognized 
conditions is trochanteric bursitis and illiotibial band syndrome. 
The illiotibial band originates at the illiac crest and has tendinous 
contributions from the gluteus maximus and tensor fascia latae. It 
runs the length of the thigh and crosses the knee joint inserting on 
the lateral condyle of the tibia. This band is part of the fascia lata, 
a layer of dense strong connective tissue enveloping the thigh like 
a stocking. It is extremely strong laterally where it becomes the 

Table 1.   Musculoskeletal conditions that commonly mimic cervical radiculopathy

Condition    Clinical symptoms/signs

Fibromyalgia syndrome   Pain all over, female predominance, often sleep problems, tender to palpation in  
     multiple areas
Polymyalgia rheumatica   >50 years old, pain and stiffness in neck shoulders and hips, high ESR
Sternoclavicular joint arthropathy  Pain in anterior chest, pain with shoulder movement (adduction), pain on direct 
     palpation
Acromioclavicular joint arthropathy  Pain in anterior chest, pain with shoulder movement (adduction), pain on direct  
     palpation
Shoulder bursitis, impingement syndrome,  Pain with palpation, positive impingement signs, pain in C5 distribution 
     bicipital tendonitis
Lateral epicondylitis “tennis elbow” Pain in lateral forearm, pain with palpation and resisted wrist extension
De Quervain’s tenosynovitis  Lateral wrist and forearm pain, tender at abductor pollicis longus or extensor pollicis 
     brevis tendons, positive Finkelstein test
Trigger finger, stenosing tenosynovitis  Intermittent pain and locking of a digit in flexion 
     of finger flexor tendons

ESR = erythrocyte sedimentation rate
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illiotibial band. Where it crosses the hip, trochanteric bursitis can 
occur. The lateral femoral condyle of the knee can also be a site of 
tendinitis as well, particularly in runners. Trochanteric bursitis and 
illiotibial band syndrome are two conditions which respond well 
to corticosteroid injections and a rehabilitation program aimed 
at stretching this musculotendinous band. They are commonly 
mistaken for lumbosacral radiculopathy.

Pain at the bottom of the foot with symptoms of burning and 
tingling is frequently plantar fasciitis. Dorsiflexing the foot and 
palpating the plantar fascia will identify taut painful tendinous 
bands if plantar fasciitis is present.

Neuralgic amyotrophy from diabetes is a condition that is often 
difficult to distinguish from lumbosacral radiculopathy. It often 
presents with thigh pain and on EMG appears more like proximal 
lumbosacral plexus mononeuropathies with frequent involvement 
of the femoral nerve. Diabetic thoracic radiculopathy is a distinct 
syndrome with abdominal wall or thoracic wall pain, and weight 
loss, but has a good prognosis. In diabetic thoracic radiculopathy, 
intra-abdominal and intra-thoracic conditions must first be 
excluded. The EMG findings of denervation in the abdominal or 
thoracic wall musculature are consistent with this clinical entity.
Mononeuropathies such as peroneal, tibial, and femoral, pose 
diagnostic challenges and the EDX consultant should sample 

enough muscles with EMG in different peripheral nerve 
distributions to confirm that findings are not localized to a 
particular peripheral nerve distribution.

PHYSICAL EXAMINATION

The EDX examination is an extension of the standard clinical 
examination. The history and physical examination are vital initial 
steps in determining what conditions may be causing the patient’s 
symptoms. Most radiculopathies present with symptoms in one 
limb. Multiple radiculopathies such as are seen in cervical spinal 
stenosis or lumbar stenosis, may cause symptoms in more than 
one limb. A focused neuromuscular examination that assesses 
strength, reflexes, and sensation in the affected limb and the 
contralateral limb provides a framework for EDX assessment.

An algorithmic approach to utilizing physical examination and 
symptom information to tailor the EDX evaluation is shown in 
Figure 1. In this approach, the patient’s symptoms, and physical 
examination signs of sensory loss and weakness create a conceptual 
framework for approaching these sometimes daunting problems. 
Admittedly, there are many exceptions to this approach with 
considerable overlap in conditions which might fall in multiple 
categories. Radiculopathies and entrapment neuropathies are 
examples of such conditions with a variety of clinical presentations 

Figure 1  Algorithmic approach to structuring the electrodiagnostic examination based upon physical examination signs and the location of the patient’s 
symptoms. Focal symptoms refer to single limb symptoms whereas generalized symptoms are present when the patient complains of symptoms affecting more  
than one limb. 
(Modified from Dillingham tr. Electrodiagnostic approach to patients with suspected radiculopathy. Phys Med rehabil Clin n Am 2002;13:567-588, with 
permission.)
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and physical examination findings, such that they are included in 
both focal symptom categories with and without sensory loss. In 
the case of a person with lumbosacral radiculopathy, a positive 
straight leg raise test may be noted in the absence of motor, 
reflex, or sensory changes. Conditions such as myopathies and 
polyneuropathies better fit this algorithmic approach given that 
symptoms and physical examination signs are somewhat more 
specific. Figure 1 also contains musculoskeletal disorders and denotes 
how they fall into this conceptual framework. The EDX physician 
must be willing to modify the EDX examination in response to 
nerve conduction and EMG findings and adjust the focus of the 
examination in light of new information.

The implications of symptoms and signs on EDX findings were 
investigated by Lauder and colleagues for cohorts of patients 
with upper or lower limb symptoms as well suspected cervical 
and lumbosacral radiculopathies.35,36 Even though physical 
examination findings were better at predicting who would have 
a radiculopathy, many patients with normal examinations had 
abnormal EMG studies, indicating that clinicians should not 
curtail EDX testing simply because the physical examination is 
normal. For lower limb symptoms, loss of a reflex or weakness 
dramatically increased the likelihood of having a radiculopathy by 
EMG. Losing the Achilles reflex for instance, resulted in an odds 
ratio of 8.4 (p<0.01)—8 times the likelihood of having a radiculopathy 
(S1 level) by EMG with this physical examination finding.35 Weakness 
in any leg muscle group resulted in about 2.5 times greater chance 
of identifying a lumbosacral radiculopathy on EMG.35

Similar findings were noted for upper limb symptoms. For instance, 
if a reflex was lost or weakness was noted, the likelihood of having 
a cervical radiculopathy confirmed by EMG was about 4 times 
more likely.36 Combinations of findings, particularly weakness 
plus reflex changes, resulted in a 9-fold greater likelihood of 
cervical radiculopathy.36

Cannon and colleagues5a examined the ability of physical 
examination and delineation of upper limb musculoskeletal 
disorders (myofascial pain, shoulder impingement, lateral 

epicondylitis, deQuervain’s tenosynovitis) to predict the 
outcomes of EDX testing (normal study, cervical radiculopathy, 
or another EDX-confirmed diagnosis). They found that the 
total prevalence of musculoskeletal disorders was 42%. The 
prevalence in those with a normal study was 69%, compared to 
29% in those with cervical radiculopathy (p<0.0001) and 45% 
in those with another diagnosis (p=0.02). While the prevalence 
of certain musculoskeletal disorders made having a normal EDX 
evaluation significantly more likely, the high prevalence among 
both patients with normal studies and those with radiculopathy 
and other disorders limited the usefulness of this information in 
precisely predicting study outcome. Consequently the presence of 
upper limb musculoskeletal disorders should not preclude EDX 
testing when it is otherwise indicated.

These investigators found similar results for the lower limb.5b 
In a sample of 170 referred patients for suspected lumbosacral 
radiculopathy, they found the total prevalence of musculoskeletal 
disorders (myofascial pain, trochanteric bursitis/illiotibial band 
syndrome, or plantar fasciitis) in the sample was 32%. The 
prevalence in those with a normal study was 55%, compared 
to 21% in those with lumbosacral radiculopathy (p<0.0001). 
As in the case for suspected cervical radiculopathy, the high 
prevalence among both patients with normal studies and those 
with radiculopathy and other disorders limits the usefulness 
of this information in predicting study outcome. Because it is 
common for patients to have two or more problems, the presence 
of a musculoskeletal disorder should not preclude EDX testing 
when radiculopathy is suspected.5b

Guidelines for Radiculopathy Evaluation

The American Association of Neuromuscular & Electrodiagnostic 
Medicine’s (AANEM) guidelines recommend that for an optimal 
evaluation of a patient with suspected radiculopathy, a needle 
EMG screen of a sufficient number of muscles and at least one 
motor and one sensory nerve conduction study (NCS) should 
be performed in the involved limb.1 The NCSs are necessary to 
exclude polyneuropathy. The sufficiency of the EMG screen and 

Condition      Clinical symptoms/signs
Fibromyalgia syndrome and polymyalgia rheumatica   As in Table 1
Hip arthritis      Pain in groin, anterior thigh, pain with weight bearing, positive 
       Patrick’s test
Trochanteric bursitis     Lateral hip pain, pain with palpation on lateral and posterior hip
Illiotibial band syndrome     Pain along outer thigh, pain with palpation
Knee arthritis      Pain with weight bearing
Patellofemoral pain     Anterior knee pain, worsen with prolonged sitting
Pes anserinus bursitis     Medial proximal tibia pain, tender to palpation
Hamstring tendinitis, chronic strain    Posterior knee and thigh pain, can mimic positive straight leg raise, 
       common in runners
Baker’s cyst      Posterior knee pain and swelling
Plantar fasciitis      Pain in sole of foot, worsened with weight bearing activities, tender 
       to palpation
Gastrocnemius-soleus tendinitis     Calf pain, worsened with sports activities, usually limited range of 
       motion compared to asymptomatic limb, chronic strain

Table 2.  Common musculoskeletal disorders mimicking lumbosacral radiculopathy
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a recommended number of muscles is discussed in detail below. 
An EMG study is considered confirmatory for a radiculopathy if 
EMG abnormalities are found in two or more muscles innervated 
by the same nerve root and different peripheral nerves, yet muscles 
innervated by adjacent nerve roots are normal.66 This definition 
assumes that other generalized conditions such as polyneuropathy 
are not present.

Bilateral limbs are often necessary to study, particularly if a single 
limb shows EMG findings suggestive of radiculopathy and the 
patient has symptoms in both the studied and the contralateral limb. 
If bilateral limbs are involved, the EDX physician should have a 
low threshold for studying selected muscles in an upper limb (if 
the lower limbs are abnormal on EMG) or a lower limb (if both 
upper limbs are abnormal), to exclude a generalized process such 
as polyneuropathy or motor neuron disease. Likewise, additional 
NCSs are appropriate to exclude other suspected conditions and 
the EDX consultant should have a low threshold for expanding the 
study.

H REFLEXES, F WAVES, AND NCSs

NCSs, H reflexes, and F waves are not very useful for 
confirming radiculopathy. They are useful, however, to exclude 
polyneuropathy or mononeuropathies.

H Reflexes

H reflexes have commonly been used to determine whether a 
radiculopathy demonstrates S1 involvement.65 It is a monosynaptic 
reflex that is an S1 mediated response and can differentiate 
to some extent L5 from S1 radiculopathy. Many researchers 
have evaluated their sensitivity and specificity with respect to 
lumbosacral radiculopathies and generally found a range of 
sensitivities from 32-88%.31,38,40,43,51,66 However, many of these 
studies suffered from lack of a control group, imprecise inclusion 
criteria, or small sample sizes.

Marin and colleagues43 prospectively examined the H reflex and 
the extensor digitorum brevis reflex in 53 normal subjects, 17 
patients with L5, and 18 patients with S1 radiculopathy. Patients 
included in the study had all of the following: (1) radiating low 
back pain into the leg; (2) reduced sensation or weakness or 
positive straight leg raise test; and (3) either EMG evidence of 
radiculopathy or structural causes of radiculopathy on magnetic 
resonance imaging (MRI) or computed tomography (CT) imaging. 
The H-reflex maximal side-to-side latency difference was 1.8 ms 
as derived from the normal group. They analyzed the sensitivity 
of the H reflex for side-to-side differences greater than 1.8 ms or a 
unilaterally absent H reflex on the affected side. The H reflex only 
demonstrated a 50% sensitivity for S1 radiculopathy and 6% for 
L5 radiculopathy, but had a 91% specificity. Amplitudes were not 
assessed in this study. These results suggest that the H reflex has a 
low sensitivity for S1 root level involvement.

H reflexes may be useful to identify subtle S1 radiculopathy, yet 
there are a number of shortcomings related to these responses. 
They can be normal with radiculopathies,43 and because they 
are mediated over such a long physiological pathway, they 
can be abnormal due to polyneuropathy, sciatic neuropathy, 

Table 3.   Selected studies evaluating the sensitivity of EMG relative to 
various “gold standards.” unless otherwise stated the EMG parameters 
used in sensitivity calculations were fibrillation potentials.

Study  Sample Gold        Emg  
  size standard     sensitivity

LUMBOSACRAL  
(RADICULOPATHY)

Weber and Albert64 42 Clinical + Imaging  60% 
      HNP

Nardin and colleagues45 47 Clinical 55%

Kuruoglu and colleagues31 100 Clinical 86%

Khatri and colleagues28 95 Clinical 64%

Tonzola and colleagues62 57 Clinical 49%

Schoedinger53  100 Surgically proven 56%

Knutsson27 206 Surgically proven 79%

Young and colleagues68 100 Clinical and imaging 84% *

Linden and Berlit40 19 Myelography and CT 78% 

LUMBOSACRAL  
(SPINAL STENOSIS)

Hall and colleagues24 68 Clinical + myelogram 92%

Johnson and colleagues27 64 Clinical + myelogram 88% †

CERVICAL 
(RADICULOPATHY)

Berger and colleagues2 18 Clinical 61%

Partanen and colleagues46 77 Intraoperative 67%

Leblhuber and colleagues38 24 Clinical + myelogram 67%

So and colleagues56 14 Clinical 71%

Yiannikas and  20 Clinical and/ 50% 
colleagues67       or radiographic

Tackman and Radu59 20 Clinical 95%

Hong, Lee, and Lum25 108 Clinical 51%

* Both fibrillations or large motor units >8 mv were  
 considered positive. 
† This study assessed EMG parameters and used 
 quantitative EMG with a unique grading scale not used in  
 clinical practice. Fibrillations were infrequent. This limits the  
 generalizability of this otherwise strong study.

Ct = computerized tomography; EMG = electromyography; hnP = 
herniated nucleus pulposis

or plexopathy.66 They are most useful in the assessment for 
polyneuropathy.

In order to interpret a latency or amplitude value and render a 
judgement as to the probability that it is abnormal, precise 
population-based normative values encompassing a large age- 
range of normal subjects must be available for NCS comparisons. 
Falco and colleagues18 demonstrated in a group of healthy elderly 
subjects (60-88 years old), that the tibial H reflex was present and 
recorded bilaterally in 92%. Most elderly subjects are expected to 
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have normal H-reflex studies and when abnormalities are found 
in these persons, the EDX consultant should critically evaluate 
these findings and the clinical scenario before attributing H-reflex 
abnormalities to the aging process.

F Waves

F waves are late responses involving the motor axons and axonal 
pool at the spinal cord level. They can be assessed and classified 
by using the minimal latency, mean latency, and chronodispersion 
or scatter.66 As in the case of H reflexes, they demonstrate low 
sensitivities and are not specific for radiculopathy, rather they are 
a better screen for polyneuropathy. Published sensitivities range 
from 13-69%, however these studies suffer from many of the 
shortcomings described for H-reflex studies.31,52,59

London and England41 reported two cases of persons with 
neurogenic claudication from lumbosacral spinal stenosis. They 
demonstrated that the F-wave responses could be reversibly 
changed after 15 minutes of ambulation which provoked 
symptoms. This suggested an ischemia-induced conduction block 
in proximal motor neurons. A larger scale study of this type might 
find a use for F waves in the identification of lumbosacral spinal 
stenosis and delineate neurogenic from vascular claudication.

Motor and Sensory NCSs

Standard motor and sensory NCSs may not be helpful in 
identifying a cervical or lumbosacral radiculopathy, however they 
should be performed to screen for polyneuropathy and exclude 
common entrapment neuropathies if the patient’s symptoms could 
be explained by a focal entrapment.

Plexopathies often pose a diagnostic challenge, as they are similar 
to radiculopathies in symptoms and signs. In order to distinguish 
plexopathy from radiculopathy, sensory responses which are 
accessible in a limb should be tested. In plexopathy, they are 
likely to be reduced in amplitude, whereas in radiculopathy they 
are generally normal. If substantial axonal loss has occurred at 
the root level, the CMAP recorded in muscles innervated by that 
root may be reduced in both plexopathies and radiculopathies. 
This is usually when severe axonal loss has occurred such as with 
cauda equina lesions or penetrating trauma that severely injures 
a nerve root. The distal motor latencies and conduction velocities 
are usually preserved as they reflect the fastest conducting  
nerve fibers.66

SOMATOSENSORY EVOKED POTENTIALS, 
DERMATOMAL SOMATOSENSORY EVOKED 
POTENTIALS, AND MAGNETIC EVOKED 
POTENTIALS

The AANEM guidelines examined the literature and concluded 
that somatosensory evoked potentials (SEPs) may be useful 
for cervical spondylosis with cord compression. Likewise, in 
lumbosacral spinal stenosis, dermatomal somatosensory evoked 
potentials (DSEPs) may be useful in defining levels of deficits.1

Physiological evidence of multiple or single root involvement in 
lumbosacral spinal stenosis can be documented with DESPs and 

may be useful in the case where spinal canal narrowing is minimal 
and the patient has symptoms. This testing also complements 
standard needle EMG. Snowden and colleagues found that for 
single and multilevel lumbosacral spinal stenosis, DSEPs revealed 
78% sensitivity relative to spinal imaging.55 In this well-designed 
prospective study, DSEP criteria as well as inclusion criteria 
were precisely defined. The predictive value for a positive test  
was 93%.

Yiannikas, Shahani, and Young demonstrated that SEPs may be 
useful for cervical myelopathy.67 In this study, in 10 patients with 
clinical signs of myelopathy, all 10 had abnormal peroneal SEPs 
and 7 had abnormal median SEPs. 

Maertens de Noordhout and colleagues examined motor and 
SEPs in 55 persons with unequivocal signs and symptoms of 
cervical spinal myelopathy.42 In this group 87% showed gait 
disturbances, and 82% showed hyperreflexia. MRI was not 
the diagnostic standard as these authors felt that MRI was 
prone to overdiagnosis; metrizamide myelography showed 
unequivocal signs of cervical cord compression for all patients. 
Magnetic stimulation of the cortex was performed and the 
responses measured with surface electrodes. In these subjects 
89% demonstrated abnormalities in motor evoked potentials 
(MEP) to the first dorsal interosseus muscle and 93% had one 
MEP abnormality. At least one SEP abnormality was noted in 
73%. This study demonstrated the potential usefulness of these 
techniques for identifying subtle cord compression.

Tavy and colleagues examined whether MEPs or SEPs assisted 
in identifying persons with radiological evidence of cervical 
cord compression but who were without clinical markers for 
myelopathy.60 All patients had clinical symptoms of cervical 
radiculopathy, but not myelopathy. In this group MEPs were 
normal in 92% and SEPs were normal in 96%. These investigators 
concluded that MEPs and SEPs are normal in most cases of 
persons with asymptomatic cervical stenosis. This indicates 
that abnormal MEPs and SEPs are likely to be true positive 
findings and not false positives related to mild asymptomatic 
cord compression. It is important to remember that cervical 
spondylosis is a process that causes a continuum of problems 
including both radiculopathy and myelopathy.

The inherent variability and difficulty in determinations 
as to what constitutes normal evoked potentials prompted 
investigation. Dumitru and colleagues examined the variations 
in latencies with SEPs.17 In 29 normal subjects, they examined 
the ipsilateral intertrial variations, arithmetic mean side-to-side 
differences and maximum potential side-to-side differences with 
stimulation of the superficial peroneal sensory nerve, sural nerve 
and L5 and S1 dermatomes with respect to P1 and N1 latencies 
and peak-to-peak amplitudes. Considerable ipsilateral intertrial 
variation was observed and side-to-side comparisons revealed 
a further increase in this inherent variation regarding the above 
measured parameters. They suggested an additional parameter 
with which to evaluate SEPs: the maximum side-to-side latency 
difference. 

Dumitru and colleagues, in a study involving persons with 
unilateral and unilevel L5 and S1 radiculopathies, evaluated 
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dermatomal and segmental SEPs.15 History, physical 
examination, imaging studies, and EDX medicine evaluations 
clearly defined patients with unilateral/unilevel L5 or S1 nerve 
root compromise. Regression equation analysis for cortical 
P1 latencies evaluating age and height based on comparable 
patient and control reference populations revealed segmental 
and dermatomal sensitivities for L5 radiculopathies to be 70% 
and 50%, respectively, at 90% confidence intervals. Similar 
sensitivities were obtained for 2 standard deviation mean 
cortical P1 latencies. Side-to-side cortical P1 latency difference 
data revealed segmental and dermatomal sensitivities for S1 
radiculopathies to be 50% and 10%, respectively, at 2 standard 
deviations. These investigators questioned the clinical utility 
of both segmental and dermatomal SEPs in the evaluation of 
patients with suspected unilateral/unilevel L5 and S1 nerve root 
compromise, finding little utility for these tests in persons with 
single level lumbosacral radiculopathy.

PURPOSE OF EDX TESTING

EDX testing is expensive and uncomfortable for patients, therefore, 
it is important to understand why it is performed and the expected 
outcomes. EDX testing serves several important purposes:

It effectively excludes other conditions that mimic • 
radiculopathy such as polyneuropathy or entrapment 
neuropathy. Haig and colleagues demonstrated that the 
referring diagnostic impression is often altered with EDX 
testing.23

EDX testing can to some extent suggest severity, or extent • 
of the disorder beyond the clinical symptoms. Involvement 
of other extremities can be delineated or the involvement of 
multiple roots may be demonstrated, such as in the case of 
lumbosacral spinal stenosis.
There is utility in solidifying a diagnosis. An unequivocal • 
radiculopathy on EMG in an elderly patient with nonspecific 
or mild lumbar spondylosis or stenosis on MRI reduces 
diagnostic uncertainty and identifies avenues of management 
such as lumbar corticosteroid injections or decompression 
surgery in certain situations. 
Outcome prediction may be possible. If surgical intervention • 
is planned for a lumbosacral radiculopathy, a positive EMG 
preoperatively improves the likelihood of a successful 
outcome postoperatively. This is an area that deserves more 
research attention.57,58

EMG AND DIAGNOSTIC SENSITIVITIES 

The need for EMG, particularly in relationship to imaging 
of the spine, has been recently highlighted.49 Needle EMG is 
particularly helpful in view of the fact that the false positive 
rates for MRI of the lumbar spine are high, with 27% of normal 
subjects having a disc protrusion.26 For the cervical spine 
the false positive rate for MRI is much lower with 19% of 
subjects demonstrating an abnormality, but only 10% showing 
a herniated or bulging disc.3 Radiculopathies can occur 
without structural findings on MRI, and likewise without EMG 
findings. The EMG only evaluates motor axonal loss or motor 
axon conduction block and for these reasons a radiculopathy 
affecting the sensory root will not yield abnormalities by 

EMG. If the rate of denervation is balanced by reinnervation 
in the muscle, then spontaneous activity is less likely to  
be found. 

The sensitivity of EMG for cervical and lumbosacral 
radiculopathies has been examined in a number of studies. The 
results of some of these studies are tabulated in Table 3. Table 
3 lists the “gold standards” against which these EMG findings 
were compared. Studies using a clinical standard may reflect a 
less severe group, whereas those using a surgical confirmation 
may indicate a more severely involved group. The sensitivity 
for EMG is unimpressive, ranging from 49-92% in these studies. 
EMG is not a sensitive test, yet it likely has a higher specificity. 
The issue of specificity and its value in EDX was underscored 
by Robinson.49 It is apparent that EMG is not a good screening 
test. In terms of screening tests, MRI is better for identifying 
subtle structural abnormalities, with EMG to assess their clinical 
relevance and exclude other disorders.

PARASPINAL MUSCLE EXAMINATION

Paraspinal muscles (PM) are important to study for a variety 
of reasons but there are some important caveats regarding their 
examination. In one study, Date and colleagues demonstrated 
that lumbar paraspinal muscles in asymptomatic subjects over 40 
years old showed denervation potentials approximately 30% of 
the time.7 Nardin and colleagues similarly noted up to 48% of 
normal subjects having fibrillations or positive sharp waves in at 
least one site with the prevalence higher for those over 40 years 
of age.44

In sharp contrast to these findings, Dumitru, Diaz, and King 
examined the lumbosacral paraspinal muscles and intrinsic foot 
muscles with monopolar EMG.15 These investigators recorded 
potentials and found that there were irregularly firing potentials 
with similar waveform characteristics as fibrillations and positive 
sharp waves (PSW). By excluding irregularly firing potentials 
(atypical endplate spikes) they found much lower false positive 
paraspinal findings than the investigators above, with only 4% of 
their normal subjects showing regularly firing fibrillations or PSW 
potentials. They felt that the higher prevalences of spontaneous 
activity previously reported were due to not fully appreciating the 
similarity between innervated and denervated spontaneous single 
muscle fiber discharges. This quantitative study underscores the 
need to assess both firing rate and rhythm as well as discharge 
morphology when evaluating for fibrillations and positive waves 
in the lumbar paraspinal muscles. EDX physicians should take care 
not to over-diagnose paraspinal muscle EMG findings by mistaking 
irregularly firing endplate spikes for fibrillations.

PM may be abnormal in patients with spinal cancers,4,32,33 or 
amyotrophic lateral sclerosis,30 and following spinal surgery54 or 
lumbar puncture.7

Investigations over the last decade have provided insights into 
better quantification and examination of lumbosacral PMs. The 
lumbar PM examination has been refined through investigations 
that used a grading scale for the findings.19,20,21,22 The “mini PM” 
score provides a quantitative means of deriving the degree of 
PM denervation.19 It distinguishes normal findings from EMG 
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findings in persons with radiculopathy. This novel and quantitative 
technique may prove to identify subtle radiculopathies or spinal 
stenosis with greater precision. 

IDENTIFICATION AS A SEPARATE CONCEPT 
FROM SENSITIVITY

Because EDX is a composite assessment composed of various tests, 
a fundamental question is when the point of diminishing returns 
has been reached. Some radiculopathies cannot be confirmed by 
needle EMG, even though the signs and symptoms along with 
imaging results suggest that radiculopathy is the correct diagnosis. 
A screening EMG study involves determining whether or not the 
radiculopathy can be confirmed by EMG. If the radiculopathy 
cannot be confirmed, then presumably no amount of muscles 
can identify the radiculopathy. If it can be confirmed, then the 
screen should identify this possibility with a high probability. The 
process of identification can be conceptualized as a conditional 
probability: Given that a radiculopathy can be confirmed by 

needle EMG, what is the minimum number of muscles which 
must be examined in order to confidently recognize or exclude 
this possibility? This is a fundamentally different concept from 
sensitivity. It involves understanding and defining the limitations 
of a composite test (group of muscles).

HOW MANY AND WHICH MUSCLES TO STUDY 

The concept of a screening EMG encompasses identifying the 
possibility of an EDX-confirmable radiculopathy. If one of the 
muscles in the screen is abnormal, the screen must be expanded to 
exclude other diagnoses, and to fully delineate the radiculopathy 
level. Because of the screening nature of the EMG examination, 
EDX physicians with experience should look for more subtle 
signs of denervation, and if present in the screening muscles, 
then expand the study to determine if these findings are limited 
to a single myotome or peripheral nerve distribution. If they are 
limited to a single muscle, the clinical significance is uncertain. 

