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steromedlal shoulder pain with crepitus

ical Examination: :
nt tenderness over superomedial angle or inferior pole of scapula with painful range of motlon with or without audible
r palpable crepitus; diagnostic injection helpful

ing:
gential scapular radiographs (rule out osteochondroma), computed tomography with or without three-dimensional
econstruction, magnetic resonance imaging

ations: : i
ure to respond to conservative treatment, including rest, nonsteroidal anti-inflammatory drugs activity modification,
hysical therapy, and corticosteroid injections

ijtraindicatlons:
\symptomatic crepitus and unfamiliarity with regional anatomy (arthroscopic contraindication)

al Technique:
jent positioned prone; arm in extension and internal rotation

v ial portal: 2¢cm medial to medial scapular edge at level of spine
Vorking portal: spinal needie target 4cm inferior to first portal
ose superomedial angle and excise bone using bur

stoperatlve Management: '

neumothorax, neurovascular injury, incomplete resection

ptomatic scapulothoracic bursitis and crepitus are al.,'is to recognize the subtle differences between these
ult and often poorly understood disorders of the  two related but distinct entities. Historically, several
ulothoracic articulation, and little has been written terms have been used to describe elements of these dis-
t arthroscop1c or open solutions for refractory pain  orders, including snapping scapula, scapulothoracic
thi TORISILLINS The fi der- d hboard synd d rolli 1

is region. e first step in under-. syn rome, washboard syndrome, and rolling scapula.’
ing bursitis and crepitus, as described by Kuhn et Boinet! is generally credited with the first description of
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278 Part2 ARTHROSCOPY OF THE SHOULDER

scapulothoracic crepitus in 1867, and in 1904, Mau-
claire' described three subclasses: froissement, a gentle
physiologic friction sound; frottement, a louder grating
sound that is usually pathologic; and craquement, a con-
sistently pathologic loud snapping sound. Milch'* later
added to the understanding by differentiating scapu-
lothoracic crepitus into two categories: a loud, usually
painful grating sound caused by a bony lesion, and a less
intense sound caused by a soft tissue lesion such as bur-
sitis. Kuhn et al*" extrapolated from Milch and pro-
posed that frottement may represent a soft tissue lesion
or bursitis, whereas craquement represents an osseous
lesion as the source of the painful scapulothoracic crepi-
" tus. Precise distinction, if possible, is often made radi-
ographically or surgically, and it is crucial to undérstand
that clinically symptomatic bursitis may exist without
an audible sound or palpable crepitus. Further, isolated
crepitus in the absence of pain may be physiologic. Nev-
ertheless, the timing of conservative versus operative
treatment is often influenced by the cause and nature of
the symptoms, and an understanding of these two enti-
ties will assist the clinician in appropriate diagnosis and
treatment.

Understanding the anatomy and biomechanics of the
scapulothoracic articulation is important when treating
these problems?®”%1%182 Kyhn et al®"® described the
two major and four minor, or adventitial, bursae in the
scapulothoracic articulation (Fig. 27-1). The first major
bursa, the infraserratus bursa, is located between the ser-
ratus anterior muscle and the chest wall. The second, the
supraserratus bursa, is found between the subscapularis
and the serratus anterior muscles. The anatomic consis-
tency of these bursae is well documented. In addition,

Infraserratus

Supraserratus
bursa

four minor bursae have been identified; however, they
have not been found consistently in cadaveric or clinica}
studies. These bursae have been postulated to be adven-
titial in nature, arising in response to abnormal biome-
chanics of the scapulothoracic articulation.’® Two have
been described at the superomedial angle of the scapula,
and historical accounts identify the location to be either-
infraserratus or supraserratus. A third site of pathology
is at the inferior angle of the scapula, thought to be an
infraserratus bursa. The fourth location, the trapezoid :
bursa, is at the medial base of the spine of the scapula
underlying the trapezius muscle. Usually, the bursa in th
region of the superior angle of the scapula is the symp
tomatic one. The scapular noises encountered in crepi
tus arise from anatomic changes in the soft tissues in th
articulation or from bony incongruity due to anatomi
anomalies of the bones themselves.

The differential diagnosis of scapulothoracic bursiti
includes soft tissue lesions such as atrophied musc
fibrotic muscle, anomalous muscle insertions, an
elastofibroma, which is a rare but benign soft tiss
tumor located on the chest wall and elevating the
scapula.®*!"1%1819 The differential diagnosis of scap
lothoracic crepitus is expansive®>®' and includes sever
anatomic anomalies located between the scapula and t
chest wall. Osteochondromas can arise from the und
surface of the scapula or the posterior aspect of the rib
Luschka’s tubercle is a prominence of bone at the s
peromedial aspect of the scapula, and that same regio
can have an excessively hooked surface that alters sca
lothoracic dynamics (Fig. 27-2). Malunited fractures™g
the scapula or the ribs can lead to crepitus. Reacti
bone spurs can form from repetitive microtrauma of tk

Figure 27-1 Two major bursae (4) d
four minor, or adventitial, bursae (B) ha
been described in the scapulothoraclc

articulation.
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‘e 27-2 Three-dimenslonal computed tomography of the
llothoracic articulation showing the prominent superomedial
. often referred to as Luschka’s tubercle.

scapular musculature. Infectious causes such as
srculosis or syphilis can lead to pathologic changes in
soft tissues. Additionally, incongruity of the articula-
can exist secondary to scoliosis or thoracic kyphosis,
ling to altered biomechanics and crepitus. Last, the
erential diagnosis of all forms of scapulothoracic
hology must include unrelated disorders such as cer-
1 spondylosis and radiculopathy, glenohumeral
hology, and periscapular muscle strain.

ical evaluation of scapulothoracic bursitis and crepi-
begins with a thorough history and physical
mination.

> history of the problem is similar in both disorders.
ents with bursitis report pain with overhead activity,
n with a history of trauma or repetitive overuse in
k or recreation. This constant motion irritates the
tissues, leading to inflammation and a cycle of
onic bursitis and scarring. This tough, fibrotic bursal
Sue can lead to mechanical impingement and pain
ith motion and hence further inflammation. Audible or
pable crepitus may accompany the bursitis, but the
on is one of the soft tissues. Patients with scapu-
horacic crepitus may additionally report a family
tory,” and it is occasionally bilateral.
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Physical Examination

The physical findings of bursitis include localized ten-
derness over the inflamed area. The superomedial
border of the scapula is the most common location, but
the inferior pole is also a site of pathology. A mild full-
ness can be palpated, and audible or palpable crepitus
may be present. Physical findings in patients with crepi-
tus include point tenderness as well, but visual inspection
may reveal a fullness or pseudowinging (not neurologic
in nature) due to compensation of scapular mechanics
from painful bursitis. A" mass may be. palpable. The
scapula grates as the shoulder is put through a range
of motion, but crucial to differentiating crepitus from
true winging is the presence of a normal neuromus-
cular examination with overall normal scapulothoracic
motion. In some patients with the appearance of
winging, this may be secondary to pain from the scapu-
lothoracic articulation, and motor examination of the
serratus anterior and trapezius demonstrates normal
function of these muscles. Again, crepitus alone in the
absence of pain may be physiologic and may not warrant
treatment. :

Injection of a corticosteroid and local anesthetic is
helpful to confirm the diagnosis. If this injection is accu-
rately placed into the symptomatic scapulothoracic bursa
and the patient notes significant pain relief, this confirms
the diagnosis and points to the anatomic location of the
bursa in question. The steroid may also have an anti-
inflammatory effect that facilitates a physical therapy
program, as noted later.

