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Course Description 
In electrodiagnostic medicine, we are frequently faced with upper and lower limb symptoms that suggest a radiculopathy or entrapment neuropathy.  
In this course, participants will gain an understanding of the upper limb entrapment neuropathies and upper and lower limb radiculopathies that are 
most commonly seen.  In addition, the less common but important disorders - polyneuropathy - will be discussed in the context of evaluation of patient 
symptoms.  A general framework for patient assessment and testing will be presented to optimize the examination and evaluation. 

Intended Audience  
This course is intended for Neurologists, Physiatrists, and others who practice neuromuscular, musculoskeletal, and electrodiagnostic medicine with the 
intent to improve the quality of medical care to patients with muscle and nerve disorders.

Learning Objectives  
Upon conclusion of this program, participants should be able to: 
(1) describe the conceptual framework for patient history and physical examination for common neuromuscular (NM) diseases.
(2) analyze the strengths and limitations of the needle electromyography examination in the evaluation of these disorders.
(3) describe the anatomy and physiology of peripheral nerve and muscle and the pathophysiologic changes that occur with common NM diseases.
(4) describe the standard approaches for the common conditions (radiculopathies, carpal tunnel syndrome, and ulnar neuropathies) as well as the less fre-
     quent disorders (polyneuropathy and generalized NM diseases).
(5) diagnose patients presenting with numbness, tingling, pain, or weakness.

Activity Profile  
This enduring material activity is a reproduction of the printed materials from a course at the AANEM Annual Meeting (October 6-9, 2010). Physician 
participation in this activity consists of reading the manuscript(s) in the book and completing the clinical and CME questions. 

Release Date: January 10, 2011 
Expiration Date: January 10, 2014. Your request to receive AMA PRA Category 1 Credits™ must be submitted on or before the credit expiration date.  
Duration/Completion Time: 2 hours

Accreditation and Designation Statements  
The American Association of Neuromuscular and Electrodiagnostic Medicine (AANEM) is accredited by the Accreditation Council for Continuing 
Medical Education to provide continuing medical education for physicians. 
The AANEM designates this enduring material for a maximum of 2.0 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit com-
mensurate with the extent of their participation in the activity.
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INTRODUCTION

Patients with symptoms of weakness are commonly referred for 
a nerve conduction study (NCS) and electromyogram (EMG) to 
look for the one of many different peripheral neuromuscular dis-
orders that may account for their symptoms.  The identifiable eti-
ologies are distributed among myopathies, motor neuron diseases, 
polyradiculoneuropathies, and neuromuscular junction disorders. 

Since identifiable causes of weakness make up only 11% of patients 
seen in an EMG laboratory, a well-defined approach should be 
available when they do appear. A clinical history to define the tem-
poral course, distribution of symptoms, previous testing, previous 
treatments, and treatment outcomes should be combined with a 
focused neurological examination.  Testing cranial nerves, strength, 
gait, tone, reflexes, and sensation before starting the study allows a 
much more focused and efficient study.  Among these weakness is 
particularly important for planning the testing.

Generalized weakness in the outpatient or inpatient settings can 
have very different clinical pictures and approaches to the prob-
lems. Fatigue, weakness, cramps, and myalgia are common com-
plaints in the outpatient setting, often without definitive findings 
on clinical examination.  Hospitalized patients usually have more 
prominent deficits; in the intensive care unit they may be close to 
quadriplegic. Thus careful assessment of the clinical weakness is 
needed to identify the clinical problems that must be considered. 

Patients with weakness are often referred by other physicians for 
EMG and NCS to assess for a specific disorder of concern to them. 
Weakness can occur with both central and peripheral diseases that 
are usually readily distinguished clinically. Occasional patients with 

unrecognized central disorders are referred for an EMG and NCS, 
such as foot drop in a stroke or paraparesis with a spinal cord lesion. 
The electrodiagnostic (EDX) physician should therefore do a limited 
evaluation to assure that the process is not central in origin. 

EMG and NCS are a major part of the full evaluation of a patient 
with each of the peripheral causes of weakness: myopathy, neuro-
muscular junction disorder, peripheral neuropathy, polyradiculopa-
thy, and motor neuron disease.  EMG and NCS include a wide 
range of different tests for these disorders that cannot all be per-
formed on every patient. The EDX physician must select those tests 
that will most reliably and efficiently define the underlying disorder. 
While a referring physician’s concern about specific clinical entities 
must be given high priority in determining the tests to select, the re-
ferring physician usually does not have the expertise and experience 
of an EDX physician. The EDX physician should therefore perform 
a clinical examination to determine the tests that will be performed 
focusing particularly on signs of objective weakness. 

Electrophysiologic Testing in 
Generalized Weakness 

Jasper R. Daube, MD
Department of Neurology

Mayo Clinic
Rochester, Minnesota

Table 1  Distribution of electromyography diagnoses during 1 year in 
an academic electromyography laboratory

  No abnormalities   3634  26% 
  Focal nerve disorders  6098  43% 
  Peripheral neuropathy  1934  14% 
  Weakness   1480  11% 
  Myopathy   590  4% 
  Motor neuron disease  377  3% 
  Polyradiculoneuropathy   348  3% 
  Demyelinating neuropathy        101      1% 
  Neuromuscular junction  64     <1%

  1



CHARACTERIZATION OF OBJECTIVE CLINICAL 
WEAKNESS FOR PLANNING EMG AND NCS TESTING

A neurologic examination is critical to planning the EMG and NCS 
that would most efficiently and accurately define the underlying dis-
order in a patient with weakness. Basic strength testing can guide the 
testing by suggesting the likelihood of possible underlying diseases. 
Reflex and sensory testing are helpful in selected situations. 

Within the group of myopathies, as well as in other neuromuscular 
diseases, there can be quite different clinical pictures. For example, 
a myopathy may be distal as well as proximal, or neuromuscular 
junction diseases may get weaker (myasthenia gravis) or stronger 
(Lambert-Eaton myasthenic syndrome) with exercise. And there 
may be mixtures: polyradiculopathy often occurs in association with 
peripheral neuropathy, and is referred to as a polyradiculoneuropathy. 
The occurrence of such combinations will be identified as equal likeli-
hood of polyradiculopathy and peripheral neuropathy. None the less, 
there is sufficient similarity of the diseases within each of these catego-
ries to classify them separately in defining the appropriate testing.