The Cervical Radiculopathy Screen

Dillingham and colleagues conducted a prospective multi-
center study evaluating patients referred to participating 

Table 5   Six muscle screen identifications of the patients with 
cervical radiculopathies (muscle identification criteria described 
in table 2)

MUSCLE SCREEN NEUROPATHIC SPONTANEOUS 
  ACTIVITY
Without Paraspinals
deltoid, APB, FCU, 93% 66%
triceps, PT, FCR
biceps, triceps, FCU, 87% 55%
EDC, FCR, FDI
deltoid, triceps, 89% 64%
EDC, FDI, FCR, PT
biceps, triceps, EDC, 94% 64%
PT, APB, FCU
With Paraspinals
deltoid, triceps, PT, 99% 83%
APB, EDC, PSM
biceps, triceps, EDC, 96% 75%
FDI, FCU, PSM
deltoid, EDC, FDI, 94% 77%
PSM, FCU, triceps
biceps, FCR, APB, 98% 79%
PT, PSM, triceps

APB = abductor pollicis brevis; CrD = complex repetitive discharge; 
EDC = extensor digitorum communis; FCr = flexor carpi radialis; 
FCu = flexor carpi ulnaris; FDi = first dorsal interosseous; PSM = 
lumbosacral paraspinal muscles;               Pt = pronator teres.

Table 4  Five muscle screen identifications of patients with cervical 
radiculopathies

MUSCLE SCREEN NEUROPATHIC SPONTANEOUS  
    ACTIVITY
Without Paraspinals
deltoid, APB, FCU, 92% 65% 
triceps, PT  
biceps, triceps, 85% 54% 
EDC, FCR, FDI 
deltoid, triceps, 84% 58% 
EDC, FDI, FCR 
biceps, triceps, 91% 60% 
PT, APB, FCU
With Paraspinals
deltoid, triceps, PT, 98% 80% 
APB, PSM 
biceps, triceps, EDC, 95% 73% 
FDI, PSM 
deltoid, EDC, FDI, 90% 73% 
PSM, FCU 
biceps, FCR, APB 95% 77% 
PT, PSM

The screen detected the patient with cervical radiculopathy if any 
muscle in the screen was one of the muscles which were abnormal for 
that patient. neuropathic findings for non-paraspinal muscles included 
positive waves, fibrillations, increased polyphasic potentials, neuropathic 
recruitment, increased insertional activity, CRDs, or large amplitude 
long duration motor unit action potentials. For paraspinal muscles the 
neuropathic category included fibrillations, increased insertional activity, 
positive waves, or CrDs. Spontaneous activity referred only to fibrillations 
or positive sharp waves.
APB = abductor pollicis brevis; CrD = complex repetitive discharge; EDC 
= extensor digitorum communis; FCr = flexor carpi radialis; FCu = flexor 
carpi ulnaris;  FDi = first dorsal interosseous; PSM = cervical paraspinal 
muscles; Pt = pronator teres. (Adapted with permission, Dillingham 
and colleagues. identification of cervical radiculopathies: optimizing the 
electromyographic screen. Am J Phys Med rehabil 2001;80:84-91.) 10
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EDX laboratories with suspected cervical radiculopathy.10 A 
standard set of muscles were examined by needle EMG for all 
patients. Those with electrodiagnostically confirmed cervical 
radiculopathies, based upon EMG findings, were selected 
for analysis. The EMG findings in this prospective study 
also encompassed other neuropathic findings: (1) positive 
sharp waves, (2) fibrillation potentials, (3) complex repetitive 
discharges, (4) high-amplitude, long-duration motor unit action 
potentials, (5) increased polyphasic motor unit action potentials, 
or (6) reduced recruitment. There were 101 patients with EDX 
confirmed cervical radiculopathies representing all cervical 
root levels. When paraspinal muscles were one of the screening 
muscles and neuropathic findings were assessed, five muscle 
screens identified 90-98% of radiculopathies, 6 muscle screens 
identified 94-99% and seven muscle screens identified 96-100%  
(Tables 4 and 5). When paraspinal muscles were not part of 
the screen, eight distal limb muscles recognized 92-95% of 
radiculopathies. Without paraspinal muscles, the identification 
rates were consistently lower. If one only considers fibrillations and 
positive sharp waves in the EMG assessment, identification rates 

are lower. Six muscle screens including paraspinal muscles yielded 
consistently high identification rates and studying additional 
muscles lead to marginal increases in identification. Individual 
screens useful to the EDX physician are listed in Tables 4 and 5. 
In some instances a particular muscle cannot be studied due to 
wounds, skin grafts, dressings, or infections. In such cases the 
EDX physician can use an alternative screen with equally high 
identification. These findings were consistent with those derived 
from a large retrospective study.33

The Lumbosacral Radiculopathy Screen

A prospective multicenter study was conducted at five institutions 
by Dillingham and colleagues.10 Patients referred to participating 
EDX laboratories with suspected lumbosacral radiculopathy 
were recruited and a standard set of muscles examined by needle 
EMG. Patients with EDX-confirmed lumbosacral radiculopathies 
were selected for analysis. As described above for the 
prospective cervical study, neuropathic findings were analyzed 
along with spontaneous activity. There were 102 patients with 
EDX confirmed lumbosacral radiculopathies representing all 
lumbosacral root levels. When paraspinal muscles were one of 
the screening muscles, 4 muscle screens identified 88-97%, 
5 muscle screens identified 94-98%, and 6 muscle screens 98-
100% (Tables 6, 7, and 8). When paraspinal muscles were not 
part of the screen, identification rates were lower for all screens 
and eight distal muscles were necessary to identify 90%. As 
with cervical radiculopathy screens, assessing for neuropathic 
findings increases identification rates. If only four muscles can 
be tested due to limited patient tolerance, as seen in Table 6, and 
if one of these muscles are the paraspinals, few EDX-confirmable 
radiculopathies will be missed. A large retrospective study noted 
similar findings, concluding that five muscles identified most 
electrodiagnostically confirmable radiculopathies.37

Table 6   Four muscle screen identifications of patients with lumbosacral 
radiculopathies. 

Muscle Screen  Neuropathic Spontaneous  
      Activity
Four Muscles 
Without Paraspinals
ATIB, PTIB, MGAS, RFEM    85% 75%
VMED, TFL, LGAS, PTIB      75% 58%
VLAT, SHBF, LGAS, ADD      52% 35%
ADD, TFL, MGAS, PTIB        80% 67%
Four Muscles 
With Paraspinals
ATIB, PTIB, MGAS, PSM        97% 90%
VMED, LGAS, PTIB, PSM      91% 81%
VLAT, TFL, LGAS, PSM         88% 77%
ADD, MGAS, PTIB, PSM        94% 86%

the screen identified the patient if any muscle in the screen was 
abnormal for that patient. The muscle either demonstrated neuropathic 
findings or spontaneous activity. neuropathic findings for non-
paraspinal muscles included positive waves, fibrillations, increased 
polyphasic potentials, neuropathic recruitment, increased insertional 
activity, CRDs, or large amplitude long duration motor unit action 
potentials. Spontaneous activity referred only to fibrillations or positive 
sharp waves. For paraspinal muscles the neuropathic category included 
fibrillations, increased insertional activity, positive waves, or CrDs. 
 
ADD = adductor longus; AtiB = anterior tibialis; CrD = complex 
repetitive discharge; LGAS = lateral gastrocnemius; MGAS = medial 
gastrocnemius;             PSM = lumbosacral paraspinal muscles; 
PtiB = posterior tibialis; rFEM = rectus femoris; ShBF = short head 
biceps femoris; tFL = tensor fascia lata; vLAt = vastus lateralis; 
vMED = vastus medialis. (Adapted with permission from Dillingham 
and colleagues. identification of cervical radiculopathies: optimizing 
the electromyographic screen. Am J Phys Med rehabil 2001;80: 
84-91) 10

Table 7   Five muscle screen identifications of patients with lumbosacral 
radiculopathies

Screen                        Neuropathic   Spontaneous 
                                           Activity

Five Muscles Without Paraspinals
ATIB, PTIB, MGAS, RFEM, SHBF 88% 77%
VMED, TFL, LGAS, PTIB, ADD 76% 59%
VLAT, SHBF, LGAS, ADD, TFL 68% 50%
ADD, TFL, MGAS, PTIB, ATIB 86% 78%
Five Muscles With Paraspinals
ATIB, PTIB, MGAS, PSM, VMED 98% 91%
VMED, LGAS, PTIB, PSM, SHBF 97% 84%
VLAT, TFL, LGAS, PSM, ATIB 97% 86%
ADD, MGAS, PTIB, PSM, VLAT 94% 86%

ADD = adductor longus; AtiB = anterior tibialis; CrD = complex 
repetitive discharge; LGAS = lateral gastrocnemius; MGAS = medial 
gastrocnemius; PSM = lumbosacral paraspinal muscles; PtiB = 
posterior tibialis; rFEM = rectus femoris; ShBF = short head biceps 
femoris; tFL = tensor fascia lata; vLAt = vastus lateralis; vMED = 
vastus medialis.
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Dillingham and Dasher9 re-analyzed data from a study published 
by Knutsson almost 40 years earlier.29 In this detailed study, 206 
patients with sciatica, underwent lumbar surgical exploration. All 
subjects underwent a standardized 14 muscle EMG evaluation by 
the author (Knutsson) using concentric needles. The examiner was 
blinded to other test results and physical examination findings. In 
addition to the EMG and surgical information, myelogram and 
physical examination data were derived. In this re-analysis, screens 
of four muscles with one being the lumbosacral paraspinal muscle 
yielded (1) an identification rate of 100%, (2) a 92% sensitivity with 
respect to the intraoperative anatomical nerve root compressions, 
and (3) an 89% sensitivity with respect to the clinical inclusion 
criteria.9 This study, using data from 4 decades ago, confirmed 
that a 4 muscle screen provides high identification. These findings 
are consistent with contemporary work showing that screens with 
relatively few muscles (five or six) are sufficient. 

As described above, recent research efforts were undertaken 
to refine and streamline the EMG examination. The strongest 

studies, contemporary prospective multicenter investigations, 
provide the best estimates of a sufficient number of muscles.10,11 
In summary, for both cervical and lumbosacral radiculopathy 
screens the optimal number of muscles appears to be six muscles 
which include the paraspinal muscles and represent all root level 
innervations. When paraspinal muscles are not reliable, then eight 
nonparaspinal muscles must be examined. 

Another way to think of this: To minimize harm, six in the leg and 
six in the arm.

If one of the six muscles studied in the screen is positive with a 
neuropathic finding, there exists the possibility of confirming EDX 
that a radiculopathy is present. In this case, the examiner must study 
additional muscles. Nerve conductions should be undertaken as 
well to determine if this muscle finding is due to a mononeuropathy. 
If more extensive EMG testing reveals that the findings are limited 
to a single muscle, and NCSs exclude mononeuropathy, then the 
single muscle finding remains inconclusive and of uncertain clinical 
relevance. 

If none of the six muscles are abnormal, the examiner can be 
confident in not missing the opportunity to confirm by EDX that 
a radiculopathy is present, and can curtail additional painful EMG 
studies. The patient may still have a radiculopathy, but other tests 
such as MRI will be necessary to confirm this clinical suspicion. 
This logic is illustrated in Figure 2.

LUMBAR SPINAL STENOSIS

There are fewer studies examining spinal stenosis and EMG. For 
lumbosacral spinal stenosis, Hall and colleagues showed that 
92% of persons with imaging confirmed stenosis had a positive 
EMG.24 They also underscored the fact that 46% of persons with 
a positive EMG study did not demonstrate PM abnormalities, 
only distal muscle findings. For 76% of patients, the EMG 
showed bilateral myotomal involvement.24

LIMITATIONS OF THE NEEDLE EMG SCREEN

These cervical and lumbosacral muscle screens should  
not substitute for a clinical evaluation and differential diagnosis  
formulation by the EDX physician. Rather, the information  
from investigations described earlier in the article allows  
the EDX consultant to streamline the EMG evaluation and make 
more informed clinical decisions regarding the probability of 
missing an EDX-confirmable radiculopathy when a given  
set of muscles are studied. Performing a focused history and physical 
examination is essential, and these screens should not supplant such  
clinical assessments or a more detailed EDX study when 
circumstances dictate. 

It is important to remember that the EMG screens for cervical 
and lumbosacral radiculopathies were validated in a group of 
patients with limb symptoms suggestive of radiculopathies. These 
screens will not provide sufficient screening power if a brachial 
plexopathy is present or if a focal mononeuropathy such as a 
suprascapular neuropathy is the cause of the patient’s symptoms. 
The EDX physician should always perform EMG on weak 
muscles to increase the diagnostic yield. The six muscle EMG 

Table 8   Six muscle screen identifications of patients with 
lumbosacral radiculopathies

 Screen Neuropathic Spontaneous 
   Activity
Six Muscles Without Paraspinals
ATIB, PTIB, MGAS, RFEM,  89% 78% 
SHBF, LGAS
VMED, TFL, LGAS, PTIB,  83% 70% 
ADD, MGAS
VLAT, SHBF, LGAS,  79% 62% 
ADD, TFL, PTIB
ADD, TFL, MGAS, PTIB,  88% 79% 
ATIB, LGAS
Six Muscles With Paraspinals
ATIB, PTIB, MGAS, PSM, 99% 93% 
VMED, TFL
VMED, LGAS, PTIB, PSM,  99% 87% 
SHBF, MGAS
VLAT, TFL, LGAS, PSM, 98% 87% 
 ATIB, SHBF
ADD, MGAS, PTIB, PSM,  99% 89% 
VLAT, SHBF
VMED, ATIB, PTIB, PSM,  100% 92% 
SHBF, MGAS
VMED, TFL, LGAS, PSM, 99% 91% 
 ATIB, PTIB
ADD, MGAS, PTIB, PSM,  100% 93% 
ATIB, SHBF

ADD = adductor longus; ATIB = anterior tibialis; CRD = complex repetitive dis-
charge; LGAS = lateral gastrocnemius; MGAS = medial gastrocnemius; PSM 
= lumbosacral paraspinal muscles; PTIB = posterior tibialis; RFEM = rectus 
femoris; TFL = tensor fascia lata; SHBF = short head biceps femoris; VLAT = 
vastus lateralis; VMED = vastus medialis.
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tests do not sufficiently screen for myopathies or motor neuron 
disease. It is incumbent upon the EDX physician to formulate 
a differential diagnosis and methodically evaluate for the 
diagnostic possibilities, further refining the examination as data  
are acquired.

SPECIFICITY OF THE EMG SCREEN

Tong and colleagues,61 examined the specificity in persons age 55 
and older who were asymptomatic.  A standardized EDX study 
was conducted by a blinded EDX physician using a monopolar 
needle to assess five leg muscles and the paraspinal muscles.

There were 30 subjects with a mean age of 65.4 yrs (SD 8.0). 
When only positive sharp waves or fibrillations were counted as 
abnormal,  (two limb muscles plus associated lumbar paraspinal 
muscle abnormal, two limb muscles abnormal, or one limb muscle 
plus associated lumbar paraspinal muscle abnormal) a 100% 
specificity was noted in most of the diagnostic criteria.  When 
at least 30% polyphasia in the limb muscles was considered as 
abnormal, the respective specificities were 97%, 90%, and 87%.  
The specificity for plexopathy was 100% when only positive 
sharp waves or fibrillations were used, and it remained 100% 
when increased polyphasia was added.  This study  demonstrated 
that needle EMG  has excellent specificity for lumbosacral 
radiculopathy and plexopathy when the appropriate diagnostic 
criteria are used. 61

In a recent companion study, Tong,61a using a larger sample of 
72 subjects older than 55 years (with a mean age of 64.6 years), 
examined the subjects using a standard low back and leg EMG 
screen. These subjects underwent similar testing as described 
above.61 The examiners, blinded to the subjects’ condition (these 
were the asymptomatic subjects who were part of a larger trial), 
employed quantitative EMG for 10 motor units to assess the 
percent with polyphasicity. The findings were similar in this 
larger sample. When positive waves and fibrillations are the 
sole diagnostic criteria, with the requirement of more than one 
positive muscle representing the same myotome, the specificity 
was over 92%. Of note, if only one muscle is considered then 
the specificity drops to 82%. When as less stringent criteria is 
used (>30% motor units in a muscle being polyphasic) then the 
specificity drops to 90% for two limb muscles and paraspinal as 
the criteria. If only one limb muscle and paraspinal muscle is the 
criteria then the specificity drops to 85%. If a much looser criteria 
of >20% polyphasics is used, then the specificity decreased to 71-
74% when two muscle criteria were used.

These well-performed studies indicate that if standard 
radiculopathy diagnostic criteria are used and fibrillations or more 
than 30% polyphasia are considered abnormal, the specificities 
for needle EMG (monopolar in the case of these studies) are 
excellent.

Figure 2.  implications of a positive or negative electromyography (EMG) screening evaluation. note that a positive result will usually warrant further EMG 
testing to fully define the pathology, and a negative test could lead to nerve conduction or other testing to consider other diagnoses. PSM = paraspinal muscles;  
MRI = magnetic resonance imaging. 
(Modified from Dillingham tr. Electrodiagnostic approach to patients with suspected radiculopathy. Phys Med rehabil Clin n Am 2002;13:567-588, with 
permission.)
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SYMPTOM DURATION AND THE PROBABILITY OF 
FIBRILLATIONS

Previously,  a well-defined temporal course of events was thought 
to occur with radiculopathies despite the absence of studies that 
support such a relationship between symptom duration and the 
probability of spontaneous activity in a muscle. It was a common 
belief that in acute lumbosacral radiculopathies, the paraspinal 
muscles denervated first, followed by distal muscles, and that 
later reinnervation began with paraspinal muscles and then with 
distal muscles. This paradigm was recently challenged by a series 
of investigations.12,13,14,48 For both EDX-confirmed lumbosacral 
and cervical radiculopathies, symptom duration had no significant 
relationship to the probability of finding spontaneous activity in 
paraspinal or limb muscles.

The findings from these investigations underscored the fact that 
the pathophysiological processes involved with cervical and 
lumbosacral radiculopathies are complex.12,13,14,48 Diagnostic 
EMG findings, manifested as a result of these processes, cannot be 
predicted by this overly simplistic, symptom-duration explanation. 
Symptom duration should not be invoked to explain the presence 
or absence of paraspinal or limb muscle spontaneous activity in 
persons suspected of having a radiculopathy. 

IMPLICATIONS OF AN 
ELECTRODIAGNOSTICALLY CONFIRMED 
RADICULOPATHY

It is important that the EDX physician not forget that EMG does 
not indicate the exact cause of the symptoms, only that axonal loss 
is taking place. A spine tumor, herniated disc, bony spinal stenosis, 
inflammatory radiculitis, or severe spondylolisthesis can all yield the 
same EMG findings. This underscores the need to image the spine with 
MRI to assess for significant structural causes of electrodiagnostically 
confirmed radiculopathy. A negative EMG test should not curtail 
obtaining an MRI if clinical suspicion for radiculopathy is high. 
Given the low sensitivities of needle EMG, it is not an optimal 
screening test, but rather a confirmatory and complementary test to 
spinal imaging.

There are few studies that examine outcomes and the usefulness 
of EDX in predicting treatment success, the exception being 
surgical outcomes for lumbar discectomy. Tullberg and colleagues 
evaluated 20 patients with lumbosacral radicular syndromes who 
underwent unilevel surgery for disc herniations.63 They evaluated 
these patients before surgery and 1 year later with lower limb 
EMG, NCS, F waves, and SEPs. They showed that the EDX 
findings did not correlate with the level defined by computerized 
tomography for 15 patients. However, those patients in whom 
EDX testing preoperatively was normal were significantly more 
likely to have a poor surgical outcome (p<0.01). In spite of the 
fact that the sample size in this study was small, the significant 
correlation of a normal EDX study with poor outcome suggests 
that this may be a true relationship.

Spengler and Freeman described an objective approach to  
the assessment of patients preoperatively for laminectomy 
and discectomy for lumbosacral radiculopathy.57 Spengler 
and colleagues confirmed and underscored these previous 

findings regarding objective methods to assess the probability 
of surgical success preoperatively.58 In this preoperative 
screening evaluation, the EMG findings were combined 
with imaging, clinical, and psychological assessments. The 
EMG findings figured prominently (one quarter of the scale) 
— those patients with positive EMGs were more likely to 
have better surgical outcomes. This was particularly true 
when the EMG findings correlated with the spinal imaging 
findings in a person without psychological or dysfunctional  
personality issues. 

It has become apparent over the last 2 decades that the natural history 
of both lumbosacral radiculopathy and cervical radiculopathy, 
with or without structural findings on MRI, is very favorable. A 
classic investigation by Henrik Weber64 showed that surgery for 
a herniated nucleus pulposis causing sciatica was more effective 
at pain control at 1 year, but beyond that conservative treatment 
had equal results compared to the surgically managed group. 
Of particular note was the fact that weakness did not correlate 
with outcome and even for persons with motor weakness, a good 
outcome with conservative treatment was the norm, and surgery did 
not improve motor return. Other investigators in cohort outcome 
studies demonstrated that the majority of persons suffering 
lumbosacral radiculopathy can resolve their symptoms.5,27,40,61 In 
fact, on follow-up MRI studies, lumbosacral disc herniations and 
disc fragments resolve in 76% of patients.5

The outcomes for cervical radiculopathy are generally good in the 
absence of myelopathy.50

Saal, Saal, and Yurth demonstrated that persons with cervical disc 
herniations have a similar favorable clinical course as persons 
with lumbosacral radiculopathy.50 These patients were managed 
with pain management strategies incorporating medications, 
rehabilitation with cervical traction and exercises, and epidural or 
selective nerve root injections if medications failed to control pain. 
In this series, the majority of patients (24 of 26) achieved successful 
outcomes.

SUMMARY

One cannot minimize the importance of the clinical evaluation and 
differential diagnosis formulation by the EDX physician to guide 
testing. The needle EMG examination is the most useful EDX test 
but is limited in sensitivity. EMG screening examinations using 
six muscles are possible that optimize identification yet minimize 
patient discomfort. EMG findings must be interpreted relative to 
the patient’s clinical presentation, and the consultant should tailor 
the EDX study to the clinical situation. EMG complements spinal 
imaging and often raises other diagnostic possibilities in addition 
to confirming clinical suspicians.
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MEDIAN NEUROPATHY AT THE WRIST

Median neuropathy at the wrist, which is the pathophysiology 
underlying carpal tunnel syndrome (CTS), is the most common 
entrapment neuropathy referred to electrodiagnostic (EDX) 
laboratories in the United States.1 Symptoms include hand 
numbness and weakness.2 The patient often does not localize the 
numbness simply to the median distribution but rather reports that 
the whole hand is numb.3 Symptoms are usually worse at night, and 
patients may occasionally report they “flick” their wrist to relieve 
symptoms. On examination, one can find weakness of the thenar 
muscles and possibly some mildly reduced sensation. There are a 
number of physical signs such as Tinel’s sign, Phalen’s sign, and the 
flick sign which can be suggestive of CTS. However, the sensitivity 
and specificity of these tests are not high and they should not be 
used in isolation to confirm or rule out a diagnosis.

There are number of risk factors for CTS that have been well 
documented in the literature.4 In polyneuropathies, nerves are more 
susceptible to superimposed entrapment such as in the case of diabetes 
mellitus. Rheumatoid arthritis, obesity, and pregnancy are also risk 
factors.5

Since detection of slowing of median nerve conduction across the 
wrist is the most useful way to establish the diagnosis, this should 
be the preliminary focus of one’s EDX assessment. There have 
been many approaches described for diagnosing CTS using nerve 
conduction studies (NCSs). For a more indepth review, readers are 
encouraged to review other articles.6,7 One’s general approach should 
be to measure sensory and motor conduction across the wrist and to 
compare the latencies with nearby nerves in the hand, such as the 

radial or ulnar nerve which do not traverse the carpal tunnel. This 
comparison helps to exclude the effects of temperature, age, and other 
general factors that may influence nerve conduction. As is the case 
in most entrapment neuropathies, sensory fibers are usually affected 
first. Rarely, motor axons are preferentially affected possibly because 
of focal compression of the recurrent branch of the median nerve or 
selective effects on fascicles within the median nerve at the wrist.8

There are many approaches for evaluating median sensory 
conductions across the wrist, and it is critical to think through 
these alternative approaches before even evaluating the patient. In 
particular, one should not adopt the methodology of performing 
one test and, upon finding a normal result, performing another test 
until one finds an abnormality. Although this might seem intuitively 
tempting, it is risky because each additional test performed carries 
about a 2.5% false-positive rate, which is roughly additive as each 
new test is performed. For example, performing three separate tests, 
and making a diagnosis upon any one abnormality, carries about a 
7.3% false-positive rate.

When selecting sensory NCSs, one should select studies that are 
(in descending order of importance): specific (few false positives), 
sensitive (few false negatives), reliable (obtain the same results 
today and tomorrow), and little influenced by covariates such as 
temperature and age.

There are three sensory NCSs with favorable characteristics 
when using the criteria above.9 These are demonstrated in Figure 
1. Comparison of median and ulnar conduction to the ring finger 
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allows the detection of slowing of median conduction in comparison 
to the ulnar nerve, which does not traverse the carpal tunnel; a 
difference exceeding 0.4 ms is likely abnormal. Comparison of the 
median and radial nerve to the thumb has similar advantages. Here, 
a difference exceeding 0.5 ms is probably abnormal. The median 
and ulnar comparison across the palm over an 8-cm distance 
should demonstrate no more than a 0.3 ms difference in healthy 
individuals.

This author has also published extensively on a method to 
summarize these three tests into one result known as the combined 
sensory index or CSI (since the television show Crime Scene 
Investigation has become popular, this is now sometimes called 
the Robinson Index). To calculate the CSI, one performs all three 
of the studies mentioned above and adds the latency differences 
(median minus  ulnar or median minus radial) together; when these 
are negative (i.e., the median is faster) a negative number is used. 
The CSI, because it summarizes three different tests, has been 
shown to be highly specifi c and more sensitive than the individual 
tests.10 It is also more reliable than single tests when one studies the 
same patient on two separate occasions.11 A CSI exceeding 0.9 ms 
is considered abnormal.10

Motor NCSs are also, as mentioned above, an essential component 
of the EDX evaluation of CTS. These should be performed even if 
sensory NCSs are normal. Most commonly, studies are performed 
with stimulation of the median nerve at the wrist and recording 
over the abductor pollicis brevis (APB). Generally, latencies 
exceeding 4.5 ms are considered abnormal. It is not generally 
useful to compare one median nerve with the other side because 
of the frequency of bilateral CTS. However, some EDX physicians 
compare the median motor latency with the ulnar motor latency; a 
difference exceeding 1.5 ms is considered abnormal. While some 
authors do advocate stimulating both at the wrist and at the palm,12

it is diffi cult to stimulate only the median nerve in the palm, and 
one can be easily mislead into a false diagnosis if the ulnar nerve is 
stimulated in the palm.13

Needle electromyography (EMG) is sometimes useful in evaluating 
patients with CTS.14 There is not a consensus about when thenar 
muscle EMG should be performed. It is this author’s practice to 
perform needle EMG of the thenar muscles in three settings: 1) 
when the median motor response is abnormal in latency or amplitude 
(this group has a higher yield), 2) when there is a history of trauma 
(in which axon loss is more likely), or 3) if the clinical presentation 
suggests another possible diagnosis (such as radiculopathy or 
plexopathy).

When interpreting the study, EDX physicians will sometimes be 
tempted to attach an adjective describing severity to the diagnosis, 
such as mild, moderate, or severe CTS. There are several pitfalls 
to this approach. First, CTS is a clinical syndrome and is not well 
described by categorizing the degree of conduction abnormalities. 
Second, latencies do not correlate particularly well with symptoms 
and classifi cation schemes for these descriptors are somewhat 
arbitrary. Finally, these descriptors may mislead the referring 
physician. For instance, patients with mild slowing but marked 
functional impairment from their symptoms should perhaps have 
surgical release even though they could carry a “mild” descriptor to 
their diagnosis.

Figure 1.  Example of combined sensory index calculation.
Frequency of carpal tunnel symptom resolution after carpal tunnel 
release.

