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Background and Objective: Brachial plexus injuries (BPIs) are a rare but potentially devastating injury
among contact athletes. More common injuries, such as “burners” or “stingers”, indicate a temporary and
less severe insult to either the nerve roots or plexus. The aim of this review is to discuss this spectrum of
injuries in their epidemiology, mechanism in contact sports, diagnosis, and treatment.

Methods: This literature review utilized key terms to search manuscripts available in English from
inception to October 2024 within three research databases.

Key Content and Findings: BPIs among contact athletes occur on a spectrum from neuropraxia to
neurotmesis. Neuropraxia is very common among contact athletes with approximately a 49—65% incidence
among career football players with the most common mechanism being a traction injury. Most of these
resolve within minutes to hours. Axonotmesis and neurotmesis can be far more severe injuries and require
further investigation if not resolved by 2-3 weeks. The majority of athletes who suffer neuropraxic injuries
will return to sport with minimal to no time missed, however, more severe injuries portend variable
outcomes.

Conclusions: BPIs are common among contact athletes and involve a spectrum of nerve damage, of which
most are self-limiting. However, further evaluation is warranted when symptoms last beyond 2-3 weeks.

Future studies should focus on treatment algorithms and long-term outcomes, including return to sport.
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Introduction treat them.
Injuries may occur anywhere along the brachial plexus,

Background

from the cervical nerve root to the terminal branches.

Brachial plexus injuries (BPIs) are common injuries in
contact athletes that represent a spectrum of damage
with varying presentation, mechanism, and treatment.
More devastating BPIs are seen with motorcycle and
motor vehicle accidents, however, less severe neuropraxic
injuries, such as “burners” or “stingers”, may occur in up
to 65% of football players and 30-40% of rugby players
(1-4). Clinicians who care for contact athletes should be
aware of this spectrum of injuries and how to evaluate and
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In contact sports, there are three suggested primary
mechanisms of injury to the brachial plexus. These
include traction, direct compression of the plexus at the
supraclavicular region, and cervical nerve root compression
due to hyperextension or hyperflexion of the neck (3,5-10).
These are well recognized across multiple sports with
football and rugby amongst the most common, due to
tackling (11). Contact athletes are at specific risk for this
type of injury due to the vulnerable nature of hyperflexion
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and extension of the neck and use of the shoulder as a
fulcrum of force against other athletes.

Rationale and knowledge gap

A severe BPI with permanent axon damage or ischemia is
far less common than transient neuropraxic injuries, widely
known as “stingers” or “burners” (12). These injuries are
characterized by unilateral transient motor or sensory loss
with associated burning radiating pain (8,10,13). While
there is significant literature to support the commonality
of the stinger injury, there is far less data to describe the
care of the athlete with an axonotmesis or neurotmesis
injury, including the severe root avulsion injury (6-8,14).
Nonetheless, these injuries have been classified to assist
with prognostication and treatment options.

Objective

Differentiating between axonotmesis and neurotmesis can
present a diagnostic challenge based on clinical presentation
alone (5,10). This review aims to summarize the available
literature on BPIs in contact athletes from neuropraxia to
neurotmesis to supply clinicians with a diagnostic algorithm,
treatment considerations, and information for outcome
counseling. We present this article in accordance with the
Narrative Review reporting checklist (available at https://
aoj.amegroups.com/article/view/10.21037/a0j-24-67/rc).

Methods

This review was performed by searching for literature
available in English from inception to October 2024
within PubMed, Cochrane Review, and Google Scholar.

Table 1 Search strategy summary

Annals of Joint, 2025

Keywords including “contact athlete”, “contact sports”,
“brachial plexus injuries”, “brachial plexus”, “sports”,
“athlete”, “neuropraxia”, and “axonotmesis” were used with
Boolean properties to generate a list of over 500 published
manuscripts. Article titles and abstracts were reviewed
by three independent authors, and many were excluded
for lack of peer-reviewed status, availability only in non-
English language, lack of full-text availability, or subject
matter primarily focused on regional anesthesia of the
brachial plexus, terminal branch peripheral nerve injuries,
and thoracic outlet syndrome of the contact athlete. Meta-
analyses, cohort studies, epidemiology studies, case series,
case reports, and review articles were included based on
their novelty in contribution to the literature, published,
peer-reviewed status. Burner injuries, being far more
common, were much more likely to be evaluated in the
setting of larger cohort or epidemiology studies and meta-
analysis. Less common axonotmesis or neurotmesis injuries
were available for review in the setting of case series or
reports. The research strategies used in this narrative review
are summarized in ZTable 1.