The distribution of the weakness assists in defining the likelihood 
of each of the major types of peripheral neuromuscular disease. The 
determination of likelihood is based on the usual clinical picture 
of a category of disease and the frequency of its occurrence in the 
population. 

Each of the diseases could present distribution of the weakness 
with any one of the distributions, but the likelihood varies with the 
specific type of disease. The major disease groups will be referred 
to with abbreviations:  myopathy (Myop), neuromuscular junction 
(NMJ), peripheral neuropathy (PN), polyradiculopathy (PolyRad), 
motor neuron disease (MND).  Likelihood is defined by the greater 
than (“>”) signs.

Generalized distribution – clear evidence of weakness in  
many areas

Diffuse = similar weakness in all limb and trunk muscles  
 Myop > PolyRad= PN > NMJ > MND  
Proximal = predominantly in proximal, limb-girdle muscles 
 Myop >> PolyRad > NMJ > MND > PN 
Distal = predominantly in distal limb muscles 
 PN = PolyRad > MND > Myop > NMJ 
Cranial = predominantly in cranial muscles 
 MND > NMJ > Myop > PolyRad > PN 
Asymmetrical = greater weakness on one side, but not focal  
(see below) 
 MND > NMJ > Myop > PolyRad > PN 
Focal = specific, usually unilateral area, not just asymmetrical 
 Focal weakness is most commonly a mononeuropathy,   
 limited to the distribution of individual nerves, such  
 as carpal tunnel syndrome or ulnar neuropathy.  
 Radiculopathies and plexopathies are also typically focal  
 in their distribution, a single root or a component of the  
 brachial or lumbo-sacral plexus.  
Muscle – rarely, focalweakness may be due to a muscle disease

With the exception of certain rare muscle disorders, focal pro-
cesses require specific approaches to EMG and NCS that will not 
be discussed in this manuscript. 

While there are exceptions, the time course of the disease often 
provides clues to the specific nature of a peripheral neuromuscular 
disease. Acute processes suggest toxic neuropathies or myopathies; 
subacute onset over days to weeks is likely an inflammatory dis-
order such as myositis and Guillain-Barre syndrome. Transient 
disorders are often metabolic, while fluctuating weakness is typical 
of myasthenia gravis. Disorders evolving over years generally are 
genetic or “degenerative” such as the dystrophies and MND. 

Patient examples will be used to demonstrate approaches to 
weakness in different clinical settings.

Case 1: 67-year-old woman with leg weakness

•  8-year history of slowly progressive, painless weakness 
 • 8 years ago - trouble arising from floor 
 • 4 years ago - trouble arising from chair 
 • 2 years ago - falls, give way of left leg 
• Denies atrophy, fasciculations, muscle pain, sensory symptoms,   
   or any upper extremity or trunk symptoms 
 • Previous EMG and NCS normal

Clinical Examination: Uses upper extremities to arise from seated 
position.

• -2 weakness quadriceps with mild, bilateral atrophy 
• -1 to -2 weakness left>right finger flexors and wrist flexors 
•  Remainder of neurologic examination is normal, including  
    reflexes and sensory examination

EMG/NCS and report- see insert

This patient demonstrates the importance of the clinical exami-
nation and the information that EDX studies can provide. Each 
of these should be kept in mind in performing EDX studies. An 
EMG report will be enhanced for the referring physician by com-
menting on these. 

•  Confirm clinical impression 
•  Disease type 
•  Disease location 
•  Define severity 
•  Identify subclinical disease 
•  Define course 
•  Identify other associated disease

TOOLS FOR TESTING PERIPHERAL NEUROMUSCULAR 
DISORDERS

A patient with objective weakness in one of the defined distribution 
listed above on clinical examination will help to determine the type 
and extent of testing that is needed.  The following EDX tools should 

2 Electrophysiologic Testing in Generalized Weakness AANEM Course
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be considered for testing. Their specific applications are discussed 
separately below. 

•  NCS 
•  Repetitive nerve stimulation 
•  EMG 
•  Single fiber EMG (SFEMG) 
•  Interference analysis  
•  Turns/amplitude

NCS

Motor NCS - Patients with weakness may demonstrate a number 
of abnormalities on motor NCS that assist in localizing the process 
along the peripheral neuraxis.  A low compound muscle action 
potential (CMAP) can occur in any of the neuromuscular diseases, 
but are less common in myopathy and NMJ disorders.  Slow 
conduction, temporal dispersion, or conduction block are signs of 
demyelination that suggest acute or chronic, acquired demyelinating 
polyradiculopathies (AIDP or CIDP) or a multifocal motor neurop-
athy. Repetitive stimulation with exercise often shows the decrement 
and/or facilitation of a defect of neuromuscular transmission.

Late responses - Prolonged F-wave latencies or R1 blink latencies 
are signs of the proximal slowing seen in patients with weakness 
due to polyradiculopathies, particularly early in the course when 
other abnormalities on NCS may not be evident.

Sensory NCS - Low amplitude sensory responses and/or slow con-
duction, especially in the sural or medial plantar nerves in patients 
with weakness without sensory findings, suggest the possibility of 
a subclinical peripheral neuropathy as might occur in diabetes, 
myopathies such as inclusion body myositis.  However, some 
disorders, such as amyloidosis or sarcoidosis, may affect nerve and  
muscle (neuromyopathies).

Repetitive Nerve Stimulation 

Repetitive nerve stimulation testing should be considered in all 
patients who complain of generalized weakness, as they will oc-
casionally identify an unsuspected NMJ disorder.  The extent of 
testing depends on the level of suspicion of a NMJ disorder; if the 
suspicion is high, distal and proximal nerve-muscle testing before and 
after exercise should be performed in the limbs with greatest weak-
ness.   A decrement is evidence of a disorder of the NMJ; repair 2–3 
minutes after exercise suggests myastheniagravis. Marked facilitation 
is typical of Lambert-Eaton myasthenic syndrome, especially if the 
CMAP amplitudes are low. Repetitive CMAP suggest congenital 
which requires more extensive complicated, testing that will not be 
reviewed here.