EDX criteria     Frequency of symptom 
resolution
1.  normal study     40%
2.  CSi 1.0-2.5     50%
3.  CSi 2.5-4.6     63%
4.  CSi > 4.6, Sensory responses present  55%
5.  Sensory responses absent, motor latency < 6.5 ms 45%
6.  Motor latency > 6.5 ms    42%
7.  Absent motor and sensory responses  23%

Figure 2   Attachment to carpal tunnel syndrome reports. “Above are the 
reported frequencies of complete symptom resolution after carpal tunnel 
release according to EDX criteria. These outcomes are only reported for 
EDX criteria and should not be used as the only predictive fi ndings. Other 
factors may have strong infl uences on outcomes.”
References: Bland JD. Do nerve conduction studies predict the outcome 
of carpal tunnel decompression? Muscle nerve 2001 Jul;24(7):935-940.
Malladi N, Micklesen PJ, Hou J, Robinson LR. Carpal tunnel syndrome: 
a retrospective review of the correlation between the combined sensory 
index and clinical outcome after carpal tunnel decompression. Muscle 
nerve 2010 Apr;41(4):453-457.
EDX = electrodiagnostic
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It is preferable to have the following components in the impression: 
diagnosis, localization, pathophysiology (axon loss and/or 
demyelination), and chances for successful treatment (if known).15 
There has been some work16,17 which allows us to give the referring 
physician an indication of the likelihood of successful outcome from 
carpal tunnel release. This author usually inserts a figure into the 
report (see Fig. 2).

Evaluation of patients with CTS after release requires special 
consideration. Although patients with CTS usually have some 
improvement in latency after successful surgical treatment, latencies 
do not always return to the normal range. The structure of the myelin 
covering, after demyelination and remyelination, is not the same as it 
was before entrapment and some slowing often persists. Thus, when 
evaluating a patient with symptoms after surgery, it is important to 
either compare with preoperative studies or evaluate at two points 
in time after treatment to look for either improvement or worsening. 
Prolonged latencies by themselves do not indicate the need for 
reoperation.

ULNAR NEUROPATHY AT THE ELBOW

Ulnar neuropathy at the elbow (UNE) is another common entrapment 
neuropathy presenting to the EDX medical consultant. The etiology 
of UNE varies but can be due to acute injury, entrapment in the 
cubital tunnel (under the aponeurosis between the two heads of the 
flexor carpi ulnaris), or prolonged stretching of the nerve in the ulnar 
groove when the elbow is held in the flexed position.18 Tardy ulnar 
palsy is a result of prior elbow injury causing an elbow deformity 
and slowly progressive injury to the ulnar nerve.

Symptoms of ulnar neuropathy typically include numbness over the 
small finger and the ulnar half of the ring finger. Generally, UNE 
also affects sensation over the dorsum of the hand on the ulnar 
side, an area supplied by the dorsal ulnar cutaneous nerve, which 
branches from the ulnar nerve proximal to the wrist. In contrast, 
ulnar nerve lesions at the wrist spare the dorsal ulnar cutaneous 
territory because they are distal to this branch point. UNE should 
spare sensation over the medial forearm. This area is supplied by 
the medial antebrachial cutaneous nerve arising from the medial 
cord of the brachial plexus.

Patients often also present with weakness of ulnar hand muscles 
complaining that they have difficulty holding things and difficulty 
with grip strength. They may sometimes notice atrophy of the first 
dorsal interosseous (FDI) muscle. At times, they will report that 
when they put their hand into their pocket, the small finger does 
not make it in. This is known as Wartenburg’s sign and reflects 
weakness of the interosseous muscles, specifically the adductor of 
the small finger.

On physical examination, weakness is often noted of interosseous 
muscles, atrophy of the FDI, and reduced sensation in the ulnar 
nerve territory in the hand. One may also find a Froment sign 
indicating weakness of the APB and the FDI.19 A Tinel’s sign can 
often be noted at the elbow, but this is nonspecific and can be seen 
in a number of normal healthy individuals.

Because sensory conduction is difficult to reliably record across 

the elbow, most EDX physicians will rely upon motor NCSs of the 
ulnar nerve.7 There are a number of technical elements to keep in 
mind when performing these studies. First, it is advisable to record 
from both the abductor digiti minimi (ADM) and the FDI at the 
same time utilizing two channels of the EMG instrument. Although 
each muscle has similar sensitivity for detecting UNE, there is not 
a complete overlap and sometimes one muscle will demonstrate 
conduction block or slowing when the other one does not.20 
Stimulation usually is performed at the wrist, below the elbow, and 
above the elbow. When stimulating across the elbow, one should 
have the elbow in a bent position with a roughly 70- to 90-degree 
angle. This is important because it stretches the nerve through 
the ulnar groove. If the elbow is not bent, the nerve is still long 
enough to accommodate elbow flexion but is redundant upon itself; 
therefore, surface measurement across the skin will underestimate 
the true nerve distance and the calculated conduction velocity will 
be erroneously slow.

There has been discussion in the literature about minimum distances 
to use between the above and below elbow stimulation sites. Earlier 
literature suggested that in general one should have at least 10 cm of 
distance between stimulation sites.21 However, this was based upon 
measurements of error in the 1970s when measuring latencies on 
equipment using much older technology. Similar studies have now 
been repeated utilizing modern digital equipment,22 and this has 
demonstrated that a 6-cm distance usually should be sufficient and 
would have error similar to the 10-cm distance from the predigital 
(just after prehistoric) era 30 years ago.

When performing ulnar motor NCSs, one must be aware of the 
potential impact of Martin-Gruber anastomosis. This anastomosis 
is present in 15-20% of individuals and typically involves 
fibers crossing from the median nerve to the ulnar nerve in the 
proximal forearm.23 At times, the fibers can originate from the 
anterior interosseous nerve rather than from the main branch of 
the median nerve. In the presence of Martin-Gruber anastomosis, 
one will record a normal large amplitude response from the ADM 
and FDI when stimulating the ulnar nerve at the wrist. However, 
while stimulating the ulnar nerve at the elbow, one will note a 
decreased amplitude response because one is stimulating only the 
ulnar nerve fibers and not those that cross in the proximal forearm. 
To the inexperienced EDX physician, this can masquerade as 
conduction block in the proximal forearm and can result in an 
erroneous diagnosis. The hint of a Martin-Gruber anastomosis 
rather than ulnar neuropathy in the forearm or elbow is that this 
drop in amplitude occurs between wrist and below elbow and not 
across the elbow. The presence of this anomalous innervation 
can be proven by stimulating the median nerve at the elbow and 
recording from the ADM and FDI muscles; when a crossover 
exists, a sizable response can be recorded from these usually 
ulnar-innervated muscles.24

After recording ulnar conduction motor studies across the elbow, one 
will want to decide whether or not these velocities are normal. There 
have generally been two ways to do this. Some authors advocate 
comparing ulnar conduction across the elbow to that recorded in 
the forearm. However, this comparison is flawed in that it assumes 
that ulnar conduction in the forearm is unaffected by a neuropathy 
proximally at the elbow.20 Unfortunately, this is not the case since 
with motor axon loss there is distal slowing due to preferential loss of 
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the faster conducting fibers. As a result, comparison between the two 
segments is not valid. The other method for determining whether the 
conduction is normal is to compare the velocity to reference values. 
This has been shown to be preferable in terms of sensitivity and 
specificity.20 The author’s laboratory uses a reference value of 48 m/s 
as a lower limit of normal.

When there is concern for UNE, it often is useful to perform ulnar 
“inching” studies. These studies involve stimulation of the ulnar 
nerve at 2-cm increments across the elbow looking for any focal 
slowing or conduction block. Latency differences exceeding 0.7 
ms or amplitude differences exceeding 10% are suggestive of a 
focal lesion.25 It is preferable to observe both latency and amplitude 
changes as well as changes in morphology to be certain of a focal 
lesion. Because the distances are small, and the error in measurement 
is large as a percentage, one should not consider the conduction 
velocity of inching studies in m/s but rather look at the established 
reference values (≤ 0.7 ms) for latency differences across 2 cm.

Ulnar sensory NCSs can be useful at times. In UNE, when 
stimulating at the wrist and recording at the small finger, responses 
are usually small in amplitude or absent. It is difficult to consistently 
record ulnar sensory conduction across the elbow recording at the 
small finger. The response from the dorsal ulnar cutaneous nerve 
can be useful to distinguish ulnar neuropathy at the wrist versus at 
the elbow. In UNE, it should be affected to a similar degree as the 
ulnar sensory response to the small finger, but it should be spared in 
ulnar neuropathy at the wrist.

Because UNE often can have a predominance of axon loss over 
demyelination, needle EMG generally should be performed in 
patients referred for UNE and include the ADM, FDI, and the 
flexor digitorum profundus (FDP). Remember, however, that the 
FDP is often spared in UNE. When there are abnormalities in the 
ulnar-innervated hand muscles, it is important to check non-ulnar 
innervated C8/T1 muscles to look for root or plexus lesions that 
might mimic an ulnar neuropathy. Generally, it is useful to check 
APB and extensor indicis (EI) in these situations.

With respect to prognosis, recent studies have suggested that the 
presence of conduction block is associated with a relatively favorable 
outcome, and reduced compound muscle action potential (CMAP) 
amplitude suggests a poorer prognosis. Nevertheless, a substantial 
proportion of patients without any CMAP in hand muscles initially 
will still have substantial recovery in function.26

SUMMARY

The EDX physician plays an important role in the diagnosis and 
localization of median and ulnar nerve lesions. It is critical to 
attend to details of clinical evaluation, testing, and interpretation.
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1.  Approximately what percentage of diabetic patients manifest 
either symptoms or signs of a polyneuropathy when diabetes 
is first diagnosed?

 A. 10%.
 B. 25%.
 C. 40%.
 D. 50%.
 E. 60%.

2.  Which is the following is the most common connective 
tissue disorder causing a neuropathy? 

 A. Sjogren’s Syndrome.
 B. Polyarteritis nodosum.
 C. Wegener’s granulomatosis.
 D. Scleroderma.
 E. Rheumatoid arthritis.

3.  Mee’s lines are observed in which of the following toxic 
neuropathies?

 A. Lead.
 B. Arsenic.
 C. Mercury.
 D. N-hexane.
 E. Acrylamide.

4.  In an investigation for the cause of a paraproteinemia in a 
patient with a polyneuropathy, the most likely etiology will 
be:

 A. Amyloidosis.
 B. Polyneuropathy Organomegaly Endocrinopathy Monoclonal  

 Skin Changes Syndrome.
 C. Monoclonal Gammopathy of Undetermined Significance. 
 D. Osteosclerotic myeloma.
 E. Multiple myeloma.

5.  Which of the following treatments has not been associated 
with improvement in patients with chronic inflammatory 
demyelinating polyneuropathy?

 A. Intravenous Immunoglobulin.
 B. Azathioprine.
 C. Corticosteroids.
 D. Plasma Exchange.
 E. Natulizumab.

6.  When performing the combined sensory index, what is the 
upper limit of normal?

 A. 0.5ms.
 B. 0.7ms.
 C. 0.9ms.
 D. 1.1ms.

7.  What would be the problem with performing multiple tests 
for carpal tunnel syndrome sequentially, looking for a single 
abnormal one to make a diagnosis, potentially performing 
up to 5 tests?

 A. Poor sensitivity.
 B. High false-positive rate.
 C. Unnecessary stimulation for the patient.
 D. Unnecessary cost.

8.  Which measure of testing quality is most important to ensure 
that patients without carpal tunnel syndrome do not go to 
surgery unnecessarily?

 A. Reliability.
 B. Sensitivity.
 C. Specificity.
 D. Side-to-side symmetry.

9.  When performing ulnar motor nerve conduction studies, the 
motor amplitudes recorded at each site of stimulation are 
as follows: wrist 10mV, below elbow 7mV, above elbow 
6.5mV. The most likely explanation for these findings is: 

 A. Ulnar neuropathy in the forearm.
 B. Ulnar neuropathy at the elbow.
 C. Anatomical variant.
 D. Thoracic outlet syndrome.

10.  Which of the following suggests a good outcome of ulnar 
neuropathy at the elbow?

 A. Absent ulnar sensory response.
 B. Small amplitude motor response to abductor digiti minimi.
 C. Conduction block at the elbow.
 D. Reduced recruitment in intrinsic hand muscles.
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MEDIAN NEUROPATHY AT THE WRIST

Median neuropathy at the wrist, which is the pathophysiology 
underlying carpal tunnel syndrome (CTS), is the most common 
entrapment neuropathy referred to electrodiagnostic (EDX)
laboratories in the United States.1 Symptoms include hand 
numbness and weakness.2 The patient often does not localize the 
numbness simply to the median distribution but rather reports that 
the whole hand is numb.3 Symptoms usually are worse at night, 
and patients occasionally may report they “flick” their wrist to 
relieve symptoms. On examination, one can find weakness of 
the thenar muscles and possibly some mildly reduced sensation. 
There are a number of physical signs such as Tinel’s sign, Phalen’s 
sign, and the flick sign which can be suggestive of CTS. However, 
the sensitivity and specificity of these tests are not high and they 
should not be used in isolation to confirm or rule out a diagnosis.
There are number of risk factors for CTS that have been well 
documented in the literature.4 In polyneuropathies, nerves are 
more susceptible to superimposed entrapment such as in the case 
of diabetes mellitus. Rheumatoid arthritis, obesity, and pregnancy 
are also risk factors.5

Because detection of slowing of median nerve conduction across 
the wrist is the most useful way to establish the diagnosis, this 
should be the preliminary focus of one’s EDX assessment. There 
have been many approaches described for diagnosing CTS using 
nerve conduction studies (NCSs). For a more indepth review, 
readers are encouraged to review other articles.6,7 One’s general 
approach should be to measure sensory and motor conduction 
across the wrist and to compare the latencies with nearby nerves 

in the hand, such as the radial or ulnar nerve that do not traverse 
the carpal tunnel. This comparison helps to exclude the effects of 
temperature, age, and other general factors which may influence 
nerve conduction. As is the case in most entrapment neuropathies, 
sensory fibers are usually affected first. Rarely, motor axons are 
preferentially affected possibly because of focal compression of 
the recurrent branch of the median nerve or selective effects on 
fascicles within the median nerve at the wrist.8

There are many approaches for evaluating median sensory NCSs 
across the wrist, and it is critical to think through these alternative 
approaches before even evaluating the patient. In particular, 
one should not adopt the methodology of performing one test 
and, upon finding a normal result, performing another test until 
one finds an abnormality. Although this might seem intuitively 
tempting, it is risky because each additional test performed carries 
about a 2.5% false-positive rate, which is roughly additive as each 
new test is performed. For example, performing three separate 
tests, and making a diagnosis upon any one abnormality, carries 
about a 7.3% false-positive rate.

When selecting sensory NCSs, one should select studies that are 
(in descending order of importance): specific (few false-positives), 
sensitive (few false-negatives), reliable (obtain the same results 
today and tomorrow), and little influenced by covariates such as 
temperature and age.

There are three sensory NCSs with favorable characteristics when 
using the criteria above.9 These are demonstrated in Figure 1. 
Comparison of median and ulnar conduction to the ring finger 
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allows the detection of slowing of median conduction in comparison 
to the ulnar nerve, which does not traverse the carpal tunnel; a 
difference exceeding 0.4 ms is likely abnormal. Comparison of 
the median and radial nerve to the thumb has similar advantages. 
Here, a difference exceeding 0.5 ms is probably abnormal. The 
median and ulnar comparison across the palm over an 8-cm 
distance should demonstrate no more than a 0.3 ms difference in 
healthy individuals.

This author has also published extensively on a method to 
summarize these three tests into one result known as the combined 
sensory index or CSI (since the television show Crime Scene 
Investigation has become popular, this is now sometimes called 
the Robinson Index). To calculate the CSI, one performs all three 
of the studies mentioned above and adds the latency differences 
(median minus ulnar or median minus radial) together; when these 
are negative (i.e., the median is faster) a negative number is used. 
The CSI, because it summarizes three different tests, has been 
shown to be highly specific and more sensitive than the individual 
tests.10 It is also more reliable than single tests when one studies 
the same patient on two separate occasions.11 A CSI exceeding 0.9 
ms is considered abnormal.10

Motor NCSs are also, as mentioned above, an essential component 
of the EDX evaluation of CTS. These should be performed even if 
sensory NCSs are normal. Most commonly, studies are performed 
with stimulation of the median nerve at the wrist and recording over 
the abductor pollicis brevis. Generally, latencies exceeding 4.5 ms 
are considered abnormal. It is not generally useful to compare 
one median nerve with the other side because of the frequency 
of bilateral CTS. However, some EDX physicians compare the 
median motor latency with the ulnar motor latency; a difference 

exceeding 1.5 ms is considered abnormal. While some authors 
do advocate stimulating both at the wrist and at the palm,12 it is 
difficult to stimulate only the median nerve in the palm, and one 
can be easily mislead into a false diagnosis if the ulnar nerve is 
stimulated in the palm.13

Needle electromyography (EMG) sometimes is useful in 
evaluating patients with CTS.14 There is not a consensus about 
when thenar muscle needle EMG should be performed. It is this 
author’s practice to perform needle EMG of the thenar muscles in 
three settings: (1) when the median motor response is abnormal 
in latency or amplitude (this group has a higher yield), (2) when 
there is a history of trauma (in which axon loss is more likely), or 
(3) if the clinical presentation suggests another possible diagnosis 
(such as radiculopathy or plexopathy).

When interpreting the study, EDX physicians sometimes will be 
tempted to attach an adjective describing severity to the diagnosis, 
such as mild, moderate, or severe CTS. There are several pitfalls 
to this approach. First, CTS is a clinical syndrome and is not well 
described by categorizing the degree of conduction abnormalities. 
Second, latencies do not correlate particularly well with symptoms 
and classification schemes for these descriptors are somewhat 
arbitrary. Finally, these descriptors may mislead the referring 
physician. For instance, patients with mild slowing but marked 
functional impairment from their symptoms should perhaps have 
surgical release even though they could carry a “mild” descriptor 
to their diagnosis.

It is preferable to have the following components in the 
impression: diagnosis, localization, pathophysiology (axon loss 
and/or demyelination), and chances for successful treatment (if 
known).15 There has been some work16,17 which allows EDX 
physicians to give the referring physician an indication of the 
likelihood of successful outcome from carpal tunnel release. This 
author usually inserts a figure into the report (Fig. 2).

Evaluation of patients with CTS after release requires special 
consideration. Although patients with CTS usually have some 
improvement in latency after successful surgical treatment, 
latencies do not always return to the normal range.18 The structure 
of the myelin covering, after demyelination and remyelination, 
is not the same as it was before entrapment and some slowing 
often persists. Thus, when evaluating a patient with symptoms 
after surgery, it is important to either compare with preoperative 
studies or evaluate at two points in time after treatment to look 
for either improvement or worsening. Prolonged latencies by 
themselves do not indicate the need for reoperation.

MEDIAN NEUROPATHY NEAR THE ELBOW

There are several sites of potential median nerve entrapment 
near the elbow, including the ligament of Struthers, the bicipital 
aponeurosis (lacertus fibrosis), the pronator teres, the anterior 
interosseous nerve, and the flexor digitorum superficialis arch. 
None of these are common.

The ligament of Struthers is a fibrous structure running from 
an aberrant spur of bone on the distal humerus to the medial 
epicondyle. The median nerve and brachial artery and vein run Figure 1.  Example of combined sensory index (CSi) calculation.
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Figure 2.  Attachment to CTS reports: “Above are the reported frequencies of complete symptom resolution after carpal tunnel release according to 
electrodiagnostic criteria.  These outcomes are only reported for electrodiagnostic criteria and should not be used as the only predictive findings.  Other 
factors may have strong influences on outcomes.”

Bland JD: Do nerve conduction studies predict the outcome of carpal tunnel decompression? Muscle Nerve 2001 Jul;24(7):935-40.
Malladi N, Micklesen PJ, Hou J, Robinson LR: Carpal tunnel syndrome: a retrospective review of the correlation between the combined sensory index and 
clinical outcome after carpal tunnel decompression.  Muscle Nerve 2010 Apr; 41(4):453-457.

Electrodiagnostic Criteria     Frequency of Symptom Resolution
1. Normal study       40%
2. CSI  1.0 – 2.5       50%
3. CSI  2.5 – 4.6       63%
4. CSI > 4.6, Sensory responses present    55%
5. Sensory responses absent, motor latency < 6.5 msec   45%
6. Motor latency > 6.5msec      42%
7. Absent motor and sensory responses    23%

The combined sensory index (CSI) is calculated as: (median minus radial latency to thumb) + (median 
minus ulnar latency to ring finger) + (median minus ulnar latency across the palm)

under this ligament, which is present in about 1-3% of the general 
population.19 Compression at this site is rare and probably only 
occurs in only a very small percentage of those individuals who 
even have the ligament present.20

As opposed to the ligament of Struthers, which very few individuals 
have, most individuals do have a bicipital aponeurosis, also 
known as the lacertus fibrosis. The median nerve typically passes 
underneath this fibrotic fascial band, which normally extends from 
the biceps tendon and broadens out to the forearm fascia. Although 
normally this does not present a problem, in some people the band 
occasionally is unusually thick and can cause compression of the 
underlying median nerve near the elbow. Some authors have 
reported that in patients with compression at the lacertus fibrosus 
symptoms worsen with sustained elbow flexion, but this finding is 
not universally reported.

Slightly more distally, the median nerve passes between the 
two heads of the pronator teres muscle and can be compressed 
by a tendinous band within this muscle.21,22 When the nerve is 

compressed at the pronator teres muscle, symptoms usually are 
intermittent forearm pain and weakness. As opposed to CTS, 
the pathophysiology is less commonly demyelination and more 
commonly axon loss. Clinical presentation depends upon the 
degree and site of compression, but usually complaints are reported 
to be aching pain in the forearm exacerbated by repetitive use. 
Sensory symptoms such as paresthesiae or dysesthesiae are more 
rare than they would be in CTS. Physical findings of weakness or 
sensory loss typically are not seen, although Tinel’s sign may be 
present.23 Pronator teres syndrome is very rare and has not been 
knowingly seen by this author.

Anterior interosseous nerve syndrome (AINS) likely is the most 
common proximal median neuropathy seen in the EDX laboratory. 
Typically, patients report the spontaneous onset of acute proximal 
forearm pain lasting several days. Occasionally, there is a history 
of trauma or overexertion prior to the onset of pain, but many 
times this syndrome is without known precipitating factors. Pain 
is the predominant complaint and more bothersome than weakness 
in most cases. Because the anterior interosseous nerve is primarily 
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motor and has no cutaneous sensation, patients typically do not 
report numbness or tingling.

Physical examination in these cases demonstrates weakness in the 
flexor pollicis longus (FPL) and the flexor digitorum profundus 
(FDP) muscles supplying the index finger and the long fingers. 
Weakness in these muscles often is best demonstrated by asking 
the patient to make an “OK” sign. These patients are unable to flex 
the interphalangeal joint of the thumb or the distal interphalangeal 
joint of the index figure and thus are unable to make a round “OK” 
sign. It is difficult to test the pronator quadrator (PQ) muscle, but 
it is reported that testing pronation with the elbow in flexion is 
the best way to remove the contribution from the pronator teres. 
However, even in a best case scenario it is difficult to detect PQ 
weakness.24

The etiology of AINS is variable. At times anomalous or 
accessory muscles or tendons in the proximal forearm have been 
implicated.24 Sometimes a repetitive movement or strenuous use 
of the forearm muscles will provoke the onset of symptoms.25,26 Of 
course, trauma can also cause AINS.

Neuralgic amyotrophy likely is another common etiology of 
AINS. In their original report of neuralgic amyotrophy, Parsonage 
and Turner reported a number of patients who had weakness 
limited to the FPL and FDP, but they did not recognize that the 
weakness was in the anterior interosseous nerve distribution. 
Kiloh and Nevin later reported the neuralgic amyotrophy was 
within the distribution of a single peripheral nerve; hence, this 
syndrome is sometimes called Kiloh-Nevin syndrome. Later 
articles have demonstrated that neuralgic amyotrophy can affect 
multiple peripheral nerves rather then solely affecting the brachial 
plexus; the anterior interosseous nerve is particularly susceptible 
to involvement in the disorder.27 Recent findings from examining 
patients with neuralgic amyotrophy have demonstrated hourglass 
like constrictions in the affective nerves, although it is unclear 
what these morphologic changes mean in terms of etiology or 
treatment of the disease.28

Needle EMG usually is the most helpful part of the EDX evaluation. 
The diagnosis depends upon finding evidence of denervation in the 
FPL, FDP, or the PQ. The PQ can be difficult to examine, but the 
access to this muscle is facilitated if it is approached from its dorsal 
aspect when the forearm is in the neutral (not pronated) position.24 
Muscles outside of this distribution usually are normal, although 
one should be aware of the Martin-Gruber anastomosis (MGA). 
In patients with MGA, about half the time the anastomotic branch 
derives from the anterior interosseous nerve. Thus, patients with 
AINS may actually show evidence of denervation in typically 
ulnar-innervated muscles in the hand.

Typical motor and sensory NCSs in the limb usually are normal, 
although studies recording from the PQ muscle can be used.25

SUMMARY

One should be aware of the variety of median nerve lesions 
that can present with upper limb focal neuropathies. The EDX 
examination, combined with the history and physical examination, 

can help elucidate the localization, pathophysiology, and prognosis 
of these lesions and help in the ultimate care of these patients.
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ANATOMY

The radial nerve (C5-T1) is a continuation of the posterior trunk 
of the brachial plexus. It courses down the lateral wall of the axilla 
on the medial side of the humerus (Fig. 1), then winds around 
the humerus, passing between the heads of the triceps muscle 
and through a fibrous arch in the triceps. It pierces the lateral 
intermuscular septum and enters the anterior compartment of the 
arm. The branches are shown in Figure 1. The nerve divides into 
the deep mainly motor posterior interosseous nerve (PIN) and the 
superficial radial nerve (SRN) at the elbow.

The PIN winds dorsolaterally around the neck of the radius to 
reach the extensor compartment of the forearm. It passes through 
the supinator muscle, entering it through an opening termed the 
arcade of Frohse, formed by the edge of the proximal border of 
the superficial head of that muscle (Fig. 1). The arcade has a 
thickened tendinous edge in about one-third to two-thirds of the 
population. The PIN then usually courses between the superficial 
and deep parts of the supinator, although it sometimes lies deep 
to the entire muscle. After entering the extensor compartment of 
the forearm, the PIN branches to innervate the extensor digitorum 
communis, extensor carpi ulnaris, extensor pollicis longus and 
brevis, abductor pollicis longus, extensor indicis, and extensor 
digiti minimi muscles. These muscles comprise roughly half of 
the wrist extensors and all of the extensors of the digits. The PIN 
innervates the supinator muscle on its way through it.

The “radial tunnel” is an imprecise term defined as the structures 
abutting the radial nerve from where it pierces the lateral 
intramuscular septum to some ill-defined point along the course 
of the PIN distally. It is not a tunnel in the true anatomic sense and 

the term should be dropped since it creates the incorrect notion that 
there is a structural tunnel wherein the distal radial nerve or the 
PIN can be entrapped.2 The SRN usually passes over the supinator 
and pronator teres muscles and deep to the brachioradialis and the 
extensor carpi radialis longus and brevis muscles. In the lower 
third of the forearm, the nerve courses along the lateral aspect 
of the radius, just beside the cephalic vein. It divides in a highly 
variable manner into the terminal digital branches that supply the 
dorsolateral aspect of the hand and first three digits (Figs. 1, 5, 
and 6).

Figure 1. Lateral view of the right arm, showing the course, clinically 
relevant anatomical relations, and major branches of the radial nerve.
Modified from Lotem and colleagues1 with permission. Reproduced with 
permission from Stewart.58
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RADIAL NEUROPATHIES IN THE AXILLA

Radial nerve damage in the axilla is uncommon. The misuse 
of a crutch can compress the nerve against the humerus or the 
muscles of the axilla. The radial nerve also may be damaged here 
by missile injuries, shoulder dislocations, and proximal humeral 
fractures. The other two major nerves of the arm may also be 
involved (“triad neuropathy”).