Imaging

Radiographs should include tangential scapular views to
identify bony anomalies. The role of computed tomog-
raphy, with or without three-dimensional reconstruction,
is still debated'®® (see Fig. 27-2), but in patients with
suspected osseous lesions and normal radiographs, this
additional imaging is often helpful. Magnetic resonance
imaging can identify the size and location of bursal
inflammation, but its usefulness is also debated.

9

Nonoperative

Once the diagnosis of scapulothoracic bursitis or crepi-
tus has been made, the initial treatment is nonoper-
ative management. Rest, nonsteroidal anti-inflammatory
drugs, and activity modification are used, and physical
therapy is initiated. Therapy should emphasize various
local modalities and periscapular muscle strengthening,
particularly in adding physical bulk to the subscapularis
and serratus anterior to elevate the scapula off the chest
wall.’** Additionally, postural training and a figure-of-
eight harness can minimize thoracic kyphosis, which may
be an aggravating factor. Subtle weakness of the serratus
anterior muscle may allow the scapula to tilt forward so
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280 -Part2 ARTHROSCOPY OF THE SHOULDER

that its upper border “washboards” over the ribs and irri-
tates the bursa. Therefore, strengthening of this muscle
is very important, as it may resolve pain by restoring
normal scapular mechanics. As noted previously, injec-
tion of a corticosteroid and a local anesthetic can assist
in treatment as well as in diagnosis. When considering
the duration of conservative management, the un-
derlying diagnosis is important. Scapulothoracic bursal
inflammation secondary to overuse and repetitive strain
- is treated quite successfully with the aforementioned
measures. In contrast, true crepitus, especially due to a
structural anatomic lesion such as an osteochondroma,
is unlikely to benefit from conservative measures alone."
In such cases, a trial of conservative management should

be attempted, but the threshold for progression to oper- .

ative management should be significantly lower.

Operative ' 5

The vast majority of patients improve with conservative
measures; for those who fail, many surgical procedures
have been described. For bursitis, open bursectomy of
the involved region, either the superomedial angle or the
inferior pole, has been performed with success.'®!3!"%
Likewise, crepitus has been successfully treated with
open excision of the superomedial border of the scapula
itself (Figs. 27-3 and 27-4).'** Although variations in the
techniques are numerous and beyond the scope of this
chapter, the essential steps involve a fairly large exposure
and subperiosteal elevation of the medial periscapular
musculature, with identification of the pathologic tissue
and excision of the inflamed bursa, irregular or patho-
logic bone, or both. The elevated muscle layers are
sutured back to bone through drill holes, and the skin is
often closed over a drain. Success has been good, and
rehabilitation, though varied, generally follows a course
of early passive motion, active motion by 4 weeks, and
strengthening by 8 to 12 weeks.

As in other areas of the body, arthroscopic treatment
of scapulothoracic disorders has been proposed as an
alternative to open surgery in an attempt to minimize the
morbidity of the exposure, with its muscle takedown, and
to facilitate early rehabilitation and return to preopera-
tive function.

EW is a 33-year-old woman with a 6-month history of
superomedial scapular pain with occasional crepitus,
exacerbated by overhead activity. Although no specific
antecedent event can be identified, she reported a
history of repetitive overhead use, including playing
tennis and filing papers on a high shelf. She denied a
positive family history or bilateral complaints.

Physical Examination

Physical examination revealed her cervical spine and
shoulder to be free from pathology. The superomedial

angle of the scapula had a doughy fullness, and local pal-
pation to that area elicited tenderness and re-created her
pain patterns. Range of motion of the scapulothoracic
articulation revealed mild crepitus on palpation.

Imaging

Imaging included tangential scapular view radiographs
to rule out bony anomalies. Three-dimensional com-.
puted tomography was not performed because EW’s:
history, physical examination, and radiographs suggested.:
scapulothoracic bursitis and not crepitus from a discrete
bony lesion.

Decision-Making Principles

In EW’s case, conservative therapy consisting of res
activity modification, and physical therapy for periscapu.
lar muscle strengthening has failed. Localized injectio
of corticosteroid and anesthetic to the area of tendernes
at the superomedial angle of the scapula provided immé
diate relief and therefore confirmed the diagnosis.

After a thorough discussion of the risks and benefit
of operative versus continued conservative therapy, th
patient wished to proceed with surgical excision. Shi
elected to undergo arthroscopic bursal debridement t
minimize the morbidity and rehabilitation associateg
with a full open approach. This was a reasonable de
sion, given the absence of evidence of a large bony or d
crete soft tissue lesion that might require open excisio

Positioning

Arthroscopic scapulothoracic bursectomy is perform
with the patient in the prone position, with the as
placed behind the back in extension and internal rg
tion (the so-called chicken wing position) to assum
attitude of winging off the posterior thorax (Fig. 27
This position results in scapular protraction and f:
tates entry of the arthroscopic instruments into
bursal space.

Specifle Surgical Steps

The standard arthroscopic portals are used (Fig. 27
The initial “safe” portal is placed 2cm medial to:
medial scapular edge at the level of the scapular sp
between the serratus anterior and the posterior thot:
wall. This avoids the dorsal scapular nerve and art
which course along the medial border of the scap
The space is localized with a spinal needle and disten
with approximately 30 mL of saline, and the por
created. A blunt obturator is inserted into the sub
tus space. Care must be taken to avoid overpenet
through the chest wall or, more commonly, throug
serratus anterior into the subscapular (axillary)
The 380-degree arthroscope is inserted, and fl
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Figure 27-3  Open excision of the
superomedial border of the scapula.
A, The superomedial border of the
scapula Is exposed by elevating the
trapezius muscle from the spine of the
scapula. B, The supraspinatus,
rhombolds, and levator scapulae muscles
are subpetrlosteally dissected from the
superomedlal scapula and tagged. C, The
superomedial angle Is exclsed with an
osclllating saw. D and E, The previously
tagged muscles are repalred back to
bone through drill holes.
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282 Part2 ARTHROSCOPY OF THE SHOULDER

Figure 27-4 A, Intraoperative photograph of the dissection to the
scapulothoraclc space. B, The scapulothoracic space Is identified. C, The
excised bursa.

Figure 27-5 The patient is positioned prone [n the so-called
chicken wing position to assume an attitude of winging off the
posterior thorax. Note the markings for the standard arthroscopy
portals.