Epidemiology

Transient neuropraxias (burners/stingers) in contact sports
are common, with prevalence in cross-sectional studies
being estimated between 49% and 65% of football players
experiencing at least one episode throughout their career
(3,4,8,15). In an epidemiological study of National Football
League (NFL) players from 2015 to 2019, the average
single-season risk was approximately 3.74%, and another
cross-sectional NFL combine study noted burners made
up 4.4% of current or past injuries (7,16). This same study
estimated an incidence of 11.48/100,000 player-plays.

ltems Specification

Date of search 10/9/2024
Databases and other sources searched

Search terms used

“sports”, “athlete

Timeframe
Inclusion criteria
Selection process

Additional considerations

“Contact athlete

PubMed, Cochrane Review, and Google Scholar

contact sports”, “brachial plexus injuries”, “brachial plexus”,

” o«

, “neuropraxia”, and “axonotmesis”

Inception to October 2024
Peer-reviewed, available in English
Selection consensus was made by three co-authors

Individual manuscripts references were reviewed for additional sources
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Twenty-two percent of the athletes with stingers during this
period had experienced a stinger prior to this, with 12.8%
having experienced two or more in the past (7). Beyond
football and rugby, wrestling and ice hockey are the next
most common sport to pose risk for a BPI with occasional
case reports within the literature. From 1972 to 1976, 14
(2.1%) of 666 injuries due to wrestling were found to be a
“pinched-nerve” syndrome of the neck (17).

However, it is still suggested that these injuries may be
underreported due to fear of athletes losing playing time.
While some players do miss time for injuries that do not
resolve immediately, 76% of players missed no time at all (7).
Additionally, athletes with burners and stingers within the
study of NFL combine had an average draft position of 117,
compared to an average position of 115 across the entire
cohort of athletes demonstrating no significant difference (16).

Of athletes sustaining axonotmesis and neurotmesis
injuries, approximately 50% had previously sustained a
burner (6). This risk of recurrence is unknown, as is the
risk of progression of a future event from neuropraxia to
axonotmesis. Nissen et 4/. discussed a patient who underwent
two burner events 1 week apart with an increased length
of symptoms after the second event. The initial burner
symptoms resolved almost immediately. However, following
the second event the next week, the patient sustained
symptoms up to 2 months prior to full resolution (10).
Additionally, small sample size studies have described a
“chronic burner syndrome” phenomenon, which may
represent an unknown risk of a “second-hit” type injury,
such as in the instance of concussions, where repetitive
injury may lead to increased severity or prolonged duration
of symptoms (3,18,19). Recurrent burner injuries have been
shown to be associated with cervical foraminal stenosis or
canal stenosis as explained by Reilly and Torg, however
there have been no prospective or retrospective studies to
demonstrate a correlation between repetitive burner events
and increased risk of progression to more severe axonal
injury (19-21). These authors hypothesize that there is a
potential relationship between frequency of injuries and the
relative severity of subsequent injuries. The relatively high
incidence of burner injuries and low incidence of axonal
injury may reflect a lack of causation or impact, however it
warrants more investigation to assess the risk to the axonal
integrity with recurrent burner injuries.