EMG

Testing muscle with a needle recording electrode is the single most 
useful study of patients with weakness.  Examination of weak 

muscles can define the underlying pathology in most patients.  A 
normal study makes a neuromuscular disorder an unlikely cause 
of weakness.  Short duration, low amplitude motor unit action-
potentials are typical of a myopathy.  Combined with fibrillation 
potentials and an excess of polyphasic MUAPs, these findings 
suggest muscle fiber necroses and/or regeneration, which can occur 
in many myopathies, but especially inflammatory.  Myopathies 
typically show an increased turns/amplitude ratio with interference 
pattern analysis.

Variation in the size and shape of a single MUAP with or without 
short duration is a sign of NMJ disease, but can also occur in 
neurogenic disorders with denervation and ongoing reinnervation. 
Unstable individual MUAPs should be sought in each patient  
with weakness.  

More precise identification of the severity of a disorder is aided 
by quantitation of the duration, amplitude, and phases of 30 or 
more individual MUAPs. Quantitation of an interference pattern 
with a mixture of superimposed MUAPs can be analyzed by  
interference pattern analysis in which the amplitude and turns are 
measured at a fixed force.

Reduced MUAP recruitment with long duration, polyphasic 
MUAPs are evidence of a neurogenic disorder. The presence of 
fibrillation potentials and unstable MUAPs indicate a progressing 
disorder, or less likely, ongoing reinnervation. Neurogenic disorders 
typically show decreased turns/amplitude ratio with interference 
pattern analysis.

SFEMG

Specialized needle EMG recordings with a 500 Hz filter and 
more rapid sweep settings allow the isolated recording of  
individual muscle fibers. Variation in the interval between two 
fibers in a single MUAP (jitter) can provide very sensitive  
evidence of a NMJ disorder. Increased jitter with normal or 
mildly short duration MUAPs is the most sensitive test for NMJ 
disorders, and may be seen in muscles without decrement in  
myasthenia gravis.  Increased jitter with long duration, polyphasic 
MUAPs is evidence of a progressing neurogenic disorder such  
as MND.

Case 2: 20-year-old college student 2 weeks progressive 
generalized weakness 

Day 1 Myalgia, headache, sore throat, fever 
Day 10 Student Health: penicillin for “strep throat”,  
  persistent emesis 
Day 11 Emergency Room - Urinary retention, lethargy, unsteady 
Day 12 Diplopia, mild proximal weakness, brisk deep tendon   
  reflex (DTR), bilateral Babinski 
Day 13 Reduced reflexes, progressive weakness, shortness of   
  breath (SOB), tachycardia 
Day 14  Hospitalized: Head computed tomography  and   
  magnetic resonance imaging scans normal; Cerebrospinal  
  fluid (CSF) cells and protein increased



Diagnosis – Guillain–Barré with myelopathy, polyradiculoneu-
ropathy, and autonomic neuropathy 
Treatment Plan: Start 5 days intravenous immunoglobulin (IVIg)  
EMG/NCS #1 and report – see insert 
EMG/NCS #2 and report – see insert 
EMG/NCS #3 and report – see insert

Case 2 demonstrates the evolution of a clinical disorder in which 
EMG provides valuable clinical guidance for both prognosis and 
clinical guidance.  All the EMG/NCS abnormalities found in 
neuromuscular diseases evolve over time. These changes should 
be kept in mind in interpreting findings. The typical evolution of 
EMG findings in a patient with weakness from an acute axonal loss 
is shown in Table 2.

The remainder of this review will include a brief summary of the 
approach to weakness in each of the major groups of neuromus-
cular disease followed by a detailed review of the considerations in 
assessing a patient for possible myopathy.  

TESTS TO CONSIDER IN A PATIENT WITH SUSPECTED 
MND

Evaluation of MND is complicated by the variety of initial presenta-
tions both in distribution and clinical manifestations. Amyotrophic 
lateral sclerosis (ALS), the most common MND, typically presents 
with focal signs that may be one arm, one leg, bulbar, respiratory or 
trunk in that order of frequency. Presentation may be with purely 
lower motor neuron, purely upper motor neuron, or a mixture of 
signs in each area. Two reliable clues to ALS are: presence of motor 
with no sensory findings, EMG abnormalities outside the distribu-
tion of clinical findings. ALS should be considered in every patient 
with focal deficit if there are no sensory findings, such patients 1) 
with foot drop, but no pain or sensory loss, hand weakness, but no 
pain or sensory loss, difficulty swallowing, but no pain or sensory 
loss, etc. Other signs can be helpful in suggesting specific MND. 
Facial fasciculations suggest Kennedy’s disease; very long standing, 
minimally progressive, symmetrical, predominantly proximal weak-
ness suggests a spinal muscular atrophy, Asymmetric distribution of 
widespread neurogenic MUAPs with a minimum of fibrillation can 
be residuals of poliomyelitis. 

EMG

While EMG or NCS testing could be performed first, in a patient 
with suspected MND it is often more efficient to begin with 
EMG testing, sampling weak muscles in the weakest limb in the 
distributions of different nerves and roots. If the abnormalities 
are outside the distribution of a single nerve or root, it is most 
efficient to then move to muscles in another limb, e.g., anterior 
tibial, medial gastrocnemius and vastus medialis in the leg, or first 
dorsal interosseous, biceps, and triceps in the arm. If abnormality 
is found in two limbs, thoracic paraspinal muscles at two levels can 
be sampled with a goal of finding abnormalities at three levels of 
the neuraxis.  If changes are found at only two levels, or if there 
is bulbar weakness, cranial innervated muscles like the trapezius, 
masseter, or tongue should be tested. Unstable, polyphasic MUAPs 
can provide evidence of denervation early in the course of the 
disease when fibrillations may be minimal. If necessary, diaphragm 
EMG should be considered.

