
Scapular Winging: An Update

Abstract

Scapular winging is a rare disorder often caused by neuromuscular
imbalance in the scapulothoracic stabilizer muscles. Lesions of the
long thoracic nerve and spinal accessory nerves are the most
common cause. Numerous underlying etiologies have been
described. Patients report diffuse neck, shoulder girdle, and upper
back pain, which may be debilitating, associated with abduction
and overhead activities. Accurate diagnosis and detection depend
on appreciation of the scapulothoracic anatomy and a
comprehensive physical examination. Although most cases resolve
nonsurgically, surgical treatment of scapular winging has been met
with success.

Scapular winging is abnormal
scapulothoracic posture and mo-

tion resulting from numerous under-
lying etiologies. It is a rare disorder,
reported in only 14 patients in a
3-year period at the Harvard Shoul-
der Service,1 although the true inci-
dence is largely unknown because of
underdiagnosis.2 Most commonly it
is categorized anatomically as medial
or lateral, although categorization
based on primary and secondary eti-
ologies is also useful. Primary wing-
ing occurs when muscular weakness
disrupts the normal balance of the
scapulothoracic complex. Secondary
winging occurs when pathology of
the glenohumeral joint interrupts the
coordinated motion of the scapula.
Abnormal scapulothoracic kinemat-
ics overload the compensatory mus-
culature, limit shoulder strength and
range of motion, and cause pain. Pa-
tients may experience pain at rest or
with activity, causing them to lose
the ability to abduct the shoulder
and perform overhead tasks. Delay
in diagnosis may lead to traction
brachial plexopathy, periscapular
muscle spasm, frozen shoulder, sub-
acromial impingement, and thoracic

outlet syndrome. In cases of nerve
transection, outcomes are improved
with early detection and surgical re-
pair. Although the sources of scapu-
lar winging are many, understanding
the anatomy of the scapulothoracic
articulation is essential to prescribing
treatment.

Anatomy and
Biomechanics

The scapula is a triangular bone
overlying the second to seventh ribs
on the posterior thorax. Medial, lat-
eral, and superior borders of the
scapula converge to form superior,
lateral, and inferior angles. The scap-
ula is thin centrally, with focal thick-
ening posteriorly in the scapular
spine and peripherally in the cora-
coid, glenoid, and acromion pro-
cesses.3 At rest, the scapula is rotated
30° anterior on the chest wall and
20° forward in the sagittal plane,
while the inferior angle is tilted 3°
upward.4

As the largest bone in the shoulder
complex, the scapula serves as the at-
tachment site for 17 muscles. Scapu-
lothoracic, scapulohumeral, and ro-
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tator cuff muscles stabilize the
scapula to the thorax, provide power
to the upper limb, and synchronize
glenohumeral motion. Other than
muscles, only the acromioclavicular
and coracoclavicular ligaments pro-
vide skeletal stabilization to the
scapula, thus affording the scapu-
lothoracic interval considerable
movement. Elevation of the scapula
in the craniocaudal axis and upward
rotation are accomplished by the tra-
pezius muscle. Anterior and lateral
motion, described as scapular pro-
traction, is produced by the serratus
anterior and pectoralis major and
minor muscles. Conversely, scapular
retraction relies on the rhomboid
major and minor muscles.

Active arm elevation to 90° de-
pends on a ratio of glenohumeral to
scapulothoracic motion of approxi-
mately 2:1.4 As the limb is elevated,
the scapular center of rotation mi-
grates proximally and laterally from
the midportion in the first 30° of ele-
vation toward the glenoid base in the
next 60°. The net effect is an upward
and lateral rotation of the inferior
pole. Simultaneously, the coracoid
and acromion processes move supe-
rior and posterior, thereby increasing
the distance to humeral impinge-
ment.

In the overhead athlete, upward
rotation, retraction, and internal ro-
tation of the scapula are even greater
with arm elevation.5 Periscapular
weakness resulting from overuse may
manifest as scapular dysfunction (ie,
winging). Furthermore, power gener-
ation during windup, and force dissi-
pation on follow-through, rely on in-
creased scapular retraction and
protraction, respectively. Loss of mo-
tion in this plane can affect the
thrower’s power and place unneces-
sary strain on the posterior shoulder
capsule. Precise coordination and
synchrony of the periscapular mus-
cles are required to avoid injury un-
der these high-intensity loads.