B

Figure 27-6

infiltrated to distend the subserratus space. We prefer
to use an arthroscopy pump but keep the pressure low
(30 mm Hg) to minimize fluid extravasation or dissection
-of fluid into the axilla. The second “working” portal can
then be localized under direct visualization using a spinal
‘needle. This is placed approximately 4 cm inferior to
the first portal. A 6mm cannula is inserted through
the lower portal, and a motorized shaver and bipolar
radiofrequency device are used to resect the bursal tissue
(Fig. 27-7). The radiofrequency device is particularly
useful to minimize bleeding in the vascular, inflamed
tissue. Because there are minimal anatomic landmarks
for resection, a methodic approach is essential, ablating
from medial to lateral and then from inferior to supe-
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A, Placement of the two standard portals used for arthroscopic resection of the
scapulothoracic bursa. B, The patient in the prone position with the portals established. '
N ]

rior. To facilitate visualization, the surgeon should be
prepared to switch viewing portals as needed and to have
a '70-degree arthroscope readily available. Spinal needles
can be used to help outline the medial border of the
scapula, and a probe can be used to palpate the ribs
and intercostal muscles anteriorly and the scapula and
serratus anterior posteriorly. If necessary, an additional

portal can be placed superiorly, as described by Chan et
al.,’ although portals superior to the spine of the scapula

may put the dorsal scapular netrovascular structures,

accessory spinal nerve, and transverse cervical artery at

risk.

The superomedial angle of the scapula is identified by

palpation through the skin. The radiofrequency device
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C
Figure 27-7

is used to detach the conjoined insertion of the rhom-
boids, levator scapulae, and supraspinatus from the
bone subperiosteally. A partial. scapulectomy is then
performed using a motorized shaver and a bur. The
periosteal sleeve is not repaired and is allowed to heal
through scarring. It may be difficult to fully define the
superior scapular angle owing to swelling from arthro-
scopic fluid, and in such cases, a small incision allows
exposure of the angle and its résection. The trapezius
muscle is split, and the rhomboids and serratus muscles
are dissected from the scapula. The superior angle is
resected, and then the rhomboids and serratus are
repaired through drill holes to the superior scapula.

Postoperatively, the patient is placed in a sling for
comfort only, as opposed to the 4 weeks required for
an open approach. Gentle passive motion is initiated

A, The bursal tissue Is ev_ldent in the scapulothoracic space. B, The electrocautery device Is visuallzed in the
scapulothoraclc space. C and D, The bursal tissue Is excised using the cautetry,

immediately to avoid stiffness. At 4 weeks, active an
active assisted range of motion is begun, together wi
isometric exercises. After 8 weeks, strengthening of th
periscapular muscles begins.

Cuillo and Jones® introduced the concept of arthroscopi
debridement of the scapulothoracic articulation in 19

and Harper et al.® reported on the first series of arthro
scopic bony debridements of the superomedial angle o
the scapula in 1999. The arthroscopic anatomy was thi
oughly described by Ruland et al.,! and an alternat
arthroscopic portal was introduced by Chan et al’
2002. Early results of arthroscopic treatment seem pro
ising, with minimal morbidity and an early return ¢
function. Nevertheless, no large series has been pUb‘
lished, and it must be emphasized that this technique
used primarily by experienced arthroscopists.




iomplications of arthroscopic résection include pneu-
othorax, neurologic or vascular injury, and failure to
esect all pathologic tissue. To our knowledge, there are
o published reports of these complications, but the
xperience is still in its infancy.
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In This Chapter

Peripheral nerve injury

Burner/stinger syndrome

Suprascapular nerve entrapment
Surgery—suprascapular nerve decompression

Axillary nerve injury

L ong thoracic nerve injury

Spinal accesscry nerve injury

Musculocutaneous nerve injury

PERIPHERAL NERVE INJURY

The pathophysiology of peripheral nerve injury has been studied
in great detail. Seddon' developed the classification system most
commonly used today, defining three progressive patterns of
injury severity. This has been further modified by Sunderland*
to include five levels of injury. The mildest form, neurapraxia,
involves an interruption of axonal function without frank dis-
ruption of the axon. The prognosis for recovery is favorable, with
complete functional return expected within weeks to months.

Axonotmesis involves loss of continuity of the axon, with varying
degrees of injury to the endoneurium and perineurium. Progno-
sis for recovery varies greatly due to varying degrees of nerve
tissue injury. Wallerian degeneration takes place, and the nerve
must regenerate from the site of injury at the rate of 1 mm/day,
with recovery of end-organ function possibly taking months.
Neurotmesis involves complete disruption of the nerve, includ-
ing the axon, endoneurium, perineurium, and epineurium,
although the outermost nerve sheath may or may not be intact.
The prognosis for recovery is very poor, and nerve repair or graft-
ing may be indicated.

The differential diagnosis of peripheral nerve injury about
the shoulder includes cervical spine instability, cervical spine
fracture, herniated cervical disk, cord concussion/contusion,
transient quadriplegia, acute brachial plexitis (Parsonage-Turner
syndrome), rotator cuff tear or tendonitis, clavicular fracture,
acromioclavicular joint injury, glenohumeral subluxation/
dislocation, glenohumeral arthritis, adhesive capsulitis, thoracic
outlet syndrome, scapular fracture, and proximal humerus frac-
ture. Each of these must be considered in the evaluation of the
athlete with shoulder-related complaints.

TRANSIENT BRACHIAL PLEXOPATHY
(BURNER/STINGER SYNDROME)

Clinical Features and Evaluation

The “burner” or “stinger” is one of the most frequently encoun-

tered conditions evaluated by athletic team medical personnel.
The majority of these injuries occur in American football,
in which as many as 65% of collegiate squad members have
reported one or more episodes during a 4-year career.** The syn-
drome is so frequently encountered by and familiar to athletes
that it may often go unreported to team staff.

An athlete with a burner usually presents after a traumatic
event with a complaint of pain, numbness, burning, tingling, or
stinging pain radiating from the shoulder down the arm, possi-
bly into the hand, most often unilaterally. The athlete may also
complain of weakness in the shoulder, elbow, or hand of the
affected upper extremity. He or she may be holding the affected
extremity by his or-her side or be noticed to shake the hand or
arm as if it is “asleep” or “dead.” More ominous signs may
include holding the neck in a flexed position to alleviate pres-
sure on the cervical nerve roots or a complaint of bilateral or
lower extremity symptoms. This may suggest the possibility of
spinal cord involvement instead of nerve root or plexus injury.
Pain localized to the trapezius may be present, but neck pain is
usually not a complaint, and its presence, especially if severe,
requires medical personnel to initiate spinal precautions and to
petform a detailed workup for spinal injury.




