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A.  Extremely      

B.  Somewhat      

C.  Very Little      

D.  Not at all

It is important that the CME activity:

 1. Address my most pressing questions.

 2. Address competencies identified by my specialty.

 3. Provide fair and balanced content.

 4.   Provide clear evidence to support content.

 5.  Include opportunities to learn interactively from faculty and par-
ticipants.

 6. Provide me with supporting materials or tools for my office (re-
minders, patient materials, etc.).

 7. Include opportunities to solve patient cases.

 8.  Translate trial data to patients I see in my practice.

 9. Address barriers to my optimal patient management.

Pre-activity Questions 

BEFORE YOU BEGIN THIS ACTIVITY
We need your feedback in order to improve future educational activities. 

On the scantron sheet provided, please rate how important each of the  
following aspects of the CME activity are to you using this scale:

Fi
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ere

Instructions for 
filling out  

your parSCORE 
sheet

Using a #2 pencil, 
fill in your answers 
beginning with ques-
tion #1.

After completion of 
this activity, go to the 
back of the book and  
fill in your answers 
beginning with ques-
tion #10.

Complete the questions at the back of 
 the book following this activity.
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 EPIDEMIOLOGY OF PERIPHERAL NERVE TRAUMA

Traumatic injury to peripheral nerves results in considerable dis-
ability everywhere in the world. In peacetime, peripheral nerve 
injuries commonly result from trauma due to motor vehicle ac-
cidents, and less commonly from penetrating trauma, falls, and 
industrial accidents. Out of all patients admitted to Level I trauma 
centers, it is estimated that roughly 2%-3% have peripheral nerve 
injuries.30,36 If plexus and root injuries are also included, the inci-
dence is about 5%.30 

In the upper limb, the most commonly reported nerve injured is the 
radial nerve, followed by the ulnar and median nerves.30,36 Lower 
limb peripheral nerve injuries are less common, with the sciatic 
nerve most frequently injured, followed by the peroneal and rarely 
tibial or femoral nerves. Fractures of nearby bones are commonly 
associated, such as humeral fractures with radial neuropathy. 

In wartime, peripheral nerve trauma is much more common and 
most of physician’s knowledge about peripheral nerve injury, repair, 
and recovery comes from experience derived in World Wars I and 
II, and subsequent wars.20,35,40

Peripheral nerve injuries may be seen as an isolated nervous system 
injury, but may also often accompany central nervous system 
(CNS) trauma, not only compounding the disability, but making 
recognition of the peripheral nerve lesion problematic. Of patients 
with peripheral nerve injuries, approximately 60% have a traumatic 
brain injury.30 Conversely, of those with traumatic brain injury ad-
mitted to rehabilitation units, 10%-34% have associated peripheral 
nerve injuries.7,14,39 It is often easy to miss peripheral nerve injuries 
in the setting of CNS trauma. Since the neurologic history and 

examination is limited, early hints to a superimposed peripheral 
nerve lesion might be only flaccidity, areflexia, and reduced move-
ment of a limb. 

Peripheral nerve injuries are of significant import as they impede 
recovery of function and return to work, and carry risk of second-
ary disabilities from falls, fractures, or other secondary injuries. 
An understanding of the classification, pathophysiology, and elec-
trodiagnosis of these lesions is critical to the appropriate diagnosis, 
localization, and management of peripheral nerve trauma.

CLASSIFICATION OF NERVE INJURIES

There are two predominant schemes that have been proposed 
for classification of peripheral nerve traumatic injuries; that of 
Seddon35 and that of Sunderland40 (Table 1). The former is more 
commonly used in the literature. Seddon has used the terms 
neurapraxia, axonotmesis, and neurotmesis to describe peripheral 
nerve injuries.35 Neurapraxia is a comparatively mild injury with 
motor and sensory loss but no evidence of Wallerian degeneration. 
The nerve distally conducts normally. Focal demyelination and/
or ischemia are thought to be the etiologies of the conduction 
block. Recovery may occur within hours, days, weeks, or up to 
a few months. Axonotmesis is commonly seen in crush injuries. 
The axons and their myelin sheaths are broken, yet the surround-
ing stroma (i.e., the endoneurium, perineurium, and epineurium) 
remains partially or fully intact. Wallerian degeneration occurs, 
but subsequent axonal regrowth may proceed along the intact en-
doneurial tubes. Recovery ultimately depends upon the degree of 
internal disorganization in the nerve as well as the distance to the 
end organ. 
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Sunderland’s classification further divides peripheral nerve injuries 
category. Neurotmesis describes a nerve that has been either com-
pletely severed or is so markedly disorganized by scar tissue that 
axonal regrowth is impossible. Examples are sharp injury, some 
traction injuries, or injection of noxious drugs. Prognosis for spon-
taneous recovery is extremely poor without surgical intervention.

Sunderland40 uses a more subdivided scheme to describe peripheral 
nerve injuries, with five groups instead of three. First degree injury 
represents conduction block with completely intact stroma and 
corresponds to Seddon’s classification of neurapraxia. Prognosis is 
good. Second degree injury involves transection of the axon but 
with intact stroma. Recovery can occur by axonal regrowth along 
endoneurial tubes. Third degree injury represents transection of 
the axon and endoneurial tubes, but the surrounding perineurium 
is intact. Recovery depends upon how well the axons can cross 
the site of the lesion and find endoneurial tubes. Fourth degree 
injury involves loss of continuity of axons, endoneurial tubes, 
and perineurium. Individual nerve fascicles are transected and the 
continuity of the nerve trunk is maintained only by the surround-
ing epineurium. Traction injuries commonly produce these types 
of lesions. Prognosis is usually poor absent surgical intervention 
because of the marked internal disorganization of guiding con-
nective tissue elements and associated scarring. Fifth degree injury 
describes transection of the entire nerve trunk and is similar to 
Seddon’s neurotmesis.

Some authors have described another “degree” of injury, known as 
sixth degree injury.25 This is a mixed lesion with both axon loss and 
conduction block each occurring in some fibers. This type of lesion 
is probably quite common and requires skillful electrodiagnostic 
(EDX) data collection and analysis to separate from pure axon loss 
lesions.