Serratus Anterior Muscle

The serratus anterior is a flat muscle
that originates from the first nine
ribs and follows a posterosuperior
direction around the thoracic wall,
where it inserts onto the medial bor-
der of the scapula.3 Bertelli and Ghi-
zoni6 described three functional com-
ponents of the serratus anterior. The
upper portion originates from the
first and second ribs and inserts onto
the superomedial aspect of the scap-
ula. This portion facilitates lateral
rotation of the inferior scapular an-
gle during overhead activities. The
middle portion originates from the
third, fourth, and fifth ribs and in-
serts onto the vertebral border of the
scapula, acting to protract the scap-
ula. The lower portion originates
from ribs six through nine and in-
serts on the inferior scapular angle
(Figure 1). In addition to scapular
protraction, the lower portion ro-
tates the inferior angle of the scapula
upward and laterally. As a unit, the
serratus anterior muscle acts to pro-

tract and stabilize the scapula, ori-
enting the glenoid for effective use of
the upper extremity.

The serratus anterior muscle is in-
nervated by the long thoracic nerve,
originating from the 5th, 6th, and
7th cervical nerve roots. Branches of
C5 and C6 combine to form the
proximal nerve behind the middle
scalene muscle, which innervates the
upper portion of the serratus muscle.
After passing behind the brachial
plexus, a branch from C7 contrib-
utes to the nerve, thereby providing
branches to the middle and lower
portions of the serratus muscle. The
long thoracic nerve travels beneath
the clavicle and first rib, coursing on
the lateral chest wall in the mid-
axillary line. The nerve averages 21.9
cm in length,7 and its superficial
course makes it susceptible to injury.

Trapezius Muscle

The trapezius is a large muscle that
has a broad origin from the external
occipital protuberance, the medial

Anatomic photograph (A) and illustration (B) of the long thoracic nerve (Lt),
nerve branches (arrowheads) to the serratus interdigitations (Sb), and the
upper (U), intermediate (I), and lower (L) portions of the serratus anterior
muscle. (Panel A reproduced and panel B redrawn with permission from
Bertelli J, Ghizoni M: Long thoracic nerve: Anatomy and functional
assessment. J Bone Joint Surg Am 2005;87[5]:993-998.)

Figure 1
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one third of the nuchal line (ie, the
ligamentum nuchae), and the spines
of the 7 cervical and 12 thoracic ver-
tebrae.3 The muscle converges into
three separate points of insertion, re-
flecting their complementary roles.
The superior fibers insert onto the
posterior clavicle. The medial fibers
insert onto the medial aspect of the
acromion. The inferior component
ends in an aponeurosis, inserting
onto the spine of the scapula. The
superior and inferior fibers elevate
and rotate the scapula laterally, mov-
ing the glenoid upward to accommo-
date shoulder abduction. The middle
fibers stabilize the scapula during
movement.

The trapezius is innervated by cra-
nial nerve XI, the spinal accessory
nerve. Neurons in the upper spinal
cord coalesce to form the nerve be-
fore it enters the skull at the foramen
magnum. The nerve traverses the
base of the skull before exiting
through the jugular foramen, along
with the glossopharyngeal (IX) and
hypoglossal (XII) nerves. The spinal
accessory nerve is notable for being
the only cranial nerve to enter and
exit the skull. The nerve penetrates
the deep surface of the sternocleido-
mastoid muscle and enters the poste-
rior triangle of the neck at the level
of the upper and middle thirds of
the sternocleidomastoid muscle. The
nerve is superficial throughout its
course and associated with a chain of
5 to 10 lymph nodes.8 Its sinuous
course and superficial nature place
the nerve at risk during surgical dis-
section of the posterior triangle of
the neck.9,10

Rhomboid Muscles

Deep to the trapezius, the rhomboid
minor muscle originates from the lig-
amentum nuchae and the spinous
processes of C7 and T1. Inferior to
this muscle lies the rhomboid major,
which originates from the spinous

processes of T2 through T5. The
rhomboid minor muscle inserts at
the level of the scapular spine,
whereas the rhomboid major inserts
distally on the medial scapula to the
inferior angle.11 Both muscles serve
to retract and elevate the scapula
while rotating the inferior angle me-
dially. The dorsal scapular nerve in-
nervates the rhomboid muscles,
which derive mainly from the C5
nerve root.