RADIAL NEUROPATHIES IN THE UPPER ARM

Fractures of the humerus are a leading cause of radial neuropathies 
in the upper arm (Table 1). Most are supracondylar humeral shaft 
fractures.3 There are reports of large numbers of patients sustaining 
spiral fractures during strenuous throwing of baseballs or even 
hand grenades, or during strenuous arm wrestling; some have 
radial neuropathies.4-6 Nerve injury is most frequent in middle and 
middle-distal fractures (Fig. 2). The radial nerve may be injured in 
several ways: it may be struck by the blow that fractures the bone, 
lacerated by a bony spur, caught between the ends of the broken 
bone, stretched as the bone fragments separate, or traumatized 
during efforts to mend the fracture. A delayed radial neuropathy 
results from the nerve being compressed or engulfed by callus. 
Other types of trauma to the radial nerve in the upper arm include 
blunt blows, gunshot wounds, and lacerations. Injections, either 
intended for the deltoid muscle but placed too far distally or those 
made into the triceps muscle, can cause serious nerve damage.

Compression of the nerve occurs against the humerus in the upper 
medial side of the arm, in the spiral groove, or in the distal lateral 
aspect of the upper arm. Compression can be acute but more often 
occurs during deep sleep. Extreme fatigue, alcohol (hence the term 
Saturday night palsy), and excessive sedation are predisposing 
factors. The nerve may be compressed by the patient’s own head, 
or that of a sleeping partner, by leaning against the medial aspect 
of the outstretched arm, or by sleeping with the arm draped over 
the back of a chair or bench (Fig. 3). Sleeping on the side with the 
arm pinned underneath the body against a hard surface may also 
compress the radial nerve.

Chronic compression of the radial nerve by the triceps muscle is 
rare. Surgical explorations in a few patients have shown the nerve 
to be compressed distal to the spiral groove by the tendinous fibers 
of the lateral head of the triceps muscle. Acute compression within 
the triceps occurs rarely. Other patients developed neuropathy after 
brief or prolonged episodes of unusually strenuous arm exercise, 
sometimes associated with sudden accidental elbow flexion or 
twisting.7,8 All had weakness of radial-innervated muscles distal 
to the triceps; some had sensory loss. Perhaps during exercise the 
triceps muscle becomes swollen and compresses the nerve, or 
vigorous exercise causes repeated nerve stretching or angulation. 
Most patients recover spontaneously; in two patients who did 
not, surgical exploration showed compression of the nerve by the 
tendinous insertion of the triceps.7

Perioperative radial neuropathies are less frequent than ulnar 
neuropathies. The nerve may be compressed from wrong arm 
positioning during anesthesia.9 Tourniquet paralysis is caused by 
rubber tubing, Esmarch bandages, or pneumatic tourniquets. All 
three major nerves of the arm usually are involved, but the radial 

Figure 2. Upper arm radial neuropathy. This woman had a snowboarding 
accident and fractured her left middistal humerus. Radial nerve dysfunction 
was noted shortly after the accident. The unstable fracture was treated by 
open reduction and stabilized with a metal plate. The nerve was identified 
to be in continuity, but the radial neuropathy was worse after the surgery. 
Examination at that time showed normal triceps strength, very weak 
contraction (grade 1) of the brachioradialis muscle, and grade 0 power in 
the wrist and finger extensor muscles. The area of marked sensory loss 
is indicated by the hatched lines; moderate sensory loss is shown by the 
stipples. Needle electromyography showed a few motor unit potentials in 
the extensor muscles and a small amplitude radial sensory nerve action 
potential, indicating some functioning nerve axons in the radial nerve. Six 
months after the injury she was fully recovered.
Reproduced with permission from Stewart.58

.

Figure 3. Upper arm radial neuropathy. Sleeping in this position when 
inebriated with alcohol or when sedated may cause a radial neuropathy 
(“Saturday night palsy”). 
Reproduced with permission from Stewart.58
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nerve is often more severely so, or it is the only one affected.10,11 
These neuropathies can sometimes be attributed to a faulty 
aneroid gauge and excessive pressure, or to prolonged tourniquet 
application, but they may happen despite all normal precautions. 
Acute compression of the radial nerve in the upper arm can occur 
rarely in association with the use of automated blood pressure 
cuffs.

Radial neuropathies occur quite frequently in patients with 
hereditary neuropathy with liability to pressure palsies (HNPP).12 
In multifocal motor conduction block neuropathy there is a 
predilection for involvement of the radial nerve, with some 
patients having exclusively or predominantly a radial neuropathy, 
though other nerves usually become involved with time. Deficits 
may involve all radial muscles or may be restricted to those 
innervated by the PIN.13 Nerve tumors can occur anywhere along 
the course of the nerve.

Unilateral or bilateral radial neuropathies in neonates are caused 
by compression in utero by the umbilical cord, amniotic bands, or 
uterine constriction rings.14

RADIAL NEUROPATHIES AT THE ELBOW

Injury to the distal part of the main trunk of the radial nerve can 
occur at the elbow, just before this nerve divides to form the PIN 
and the SRN. The causes of nerve injury here are essentially the 
same as those that damage the PIN (Table 2).

Posterior Interosseous Neuropathy

There are well described lesions of the posterior interosseous 
nerve (Table 2), but confusion arises from other entities alleged 
to involve the PIN. Tennis elbow, lateral tennis elbow, lateral 

epicondylitis, lateral tendinosis, tendonitis of the common 
extensor origin, peritendonitis of the elbow, and lateral elbow 
pain are all synonyms for the entity of pain in the lateral elbow 
in the area of the lateral epicondyle and lateral upper forearm that 
involves the proximal extensor muscles. It is thought to result 
from damage and inflammation of the extensor muscle attachment 
to the epicondyle from overuse of the muscles. Resistant (chronic, 
persistent) tennis elbow is a term used by some for those patients 
who do not respond to conventional conservative treatments. 
Radial tunnel syndrome is a term used primarily by orthopedic 
surgeons who believe that patients with resistant tennis elbow 
have an entrapment of the PIN in the radial tunnel (i.e., used as 
a synonym for resistant tennis elbow). Others use radial tunnel 
syndrome to denote lesions of the distal radial nerve and the PIN 
in the region of the elbow.

Fractures or dislocations of the proximal radius often involve 
the PIN. The nerve may be damaged by bone fragments, during 
the operative removal of the upper end of the radius, or during 
insertion of plates for internal fixation. Midforearm fractures of 
the radius and ulna also can damage the PIN, sometimes with 
associated anterior interosseous nerve injury. Lacerations in the 
extensor compartment of the arm may sever the nerve. Injury 
to the PIN is a recognized complication of the two-incision 
technique for repairing distal biceps tendon ruptures and of some 
arthroscopic procedures of the elbow joint. A delayed posterior 
interosseous neuropathy may develop years later from a deformed 
elbow joint from osteomyelitis, or a poorly healed fracture. The 
PIN can be damaged by a variety of soft tissue masses and tumors, 
the most frequent of which are lipomas. Ganglia arising from the 
elbow joint, neurofibromas, schwannomas, chondromas, and 
hemangiomas also have been described. In rheumatoid arthritis 
the nerve may be compressed by hypertrophied synovium or by 
the dislocation of the radial head. External compression of the PIN 

Table 1.  Causes of radial neuropathies in the upper arm* 

Fractures of the shaft of humerus• 
Blunt injury• 
Gunshot wounds• 
Lacerations• 
Injections• 
Compression• 

 During sleep, sedation, or anesthesia
 Tourniquets
 By triceps muscle
 Birth palsies

Muscular exertion• 
Hereditary neuropathy with a liability to pressure • 
palsies
Multifocal motor conduction block neuropathy• 
Inflammatory neuropathy• 
Nerve tumors• 

*The causes of damage to the radial nerve at the elbow are the same as 
many of the causes of posterior interosseous neuropathy (see Table 2).
Reproduced with permission from Stewart.58

Fractures and dislocations of the radius• 
Compression by soft tissue masses*• 
Compression by the extensor carpi radialis brevis • 
muscle
Entrapment by the arcade of Frohse and within the • 
supinator muscle
External compression• 
Dialysis fistula• 
Iatrogenic injury during surgery• 
Laceration• 
Tardy neuropathy following previous elbow damage• 
Nerve tumors• 
Acute brachial plexus neuropathy variant• 
Multifocal motor neuropathy• 
Idiopathic• 

Table 2.  Causes of posterior interosseous neuropathy 

*Ganglia, enlarged bursa, rheumatoid synovium, lipomas, fibromas, 
hemangiomas.
Reproduced with permission from Stewart.58
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by the hard upper edge of a Canadian crutch or from prolonged 
leaning on the extensor aspect of the forearm can occur (Fig. 4).

PIN dysfunction of uncertain cause may begin acutely or 
gradually.15-28 It sometimes follows strenuous use of the arm. Many 
patients have dull elbow pain either before or together with the 
onset of weakness. Left untreated, some recover spontaneously 
over months or years; others do not. Many surgical reports 
describe compression of the PIN by the fibrous edge of the arcade 
of Frohse, by fibrous bands proximal or distal to the arcade, or 
by an apparently tight passageway through the supinator muscle 
(hence the terms supinator syndrome and supinator channel 
syndrome). These “abnormalities” are seen frequently in anatomic 
dissections,29 so they are of doubtful significance. Swelling of a 
nerve proximal to where it pierces a muscle or where it intersects 
with another structure as evidence of nerve compression is also 
questionable; this has been observed at PIN dissection studies.30 

In some patients with posterior interosseous neuropathies, 
exploration has shown narrowing of the nerve of no discernible 
cause, the presence of leashes of blood vessels of uncertain 
significance, or no abnormalities.

If not due to focal compression, then what are the causes of PIN 
dysfunction? In some patients the onset is acute and painful and 
so may be a restricted form of acute brachial plexus neuropathy 
(ABN).17,31-33 The localized constrictive lesions described in the 
median nerve by Nagano and colleagues34 that might be indicative 
of the inflammation and scarring in ABN are also found in some 
PIN lesions. Inflammatory infiltrates around the vasa nervora have 
been described in one of these patients, lending support to these 
lesions being inflammatory and perhaps a variant of ABN.17

An important diagnosis to consider in patients with a progressive 
PIN lesion not due to a mass is multifocal motor neuropathy 
(MMN). The radial nerve may be exclusively affected and the 
deficits may be limited to muscles supplied by the main trunk 
of the nerve or to those innervated by the PIN.13 Sometimes the 
latter are variably affected so that there is unequal weakness of the 
thumb and finger extensors.

In summary, some posterior interosseous neuropathies of no 
apparent cause may be the result of compression by muscles and 
fibrous bands, although the role played by such structures has 
been overdiagnosed by surgeons. The diagnoses of a variant of 
ABN and MMN should be considered in these patients.

Resistant (Chronic) Tennis Elbow/Radial 
Tunnel Syndrome

Although most consider resistant tennis elbow to be a chronic 
inflammation of the tendinous insertions at or near the lateral 
epicondyle, others believe it to be an entrapment of the PIN. The 
latter is confusingly labelled radial tunnel syndrome by some. 
Others use the same term to denote true damage to the PIN. Standard 
descriptions of the physical findings in patients with resistant 
tennis elbow include local tenderness over the radial proximal 
forearm a little distal to the lateral epicondyle (contrasting with 
epicondylar tenderness of acute tennis elbow). Supination and 
dorsiflexion of the fingers and wrist against resistance produce or 
worsen the pain in the extensor aspect of the forearm. This pain 

may limit maximal muscle contraction of the finger extensors, 
giving the impression of weakness of those muscles. The patients 
described by some under the label of resistant tennis elbow and by 
others as radial tunnel syndrome can be divided into two groups: 
those with weakness and needle electromyography (EMG) 
abnormalities in PIN-innervated muscles, and those without such 
findings. In several reports the details of clinical muscle testing or 
electrodiagnostic (EDX) investigations are inadequate. 

One study considered that the hallmark of this syndrome was 
“pain without muscle weakness of clinical importance,” and no 
EDX tests were performed.35 In another, “muscle weakness was 
not a characteristic finding” and abnormal needle EMG studies 
were present in only three patients.36 Nonetheless, both groups of 
authors concluded that the cause was compression of the PIN and 
decompressed the nerves. This central issue of normal or abnormal 
function of the PIN in this group of patients in whom pain is the 
main symptom has been assessed carefully in three studies.37-39 
Two of these studies argue strongly against PIN compression 
being the cause of the syndrome of resistant tennis elbow/radial 
tunnel syndrome. Rosenbaum40 suggests the term “true neurogenic 
radial tunnel syndrome” for those patients with pain in the upper 
lateral forearm and clear evidence of PIN involvement and the 
term “disputed radial tunnel syndrome” for those with no PIN 
involvement. This author agrees with this distinction but does not 
endorse the use of the term “radial tunnel.”

Surgical procedures either allegedly decompress the PIN or 
focus on the extensor muscles and their attachment to the lateral 
epicondyle. None of these procedures have been evaluated by 
randomized control trials. Several articles report signs of PIN 
compression, such as swelling and indentation of the nerve by 
the arcade of Frohse or by the edge of the extensor carpi radialis 
brevis. As discussed above, such findings must be interpreted with 
caution. In another report, no abnormalities were found on surgical 
exploration of 16 patients with resistant tennis elbow.39 In another, 
6 of 37 patients explored showed no structural abnormalities 
involving the nerve.26 Note that such surgery may cause damage 
to the PIN.2

In summary, there is very little evidence that patients with the 
chronic painful syndrome commonly termed resistant tennis 
elbow (and called by others radial tunnel syndrome) have 
involvement of the PIN. Patients with progressive neurological 
deficits confined to the muscles supplied by the PIN are entirely 
different from those with pain and no neurological deficits. The 
former should be investigated with EDX and imaging studies 
before being considered for surgical exploration.

Superficial Radial Neuropathy

The SRN usually is damaged at the wrist where it lies close to 
the distal end of the radius (Table 3). External compression is 
an important cause, resulting from tight watchstraps, handcuffs, 
bracelets, rubber gloves, plaster casts, and by roping the wrists 
together (Fig. 5). There may be concomitant damage to the 
median or ulnar nerves. Blunt blows may injure the SRN, which 
sometimes occurs in conjunction with a fracture of the distal 
radius. Lacerations, including iatrogenic ones, are quite common. 
Patients with de Quervain’s tenosynovitis may have involvement 

RADiAL NEUROpAThiES
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of the SRN, presumably due to bystander inflammation involving 
the nerve;41 the SRN may be damaged during surgery for this 
condition.42 Injury to the SRN can occur in a wide variety of other 
operations at the wrist. Another unfortunate and probably quite 
frequent cause is damage from intravenous needles aimed for the 
adjacent cephalic vein (Fig. 6).43

A true entrapment neuropathy of the SRN is rare. A large series 
of patients with alleged entrapment of this nerve in the forearm 
has been described, but many had previous injuries to this nerve 
or conditions such as diabetes mellitus that could cause a nerve 
infarct.44 More convincing is a report of two patients in whom 
there was no other cause of nerve injury; EDX studies showed a 
focal neuropathy, and surgical exploration of the nerves improved 
the symptoms.45 The role of scar tissue formation in this area as 
a result of work-related repetitive wrist movements in causing 
an SRN lesion is unclear. Such movements could certainly 
aggravate symptoms in a person who already has a nerve lesion. 
An anatomical anomaly in which the SRN pierces two slips of the 
brachioradialis tendon has been described and alleged to be the 
cause in a large number of patients surgically explored.46 Scarring 
from previous de Quervain’s tenosynovitis may be another cause 
of entrapment.41

Proximal lesions of the SRN are much less common. An aberrant 
course through the extensor carpi radialis brevis muscle has been 
cited as a cause of compression. Rupture of a rheumatoid synovial 
effusion at the elbow may compress the nerve near its origin from 
the main trunk of the radial nerve. A variety of tumors and ganglia 
can involve the SRN anywhere along its length.

CLINICAL FEATURES OF RADIAL NEUROPATHIES

Severe damage to the proximal part of the main trunk of the radial 
nerve produces weakness of the triceps, brachioradialis, and 

extensor muscles of the wrist, thumb, and fingers as well as radial 
sensory loss. The most striking sign is wrist drop (Fig. 2). In many 
patients with sleep or compressive palsies of the radial nerve, 
the damage is distal to the branches to the triceps muscle. The 
involvement of the brachioradialis, the extensors of the wrist and 
digits, and the superficial radial nerve is variable. In one report 
of 29 patients, the brachioradialis muscle was normal in 5, and 
11 had no sensory loss.47 Explanations for these findings include 
anomalous branching, less susceptibility of sensory than of motor 
fibers to compression, and differential involvement of fascicles.47

A lesion of the PIN produces the distinctive clinical picture of 
finger-drop, rather than the wrist drop, and no sensory loss (Fig. 
4). The degree to which the extensors of the digits are involved is 
highly variable. This may be another example of the differential 
involvement of fascicles within a damaged nerve.

Damage to the SRN produces sensory abnormalities in the 
dorsolateral hand to a varying extent, depending on the patient’s 
individual anatomy (Figs. 5 and 6). A Tinel’s sign is often present. 
Partial lesions of the SRN may produce sensory disturbance in a 
restricted area pattern suggesting damage to a terminal branch of 
the nerve, likely due to selective involvement of a fascicle within 
the SRN. These neuropathies are quite often associated with 
unpleasant paresthesias, a painful neuroma, and complex regional 
pain syndrome.

Differential Diagnosis

Proximal radial neuropathies must be distinguished from C7 root 
lesions. The sensory abnormalities of the latter may involve the 
dorsum of the hand and lateral fingers, but they often also involve 
the palmar aspect of the third digit. When a C7 lesion is severe 
enough to produce muscle weakness, there will be concomitant 
involvement of median-innervated muscles (i.e, the pronator teres 

At the wrist
External compression*• 
Direct trauma: blunt blows, lacerations• 
Iatrogenic injury: surgery, intravenous needles• 
True entrapments• 
Nerve tumors• 

In the forearm and elbow
Compression due to an aberrant course through • 
muscles
Ruptured synovial effusion at the elbow• 
Nerve tumors• 

Table 3.  Causes of superficial radial neuropathy.

*Wristwatch bands, bracelets, rubber gloves, handcuffs, rope, plaster-of-
Paris casts.
Reproduced with permission from Stewart.58

Figure 4. Posterior interosseous neuropathy. This man leaned the upper 
lateral aspect of his forearm heavily against a hard object for about 20 
minutes. He then developed marked weakness of the extensors of his 
digits. Examination showed very mild weakness of the wrist extensors 
(extensor carpi radialis was grade 4+) and marked weakness (grade 1) of 
the extensors of the fingers and thumb. There was no sensory loss. he had 
focal tenderness at the place marked by the x. This picture of finger drop 
without wrist drop is characteristic of a posterior interosseous neuropathy. 
He recovered fully within 6 weeks.
Reproduced with permission from Stewart.58
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can be stimulated in the supraclavicular fossa, and proximal (axilla) 
or distal to the spiral groove, with recording from muscles in the 
extensor compartment of the forearm. The PIN can be specifically 
evaluated and compared with other motor branches by comparing 
latencies of compound motor action potential responses from the 
extensor carpi ulnaris and from the brachioradialis muscles.54

Imaging

Plain radiographs of the shoulder and arm will show fractures 
and sometimes elbow joint abnormalities contributing to radial 
neuropathies. Ultrasonography is of great value in diagnosing 
nerve lesions and the masses causing them, such as ganglia at the 
elbow and nerve tumors. Computerized tomographic and magnetic 
resonance imaging are useful to detect a variety of masses.

MANAGEMENT

Lesions of the Main Trunk

Radial neuropathies that occur during sleep, coma or anesthesia are 
usually neurapraxic and can be expected to recover spontaneously 
within 6 to 8 weeks. Patients with prolonged external compression 
and axonal degeneration recover more slowly. One article reports 
that 87% of patients with sleep palsies of the radial nerve recovered 
fully.55 Recovery from tourniquet injuries may occur as quickly as 
a day or as slowly as a year; the usual time is several months, 
and most patients recover fully.10,11 The management of a severe 
radial neuropathy associated with a fracture of the humerus has 
been the subject of many articles. When the patient has not been 
operated on, the question is whether the nerve might be lacerated, 
in which case surgical repair of the nerve should be undertaken. In 
the postoperative patient, the question is whether the nerve could 
have been lacerated during surgical treatment of the fracture or 
entrapped within bone fragments or under a metal plate; later on 

Figure 6. Superficial radial neuropathy. This diabetic man required 
intravenous treatment and venous access was difficult. As the needle was 
being inserted to the cephalic vein (x) he felt an “electrical explosion.” he 
then had persisting painful paresthesias in the distribution of the superficial 
radial nerve. When seen 2 months later he had reduced light touch and 
some allodynia in the area shown. There was a markedly positive Tinel’s 
sign at the X.
Reproduced with permission from Stewart.58

and flexor carpi radialis). A lesion of the main trunk of the radial 
nerve must be distinguished from one involving the posterior 
cord of the brachial plexus. In the latter, the latissimus dorsi and 
deltoid muscles are weak. There also should be sensory loss in 
the distribution of the axillary nerve and the posterior cutaneous 
nerves of the arm and forearm.

Partial lesions of the PIN may be confused with rupture of 
the tendons of the thumb and finger extensors, as occurs in 
rheumatoid arthritis. Patients with that disorder can also develop a 
posterior interosseous neuropathy due to compression by synovial 
hypertrophy and ganglia at the elbow. A needle EMG study of the 
finger and thumb extensor muscles will sort this out. A differential 
diagnosis in SRN lesions is de Quervain’s tenosynovitis. In the 
former, symptoms include true sensory abnormalities. The latter 
produces pain and sometimes signs of inflammation in the distal 
radial aspect of the forearm and wrist. Occasionally, the two 
conditions coexist.

INVESTIGATIONS

Electrodiagnostic Studies

Needle EMG abnormalities confined to radial-innervated muscles 
can be used to confirm the diagnosis (and severity) of a radial 
neuropathy. In a C7 radiculopathy, needle EMG abnormalities also 
may be present in the paraspinal muscles and muscles innervated 
by C7 through the median nerve. In a lesion of the posterior cord 
of the brachial plexus, needle EMG of the latissimus dorsi and 
deltoid will be abnormal. The radial sensory action potential study 
will be abnormal in some proximal radial neuropathies and also 
in most lesions of the superficial radial nerve, depending on their 
severity. Motor nerve conduction studies of the radial nerve and 
the PIN are not as straightforward as for the median and ulnar 
nerve.47-56 The brachial plexus and main trunk of the radial nerve 

Figure 5. Superficial radial neuropathy. This woman was involved in a 
brawl and had handcuffs put on both wrists and taken to jail. She said the 
handcuffs were tight and she had them on for 9 hours during which she 
banged on the cell door with the handcuffs. She later developed swelling 
and redness of both wrists and numbness on the left, as shown. There was 
an area of tenderness with a Tinel’s sign about 1 cm proximal to the distal 
end of the radius (x).
Reproduced with permission from Stewart.58
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Categorize into one of three types

Spontaneous onset

Fractures and 
dislocations

Following 
orthopedic 

procedure on 
proximal radius

Evidence (clinically 
or radiologically) of 
soft tissue mass or 

long-standing elbow 
deformity

Wait (2-3 months)

Yes No
No recovery Improved

Surgical exploration Wait (3-6 months)
Surgical 

exploration
Wait (full recovery 

likely)

Same or worse Improved

Surgical exploration Wait (full recovery 
likely)

the concern may be entrapment within bony callus. When the 
clinical deficit is complete, and if the EDX studies show no nerve 
function, surgical exploration has to be considered because the 
nerve may be severed or otherwise severely damaged. Ultrasound 
studies may help in some of these cases.57 Approximately 70% of 
radial neuropathies associated with closed fractures of the humerus 
ultimately recover spontaneously, and the overall recovery rate 
is 88%.3 The function of the hand can be much improved by a 
dorsal wrist cock-up with dynamic finger extension splint. When 
nerve damage is chronic and severe, tendon transfers should be 
considered, or the newer technique of median to radial nerve 
transfer.58

Posterior Interosseous Neuropathy

The first step in management of a patient with a posterior 
interosseous neuropathy is categorize them into one of three 
types: those of spontaneous onset, those following a fracture 
or dislocation, and those following a surgical procedure on the 
proximal radius. A suggested management protocol is summarized 
in Figure 7. Patients with PIN lesions, whatever the cause, should 
be treated with splinting and when the condition is chronic and 
severe, tendon transfer should be considered.

Superficial Radial Neuropathy

A laceration of the nerve must be repaired to avoid the formation 
of a painful neuroma. The surgical treatments of an established 
neuroma are beyond the scope of this review. When complex 
regional pain syndrome is present, chronic pain management 
tactics are required. When there has been no obvious trauma to 
the nerve, the first step is to find out if the patient habitually wears 
a tight watch band or bracelet that could be chronically irritating 
the nerve. Otherwise, the patient may have a true entrapment that 
can be treated conservatively or surgically. For these patients, and 
for those who have had blunt trauma to the nerve with presumed 
irritation by subsequent scar tissue, or those suspected of having 
repetitive movement or stretch injuries to the nerve, conservative 
methods are tried first: restricting wrist activities, splinting at 

night, and local corticosteroids and anesthetic injections. If these 
measures fail, the nerve should be explored and decompressed or 
treated by other surgical maneuvers.
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This discussion covers the anatomy, pathogenesis, clinical 
presentation, differential diagnosis, electrodiagnostic (EDX) 
evaluation, and management of patients with ulnar neuropathy at 
the elbow and wrist. Patients with symptoms or signs suggestive 
of ulnar neuropathy are common referrals to the EDX laboratory. 
Understanding the material here should provide the practitioner 
with a sound basis for performing informative, reliable, and 
reproducible assessments of patients with suspected ulnar 
neuropathy. Three comprehensive sources of additional information 
on this topic are listed in the Annotated Bibliography.

ANATOMY

The motor and sensory axons that comprise the ulnar nerve arise 
from the C8 and T1 nerve roots. Some anatomy texts also show 
a C7 component. The C8 and T1 components pass into the lower 
trunk and then the medial cord of the brachial plexus. Axons 
destined for the median nerve component of the hand and finger 
flexor muscles travel in the same pathway. Axons to the extensor 
muscles of the index finger and thumb pass through the lower 
trunk but divert into the posterior cord to reach the radial nerve. 
The sensory branches to the medial aspect of the arm and forearm 
arise from the medial cord before the ulnar nerve emerges as the 
main terminal branch of the medial cord.

The ulnar nerve then passes down the arm in the space between the 
biceps and triceps. About midway along the arm, the nerve diverts 
dorsally through the intermuscular septum to rest on the medial 
head of the triceps. As the nerve traverses the intermuscular septum, 
it may encounter a series of fibrous bands referred to as the arcade 

of Struthers. From its course on the medial triceps, the nerve then 
passes to the elbow. The course around the elbow commonly is 
referred to as the cubital tunnel. The medial epicondyle of the 
ulnar and the olecranon of the radius form the bony floor of the 
elbow course of the nerve. Several collateral ligaments between 
those bones contribute a dynamic component to the floor. The 
nerve is covered superficially by an aponeurosis which spans 
the two heads of the flexor carpi ulnaris (FCU) arising from the 
medial epicondyle and olecranon. A fibrous band, which varies 
in size, may exist at the proximal edge of the aponeurosis. When 
anatomically prominent it has been termed Osborne’s ligament, the 
cubital tunnel retinaculum, or the humeroulnar arcade. Just distal 
to the medial epicondyle the nerve passes deep to the aponeurosis 
of the FCU and about 4 cm distal to the epicondyle passes through 
the deep flexor pronator aponeurosis. This latter structure is the 
terminal component of the elbow course of the nerve. The nerve 
then travels underneath the FCU to the wrist where it enters the 
hand through Guyon’s canal. The branches to the FCU and flexor 
digitoroum profundus (FDP) usually arise at the level of medial 
epicondyle. The dorsal cutaneous branch arises from the ulnar 
nerve trunk about 5 cm above the wrist.