The physical examination should focus on the spine and
affected extremity of the athlete. Careful attention to the
results will help differentiate a relatively benign condition from
a.more severe injury. Most athletes will have a normal physical
examination by the time they arrive on the sideline. Clinical
observation of the athlete is followed by palpation for tender-
ness and deformity along the spine, shoulder, and extremity,
facilitated by removal of clothing and protective gear as needed.
Spinal examination should then test active flexion, extension,
lateral bending, and rotation and, if normal, ‘may include
provocative tests such as Spurling’s compression maneuver
or axial manual traction. The shoulder/extremity examination
should concentrate on sensation, motor testing, and reflexes.
The upper trunk of the brachial plexus, most often involved in
burner syndrome, is evaluated by sensory examination of the C5
and C6 dermatomes, and strength testing of the deltoid, biceps,
and rotator cuff. Weak shoulder abduction may be present, even
after pain cessation.'Deep tendon reflex testing of the biceps
(C5), brachioradialis (C6), and triceps (C7) should then be per-
formed. The lower trunk is less frequently involved. Sensory
examination is performed with attention to the C7, C8, and T1
dermatomes, and motor testing should concentrate on the
intrinsic muscles of the hand, including grip strength and finger
abduction.

Relevant Anatomy and Pathophysiology

The exact mechanism of burner syndrome is debated and likely
represents varying levels of injury location and severity. The
injury location can vary from nerve root, which is thought to be

C5
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(Rhomboid minor
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less common in athletic injuries,’ to peripheral nerve injury, as
described previously. The injury level likely is a function of the
position of the neck, arm, and shoulder at the time of impact.

It is thought to result from a compression or traction (pinch-

stretch) injury to either the cervical nerve root or the brachial
plexus, most frequently the upper trunk.®

There are three commonly described mechanisms of injury
in burner syndrome, occurring in isolation or combination.
Forceful neck extension and lateral bending can cause neural
foraminal narrowing, leading to compression of the cervical
nerve roots.®” A traction injury may occur from forceful depres-
sion of the ipsilateral shoulder, as occurs in blocking, tackling,
or wrestling, with the nerve roots fixed proximally.? This injury
mechanism may be enhanced with lateral bending of the neck
to the contralateral side. A third mechanism may be a direct
blow to the anterolateral neck at Erb’s point (Fig, 29-1), located
superior and deep to the clavicle, lateral to the sternocleido-
mastoid. At this point, the brachial plexus is most superficial and
susceptible to injury.

The relationship of cervical stenosis to burner syndrome has
been extensively reviewed. The Torg ratio is determined by
measuring the distance from the midpoint of the posterior
aspect of the vertebral body to the nearest point on the corre-
sponding spinolaminar line and dividing this value by the antero-
posterior diameter of the vertebral body on a lateral radiograph.®
Meyer et al® concluded that there was a relationship between
cervical stenosis, defined as a Torg ratio less than 0.8, and the
occurrence of stingers or nonparalyzing extension/compression
injuries, although the clinical significance of the Torg ratio con-
tinues to be debated.’
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Figure 29-1 Diagram of the brachial plexus demonstrating the location of Erb's point (arrow). Brachial plexus stretch injurieé,may result from traction

t this point. (From Torg JS: Athletic Injuries to the Head, Neck and Face, 2nd ed. St. Louis, Mosby-Year Book, 1991.)




Criteria for Return to Sports

If the athlete’s sensory and motor symptoms resolve within
seconds or minutes and there is no associated neck pain, range-
of-motion limitation, or findings consistent with other more sig-
nificant injuries to the neck or shoulder, then the player may
safely return to competition. Full motor strength is an absolute
requirement for return to sports. Paresthesias usually resolve
within seconds to minutes and motor symptoms within 24
hours. Persistence of symptoms, including paresthesias, weak-
ness, limited range of motion of the neck or extremity, or pain,
requires removal from participation and further evaluation.
Persistent or recurrent episodes require complete neurologic
workup, including cervical spine radiographs and possibly mag-
netic resonance imaging (MRI) or computed tomography my-
elography to assess for cord or root compression. If symptoms
persist for more than 2 to 3 weeks, electromyography (EMG)
may be useful in determining the extent of injury. However,
electromyographic changes may persist for several years after
injury and should not be used as a criterion for return to sports.
Abnormal findings on these studies require a case-by-case eval-
uation for return to sports.

A physical rehabilitation program that emphasizes neck and
trunk strengthening should be instituted on return to competi-
tion. The use of a neck roll, collar, or molded thermoplastic
neck-shoulder-chest orthosis,* in conjunction with well-fitted
shoulder pads, has been shown to decrease the recurrence and
severity of episodes in athletes with a history of stingers.

SUPRASCAPULAR NERVE ENTRAPMENT

Clinical Features and Evaluation

Injury to the suprascapular nerve has been associated with mul-
tiple sports, including baseball, football, tennis, swimming, vol-
leyball, and weight lifting."® Direct trauma to the neck or scapula
may cause injury to the suprascapular nerve, and crutch use has
been implicated,"’ as has heavy labor. The athlete with supra-
scapular nerve palsy may present with an often vague range of
symptoms or even be asymptomati(:.12 Pain over the posterolat-
eral shoulder or easy fatigability with overhead activities may be
reported, or painless weakness of external rotation with or
without spinati muscle atrophy may be noted. Compression
of the nerve at the suprascapular or spinoglenoid notch is a
commonly reported mechanism of injury in the athlete and is
discussed in detail.

The physical examination plays a critical role in discerning
the site of suprascapular nerve injury. Clinical observation of the
athlete’s shoulder girdle is important. More proximal injury,
as seen with suprascapular notch compression, may result in
atrophy of both the supraspinatus and infraspinatus, whereas
more distal compression at the spinoglenoid notch will result in
isolated infraspinatus weakness and atrophy (Fig. 29-2). Ten-
derness over the course of the nerve may be present but is often
difficult to localize. Weakness of shoulder abduction or external
rotation with vague posterolateral shoulder pain may be the only
significant examination finding, although a decreased range of
motion, specifically adduction, may be noted due to pain.

Plain radiographs of the shoulder are routinely negative.
EMG and nerve conduction velocity (NCV) studies play a par-
ticularly useful role in the diagnosis and localization of a sus-
pected suprascapular nerve injury. As with most nerve injuries,
these studies are generally more useful if obtained in the suba-
cute phase of injury, at least 3 to 4 weeks after onset of symp-
toms. However, careful clinical correlation with study results

Figure 29-2 Suprascapular neuropathy resulting in infraspinatus atrophy.
(From Jobe FW: Operative Techniques in Upper Extremity Sports Injuries.
St. Louis, Mosby, 1996.)

must be used, as both false-negative and false-positive nerve
findings have been described.!> MRI may be useful in demon-
strating atrophic muscle degeneration of the spinatii or to reveal
the presence of a compressive lesion along the course of the
nerve. Most commonly, this will be a ganglion cyst, often seen
in association with a superior labral tear (Fig. 29-3).