Levator Scapulae

The levator scapulae are also inner-
vated by the C5 nerve root via the
dorsal scapular nerve. These muscles
originate from the first four cervical
vertebrae and insert onto the medial
borders of the scapulae. The levator
scapulae elevate the scapula and as-
sist in rotating the glenoid inferiorly.

Etiology of Winging

Primary scapular winging describes
dysfunction in one or more of the
scapulothoracic stabilizers (ie, serra-
tus anterior, trapezius, rhomboids)
that causes a muscular imbalance in
scapular alignment. Secondary wing-
ing occurs in association with other
pathologies (eg, subacromial bursitis,
disorders of the glenohumeral joint).

Serratus Anterior
Muscle Palsy

The most common cause of primary
scapular winging is paralysis of the
serratus anterior muscle after insult
or injury to the long thoracic nerve.
Injury to this nerve includes com-
pression, traction, and laceration;12,13

the most common injury is
neurapraxia after blunt or stretch in-
jury. The superficial course along the
lateral chest wall places the long tho-
racic nerve at risk of compression or
contusion.7,14 Automobile accidents,
falls from a height, and sporting ac-

cidents are reported causes.15 Sudden
depression of the shoulder and twist-
ing of the neck are causes of stretch
injury that have been cited in serra-
tus anterior palsy.16

Collision athletes, including foot-
ball and ice hockey players as well as
wrestlers, are at risk of injury to the
long thoracic nerve.9,15 Repetitive ac-
tivities with the head tilted away
from the nerve and the arm over-
head—as occurs in baseball pitchers,
javelin throwers, and tennis serv-
ers—may place the long thoracic
nerve on stretch. Similarly, upper ex-
tremity overuse in industrial laborers
and homemakers may also contrib-
ute to serratus anterior muscle
palsy.16 Iatrogenic causes of long tho-
racic nerve injury range from com-
pression injury associated with posi-
tioning under anesthesia to surgical
disruption occurring in association
with anterior cervical decompres-
sion, mastectomy, first-rib resection,
axillary dissection, and thoracos-
tomy tube placement.13,16,17

Sites of compression along the
course of the long thoracic nerve in-
clude the middle scalene muscle,
proximal to the first rib, between the
clavicle and second rib, and the infe-
rior angle of the scapula. Hester
et al18 described a fascial sling at the
level of the first intercostal space en-
veloping the long thoracic nerve.
They suggested that dynamic “bow-
stringing” of the nerve could occur
with abduction and external rotation
of the upper extremity and cited this
bowstringing as a possible source of
compression neuropathy.

Atraumatic lesions of the long tho-
racic nerve have also been reported.
Paralysis of the serratus anterior
muscle has been associated with C7
radiculopathy, emphasizing the sub-
stantial contribution of this nerve
root to its innervation. Transient
brachial neuritis, Guillain-Barré syn-
drome, Arnold-Chiari malformation,
systemic lupus erythematosus, viral
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illness, and Lyme disease have been
implicated in serratus anterior
palsy.19-21

Trapezius Muscle Palsy

Paralysis of the trapezius muscle,
similar to that of the serratus ante-
rior muscle, is largely neurogenic be-
cause of spinal accessory nerve in-
jury. Anatomically, its superficial
course in the posterior triangle of the
neck places the nerve at risk. Falls
from a height and motor vehicle ac-
cidents have been associated with
spinal accessory nerve traction in-
jury. Blunt trauma, such as assault or
a direct blow from a football tackle
or a lacrosse or hockey stick, may
be associated with spinal accessory
nerve palsy.22 Similarly, penetrating
gunshot wounds, stabbings, and bite
injuries have been implicated.15,23,24

The most common cause of trape-
zius palsy is iatrogenic injury to the
spinal accessory nerve during cervi-
cal lymph node biopsy or mass exci-
sion.25,26 In one study of 83 patients
with trapezius palsy, 71% of injuries
were iatrogenic in nature.25 Iatro-
genic injury to the spinal accessory
nerve during neck surgery is the sec-
ond most common nerve injury, after
that of the median nerve during car-
pal tunnel surgery.27