Anatomy

The brachial plexus is a complex network and confluence
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of spinal nerves as they exit the spinal cord. Importantly,
each motor axon travels within the anterior corticospinal
tract and exits via a ventral rootlet to join with the dorsal
rootlet of the sensory tracts beyond the dorsal root
ganglion. Within this ganglion lives the sensory cell body, a
pseudounipolar neuron of which the axon of the peripheral
sensory nerve and the ascending axon to the sensory cortex
originate (5,22). BPIs proximal to the ganglion are known
as pre-ganglionic injuries, and BPIs distal are known as
post-ganglionic injuries. Pre-ganglionic injuries have poor
prognosis and often involve a full avulsion of the rootlets
with little to no potential for spontaneous regeneration
(5,14,22,23). These injuries separate the motor axon from
the cell body of the primary motor cortex at the level of the
ventral root, thus resulting in motor axonal degeneration.
However, the sensory peripheral axon is still in continuity
with the cell body and therefore does not degenerate. Thus,
it may produce signal on electromyography (EMG) even if
the ascending axon to the sensory cortex has been disrupted
and no sensation may be recognized by the brain (2,5,22,24).

Moving distally past the ganglion, the next anatomic site
of injury is the convergence of the C5 and C6 nerve roots to
form the upper trunk, also known as Erb’s point (21). This
point is a landmark approximately 2-3 cm superior to the
clavicle at the posterior border of the sternocleidomastoid.
Erb’s point is just distal to the fascial attachments of the
paraspinal musculature, making it the first point of the
brachial plexus to be tethered proximally and free for
traction distally as seen in Figure 1 (5). Traction in this
region may lead to axonotmesis or neurotmesis, which is
referred to as a rupture in the post-ganglionic nerve (14).
Additionally, as the anatomic location at the neck-shoulder
junction, it is also a high-risk area of direction compression
during tackling (7). Notably, this point is distal to the
takeoff of the dorsal scapular and phrenic branches of the
CS5 root along with the long thoracic nerve contributed to
by C5, C6, and C7 roots as depicted in Figure 2. As the most
proximal post-ganglionic locale for injury, investigation of
rhomboids, levator scapulae (dorsal scapular nerve), serratus
anterior (long thoracic nerve), and hemidiaphragm (phrenic
nerve) can aid in localization of a lesion (5,21).

Injuries to the lower trunk, comprised of the C8 and T'1
nerve roots, are far less common than injuries affecting the
upper trunk or even the entirety of the plexus (1,14). This
is likely due to the relative abducted position of the arm and
amount of energy required to place these nerve roots or
trunk on stretch. They are also anatomically infra-clavicular,
deeper than the upper trunk, and thus less susceptible to
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direct compression. There have been reports of injuries to
this region of the plexus via shoulder dislocations, however
these are more common with higher energy mechanisms

Figure 1 Erb’s point is the confluence of the C5 and C6 roots
to form the upper trunk. It is a common site of traction with the
forced depression of the ipsilateral shoulder and lateral flexion of
the neck (arrows). It also is a notable point of contact in injuries

resulting from direct compression of the nerve.
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and less common in the contact athlete (25).

The prognosis of the BPI is also affected by the damaged
histologic layer of the nerve. Clancy et 4/. in 1977 applied
the pathomechanism of injury to peripheral nerves to the
brachial plexus adapting previous studies by Denny-Brown
and Doherty of 1945. In these in vitro studies, peripheral
nerves such as the peroneal nerve were stretched up to 100%
of their original length, with injury to the endoneurium
occurring just beyond this, progressing to perineurial
and finally epineurial injury (8,26). This disruption of the
epineurium results in damage to the vasculature of the nerve
causing hematoma and ischemia (10).

Both Seddon and Sunderland described these injuries
as they relate to the layer of the peripheral nerve affected
by the injury as demonstrated in 7able 2 with illustrations
of these nerve layers in Figure 3 (28). Neuropraxia
(Seddon) and first degree (Sunderland) describe an injury
to the myelin sheath. These injuries are transient and
represent the burners and stingers within the current
sports literature. Axonotmesis (Seddon) includes any
injury of the axon up to the level of the epineurium which
typically remains intact. Second, third, and fourth degree
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Figure 2 The brachial plexus as it originates from the cervical spinal roots C5-C8 and T1. The upper, middle, and lower trunks, the

anterior and posterior divisions, lateral, medial, and posterior cords, and the terminal branches. Erb’s point as the point of confluence of C5

and C6 spinal roots.
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Table 2 Seddon and Sunderland classification (27)
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Seddon Sunderland