Several dynamic aspects of nerve and elbow anatomy have 
been identified. During elbow flexion the nerve elongates by 
approximately 1.5 cm as undulations in the fascicules become 
straightened. The nerve also slides about 1.5 cm distally in the 
groove around the elbow during flexion. Both of these actions 
are possible due to a degree of redundancy present in the nerve 
in the distal arm–elbow segment of the nerve. Another dynamic 
component of elbow anatomy is the decrease in the dimensions 
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of the cubital tunnel during flexion. This occurs due to the ulnar 
collateral ligament deep to the nerve and the aponeurosis of the 
FCU superficial to it becoming taught during flexion. A third 
potential dynamic factor is the tendency of the nerve to sublux 
over the medial epicondyle and become much more superficial 
during flexion. This may occur in about 16% of the population.

PATHOGENESIS

Entrapment and compression of the nerve in the immediate region 
of the elbow are the cause of the syndrome. Several lesion sites 
have been identified. One occurs in the retro-epicondylar segment 
2-4 cm proximal to the medial epicondyle. Another is located 
at or just distal to the medial epicondyle at the proximal end of 
the cubital tunnel. A third site is underneath the flexor pronator 
aponeurosis at the distal end of the tunnel. Mild lesions at any 
of these sites produce local demyelination and result in partial 
conduction block. Axons distal to this type of lesion remain 
mostly intact. More severe and prolonged compression produces 
axonal damage.

Onset may occur during periods of prolonged or recurrent 
elbow flexion such as working at a computer or on a desktop. 
As mentioned in the anatomy section, the dimensions of the 
cubital tunnel become reduced during elbow flexion. Individuals 
with intrinsically small tunnels may be more susceptible to the 
effect of elbow flexion. Periods of unconsciousness, due to 
anesthesia during surgery or disease which cause encephalopathy, 
may allow the nerve to be compressed without the patient being 
able to appreciate the symptoms of nerve compromise and 
accordingly adjust the position of the elbow. Ulnar neuropathy 
in the perioperative setting may occur postoperatively rather than 
during the surgery itself. Periods of prolonged elbow flexion or 
prolonged pressure on the nerve while being in bed are potential 
factors. The occurrence of perioperative ulnar neuropathy is much 
more common in males.

Fracture of the elbow and then failure to re-establish normal 
alignment of the humerus and ulna has also been associated with 
development of ulnar neuropathy. The resulting deformity of the 
elbow was thought to increase stretching or compressing forces on 
the nerve in the elbow segment. A delay of several years between 
the fracture and the onset of ulnar symptoms is characteristic of 
this condition. The term “tardy ulnar palsy” was applied to this 
type of syndrome. This scenario is now rare and likely reflects 
improved orthopedic care.

CLINICAL MANIFESTATIONS

Paresthesias in the fourth and fifth fingers are the most common 
symptoms, including pins and needles sensations and numb, 
dead feelings. Aching discomfort may be reported in the elbow 
and forearm. Burning type sensations are rare but sensations 
of excessive coldness are more commonly reported. Normal 
individuals may experience these symptoms during prolonged 
flexion of the elbow while in a period of decreased awareness, 
such as in sleeping. In this setting, extension of the elbow fully 
relieves the symptoms in a minute or less. Occurrence of sensory 
symptoms in normal daily activities which require prolonged 
elbow flexion signal the transition from normal occurrence to 

clinical abnormality. Longer periods of paresthesia indicate a 
more significant lesion than do transient symptoms.

Loss of sensation in the tips of the fourth and fifth fingers is 
another sign of ulnar neuropathy. This can be detected by light 
touch or pinprick testing. The palmar and dorsal aspects of the 
hand also should be tested. Loss of sensation on the dorsum of 
the hand indicates a lesion proximal to the origin of the dorsal 
ulnar cutaneous branch above the wrist. Two-point discrimination 
threshold testing is another potentially valuable assessment. This 
type of testing tends to be utilized more often by hand surgeons 
than neurologists or physiatrists. A normal individual should be 
able to detect stimuli 2-3 mm apart on the distal palmar pad of the 
fifth digit. If a patient needs the stimuli to be spread greater than 
this distance to detect it, an abnormality is present.

A Tinel’s sign should be sought by the examiner by lightly tapping 
with a finger tip over the course of the nerve at sites 2-4 cm 
proximal to the medial epicondyle, directly at the epicondyle, and 
then 2-4 cm distal to it. The nerve’s entry point into the hand at 
Guyon’s canal also should be assessed for a Tinel’s sign.

The hand surgery literature describes an elbow flexion test as a 
provocative maneuver to identify ulnar compression at the elbow. 
The elbow is placed into full flexion and the examiner monitors 
for the onset of paresthesias. However, the test has not been 
standardized. Variables include the duration of flexion, whether 
external pressure is applied over the elbow segment of the nerve 
by the examiner, and whether the forearm is fully pronated during 
flexion of the elbow.

Involvement of motor axons manifests first as clumsiness in 
finger activities such as page turning and buttoning. Detectable 
weakness in finger abduction and adduction indicates a more 
significant lesion. Atrophy signifies a severe lesion and is most 
easily observable in the first dorsal interosseous (FDI) muscle. 
Clawing of the fourth and fifth fingers is seen with severe, chronic 
lesions. Clawing is due to loss of the extensor function of the ulnar-
supplied lumbricals, which both flex at the metacarpal phalangeal 
joint and extend at the proximal interphalangeal joints. Weakness 
in flexion of the fourth and fifth digits indicates involvement of 
the branches to the FDP. Atrophy of the medial, proximal forearm 
can be seen in severe, long-standing cases of ulnar neuropathy at 
the elbow.

ELECTRODIAGNOSTIC EVALUATION

The goals of EDX evaluation of patients with suspected ulnar 
neuropathy are to identify and localize the lesion, assess its 
nature regarding demyelinating and axonal components, grade 
its severity, and identify accompanying or alternative diagnoses. 
The AANEM’s recent DVD The Electrodiagnostic Evaluation of 
Ulnar Neuropathy is an excellent source of information on the 
EDX techniques needed for this assessment.

Motor Nerve Conduction Studies

Nerve conduction studies (NCSs) usually are the most informative 
component of the testing in patients with suspected ulnar 
neuropathy. Motor NCSs allow easy assessment of conduction 
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velocities in the elbow and forearm segments of the nerve. The 
nerve usually is stimulated at the wrist just below the elbow and 
then above the elbow. Recording most commonly is from the 
hypothenar muscles. Responses also can be recorded from the 
FDI muscle. In most instances, hypothenar recording is sufficient 
to identify a lesion at the elbow but may be needed to confirm a 
lesion at the wrist.

Slowing in the across-elbow segment of the nerve, with normal 
velocity in the forearm, is the expected finding in an ulnar lesion 
at the elbow. NCSs performed with the elbow flexed to about 90 
degrees show more uniform velocities in the across-elbow and 
forearm segments of the nerve. This is in contrast to the slower 
velocities found in the elbow segment when studies are performed 
with the elbow fully extended. Underestimation of the length of 
the elbow segment of the nerve by surface measurement when 
the elbow is fully extended accounts for the slowing. When 
motor NCSs are performed with the elbow in about 90 degrees 
of flexion, the across-elbow velocity should be no less than 50 
m/s. Slowing in the elbow segment suggests a lesion, but normal 
velocity should be present in the forearm segment of the nerve 
to support the lesion being localized to the elbow segment of the 
nerve. An elbow segment velocity which is slow by absolute value 
and 10 m/s (or more) slower than the forearm segment strongly 
supports the diagnosis of an elbow lesion. In more severe ulnar 
lesions, when axon loss becomes a more prominent component 
of the lesion, slowing may also be found in the forearm segment. 
In this setting, relative slowing in the elbow segment versus the 
forearm may not present.

Assessment of the amplitudes of the compound muscle action 
potential (CMAP) at the wrist and below and above elbow 
stimulus sites is another important component of ulnar evaluation. 
An amplitude drop of more than 20% from the site above the 
elbow in comparison to the response from the site below the 
elbow suggests a component of conduction block. Finding 
low-amplitude CMAPs at the stimulus sites distal to the elbow, 
in addition to the site above the elbow, indicates axon loss is a 
component of the pathology.

The motor distal latency tends to remain normal in lesions at the 
elbow. Finding a prolonged distal latency in an adequately warm 
hand suggests the lesion is at the wrist. For reliable testing, the 
hand should be 32°C or warmer when measured over the FDI 
muscle. If a wrist lesion is suspected and the distal latency to 
hypothenar muscles is normal, the latency to the FDI should be 
tested.

Sensory Nerve Conduction Studies

Sensory NCSs are an important part of the EDX evaluation of 
suspected ulnar neuropathy. Sensory NCSs are most commonly 
performed in the wrist-to-digit segment of the nerve. Orthodromic 
recording with stimulation of the fifth digit and recording from 
the ulnar nerve trunk at the wrist is one method for a sensory 
NCS. Antidromic recording with stimulation of the ulnar nerve 
trunk at the wrist and recording from the fifth digit is the other 
commonly utilized method. Orthdromic recordings are free of 
the volume-conducted hand muscle artifacts that often confound 
antidromic records, but muscles underlying the recording site 

at the wrist must be fully relaxed to avoid motor unit potential 
(MUP) artifacts. Antidromic responses tend to produce higher 
amplitude responses because the recording electrodes are closer 
to the nerve and are slightly quicker to set up. Slippage of the E1 
(active) electrode toward the base of the digit with its junction to 
the hand increases the likelihood of recording the large volume-
conducted motor artifact. Obtaining sensory responses from the 
forearm and the across-elbow segments are technically feasible 
in normal subjects and patients with very mild ulnar neuropathies 
but tend to be nonrecordable in those with moderate or worse 
lesions. Sensory responses tend to become abnormal by showing 
reduction of action potential amplitude rather than prolongation 
of distal latency. The finding of a prolonged ulnar sensory distal 
latency in an adequately warm hand (32°C or higher over the FDI) 
suggests a lesion at the wrist.

Palmar type studies are not recommend as a way to assess sensory 
function of the ulnar nerve. This technique produces a mixed 
nerve action potential rather than a pure sensory response.

The EDX practitioner also should be familiar with performing 
sensory studies from the dorsal ulnar cutaneous nerve and the 
medial antebrachial cutaneous nerve. A normal result from the 
dorsal cutaneous branch in the presence of an abnormal result 
from the fifth digit supports an ulnar lesion at the wrist rather 
than the elbow. An abnormal result from the medial antebrachial 
cutaneous branch suggests a lesion of the lower portion of the 
brachial plexus rather than an ulnar neuropathy at the elbow. The 
results of sensory studies also help in the recognition of alternate 
diagnoses like C8 or T1 radiculopathy. Radiculopathies should 
leave the peripheral sensory NCSs normal because the lesion in 
radiculopathy is located proximal to the sensory ganglion cell. 
The sensory axons distal to the ganglion cell, which are directed 
into the limb, are spared while the axons traveling centrally from 
the ganglion via the dorsal root are abnormal, secondary to the 
local compression of the nerve root.

When assessing patients for ulnar neuropathy, at least one other 
nerve in the same hand should be tested to investigate for other 
potentially confounding lesions, such as polyneuropathy and 
factors such as limb temperature.

Needle Electromyography

Needle electromyography (EMG) provides an important compo-
nent in the evaluation of suspected ulnar neuropathy. The presence 
of axonal type abnormality can be established. The location of the 
lesion, at or above the elbow versus arising distal to the forearm 
muscular branches or at the wrist, can be better established. The 
chronology of the lesion can be inferred based on the presence of 
acute (fibrillation potentials and positive sharp waves), subacute 
(unstable polyphasic MUPs) and chronic (enlarged, rapid firing, 
stable configuration MUPs) components of the needle EMG re-
sults. Alternate diagnoses involving C8 and T1 axons outside 
of the ulnar territory, such as radiculopathy or plexopathy, can 
be recognized by the pattern of needle EMG results. The needle 
EMG survey of patients with suspected ulnar neuropathy should 
include at least one ulnar-supplied hand muscle, a nonulnar-
supplied hand muscle (e.g., the abductor pollicis brevis), and a 
forearm-supplied ulnar muscle (e.g., the FCU or FDP). The need 
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to sample additional muscles is then directed by the results from 
this basic group.

MANAGEMENT

The management of ulnar neuropathy is dictated by the chronology 
and circumstances of onset. Acute penetrating type injuries should 
be considered for surgical exploration and repair of the nerve. 
In the absence of penetrating trauma, an acute lesion should be 
managed conservatively for 2-4 weeks with padding of the medial 
epicondyle region and limitation of the degree of allowable elbow 
flexion. A splint may be necessary to limit elbow flexion. An EDX 
evaluation can be performed as early as 1 week after onset but a 
delay to about 3 weeks allows better assessment of the potential 
axonal components of the lesion. The presence of conduction 
block on motor NCSs supports continuation of a conservative 
course of management for up to 2 months while remyelination 
has time to occur. The persistence of major symptoms and signs 
beyond 8-12 weeks after onset despite conservative therapy 
supports proceeding to surgery.

Two general methods of surgery for the nerve in the elbow 
region have been described. One method, described by Feindel 
and Statford, is decompression of the nerve at or just distal to 
the elbow by lysis of the proximal aspect of the aponeurosis of 
the FCU. This is equivalent to the procedure for carpal tunnel 
syndrome with lysis of the flexor retinaculum. The other method, 
termed anterior submuscular transposition, is transposition of the 
nerve anterior to the medial epicondyle. Based on review of the 
surgical literature, it is this author’s impression that the criteria 
which support selection of one procedure over the other have not 
been fully established.

Lesions arising at the wrist can be managed conservatively if 
external compressive trauma is the cause. Activities such as 
using the heel of the hand as a hammer or prolonged weight 

bearing on that part of the hand fit this type of scenario. Cases 
arising spontaneously should be investigated by imaging of the 
wrist to identify lesions like ganglion cysts or aberrant vascular 
structures.

Improvement of symptoms and signs of ulnar neuropathy may be 
delayed and extend over many months. Lesions characterized by 
major components of axon loss prior to treatment tend to recover 
much slower and be incomplete.

ANNOTATED BIBLIOGRAPHY

1. Campbell WW, Carroll DJ, Greenberg MK, et al. The 
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As with all electrodiagnostic (EDX) medicine evaluations, start 
the evaluation of the patient with suspected brachial plexus injury 
with the history of the problem and a focused clinical examination. 
Develop a differential diagnosis of the likely causes of the limb 
complaints, including considerations of the central nervous 
system, roots, plexus, and nerves. The presence and pattern of 
pain is as important as the identification of weakness as the EDX 
testing is planned out and as needle electromyography (EMG) and 
clinical information eventually are combined into the diagnosis 
or narrowed differential. The first challenge in this undertaking is 
to be familiar with the anatomy of the plexus (Fig. 1). The EDX 
physician must be able to hypothesize sites of injury that fit the 
clinical presentation, test combinations of sensory and motor fibers 
that could support or refute that hypothesis, and, finally, localize 
the abnormality or demonstrate intact neural pathways. Severe 
pain raises concern about an invasive tumor and postradiation 
plexopathy, although the relatively benign idiopathic plexitis is 
also painful. Deep neuropathic pain typically accompanies severe 
brachial plexus trauma, especially with root avulsion.

The location of the brachial plexus leaves it inaccessible to the 
favored nerve injury locating technique, which is the application 
of stimulation at multiple sites in order to observe focal slowing 
and conduction block. Lacking that, knowledge of changes in the 
sensory and motor axons of the peripheral nerves must be relied 
upon. That leaves the examiner looking for evidence that the 
axons are working distal to the site of injury. Most commonly, the 
plexus injury is a stretch type or strain injury. The nerve structure 

and the axons have some elasticity, but when the degree of strain 
exceeds about 10% (increase in length) there usually will be some 
axonotmesis. Rupture of the perineurium and epineurium requires 
much more strain, fortunately. The development of axonotmesis 
progresses with a time course similar to radiculopathy, with 
fibrillation potentials on needle EMG being seen in proximal 
muscles before the distal ones. EDX physicians must be familiar 
with these changes over time in order plan the examination based 
upon the time course (Table).

Later, after the changes in the Table take place, the process of 

Evaluation of the Patient with 
Possible Brachial Plexus Injury

William S. Pease, MD
Ernest W. Johnson Professor

Department of Physical Medicine and Rehabilitation
The Ohio State University College of Medicine

Columbus, Ohio

Figure 1. Brachial plexus anatomy.
With permission from Pease, Lew, and Johnson.7
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muscle reinnervation occurs, although the distance that axons 
must regenerate is a limiting factor and hand intrinsic muscles 
usually do not recover from a severe plexus injury. If sensory 
nerve action potential (SNAP) responses are lost with the injury, 
then they generally will not return, even if clinical sensory 
function recovers.

The exception to the sensory nerve conduction study (NCS) 
response loss is the special case of injury within the spinal canal 
or root avulsion that injures the dorsal rootlets proximal to the 
spinal ganglion (dorsal root ganglion). In this case one may record 
a SNAP in an area of clinical sensory loss. However, as King and 
Wilbourn have shown, the severe plexus injury with avulsion 
usually also has stretch injury distal to the spinal ganglion so this 
curious finding is seen only infrequently.

The prognosis for recovery without surgical intervention can 
be gauged by measuring the compound muscle action potential 
(CMAP) from weak muscles at 10 to 15 days postinjury and 
comparing them to the contralateral nerve (or mean reference 
value; Fig. 2). This examination time frame can stretch to 6 weeks 
and still be valid, but it should be before reinnervation through 
distal sprouting begins to restore the CMAP amplitude. It must be 
after the Wallerian degeneration process has completed, of course. 
Sensory testing response amplitudes also provide information 
about the proportion of axon loss.

Base the estimate of loss of motor axons and potential for recovery 
as follows:

If axon loss (amplitude change) is less than 50%, prognosis • 
is excellent.
If axon loss is 50-80% (more than 20% of axons survive), • 
prognosis is fair to good.
If axon loss is greater than 90% (especially if distal), • 
prognosis is poor.

Useful NCS techniques commonly used in the setting of 
brachial plexus evaluation include motor and sensory testing of 
the musculocutaneous nerve (MCN) and sensory testing of the 
medial cutaneous nerve of the forearm. For motor testing of the 
MCN the E1 (active) is placed over the mid-biceps brachii with 
stimulation in the supraclavicular fossa (normal: ≤5.7 ms, ≥4.0 
mV). If desired, a more distal stimulus site can be used between 
the anterior deltoid and the coracobrachialis. A similar posterior 
setup for the triceps muscle also can be used to evaluate middle 
plexus components. Comparison is made to the amplitude of the 
contralateral response. The lateral cutaneous nerve of the forearm 
(lateral antebrachial) is the sensory termination of the MCN. It is 
commonly tested with stimulation at the antecubital crease just 
lateral to the biceps tendon. The recording electrode is placed 10 
cm distal and lateral on the forearm (≤2.5 ms, ≥5 µV). The medial 
cutaneous nerve of the forearm (medial antebrachial) is stimulated 
2-3 cm above the medial epicondyle and the recording from the 
volar-medial forearm is 10 cm below the stimulation site (≤2.5 
ms, ≥5 µV). Standard median, radial, and ulnar sensory testing 
and ulnar or median motor testing in the hand is also performed.
Idiopathic brachial neuritis (also known as Parsonage-Turner 
syndrome), often presents as sudden onset pain in the shoulder and 
weakness that may be progressive. Any portion(s) of the plexus 
can be affected. This is likely a form of multifocal demyelinating 
disease, which can progress to bilateral weakness.

Radiation-induced plexopathy presents months or years following 
radiation exposure of the plexus during treatment for cancers such 
as breast or lymphoma. Mixed findings of conduction block and 
axon loss are seen, and it often progresses without any treatment 
to arrest it. The presence of myokymia on the needle EMG 
examination favors this diagnosis.

Rehabilitation of the patient with weakness due to brachial 
plexus trauma requires monitoring of neural function, strength, 

Immediate

Altered MUP recruitment• 
Reduced F wave responses (decreased persistence)• 

At 5 days
Loss of distal CMAP• 

At 7-9 days
Loss of SNAP• 
Fibrillations in proximal muscles• 

At 18-21 days

Fibrillations in distal muscles• 

At 9-12 weeks
Polyphasic MUPs as distal axon sprouting occurs (and • 
fibrillations diminish)

Table. Time course of needle electromyography changes after trauma

CMAP = compound muscle action potential, MUP = motor unit potential, 
SNAP = sensory nerve action potential

Figure 2. Amplitude comparison of affected to unaffected limb (upper 
trace) is used to evaluate the degree of axon loss in a plexus injury (or 
other injury of the motor axons).
Courtesy of Ernest W. Johnson, MD.

Continued on Page 29
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EXAMPLE CASE 1

Presentation: A 32-year-old female presented with left shoulder pain. She was a helmeted passenger on small scooter/motorcycle hit 
by sports utility vehicle at T intersection. She suffered moderate traumatic brain injury and skin injury over the left shoulder. As she 
became more able to converse and was admitted to the rehabilitation clinic, the weakness of her left upper extremity was noted along 
with decreased sensation of her left lateral forearm.

Examination: The first testing performed 6 weeks postinjury showed the following:

Strength testing:• 
 Elbow flexion: 3+ (brachioradialis prominent)
 Shoulder abduction: 4
 Shoulder extension rotation: 4
 Elbow, wrist, and hand extension: 5

Motor nerve conduction studies (NCSs):• 
 Left musculocutaneous (biceps): no response.
 Left axillary (deltoid): latency 2.5 ms; amplitude 0.15 mV.

Sensory NCSs:• 
 Lateral antebrachial: latency 1.4 ms; amplitude 6 µV.
 Other sensory nerves: normal.

Poor examination tolerance and behavior due to traumatic brain injury limited the examination.• 
Needle electromyography (EMG) produced the following results:• 

 

The second testing, performed 14 weeks postinjury, showed the following:
Strength testing:• 

 Elbow flexion: 4/4+.
 Shoulder abduction: 5−.

Motor NCSs:• 
 Left musculocutaneous (biceps): latency 4.2 ms; amplitude 0.7 mV.

Cognition (basic) appeared intact during the examiner’s interaction.• 
Needle electromyography (EMG) produced the following results:• 

Discussion: The patient has a traumatic left supraclavicular brachial plexus injury with upper trunk injury and severe axon loss. However, 
the first examination did demonstrate sparing of some motor unit potentials (MUPs) and confirms that neurotmesis has not occurred 
because voluntary MUPs were seen.

Muscle    Spontaneous  MUAP     Recruitment pattern
     Fib PSW Fasc CRD Amp Dur PPP 

Left cervical paraspinal (upper) None None None None    
Left cervical paraspinal (middle) None None None None    
Left cervical paraspinal (lower) None None None None    
Left deltoid   None 2+ None None N N N  2+ decr
Left biceps   3+ 3+ None None N N Present  Discrete
Left triceps   None None None None N N N  N
Left extensor carpi radialis longus None None None None N N N  N
Left brachioradialis  None None None None N N N  Decr, mild
Left first dorsal interossoeus None None None None N N N  N

Muscle  Nerve   Root Fib  PSW MUP Amp Dur PPP Recrt
Left biceps Musculocutaneous C5-6 1+  1+ Inc  Inc 2+ 1+ decr
Left brachilais Musculocutaneous C5-6 1+  1+ Inc  Inc 2+ 1+ decr
Left   Radial   C5-6 Normal  Normal Normal  Normal 0 Min dec
brachioradialis

Amp = amplitude, Decr = decreased, Dur = duration, Fib = fibrillations, MUp = motor unit potential, ppp = polyphasic potentials, pSW = positive sharp 
waves, Recrt = recruitment

Amp = amplitude, CRD = complex repetitive discharges, Decr = decreased, Dur = duration, Fasc = fasciculations, Fib = fibrillations, MUAp = motor unit 
action potential, N = normal, PSW = positive sharp waves, PPP = polyphasic potentials
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EXAMPLE CASE 2

Presentation: A 58-year-old male with presented with nontraumatic right shoulder pain. He had a 5-month history of right hand 
weakness and paresthesia in his small finger.

Examination: Testing showed the following:
Spurling sign: +/− (pain with motion).• 
Weakness of hand grasp, key pinch, and intrinsics.• 
Shoulder and elbow strength: normal.• 
Muscle stretch reflexes: normal.• 

Sensory NCSs   Latency (ms) Amplitude (µv)

Right median (D1)   2.6  24
Right ulnar   2.1  3
Right dorsal ulnar cutaneous  No response
Right Medial AB cutaneous  2.0  20
Left Med AB cutaneous  1.8  10

Motor NCSs   Latency (ms) Amplitude (mv)  NCv (m/s) F latency (ms)

Right median APB
 Wrist   3.5  14.5     30.9
 Elbow     14.3   52.2
Right ulnar ADM
 Wrist   3.1  8.0     32.5
 Below elbow    6.1   50.0
 Above elbow    5.3   50.0
Right ulnar FDI
 Wrist   3.8  9.7
 Below elbow    8.8   50.0
 Above elbow    8.4   55.6

AB = antebrachial, ADM = abductor digiti minimi, ApB = abductor pollicis brevis, FDi = first dorsal interossoeus

Needle EMG produced the following results:

Muscle      Spontaneous  MUAP    Recruitment
      Fib PSW Fasc CRD Amp Dur. PPP Pattern
Right cervical paraspinal (upper)  None None None None N N N N
Right cervical paraspinal (middle)  None None None None N N N N
Right cervical paraspinal (lower)  1+ 1+ None 1+    
Right abductor pollicus brevis  0 0 None None Inc   Dec
Right deltoid    None None None None N N N N
Right biceps    None None None None N N N N
Right triceps    None None None None N N N N
Right extensor digitorum   1+ 1+ None None 1+ 1+ 1+ Reduced
Right pronator teres   None None None None N N N N
Right flexor pollicus longus   1+ 1+ None None 1+ 1+ 1+ Reduced
Right flexor carpi ulnaris   N 1+ 1+ None None 1+ 1+ Reduced
Right first dorsal interosseous   N 1+ 1+ None None 1+ 1+ Reduced
Right abductor digitus minimus (ulnar)  N 1+ 1+ None None 1+ 1+ Reduced
Right extensor carpi radialis longus  N None None None None N N N
Left cervical paraspinal (lower)  N None None None None N N N

Amp = amplitude, CRD = complex repetitive discharges, Dec= decreased, Du r= duration, Fasc = fasciculations, Fib = fibrillations, inc = increased, MUAp 
= motor unit action potential, N = normal, PSW = positive sharp waves, PPP=polyphasic potentials

Discussion: The EDX impression shows a right medial cord lesion including the median motor fibers but not the medial antebrachial 
cutaneous.This is an infraclavicular brachial plexus injury. The final diagnosis was cancer spreading from the upper lobe of the right lung.
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and activity. Overuse weakness may develop in muscles that 
are partially denervated. Initial care and home exercise advice 
involves stretching to maintain mobility and the use of isometric, 
low-resistance exercise. Resisted strengthening with weights, 
with slow increases in weight and repetitions, can begin after the 
needle EMG no longer shows fibrillation potentials or after grade 
4 strength has developed. Activity and work may need similar 
restrictions, as appropriate.
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The international body representing anatomists approved several significant changes in human anatomical terminology in 1998. Current 
residents have had their entire education with these new terms, as sufficient time has passed for their entry into anatomy textbooks and 
classroom activity. Several terms are names of nerves and muscles that frequently are tested during needle electromyography (EMG) 
and musculoskeletal examinations. The list below outlines a few of the key changes relevant to those who practice electrodiagnostic 
(EDX) medicine.