Rhomboid Muscle Palsy

Rhomboid muscle paralysis, al-
though less common than trapezius
muscle paralysis, may cause scapular
winging because of dorsal scapular
nerve injury. Patients may report
vague shoulder and upper arm pain
that mimics thoracic outlet syn-
drome. Entrapment of the dorsal
scapular nerve beneath a hypertro-
phic middle scalene muscle is the
most common cause.28 However,
traction or avulsion of the C5 nerve
root may occur with heavy lifting
and motor vehicle accidents.28 Cervi-
cal radiculopathy involving the C5

nerve root may also manifest as me-
dial scapular winging.4

Fascioscapulohumeral
Dystrophy

Fascioscapulohumeral dystrophy
(FSHD) is an autosomal dominant
genetic neuromuscular dystrophy
linked to chromosome 4q35 that
predominantly affects the face,
shoulder girdle, and upper limb mus-
cles.4 Weakness in the trapezius, le-
vator scapulae, and rhomboids rela-
tive to preserved strength in the
deltoid and rotator cuff muscles
leads to severe scapular winging.29

Patients typically demonstrate shoul-
der girdle pain, scapular instability,
and weakness to arm abduction and
flexion. Diagnosis is made with ge-
netic testing.

Secondary Causes

Secondary winging describes abnor-
mal scapulothoracic motion as a re-
sult of glenohumeral joint pathology.
Patients often have normal electro-
myography (EMG) findings of the
long thoracic, accessory, and dorsal
scapular nerves. Painful intra-
articular conditions of the glenohu-
meral joint cause patients to com-
pensate for lost motion with the
scapulothoracic articulation. Scapu-
lar stabilizers, such as the serratus
anterior and trapezius muscles,
quickly fatigue under the increased
demands, producing winging.4 Com-
mon causes include subacromial bur-
sitis, adhesive capsulitis, rotator cuff
tears, and shoulder instability.4,9,30

Posterior glenohumeral instability,
in particular, causes winging for two
reasons. First, painful subluxation
evokes reflexive deactivation of the
serratus anterior muscle and loss of
scapular control. Kinematic studies
have shown that patients with poste-
rior instability have de-centering of
the humeral head on the glenoid,
suggesting scapulothoracic dysfunc-

tion.31 Second, abnormal muscle fir-
ing patterns alter scapulothoracic
rhythm. EMG studies of voluntary
posterior shoulder dislocation have
shown specific activation of the in-
fraspinatus and posterior deltoid
muscles unopposed by the biceps
brachii and internal rotators. These
firing patterns reproduced their in-
stability with scapular winging.32

Alternatively, posterior instability
may also be the result of scapulotho-
racic dysfunction. The normal scapu-
lar alignment positions the glenoid
behind the humeral head, thus pro-
viding resistance to posterior forces.
Dysfunction of the serratus anterior
muscle may interrupt the normal
alignment and result in glenohu-
meral instability. A study of eight
elite golfers treated for posterior in-
stability suggested serratus anterior
fatigue as the cause.33 The authors
hypothesized that constant activa-
tion in the lead shoulder during
swing predisposed the serratus ante-
rior to fatigue, scapulothoracic dys-
function, and secondary posterior in-
stability.

Patient Evaluation

Patients with scapular winging fre-
quently report shoulder or upper
back pain, fatigue, or muscle weak-
ness, especially with elevation of the
arm above the shoulder level. Diffi-
culty with activities of daily living
(eg, combing one’s hair, brushing
teeth) or overhead tasks in the work-
place may be noted. Athletes partici-
pating in tennis, volleyball, or golf
may also report limitations. Patients
with a prominent scapula may report
that they feel discomfort while sitting
against hard surfaces or while driv-
ing for long periods. Periscapular
pain may be the result of muscle
cramping compensating for isolated
weakness in serratus anterior or tra-
pezius muscle palsy. Age, occupa-
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tion, sporting demands, and prior
level of functioning are additional el-
ements that may guide treatment
once a diagnosis is established.9

Physical examination for scapular
winging begins by undressing the pa-
tient’s shoulders and back to the
waistline. Failure to adequately visu-
alize the patient’s entire back may
cause the physician to overlook an
otherwise obvious deformity. Assess-
ing the alignment of the scapula can
most easily be performed while view-
ing the patient from behind, with his
or her arms hanging at the sides. Al-
though atrophy of the periscapular
muscles may be discreet, the exam-
iner should carefully inspect for
shoulder asymmetry.