EFFECTS OF NEURAPRAXIA ON NERVE AND MUSCLE

As noted above, neurapraxic injuries to peripheral nerves may be 
due to ischemia or focal demyelination. When ischemia for a brief 
period (i.e., up to 6 hours) is the underlying cause, there are usually 
no structural changes in the nerve, though there may be edema in 
other nearby tissues.18

On the other hand, in neurapraxic lesions due to focal demyeli-
nation, there are anatomic changes predominantly affecting the 
myelin sheath, but sparing the axon. Tourniquet paralysis has been 
used to produce an animal model of a neurapraxic lesion, though it 
is recognized that acute crush injuries may be different in mecha-
nism than prolonged application of a tourniquet.31 In this model, 
anatomic changes along the nerve are most marked at the edge of 
the tourniquet where a significant pressure gradient exists between 
the tourniquet and nontourniquet areas. The pressure gradient es-
sentially “squeezes” out the myelin with resulting invagination of 
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Table 1    Classification Systems for Nerve Injury

Seddon Sunderland Pathology Prognosis 
Classification Classification

Neurapraxia First degree Myelin injury or ischemia Excellent recovery in weeks to months
Axonotmesis  Axons disrupted  Good to poor, depending upon integrity of 
  Variable stromal disruption supporting structures and distance to muscle
 Second degree Axons disrupted Good, depending upon distance to muscle 
  Endoneurial tubes intact 
  Perineurium Intact 
  Epineurium Intact
 Third degree Axons disrupted Poor  
  Endoneurial tubes disrupted Axonal misdirection 
  Perineurium intact Surgery may be required 
  Epineurium intact
 Fourth degree Axons disrupted Poor  
  Endoneurial tubes disrupted Axonal misdirection 
  Perineurium disrupted Surgery usually required 
  Epineurium intact
Neurotmesis Fifth degree Axon disrupted  No spontaneous recovery 
  Endoneurial tubes disrupted Surgery required
  Perineurium disrupted Prognosis after surgery guarded
  Epineurium disrupted

Adapted from Dillingham.8



one paranodal region into the next. As a result, there is an area of 
focal demyelination at the edge of the tourniquet.31 Larger fibers 
are more affected than smaller fibers.

In this area of focal demyelination, impulse conduction from one 
node of Ranvier to the next is slowed as current leakage occurs 
and the time for impulses to reach threshold at successive nodes 
of Ranvier is prolonged. Slowing of conduction velocity along 
this nerve segment ensues. More severe demyelination results in 
complete conduction block. This has been reported to occur when 
internodal conduction times exceed 500-600 ms.33 Since there are 
very few sodium channels in internodal segments of myelinated 
nerves, conduction in demyelinated nerves cannot simply proceed 
slowly as it would for normally unmyelinated nerves. Thus, suf-
ficient demyelination results in block of conduction rather than 
simply more severe slowing. 

There are relatively few changes in muscle as a result of neurapraxic 
lesions. Disuse atrophy can occur when neurapraxia is more than 
transient. There remains debate as to whether muscle fibrillates 
after a purely neurapraxic lesion.

EFFECTS OF AXONOTMESIS ON NERVE AND MUSCLE

Soon after an axonal lesion, the process of Wallerian degenera-
tion begins to occur in nerve fibers. This process is well described 
elsewhere10,27 and will be only briefly reviewed. There are changes 
in both the axon and the nerve cell body. In the axon, a number 
of changes occur in the first 2 days including leakage of axoplasm 
from the severed nerve, swelling of the distal nerve segment, and 
subsequently disappearance of neurofibrils in the distal segment. 
By day three, there is fragmentation of both axon and myelin with 
the beginning of digestion of myelin components. By day eight, 
the axon has been digested and Schwann cells are attempting to 
bridge the gap between the two nerve segments. Nerve fibers may 
also degenerate for a variable distance proximally; depending upon 
the severity of the lesion, this retrograde degeneration may extend 
for several centimeters.

If the lesion is sufficiently proximal, there are also a number of 
changes at the nerve cell body level occurring after nerve trauma. 
Initially, within the first 48 hours, the Niss l bodies (the cell’s rough 
endoplasmic reticulum) breaks apart into fine particles. By 2 to 3 
weeks after injury, the cell’s nucleus becomes displaced eccentrically 
and the nucleolus is also eccentrically placed within the nucleus. 
These changes may reverse as recovery occurs.

ELECTRODIAGNOSIS: TIMING OF CHANGES AND 
DETERMINING DEGREE OF INJURY 

The Compound Motor Action Potential

Neurapraxia

In purely neurapraxic lesions, the compound muscle action poten-
tial (CMAP) will change immediately after injury, assuming one 

can stimulate both above and below the site of the lesion (Figure 1 
a-c). When recording from distal muscles and stimulating distal to 
the site of the lesion, the CMAP should always be normal since no 
axonal loss and no Wallerian degeneration has occurred. Moving 
stimulation proximal to the lesion will produce a smaller or absent 
CMAP, as conduction in some or all fibers is blocked. It should 
be remembered that amplitudes normally fall with increasing 
distance between stimulation and recording; hence there is some 
debate about how much of a drop in amplitude is sufficient to 
demonstrate conduction block. Amplitude drops exceeding 20% 
over a 25 cm distance or less are clearly abnormal; smaller changes 
over smaller distances are likely also suggestive of an abnormality. 
In addition to conduction block, partial lesions also often dem-
onstrate concomitant slowing across the lesion. This slowing may 
be due to either loss of faster conducting fibers or demyelination 
of surviving fibers. All these changes in the CMAP will generally 
persist until recovery takes place, typically by no more than a few 
months postinjury. Most importantly, the distal CMAP will never 
drop in amplitude in purely neurapraxic injuries, since no axon 
loss or Wallerian degeneration occurs and the distal nerve segment 
remains normally excitable.

Axonotmesis and Neurotmesis

Electrodiagnostically, complete axonotmesis (equivalent to 
Sunderland grades 2, 3, and 4) and complete neurotmesis look 
the same, since the difference between these types of lesions is in 
the integrity of the supporting structures, which have no electro-
physiologic function. Thus these lesions can be grouped together as 
axonotmesis for the purpose of this discussion. 

Immediately after axonotmesis and for a “few days” thereafter, the 
CMAP and motor conduction studies look the same as those seen 
in a neurapraxic lesion. Nerve segments distal to the lesion remain 
excitable and demonstrate normal conduction while proximal stim-
ulation results in an absent or small response from distal muscles. 
Early on, this picture looks the same as conduction block and can 
be confused with neurapraxia. Hence neurapraxia and axontomesis 
cannot be distinguished until sufficient time for Wallerian degen-
eration in all motor fibers has occurred, typically about 9 days 
postinjury.6

As Wallerian degeneration occurs, the amplitude of the CMAP 
elicited with distal stimulation will fall. This starts at about day 
three and is complete by about day nine.6 Neuromuscular junction 
transmission fails before nerve excitability.15,16 Thus in complete 
axonotmesis at day nine, one has a very different picture than 
neurapraxia. There are absent responses both above and below the 
lesion. Partial axon loss lesions will produce small amplitude motor 
responses, with the amplitude of the CMAP roughly proportional 
to the number of surviving axons. Side-to-side CMAP amplitudes 
san be compared to estimate the degree of axon loss, though inher-
ent side-to-side variability of up to 30%-50% limits the accuracy 
of the estimate. Using the CMAP amplitude to estimate the degree 
of surviving axons is also most reliable only early after injury, before 
axonal sprouting has occurred. Use of this technique later after 
injury will tend to underestimate the degree of axon loss.
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Mixed Lesions