OLD TERM     NEW PREFERRED TERM

Nerves
Dorsal root ganglion    Spinal ganglion
Ventral primary rami     Anterior rami
Dorsal primary rami    Posterior rami
Upper trunk of brachial plexus*   Superior trunk of brachial plexus
Lower trunk of brachial plexus*   Inferior trunk of brachial plexus
Dorsal ulnar cutaneous     Ulnar dorsal branch
Lateral antebrachial cutaneous nerve*  Lateral cutaneous nerve of forearm
Medial antebrachial cutaneous nerve*  Medial cutaneous nerve of forearm
Lateral femoral cutaneous nerve*   Lateral cutaneous nerve of thigh
Peroneal nerve* Fibular nerve
 And its branches    Common, superficial, deep
      Tibial nerve

Muscles (most are understood without the word “muscle” and this practice is accepted)
Extensor digitorum communis   Extensor digitorum
Extensor indicis proprius    Extensor indicis
Flexor digitorum sublimis    Flexor digitorum superficialis
Peroneus longus, brevis, tertius*   Fibularis longus, brevis, tertius
Trapezius*     Trapezius
 Superior part     Descending part   
 Middle part     Transverse part
 Inferior part     Ascending part

Reminders of other preferred terms used frequently
Tibialis anterior
Tibialis posterior

Bones
Skull  
Cranium

REFERENCE
Federative International Programme on Anatomical Terminologies. Terminologia anatomica. 1998. Website: http://www.unifr.ch/ifaa/.1. 

*These terms are still acceptable, although not preferred.

Appendix: Recent Revisions 
of Anatomical Terms

William S. Pease, MD
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Upper Extremity Focal Neuropathies
CME Questions

1.  Which of the following can cause compression of the median nerve 
at the elbow?

 A. The arcade of Struthers.
 B. The Pronator Quadratus. 
 C. The Lacertus Fibrosis.
 D. The Radial Tunnel.
 E. The Flexor Carpi Ulnaris.

2.  Which of the following most commonly causes anterior interosseous 
nerve syndrome?

 A. Tourniquet palsy.
 B. Neuralgic amyotrophy.
 C. Anomolous innervation.
 D. Trauma.
 E. Muscle hypertrophy.

3.  When performing 3 nerve conduction studies on a healthy individual, 
what are the chances that at least one will be “abnormal”?

 A. 2.5%.
 B. 5%.
 C. 7.5%.
 D. 10%.
 E. 15%.

4.  Patients with which group of electrodiagnostic results is most likely 
to benefit from carpal tunnel release?

 A. Normal studies.
 B. Mild sensory slowing.
 C. Moderate sensory slowing. 
 D. Absent sensory responses.
 E. Absent motor and sensory responses.

5.  A combined sensory index is abnormal when it equals or exceeds:
 A. 0.1.
 B. 0.5.
 C. 1.0.
 D. 1.5
 E. 2.0.

6.  Which one of the following muscles is NOT innervated by the 
radial or posterior interosseous nerves?

 A. Brachioradialis.
 B. Pronator teres.
 C. Extensor carpi ulnaris.
 D. Extensor indicis.

7.  A lesion of the posterior interosseous nerve produces which one of 
the following clinical features?

 A. Wrist drop and finger drop.
 B. Finger drop and sensory loss in the first web space on the   

 dorsum of the hand.
 C. Weakness of dorsiflexion of the index finger only.
 D. Finger drop without wrist drop.

8.  The differential diagnosis of a posterior interosseous neuropathy 
includes which one of the following?

 A. Multifocal motor neuropathy.
 B. C7 radiculopathy.
 C. A lesion of the posterior cord of the brachial plexus.
 D. Chronic inflammatory demyelinating polyneuropathy (CIDP).

9.  In differentiating between a lesion of the proximal radial nerve and 
that of the posterior cord of the brachial plexus, which one of the 
following muscles is useful to study with needle electromyography 
(EMG)?

 A. Triceps.
 B. Supraspinatus.
 C. Brachioradialis.
 D. Deltoid.

10.  Which one of the following is NOT true about perioperative radial 
neuropathies?

 A. They are more frequent than perioperative ulnar neuropathies.
 B. They can be caused by tourniquets applied to the upper arm.
 C. They can be caused by automated blood pressure recording   

 devices.
 D. They can be caused by malpositioning of the patient.

11.  Which of the anatomical structures shown below is a component of 
the cubital tunnel?

 A. The pisiform bone.
 B. The supracondylar notch.
 C. The Arcade of Struthers.
 D. Osbourne’s ligament.
 E. The arcade of Froshe.
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12.  Which of the following is correct for the conduction velocity in 
the across elbow segment of the ulnar nerve when the study is 
performed on a normal subject with the elbow in full extension?

 A. The velocity tends to be faster than the forearm segment.
 B. The velocity tends to be the same as the forearm segment.
 C. The velocity tends to be slower than the forearm segment.
 D. There is no predictable relationship between the two   

 segments.
 E. The across elbow segment is too short for reliable velocity   

 assessment.

13.  A patient with weakness of fine finger motions and intermittent 
numbness in the ring and little fingers has the following results 
from an electrodiagnostic (EDX) evaluation: ulnar compound 
muscle action potentials (CMAP) at the wrist of 8 mv, below elbow 
of 7 mv, above elbow of 3 mv; ulnar motor distal latency recorded 
at 3.0 msec; ulnar motor conduction velocities recorded at 55 m/s 
forearm, 35 m/s across elbow; and ulnar antidromic SNAP at wrist 
at 20 μV with peak latency of 2.8 msec.  Needle EMG of ulnar 
hand muscles shows reduced recruitment of normal size motor 
unit potentials.  Median supplied hand muscles are normal. These 
results indicate:

 A. Ulnar neuropathy with partial conduction block at the elbow.
 B. Ulnar neuropathy at the elbow with major axon loss.
 C. Ulnar neuropathy at the wrist.
 D. Neurogenic thoracic outlet syndrome.
 E. C8 radiculopathy.

14.  A patient with transient recurrent numbness in the ring and little 
fingers which occurs during napping has the following results 
from an EDX evaluation: ulnar CMAP at the wrist is 10 mv; below 
the elbow is 7 mv; above the elbow is 6.5 mv; ulnar motor distal 
latency is 3.0 msec; ulnar motor conduction velocities  are 55 m/s 
at the forearm and 55 m/s across elbow; ulnar antidromic sensory 
nerve action potentials at wrist are 20 μV with peak latency of 2.8 
msec.  Needle EMG of ulnar and median hand muscles shows 
normal recruitment of normal size motor unit potentials (MUPs). 
These results indicate:

 A. Ulnar neuropathy with partial conduction block at the elbow.
 B. Ulnar neuropathy at the elbow with major axon loss.
 C. Lower trunk brachial plexopathy.
 D. Normal results with incidental Martin Gruber anastomosis.
 E. Ulnar neuropathy at the wrist.

15.  In EDX evaluation of a suspected medial cord brachial plexus 
problem in a person with lung cancer, testing might be expected to 
include which of the following nerves:

 A. Radial sensory at the snuff box.
 B. Median sensory at the long finger.
 C. Medial cutaneous nerve of forearm.
 D. Lateral cutaneous nerve of forearm.

16.  Which of the following pairs of muscles receives innervation 
through the lateral cord of the brachial plexus?

 A. Biceps brachii and pronator teres.
 B. Biceps brachii and brachioradialis.
 C. Triceps and deltoid.
 D. First dorsal interosseus and brachialis.

17.  At one week post-injury, you are evaluating an accident victim with 
shoulder pain on the right and weak shoulder abduction. Testing of 
the lateral cutaneous nerve of the forearm gives a response on the 
right with amplitude of 6 µV and on the left it is 12 µV. From this 
information you conclude:

 A. It is too soon to conclude anything from this data.
 B. Approximately 50% of the sensory axons are injured.
 C. A root avulsion injury may be present.
 D. The inferior trunk of the brachial plexus may be injured.

18.  You are seeing a female with slowly progressive, non-traumatic 
shoulder pain and weakness. While performing needle EMG of the 
biceps brachii you observe many polyphasic MUPs and note that 
MUP amplitudes are normal. From this you estimate the onset of 
motor axon damage in the range of:

 A. 12 months.
 B. 3 months.
 C. 3 weeks.
 D. 1 week.

19.  Which of the following electrodiagnostic findings would raise the 
probability of a brachial plexus problem being related to radiation 
treatment?

 A. Fibrillation potentials in two muscles.
 B. Absent ulnar sensory response.
 C. Small amplitude median motor response.
 D. Myokymic potentials in two muscles.
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The Musculoskeletal Anatomy of the Shoulder

Anthony E. Chiodo, MD
Associate Professor

Department of Physical Medicine and Rehabiliation
Director of Spinal Cord Injury Medicine
University of Michigan Medical Center

Ann Arbor, Michigan

The shoulder joint is a ball and socket joint made up of the 
articulation of the humerus and the glenoid of the scapula. It is the 
most mobile joint of the body, capable of flexion and extension, 
abduction and adduction, and circumduction and rotation. It is 
also, potentially, the most unstable joint of the body. The stability 
of the joint is created by the orientation of the joint, the labrum, 
the ligaments, and its muscle support system. Its unique anatomy 
both allows for its functional utility and heightens its fragility 
with injury of any of its component parts.

BONE ANATOMY

The bone anatomy (Fig. 1) consists of the humerus, the scapula, 
and the clavicle. The humerus provides an articulation with the 
glenoid. The angle of the humeral head with respect to the long 
axis of the humerus is 130-150 degrees. It also is retroverted 
no more than 30 degrees, with concomitant retroversion of the 
glenoid 40 degrees to the plane of the clavicle. The clavicle is the 
attachment for the arm to the trunk. The outer third is the site of 
ligament support for the acromio-clavicular joint while the medial 
third provides the site of weight loading. The scapula is a floating 
bone that allows for muscle insertions to provide support to the 
shoulder joint. Seventeen muscles form insertions on the scapula 
in this function. It is oriented 30-45 degrees anterior to the coronal 
plane of the body. The major landmarks of the scapula include:

• The glenoid, which is the site of articulation with the 
humerus and the site of insertion of the ligaments and 
multiple muscles including the long head of the biceps.

• The coracoid, which is the site for insertion of the 

coracobrachialis and short head of the biceps, as well as 
major supporting ligaments to the clavicle.

• The acromion, which is the site for articulation with the 
clavicle, providing superior protection to the shoulder joint 
and a fulcrum for the deltoid.

• The spine, which is the site of insertion of the trapezius and 
posterior deltoid.

A remarkable feature of the bone anatomy is its precision. The 
passive and active support structures of the shoulder keeps the 
humeral head within 2 mm of the center of the glenoid through 
most of its full range of motion. This is accomplished in spite 
of no more than 30% coverage of the humeral head at any given 
time.

JOINT ANATOMY

The glenoid articular surface is only one-third the size of the 
surface of the humeral head. The cartilage of the glenoid is thicker 
at the edges while that of the humerus is thicker in the center, 
allowing for closer contact over a larger surface area. The cohesion 
and adhesion that occurs in the presence of no more than 1 cc of 
synovial fluid provides tension that increases shoulder stability. 
In addition, the glenoid labrum, the fibrocartilage rim around the 
margin of the glenoid, extends and increases the contact of the 
articulating surfaces, providing further stability. This especially is 
seen at the anterio-inferior glenoid attachment, site of the Bankart 
labral tear lesion. The long head of the biceps tendon blends with 
fibers of the superior glenoid to increase its strength.
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The stability of the joint is mostly assured in the neutral position 
by the muscles of the joint. At the extremes of range of motion, 
the labrum, capsule, and ligament are of the greatest importance.
The acromio-clavicular joint is supported by a capsule, an intra-
articular disc, and ligaments. The capsule is thicker superiorly 
and anteriorly and reinforced by the acromio-clavicular ligaments 
superiorly, inferiorly, posteriorly, and anteriorly. The strongest 
of the acromio-clavicular ligaments is found superiorly, where 
it blends with fibers of the deltoid and trapezius. In addition, 
the coraco-clavicular ligaments are present to prevent vertical 
displacement of the clavicle.

The sterno-clavicular joint is the only true articulation between 
the upper extremity and the trunk. The sterno-clavicular joint 
has 30 degrees of elevation, 35 degrees of combined anterior and 
posterior movement, and 50 degrees of rotation. It is a saddle 
joint, whose key to stability is its ligaments. The costo-clavicular 
ligament arises from the upper surface of the first rib and attaches 
to the inferior surface of the medial clavicle. Its anterior fibers 
resist excessive upward motion and the posterior fibers resist 
excessive downward motion. The inter-clavicular ligament 
connects the supero-medial aspect of the proximal clavicle with 
the capsular ligaments and upper sternum. This ligament acts to 
prevent excessive downward motion of the clavicle. The capsular 
ligament covers the antero-superior and posterior aspects of 
the sterno-clavicular joint. The anterior portion is heavier and 
stronger than the posterior portion and is the primary stabilizer 
against upward motion of the medial clavicle.

The scapula-thoracic articulation obtains its position by two 
muscles: the serratus anterior, which maintains the medial angle 
against the chest wall, and the trapezius, which helps to rotate 
and elevate the scapula in conjunction with glenohumeral motion. 
Three bursa are located around the scapula, one between the 
serratus anterior and the subscapularis, the second between the 
serratus anterior and the lateral chest wall, and the third at the 
inferior angle. All three have been associated with scapulothoracic 
bursitis and “snapping” scapula.

LIGAMENT ANATOMY

The primary purpose of the ligaments of the shoulder (Fig. 2) is to 
limit the amount of movement at extremes of motion.

• The transverse humeral ligament extends from the lesser to 
the greater tubercle and controls anterior displacement of the 
biceps tendon.

• The coracohumeral ligament extends from the coracoid 
to the greater tubercle of the humerus and limits humeral 
adduction while strengthening the upper shoulder capsule.

• The superior glenohumeral ligament extends from the 
antero-superior glenoid to the lesser tuberosity. It prevents 
inferior shoulder translation in shoulder adduction and 
posterior translation in shoulder flexion, adduction, and 
internal rotation.

• The middle glenohumeral ligament extends from the 
supraglenoid tubercle to the lesser tuberosity to limit 
anterior translation of the shoulder in abduction and inferior 
translation in adduction.

• The inferior glenohumeral ligament extends from the 

Figure 1. Bone anatomy of the shoulder. The humerus is on the left, the 
clavicle above, and the scapula behind.

Figure 2. Ligament anatomy of the shoulder.

Figure 3. Muscle anatomy of the shoulder. The four rotator cuff muscles 
work together to provide shoulder stability.
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antero-infereior labrum and glendoid to the lesser tuberosity 
to prevent anterior translation in shoulder abduction and 
external rotation. This is often an area of concern with an 
injury in the throwing athlete.

In addition, the capsule is a critical anatomical structure. It is 
attached to the superior extent of the glenoid and below to the 
anatomical humeral neck. It is thicker superiorly than inferiorly. 
It receives fiber support from the supraspinatous superiorly, long 
head of the triceps inferiorly, infraspinatous and teres minor 
posteriorly, and subscapularis anteriorly. In this way, these 
muscles serve in a structural support role similar to that of the 
ligaments. The capsule is not tightly adhered to the joint, allowing 
for increased relative mobility of the joint.

The ligaments of the clavicle also play an important role. The 
coraco-acromial ligament serves as a supportive arch for the 
humeral head when the shoulder is at a 90 degree abducted 
position or overhead position.

MUSCLE ANATOMY

The muscles of the shoulder (Fig. 3) are the primary structures 
responsible for maintaining joint apposition throughout shoulder 
range of motion. When they all contract, they result in joint 
compression. The muscles include:

• Supraspinatous superiorly.
• Long head of the triceps inferiorly.
• Infraspinatous and teres minor posteriorly.
• Subscapularis anteriorly.
• Deltoid anteriorly, posteriorly, and laterally.

The motions of the shoulder joint and the muscles engaged i these 
motions include:

• Humeral abduction by the supraspinatous and deltoid.
• Humeral adduction by the subscapularis, pectoralis 
 major,  latissimus dorsi, and teres major.
• Humeral flexion by the anterior deltoid, coracobrachialis, 
 and pectoralis major.
• Humeral extension by the posterior deltoid, latissimus 
 dorsi, and teres major.
• Humeral external rotation by the infraspinatous and teres 
 minor.
• Humeral internal rotation by the subscapularis, pectoralis 
 major, latissimus dorsi, teres major, and anterior deltoid.

The motions of the scapula and the muscles engaged in these 
motions include:

• Elevation by the trapezius, levator scapulae, and 
rhomboids.

• Depression by the lower trapezius, pectoralis minor and 
subclavius.

• Retraction by the rhomboid and the middle and lower 
trapezius.

• Protraction by serratus anterior and pectoralis minor.

The bursa of the shoulder include:

• The subscapular between the shoulder capsule and the 
subscapularis tendon.

• The infraspinatous between the shoulder capsule and the 
infraspinatous muscle.

• The subdeltoid between the shoulder capsule and the deltoid 
muscle.

• The subacromial between the shoulder capsule and the 
acromian.

• The subcoracoid between the shoulder capsule and the 
coracoid process of the scapula.

• The subcoracobrachial between the subscapularis muscle 
and the coracobrachialis muscle.

• Between the teres major and the triceps.
• The latissimus dorsi.

The biceps tendon, through its origin at the upper glenoid, prevents 
humerus head compression against the acromian with shoulder 
abduction.

NERVE ANATOMY

The nerve supply to the shoulder joint primarily comes from 
the suprascapular nerve. Additional innervation comes from the 
axillary nerve with lesser contributions from the lateral pectoral, 
subscapular, and musculo-cutaneous nerves.

ARTERIAL ANATOMY

The blood supply to the shoulder joint is provided by the anterior 
and posterior circumflex arteries from the axillary artery and by 
the suprascapular artery.
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Electromyography-Related Shoulder Anatomy
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The primary nerves in the shoulder are the spinal accessory (cranial 
nerve XI), suprascapular, axillary, and long thoracic nerves. All 
can be evaluated as part of a needle electromyography (EMG) 
examination or a nerve conduction study (NCS).

SPINAL ACCESSORY NERVE (CRANIAL NERVE XI)

The spinal accessory nerve supplies the sternocleidomastoid 
and trapezius muscles. Part of its course is very superficial 
in the posterior triangle of the neck, just posterior to the 
sternocleidomastoid muscle. Activation of the sternocleidomastoid 
muscle tilts and rotates the head away from the activated side, 
whereas the trapezius muscles stabilizes the scapula and elevates 
(shrugs) the shoulder.

The NCS of the spinal accessory nerve consists of placing the 
recording electrode over the upper trapezius muscle and the 
reference electrode over a bony prominence on the shoulder 
(Fig. 1). The spinal accessory nerve is stimulated just behind 
the sternocleidomastoid muscle. Because the nerve is very 
superficial at this point, very low stimulation intensity is required. 
Abnormalities of the spinal accessory nerve most often are 
characterized by axonal loss and reduced amplitude or absent 
response. Side-to-side comparisons are helpful in identifying 
amplitude discrepancies due to incomplete lesions. Prolonged 
latencies in the absence of amplitude differences are rarely of 
diagnostic importance.

The spinal accessory nerve is occasionally injured during surgery 
(e.g., lymph node biopsy), during jugular vein cannulation, or 

following direct trauma to the neck or shoulder. It also can be 
involved as part of an idiopathic brachial neuritis (Parsonage-
Turner syndrome), the cause of which is unknown but thought 
to represent an autoimmune disorder. Support for this hypothesis 
relates to the frequent onset of an idiopathic brachial neuritis 
shortly following operations of any type (and specifically not 
involving the shoulder or neck), immunizations, or nonspecific 
infections. Most cases of idiopathic brachial neuritis begin 
with excruciating shoulder pain followed by arm weakness. 
The prognosis for recovery for most forms of spinal accessory 
neuropathy is good, aside from lesions associated with complete 
transection of the nerve.

SUPRASCAPULAR NERVE

The suprascapular nerve supplies the supraspinatus and 
infraspinatus muscles, originating from C5-6 nerve roots as part 
of the upper trunk of the brachial plexus. The suprascapular 
nerve passes through the posterior triangle in the neck deep to 
the trapezius muscle and then travels along a groove on the top of 
the scapula covered by the transverse scapular ligament, passing 
below the ligament through the spinoglenoid notch and thereafter 
traveling along the posterior scapular. It has both sensory and 
motor fibers, with sensory fibers innervating the glenohumeral 
and acromioclavilar joints. The suprascapular nerve controls 
contraction of the supraspinatus muscle which then initiates 
abduction of the arm. Contraction of the infraspinatus muscle 
externally rotates the humerus. The NCS of the suprascapular nerve 
consists of placing recording electrodes over the supraspinatus or 
infrasinatus muscle, then stimulating in the supraclavicular space 
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(Erb’s point). Needle electrodes also may be used to record a 
compound muscle action potential. A side-to-side comparison is 
helpful to look for a difference in amplitude and latency.

The suprascapular nerve is prone to traction injuries associated 
with trauma, particularly involving the scapula, and entrapment 
injuries, particularly along its course through the spinoglenoid 
notch. It can be stretched during athletic activities having a 
forceful overhead motion of the arm, such as volleyball, tennis, 
baseball, or even weightlifting. In the neonate, stretch injury 
occasional occurs during birth. Compression of the suprascapular 
nerve occasionally has been attributed to an overlying lipoma or 
ganglion cyst.

AXILLARY NERVE

The axillary nerve supplies the deltoid muscle, which is responsible 
for shoulder abduction and external rotation, and the teres minor 
muscle, which externally rotates the arm and forms part of the 
rotator cuff. It originates from C5-6 nerve roots as part of the 
upper trunk and the posterior cord of the brachial plexus. It has 
both motor and sensory fibers, providing sensation to the upper 
lateral aspect of the arm. The axillary nerve passes through the 
quadrilateral space at the inferior border of subscapularis muscle 
and posterior aspect of the humeral neck. It then divides into the 
anterior trunk that supplies the middle and anterior heads of the 
deltoid and the posterior trunk that supplies the posterior head of 
the deltoid and teres minor muscles.

A needle EMG can be helpful in distinguishing between an axillary 
mononeuropathy and a brachial plexopathy. The NCS consists of 
placing the recording electrode over the belly of the deltoid and 
the reference over the tendon, stimulating at the supraclavicular 
space (Erb’s point, Fig. 2). The recording electrode can be moved 
from one head of the deltoid to the other if you are not getting 
a response. As is the case for most nerves around the shoulder 
the amplitude is the important part of the nerve conduction, so 
comparing to the other side can be very helpful.

Injuries to the axillary nerve can be the result of direct trauma, 
fractures of the upper humerus, dislocation of the shoulder, 
improper use of crutches, compression of the nerve, or they can 
be idiopathic (Parsonage-Turner syndrome).

LONG THORACIC NERVE

The long thoracic nerve is a pure motor nerve that originates from 
the C5-6 nerve roots. It innervates the serratus anterior muscle, 
a muscle that stabilizes the scapula when the arm is extended in 
front of the trunk. Abnormalities of the long thoracic nerve can 
result in scapular winging. Symptoms include weakness, pain, 
and limited shoulder elevation.

A NCS can be performed on the long thoracic by placing the 
recording electrode at the intersection of the nipple line and the 
mid-axillary line right over the serratus anterior muscle (Fig. 3). 
Place the reference electrode over the rib just below the recording 
site. Then, stimulate in the supraclavicular space (Erb’s point). 
Again, amplitude is the important component and a side-to-side 
comparison is helpful.

Figure 1. Spinal accessory nerve. 
Stim = stimulating electrodes, Go = ground electrode, G1 = recording 
electrode, G2 = reference electrode.

Figure 2. Axillary nerve. 
Stim = stimulating electrodes, Go = ground electrode, G1 = recording 
electrode, G2 = reference electrode.

Figure 3. Long thoracic nerve. 
Stim = stimulating electrodes, Go = ground electrode, G1 = recording 
electrode, G2 = reference electrode.
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Because the long thoracic nerve is superficial, it can occasionally 
be injured during some surgeries (e.g., radical mastectomies 
and heart surgery) or from closed trauma such as stretching, 
compression or traction injuries, activities such as weightlifting, 
carrying heavy bags over the shoulder, or from idiopathic injuries 
(Parsonage-Turner syndrome).
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Shoulder Biomechanics
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INTRODUCTION

Knowledge of shoulder biomechanics is necessary to move beyond 
a rudimentary understanding of the diagnosis and management 
of shoulder conditions. The first step in understanding shoulder 
biomechanics is observing that shoulder pain almost exclusively 
occurs in the overhead position. Although the shoulder moves in 
combinations of many planes, the biomechanics is best understood 
when looking at shoulder motion in the coronal and saggital planes 
(Fig. 1). It is also important to establish that the shoulder consists 
of the glenohumeral joint and the scapulothoracic articulation. 
Normal function of the shoulder requires that both joints move 
properly in all planes of motion.

BACKGROUND

In simple terms, the shoulder is often thought of as a “ball and 
socket” joint. Although the glenohumeral joint may resemble such 
a joint, it is important to realize that the “socket,” or glenoid, is 
part of the scapula. The scapula floats freely in muscle, with only a 
minimal attachment to the axial skeleton at the acromioclavicular 
joint (Fig. 2). The scapula is thus highly mobile and, as such, so is 
the “socket” of the ball and socket joint. The glenohumeral joint 
itself moves in space with respect to the rest of the skeleton. In 
analyzing shoulder motion it is important to note that the scapula 
actively follows or chases the humeral head as the shoulder 
performs its functions. Much of the difficulty in understanding 
shoulder motion lies in understanding the complex muscular 
control of the scapula.

SAGGITAL PLANE MOTION (FORWARD FLEXION)

Saggital plane motion of the shoulder is anatomically described 
as forward flexion. The shoulder joint complex is responsible 
for the movement of the humerus 180 degrees from the resting 
position to fully overhead. In order for full motion to occur, the 
glenohumeral joint must be fully mobile and the scapula must 
remain closely apposed to the thoracic wall. Lack of scapular 
apposition is called “scapular winging.” The thoracic wall also 
must be oriented vertically in the saggital plane for full overhead 
arm movement. Thus, thoracic hyperkyphosis limits forward 
flexion of the shoulder.
 
Scapular Motion

The serratus anterior and the pectoralis minor muscles affect 
scapular movement in the saggital plane. The serratus anterior 
originates on the anterolateral thoracic wall on the upper eight or 
nine ribs and inserts on the undersurface of the lateral border and 
inferior angle of the scapula, wrapping around the lateral chest 
wall. Contraction of the serratus anterior causes the apposition 
and, superiorly, rotation of the inferior angle of the scapula across 
the posterolateral thoracic wall  (Fig. 3). This movement causes 
the glenoid to face superiorly, aiding in overhead arm movement. 
Injury to the muscle or its innervation, the long thoracic nerve 
(cervical roots C5-7), limits overhead arm movement.

Often overlooked in shoulder motion, the pectoralis minor muscle 
impacts saggital plane motion of the shoulder (Fig. 4). It originates 
on the anterior ribs and inserts on the scapula anteriorly on the 
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coracoid process. A factor in other conditions, such as thoracic 
outlet syndrome, the pectoralis minor is often shortened and 
contracted.  If this muscle is unable to lengthen during overhead 
arm movement, superior rotation of the glenoid is restricted. So, 
the pectoralis minor is an antagonist of the serratus anterior in the 
saggital plane.

Glenohumeral Motion

The clavicular head of the pectoralis major muscle and the 
anterior fibers of the deltoid muscle are the primary movers of 
the glenohumeral joint in forward flexion. A lesser mover is the 
long head of the biceps.2 These muscles originate on the clavicle, 
acromion, and glenoid, respectively, and all insert on the proximal 
humerus. Note that all these muscles are innervated by the C5-6 
cervical roots, despite peripheral nerves emanating from disparate 
parts of the brachial plexus, as they aid each other in this common 
function.

Full range of motion (ROM) of the glenohumeral joint in forward 
flexion may be limited due to various anatomic impediments of 
the joint, including adhesive capsulitis or rotator cuff impingement 
(which will be addressed later).