Structures disrupted

Prognosis

Neuropraxia First degree

Axonotmesis Second degree
Third degree
Fourth degree

Neurotmesis Fifth degree

Myelin sheath

Axon

Axon + endoneurium

Axon + endoneurium + perineurium

Axon + endoneurium + perineurium +
epineurium (and vaso nervorum)

Good, full recovery expected immediately—2 weeks
Good, full recovery expected at time frame of 1 mm/day
Variable, recovery may be incomplete

Poor, frequently with neuroma formation

Poor, frequently in discontinuity with end stump neuroma

perineurium

peripheral
(myelinated)
nerve Giber

blood vessels

SUPPlYyINg nerve
vas?;\ wae;VVovf\lW'_) g &\
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Figure 3 The neuronal axon is surrounded by the collection of
Schwann cells that make up the myelin sheath. These axons are
surrounded by the endoneurium and then bundled together by
the perineurium into fascicles. These fascicles are organized and
contained by the epineurium. The blood supply to the nerve (vasa

nervorum) is contained in the epineurium layer.

(Sunderland) include injury to the axon, along with the
endoneurium and perineurium, respectively. Finally,
neurotmesis (Seddon) or fifth degree injuries (Sunderland)
represent injury to all parts of the peripheral nerve
from the axon through the endoneurium, perineurium,
and epineurium (3,10,27). Increased degree of severity
or elevation from axonotmesis to neurotmesis worsens
prognosis for spontaneous recovery as it reflects more

disruption to the connective tissues and vasculature that
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protect organized axonal regeneration (28).

Mechanism of injury

As stated above, it has been reported that there are three
primary mechanisms of BPI in contact athletes, including
traction injury, direct force or compression, and cervical
root compression via neck hyperextension or flexion. The
traction injury is most commonly described as a downward
force on ipsilateral shoulder and flexion of the neck towards
the contralateral side of the injury as seen in Figure I (6).
Location of the injury along the plexus may also vary based
on the athletes position of the arm, neck, or the direction of
an applied force (2). An arm adducted down at the side with
a downward force may result in an upper trunk injury vs. an
abducted arm pulled overhead may result in a lower trunk
injury as the nerves typically fail in tension (2,5,27). Within
contact sports, the arm is typically adducted, resulting in
more frequent upper trunk injury of the brachial plexus
compared to lower trunk injuries (6,7).

A frequent maneuver in football, rugby, wrestling, and
sometimes ice hockey is the head-up, shoulder contact
tackle in which contact is made with another player at the
cervical-thoracic junction. These collisions may occur at a
range of velocities, which may explain the predispositions
of particular position players to BPI or neuropraxia events.
Epidemiologic study of NFL players has demonstrated that
running backs, linebackers, and defensive linemen are the
most at risk position groups (7). It has been supposed that
these groups are at higher risk than position groups that
make regular contact on every single play, such as offensive
linemen, due to the increased velocity with which the
collisions occur. The inception of rules against head down
or spear tackling in 1976 and targeting infractions in 2018
meant to discourage unsafe tackling techniques that increase
axial loading of the cervical spine may have increased
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the contact made directly at the shoulder with shoulder
depression and neck lateral flexion, consequentially causing
traction of the brachial plexus (7,29,30). However, there is a
notable decrease in the number of cervical spine injuries and
concussions due to these rule changes with likely overall net
positive effect on player safety (29-32).

Evaluation and diagnosis

Diagnosis of a BPI following a contact injury is critical
to safely return an athlete to play. The severity of nerve
injury may influence the duration of symptoms, but
frequently neuropraxia, axonotmesis, and neurotmesis
may all present with unilateral upper extremity weakness,
pain, often neuropathic in nature (i.e., burning, stinging,
and radiating pain), and sensation changes. Bilateral upper
extremity symptoms, lower extremity symptoms, pain
and motor loss without sensation changes, neck pain, or
concussion type symptoms (headache, nausea, coordination
difficulties, double vision or light sensitivity, etc.) during
on field or initial clinical evaluation may indicate more
severe etiologies of upper extremity symptoms and warrant
cautious evaluation, as shown in Figure 4 (7,31,33).