Relevant Anatomy and Pathophysiology

At Erb’s point, the suprascapular nerve branches from the upper
trunk of the brachial plexus, with contributions from C5 and
C6. The nerve then travels below the transverse scapular
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Figure 29-3 Magnetic resonance imaging of the right shoulder
demonstrating a ganglion in the spinoglenoid notch compressing the
infraspinatus branch of the suprascapular nerve.
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Figure 29-4 Anatomy of the suprascapular nerve. (From Jobe FW:
Operative Techniques in Upper Extremity Sports Injuries. St. Louis,
Mosby, 1996.)

ligament as it crosses the suprascapular notch to enter the
supraspinatus fossa (Fig. 29-4), while the suprascapular artery
usually travels above the ligament. The nerve traverses the
supraspinatus fossa, giving motor branches to the supraspinatus,
with variable minor sensory contributions to the glenohumeral
and acromioclavicular joints and occasionally to the skin.!* The
nerve then angles around the spine of the scapula at the spin-
oglenoid notch, traveling with the artery under the spinoglenoid
ligament.'® The motor branches to the supraspinatus are approx-
imately 3cm from the origin of the long head of the biceps,
- while the motor branches to the infraspinatus average 2 cm from
the posterior glenoid rim.6 '

Like other nerves, the suprascapular nerve is susceptible to
injury from compression, traction, or direct trauma. Vascular
microtrauma has also been postulated to cause nerve dysfunc-
tion. The most commonly reported mechanism of injury is com-
pression by a ganglion cyst, usually_ at the suprascapular or
spinoglenoid notch. A thickened or calcified ligament may also
compress the nerve. A ganglion cyst is often associated with a
tear in the glenohumeral joint capsule or labrum, with fluid being
forced through the tear and then being trapped outside the joint.

Treatment Options

Treatment of the acute injury to the suprascapular nerve
is similar to that for most nerve injuries about the shoulder.
Relative rest and pain control are followed with progressive
range-of-motion and strengthening exercises as tolerated. More
chronic cases are managed depending on the duration of symp-
toms and the mechanism of injury, although the exact duration
of symptoms is frequently difficult to determine. MRI can be

used to evaluate for a compressive lesion. If a compressive lesion
or cyst is noted on imaging, the patient can be observed for 2
to 3 months, followed by surgical decompression if symptoms
continue (see “Surgery”). An athlete with symptoms associated
with repetitive overhead activity, as seen with volleyball, tennis,
or baseball players, should be followed for 6 to 12 months with
observation, activity restriction, and periscapular therapy, after
confirming the absence of a compressive lesion. Periodic
EMG/NCV studies can follow the electrophysiologic nerve
recovery. Surgical intervention with this overuse mechanism of
injury has demonstrated variable results at best,'” and function
usually returns by 12 months. As with other painful nerve
injuries about the shoulder, Parsonage-Turner syndrome (acute

~ brachial neuritis) must be considered and, if present, should

be managed conservatively with pain control, observation, and
therapy.

Surgery ,

The suprascapular nerve can be approached either with an open
technique or arthroscopic technique. If the lesion is proximal
and both the supraspinatus and infraspinatus are involved, then
the entire nerve should be released, but most importantly the
transverse scapular ligament must be released. If only the infra-
spinatus is involved or if there is a structural lesion in the spin-
oglenoid notch such as a paralabral cyst, then the nerve may be

simply decompressed at the spinoglenoid notch. Associated
labral tears should be repaired using standard techniques.

Open Decompression

The suprascapular nerve can be approached either by the direct
approach, splitting the trapezius, or by an extensile approach,
elevating the trapezius from the spine of the scapula. The trans-
verse scapular ligament is found 2.5 to 3cm medial to the
acromioclavicular joint at the medial border of the coracoid
process. With a direct superior approach, the skin is incised in
line with Langer’s lines medial to the acromioclavicular joint in
a typical Saber style. The trapezius muscle is split in line with
its fibers for approximately 5cm. The supraspinatus muscle is
retracted posteriorly, and the suprascapular notch and transverse
ligament are palpated. The suprascapular artery can either be
retracted out of the way or ligated and the transverse scapular
ligament is then released. A neurolysis can then be performed.
If the ligament is ossified, which can be seen on computed
tomography scan, then a small rongeur can be used to remove
the bone and decompress the nerve. This approach is cosmetic
but limits access to the posterior course of the nerve at the spin-
oglenoid notch.

For open suprascapular nerve decompression, the authors
prefer to use the extensile approach. This allows access to the
entire nerve if necessary. An incision is made along the spine of
the scapula and the trapezius is elevated and reflected anteri-
orly. This gives access to the entire supraspinatus fossa. The
supraspinatus muscle is retracted posteriorly and the trans-
verse scapular ligament is palpated, visualized, and released as
described. By working on either side of the supraspinatus muscle
belly, the suprascapular nerve can be visualized over most of its
course and can be followed to the spinoglenoid notch. By
extending the incision inferiorly and splitting the posterior
deltoid, the suprascapular nerve can be traced to its terminal
arborization into the motor branches that supply the infraspina-
tus muscle. The suprascapular nerve runs just at the base of the
scapular spine in the spinoglenoid notch. Often ther? is a thick-
ened band of connective tissue called the spinoglenoid ligament




that can tether the nerve in this region. If present, this should
be released as well. Since this approach uses extensile, inter-
nervous planes, closure is simply done by repaifing the trapez-
jus back to the spine of the scapula using nonabsorbable sutures.

Arthroscopic Decompression

An arthroscopic approach is a more sophisticated way of
addressing the suprascapular nerve and is our preference when
there is an associated intra-articular lesion, such as a SLAP
(superior labrum anterior to posterior) tear or labral tear. It is
our preferred method for treating spinoglenoid neuropathy due
to paralabral cysts, and, furthermore, it is becoming our pre-
ferred method for decompressing the nerve at the suprasca-
pular and spinoglenoid notches. It does require advanced
arthroscopic skills but offers a less invasive and more cosmetic
approach with better overall visualization and access. Moreover,
concomitant intra-articular pathology can be addressed easily.

Arthroscopic Release at the Suprascapular Notch

We prefer to use the beach chair position. The arthroscope is
placed in an anterolateral portal and accessory anterior and pos-
terior portals are used. The view is initially into the subacromial
space. The coracoid process must be visualized and the dissec-
tion is then carried medially. Arthroscopic retractors are helpful
to retract the supraspinatus muscle belly posteriorly. The dis-
section is carried along the posterior aspect of the coracoid
process. The coracohumeral and coracoclavicular ligaments
are identified and at the base of the coracoid the suprascapular
notch is identified. The artery is cauterized using radiofrequency
ablation, and the ligament is released using hand-held arthro-
scopic tissue punches (Fig. 29-5). The nerve can be probed to
ensure there is no compression. It can be seen passing deep to
the supraspinatus.

Arthroscopic Release at Spinoglenoid Notch or

Cyst Decompression

This is our preferred technique for treating paralabral cysts.
Again the beach chair position is used. Standard anterior and
posterior portals are created. A transrotator cuff portal as used

Figure 29-5 Arthroscopic view of right shoulder suprascapular notch
demonstrating the transverse scapular ligament (large arrow) traveling
over the suprascapular nerve (small arrow). The suprascapular artery
above the ligament has been coagulated.