Lesions which have a mixture of axon loss and conduction block 
provide a unique challenge. These can usually be sorted out by care-
fully examining amplitudes of the CMAP elicited from stimulation 
both above and below the lesion and by comparing the amplitude 
with distal stimulation to that obtained from the other side. The 
percentage of axon loss is best estimated by comparing the CMAP 
amplitude from distal stimulation with that obtained contralater-
ally. Of the remaining axons, the percentage with conduction block 
are best estimated by comparing amplitudes or areas obtained 
with stimulation distal and proximal to the lesion. Thus if a 1 mV 
response is obtained with proximal stimulation, a 2 mV response 
is obtained distally, and a 10 mV response is obtained with distal 
stimulation contralaterally, the clinician can deduce that probably 
about 80% of the axons are lost, and of the remaining 20%, half are 

blocked (neurapraxic) at the lesion site. As previously mentioned, 
this analysis is most useful only in the acute phase, before reinner-
vation by axonal sprouting occurs. 

F Waves

F waves may change immediately after the onset of a neurapraxic 
lesion. In a complete block, responses will be absent. However, 
in partial lesions, changes can be more subtle since F waves are 
dependent upon only 3%-5% of the axon population to elicit a 
response.12 Thus partial lesions may have normal miminal F-wave 
latencies, and mean latencies, with reduced or possibly normal 
penetrance. While F waves are conceptually appealing for detecting 
proximal lesions (e.g., brachial plexopathies) it is in few instances 
that they truly provide useful additional or unique information. 
They are sometimes useful in very early proximal lesions when 
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Figure 1   Representation of changes in the compound muscle action potential after neurapraxia (a), axonotmesis (b), neurotmesis (b), and mixed lesions 
(c).
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conventional studies are normal since stimulation does not occur 
proximal to the lesion, but they are not good at distinguishing axon 
loss lesions from conduction block.

Compound or Sensory Nerve Action Potentials

Neurapraxia

The sensory nerve action potential (SNAP) and compound nerve 
action potential (CNAP) will show changes similar to the CMAP 
after focal nerve injury. In the setting of neurapraxia, there is a focal 
conduction block at the site of the lesion, with preserved distal 
amplitude. However, the criteria for establishing conduction block 
in sensory nerve fibers are substantially different than that for the 
CMAP. When recording nerve action potentials, there is normally 
a greater drop in amplitude over increasing distance between stimu-
lating and recording electrodes, due to temporal dispersion and 
phase cancellation.22 Amplitude drops of 50%-70% over a 25 cm 
distance are not unexpected and it is less clear just what change in 
amplitude is abnormal. A large focal change over a small distance is 
probably significant. Slowing may also accompany partial conduc-
tion blocks, as for the CMAP. Responses elicited with stimulation 
and recording distal to the lesion are normal in pure neurapraxic 
injuries.

Axonotmesis and Neurotmesis

Immediately after axonotmesis, the SNAP looks the same as seen 
in a neurapraxic lesion. Nerve segments distal to the lesion remain 
excitable and demonstrate normal conduction while proximal stim-
ulation results in an absent or small response. Hence neurapraxia 
and axontomesis can not be distinguished until sufficient time for 
Wallerian degeneration in all sensory fibers has occurred, typically 
about 11 days post injury.6 It takes slightly longer for sensory nerve 
studies to demonstrate loss of amplitude than for motor studies 
(i.e., 11 days versus 9 days), due to the earlier failure of neuromus-
cular junction transmission compared to nerve conduction.

Needle Electromyography

Neurapraxia

The needle electromyography (EMG) examination in purely 
neurapraxic lesions will show neurogenic changes in recruitment 
with debatable abnormalities in spontaneous activity. As mentioned 
earlier, there is debate as to whether fibrillation potentials are re-
corded after a purely neurapraxic lesion. One study of peripheral 
nerve lesions in baboons has failed to demonstrate fibrillations in 
purely neurapraxic lesions.17 On the other hand, study of purely 
neurapraxic lesions in rats5 has suggested fibrillations occur in 
blocked, but not denervated, muscle fibers. There are limited 
reports of fibrillations in humans with apparently predominantly 
neurapraxic nerve lesions,43,48 but it is difficult to know whether 
or not any axon loss had occurred in these patients, since nerve 
conduction studies (NCSs) are not sensitive for detecting minimal 
axon loss. Needle EMG is more sensitive for detecting motor axon 
loss than NCSs, and hence it is easy to imagine situations in which 

NCSs are within normal limits, but needle EMG detects minimal 
or mild axon loss.

Independent of whether or not the needle EMG demonstrates 
fibrillation potentials in neurapraxia, the most apparent change on 
needle EMG will be changes in recruitment. These occur imme-
diately after injury. In complete lesions (i.e., complete conduction 
block) there will be no motor unit action potentials (MUAPs). 
In incomplete neurapraxic lesions, there will be reduced numbers 
of MUAPs firing more rapidly than normal (i.e., reduced or dis-
crete recruitment). Recruitment changes alone are not specific for 
neurapraxia or axon loss. 

Since no axon loss occurs in neurapraxic injuries, there will be no 
axonal sprouting and no changes in MUAP morphology (e.g., du-
ration, amplitude, or phasicity) anytime after injury.

Axonotmesis and Neurotmesis

A number of days after an axon loss lesion, needle EMG will dem-
onstrate fibrillation potentials and positive sharp waves. The time 
between injury and onset of fibrillation potentials will be depen-
dent in part upon the length of distal nerve stump. When the lesion 
is distal and the distal stump is short, it takes only 10-14 days for 
fibrillations to develop. With a proximal lesion and a longer distal 
stump (e.g., ulnar-innervated hand muscles in a brachial plexopa-
thy), 21-30 days are required for full development of fibrillation 
potentials and positive sharp waves.42 Thus, the electrodiagnostic 
(EDX) physician needs to be acutely aware of the time since injury, 
so that severity is not underestimated when a study is performed 
early after injury, and also so that development of increased fibril-
lation potentials over time is not misinterpreted as a worsening of 
the injury.

Fibrillation and positive sharp wave density are usually graded on a 
1-4 scale. This is an ordinal scale, meaning that as numbers increase 
findings are worse. However, it is not an interval or ratio scale, i.e., 
4+ is not twice as bad as 2+ or 4 times as bad as 1+. Moreover, 4+ 
fibrillation potentials does not reflect complete axon loss, and in 
fact may represent only a minority of axons lost.3,9 Evaluation of 
recruitment and particularly of distally elicited CMAP amplitude 
are necessary before a determination can be made whether or not 
complete axon loss has occurred. 