CORONAL PLANE MOTION (ABDUCTION)

Coronal plane motion of the shoulder is anatomically described as 
abduction. Again, the shoulder joint complex is responsible for the 
movement of the humerus 180 degrees from the resting position 
to fully overhead. For full motion to occur, the glenohumeral 
joint must be fully mobile and the scapula must rotate the glenoid 
superiorly. Codman described the “scapulohumeral rhythm” 
whereby the humerus and scapula rotate in abduction in a 2:1 ratio. 
Anomalies of this ratio indicate either a failure of scapulothoracic 
rotation or glenohumeral rotation. 

Scapular Motion

The trapezius muscle is the primary rotator of the scapula in the 
coronal plane.2 The upper, middle, and lower portions of the 
trapezius originate on the cervical and thoracic spinous processes 
from the occiput to T12 and insert on the scapular spine (Fig. 5). 
Contraction of the all parts of the trapezius results in lateral rotation 
of the inferior angle of the scapula across the posterior thoracic 
wall. This movement causes the glenoid to face superiorly, aiding 
in overhead arm movement. Injury to the muscle or its innervation, 
the spinal accessory nerve (cranial nerve XI and cervical roots C3 
and C4), limits overhead arm movement and produces a subtle 
type of scapular winging.

Once again, but in a different plane of motion, the pectoralis minor 
impacts rotation of the scapula. Its predisposition to shortening 
and insertion on the scapular coracoid process tethers the superior 
rotation of the glenoid (Fig. 4). The pectoralis minor is also an 
antagonist of the trapezius in coronal plane motion of the shoulder. 
The levator scapulae also may restrict scapular motion similarly 
given its scapular attachment, direction of pull, and predisposition 
to shortening5 (Fig. 6).

Figure 1. Anatomic planes of the body.

Figure 2. The shoulder complex attaches to the axial skeleton by way of 
the clavicle. Otherwise, it floats freely in muscle.

Figure 3. The serratus anterior rotates the inferior angle of the scapula 
anteriorly and along the lateral thoracic wall.
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Figure 4. The pectoralis minor restricts superior glenoid rotation in both the 
saggital and coronal planes.

Figure 5. The trapezius inserts on the scapular spine, rotating the glenoid 
superiorly in the coronal plane.

Figure 6. When shortened, the levator scapulae limits superior glenoid 
rotation.

Figure 7. A normal coronal plane T1-weighted magnetic resonance imaging 
scan of the glenohumeral joint and surrounding muscle. The supraspinatus 
and deltoid muscles work together to abduct the glenohumeral joint in the 
coronal plane.

Figure 8. Bony anatomy of the shoulder. On the left, the acromion extends 
lateral and superior to the glenohumeral joint; the arrow indicates the 
acromioclavicular joint. On the right, the humeral head has a large surface 
area compared to the shallow glenoid.

Figure 9. Outlet view of the shoulder. The “roof” of the subacromial space 
is formed by the coracoacromial ligament anteriorly and the acromion 
posteriorly. The apex of the roof also includes the acromioclavicular joint. 
The supraspinatus tendon travels through the subacromial space.

Figure 10. hooked acromial tips (types II and III) impinge upon the 
subacromial space.
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Glenohumeral Motion

The supraspinatus and deltoid muscles are the primary movers of 
the glenohumeral joint in abduction (Fig. 7). The supraspinatus 
is the initiator of abduction and is strongly active in all degrees 
of abduction. The deltoid, in light of its much larger cross 
sectional area, is a stronger abductor.2 These muscles originate 
on the scapular spine and acromion, respectively, and insert on 
the proximal humerus. Note that these muscles are innervated 
by the C5-6 cervical roots and peripheral nerves emanating from 
disparate parts of the brachial plexus.

Full ROM of the glenohumeral joint in abduction may be limited 
due to various anatomic impediments of the joint, including 
adhesive capsulitis or rotator cuff impingement (described in 
the next section). The pectoralis major, latissimus dorsi, and 
teres major muscles are prone to shortening,5 and, based on 
their attachment to the proximal humerus, may also restrict 
glenohumeral abduction.

GLENOHUMERAL JOINT BIOMECHANICS
AND IMPINGEMENT

As mentioned previously, the glenohumeral joint may be viewed 
simply as a ball and socket joint. Careful analysis, however, 
reveals complex anatomy and biomechanics.

Normal Overhead Shoulder Biomechanics

The acromion is a cantilevered shelf of scapular bone overlying 
the glenohumeral joint and extending laterally (Fig. 8). The 
acromion and the coracoacromial ligament form a tented “roof” 
over the humeral head when viewed laterally. The tip of this roof is 
adjacent to the acromioclavicular joint (Fig. 9). The supraspinatus 
muscle and tendon lies in the subacromial space between the 
superior aspect of the humeral head and the roof over it (Fig. 
9). As the shoulder abducts to 90 degrees, the greater tuberosity 
of the humeral head contacts the acromion, potentially limiting 
further abduction. This is called “physiologic impingement.” 
At this point in the normal shoulder, the humerus automatically 
rotates externally, clearing the greater tuberosity away from the 
acromion and allowing full glenohumeral abduction. 

Pathology and Glenohumeral Motion Dysfunction

In contrast to physiologic impingement, pathologic “impingement 
syndrome” results in repeated compression of the rotator cuff with 
pain and limited ROM. Impingement syndrome may be caused by 
pathologic processes such as adhesive capsulitis or the abnormal 
presence of bone in the subacromial space. Adhesive capsulitis 
results in the inability to externally rotate the humerus during 
abduction, leading to repetitive impingement. Bony pathology 
such as acromioclavicular joint bone spurs or a “hooked” 
acromion decrease the size of the subacromial space, leading to 
abnormal impingement of the rotator cuff during early abduction 
or mechanical scraping of the tendon during glenohumeral 
abduction  (Fig. 10). As the rotator cuff tendons are repeatedly 
impinged, they become susceptible to injury, including tendinitis 
or tears.

Figure 11. The force couple. The subscapularis and infraspinatus firmly 
press the humeral head into the glenoid. If weakened, the deltoid muscle 
may pull the humeral head superiorly toward the acromion during shoulder 
abduction causing impingement.

Figure 12. The shoulder is particular susceptible to dislocation in a position 
of abduction and external rotation.

Figure 13. The glenoid labrum is a circumferential cartilage which serves 
to deepen the glenoid, adding stability to the glenohumeral joint.
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Another important concept in impingement syndrome is the 
“force couple,” which describes the complex interaction of the 
deltoid and rotator cuff muscles during overhead arm movement.  
When viewed in the axial plane through the glenohumeral joint, 
the rotator cuff muscles (i.e., the infraspinatus and subscapularis) 
are seen to compress the humeral head against the glenoid, 
stabilizing the joint (Fig. 11). This function of the rotator cuff is 
called “concavity compression.”  If the rotator cuff is weakened 
or injured, this stabilizing force is diminished, allowing the 
humerus to stray from the glenoid. Switching to the coronal or 
saggital planes, as the arm abducts to 30 degrees and beyond, 
the deltoid exerts a powerful and ever increasing abduction 
force on the humerus.2 If the rotator cuff produces weak cavity 
compression, the deltoid may force the humeral head superiorly 
from the glenoid, significantly narrowing the subacromial space 
and causing further impingement of the supraspinatus. 

GLENOHUMERAL TRAUMA, INSTABILITY, AND 
IMPINGEMENT

If the glenohumeral joint is a ball and socket joint, it is a very 
complex one indeed. The socket, or glenoid, is quite shallow (Fig. 
8), allowing great freedom of ROM of this joint. This quality is 
both an asset and a liability, as the shoulder joint is particularly 
susceptible to dislocation and instability. The occurrence of 
shoulder trauma particularly illustrates the implications of this 
anatomy.

The shoulder is particularly susceptible to traumatic dislocation 
at a position of abduction and external rotation  (Fig. 12). If the 
trauma produces an extension force on the glenohumeral joint, 
the humeral head may dislocate anteriorly from the glenoid. As 
mentioned previously, the glenoid socket is relatively shallow. 
The socket is somewhat deepened by a circular cartilage, the 
glenoid labrum, which lies circumferentially around the edge of 
the glenoid (Fig. 13). Anterior dislocation of the humeral head 
often will produce injury to the anterior labrum and glenoid. Such 
a lesion, the “Bankart lesion,”13 allows the humeral head to sublux 
anteriorly, producing “anterior instability.”

The effect of this type of injury on shoulder impingement is seen 
most clearly on the lateral view of the shoulder. The supraspinatus 
is anchored to the humeral head by its insertion into the greater 
tuberosity. As the humeral head moves anteriorly relative to the 
glenoid, the supraspinatus tendon also moves anteriorly within 
the subacromial space, impinging under the coracoacromial 
ligament. A mnemonic to remember the clinical circumstances 
surrounding traumatic dislocations of the shoulder is TUBS14 
(Trauma is usually Unilateral producing a Bankart lesion which 
usually requires Surgery for adequate symptom resolution).

CONCLUSION

Knowledge of shoulder biomechanics is critical to unlock 
the mysteries of injury causation, diagnosis, and effective 
rehabilitation.
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HISTORY

The ability to elicit a nuanced history will help focus your 
assessment of patients presenting with shoulder pain. The quality 
of that history will help guide diagnosis and treatment options.

Duration of Symptoms

A patient’s reported duration of shoulder pain may guide the 
clinician to the correct diagnosis and appropriate treatment. Acute 
problems have a much better chance to heal with rest, while 
chronic (greater than 6 months) problems are less likely to heal 
with rest and activity modification.

Onset of Symptoms and/or Mechanism of Injury

Acute onset and traumatic problems are significantly different 
than gradual onset problems. Trauma will more likely cause acute 
onset of pain due to acromioclavicular (AC) separation, rotator cuff 
tear, or shoulder dislocation. Cervical radiculopathy and brachial 
plexus injuries also may occur after significant trauma, but they 
are more likely to have an insidious, longer duration of onset, 
usually gradually occurring and evolving over hours to weeks. 
Sorting the weakness from pain and other sensory symptoms may 
help localize the injury.

Exacerbating Factors

Precipitating or aggravating factors can help with injury 
localization. Shoulder pain referred from the neck is more likely to 

get worse when the neck is rotated and the shoulder left immobile. 
Whereas intrinsic shoulder pathology may be more likely to get 
worse with activities of the shoulder and/or vigorous weight 
bearing activities. Arthritic and inflammatory problems may start 
with stiffness that loosens up with movement and warming of the 
joint. Myofascial pain may remain consistent throughout the day 
and not be affected by any particular shoulder activity.

Location of Pain

Locating the source of a patient’s pain can be helpful, but it also 
may be misleading. Cervical radiculopathy and pain referred from 
neck pathology routinely cause periscapular pain which overlaps 
with shoulder joint pathology. Anterior shoulder pain is more 
likely to be caused by impingement syndrome, AC separation, 
or bicipital tendon disease than neck pain. However, rotator cuff/
impingement syndrome frequently refers pain into the upper arm/
humerus area and up into the neck. Pain from adhesive capsulitis 
refers nearly anywhere in the neck and shoulder and is exacerbated 
by almost any movement of the glenohumeral joint, including 
external rotation.

Quality of Pain

There is little to no evidence that a patient’s self-described 
quality of pain contributes to diagnosis. However, numbness and 
nonpainful weakness is very suggestive of nerve injury. If the pain 
continues worsens over time (relentlessly over days to weeks), the 
possibility of tumor, osteonecrosis, or rapidly progressive arthritis 
should be considered.
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Skin Sensation

Skin paresthesias and numbness are highly suggestive of a nerve 
injury and can help localize the injury. Skin paresthesias over the 
lateral upper arm may be due to damage to the axillary nerve C5 
of the upper trunk. Similarly, localizing dysesthesias to particular 
fingers will help diagnose root or nerve injuries. Examination 
of these areas with a sensory examination may help confirm the 
sensory changes, but in the author’s view, an unguided sensory 
examination can be misleading and time consuming.

Timing of Pain

Nighttime pain can be caused by multiple disorders, including 
cervical radiculopathy and impingement syndrome, especially 
when sleeping with the arm abducted and internally rotated.

Referred Pain

Neck pain is commonly referred to the shoulder. Sometimes, it 
is difficult to sort out whether or not this pain is coming from the 
neck. If the scapular pain is made worse with neck range of motion 
(ROM), and/or Spurling’s sign, this highly suggests referral from 
the neck.

Occasionally, referred pain from the viscera (i.e., cardiac, 
gall bladder, subphrenic abscess or bleeding, gastrointestinal 
tract) can occur and needs to be considered. Specific history 
questions in relation to positioning, deep breathing, exertional 
chest and shoulder pain (relation to meals or lying supine), and 
gastrointestinal and subphrenic fluid all need to be considered 
with the overall presentation of the patient. Cardiac problems 
usually are referred to the left shoulder and, much less likely, the 
right shoulder.

PHYSICAL EXAMINATION

The physical examination of the shoulder can be very difficult 
and there are multiple described tests that can be performed. It is 
virtually impossible to perform every test on every patient every 
time they are evaluated. Therefore, it is useful to focus in areas 
for specific diagnoses. Looking at the rest of the arm and body 
are important for almost every patient. For example, weakness in 
shoulder abduction associated with C5-6 radiculopathy or upper 
trunk plexopathy will be associated with reflex depression at 
the biceps and/or brachioradialis. Also, patients with neck pain 
(especially the elderly) are at risk of myelopathy from cervical 
stenosis and checking for a Babinski’s sign will help diagnose this 
and likely will alter treatment.

Range of Motion

To start the physical examination it is easiest to assess active 
ROM and initial muscle strength.

 Neck

ROM of the neck can be tested at the same time as the Spurling’s 
sign. This performed by extending, side-bending, and rotating, 
usually to the side of the lesion. A good method is to hold the head 

in hyperextension and wait between 30-60 s to see if this produces 
symptoms down the shoulder or down the arm. If dysesthesias 
traverse down the arm past the midhumerus, it is usually considered 
a positive test and suggestive of cervical radiculopathy. Pain from 
herniated discs, facets, or other neck pathology commonly will 
refer into the periscapular region.

 Shoulder

Asking the patient to fully abduct their arms and touch them over 
the head and then assessing strength from that position can screen 
for many potential shoulder problems. If this is painless throughout 
the full ROM, and the patient is able to resist with normal strength 
(tests strength of the deltoid, serratus anterior, and several other 
muscles) without pain, this will rule out many significant shoulder 
problems. If the ROM is limited and/or painful, then closer 
scrutiny is needed in that area. Scapulothoracic or glenohumeral 
limitations are the most common. Try to note the scapulothoracic 
versus glenohumeral joint motion. The usual motion is 2:1 (i.e., 
the glenohumeral joint will move 2 degrees for every degree 
of scapulothoracic). There is considerable variability between 
people. Pain with full adduction of the shoulder may suggest AC 
or labral pathology.

 Glenohumeral

External rotation passive ROM and strength (infraspinatus) can be 
tested with the shoulder abducted to 90 degrees. If this is painful 
and/or the ROM is significantly limited, consider the possibility 
of adhesive capsulitis or glenohumeral arthritis. Apprehension 
or significant pain with 90 degrees of abduction and external 
rotation may suggest instability of the shoulder and frequent 
dislocation. Internal rotation ROM can then be tested from 90 
degrees of abduction and this testing can double as an assessment 
of impingement signs. If these are not painful, impingement 
syndrome and subacromial bursitis are very unlikely. Most rotator 
cuff problems, impingement syndromes, or labral lesions cause 
pain with internal rotation, while there are not as many problems 
that cause pain with external rotation.

Muscle Strength Testing

For almost all muscles, it is preferred to have full contraction of the 
muscle than put pressure on the muscle and “break” or “overcome” 
it. If the muscle is not overcome the muscle strength cannot be 
determined and a side-to-side difference cannot be compared. If, 
for example, if it takes 50 lb of pressure to overcome a muscle, and 
the muscle is weak by a factor of 50% (a significant weakness), it 
will take at least 26 lb of pressure to overcome the weak muscle. 
If the examiner only puts 20 lb of pressure on both muscles, the 
weakness will be missed and both muscles will appear of equal 
strength. The vast majority of muscles can be overcome using 
proper technique. In particular, the examiner can use body weight 
against the muscle so that even strong weight lifter muscles can 
be overcome in a normal situation.

 Supraspinatus

Strength testing (e.g., the Empty Can Test) is performed with 
the arm abducted to less than 90 degrees and forward flexed 
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to approximately 30-45 degrees with the thumb pointed down 
(internal rotation of the glenohumeral joint). Resisting abduction 
will assess the supraspinatus strength. If the muscle is weak, it 
is suggestive of supraspinatus tear or supraspinatus weakness. If 
this test is painful, it suggests partial tear of the supraspinatus or 
supraspinatus tendonitis or tendonosis.

Assessment for Winging of the Scapula

Serratus anterior weakness usually is most noticeable with 
the arm in full abduction in the last 10 degrees of motion (as 
performed in the first part of the examination). Observation of 
the scapulothoracic motion with the shoulders in 90 degrees of 
forward flexion usually will reveal the “winging” of the scapula as 
the scapula is pulled away (posteriorly) from the thorax. This can 
be further assessed with pushing against the wall and attempting 
to isometrically elevate the arms against the wall. Winging due 
to trapezius weakness can be more difficult to determine. The 
weakness usually will not be isolated only with full abduction, 
and shrugging the shoulder will be very asymmetric.

Separating Neuromuscular Weakness From Pain 
Inhibition Weakness or Shoulder Pathology

Trying to separate neuromuscular from orthopedic problems 
can be challenging. One clue is painless weakness which makes 
neuromuscular injury (e.g., radiculopathy, nerve injury, or 
myopathy) much more likely. If there is pain inhibition weakness 
(also known as give away weakness), then this increases the 
probability of “orthopaedic” problems but does not absolutely 
rule out neuromuscular problems. Separating suprascapular 
nerve injury from large rotator cuff tears of the supraspinatus 
and infraspinatus may be difficult or impossible on physical 
examination alone.

Palpation

Palpation, particularly over the AC joint, can help, as this is a 
frequent area of pathology. Palpation of the muscles may identify 
trigger points or fibromyalgia tender points. Bicipital tendonitis 
and subacromial bursitis also can be localized in some patients 
with palpation. This can be performed during ROM assessment 
and strength testing in many patients.

Shoulder Adduction Strength

It can help to assess shoulder adduction strength for suspected 
myopathy. There also may be functional implications for weight 
bearing on the arms (e.g., for the use of crutches or a walker). 
This assessment also will help determine the patient’s ability to do 
shoulder stabilization exercises and undergo other treatments.

Yergason Test

The Yergason test is performed frequently with the elbow at the 
side of the body. The forearm starts in the pronated position and 
then the patient actively starts to supinate. If this causes pain in 
the anterior shoulder, with palpation in the bicipital groove, this is 
consistent with bicipital tendonitis.

Speeds Test

In the Speeds test, the patient forward flexes the shoulder against 
resistance with the palm up. The elbow is fully extended. Pain in 
the anterior shoulder and bicipital groove is suggestive of bicipital 
tendonitis. Labral lesions also may cause pain. If the thumb is 
pointed down (internally rotating the glenohumeral joint) then 
this becomes the Neer impingement sign.

Hawkins Test

With the Hawkin’s text, abduct the shoulder to 90 degrees and then 
internally rotate the glenohumeral joint, closing the subacromial 
space. If impingement syndrome is present, this usually will be 
painful. This internal rotation test will be positive in many other 
shoulder pathologies (e.g., adhesive capsulitis, Bankart lesions, 
superior labral anterior-posterior lesions, and arthritis).

O’Brien’s Active Compression Test

With O’Brien’s active compression test, the shoulder is forward 
flexed to 90 degrees and adducted 15 degrees with the thumb down 
(internally rotated). The examiner pushes the arm downward and 
the patient resists this motion. From the standing position and 
the affected arm (shoulder) is flexed forward to 90 degrees and 
adducted across the body 10-15 degrees with the thumb pointing 
towards the ground. The patient then is asked to keep their arm 
in that position as the examiner pushes down on the arm. This is 
repeated with the shoulder in the same position and the palm of 
the hand pointing upward. A positive test is initial pain deep in the 
shoulder that is eliminated in the palm up position. Pain located in 
the AC joint or elsewhere in the posterior or anterior shoulder or 
the deltoid is not considered a positive test. Pain in the AC joint is 
indicative of AC arthritis.

SUMMARY

Attempting to identify the etiology for shoulder pain is frequently 
very challenging. It can be helpful to try to separate neck problems 
that are referred to the shoulder from localized nerve injuries 
(e.g., radiculopathy, long thoracic injury, suprascapular injury, 
brachial plexopathies, or myopathies). Orthopaedic injuries may 
be difficult to sort out from nerve injuries. Large rotator cuff tears 
and suprascapular neuropathies both can cause profound weakness 
of the supraspinatus and infraspinatus. The pain of orthopaedic 
injuries or nerve injuries may mask true weakness from pain 
inhibition weakness. History and physical examination can 
guide the clinician to pursue further electrodiagnostic testing or 
treatments, depending on the level of certainty of the information 
gained.
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The function of the shoulder includes the following: (1) positioning 
the hand in space, (2) lifting overhead, (3) acceleration for 
throwing, and (4) propulsion together with the lower extremities 
for climbing, crawling, and swimming.

The shoulder consists of three bones—the clavicle, scapula 
and humerus—and 17 muscles including the scapular rotators 
and stabilizers (serratus anterior, trapezius, levator scapulae, 
rhomboids, and pectoralis minor), the rotator cuff (subscapularis, 
infraspinatus, and teres minor) and the prime movers (deltoid, 
pectoralis major, latissimus dorsi, biceps short and long heads, 
and teres major.)1

The shoulder is the most complex and mobile joint in the body 
and as such is susceptible to instability and overuse.1 Problems 
affecting the shoulder are often seen in conjunction with symptoms 
of numbness, pain, and weakness, common reasons for referral 
for electrodiagnostic (EDX) testing. An awareness of shoulder 
problems, their various presentations, and imaging studies likely 
is to be of benefit to EDX physicians and their patients.

In formulating a diagnosis, it must be determined whether the 
shoulder problem is acute, subacute, or chronic and whether any 
trauma was involved. Although most cases of acute shoulder 
trauma would have been properly evaluated prior to EDX 
consultation, there may be occasions that this is not the case. It 
is in the acute and posttraumatic setting that shoulder radiographs 
(x-rays) are most useful.2

SHOULDER RADIOGRAPHY (X-RAYS)

Anteroposterior (AP) and lateral views of the shoulder are useful 
to assess for fractures of the clavicle and humerus. Because 
scapular fractures result from high-energy trauma, are often 
associated with other fractures, and missed on initial assessment, 
the standard radiographic series for their evaluation consists of a 
true AP view of the glenohumeral joint (Fig. 1), an axillary view, 
and a scapular Y view (Fig. 2).3 The best view for visualizing 
dislocations is the axillary view (Fig. 3.)

Figure 1. Anteroposterior view of the shoulder. The x-ray beam is tangential 
to the glenohumeral joint. The glenoid fossa is seen as an oval with its 
anterior (black arrow) and posterior (white arrow) aspects.
From Bianchi, Prato, Martinoli, and Derchi.2

A. Mark Davies (Ed.): Imaging of the Shoulder

© Springer-Verlag Berlin heidelberg 2004

With permission of Springer Science+Business Media
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Figure 2. Outlet view or “lateral to the scapula” view. The humeral head 
is centered on a y formed by the coracoid, acromion, and body of the 
scapula.
Cl = clavicle, Co = coracoid, asterisk = lesser tuberosity
From Bianchi, Prato, Martinoli, and Derchi.2

Figure 3. Axillary views demonstrating the normal relationship between 
the glenoid (Gl) and the humerus (hh) (left) and posteriorly dislocated 
humeral head (right).
Co = coracoid

Figure 4. Anteroposterior (AP) tangential or “AP to the scapula” view. The 
x-ray beam is perpendicular to the glenohumeral joint.The glenoid fossa 
(black and white arrows) and humeral head with its greater and lesser 
tuberosities (white and black asterisks) are well visualized, as is the 
acromion (small white arrow) and underlying subacromial space.
From Bianchi, Prato, Martinoli, and Derchi.2

Figure 5. Anteroposterior tangential view showing calcifications within the 
supraspinatus (upper arrow) and infraspinatus (lower arrow) tendons.
From Bianchi, Prato, Martinoli, and Derchi.2

Figure 6. Anteroposterior tangential view showing advanced osteoarthritis 
of the shoulder with glenohumeral joint space narrowing and marginal 
osteophytes.
From Matsen FA, http://shoulderarthritis.blogspot.com/.

Figure 7. Diagram of three different types of acromion morphology: straight 
or type I (top), curved or type II (middle), and hooked or type III (bottom).
Adapted from Cotton FJ.12

Figure 8. Outlet views demonstrating three types of acromion morphology: 
straight or type I (top), curved or type II (middle), and hooked or type III 
(lower).
From Bianchi, Prato, Martinoli, and Derchi.2

65
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Other conditions that present with acute pain that can be observed 
on shoulder radiographs include acute calcific tendonitis (Figs. 
4-5). Calcific tendonitis is caused by deposition of calcium 
hydroxyapatite crystals within the tendons of the supraspinatus, 
subscapularis, or infraspinatus. In the assessment of subacute 
or chronic shoulder pain, shoulder radiographs may reveal 
osteoarthritis (Fig. 6), whereas a normal radiograph in the 
setting of marked limitation of passive range of motion would be 
consistent with adhesive capsulitis (frozen shoulder).

The most common cause of subacute and chronic shoulder pain 
is subacromial impingement. Radiographs are useful in assessing 
for a predisposing anatomical factor for impingement: a type III 
or hook-shaped acromion (Fig. 7), which narrows the subacromial 
outlet (Fig. 8).

DIAGNOSTIC ULTRASOUND

In recent years, high-frequency diagnostic ultrasound (US) 
increasingly has been making its way into the EDX laboratory 
as an adjunct to nerve conduction studies (NCSs) and needle 
electromyography (EMG). US has the advantage of portability, 
no ionizing radiation, and the ability to visualize long segments 
of nerve (e.g., the ulnar nerve from the brachial plexus through 
Guyon’s canal) and dynamic problems (e.g., ulnar nerve 
subluxation across the medial epicondyle).

The many uses of US in the needle EMG laboratory include: (1) 
localizing the sural sensory nerve to obtain a previously “absent” 
response, (2) graphing the course of a transposed ulnar nerve 
in order to do an inching study, (3) placing a needle electrode 
safely into the diaphragm, and (d) identifying the cause of a focal 
neuropathy. The synergistic integration of electrodiagnosis and 
US can be referred to as electrosonodiagnosis.4

Long before US was being used to visualize nerves, it was used 
for musculoskeletal structures and one of its first and best-studied 
applications has been the shoulder, particularly the rotator cuff.5

At present, US has higher (100 microns) resolution than magnetic 
resonance imaging (MRI) (300 microns) for tendons and the 
ability to obtain a near infinite number of continuous slices and 
real-time visualization of dynamic pathology. US is the preferred 
modality for visualization of rotator cuff tears and tendon 
pathology among musculoskeletal radiologists equally skilled at 
reading US and MRI. Furthermore, US can be used in patients 
with pacemakers or those who have persistent problems following 
shoulder arthroplasty.

On US, the normal rotator cuff, particularly the supraspinatus 
tendon, has the appearance of a curved bird’s beak-like structure 
(Fig. 9). Tears within the cuff appear as hypoechoic (dark) areas, 
an absence of tendon, a reduction in its volume, an or alteration of 
its normal curvilinear appearance (Fig. 9).6

Calcific tendonitis is seen as a hyperechoic (light) speckled or 
solid lesion within the rotator cuff tendon (Fig. 10). Bursal fluid 
collections can be seen as anechoic areas between the deltoid 
muscle and rotator cuff (Fig. 11). Biceps tendon tears can be 
seen easily with US, as can spinoglenoid notch cysts. Subluxing 
biceps tendons and subcoracoid subscapularis impingment can be 

Figure 9. Ultrasound (top) and magnetic resonance (bottom) images 
showing a normal (left) and a torn (right) supraspinatus tendon at its 
insertion (top). Arrowheads outline the contour of the subacromial bursa 
overlying the supraspinatus tendon. Note the change in contour at the site 
of tear, marked by arrows in the right-side images.
From Zanetti.10

Figure 10. Acute calcific tendonitis. ultrasound images of a calcium 
hydroxyapatite deposit within the supraspinatus tendon: long (left) and 
short (right) axis views. The patient was in excruciating pain for weeks, 
which was relieved immediately upon lavage and aspiration of the calcium 
deposit.