NCS

If changes of MND are found on EMG, NCS can be limited to the 
limb with greatest weakness to be sure there is not a superimposed 
mononeuropathy or peripheral neuropathy. A critical finding in 
distinguishing the changes of a mononeuropathy from MND is 
normal sensory potentials with low amplitude motor responses.  

TESTS TO CONSIDER IN A PATIENT WITH SUSPECTED 
POLYRADICULOPATHY

PolyRad are often demyelinating disorders with significant slowing 
of conduction or conduction block. NCS testing provides the most 
definitive evidence of a PolyRad.  NCSs are generally performed 
first with particular attention to motor NCSs.  NCSs in a pure 
axonal PolyRad will be less informative, but necessary to demon-
strate the extent of axonal loss. 

NCS 

Starting with the most involved limb, median, ulnar, peroneal, and 
tibial nerves are tested with particular attention to F-wave latencies and 
distal latencies. If conduction velocity is slowed at all distally, the F-wave 
latency should be compared with an estimated F-latency.  PolyRad will 
typically show more slowing proximally with a longer F-wave latency 
than F-wave latency estimate. If proximal slowing is not clearly shown 
by distal nerve testing, proximal conduction is most efficiently tested 
with blink R1 latency. Although technically more difficult, proximal 
slowing can also be identified by percutaneous, needle stimulation 
of the nerve “root” (spinal nerve) with recording from the hypoth-
enar, biceps, abductor hallucis, or extensor digitorum brevis muscles.  

EMG

If clear evidence of PolyRad is found on NCS, the purpose of EMG 
becomes to determine the extent and distribution of axonal loss 

4 Electrophysiologic Testing in Generalized Weakness AANEM Course

Table 2  Evolution of electromyography findings in an acute neurogenic 
disorder

         1 week       2 weeks      6 weeks     6 months
Fibrillation Potentials       None         Some          Many           None or tiny
                   (severity dependent)

Recruitment        Reduced    Reduced     Reduced     Reduced
Phases         Normal      Polyphasic   Polyphasic  Normal
       (polyphasic)

Duration         Normal      (Long)         Long Long
Other         None         Unstable     Unstable      Complex   
                      Repetitive   
                      Discharge
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(fibrillation potentials). Selected weak muscles in one arm and leg, 
and paraspinal muscles are usually sufficient.

TESTS TO CONSIDER IN A POSSIBLE PERIPHERAL 
NEUROPATHY 

Despite the wide variety of forms of PN the approaches are similar 
with a focus on NCS. Both the axonal and demyelinating forms are 
identified by similar testing. The criteria for distinguishing them 
should be familiar to the EDX physician, but will not be discussed 
in this manuscript.

NCS

Since the disorder is typically distal and length dependent, testing 
the leg on the most involved side first (or the least involved if 
there is severe atrophy) including peroneal/anterior tibial, if there 
are no responses distally. F-wave testing is important to identify 
combined PN and PolyRad. If both disorders are present the 
F-wave latency and F-wave latency estimate will be similar; if 
there is no PolyRad, the F-wave latency will be shorter than the 
estimate.  It is particularly important to compare proximal and 
distal amplitudes and configuration.  Significantly lower ampli-
tude with proximal stimulation can identify a focal conduction 
block (distinct from focal slowing); an irregular spreading of the 
CMAP shape identifies temporal dispersion, another sign of a  
demyelinating process. 

EMG

The purpose of EMG is primarily to confirm the extent and 
distribution of axonal loss (fibrillation potentials), and should 
test distal, proximal and paraspinal muscles if there are any 
clinical or NCS signs of proximal involvement.  EMG of distal 
arm muscles often demonstrates axonal loss with not clinical 
signs, usually only long duration motor unit potentials. If no 
fibrillation potentials are found in standard muscles, intrinsic 
foot muscles (abductor hallucis and dorsal interossei) will often  
show abnormality.

TESTS TO CONSIDER IN A POSSIBLE MYOPATHY WITH A 
FOCUS ON INFLAMMATORY MYOPATHIES

While either EMG or NCS testing could be performed first, in a pos-
sible myography it is often more efficient to begin with EMG testing, 
sampling weak muscles in the weakest limb in the distributions of 
different nerves and roots. 

The following needle EMG protocol is recommended:

•  Test two or three of the weakest muscles and a less involved 
muscle searching for fibrillation potentials, unstable MUAPs and 
short duration and/or polyphasic potentials

•  Examine multiple areas within a muscle since findings may be 
scattered, giving particular attention to superficial layers where ab-
normalities are often more prominent in inflammatory myopathies

•  If abnormalities are not found in the limbs, test thoracic paraspi-
nal muscles at two levels and test cranial muscles with significant 
weakness 

•  If abnormalities are found in one limb, compare at least one 
muscle in the other ipsilateral limb to fully define the distribution

•  Quantitate MUAPs in the weakest muscles if clear abnormalities 
are not found

The following NCS protocol is recommended:

Test the weakest limb with motor NCS and F-waves. If weakness 
is particularly prominent in radial or musculocutaneous innervated 
muscles, test radial and/or musculocutaneous nerves for focal 
slowing or conduction block to exclude multifocal motor neuropa-
thy with conduction block

If there is a history of fatigable weakness, look for NMJ disorders by 
testing repetitive stimulation before and after exercise in clinically 
weak muscles, (e.g., accessory/trapezius, musculocutaneous/biceps, 
axillary/deltoid, femoral/rectus femoris).

Findings in Myopathy

The distribution of abnormality in many myopathies, especially 
inflammatory is proximal and paraspinal, but often with prominent 
changes in the anterior tibial muscle. A few myopathies, especially 
fascio scapulo humeral (FSH) dystrophy and DM2 myotonic dys-
trophy may have different findings in muscles near each other or be 
asymmetrical. These require more sampling to identify. A limited 
number of myopathies have distal weakness, especially the relatively 
common inclusion body myositis (Table 3).

