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Peripheral nerve injury

Utilizing a comprehensive national database, Bekelis et al. demonstrated that PNIs are more common
than previously described in fall-injured patients and identified their age distribution. These injuries
are associated with young adults and falls of high kinetic energy "

Nerve injury is associated with microvascular disturbance; however, the role of the vascular system
has not been well characterized in the context of neuropathic pain.

Classification

latrogenic peripheral nerve injury.

Peripheral nerve damage is categorized in the Seddon’s classification based on the extent of damage
to both the nerve and the surrounding connective tissue since the nervous system is characterized by
dependence of neurons on their supporting glia. Unlike in the central nervous system, regeneration in
the peripheral nervous system is possible.

The processes that occur in peripheral regeneration can be divided into the following major events:
Wallerian degeneration, axon regeneration/growth, and nerve reinnervation. The events that occur in
peripheral regeneration occur with respect to the axis of the nerve injury. The proximal stump refers
to the end of the injured neuron that is still attached to the neuron cell body; it is the part that
regenerates. The distal stump refers to the end of the injured neuron that is still attached to the end
of the axon; it is the part that will degenerate but remains the area that the regenerating axon grows
toward. The study of peripheral nerve injury began during the American Civil War and has since
expanded to not only include to extensive characterization of the processes and factors that
contribute to nerve regeneration and reinnervation, but also to determining therapies that enhance
nerve regeneration such as biological conduits and administration of growth promoting molecules.

see Peripheral nerve injury in children.

Types of Nerve Damage

The lowest degree of nerve injury in which the nerve remains intact but signaling ability is damaged is
called neurapraxia. The second degree in which the axon is damaged but the surrounding connecting
tissue remains intact is called axonotmesis. The last degree in which both the axon and connective
tissue are damaged is called neurotmesis.

Overview of Events in Peripheral Regeneration

Wallerian degeneration is a process that occurs before nerve regeneration and can be described as a
cleaning or clearing process that essentially prepares the distal stump for reinnervation. Schwann
cells are glial cells in the peripheral nervous system that support neurons by forming myelin that
encases nerves. During Wallerian degeneration Schwann cells and macrophages interact to remove
debris, specifically myelin and the damaged axon, from the distal injury site. (medscape) Calcium has
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a role in the degeneration of the damage axon. Bands of Bungner are formed when un-innervated
Schwann cells proliferate and the remaining connective tissue basement membrane forms
endoneurial tubes. Bands of Bungner are important for guiding the regrowing axon.

At the neuronal cell body, a process called chromatolysis occurs in which the nucleus migrates to the
periphery of the cell body and the endoplasmic reticulum breaks up and disperses. Nerve damage
causes the metabolic function of the cell to change from that of producing molecules for synaptic
transmission to that of producing molecules for growth and repair. These factors include GAP-43,
tubulin and actin. Chromatolysis is reversed when the cell is prepared for axon regeneration.

Axon regeneration is characterized by the formation of a growth cone. The growth cone has the ability
to produce a protease that digests any material or debris that remains in is path of regeneration
toward the distal site. The growth cone responds to molecules produced by Schwann cells such as
laminin and fibronectin.

Role of Schwann Cells

Schwann cells are active in Wallerian degeneration. They not only have a role in phagocytosis of
myelin, but they also have a role in recruitment of macrophages to continue the phagocytosis of
myelin. The phagocytic role of Schwann cells has been investigated by studying the expression of
molecules in Schwann cells that are typically specific to inflammatory macrophages. Expression of
one such molecule MAC-2, a galactose-specific lectin, is observed in not only degenerating nerves
that are macrophage-rich but also degenerating nerves that are macrophage-scarce and Schwann
cell-rich. Furthermore the effects of MAC-2 in degenerating nerves are associated with myelin
phagocytosis. There was a positive correlation between the amount of MAC-2 expression and the
extent of myelin phagocytosis. A deficiency in MAC-2 expression can even cause inhibition of myelin
removal from injury sites.

Schwann cells are active in demylenation of injured nerves before macrophages are even present at
the site of nerve injury. Electron microscopy and immunohistochemical staining analysis of teased
nerve fibers shows that before macrophages arrive at the injury site, myelin is fragmented and myelin
debris and lipid droplets are found in the cytoplasm of Schwann cells, indicating phagocytic activitiy
before macrophages arrive.