Fibrillation potential size will decrease over time after an injury. 
Kraft24 has demonstrated that fibrillations initially are several 
hundred microvolts in the first few months after injury. However, 
when lesions are more than 1 year old, they are unlikely to be 
over 100 mv in size. Fibrillations will also decrease in number as 
reinnervation occurs, however this finding is not usually clinically 
useful for two reasons. First, since a qualitative or ordinal scale of 
fibrillation density is typically used and an accurate quantitative 
measurement of fibrillation density is not available, comparison 
of fibrillation numbers from one examination to the other is not 
reliable.9 Second, even in complete lesions, fibrillation density 
will eventually reduce since the muscle becomes fibrotic and the 
number of viable muscle fibers falls; in this case, reduction in 
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fibrillation numbers does not predict recovery, but rather muscle 
fibrosis. 

Fibrillations may also occur after direct muscle injury, as well 
as nerve injury. Partanen and Danner32 have demonstrated that 
patients after muscle biopsy have persistent fibrillation potentials 
starting after 6-7 days and extending for up to 11 months. In 
patients who have undergone multiple trauma, coexisting direct 
muscle injury is common and can be potentially misleading when 
trying to localize a lesion.

When there are surviving axons after an incomplete axonal injury, 
remaining MUAPs are initially normal in morphology, but dem-
onstrate reduced or discrete recruitment. Axonal sprouting will 
be manifested by changes in morphology of existing motor units. 
Amplitude will increase, duration will become prolonged, and the 
percentage of polyphasic MUAPs will increase as motor unit terri-
tory increases.9,11 This process occurs soon after injury. Microscopic 
studies demonstrate outgrowth of these nerve sprouts starting at 4 
days after partial denervation.21,27 Electrophysiologic studies utiliz-
ing single-fiber EMG demonstrates increase in fiber density starting 
at 3 weeks postinjury.26

In complete lesions, the only possible mechanism of recovery is 
axonal regrowth. The earliest needle EMG finding in this case is 
the presence of small, polyphasic, often unstable MUAPs previously 
referred to as “nascent potentials.” 

Observation of these potentials is dependent upon establishing 
axon regrowth as well as new neuromuscular junctions and this ob-
servation represents the earliest evidence of reinnervation, usually 
preceding the onset of clinically evident voluntary movement.9 
These potentials represent the earliest definitive evidence of axonal 
reinnervation in complete lesions. When performing the examina-
tion looking for new MUAPs, the clinician must be sure to accept 
only “crisp,” nearby MUAPs with a short rise-time, since distant 
potentials recorded from other muscles can be deceptive and could 
erroneously suggest intact innervation.

Mixed Lesions

When there is a lesion with both axon loss and conduction block, 
needle EMG examination can be misleading if interpreted in isola-
tion. If, for example, a lesion results in destruction of 50% of the 
original axons and conduction block of the other 50%, then needle 
EMG will demonstrate abundant (4+) fibrillation potentials and no 
voluntary MUAPs. The EDX physician should not then conclude 
that there is a complete axonal lesion, but should instead carefully 
evaluate the motor NCSs to determine how much of the lesion is 
neurapraxic and how much is axonotmetic. The important point 
here is to not take the presence of abundant fibrillations and absent 
voluntary MUAPs as evidence of complete denervation.

LOCALIZATION OF TRAUMATIC NERVE INJURIES

The localization of peripheral nerve injuries is sometimes straight-
forward but is potentially complicated by a variety of possible 
pifalls. Localization is usually performed by two methods: (1) de-
tecting focal slowing or conduction block on NCSs, or (2) assessing 
the pattern of denervation on needle EMG. 

Localizing peripheral nerve lesions by NCSs usually requires that 
there be a focal slowing or conduction block as the EDX physician 
stimulates above and below the lesion. To see such a change there 
must either be focal demyelination or ischemia, or the lesion should 
be so acute that degeneration of the distal stump has not yet oc-
curred. Thus lesions with partial or complete neurapraxia (due to 
either demyelination or ischemia) can be well localized with motor 
NCSs, as can very acute axonal injuries. 

In pure axonotmetic or neurotmetic lesions, it is more difficult if 
not impossible to localize the lesion using NCSs. In such a case, 
there will be mild and diffuse slowing in the entire nerve due to loss 
of the fastest fibers, or there will be no response at all. Conduction 
across the lesion site will be no slower than across other segments. 
In addition, provided enough time for Wallerian degeneration has 
elapsed (i.e., at least 9 days for motor fibers or 11 days for sensory 
fibers), there will be no change in amplitude as one traverses the 
site of the lesion. Thus, pure axon loss lesions are not well localized 
along a nerve by NCSs.

There are some cases in which indirect inferences can be made 
about the location of purely axonal lesions. For instance, if the 
ulnar motor response is very small or absent and the median motor 
response is normal, this implies an ulnar neuropathy rather than a 
lower brachial plexus lesion. However, in such an instance, the site 
of pathology along the ulnar nerve may not be well defined.

Another indirect inference that can be made based upon sensory 
NCSs is placement of the lesion at a pre versus post ganglionic 
location. Lesions that are proximal to the dorsal root ganglion, 
i.e. at the pre-ganglionic level (proximal root, cauda equina, spinal 
cord) tend to have normal SNAP amplitudes, even in the setting 
of reduced or absent sensation.1,41 This is a particularly bad prog-
nostic sign when seen in the setting of possible root avulsion. On 
the other hand, lesions occurring distal to the dorsal root ganglion 
have small or absent SNAPs (when these are recorded in the ap-
propriate distribution). Thus, SNAPs may be useful to differentiate 
root versus plexus or other pre- versus postganglionic locations. A 
limitation, particularly in partial lesions, is the wide variability in 
SNAP amplitudes seen in normal individuals. Mixed pre- and post-
ganglionic lesions are also potentially difficult to interpret.

The other major EDX method of determining the site of nerve 
injury is by needle EMG. Conceptually, if the branching order to 
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various muscles under study is known, the clinician can determine 
that the nerve injury is between the branches to the most distal 
normal muscle and the most proximal abnormal muscle. There are, 
however, a number of potential problems with this approach. First, 
the branching and innervation for muscles is not necessarily con-
sistent from one person to another. Sunderland40 has demonstrated 
a great deal of variability in branching order to muscles in the 
limbs, variability in the number of branches going to each muscle, 
and variability in which nerve or nerves supply each muscle. Thus, 
the typical branching scheme may not apply to the patient being 
studied and consequently the lesion site can be misconstrued.