BPI is primarily a clinical diagnosis, with potential
adjuncts such as EMG, nerve conduction studies (NCS),
magnetic resonance imaging (MRI), and computed
tomography (CT) myelogram to assist in nuanced
evaluation. As previously stated, initial symptoms at the time
of impact may include weakness, neuralgia, and sensory
changes. The injury may evolve with delayed onset of some
symptoms, such as resolution of initially present weakness
or weakness not present initially, evolving at 1-3 days post-
injury (8). With a classic stinger injury, all symptoms should
resolve within minutes to hours. Some symptoms may
persist in neuropraxic injuries, but should resolve within
2 weeks (6-8,10,28). An injury that persists beyond 2 weeks
likely represents axonotmesis or neurotmesis, however,
distinguishing these on clinical exam may be difficult,
though important for treatment and prognostication
purposes (5,6,8,10).

Electrodiagnostic testing may be maximally beneficial
around this period due to the suspension of recognizable
changes that may occur in the first 2 weeks as Wallerian
degeneration occurs. NCS timing is crucial as the
compound motor action potentials (CMAPs) and sensory
neuron action potentials (SNAPs) deteriorate at different
rates. CMAPs may become abnormal on day 2 or 3
following injury without reaching the nadir till day 7 and

© AME Publishing Company.
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SNAPs may decrease on day 6 but not reach the nadir until
day 10 (34,35). As previously mentioned, an intact sensory
axon in a preganglionic injury may still produce a normal
SNAP, thus an ill-timed electrodiagnostic test may lead to
a misdiagnosis (24). EMG changes reflecting Wallerian
degeneration via the effects on the hypersensitivity of the
muscle groups resulting in decreased motor unit action
potentials (MUAPs) and spontaneous fibrillations become
evident around 10-14 days in proximal muscles and
approximately 3—6 weeks in more distal musculature (22).
These findings all represent axonal injury. Severe
axonotmesis or complete neurotmesis would present with
absent MUAPs, absent SNAPs, absent CMAPs, with only
spontaneous muscle fibrillations on EMG (27,35,36).

If suspicion is high for root avulsion or pre-ganglionic
injury, physical examination may be helpful in evaluating
the proximal branches of the brachial plexus. As stated
previously, the dorsal scapular nerve and long thoracic
nerves are often intact in a post-ganglionic injury. Thus,
in a patient who is unable to hold the shoulder protracted
position utilizing their rhomboids or has evidence of scapular
winging due to inability to fire the serratus anterior on
attempts to elevate the shoulder, a root avulsion or pre-
ganglionic injury should be suspected (2,5,22). MRI and CT
myelogram have both been demonstrated to be helpful in
detecting a pseudomeningocele, or traumatic outpouching
of cerebrospinal fluid (CSF), as evidence of root avulsion.
However, in the acute setting of the first 1-4 weeks,
hematoma may block this outpouching of CSF and decrease
sensitivity of these studies (2,22,36). MRI has been supposed
to be the superior imaging modality as it has the additional
advantage of evaluating more peripheral injuries of the plexus
(22,37,38). Peripheral hematoma or edema may also inhibit
sensitivity to detect injuries, and thus subacute imaging may
be more helpful than within the first few days of injury (36).

Recurrent BPI or burners may warrant evaluation for
cervical canal or foraminal stenosis. Meyer et a/. in 1994
evaluated the Torg ratio in football players who had or had not
experienced a stinger episode due to sport participation (39).
The Torg ratio divides the width of the cervical canal on
a lateral spine radiograph by the width of the cervical
vertebral body (40). A significantly higher proportion of
athletes who sustained a stinger episode had a Torg ratio
of less than 0.8 (39). Further studies have delineated that
those athletes who experience multiple stinger episodes had
a statistically smaller Torg ratio than those who only had
one episode, 0.75 vs. 0.87, respectively (20). Levitz et al.
evaluated 55 football players who sustained recurrent or
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Brachial plexus injury on field evaluation and management

Concern for neurological injury

Yes

+) i

Possible spine

Nexus criteria®

Neck & shoulder

P

injury

)