Figure 29-6 Arthroscopic view of right shoulder spinoglenoid notch cyst
immediately following perforation (arrow) and decompression. The
suprascapular nerve is deep and medial to the cyst wall.

for SLAP repairs is created. The arthroscope is placed laterally
through the transcuff portal. This gives excellent visualization.
If there is a labral tear, it is repaired with suture anchors using
standard technique. Some have advocated working through the
labral tear to access the cyst, but we have found this to be quite
difficult and furthermore it is virtually impossible to visualize
the suprascapular nerve. Therefore, we have gone to perform-
ing a capsulotomy, releasing the posterosuperior capsule at the
periphery of the labrum until the fibers of the supraspinatus are
identified. The supraspinatus muscle is then elevated superiorly
using a retractor, which is placed from our anterior portal. With
careful and meticulous dissection, the cyst itself can invariably
be demonstrated and resected. The typical ganglion cyst fluid is
seen when the cyst is perforated (Fig. 29-6). The suprascapular
nerve runs 2.5 to 3cm medial to the superior aspect of the
glenoid at the base of the supraspinatus fossa (Fig. 29-7). It
can be traced posteriorly from there until it passes through the

Figure 29-7 Arthroscopic view of right shoulder spinoglenoid notch
demonstrating the infraspinatus branch of the suprascapular nerve
(arrow) after débridement of the compressive cyst. 5
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spinoglenoid notch. Using hand-held basket punches and arthro-
scopic probes, a careful neurolysis can be performed.

Results and Outcomes , -

The results of both operative and nonoperative treatment of
suprascapular nerve injuries are not easily interpreted. The dura-
tion of symptoms is often difficult to assess, and the diagnosis
miay be incofrect or incomplete with respect to associated intra-
articular pathology. Several studies have reported on the results
of both operative-and nonoperative treatment.'®3!” In a recent
meta-analysis of the literature, Zehetgruber et al'® found supra-
scapular nerve entrapment to be fare, occurring mainly in
patients younger than 40 years of age. Isolated infraspinatus
atrophy was most often associated with a ganglion cyst, whereas
a history of trauma was usually associated with ligamentous
compression of the nerve. Surgical treatment seems to give reli-
able pain relief, with persistent atrophy of the spinatii muscle,
a common but well-tolerated finding.

Postoperative Rehabilitation
Postoperatively patients are immobilized in a sling for comfort.
Early motion is encouraged. If a labral tear was repaired, then

the athlete is protected for 4 weeks before resuming active -

motion. Strengthening begins at 6 weeks. Throwing and
overhead activities generally commence at 4 to 5 months
postoperatively.

Criteria for Return to Sports

While the athlete remains symptomatic, full athletic function
should be avoided, especially when the injury mechanism is one
of overuse. Patients undergoing surgical intervention for persist-
ent symptoms demonstrate excellent pain relief, and although
the spinatii often demonstrate persistent atrophy, return to full
competitive activity can still be expected.'

AXILLARY NERVE INJURY

Clinical Features and Evaluation

Axillary nerve injury is a relatively common peripheral nerve
injury in the athlete, particularly in contact sports.?? Shoulder
dislocation or direct trauma to the deltoid muscle can result
in axillary nerve injury and subsequent deltoid or teres minor
muscle paralysis. When injury does occur, the athlete often pres-
ents not with an obvious motor deficit, but rather may complain
of easy fatigability of the shoulder with overhead activity or
resisted shoulder abduction.”! However, the athlete may note
weakness of shoulder external rotation, forward flexion, or
abduction. Sensation over the lateral aspect of the shoulder may
or may not be intact, even in the face of motor weakness.

The quadrilateral space of the shoulder may be a site of com-
pression of the axillary nerve? and posterior humeral circum-
flex vessels, with subsequent injury and dysfunction (Fig. 29-8).
The athlete may complain of a vague, poorly localized ache over
the lateral or posterior shoulder, often aggravated by activity,
especially forward flexion, abduction, and external rotation, as
seen in overhead sports such as throwing. A history of unsuc-
cessful shoulder surgery for the pain is not uncommon.

The physical examination should, as stated previously, con-
centrate on the cervical spine, shoulder, and extremity involved.
Observation of the shoulder girdle may demonstrate deltoid
and/or teres minor atrophy if the injury is long-standing. A
detailed neurovascular examination should always be per-
formed, with special attention paid to sensation to light touch

Teres minor
muscle

Teres major
muscle

Triceps muscle
(long head)

Figure 29-8 The_boundaries of the quadrilateral space as viewed from
behind. (From Jobe FW: Operative Techniques in Upper Extremity Sports
fnjuries. St. Louis, Mosby, 1996.)

over the lateral shoulder. Point tenderness is often present
over the quadrilateral space? if neurovascular compression is
present, and this may be accentuated by testing in the FABER
(forward flexion, abduction, and external rotation) position.?
Weakness of external rotation due to teres minor involvement
may be present, and deltoid dysfunction may be noted in testing
shoulder abduction, forward flexion, or extension.

With respect to diagnostic testing, plain radiographs of the
shoulder are a necessity to rule out associated bony injury, espe-
cially in the traumatic injury setting. Cervical spine radiographs
may also be indicated. EMG and NCV studies are useful to
confirm the diagnosis and determine the severity of injury but
will likely not be positive until 3 or more weeks after injury. The
intermittent compression of quadrilateral space syndrome may
result in normal EMG and NCV studies. Magnetic resonance
imaging may demonstrate muscle substance changes in chronic
cases.

With regard to quadrilateral space syndrome, associated arte-
rial occlusion of the posterior humeral circumflex artery can be
diagnosed with arteriography.?? Historically, the study will be
normal with the affected shoulder in adduction but will demon-
strate a filling defect with the shoulder in the FABER position
(Fig. 29-9). However, magnetic resonance arthrography has
demonstrated positive findings in asymptomatic patients, and its
value is unclear.?

Relevant Anatomy and Pathophysiology

The axillary nerve originates from the posterior cord of the
brachial plexus, directly behind the coracoid process and con-
joined tendon, with contribution from the C5 and C6 cervical
nerve roots. It courses along the anterior inferolateral border of
the subscapularis tendon and then passes near the inferior
shoulder capsule,? receiving a sensory branch from the anterior
capsule. The nerve then passes with the posterior humeral cit-
cumflex artery through the quadrilateral (quadrangular) space,
formed by the long head of the triceps medially, the humeral




Figure 29-9 An angiogram of a patient with quadrilateral space syndrome. A, Digital subtraction angiogram with afm in adduction reveals patent
posterior humeral circumflex artery. B, Angiogram of same patient with the arm in abduction reveals complete occlusion of the posterior humeral
circumflex artery (arrow), confirming the diagnosis. (From Safran MR: Nerve injury about the shoulder. Am J Sports Med 2004;32:803-819,

1063-1076.)

shaft laterally, the teres minor superiorly, and the teres major
inferiorly. At this point, it branches into an anterior and poste-
rior branch along the posterior humeral surgical neck. The ante-
rior branch innervates the middle and anterior deltoid, traveling
an average of G6cm distal to the lateral edge of the acromion.’
The posterior branch divides into the upper lateral brachial cuta-
neous sensory branch and the nerve to teres minor. The poste-
rior deltoid is variably innervated by the anterior, or less
frequently, the postetior branch.’