Weakness in the scapular stabilizer
muscles often presents in predictable
patterns. Injury to the long thoracic
nerve and paralysis of the serratus
anterior muscle causes medial wing-
ing (Figure 2). The scapula assumes a
superior translation, with the infe-
rior pole rotated medially.

Conversely, paralysis of the trape-
zius muscle causes the affected shoul-
der to droop with lateral winging.
The scapula is translated inferiorly,

and the inferior angle is rotated later-
ally (Figure 3). Palpation of the scap-
ula may elicit tenderness, crepitus, or
snapping coincident with scapu-
lothoracic bursitis. A palpable clunk
with shoulder abduction may be a
sign of an underlying osteochon-
droma.34

Static and dynamic deformities can
be differentiated by the position of
the scapula with range of motion of
the shoulder. The examiner begins by
assessing forward elevation and ab-
duction while holding the scapula re-
duced to the chest wall to evaluate
the glenohumeral joint. Patients with
serratus anterior muscle palsy have
difficulty with active forward eleva-
tion beyond 120°. Patients with tra-
pezius muscle palsy have difficulty
with shrugging the affected shoulder
and with abduction; they frequently
have asymmetry of the trapezius visi-
ble with anterior or posterior view-
ing of the shoulder.35

The elevation and external rotation
test can differentiate serratus ante-

rior muscle palsy from posterior in-
stability that causes serratus muscle
dysfunction. If winging produced
with forward elevation is eliminated
with glenohumeral external rotation,
then posterior instability is con-
firmed. Contraction of the external
rotators and tightening of the poste-
rior capsuloligamentous complex
prevent posterior subluxation and
serratus anterior “shut down.” Per-
sistent winging with this maneuver
suggests a complete serratus anterior
muscle paralysis.

Isolated strength testing should
also be performed. Trapezius muscle
function can be assessed with a re-
sisted shoulder shrug. Rhomboid
and levator scapulae strength can be
evaluated by having the patient place
his or her hands on the hips and
pushing the elbows posterior against
resistance. Weakness in the serratus
anterior muscle can be easily appre-
ciated with the shoulder flexed to
90° while the patient performs push-
ups. Medial winging may be immedi-

Clinical photograph of serratus
anterior muscle palsy with medial
winging. Note the prominence of
the medial scapular border.

Figure 2

Intraoperative photograph of a patient with trapezius palsy before undergoing
Eden-Lange muscle transfer. Note the right shoulder droop and prominent
lateral border of the right scapula.

Figure 3
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ately obvious, or it may manifest
with muscle fatigue after 5 to 10 rep-
etitions.

Diagnostic Testing

The initial workup of the patient
with scapular winging should in-
clude plain radiographs of the chest,
cervical spine, shoulder, and scapula.
Images may help identify cervical
spine disease, shoulder disorders,
fracture malunions, osteochondro-
mas, or accessory ribs. Use of ad-
vanced imaging is recommended for
patients with comorbid conditions.
CT may help to better characterize
osteochondromas. MRI is reserved
for patients with cervical disk dis-
ease, shoulder instability, or rotator
cuff tears.10,15

Nerve conduction velocity and

EMG are valuable adjuncts to con-
firm physical examination findings
and to distinguish neuromuscular
causes of scapular winging.22 Specific
orders to evaluate the spinal acces-
sory and long thoracic nerves are
recommended to avoid an incom-
plete examination.2,23 Repeat EMG
studies may be useful in 3- to
6-month intervals to evaluate the pa-
tient for improvement.