A

—

evaluation

Y

Spine precautions/spine boarding,
emergent workup for spinal cord injury

Extension or compression
root injury

(+) Spurling’s test

<
<

Assess range of motion, strength,
reflexes, and sensation

y

(+) Stretch test

Symptoms present for
<24 hours

Brachial plexus “)
traction injury

Yes ¢

1 \

No further imaging or workup
after the first episode

Full cervical evaluation: EMG,
MRI, CT myelography

Conservative management,
return to play

Y

v

*The NEXUS criteria are clinical decision
tools used to validate cervical spine

Post ganglionic lesion

Preganglionic lesion

radiography. Cervical spine radiography
is indicated in trauma patients unless

y

Y

they exhibit all of the following criteria (33):
¢ No posterior midline cervical spine

Allow 3 months for
spontaneous recovery

Early exploration and
reconstruction

tenderness;
* No evidence of intoxication;

y

e Normal level of alertness;
* No focal neurologic deficits;
e No painful, distracting injuries.

Surgical exploration indicated between
3 and 6 months post-injury

Figure 4 Brachial plexus on field evaluation and management. Cervical spine injury is critical for safe player evaluation prior to exiting

the field. Return to play should only occur in the patient with full resolution of any neurologic symptoms, pain, a negative concussion

evaluation, and no indication for spinal imaging by NEXUS criteria (33). CT, computed tomography; EMG, electromyography; MRI,

magnetic resonance imaging; NEXUS, National Emergency X-Radiography Utilization Study.

prolonged burner episodes and found that 71% of them had
a positive Spurling sign on physical exam and 53% of them
had evidence of cervical stenosis on imaging (19).

Return to sport

Return to play in athletes with burners or neuropraxic
injuries is frequently possible within the same game, if
not within the same week. Critical evaluation to rule out

© AME Publishing Company.

concomitant injury is necessary prior to return. Lamplot
et al. (7) found that 6.51% of athletes with burners had
a concomitant injury, shoulder injuries being the most
common followed by cervical spine, and then concussions.
National Emergency X-Radiography Utilization Study
(NEXUS) criteria indicate cervical spine imaging in patients
with focal neurologic deficit, midline spine tenderness,
altered mental status, intoxication, or distracting injuries in
the setting of spine trauma (41). NFL protocols mandate
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that all athletes diagnosed with a stinger or burner be
evaluated with a concussion sideline assessment (31). In the
absence of evidence of concomitant injury, a player should
demonstrate full return to neurologic baseline and pain-
free range of motion at the shoulder and the neck prior to
return to play after BPI (6-8,10).

For some athletes returning from a neuropraxic injury
and most returning from an axonotmesis or neurotmesis
injury, initiation of a rehabilitation protocol for shoulder
and neck strengthening should be initiated once there
is evidence of return of neurologic function either
clinically or on EMG (5,6,8,21). There is no standardized
rehabilitation protocol that exists within the literature at
this time. Proposed protocols, such as by Cramer in 1999,
have outlined post-season recovery and rehabilitation
protocols, however no randomized controlled trials exist for
determination of effectiveness of prevention of repeat BPI
or effect on long-term outcomes (42). The majority of these
protocols call for a focus on range of motion of the cervical
spine and shoulder girdle alongside strengthening of the
paraspinal, cervical, and shoulder musculature (6,13,21,42).
For prevention, a “Cowboy Collar” or neck roll to prevent
hyperextension of the neck has been suggested (5,6,8,21,43).
According to Levitz, as well as Reilly and Torg (19),
reduction of hyperextension of the neck decreases
compression of the nerve roots at the neuroforamen. These
equipment adjuncts have been demonstrated by laboratory
studies to significantly reduce hyperextension, however
neck rolls, neck collars, or Cowboy Collars have not been
shown to significantly reduce passive lateral flexion, a
significant contributor to the tension mechanism of BPI
(44,45). Evidence is limited primarily to case reports and
case series, significantly reducing the amount of strength of
recommendations, however in the absence of demonstrated
harm and other prevention mechanisms, rehabilitation and
equipment adjuncts are empirically recommended. Athletes
with recurrent burners or persistent symptoms should
undergo further evaluation as outlined in Figure 4 and
discussed above.