Schwann cell activity includes recruitment of macrophages to the injury site. Monocyte
chemoattractant protein (MCP-1) plays a role in recruiting monocytes/macrophages. In tellurium-
induced demylenation with no axon degeneration, nerve crush with axon degeneration, and nerve
transection with axon degeneration an increase in MCP-1 mRNA expression followed by an increase in
macrophage recruitment occurred. In addition varying levels of MCP-1 mRNA expression also had an
effect. Increased MCP-1 mRNA levels correlated positively with an increase in macrophage
recruitment. Furthermore in situ hybridation determined that the cellular source of MCP-1 was
Schwann cells.

Schwann cells play an important role in not only producing neurotrophic factors such as nerve growth
factor (NGF) and ciliary neurotrophic factor (CNTF), which promote growth, of both the damaged
nerve and supporting Schwann cells, but also producing neurite promoting factors, which guide the
growing axon, both of which are discussed below.

Role of Macrophages

The primary role of macrophages in peripheral regeneration is demylenation during Wallerian
degeneration. Immunohistochemical analysis showed that in tellurium demylenated, crushed, and cut
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nerves, expression of lysozyme, which is a marker for myelin phagocytosis, and of ED1, which is a
marker for macrophages, occurred in the same region. Lysozyme was also investigated with respect
to the temporal progression of myelin phagocytosis by macrophages in nerve injury. Northern blotting
showed that peak lysozyme mRNA expression occurred at an appropriate time with respect to
temporal models of myelin phagocytosis. Macrophages do not phagocytose all cellular debris at the
nerve injury site; they are selective and will salvage certain factors. Macrophages produce
apolipoprotien E which is involved in rescuing cholesterol in damaged nerves. In the same
investigation, temporal levels of apolipoprotein E mRNA expression in the three models for
demylenation and nerve damage were consistent with respect to models for cholesterol salvage in
nerve injury. Macrophages play a role in salvaging cholesterol during nerve injury.

Macrophages also play a role in inducing the proliferation of Schwann cells that occurs during
Wallerian degeneration. Supernatant has been collected from medium in which macrophages are
active in myelin phagocytosis where lysosomal processing of the myelin occurs within the
macrophage. The supernatant contains a mitogenic factor, a mitosis promoting factor, that is
characterized heat and trypsin sensitivity, both of which characterize it as a peptide. Treatment of
Schwann cells with the collected supernatant shows that it is a mitogenic factor and thus plays an
important role in the proliferation of Schwann cells.

Macrophages are also involved in the secretion factors that promote nerve regeneration.
Macrophages secrete not only interleukin-1, a cytokine that induces expression of nerve growth factor
(NGF) in Schwann cells but also an interleukin-1 receptor antagonist (IL-1ra). Expression of IL-1ra in
mice with transected sciatic nerves via implantation of a tube releasing IL-1ra showed the regrowth of
fewer myelinated and unmyelinated axons. Macrophage secretion of interleukin-1 is involved in
stimulation of nerve regeneration.

Role of Neurotrophic Factors

Neurotrophic factors are those that promote survival and growth of neurons. A trophic factor can be
described as a factor that is associated with providing nourishment to allow for growth. In general
they are protein ligands for tyrosine kinase receptors; binding to the specific receptor yields
autophosphorylation and subsequent phosphorylation of tyrosine residues on proteins that participate
in further downstream signaling to acivate proteins and genes involved in growth and proliferation.
Neurotrophic factors act through retrograde transport in neurons, in which they are taken up by the
growth cone of the injured neuron and transported back to the cell body.

Nerve Growth Factor (NGF) typically has a low level of expression in nerves that are healthy and not
growing or developing, but in response to nerve injury NGF expression increases in Schwann cells.
This is a mechanism to increase growth and proliferation of Schwann cells at the distal stump in order
to prepare for reception of the regenerating axon. NGF has not only a trophic role but also a tropic or
guiding role. The Schwann cells that form the bands of Bungner at the distal injury site express NGF
receptors as a guiding factor for the regenerating axon of the injured neuron. NGF bound to the
receptors on Schwann cells provides the growing neurons that are contacted with a trophic factor to
promote further growth and regeneration.

Ciliary Neurotrophic Factor (CNTF) typically has a high level of expression in Schwann cells associated
with nerves that are healthy, but in response to nerve injury CNTF expression decreases in Schwann
cells distal to the injury site and remains relatively low unless the injured axon begins to regrow. CNTF
has numerous trophic roles in motor neurons in the peripheral nervous system including the
prevention of atrophy of dennervated tissue and the prevention of degeneration and death of motor
neurons after nerve injury. (frostick) In sciatic motor neurons both CNTF receptor mRNA expression
and CNTF receptor is increased after injury for a prolonged time frame compared to the short time
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frame in the central nervous system suggesting a role for CNTF in nerve regeneration.