Management

Most cases of scapular winging are
the result of neurapraxic injury.
Neurapraxic injury commonly re-
solves within 6 to 9 months.16 Once
diagnosis is made, nonsurgical thera-
pies should be initiated to maintain
shoulder motion and prevent stiff-
ness. In the absence of penetrating

trauma or previous surgery, many
authors recommend a course of non-
surgical treatment of 12 to 24
months to observe for nerve recov-
ery1,10,16 (Figure 4).

Initial treatment consists of activity
modification, analgesics, and non-
steroidal anti-inflammatory drugs. El-
evation of the arm above shoulder level
should be limited and aggravating ac-
tivities avoided.1 Physical therapy
should include range of motion exer-
cises and stretching and strengthen-
ing of the scapular stabilizers, cer-
vical muscles, and rotator cuff.
Patients may progress to a home ex-
ercise program once exercises can be
performed appropriately under su-
pervision.

Sling immobilization may be help-
ful for pain control in the acute pe-
riod, although prolonged immobili-

Algorithm for management of patients with serratus anterior palsy. EMG = electromyography, OT = occupational
therapy, PT = physical therapy. a = The decision to pursue nerve exploration/grafting/neurolysis versus PT/OT and ob-
servation is based on surgeon preference and experience. (Adapted with permission from Kuhn JE: The scapulotho-
racic articulation: Anatomy, biomechanics and pathophysiology, in Iannotti JP, Williams GR Jr, eds: Disorders of the
Shoulder: Diagnosis & Management, ed 2. Philadelphia, PA, Lippincott Williams & Wilkins, 2006,
vol 2, p 1069.)

Figure 4

Scapular Winging: An Update

458 Journal of the American Academy of Orthopaedic Surgeons



zation is not recommended. A
scapular brace may help stabilize the
scapula against the thorax and pre-
vent overstretching of affected mus-
cles. However, patient compliance is
the primary concern because the
cumbersome nature of the brace can
render its use impractical.1

When iatrogenic or penetrating
trauma to the long thoracic nerve or
spinal accessory nerves has occurred,
surgical exploration with neurolysis
or nerve grafting is indicated. Teboul
et al24 described their technique in 20
patients with trapezius muscle palsy.
These authors advocate exploration
and intraoperative nerve stimulation
to distinguish complete and partial
lesions. Contraction of the trapezius
muscle with stimulation is an indi-
cation for neurolysis. Complete
transections can be treated with neu-
roma resection, primary repair, or
sural nerve graft. According to the
authors, good outcomes are possible
when surgery is undertaken within
20 months. Poor prognoses, how-
ever, were associated with radical
neck dissections, age >50 years, and
delay in treatment >20 months.24

Recent results of long thoracic
nerve neurolysis and nerve transfer
for scapular winging have been fa-
vorable. Disa et al36 described four
patients in whom the long thoracic
nerve was decompressed by supra-
clavicular neurolysis. Scarring and
entrapment were released at the level
of the middle scalene muscle, and
winging resolved in all four patients.
Case reports of thoracodorsal and
medial pectoral nerve transfers to the
long thoracic nerve have also led to
successful resolution of scapular
winging.37,38

Scapular winging resulting from
spontaneous neuromuscular palsy,
traction injury, or contusion that
does not resolve within 12 to 24
months is an indication for dynamic
muscle transfer. Chronic serratus an-
terior muscle palsy is effectively ad-

dressed with transfer of the sternal
head of the pectoralis major muscle
to the inferior angle of the scapula.16

Post39 reported on eight patients
treated with sternal head transfer of
the pectoralis extended with fascia
lata autograft. All eight patients had
an excellent result at 2 years. Warner
and Navarro1 reviewed the results of
eight patients treated with pectoralis
transfer augmented with hamstring
autograft for serratus anterior palsy.
At 32 months, seven patients had
resolution of winging and normal
scapulothoracic kinematics. One pa-
tient was lost to follow-up after deep
infection resulted in graft removal.

Perlmutter and Leffert17 reported
their experience with pectoralis ma-
jor muscle transfer in 16 patients at
4-year follow-up. The authors trans-
ferred the sternal and clavicular
heads of the pectoralis with fascia
lata autograft augmentation. Four-
teen patients (88%) regained full, ac-
tive shoulder elevation, and winging
resolved in 12. Constant scores in-
creased from 36 preoperatively to 92
points postoperatively. All 14 pa-
tients returned to their prior work
requirements. Two reconstructions
failed because of graft stretching;
these patients progressed to scapu-
lothoracic arthrodesis. Both noted
improvement, although not resolu-
tion, of pain.