The axillary nerve is relatively fixed at the posterlor cord and
the deltoid, thus leaving it susceptible to traction injury in ante-
rior shoulder dislocation or proximal humeral fracture. The
proximity to the shoulder capsule also makes the nefve suscep-
tible to injury during arthroscopic or open shoulder surgery.
Direct injury to the nerve from impact to the anterolateral
shoulder has also been reported.?’ The factors that may increase
the likelihood of axillary nerve injury with shoulder dislocation
include age older than 40 years, unreduced dislocation longer
than 12 hours, or higher energy mechanisms of injury.?’

Treatment Options

The treatment of an axillary nerve injury is a function of the
mechanism of injury. Timely shoulder reduction and manage-
ment of bony injury must be addressed when present, and the
athlete should be reassured that the prognosis for recovery of
function is good. Even with persistent weakness of the deltoid,
return to competitive sports can be expected,?® although ath-
letes with significant overhead demands may note decreased
function. Nonoperative treatment is the mainstay of manage-
ment of these injuries, particularly in the first 3 to 6 months
after injury.?

Surgery
In the symptomatic athlete with incomplete clinical or
EMG/NCV evidence of recovery after 3 to 6 months, surgery

may be indicated. This may include decompression of the
quadrilateral space in the presence of a positive arteriogram,
neurolysis, or nerve grafting and results in more predictable
functional return if undertaken within the first year after injury.
Tendon transfer may also be considered for refractory cases, but
return to competitive activity may not be possible.

Criteria for Return to Sports

As with other injuries about the shoulder, maintenance of
motion is key during the recovery period. Passive, active-
assisted, and active range-of-motion exercises should be insti-
tuted early. Sport-specific rehabilitation begins when symptoms
allow. Residual weakness of the deltoid and teres minor is often
well tolerated but may result in easy fatigability of the shoulder.
Therefore, a maintenance program of posterior capsular stretch-
ing and rotator cuff and periscapular strengthening should be
instituted.-

LONG THORACIC NERVE IN]URY
(MEDIAL SCAPULAR WINGING)

Clinical Features and Evaluation

Although relatively uncommon, traction injury to the long
thoracic nerve has been recognized in athletes participating
in numerous sports. Some of the activities previously asso-
ciated with this injury include archery, backpacking, baseball,
basketball, bowling, football, golf, gymnastics, hockey, rifle
sports, shoveling, soccer, tennis, volleyball, weight lifting, and
wrestling.?® The athlete may present with medial winging of the
scapula during shoulder forward flexion but more often may
note only vague shoulder pain or easy fatigability, especially with
overhead activity. Onset of symptoms is often insidious but may
be associated with trauma, often a result of depression of the
shoulder girdle from a direct blow to the top of the shoulder or
a traction injury to the arm.” Symptom onset may follow the




trauma by several weeks. Acute brachial neuritis should be con-
sidered when significant pain precedes the onset of dysfunction,
as the long thoracic nerve is often involved in Parsonage-Turner
syndrome. : ,

As with any complaint of shoulder pain or dysfunction, the
physical examination should include evaluation of the cervical
spine, shoulder, and extremity involved. Observation of the
shoulder girdle may demonstrate medial winging of the scapula
at rest. This involves medial and posterior translation of the infe-
tior angle of the scapula (Fig. 29-10), which can be accentuated
with resisted forward flexion of the shoulder, as démonstrated
by the wall push-up. Forward flexion may be weak, and serra-
tus anterior muscle atrophy may be noted in the thin, muscular
patient. Scapular dyskinesia will be evident,” with possible asso-
ciated impingement symptoms. Relief of the impingement
symptoms may be noted with stabilization of the medial scapu-
lar border by the examiner while testing forward flexion and
abduction. Complete serratus anterior paralysis may limit
forward flexion to 110 degrees.”® Confirmation of the diagnosis
with EMG and NCV studies may useful to determine the sever-
ity of injury. ‘

B

Flgure 29-10 Photographs of patient with right long thoracic neuropathy
demonstrating medial scapular winging, as seen from behind (A) and
laterally (B).

Relevant Anatomy and Pathophysiology

The long thoracic nerve originates from the ventral rami of the
C5, C6, and C7 cervical nerve roots. There are variable contri-
butions from the intercostal nerves and, less frequently, the C8
cervical nerve root. The individual contributing roots variably
pass through or between the middle and anterior scalene

muscles, before joining and traveling anterior to the posterior

scalene muscle. The nerve then travels deep to the clavicle and
variably the first or second rib before exiting the thoracic wall
in the midaxillary line. The nerve innervates the serratus ante-
rior muscle slips. The serratus anterior muscle arises from the
anterolateral surface of the first eight ribs and inserts into
the medial scapular border, functioning to stabilize and protract
the scapula during abduction or forward flexion of the shoulder.

In sports, repetitive stretching of the nerve, as may occur in
overhead activity, has been implicated in the dysfunction of the
serratus anterior muscle.”® As with brachial plexus injuries,
shoulder depression and contralateral neck bending may further
contribute to neurapraxia of the long thoracic nerve. Compres- -
sion from multiple locations along the nerve as well as direct
trauma to the anterolateral chest wall may also contribute to
injury.

Treatment Options

As with many sports-related nerve injuries about the shoulder,
conservative treatment should be the mainstay. The aggravating
activity must be curtailed to allow recovery, which can be
expected usually within 9 months.?? Application of a canvas
brace may stabilize the scapula enough to prevent stretching of
the serratus anterior during recovery but it is insufficient to
allow full return to activity.®

Surgery ,

Surgical treatment of isolated long thoracic nerve injury is rarely
necessary and is aimed at restoring scapular stability. For severe
dysfunction of 6 months’ duration or longer, neurolysis may play
a role.®" For refractory cases of longer than 12 to 24 months’
duration, transfer of the sternal head of the pectoralis major to
the scapula has been shown to provide excellent restoration of
scapular function.’? Scapulothoracic fusion may stabilize the
scapula but has been shown to result in significantly decreased
function,3

Criteria for Return to Sports

Exercises to maintain range of motion should be instituted early,
followed by progressive strengthening of the rotator cuff and
periscapular muscles. Maintenance of motion is vital during the
recovery period, with passive, active-assisted, and active range-
of-motion exercises playing a key role. Sport-specific rehabilita-
tion begins when symptoms allow, usually within 6 months of
injury. A maintenance program of rotator cuff and periscapular
strengthening should be instituted, as with other shoulder
injuries.

SPINAL ACCESSORY NERVE INJURY
(LATERAL SCAPULAR WINGING)

Clinical Features and Evaluation

The diagnosis of an injury to the spinal accessory nerve in
the athlete is often missed due to its rarity, thus potentially
delaying its treatment.* A history of surgery in the area of the
posterior neck, such as a cervical lymph node biopsy, or of
penetrating trauma may lead to consideration of the diagnosis.