Second, the problem of muscle trauma and associated needle EMG 
findings can be misleading. As mentioned earlier, direct muscle 
trauma can result in positive sharp waves and fibrillations for 
months or longer after injury.32 Practically speaking, this can result 
in erroneously proximal lesion sites, or error in diagnosing more 
than one lesion. For example, in the setting of humeral fractures 
with radial neuropathy, the triceps not infrequently demonstrates 
fibrillation potentials, due to direct muscle trauma. However, a cli-
nician could be misled to localize the lesion to the axilla or higher 
rather than spiral groove, if the triceps findings are not recognized 
to come from direct muscle rather than nerve injury.

Third, the problem of partial lesions can make for misdiagnosis 
to more distal sites. In partial ulnar nerve lesions at the elbow, for 
example, the forearm ulnar-innervated muscles are often spared.4 
This is thought at least partially to be due to sparing of the fascicles 
in the nerve that are preparing to branch to the flexor digitorum 
profundus and the flexor carpi ulnaris, i.e., they are in a relatively 
protected position. This finding could lead a clinician to inad-
vertently localize the lesion distally to the distal forearm or wrist. 
Similarly, a lesion involving the median nerve in the arm (above 
the elbow) has been reported to cause findings only in the anterior 
interosseous distribution.46 Intraneural topography needs to be 
considered when making a diagnosis based on branching.45

MECHANISMS OF RECOVERY

There are several possible mechanisms of recovery after traumatic 
nerve injury; knowledge of these mechanisms, along with the type 
of nerve injury, allows estimation of the probable course of recov-
ery. 

For motor fibers, resolution of conduction block (in neurapraxic 
lesions), muscle fiber hypertrophy (in partial lesions), distal axonal 
sprouting of spared axons, and axonal regeneration from the site of 
injury, may contribute to recovery of strength. 

Resolution of conduction block, whether based upon ischemia or 
demyelination, is probably the first mechanism to promote recov-
ery of strength after nerve injury. Improvement after a solely isch-
emic lesion is relatively quick. Demyelinating injuries take longer 
as remyelination over an injured segment may take up to several 

months,13 depending upon the severity of demyelination and the 
length of the demyelinated segment. 

In normal adults performing strengthening exercises, there are gen-
erally two mechanisms of increasing force production: initial neural 
mechanisms followed by later muscle fiber hypertrophy. The initial 
neural mechanisms are thought to involve improved synchroniza-
tion of motor unit firing,28,29 and they result in increased efficiency 
(defined as muscle force per unit of electrical activity) in the 
absence of muscle fiber changes. After several weeks, there is muscle 
fiber hypertrophy, which results in further increases in strength. In 
patients with partial nerve lesions, it is unclear how much neural 
changes alone (i.e., increased efficiency of firing) can contribute 
to increased strength since there is loss of nerve fibers. However, 
it is likely that working the existing muscle fibers to fatigue in the 
setting of partial nerve injuries does produce enlargement of muscle 
fibers and consequent increases in force production.

Partial axonotmesis of motor nerves also produces distal sprouting 
of motor fibers from intact axons. It has been observed that within 
4 days after nerve injury, sprouts are starting to form from intact 
axons, typically from distal nodes of Ranvier (nodal sprouts) or 
from nerve terminals (terminal sprouts) near denervated muscle 
fibers.21 Partial recovery in twitch tension has been reported as 
early as 7-10 days post injury,2 though electrophysiologic correlates 
(e.g., polyphasic long duration motor units) usually take longer. 
Sometimes, when axonal regeneration occurs, those muscle fibers 
reinnervated by distal sprouting become dually innervated, i.e., by 
both the sprout and the newly regenerated fiber.19,21 It is not well 
understood how multiple synapses are reduced.

Axonal regeneration contributes to recovery in both partial and 
complete axonotmesis and, with surgical approximation, neurot-
mesis. In complete axon loss lesions, this is the only mechanism 
for muscle recovery. It is noted that in the 24-36 hours after injury, 
the proximal nerve stump has started to sprout regenerating axons 
and these have started to penetrate the area of injury. The recovery 
that results from this process depends upon the degree of injury, 
presence of scar formation, approximation of the two nerve ends, 
and age of the patient. 

In relatively more minor axonotmetic lesions, in which the en-
doneurial tubes are preserved (Sunderland second degree injuries), 
the axons can traverse the segment of injury in 8-15 days and then 
regenerate along the distal nerve segment at a rate of 1-5 mm/
day,40 slightly faster for crush injuries than for sharp laceration, 
slightly faster for proximal than distal injuries, and slightly faster 
for younger individuals.

In more severe axonotmetic lesions in which there is distortion 
of endoneurial tubes with or without perineurial disruption 
(Sunderland third and fourth degrees), prognosis for spontaneous 
regrowth is worse. Extensive scarring reduces the speed at which 
regenerating axons can traverse the lesion and more importantly 
reduces the likelihood that they will ever reach their end organs. 
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When regrowth occurs, it may also be misdirected to the wrong end 
organ. In some of these cases, particularly when a large neuroma is 
present, surgical intervention is required.

In complete neurotmesis (Sunderland degree 5), axonal regrowth 
will usually not occur unless the nerve ends are freed from scar and 
surgically re-approximated. After surgical intervention, using either 
direct approximation or cable grafting, nerve growth will often 
occur along the endoneurial tubes of the distal segments. Use of 
cable grafts (e.g., sural nerve graft) does not provide axons directly 
since these die after harvesting; the graft simply provides a pathway 
for axonal regrowth to occur.34,47

In complete lesions, recovery of motor function will also depend 
upon integrity of the muscle when the axon reaches it. Muscles 
remain viable for reinnervation for 18-24 months post injury. 
However, past this time, due to fibrosis and atrophy, motor axon 
regrowth makes little difference since muscle fibers (the end organ), 
are no longer viable. For example, in complete lower trunk brachial 
plexus lesions, recovery of hand function is usually not expected no 
matter how good the surgical grafting might be; it simply takes too 
long for axons to reach the muscle.

Recovery of sensory function is dependent upon different mecha-
nisms than motor recovery. There may be redistribution of sensory 
distribution after an axonal injury, such that intact fibers provide 
cutaneous sensation to a larger area than previously.38,44 The mech-
anisms of axonal regeneration are similar to those mentioned above 
for motor axons. An important difference, however, is that one 
does not have end organs that may degenerate after 18-24 months 
as muscle does; hence sensory recovery may continue for a longer 
period of time than motor recovery does.

ELECTRODIAGNOSTIC EVALUATION OF PROGNOSIS

Determining the pathophysiology of a peripheral nerve traumatic 
injury can help with estimating prognosis. Those injuries that are 
completely or largely neurapraxic have a good prognosis for re-
covery within a few months (usually up to 3 months postinjury). 
Resolution of ischemia and remyelination should be complete by 
this time.