Figure 11. Chronic subdeltoid-subacromial bursal effusion is depicted by 
the anechoic or dark area between the deltoid muscle above and rotator 
cuff below.

Figure 12. Ultrasound image of a tumor (dark area) discovered in the 
subscapularis muscle in a patient referred for electrodiagnosis for scapular 
winging. Needle electromyography and nerve conduction studies were 
normal.

1211
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assessed dynamically via US. US is excellent for point-of-care 
evaluation of muscle and fatty tumors and masses (Fig. 12).

The primary limitation of US is that the sound waves are not 
transmitted through bone. Thus, it is impossible to see inside or 
on the other side of bone. Pathologies such as bone edema or 
bone tumors cannot be seen nor can problems that are hidden 
by bone, such as anterior labral tears. A secondary limitation is 
that US, like needle EMG, is very operator dependent in terms of 
acquiring data and interpreting it, and there are few qualified and 
experienced musculoskeletal US specialists in most communities 
in the United States.

MAGNETIC RESONANCE IMAGING

MRI has the advantage of being able to image bone and marrow 
pathology as well as soft tissues such as muscles, tendons, and 
ligaments. MRI is the preferred imaging modality for visualizing 
deep joint structures such as the glenoid labrum or for the 
evaluation of tumors or problems requiring a broad overview 
(Fig. 13).

An MRI study is made of multiple sets of images in different 
imaging planes, utilizing a number of techniques to highlight a 
variety of information.

To identify acute or subacute pathology, sequences that accentuate 
visualization of fluid or edema are best (e.g., T2-weighted images 
with fat-suppression or short-tau inversion recovery [STIR] 
images, techniques that make fluid signal bright and fat dark) 
(Figs. 14-16). Subacute muscle denervation will be seen as a 
diffuse edema-like signal throughout a muscle on STIR or fat-
suppressed T2-weighted images.

Fat appears white on T1-weighted images, and since fat outlines 
other structures, these images typically provide the best anatomic 
detail. Chronic muscle atrophy with fatty infiltration is also best 
seen on T1-weighted sequences.

Intermediate or proton density images generally provide a good 
compromise between anatomic detail and pathologic sensitivity 
and frequently are used for assessment of rotator cuff tears. 
Gradient echo sequences often are utilized for optimizing detail 
in small structures such as the glenoid labrum, while sacrificing 
some contrast features provided by other sequence types.

The advantage of MRI is that it is not as operator dependent as 
diagnostic US. The images cover the entire area under study and 
therefore less real-time image interpretation is required. However, 
MRI study quality may vary based on a center’s equipment, the 
skills of the technologists, and the ability of the interpreting 
radiologist. Due to the complexity of the anatomic and pathologic 
detail provided by MRI in multiple imaging planes, radiologists’ 
interpretation skills can vary widely, with musculoskeletal 
fellowship-trained radiologists typically providing the most 
accurate interpretations for shoulder MRIs.

Figure 13. This is the same patient as in Figure 12. Sagittal T1 FS 
postgadolinium magnetic resonance image confirms the tumor (star) 
within the subscapularis muscle causing displacement and angulation of 
scapula (winging). Shows a broad overview of the tumor in relation to other 
structures. The supraspinatus, infraspinatus, and teres minor are normal.

Figure 14. Coronal T2 FS magnetic resonance image of a spinoglenoid 
notch cyst, a classic cause of suprascapular neuropathy.
Image provided by Dan Bodor MD, Radsource.

Figure 15. Teres minor muscle atrophy (white star) coronal T2 magnetic 
resonance image, findings seen in axillary neuropathy. The unaffected 
infraspinatus and supraspinatus muscles are seen above the teres minor.
Image provided by Dan Bodor, MD, Radsource.

Figure 16. Axial saturation inversion recovery (SPIR) magnetic resonance 
image shows subacute denervation changes in the infraspinatus muscle 
(arrowheads) from suprascapular neuropathy caused by a spinoglenoid 
notch cyst (asterisk) arising from a posterior labral tear (arrow).

Figure 17. Facet joint referral patterns.
From Dwyer, Aprill, and Bogduk.11

1413

1615
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Figure 18. ultrasound (uS) image of the lateral neck showing degeneration 
and hypertrophy of C3-4, C4-5, and C5-6 zygapophysial (facet) joints. 
Sonopalpation in the short axis (not shown) revealed that the C5-6 facet 
joint was most tender. using uS guidance, an intra-articular lidocaine/
corticosteroid injection was provided, immediately following which the 
patient’s upper scapular pain resolved.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of shoulder pain and dysfunction 
depends on the history and physical examination (Table). Among 
patients presenting specifically to the EDX laboratory, the most 
important initial differential is to determine whether the patient’s 
symptoms are attributable to the shoulder or the neck.

Patients with cervical facet-related shoulder pain (Fig. 17) typically 
have reduced ipsilateral neck rotation with fairly discrete onset of 
pain and limitation (i.e., at 45 degrees). US can be used to help 
identify degenerative and painful facet joints. With the patient 
relaxed and side-lying, the lateral neck can be scanned in the long 
axis to identify the facet joints (Fig. 18) and then the transducer 
can be rotated in the short axis with sonopalpation over each facet 
to determine which one is the most tender.

Patients with cervical disc herniations that cause pain in the 
shoulder typically have worse pain with neck flexion and extension 
and can improve with manual cervical traction.

While neck problems can cause shoulder pain, the opposite can 
also occur. Shoulder impingement can cause pain only in the 
medial scapula7 and cause limitation of neck rotation. One of the 
best ways to differentiate pain stemming from the shoulder versus 
the neck is to perform a diagnostic lidocaine injection into the 
subacromial space.1

Shoulder impingement is one of the most common causes of 
shoulder pain. The combination of shoulder impingement and 
carpal tunnel syndrome can be mistaken for radiculopathy.1 

Subacromial impingement is the most common type, and typically 
it occurs in young to middle age and is caused by the rotator cuff 
tendons being impinged upon by the underside of the acromion. 
Subcoracoid impingement is rare and causes anterior shoulder 
pain and tenderness at the subscapularis tendon and coracoid. 
Internal impingement is of uncertain prevalence because to some 
degree it is considered normal, but when symptomatic it causes 
posterior pain in athletes. The mechanism involves impingement 

of the infraspinatus tendon in abduction and external rotation by 
the posterior bony glenoid rim.1

The causes of subacromial impingement include muscle imbalance, 
poor shoulder mechanics, a type III hook-like acromion, bone 
spurs, a thickened AC joint, overuse, and aging.1 US can help to 
determine whether or not the rotator cuff is torn, but x-rays would 
be necessary to determine the presence of spurs under the AC 
joint or type III acromion. MRI can assess for both.

With a history of high-velocity or athletic trauma and or shoulder 
dislocation, the patient may complain of pain, clicking, and 
instability and the differential diagnosis would include tear of 
the glenoid labrum or the glenohumeral ligaments, bone trauma, 
and contusion. MRI is the imaging of choice in this setting, and 
possibly even MR arthrography depending on the center.

In cases of suspected adhesive capsulitis (vaccination-related 
shoulder dysfunction, also known as frozen shoulder) versus 
osteoarthritis, radiographs of the shoulder can help to differentiate 
between the two with the latter showing marked abnormalities 
and the former appearing normal. Also, adhesive capsulitis may 
be the diagnosis in patients referred for EDX testing with marked 
shoulder weakness following a vaccination.8 This can occur 
following any type of vaccination provided to the top third of the 
deltoid, beneath which the subdeltoid-subacromial bursa lies at an 
average of 0.8 to 1.6 cm below the skin and well within reach of a 
2.5 cm needle. Vaccine injected into the bursa is hypothesized to 
cause a robust immune response followed by adhesive capsulitis.

An interesting phenomenon related to shoulder dysfunction 
was described in a series of 17 patients presenting with a chief 
complaint of numbness in the upper limb and hand with no pain.9 

Decreased pin-prick and light touch sensation was noted in the 
affected hand and arm with minimal or no tenderness present in 
the posterior subacromial space. NCSs and needle EMG were 
normal. Following subacromial lidocaine injection, the numbness 
completely resolved. It was hypothesized that some individuals 
may develop a central adaptation to chronic shoulder pain 

Acute onset

Fracture of the humerus
Fracture of the scapula
Tear of the labrum
Rotator cuff tear
Biceps tendon tear
Muscle tear
Calcific tendonitis
Acute overuse bursitis
Cervical disc herniation
Brachial plexitis

Subacute onset

Impingement
Bursitis
Rotator cuff tendinosis
Rotator cuff tear
Osteoarthritis
Muscle strain/overuse
Tumor
Cervical facet osteoarthritis
Brachial plexopathy

Table. Differential diagnosis of shoulder pain
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which makes the arm feel numb and the pain to go away. This 
deamplification or extinction of pain may be the exact opposite 
what is seen in states such as chronic regional pain syndrome.

SUMMARY

The appropriate selection of imaging studies to complement 
electrodiagnosis will help diagnose many shoulder problems. 
Shoulder radiographs (x-rays) are useful in the acute setting to 
assess for fractures and dislocations and for the primary screening 
of disorders such as osteoarthritis or calcific bursitis. US is an 
excellent and relatively inexpensive point-of-care imaging 
technology with superior resolution for rotator cuff and biceps 
tendon pathology and has the advantage of the ability to study 
structures dynamically, however is very user dependent and not 
reliably available at this time. MRI has the broadest imaging 
capabilities, including structures ranging from nerve, muscle, 
tendon and bone; provides an excellent three-dimensional 
overview; and is widely available. However, a detailed and 
accurate MRI interpretation still depends on the individual reading 
the study, with musculoskeletal fellowship-trained radiologists 
typically having the greatest expertise.
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INTRODUCTION

After the diagnosis of the injured shoulder is established, 
treatment includes medications, physical therapy, injections, and 
longterm exercises. If this treatment fails, surgery may become 
an option. When treatment is completed, the patient needs to 
integrate and maintain on a daily basis the exercises and posture 
recommendations to prevent further injuries and degeneration.

MEDICATIONS

The pharmaceutical treatment options include nonsteroidal 
antiinflammatory drugs (NSAIDs), corticosteroids, analgesic 
medications, and topical creams.

Conventional NSAIDs block cyclooxygenase in the prostaglandin 
cycle affecting the gastrointestinal (GI) tract, renal function, and 
platelet inhibition. A low dose may provide an analgesic effect 
and a higher dose may provide an inflammatory effect, although 
there are dose-dependent side effects. The Cox-2 specific NSAID 
(celecoxib) has decreased GI toxicity, but it has been implicated 
in increased cardiovascular risks.18,19 The Cox-2 selective NSAIDs 
(etodolac, meloxicam) have decreased GI side effects with 
unknown cardiovascular risks.14 One a day dosing is preferred 
for compliance reasons and longterm use of NSAIDs must be 
evaluated in respect to risk and benefits with the patient’s other 
medical conditions.26 The longterm medication complications 
include interactions with anticoagulants, corticosteroids, diuretics, 
antihypertensives, angiotensin-converting enzyme (ACE) 
inhibitors, lithium, digoxin, phenytoin, and antacids. Special care 
needs to be taken with patients with congestive heart failure and 
chronic renal failure.

Corticosteroids in the oral route usually are not indicated for 
shoulder conditions. If corticosteroids are considered, they should 
be administered through a local injection.

Analgesic medications can be used for short periods.23 The three 
classes of analgesics include acetaminophen, tramadol, and 
opioids. Acetaminophen has an unclear mechanism of action 
for pain relief yet has equivalent analgesia as NSAIDs in certain 
cases. It has little or no antiinflammatory effect, but it has an 
excellent safety profile. Tramadol is appropriate for mild-to-
moderate pain. It may be prescribed in combination therapy with 
acetaminophen. Tramadol is a synthetic analog of codeine. It has 
a low affinity for opioid receptors and only partially inhibited by 
naloxone. It is believed to work on norepinephrine and serotonin 
reuptake inhibition. The most important side effect is drug-to-drug 
interaction with certain antidepressant medications. Serotonin 
syndrome or seizures may be caused by this interaction.

Opioids are appropriate in the short term for moderate-to-severe 
pain. Combination therapy with acetaminophen or NSAIDs adds 
efficacy. The Food and Drug Administration (FDA) currently 
has placed a 3-year phase out of opioid combination products 
with more than 500 mg of acetaminophen. The FDA also set the 
maximum amount of acetaminophen in a given 24-hour period 
at 2,000 mg. Opioids have many side effects, among which the 
most common are constipation and sedation, both of which can 
be severe. Other side effects include weakness, trouble sleeping, 
nausea, vomiting, loss of appetite, tingling or redness of the skin, 
blurred vision, and sexual dysfunction. Opioids should be taken 
exactly as prescribed to avoid serious effects. Altering the dose in 
any way can be dangerous. Taking opioids with alcohol can cause 
a dangerous reaction including slowed breathing and overdose. 
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Drowsiness can be magnified by patients who take opioids with 
other narcotics, allergy medications, tranquilizers, and sleeping 
pills. Regular use of opioids can lead to dependence and addiction, 
two serious side effects that bring with them a withdrawal phase if 
stopped. If opioids are going to be used for long periods, patients 
need to sign a pain agreement and have random urine tests for 
appropriate monitoring and discouraging diversion.

INJECTION THERAPY

Injection therapy also may be used. Shoulder subacromial or 
subdeltoid injections may be necessary if medication and physical 
therapy is unsuccessful. Recent advances in musculoskeletal 
ultrasound (US) make US-guided injections the route of choice2,8 

(Fig. 1). In general, there should be no more than four injections 
with corticosteroids in 1 year.4 After an injection the tendon is 
weakened for 2 weeks; patients should be instructed not to do 
any heavy lifting afterwards. If not using US, never inject if 
significant resistance is encountered. Repositioning the needle 
would be necessary.12 Studies show that corticosteroid injections 
are superior to analgesic alone in injections and more effective 
than oral NSAIDs. Adverse effects of corticosteroids can be local 
or systemic. Some local adverse effects include dermal atrophy, 
loss of pigmentation, septic arthritis, hemarthroses, cartilage 
damage, and tendon rupture. Systemic effects include increased 
blood glucose level. Bicepital tendon sheath injections are also 
useful for bicepital tendinitis (Fig. 2). Injections can be performed 
in any joint in the shoulder complex under US guidance, including 
the acromialclavicular joint and the glenhumeral joint (Figs. 3 and 
4). If the patient has calcified tendonitis, debridement under US 
guidance is effective (Fig. 5). And, in cases of chronic tendonitis 
an US-guided tendonotomy is effective. In patients with chronic 
shoulder pain, suprascapular nerve blocks can help. A few 
randomized controlled studies have shown efficacy in rheumatoid 
arthritis, chronic rotator cuff disease, and adhesive capsulitis. At 
3 months there was increased function and decreased pain. The 
block consists of an US-guided injection of 10 ml of bupivacaine 
0.5% in the supraspinatus fossa. This is repeated in 4 weeks. 
Physical therapy should be started after the first injection7 (Fig. 
6).

LONGTERM EXERCISES

Strengthening and flexibility exercises of the shoulder are the most 
important treatment modalities for longterm relief of shoulder 
pain.27 Prior to starting the exercises, other modalities may be 
necessary. These include therapeutic US, iontophoresis, electrical 
stimulation, and local heat and ice. All of these are effective, 
although none have been evaluated in double-blind studies.25 For 
calcified tendonitis, extracorporeal shockwave therapy has been 
shown in a controlled study to decrease up to 77% of the calcium 
deposit at 6 months.10,11,22,24

For  flexibility or restoration of motion, stretching of the glen-
humeral capsule and muscles can be performed.6 Manual physical 
therapy of the glenhumeral, scapulothoracic, acromioclavicular, 
and sternoclavicula joints and parascapular and scapula-stabilizer 
muscles also can help restore mobility. There are classic exercises 
for adhesive capsulitis6 (Figs. 7, 8, and 9).

 

Figure 1. ultrasound image of a subacromial-subdeltoid bursa injection of 
the right shoulder supraspinatus.

 

Figure 2. Ultrasound image of a bicipital tendon sheath injection.

 

Figure 3. Ultrasound image of an acromioclavicular joint injection.
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Strengthening of the rotator cuff muscles is critical to prevent 
more tears and preserve function. (Jobes exercises15) (Figs. 10-
17). The scapula-stabilizer muscles need to be strengthened as 
well. This can been achieved with Kibler exercises13,16,17 (Figs. 18 
and 19).

The cervical spine needs to be evaluated as well. Treatment 
includes proper posture and possibly manual therapy and injection 
therapy.

SURGERY

Surgery is indicated when conservative measures have failed. 
Arthroscopic surgery can be successful for patients with 
chronic impingement syndrome. Surgery is very effective for 
acute full thickness rotator cuff tears1 but is less effective for 
chronic full thickness tears.20,28 Open surgery is more effective 
than arthroscopic surgeries.3 For partial supraspinatus tears, 
surgical treatment is less effective. Surgery may include simple 
debridement of a frayed or partially-torn rotator cuff along with 

Figure 4. Ultrasound image of a glenohumeral joint injection.

Figure 5. Ultrasound image of a lavage and aspiration of a rotator cuff 
calcifi c tendinopathy.

 

Figure 6. Ultrasound image of a suprascapular nerve block.

Figure 7. Demonstration of a Codman exercise.
Figure 8. Demonstration of a Codman exercise.
Figure 9. Demonstration of a Codman exercise.

Figure 10. Demonstration of shoulder fl exion exercise.
Stand or sit with the arms at the side and thumbs pointing up.1. 
Keeping the elbows straight, raise the arms, leading with the 2. 
thumbs.
Continue slowly until the arms are parallel to the ground.3. 
Return slowly to the starting position and repeat.4. 

7 8 9
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Figure 11. Demonstration of shoulder abduction exercise.
Stand or sit with the arms at the  side, with the thumbs pointing 1. 
forward.
Lift the arms to shoulder height (parallel to the ground), keeping the 2. 
elbows straight.
Lower arms slowly to starting position and repeat.3. 

Figure 12. Demonstration of scaption exercise.
Stand with the elbows extended and thumbs up. Raise the arms to 1. 
shoulder level at a 30 degree angle in front of body.
Slowly lower the arms to the starting position and repeat.2. 

Figure 13. Demonstration of sidelying external rotation exercise.
Lie on the uninvolved side, with the involved arm at side of body and      1. 
elbow bent to 90 degrees.
keeping the elbow of the involved arm fi xed to the side, raise the arm.2. 
Slowly lower to the starting position and repeat.3. 

Figure 14. Demonstration of horizontal abduction exercise.
Stand next to a table or bench, leaning forward from the hips, with 1. 
the arm perpendicular to the fl oor.
Lift the arm up and to the side, keeping the elbow straight. Continue 2. 
lifting until the arm is parallel to the fl oor. Make sure the hand is not 
lifted higher than the shoulder.
Return slowly to the starting position and repeat.3. 

Figure 15. Demonstration of shoulder extension exercise.
Stand next to a table or bench. Lean from the hips, using the arm 1. 
closest to the bench for balance. Allow the other arm to hang 
perpendicular to the fl oor.
Holding a weight, lift the arm backwards until it is level with the hip. 2. 
Keep the elbow straight and the arm close to the body.

Figure 17. Demonstration of sidelying internal rotation exercise.
Lie on the involved side with the arm against the side and the elbow 1. 
bent to 90 degrees.
 keeping the elbow fi xed against the side, lower the forearm fi rst to 2. 
comfort, then raise the forearm to the trunk.
Slowly lower to the starting position and repeat.3. 

15 16

Figure 16. Demonstration of shoulder shrug exercise.
Sit with the arms at the side.1. 
Shrug the shoulders, lifting them toward the ears. Keep the elbow 2. 
fl exed slightly throughout the exercise.
Return slowly to the starting position and repeat.3. 
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smoothing of the undersurface of the acromion (acromioplasty).21 
Full thickness tears require reattachment of the tendon back to the 
humeral head.5

Total joint replacement of the shoulder is employed when there 
is significant pain and conservative care has failed. If there is a 
mild rotator cuff tear and minimal osteoarthritis, a classic total 
shoulder replacement can be performed. If there is severe arthritis, 
a reverse total shoulder replacement is needed9. This is a very 
difficult procedure and performed only by certain physicians in 
the country. This surgery results in decreased pain and a 50% 
improvement in range of motion.
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Figure 18. Demonstration of shoulder-dump exercise.
Starting position: body weight is on the contralateral-side leg with 1. 
trunk flexion and rotation.
Finishing position: body weight is on the ipsilateral-side leg with 2. 
thoracic extension.

Figure 19. Demonstration of sternal-lift exercise.
Starting position: head and trunk flexed forward.1. 
Finishing position: emphasizing thoracic extension.2. 



36

TREATMEnT OF ShOuLDER InjuRIES

19. Micklewright R, Lane S, Linley W, Mcquade C, Thompson F, 
Maskrey N, Review article: NSAIDs, gastroprotections and 
cycl-oxygenase-II-selective inhibitors. Aliment Pharmacol Ther 
2003;17:321-332.

20. Romeo AA, Hang DW, Bach BR Jr, Shott S. Repair of full thickness 
rotator cuff tears. Gender, age, and other factors affecting outcome. 
Clin Orthop Relat Res 1999;(367):243-255.

21. Roye RP, Grana WA, Yates CK. Arthroscopic subacromial decom-
pression: two to seven year follow-up. Arthroscopy 1995;11:301-
306.

22. [Best Evidence] Sabeti-Ashcraf M, DorotkaR, Goll A, Trieb K. 
Extracorporeal Shock Wave therepy in the treatment of calcific 
tendinitis of the rotator cuff. Am J Sports Med 2005;33:1365-
1368.

23. Sachs CJ. Oral analgesics for acute nonspecific pain. Am Fam 
Physician 2005;71:913-918.

24. Schofer MD, Hinrichs F, Peterlein CD, Arendt M, Schmitt J. High- 
versus low-energy extracorporeal shock wave therapy of rotator 
cuff tendinopathy: a prospective, randomized, controlled study. 
Acta Orthop Belg 2009;75:452-458.

25. Van der Heijden GJ, van der Windt DA, de Winter AF. Physiotherapy 
for patients with soft tissue shoulder disorders: a systematic review 
of randomized clinical trials. BMJ 1997;315:25-30.

26. Weideman RA, Kelly KC, Kazi S, et al. Risks of clinically significant 
upper gastrointestinal events with etodolac and naproxen: a 
historical cohort analysis. Gastroenterology 2004;127:1322-1328.

27. Wilk KE. Shoulder rehabilitation. In: Physical rehabilitation of the 
injured athlete. Philadelphia: PUBLISHER; 1998. pp 478-533.

28. Zingg PO, Jost B, Sukthankar A, Buhler M, Pfirrmann CW, Gerber 
C. Clinical and structural outcomes of nonoperative management 
of massive rotator cuff tears. J Bone Joint Surg Am 2007;89:1928-
1934.



37

Shoulder Disorders
CME Questions

1.  The bone anatomy of the shoulder consists of:
 A. The humerus, scapula, and acromion.
 B. The humerus, acromion, and clavicle.
 C. The scapula, glenoid, and clavicle.
 D. The humerus, scapula, and clavicle.
 E. The scapula, acromion, and clavicle.

2.  The purpose of the glenoid labrum is to:
 A. Increase shoulder stability.
 B. Provide the insertion points for the rotator cuff.
 C. Extend the capsule to make it tighter.
 D. Decrease humeral contact to increase flexibility.
 E. Synthesize synovial fluid.

3.  The stability of the shoulder joint in the neutral position is 
provided by:

 A. The labrum.
 B. The ligaments.
 C. The capsule.
 D. The muscles.
 E. The bone orientation.

4.  The only true articulation between the upper extremity and 
the trunk is the:

 A. Gleno-humeral joint.
 B. Acromio-clavicular joint.
 C. Sterno-clavicular joint.
 D. Scapulo-thoracic joint.
 E. Sub-acromial bursa.

5.  The snapping scapula is caused by:
 A. Shoulder impingement.
 B. Scapulo-thoracic bursitis.
 C. Axillary neuropathy.
 D. Rotator cuff tendinitis.
 E. Acromio-clavicular arthritis.

6.  What does the sternocleidomastoid muscle do?
 A. Elevates (shrugs) the shoulder.
 B. Pulls the head forward.
 C. Pulls the head backwards. 
 D. Rotates and tilts the head.

7.  What muscles does the axillary nerve innervate?
 A. The deltoid and trapezius muscles.
 B. The deltoid and pectoralis muscles.
 C. The deltoid and teres minor muscles.
 D. The deltoid and supraspinatus muscles.

8.  Which of the following nerves help the shoulder move?
 A. The musculocutaneous nerve.
 B. The trapezius nerve.
 C. The radial nerve.
 D. The pectoralis nerve.

9.  The long thoracic nerve has which of the following?
 A. Purely motor fibers.
 B. Fibers from C7-C8 roots.
 C. Both motor and sensory fibers.
 D. Fibers from the lateral cord.

10.  Which of the following is true about injury to the 
suprascapular nerve?

 A. It never gets better.
 B. It only gets better with surgery.
 C. It only happens with a fracture to the humerus.
 D. It usually gets better with conservative treatment.

11.  Which test is used primarily to assess for impingement 
syndrome?

 A. Hawkins sign.
 B. O’Briens active compression test.
 C. External rotation range of motion.
 D. Shoulder adduction strength. 

12.  Which of the following regarding shoulder pain is most 
true?

 A. Location of the pain is rarely misleading. 
 B. Referred pain from neck pathology to the shoulder is unusual. 
 C. Sharp quality pain usually is associated with supraspinatus 

tendonitis. 
 D. Nighttime pain may come from impingement syndrome. 

13.  Which of the following is LEAST LIKELY to be associated 
with cervical radiculopathy?

 A. Shoulder pain that gets worse with neck movement.
 B. Positive Spurling’s sign.
 C. Shoulder abduction weakness.
 D. Neck pain with external rotation of the glenohumeral joint. 



38

CME QuESTIOnS

14. Which of the following is FALSE regarding physical 
examination of the shoulder?

 A. Serratus anterior weakness can be noticed with weakness of  
 full abduction of the shoulder. 

 B. Painless weakness is common in impingement syndrome.
 C. Palpation over the acromioclavicular joint can help diagnose  

 arthritis of this joint. 
 D. Obrien’s active compression test assesses for labral pathology.

15.  The first line of treatment for a subacromial bursitis is:
 A. Nonsteroidal anti-inflammatory drugs (NSAIDS).
 B. Prednisone.
 C. Hydrocodone.
 D. Decompression surgery.
 E. Injection.

16.  Which of these are side effects with NSAIDS?
 A. Renal problems.
 B. Cardiovascular disease.
 C. GI distress.
 D. Weight gain.
 E. All of the above.

17.  Ultrasound guidance for injections in the shoulder can be 
used for:

 A. The acromioclavicular joint.
 B. Suprascapular nerve block.
 C. Subacromial bursa.
 D. Glenohumeral joint.
 E. All of the above.

18.  These statements are true about subacromial bursa 
injections:

 A. There is no limit in the amount of corticosteriod injections.
 B. Ultrasound guidance is preferred.
 C. Sterile technique is not necessary.
 D. Injections are the first treatment of choice.

19.  Which muscles need to be assessed in physical therapy:
 A. Rotator cuff muscles.
 B. Scapular muscles.
 C. Cervical paraspinal muscles.
 D. All of the above.
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