Blunt trauma to the posterior neck or traction may also result
in injury to the accessory spinal nerve.>® The most common pre-
sentation is a painful shoulder or neck, especially with activities
that involve using the involved extremity above eye level. Loss
of motion or early fatigue may be a secondary complaint. The
athlete may note shoulder asymmetry, and rotator cuff impinge-
ment symptoms are often present.

Examination of the athlete with a spinal accessory nerve
injury will reveal a depressed, or sagging, shoulder on the
involved side. The supraclavicular recess may be relatively deep-
ened due to trapezius atrophy. Lateral winging of the scapula,
involving lateral rotation of the inferior scapular angle, may be
elicited with resisted forward flexion but will not be as dramatic
as the medial winging of long thoracic nerve palsy. Inability to
elevate the acromion with a shoulder shrug may also indicate
trapezius dysfunction. This may result in examination findings
of rotator cuff tendonopathy. The levator scapulae and rhom-
boids may be prominent and palpable due to spasm in their
effort to compensate for the weak trapezius. As with many nerve
injuries about the shoulder, EMG and NCV studies may be
useful in confirming the diagnosis and determining the severity
of injury after 4 to 6 weeks of observation.

Relevant Anatomy and Pathophysiology

The spinal accessory, or 11th cranial, nerve exits the skull
through the jugular foramen, innervating the sternocleidomas-
toid and traveling across the posterior cervical triangle to inner-
vate the trapezius. The trapezius arises from the ligamentum
nuchae to the lower thoracic vertebrae and inserts into the
lateral clavicle, the acromion, and the scapular spine. It func-
tions to stabilize, elevate, and retract the scapula. The trapezius
receives innervation not only from the spinal accessory nerve but
also the ventral rami of the C2, C3, and C4 spinal nerve roots,
possibly preventing complete denervation atrophy after acces-
sory nerve injury. Scapulohumeral dyskinesia may result in
depression of the acromion, with resultant subacromial impinge-
ment symptoms.

Treatment Options

The treatment of spinal accessory nerve injury depends on the
mechanism history. A closed injury, either from a direct blow or
trauma, can be observed for a minimum of 6 months. If the
patient remains symptomatic with continued pain, sagging of the
shoulder, or weakness on forward flexion, surgical exploration
with neurolysis, direct repair, or nerve grafting can be consid-
ered, especially if EMG/NCYV findings confirm dysfunction. In
the face of penetrating or operative trauma to the nerve, con-
sideration of surgical exploration should be given after 6 weeks,
with the best results reported for surgical intervention within 6
months** It is imperative that shoulder range of motion be
maintained during the observation period.

Surgery

As stated previously, local surgical exploration may be beneficial
with associated “open” trauma. When symptomatic trapezius
weakness continues for more than 12 months, regardless of the
injury mechanism, reconstructive surgical intervention should be
considered. Tendon transfer procedures, most notably the Eden-
Lange procedure with transfer of the levator scapulae and rhom-
boids, have a good prognosis for return of functional activities
of daily living.* Prognosis for return to sports, however, is less
favorable. Scapulothoracic fusion is an acceptable salvage pro-
cedure and may be considered the primary reconstructive option

in patients with heavy demands on the shoulder. Prognosis for
return to competitive athletic activity is very poor, however.

Criteria for Return to Sports

Full functional return of trapezius strength is a prerequisite for
return to vigorous overhead athletic activity. Many patients may
be able to compensate for mild to moderate weakness of the
nondominant shoulder, allowing adequate daily activity function
and return to less demanding athletic activity. Although shoul-
der range of motion and strengthening exercises can maximize
available function, it is unlikely that the other periscapular
muscles can compensate for significant trapezius paralysis, espe-
cially if the dominant extremity is involved. Shoulder function
may not be sufficient to allow return to competitive activity
with persistent trapezius weakness, even after reconstructive
surgery.¥

MUSCULOCUTANEOUS NERVE INJURY

Clinical Features and Evaluation

Isolated musculocutaneous nerve injury in the athlete is rare. It
has been reported in weight lifters®” and rowers® and has been
associated with strenuous, sustained physical activity. The
athlete presents with paresthesias of the lateral forearm, with
or without painless weakness of the biceps. The history may
often reveal recent surgery to the anterior shoulder, or a direct
blow to the anterior chest in the area of the coracoid. Rarely,
history of a recent anterior glenohumeral dislocation may be
elicited.

The examination must differentiate between isolated
musculocutaneous nerve dysfunction and injury to the brachial
plexus or C5 or C6 nerve roots. Observation may reveal an atro-
phied or flaccid biceps, and reflex testing should demonstrate an
absent biceps reflex with an intact brachioradialis reflex. The
sensory changes will be isolated to the lateral and radial forearm,
with sparing of the C6 dermatome of the radial hand. Relative
weakness of elbow flexion and forearm supination may also be
present.

Relevant Anatomy and Pathophysiology

The musculocutaneous nerve arises from the posterior cord of
the brachial plexus, with contributions from the C5 and C6
nerve roots. It enters the coracobrachialis approximately 5cm
distal to the coracoid, although smaller branches may enter
earlier. It then exits the tendon approximately 7cm distal to
the.coracoid before entering the biceps and brachialis muscles,
providing motor innervation to these.’® The nerve leaves the
brachialis and enters the deep brachial fascia above the elbow
crease to continue as the lateral antebrachial cutaneous nerve,
providing sensory innervation to the anterolateral forearm.

The most common mechanism of injury is associated with
anterior shoulder surgery, usually due to vigorous medial retrac-
tion of the conjoined tendon near the coracoid, although ante-
rior arthroscopic portal placement may also injure the nerve.®
This combined motor-sensory dysfunction may be differentiited
from the isolated dysesthesias in the lateral forearm that may
occur with compression of the musculocutaneous nerve as it
enters the deep brachial fascial compartment at the elbow.

Treatment Options

Since most injuries are related to stretching of the nerve, obser-
vation of the athlete for a period of 4 to 6 weeks usually results
in evidence of recovery. However, continued weakness or




paresthesias after 4 weeks can be further evaluated with
EMG/NCV studies to determine the level and severity of injury.

Surgery

If clinical and/or electrophysiologic recovery is not noted, surgi-
cal exploration within the first 6 months after injury may be
indicated. Surgical treatment may include decompression, neu-
rolysis, and nerve grafting or may include nerve transfer using
branches of the proximal ulnar nerve. For cases evaluated more
than 1 year after injury, tendon transfer procedures may be indi-
cated to supplement weak elbow flexion.

Criteria for Return to Sports

Return to sports-related activity should be customized to the
individual athlete. The prognosis for return of full function after
postsurgical traction injury or direct blow trauma to the nerve
is good, and athletic participation can be allowed. However, if
the nerve injury is associated with repetitive or sustained sport-
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