Mixed injuries typically have two or more phases of recovery 
(Figure 2). The neurapraxic component resolves quickly as above 
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Figure 2 Conceptual representation of mechanisms for increases in 
strength after a mixed lesion to a peripheral nerve. The processes rep-
resented are not temporally distinct, but may merge. Maximal recovery 
is usually achieved by 18-24 months.

Figure 3   Conceptual representation of mechanisms for improvement 
in sensation after a mixed lesion to a peripheral nerve. The processes 
represented are not necessarily temporally distinct, but may merge. 
Recovery may continue for longer than 18 months since it is not depen-
dent upon muscle viability.



and muscle fiber hypertrophy can provide additional recovery, but 
the axonal component is slower, since it depends upon distal axonal 
sprouting and on axonal regeneration from the site of the lesion. 
Thus patients usually experience a relatively rapid partial, but 
incomplete, recovery followed a slower further recovery. Sensory 
recovery may proceed for a longer time than motor (Figure 3).

Partial axon loss lesions usually represent axonotmesis, though a 
partial neurotmesis (e.g., a laceration through part of the nerve) 
cannot always be excluded in such cases. In axonotmesis, recovery 
will depend upon axonal sprouting and regeneration. Thus there 
will be some early recovery followed possibly by a later recovery if 
or when regenerating axons reach their end organs. The amplitude 
of the CMAP provides some guide to prognosis. In facial nerve 
lesions, it has been demonstrated that patients with CMAP ampli-
tudes 30% or more of the other side have an excellent outcome, 
those with 10%-30% have good, but not always complete, recov-
ery, and those with less than 10% have a poor outcome.37

Complete axonotmesis and neurotmesis have the worst prognosis. 
Recovery depends solely upon axonal regeneration which may or 
may not occur, depending upon the degree of injury to the nerve. 
In many cases of complete axon loss, it is not possible to know 
the degree of nerve injury except by surgical exploration with or 
without intraoperative recording, or looking for evidence of early 
reinnervation after the lesion. 

As a consequence, it is often recommended that an EDX physician 
should wait 2-4 months before looking for evidence of reinnerva-
tion in previously completely denervated muscles near the site of 
the lesion.23,47 Those lesions that have some spontaneous recovery 
are usually treated conservatively since operative repair is unlikely 
to improve upon natural recovery. Those with no evidence of 
axonal regrowth usually have operative exploration with possible 
grafting.
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INTRODUCTION

Peripheral nerve disorders are common and encompass a wide 
spectrum of diseases, traumatic injuries, and mass lesions. The 
evaluation of peripheral nerve disorders has relied primarily on 
accurate clinical history, thorough physical examination and elec-
trodiagnostic (EDX) testing. This information often allows deter-
mination of the location and severity of the underlying peripheral 
nerve problem. However, while EDX studies are sensitive, they lack 
specificity and do not display the anatomic detail needed for precise 
localization and treatment planning. Additional limitations of 
these EDX studies include difficulty in performing these studies in 
younger children and infants; difficulty in accessing deep muscles; 
and having to wait 2 to 3 weeks after nerve injury before changes 
may be detected. 

The radiological study of peripheral nerve disorders, however, was 
initially limited to secondary skeletal changes on plain radiographs 
and computerized tomography (CT) myelography for demonstrat-
ing nerve root avulsion in patients with severe proximal brachial 
plexus injuries. Recent technical improvements in magnetic reso-
nance imaging (MRI) have resulted in improved visualization of 
both normal and abnormal peripheral nerves. Routine CT and 
MRI are useful in excluding mass lesions in the vicinity of a periph-
eral nerve. The ability to image peripheral nerves can significantly 
change the diagnosis and treatment of peripheral nerve disease and 
can lead to an improved understanding of the pathophysiology of 
peripheral nerve disease. 

TECHNIQUE OF MAGNETIC RESONANCE NEUROGRAPHY

Standard MRI techniques allow the detection of nerves. However, 
there is low conspicuity of these structures from the surrounding 
tissues. The inherent problems of low signal intensity and low con-
spicuity are addressed by suppressing signal from the non-neural 
structures such as fat and blood vessels. The use of T2 fat-saturated 
and inversion recovery sequences allows for optimal conspicuity of 
peripheral nerves.

Magnetic resonance neurography (MRN) is tissue-selective imaging 
directed at identifying and evaluating characteristics of nerve mor-
phology. Visualization of the fascicular structure of the nerves is 
made possible by exploiting differences in the water content and 
connective tissue structure of the fascicles and perineurium com-
pared with the surrounding epineurium.The use of phase array 
coils has produced images with an improved signal-to-noise ratio 
and improved resolution, increasing the ability to visualize both 
normal and abnormal peripheral nerves. MRN has diagnostic 
utility because it is effective for demonstrating continuity, mor-
phology, and response to injury (edema) associated with many 
kinds of pathology. 

ANATOMY OF THE PERIPHERAL NERVE

Peripheral nerves can be subdivided into three components: 
(1) conducting axons; (2) insulating Schwann cells; and (3) a  
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surrounding connective tissue matrix which can support axonal re-
generation (Figure 1). Nerve fibers are ensheathed by Schwann cells 
individually or in groups. A basal lamina layer envelops Schwann 
cells and is important in supporting axonal regeneration.

The nerve fibers are embedded within a connective tissue com-
partment called the endoneurium. Nerve fibers and surrounding 
endoneurium are grouped together into fascicles and encircled by 
compact concentrically arranged elongated perineural cells com-
posing the perineurium. These fascicles are grouped together to 
form the peripheral nerve and are embedded within a connective 
tissue compartment called the epineurium which contain fibro-
blasts, macrophages, mast cells, blood vessels, and fat.

IMAGING APPEARANCE

Normal Nerves

T1-weighted images show the size and location of the nerve. 
Normal nerve on cross-sectional imaging is oval or round. The 
size of a particular nerve varies along its course and from person 
to person. The fascicles within the nerve are visible on high-
resolution, cross-sectional images. On T2 sequences, the nerves 
appear uniform in size, intermediate in signal, and generally slightly 
hyperintense compared to adjacent muscle (Figure 2).

Depiction of the nerve fascicular pattern is based on differences in 
MR signal of the fascicles within the perineurium as compared to 
the interfascicular epineurium. The fascicular signal is dominated 
by endoneurial fluid and axoplasmic water. Interfascicular image 
signal is dominated by fibrofatty connective tissue which is suscep-
tible to fat suppression.

Abnormal Nerves

Diffuse or focal enlargement of a nerve and diffuse or focal hy-
perintense T2 signal within the nerve are abnormal findings. At 
present, no reliable quantitative method for evaluating signal in-
tensity of normal and abnormal nerves has been developed. Altered 
fascicular pattern is another abnormal finding which may manifest 
as marked enlargement or abnormal increased signal of individual 
fascicles within the nerve in a nonuniform pattern.