            
        

_o  Inclusion body myositis - usually 
  o  Polymyositis - infrequently 
  o  Centronuclear myopathy (dynamin 2) 
  o  Nebulin distal myopathy 
  o  Central core myopathy 
  o  Myotonic dystrophy 
  o  Distal dystrophies 
  o  Amyloid

MUAPs in a myopathy become shorter in duration and lower 
in amplitude as muscle fibers are destroyed by the disease.  The 
changes are typically proportional to the weakness. In severe disease 
MAUPs may have only a tiny potential from one remaining fiber 
in the MUAP. Increased MUAP turns and phases results from dif-
ferential fiber conduction velocity with loss of synchrony because 
of fiber atrophy or small regenerating fibers. SFEMG also shows 
abnormalities with increased jitter due to reinnervation, and in-

 Table 3 Myopathies with predominantly distal weakness



creased fiber density due to fiber splitting and reinnervation. Early 
in the course of a myopathy, the findings may be patchy or subtle, 
requiring widespread and thorough sampling of muscles.  Keep in 
mind each of the neuromuscular disorders that may show short 
duration MUAPs (Table 4).

EMG is limited in its ability to distinguish between different eti-
ologies.  Although the findings reflect the underlying muscle fiber 
pathology and physiology, pathologic changes in different disorders 
may produce similar EMG changes such that the findings are not 
specific for individual diseases. The absence of abnormal MUAP 
changes in a clearly weak muscle can occur in some endocrine or 
metabolic myopathies, especially steroid myopathy.

Fibrillation potentials occur by a number of mechanisms, including 
segmental necrosis of fibers, fiber splitting, and from regenerating 
muscle fibers. Fibrillation potentials may be few in number and 
scattered. They tend to fire slowly at less that 4 Hz. Positive wave- 
form fibrillation potentials are often seen.  Muscle fiber atrophy 
results in very tiny MUAPs in long-standing disease. Myopathies 
with fibrillation potentials are listed in Table 5. 

The common occurrence of fibrillation potentials in an inflamma-
tory myopathy and the much greater incidence of inflammatory 
myopathy than other myopathies, make inflammatory myopathy 
far more likely in a patient with weakness, short duration MUAPs 
and fibrillation potentials. There are differences in density of fibril-
lation potentials among the myopathies as shown in Table 6. 

Other discharges have varying significance. Complex repetitive 
discharges indicate long duration of disease, but do not suggest a 
specific type.  A limited number of myotonic discharges can be seen 
in many myopathies and in long-standing neurogenic processes. If 
they are more prominent, specific diseases listed in Table 7 should 
be considered.

The two forms of myotonic dystrophies, DM1 and DM2 differ 
clinically with myalgia and asymmetry in DM2.  Differences in 
response to repetitive stimulation and the character of the myo-
tonic discharges allow them to be distinguished from each other 
and more important from an inflammatory myopathy. 

A number of reports have shown that the distribution of myotonic 
discharges in DM2 is more prominent and may be limited to proxi-
mal in the legs. It is therefore important to look there. In addition 
while both DM1 and DM2 have myotonic discharges in DM2 they 
generally wane rather than wax and wane. The end of slow-waning 
discharges in DM2 has characteristics that are similar to fibrillation 
potentials. The limited distribution of DM2 and the difference in 
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o Myopathy with muscle fiber destruction 
o Neuromuscular junction disorders with severe block or end  
 plate destruction 
o Periodic paralysis and other membrane disorders 
o Neuropathy with primarily nerve terminal damage  
o Late stage, severe neurogenic disorder 
o Early regeneration after a severe neurogenic process
MUAPs =  motor unit action potentials

Table 4  Disorders that can result in short duration MUAPs

 
o All inflammatory myopathies 
o Inclusion body myositis - often with a mixture of short and long  
 duration motor unit action potentials 
o Critical illness myopathy  
o Congenital myopathies - centronuclear, nemaline, congenital fiber- 
 type disproportion 
o Muscular dystrophies - dystrophinopathies, fascio scapulo humeral, 
 myotonic dystrophy DM1 and DM2, some limb-girdle muscular  
 dystrophy (LGMD), most distal dystrophies 
o Toxic: acute alcoholic myopathy, lipid lowering drugs 
o Metabolic: acid maltase, other glycogen storage diseases after  
 an attack, hyperkalemic periodic paralysis, paramyotonia,   
 K-sensitive myotonia,  
o Rhabdomyolysis – may be quite prominent 
o Muscle trauma – including previous surgery and injections

Table 5 Myopathies with fibrillation potentials

 
Polymyostis 
Dermatomyositis 
Inclusion body myositis 
Overlap syndromes  
Connective tissue diseases sometimes with neuropathy 
 Scleroderma 
 Sjogrens 
 Systemic lupus erythematosus 
 Rheumatoid  
 Penicillamine 
Amyloid 
Bacterial myositis – Clostridia, tuberculosis, Lyme, syphilis, Whipple’s 
disease 
Viral myositis – human immune deficiency virus, Coxackie, influenza 
Parasitic myositis – trichinosis, toxoplasmosis, cystercycosis, 
echinococcus 
Sarcoid myopathy  
Eosinophilia-myalgia syndrome 
Focal myositis 
Vasculitis

TABLE 6 Major Categories of Inflammatory Myopathies Listed by 
Density of Fibrillation

 
Myotonic dystrophy, both DM1 and DM2 
Paramyotonia congenita 
Myotonia congenita 
Hyperkalemic periodic paralysis 
Potassium sensitive myotonia 
Centronuclear myopathy 
Hypothyroid myopathy 
Statin-associated myopathy 
Acid maltase deficiency 
Amyloid

Table 7 Myopathies with myotonic discharges
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pattern can result in a patient having what appears to be fibrillation 
potentials with short duration MUAPs, like an inflammatory myo-
pathy.  A more extensive search for myotonic discharges is needed 
in some patients with myalgia and minimal weakness who might  
have DM2.

The abnormalities in inflammatory myopathy evolve over time. 
Early on the findings are patchy or subtle, requiring thorough-
ness and widespread sampling for the short MUAPs and fi-
brillation potentials.  The MUAPs become more polyphasic 
with disease progression to where they have some features of 
a chronic neurogenic process, including reduced recruitment 
and long-duration MUAPs. In chronic stages, MUAPs become 
more polyphasic with satellite potentials with mixed short-and 
long-duration MUAPs. Mild NCS changes may appear. A long 
standing inflammatory myopathy cannot be readily distinguished 
from inclusion body myositis, whose apparent incidence is in-
creasing as specific biopsy staining for the disorder has become  
more prominent.