Insulin-like Growth Factors (IGFs) have been shown to increase the rate of peripheral nervous system
axon regeneration. IGF-1 and IGF-Il mRNA levels are significantly increased distal to the site of crush
injury in rat sciatic nerves.

At the site of nerve repair, locally delivered IGF-I can significantly increase the rate of axon
regeneration within a nerve graft and help expedite functional recovery of a paralyzed muscle.

Role of Neurite-Promoting Factors

Neurite promoting factors include many extracellular matrix proteins produced by Schwann cells at
the distal stump including fibronectin and laminin. Fibronectin are components of the basal lamina
and promote neurite growth and adhesion of the growth cone to the basal lamina. In regenerating
neural cells, neurite promoting factors play a role in adhesion of the axon and include neural cell
adhesion molecule (N-CAM) and N-cadherin.

Lim et al. attribute the ongoing hypoxia to microvascular dysfunction, endoneurial fibrosis, and
increased metabolic requirements within the injured nerve. Increased lactate levels were observed in
injured nerves, as well as increased oxygen consumption and extracellular acidification rates,
suggesting that anaerobic glycolysis is required to maintain cellular ATP levels. Hypoxia causes a
reduction in levels of the Na(+)/K(+) ATPase ion transporter in both cultured primary dorsal root
ganglion neurons and injured peripheral nerve. A reduction of Na(+)/K(+) ATPase ion transporter
levels likely contributes to the hyperexcitability of injured nerves. Physiological antagonism of hypoxia
with hyperbaric oxygen alleviated mechanical allodynia in nerve-injured animals ?

Treatment

see Peripheral nerve injury treatment.

Books

Kline and Hudson's Nerve Injuries

Authors: Daniel Kim Rajiv Midha Judith Ann Murovic Robert Spinner Robert Teil
Hardcover ISBN: 9780721695372

Imprint: Saunders

Page Count: 528

The new edition of this indispensable reference features the clinical experience of seasoned experts
coupled with fresh perspectives from five new authors, providing you with well-rounded, up-to-date
coverage on treating all aspects of nerve injuries. Abundant case studies, descriptive examples of
major peripheral nerve injuries and other lesions, and outcome analyses help you implement the most
appropriate treatment plan for each individual patient. Plus, the all new full-color design throughout
offers exceptional visual guidance on surgical techniques.
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Key Features Proved approaches to the surgical treatment of major peripheral nerve injuries,
entrapments, and tumors of both the upper and lower extremities make it easy to understand and
perform every procedure. In-depth outcome analyses—based on case studies—and discussions on
how the available outcome data affect management help you determine the best treatment protocols.
Table of Contents 1 Selected Basic Considerations, Professor David G. Kline

2 Mechanisms and Pathology of Injury, Dr Rajiv Midha

3 Clinical and Electrical Evaluation, Professor David G. Kline and Dr Robert Tiel

4 Grading Results, Professor David G. Kline and Dr Robert Tiel

5 Nerve Action potential (NAP) Recordings, Professor David G. Kline and Dr Robert Tiel
6 Operative Care and Techniques, Dr Robert J. Spinner

7 Radial Nerve, Dr Daniel Kim

8 Median Nerve, Dr Robert ] Spinner

9 Ulnar Nerve, Dr Daniel Kim

10 Combined Upper Extremity Nerve Injuries, Professor David G. Kline and Dr Robert J. Spinner
11 Lower Extremity Nerve Injuries, Dr Daniel Kim, MD and Judith Murovic, MD

12 Brachial Plexus Anatomy and Pre-Operative Physiology, Dr Rajiv Midha

13 Suprascapular nerve injury and entrapment, Professor David G. Kline and Dr Daniel Kim, MD
14 Lacerations of the Brachial Plexus, Daniel Kim, MD and Judith Murovic, MD

15 Gunshot Wounds to the Brachial Plexus, Dr Daniel Kim

16 Stretch Inuries to Brachial Plexus, Dr Rajiv Midha

17 Plexus Birth Palsies, Professor David G. Kline

18 Thoracic Outlet Syndrome, Professor David G. Kline

19 Accessory Nerve, Dr Rajiv Midha

20 Reconstructive Procedures, Dr Robert J. Spinner
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23 Tumors Involving Nerve, Dr Daniel Kim, MD

24 latrogenic Injury To Peripheral Nerve, Dr Robert ] Spinner
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Outcome

Peripheral nerve injuries often lead to incomplete recovery and contribute to significant disability to
approximately 360,000 people in the USA each year.
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