The pathogenesis of focal signal abnormality is not known but may 
represent localized edema or increased fluid accumulation within 
the endoneurial spaces. Possible mechanisms for the abnormal in-
creased T2 signal within the nerve include interruption of normal 
axoplasmic flow resulting in increased axoplasm proximal and 
distal to the site of injury, increased endoneurial fluid as a result of 
venous obstruction allowing accumulation within the fascicles, and 
demyelination. 
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Figure 2   Normal Cervical Nerves: Coronal short tau inversion re-
covery sequence in a normal patient demonstrates the conspicuity of 
normal bilateral cervical roots with homogeneous intermediate signal 
intensity.

Figure 1   Anatomy of the Peripheral Nerve. Cross-sectional view 
demonstrating the fascicular organization of a peripheral nerve.



MECHANISMS OF INJURY

Both direct mechanical distortion and microvascular compromise 
contribute to the pathophysiology underlying peripheral nerve 
dysfunction. Usual mechanisms consist of compression, ischemia, 
and traction. Because nerves often course in neurovascular bundles, 
vascular trauma can occur concomitantly with neural injury and 
cause further damage through ischemia. Compared to the central 
nervous system (CNS), the peripheral nervous system is relatively 
resistant to ischemia. Compared to the CNS, an important feature 
of the peripheral nervous system is its ability to recover via both 
remyelination and axonal regeneration. 

Entrapment syndromes represent the most common type of 
chronic nerve injury. Mass lesions can cause nerve injury through 
direct compression or actual infiltration (Figure 3). Nerves may 
also be affected by systemic diseases such as diabetes mellitus, gout, 
systemic amyloidosis, hypothyroidism, renal failure, and genetic 
or environmental factors including alcoholism, malnutrition, and 
toxin exposure.

Susceptibility of peripheral nerves to acute or chronic compressive 
and tensile forces is a function of internal anatomy and location. 
The tough perineural layer surrounding each fascicle is composed 
of elastin and collagen. This layer is normally under a certain 
amount of resting tension longitudinally, as demonstrated by 
nerve shortening which occurs after transection. Nerves can stretch 
10%-20% before structural damage occurs. Certain nerves are 
vulnerable at specific anatomic locations being superficial, fixed in 
position, or coursing across a joint. The nerve fibers within fascicles 
have an undulating course, allowing for accommodation of levels 
of tension produced by normal changes in body position. With 
increasing tension, the nerve slides then takes up internal slack 
provided by the undulating course and then with further tension 
can disrupt axons and myelin sheaths.

Connective tissue damage may occur with stretch injuries which 
can lead to intraneural and extraneural scar formation. Extraneural 
scar may distort or compress peripheral nerves along their course or 
tether a nerve interfering with its normal physiologic gliding. 

INDICATIONS FOR IMAGING OF PERIPHERAL NERVES

Indications are evolving in response to improvements in MRI tech-
niques and methods for treatment of peripheral nerve disease.

Trauma

The majority of serious peripheral nerve injuries do not lead to 
actual transection of the nerve but rather leave the nerve in continu-
ity. Clinically it may be difficult to distinguish closed nerve injuries 
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Figure 3b   Avulsion Injury.  Intraoperative view demonstrating the 
empty neuroforamen in a different patient with avulsion injury and as-
sociated pseudomeningocele and absence of the nerve root (arrow). A 
normal appearance of the contralateral nerve roots exiting the spinal 
cord is present (asterisks). (Courtesy Devin Binder and Nicholas 
Barbaro)

Figure 3a   Avulsion Injury. Coronal short tau inversion recovery 
sequences through the left brachial plexus in a 19-year-old male after 
a motorcycle accident. There is a left C7 pseudomeningocele (arrow) 
with retraction of the distal C7 root and middle trunk (double arrow). 
Enlargement and abnormal signal also is seen in the left C5 and C6 
roots and upper trunk compatible with associated traction injury (as-
terisk). 



that will recover on their own from those that do not and therefore 
require surgical repair. Serial clinical and EDX evaluations over a 
period of months have traditionally been the mainstay of decision-
making in the management of closed traumatic peripheral nerve 
injuries. MRN may be used to noninvasively localize traumatic 
peripheral nerve injury and perhaps help to determine whether 
surgery would be of benefit in a more expeditious manner. 

Tumor and Radiation Plexitis

MRN is useful in localizing the relationship of the nerve fascicles to 
intraneural and extraneural masses and can preoperatively identify, 
localize, and assess surgical resectability. In addition, MRN may be 
helpful in distinguishing recurrent tumor versus radiation-induced 
plexitis. Tumor results in focal and irregular enlargement of the 
nerve with increased signal on T2, short tau inversion recovery 

(STIR) images, and contrast enhancement (Figure 4). Radiation-
induced plexitis results in more uniform enlargement and diffuse 
abnormal signal of the nerve without contrast enhancement. Our 
preliminary data utilizing diffusion-weighted imaging of nerves 
suggest that intraneural tumor tends towards diffusion character-
istics which are reduced or similar to normal nerve compared to 
radiation changes which tend towards increased diffusion relative 
to normal nerve. 

Radiculopathy

Radiculopathy is usually caused by compression of the proximal 
portion of a spinal nerve or roots by disc or osteophyte. MRI has 
been used extensively in evaluation of cervical and lumbar radicul-
opathy because of its sensitivity in visualizing degenerative changes 
(Figure 5). However, its specificity is limited as changes may be 
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Figure 4b   Tumor. Histologic slides from the biopsy demonstrate infil-
trating ductal breast carcinoma within the epineurium and perineurium.

Figure 4a   Tumor. Coronal and axial short tau inversion recovery 
sequences through the cervical plexus in a 62-year-old female with 
entirely intraneural metastatic breast carcinoma to the right C6 and C7 
roots manifest as abnormal increased signal. This was confirmed by 
biopsy. Intraoperatively, the nerves looked grossly normal and biopsy 
relied entirely upon the neurogram images for guidance. Figure 5   Radiculopathy. Coronal short tau inversion recovery se-

quence in a 43-year-old female with acute onset of pain and weakness 
in the left thigh demonstrates a left lateral L3 disc extrusion (asterisk) 
compressing the left L3 nerve root with associated edema extending 
down the L3 and L4 roots and the lumbosacral plexus. (arrows)



found in a large percentage of asymptomatic patients. On MRN, 
abnormal increased signal on T2 and STIR sequences are observed 
in symptomatic spinal nerves. This increased signal in symptomatic 
patients may be seen associated with or without electrodiagnostic 
abnormalities and may therefore be a highly sensitive technique in 
increasing the specificity of selecting patients who might benefit 
most from surgical decompression.