Before concluding that a patient’s clinical and EMG/
NCS findings are due to an inflammatory myopathy,  
attempts should be made to assure that other mimicdisorders are  
excluded (Table 8).

NCSs in myopathies are usually normal, or show only low am-
plitude responses if the weakness is sufficiently severe, but others 
should be considered as well (Table 9). 

Slow motor conduction or sensory NCS abnormalities suggest 
the additional presence of a neuropathy.  While long-duration 
MUAPs can occur with chronic myopathies, neuromyopathies 
are disorders that involve both nerve and muscle directly, and  
must be considered when these combinations are found. They 
occur most commonly in connective tissue diseases, but do 
occur in other myopathies, particularly drugs or toxins as listed  
in Table 10.

Among the most difficult muscle problems for the EDX physi-
cian are patients with myalgia and fatigue who have no weakness 
or other clinical deficits.  They are often classified and treated as 
fibromyalgia, but it must be recalled that some myopathies may 
have these as primary symptoms (Table 11). Some of them can be 
readily identified with EMG and muscle biopsy, but others will 
require more specific testing. 

 
Other Myopathies 
 Enzyme deficiencies 
 Congenital myopathies 
 Necrotizing myopathies 
 Toxins and drugs 
 Alcohol  
 Ischemia 
 Heat 
 Injections 
 Hypokalemia 
 Paraneoplastic 
Other neuromuscular disease 
 Neuromuscular junction disorders 
 Polyradiculopathy  
 Spinal muscular atrophy  
 Amyotrophic lateral sclerosis 

TABLE 8  Disorders to rule out In a suspected inflammatory myopathy

Inflammatory 
  o  Inclusion body myositis 
  o  Severe polymyositis
Dystrophies 
 o  Distal muscular dystrophies 
 o  Distal myopathies 
 o  Myotonic dystrophy 
 o  Facioscapulohumeral dystrophy 
 o  Emery-Dreifuss muscular dystrophy
Enzyme deficiencies 
 o  Debrancher enzyme deficiency 
 o  Acid maltase deficiency

Other myopathies 
 o  Congenital myopathy 
 o  Nemaline myopathy 
 o  Central core myopathy 
 o  Centronuclear myopathy 
 o  Myofibrillary myopathy

Table 9 Myopathies more likely to have low compound muscle action 
potentials amplitudes on nerve conduction studies 

 
Connective tissue disorders 
  Systenic lupis Eoythematosus 
  Rheumatoid arthritis 
  Mixed connective tissue disease 
  Sjogrens 
  Polyarteritis nodosa

Congenital myopathies 
 Myofibrillary (desmin) 
 Mitochondrial disorders

Metabolic myopathies 
 Acid maltase deficiency 
 Debrancher enzyme deficiency 
 Mitochondrial disorders

Drugs 
 Cyclosporin 
 Vincristine 
 Chloroquine 
 Colchicine

Other 
 Sarcoidosis 
 Amyloid

Table 10 Neuromyopathies



 
Clinical Examples of the Application of These Principles

Case 3: 65–year-old woman with fatigue 

 2 years of difficulty with household chores, “tired” 
 Difficulty squatting during exercise 
 EMG 1 year ago – normal NCS and EMG 
 Limited improvement on Sertaline 
 Examination - mild proximal weakness; normal  
 reflexes, cranial nerves, sensation, gait 
 EMG/NCS and report – see insert

Case 4: 29- year-old woman with muscle aches 

 Healthy - 5 years muscle aches 
 Mild elevations of creatine kinase (300 - 550) 
 Examination normal 
 Mild weakness, limited to left triceps 
 Normal NCS 
 EMG/NCS and report – see insert
Case 5: 45–year-old interior designer with 3 months  
generalized weakness

 Diplopia brain stem astrocytoma-stable 2 yrs after  
 radiation therapy 
 Temporal lobe herpes simplex virus (HSV)  
 encephalitis-better 1 year after Acyclovir 
 Bulbar dysfunction from tumor-dexameth asme  
 and Temazolamide 
 2 mo progressive weakness with no other symptoms  
 or signs 
 CSF and EMG performed at home - axonal and  
 demyelinating neuropathy 
 Hospital transfer - quadriparetic with deep vein  
 thrombosis 
 Normal reflexes and sensation 
 MRI 10 mm mass and residuals of HSV 
 EMG/NCS and report – see insert

Case 6: 84-year-old woman with weakness

 Diabetes mellitus and hypothyroidism with 2 months of  
 painless arm weakness 
 Examination:  Proximal symmetric arm weakness,   
 normal reflexes  
 NCS -  normal 
 EMG/NCS and report - see insert 
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Endocrine 
  Hyperthyroid 
  Hypothyroid

Metabolic 
 Lipid storage 
 Mitochondrial

Drug – cholesterol lowering agents

Inflammatory 
 Polymyositis 
 Trichinosis 
 Sarcoid

Dystrophy 
 Myotoric dystrophy DM2 
 Becker 
 Caveolinopathy  
 Calpainopathy

Table 11 Muscle disorders underlying myalgia and fatigue in some 
patients
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INTRODUCTION

Peripheral neuropathy is a commonly encountered disorder evalu-
ated by primary care physicians and neurologists in the community. 
Peripheral neuropathy can be subdivided into three types: monon-
europathy, 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 rela-
tively easy once the history has been elicited and the examination 
performed. Patients often state their condition began with numb-
ness 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 auto-
nomic 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 sug-
gests 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 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, erythema-
tous 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.
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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 diag-
nosis. 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 immunode-
ficiency (HIV) infection, family history of neuropathy, foot de-
formities 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 litera-
ture 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 neurolo-
gist 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 asym-
metrical neuropathy with symmetrical distal neuropathy.

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 neuropa-
thy 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 ab-
normal 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 pe-
ripheral 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 

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
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neuropathy, but it is the author’s experience that alcoholic neuropa-
thy often does not improve after alcohol consumption is stopped. 