Treatment and recovery

Treatment and recovery from BPI are dependent on the
location of the injury and the severity of damage to the
tissue. Almost all neuropraxia and some axonotmesis
injuries will resolve with conservative management. The
recovery timeline can vary, and while most burners resolve
immediately, some neuropraxic injuries may take weeks

© AME Publishing Company.
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to recover (8,10). Other axonotmesis injuries may require
weeks to months depending on the length of the segment
of axon that has been damaged. Axonal regeneration occurs
at a rate of approximately 1 mm/day, and thus the time
of recovery is variable (2,6,8,10). This variation and the
relative rarity of severe BPI requiring surgical intervention
can make treatment course delineation difficult and thus
literature is limited primarily to case series and cohort
studies.

In an effort to determine the efficacy of early exploration
and decompression, Altaf ez /. reported a case series of
13 rugby athletes who underwent exploration for BPIs.
Six patients underwent decompression from fibrosis at the
time of exploration. All of these patients had resolution
of pain within 5 months of surgery and return of motor
strength by 6 months (14). These authors hypothesized that
hematoma at the time of injury leads to fibrosis formation
and compression at the site of the injury. A general
wait time of 3 months prior to surgical intervention for
lesions in continuity is appropriate for allowing possible
spontaneous recovery. EMG is helpful in assessing for
signs of regeneration with elongated MUAPs or increasing
recruitment being associated with regeneration (35). A
window of 3—-6 months has been supposed for surgical
intervention as after 6 months muscular atrophy and fibrosis
make intervention technically challenging with a low chance
for success (2,35).

Neurotmesis frequently requires more direct and
expedited surgical intervention given the discontinuity
of the nerve and minimal potential for spontaneous
regeneration due to ischemia. Pre-ganglionic injuries
typically require immediate surgical intervention. The
approach to reconstruction is determined by the location
along the plexus with the goal of bridging the zone of injury
via grafting or nerve transfers. Pre-ganglionic injury due
to the discontinuity of the nerve from the spinal cord and
motor cortex cell body is a contraindication to grafting
as the zone of injury is at the level of the spinal cord and
thus cannot be bridged. EMG/NCS should be used to
evaluate possible nerve transfer candidates, with preference
for donors being given to those nerves with normal
electrodiagnostic findings (2,46). Additionally, EMG should
evaluate the health of the target muscle or reinnervation,
absence of spontaneous fibrillations or sharp waves at rest
represents irreversible muscle fibrosis and less receptivity
for reinnervation (35,47). Nerve transfers should be aimed
at restoring function first for elbow flexion and secondly
shoulder stability in patients with complete or upper trunk
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injuries (2,22).

Limitations and future directions

Limitations exist within the search parameters of this
narrative review. This includes the possible bias toward
contact sports in English-speaking countries due to language
restrictions. Large sample size studies of neuropraxic
injuries and small sample size studies of axonotmesis
and neurotmesis injuries represent a discrepancy in
knowledge about the less common, but more severe
injuries. Additionally, there is far more literature available
regarding tackling contact sports such as football and rugby
due to the relative higher incidence, which may bias some
understanding of possible mechanisms of injury. Additional
studies are needed to explore these injuries in less common
contact sports. Treatment of these injuries is largely still
controversial and larger randomized and controlled studies
are needed to further understand effective rehabilitation,
discrete timing for intervention, and the specific indications
for those interventions.

Conclusions

In conclusion, BPI in the contact athlete most commonly
presents as spontaneously resolving low-grade neuropraxia.
However, the potential for severe and potentially
permanent axonal damage exists with the post-ganglionic
upper trunk being the most commonly affected anatomic
region. In post-ganglionic injuries, clinical diagnosis and
differentiation of severity may be difficult and often EMG
and MRI may aid in evaluation after a 2-week time period
of observation. Surgical intervention is most effective at
3—6 months for post-ganglionic injuries, and as immediate
as possible for pre-ganglionic injuries. Further studies are
needed to expand the understanding of the appropriate
evaluation and criteria for surgical intervention of injuries
with failure to spontaneously recover.
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