Entrapment Syndromes

MRN can localize the site of nerve entrapment by demonstrating 
an abnormal signal at the site of entrapment. Common locations 
include the median nerve within the carpal tunnel, the ulnar nerve 
within the cubital tunnel, the lower trunk of the brachial plexus 
within the thoracic outlet, and the sciatic nerve at the greater sciatic 

foramen. The presence of abnormal T2 signal of the involved nerve 
as well as demonstration of an abnormal course of the nerve have 
been reliable findings in confirming the clinical diagnoses (Figure 
6).

SUMMARY

Treatment of spinal and peripheral nerve lesions relies on localiza-
tion of the pathology. Current evaluation of such pathology mainly 
involves the use of conventional MRI and electromyography ie., 
nerve conduction studies which may have ambiguous or inconclu-
sive results. MRN is a novel technique used for direct imaging of 
spinal and peripheral nerves. Features of intraneural topography 
can be displayed and morphology and signal intensity characteris-
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Figure 6b   Thoracic Outlet. Postoperative coronal short tau inversion 
recovery sequence status after resection of the fibrous band, anterior 
scalene muscle, and right first rib demonstrates a normal course of the 
right C7 root (arrow).Figure 6a   Thoracic Outlet. Preoperative coronal short tau inversion 

recovery sequence through the cervical roots demonstrates an abnor-
mal course of the right C7 root (arrow) which appears angled around the 
right subclavian artery (asterisk). At surgery, there was an anomalous 
fibrous band and associated abnormal insertion of the anterior scalene 
muscle.
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tics which distinguish normal from abnormal nerve can be dem-
onstrated and is a valuable complement in the evaluation of spinal 
and peripheral nerve pathologies.
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Used with permission. G.A. Grant and M. Kliot. General principles in evaluating 
and treating peripheral nerve injuries. H.R. Winn (ed.). In: Youmans Neurological 
Surgery (fifth edition):  Volume 4.  W.B. Saunders. 2003. pp 3795-3797.
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Used with permission. D. Lazar, M. Fitch, J. Silver, and M. Kliot. Injury and recov-
ery in the peripheral and central nervous system. H.R. Winn (ed.). In: Youmans 
Neurological Surgery (fifth edition): Volume 1. W.B. Saunders. 2003. pp 195-213.
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Handout 3
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AFTER COMPLETION OF THIS ACTIVITY
Peripheral Nerve Injury 

ACTIVITY AND FACULTY EVALUATION

On the Scantron Sheet provided rate how well you perceived the activity to have met your expectations using the following scale for 
questions 10-19.  For questions 20 and beyond, use the scale provided under the question.

A.  Extremely      

B.  Somewhat      

C.  Very Little      

D.  Not at all

This CME activity:

 10. Addressed my most pressing questions.

 11. Addressed competencies identified by my specialty.

 12. Provided fair and balanced content.

 13. Provided clear evidence to support content.

 14. Included opportunities to learn interactively from faculty and 
participants.

 15. Provided me with supporting materials or tools for my office (re-
minders, patient materials, etc.).

 16. Included opportunities to solve patient cases.

 17. Translated trial data to patients I see in my practice.

 18  Addressed barriers to my optimal patient management.

 19. Improved my knowledge/ability in the objectives outlined?

 20.  Will you incorporate new elements presented in this educational 
session into your practice to improve patient care?
A.  Already do this.
B.  Yes.
C.  No. 
D.  Not applicable to my patients.

 21.  After attending this session, do you expect your management 
strategies in this clinical area to change within the next 6 months?
A. Definitely will change.  
B.  Possibly will change.  
C.  Definitely will not change.

   Written comments can be provided on page 43.

Fi
ll 

in
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ere

Instructions for 
filling out  

your parSCORE 
sheet

Using a #2 pencil, 
fill in your answers 
beginning with #10:

Leave the completed 
form at the table out-
side your session.
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22. How would you rate the quality of instruction received during  
Dr. Robinson’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 23. Did you perceive any commercial bias in Dr. Robinson’s presenta-
tion?
A. Yes.
B. No.

 24. How would you rate the quality of instruction received during  
Dr. Chin’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 25.  Did you perceive any commercial bias in Dr. Chin’s presentation?
A. Yes.
B. No.

 26. How would you rate the quality of instruction received during  
Dr. Kliot’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 27. Did you perceive any commercial bias in Dr. Kliot’s presentation?
A. Yes.
B. No.



Peripheral Nerve Injury 

 

CME SELF-ASSESSMENT TEST

Select the ONE best answer for each question.
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28. Of patients admitted to level one trauma centers, roughly what 
percentage have peripheral nerve injuries, including injuries to the 
plexis and roots?
A. 2% to 5%.
B. 6% to 10%.
C. 11% to 15%.
D. 16% to 20%.

29. What structure is disrupted in axonotmesis?
A. Myelin.
B. The entire nerve is severed.
C. Axons.
D. Epineurium.

30. What percentage of compound muscle action potential (CMAP) 
amplitude drop across a potential lesion suggests the presence of 
neurapraxia? (Distance between stimulation = 25 cm.)
A. More than 5%.
B. More than 10%.
C. More than 20%.
D. More than 50%.

31. How much time needs to elapse before motor nerve conduction 
studies can differentiate between axonotmesis and neurapraxia?
A. Less than 1 day.
B. 3 days.
C. 5 days.
D. 9 days.

32. What amplitude drop in sensory nerve conduction studies over a 
25 cm distance likely indicates neurapraxia?
A. More than 10%.
B. More than 20%.
C. More than 50%.
D. More than 75%.

33. Which electrodiagnostic study is most sensitive for detecting 
motor axon loss?
A. CMAP.
B. Compound nerve action potential amplitude.
C. F-wave latency.
D. Needle electromyography.

34. Which finding is most suggestive of a complete axonotmesis 
injury?
A. 4+ fibrillation potentials.
B. Absence of voluntary motor unit action potentials 

(MUAPs).
C. Absence of F waves.
D. Absence of distally elicited motor response.

35. In the setting of a flaccid limb, which finding is most suggestive of 
a nerve root avulsion?
A. Complete absence of voluntary MUAPs.
B. Normal sensory nerve action potential.
C. Normal CMAP.
D. Complete clinical absence of sensation.

36. How soon do distal motor nerves start to sprout to re-innervate 
innervated muscle fibers?
A. Within 4 days.
B. Within 14 days.
C. Within 30 days.
D. Within 3 months.

37. How long do muscle fibers remain viable after a nerve injury such 
that they can be re-innervated?
A. 3 weeks.
B. 1 month.
C. 6 months
D. 18 months.
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COMMENTS

Write out any additional comments about specific courses or the plenary session (please indicate which), and list suggestions for topics 
and speakers for future meetings. Leave at the AANEM Registration and Information Center or mail to the AANEM Executive Office 
at 2621 Superior Drive NW, Rochester, MN 55901.
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