CONNECTIVE TISSUE DISEASES

Polyneuropathies are commonly observed in patients with con-
nective tissue diseases such as systemic lupus erythematosus, rheu-
matoid 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 character-
ized 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 substanti-
ate 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 polyneu-
ropathy; 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 approxi-
mately 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 or-
thopedic 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 neu-
ropathy, hereditary neuropathy with propensity to pressure palsies 
(HNPPs), distal hereditary pure motor neuropathies, distal sensory 
and autonomic neuropathies (HSANs), hereditary focal neuropa-
thies, 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 necro-
tizing 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 associa-
tion 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 in-
fections; some patients may take the medication for years without 
interruption. It is also a popular drug for lactating mothers 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.

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.



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 de-
rivative (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 ob-
served 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, mul-
tiple 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 polyneu-
ropathy. 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 lo-
vastatin 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 neu-
ropathy after taking lovastatin and whose symptoms returned when 
treated individually with simvastatin, pravastatin, and atorvastatin.

Some physicians have challenged the relationship between statins 
and the development of polyneuropathy. Others recognize the re-
lationship 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.

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

12 Polyneuropathy Evaluation: Approach to the Numb Patient AANEM Course



AANEM Course Numbness, Tingling, and Pain: A Basic Approach to Electrodiagnostic Medicine 13

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 polyradiculoneuropa-
thy which clinically looks strikingly similar to the acute inflamma-
tory 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 as-
cending 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 cardio-
myopathy, 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, particu-
larly 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 MYELtONEUROPATHY

B12 deficiency as a cause of polyneuropathy remains a common 
phenomenon. Patients typically present with a sensory neuropa-
thy 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 neuropa-
thy 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 progres-
sion 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.

Copper deficiency is a recently described disorder which bears many 
similarities to subacute combined degeneration, although the condi-
tion is much less common than B12 deficiency. Patients manifest 
lower extremity paresthesia, leg weakness, gait ataxia, and spastic-
ity, if the disease is severe or untreated for long periods. Similar to 
SCD, patients have a myelopathy and a peripheral neuropathy clini-
cally 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 neuropa-
thy is a length dependent sensory greater than motor polyneuropa-
thy 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 major-
ity 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, reticu-
lum 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, 

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



mononeuritis multiplex, chronic sensory and motor axon loss neu-
ropathies, GBS, and CIDP can be seen in the patients with HIV 
infection. For this reason, it is wise to check the HIV status of pa-
tients 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 previ-
ously 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) ac-
counts 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 en-
docrinopathy, a monoclonal protein, and skin changes.

Patients with monoclonal proteins and a severe demyelinating neu-
ropathy should be screened for osteosclerotic neuropathy a condi-
tion 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 radia-
tion therapy or chemotherapy.

GASTRIC BYPASS SURGERY

Neuropathies have been associated with nutritional factors, a rela-
tionship 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 bar-
iatric 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, respira-
tory failure, and intubation. In 40% of patients, the weakness is 
proximal greater than distal, in keeping with the radicular com-
ponent 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 blanch-
ing. 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 demyelinat-
ing 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. Fisher syn-
drome 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 el-
evated 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 demyelina-
tion. In this setting, patients have prolonged distal latencies, slowed 
conduction velocities, temporal dispersion, partial to complete con-
duction 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.

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
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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 mono-
phasic presentation of GBS and the chronicity of CIDP, CIDP 
populates more outpatient clinic visits than GBS at most large neu-
romuscular 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, span-
ning 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 ef-
fective 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 effec-
tive 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 expend-
ing valuable resources in many patients. Recently, England and as-
sociates 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 inflamma-
tory 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 poly-
neuropathy. 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 substanti-
ated 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 in-
creases, 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 
positive and the neuropathy appears to be demyelinating and the 

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



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 involve-
ment (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 electrodiagno-
sis. 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.
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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 radicu-
lopathy 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 symp-
toms, 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 struc-
tures, 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 radicu-
lopathy are addressed in this manuscript.

In the lumbar spine, the attachment and shape of the poste-
rior 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 ante-
rior 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 possi-
bly reduced compound muscle action potentials (CMAPs). However, 
the sensory nerve action potentials (SNAPs) are preserved. This  
anatomical relationship provides a mechanism for further confirm-
ing whether or not a lesion is radicular (intraspinal). A destructive 
intramedullary (spinal cord) lesion at T11 can produce EMG find-
ings 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.

In a prospective study of 100 patients with lumbosacral radiculopa-
thy 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. 
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Another component to this study involved stimulating the nerve 
roots intraoperatively with simultaneous recording of muscle activ-
ity 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 innerva-
tions 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 demonstrat-
ing 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 un-
derstanding 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 nondescript and not specific 
for radiculopathy. Many other neurologic and musculoskeletal 
conditions can produce pain, weakness, and sensory symptoms. In 
addition to the standard peripheral neurologic examination, 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 palpa-

tion then the examiner should have a heightened suspicion for a 
musculoskeletal disorder. However, whereas a musculoskeletal dis-
order identified on examination makes a normal EDX study more 
likely, the presence of a musculoskeletal disorder 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 extraordi-
narily common. Even with a positive EDX test showing an entrap-
ment 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 plex-
opathies and radiculopathies.

COMMON MUSCULOSKELETAL DISORDERS MIMICKING 
LUMBOSACRAL RADICULOPATHY

Conditions that present with symptoms similar to those of lum-
bosacral 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 

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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like a stocking. It is extremely strong laterally where it becomes the 
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 mis-
taken for lumbosacral radiculopathy.

Pain at the bottom of the foot with symptoms of burning and 
tingling is frequently plantar fasciitis. Dorsiflexing the foot and pal-
pating 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 ex-
cluded. 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 distri-
butions 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 ex-
amples of such conditions with a variety of clinical presentations 
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 polyneu-
ropathies 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 lum-
bosacral 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 

Table 2  Common musculoskeletal disorders mimicking lumbosacral radiculopathy

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
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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 lum-
bosacral radiculopathy on EMG.35

Similar findings were noted for upper limb symptoms. For in-
stance, 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 weak-
ness plus reflex changes, resulted in a 9-fold greater likelihood of 
cervical radiculopathy.36

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 polyneu-
ropathy. The sufficiency of the EMG screen and 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 ad-
jacent 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 polyneuropa-
thy or motor neuron disease. Likewise, additional NCSs are appro-
priate 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.

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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H Reflexes

H reflexes have commonly been used to determine whether a ra-
diculopathy 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 evalu-
ated 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 medi-
ated over such a long physiological pathway, they can be abnormal 
due to polyneuropathy, sciatic neuropathy, 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 
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 abnor-
malities 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 shortcom-
ings described for H-reflex studies.31,52,59

London and England41 reported two cases of persons with neuro-
genic claudication from lumbosacral spinal stenosis. They dem-
onstrated 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 identify-
ing 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 ex-
plained 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 ac-
cessible 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 ve-
locities 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 cer-
vical 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. 
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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 stan-
dard 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 po-
tential 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 myelopa-
thy.60 All patients had clinical symptoms of cervical radiculopa-
thy, 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 radiculopa-
thy and myelopathy.

The inherent variability and difficulty in determinations as to 
what constitutes normal evoked potentials prompted investiga-
tion. 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 der-
matomal 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 refer-
ence 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 stan-
dard deviation mean cortical P1 latencies. Side-to-side cortical P1 
latency difference data revealed segmental and dermatomal sensi-
tivities 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 radicul-
opathy 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 diag-
nostic 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 posi-
tive rates for MRI of the lumbar spine are high, with 27% 
of normal subjects having a disc protrusion.26 For the cervi-
cal 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 radicul-
opathy affecting the sensory root will not yield abnormalities 
by EMG. If the rate of denervation is balanced by reinnerva-
tion in the muscle, then spontaneous activity is less likely to  
be found. 
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The sensitivity of EMG for cervical and lumbosacral radiculopa-
thies 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 stan-
dards” 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 ex-
amination. 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 exam-
ined 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 wave-
form 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 quantita-
tive 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 find-
ings 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 find-
ings 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 probabil-
ity: 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 pos-
sibility 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 EDX laboratories 
with suspected cervical radiculopathy.10 A standard set of muscles 
were examined by needle EMG for all patients. Those with elec-
trodiagnostically 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 cer-
vical root levels. When paraspinal muscles were one of the screen-
ing 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 radicul-
opathies. 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. 
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Six muscle screens including paraspinal muscles yielded consistently 
high identification rates and studying additional muscles lead to mar-
ginal 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 consis-
tent 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 paraspi-
nal 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 identi-
fied most electrodiagnostically confirmable radiculopathies.37

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 compres-
sions, and (3) an 89% sensitivity with respect to the clinical inclu-
sion 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.

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
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If one of the six muscles studied in the screen is positive with a neu-
ropathic finding, there exists the possibility of confirming EDX that 
a radiculopathy is present. In this case, the examiner must study ad-
ditional 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 con-
fident 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 abnormali-
ties, 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 

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, fibril-
lations, 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

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.
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examination is essential, and these screens should not supplant such  
clinical assessments or a more detailed EDX study when circum-
stances dictate. 

It is important to remember that the EMG screens for cervi-
cal 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 tests do not sufficiently screen for myopathies or motor 
neuron disease. It is incumbent upon the EDX physician to for-
mulate 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 con-
ducted 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 abnor-
mal, 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 speci-
ficities 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 diag-
nostic criteria are used. 61  

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 

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 spontane-
ous 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 fibrilla-
tions, 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: opti-
mizing 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 dis-
charge; 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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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, mani-
fested 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 electrodiagnosti-
cally 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 sur-
gical 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 find-
ings did not correlate with the level defined by computerized to-
mography 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 col-
leagues confirmed and underscored these previous findings regard-
ing 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 psycho-
logical 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. 

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.)



30 Evaluating the Patient With Suspected Radiculopathy AANEM Course

It has become apparent over the last 2 decades that the natural 
history of both lumbosacral radiculopathy and cervical radiculopa-
thy, 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 partic-
ular 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 dem-
onstrated that the majority of persons suffering lumbosacral radicu-
lopathy 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) labora-
tories 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 pos-
sibly 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 docu-
mented in the literature.4 In polyneuropathies, nerves are more suscep-
tible 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 ap-
proaches 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 prefer-
entially 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 con-
ductions across the wrist, and it is critical to think through these 
alternative approaches before even seeing the patient. In particular, 
as mentioned above, 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 abnormal-
ity, 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), sensi-
tive (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 
allows the detection of slowing of median conduction in compari-
son 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 dem-
onstrate no more than a 0.3 ms difference in healthy individuals.
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This author has also published extensively on a method to summa-
rize 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 − ulnar or 
median − 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 (APB). Generally, latencies exceeding 4.5 
ms are considered abnormal. It is not 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 consid-
ered 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) 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 (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 pos-
sible 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 symp-
toms and classification schemes for these descriptors are some-
what 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 find-
ings. Other factors may have strong influences 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 retro-
spective 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 to the impression: 
diagnosis, localization, pathophysiology (axon loss and/or demyelina-
tion), 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 consid-
eration. 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 examining a 
patient with symptoms after surgery, it is important to either compare 
with preoperative studies or evaluate at two points in time after treat-
ment to look for either improvement or worsening. Prolonged laten-
cies by themselves do not indicate the need for reoperation.

ULNAR NEUROPATHY AT THE ELBOW

Ulnar neuropathy at the elbow (UNE) is another common entrap-
ment 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. By 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 com-
plaining 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 indi-
cating 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 con-
duction block 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, it 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 in-
terosseous 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 diag-
nosis. 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. Many 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 
the faster conducting fibers. As a result, comparison between the two 
segments is not valid. The other method for determining whether the 



36 Entrapment Neuropathies of the Median and Ulnar Nerves AANEM Course

conduction is normal is to compare the velocity to reference values. 
This has been shown to be preferable in terms of sensitivity and speci-
ficity.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 le-
sion.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 stimu-
lating 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 pa-
tients 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-in-
nervated hand muscles, it is important to check nonulnar 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 exten-
sor indicis proprius (EIP) 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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