More recently, Povacz and Resch40

demonstrated successful transfer of
the pectoralis without augmentation.
After conducting an anatomic study
in 40 cadavers, they suggested that
the sternal head alone is of suitable
length for transfer. Three patients
were treated with their technique,
and all reported subjective satisfac-
tion, although no further objective
assessments were reported. Obviat-
ing the need for tissue augmentation
spares the patient the risk of graft
failure and the morbidity of a sec-
ondary surgical site for autograft
harvest. Additional study is neces-

sary to determine the role of tissue
augmentation in the management of
serratus anterior palsy.

Trapezius muscle palsy resistant to
nonsurgical treatment or nerve ex-
ploration is managed with the Eden-
Lange dynamic muscle transfer.
Originally described in 1924, the
procedure involves lateralization of
the rhomboid major, rhomboid mi-
nor, and levator scapulae insertions
on the scapula, thereby allowing
them to act synergistically for the
three components of the trapezius.10

Bigliani et al2 reported results in 22
patients treated with Eden-Lange
transfers. At 7 years, 13 patients had
regained normal shoulder function,
and 6 were satisfactory. Three pa-
tients reported difficulty with work
or sport requiring overhead activity.
Unsatisfactory outcomes were asso-
ciated with concomitant serratus an-
terior muscle weakness.

Romero and Gerber41 reported on
16 patients (including 2 children)
with follow-up of 29 years. Nine pa-
tients reported an excellent result
and had returned to work and sport
without limitations. All patients re-
gained abduction above the horizon-
tal, and 11 were pain free. Constant
scores were not statistically signifi-
cantly different from those of the un-
affected arm at final follow-up. The
two children were completely satis-
fied with the procedure at 32 and 34
years, respectively. According to the
authors, the outcomes of Eden-Lange
transfers are durable in both children
and adults at long-term follow-up.

Patients with FSHD or those who
do not obtain relief with dynamic
muscle transfer are candidates for
scapulothoracic stabilization. Gian-
nini et al42 reviewed the results in
nine patients with FSHD treated
with wire fixation to the thoracic
ribs without fusion. Winging re-
solved in all patients, and statistically
significant gains in abduction
strength were found at 1 year. One
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patient developed pneumothorax
that resolved spontaneously within
48 hours.

Krishnan et al43 recently reported
their results of scapulothoracic ar-
throdesis for FSHD and refractory
winging using plates and wires in 22
patients (24 shoulders). Pulmonary
complications developed in 11 shoul-
ders (46%), and 7 shoulders (29%)
developed pseudarthrosis. These au-
thors have since advocated for rou-
tine thoracostomy tube placement
and iliac crest autograft to minimize
complications.

Authors’ Preferred
Treatment

For neurapraxia, observation of 6 to
12 months is undertaken because the
condition can resolve without sur-
gery. Acute transections are best
managed with repair and nerve graft-
ing, when necessary. For recalcitrant
neurapraxia, surgical muscle transfer
is recommended.

Patients with serratus anterior
muscle palsy are treated with pecto-
ralis major muscle transfer aug-
mented with autogenous hamstring
graft. Patients are placed in the lat-
eral decubitus position with the arm
and ipsilateral leg draped free. An
anterior deltopectoral incision in the
axillary fold is used to detach the

pectoralis major tendon. We prefer
to transfer the entire pectoralis ten-
don because both heads of the mus-
cle offer improved strength. Semiten-
dinosis tendon is harvested with
open-ended tendon strippers, al-
though hamstring allograft may be
substituted. The hamstring autograft
is woven into the pectoralis with No.
2 nonabsorbable suture in a Pulver-
taft weave (Figure 5). The pectoralis
is brought medial to the conjoined
tendon, and blunt dissection with a
long curved clamp is used to create a
tunnel in the scapulothoracic inter-
val. The inferomedial corner of the
scapula is exposed through a poste-
rior incision, and the tendon is re-
trieved. The hamstring graft is then
passed through drill holes in the
scapula and appropriately tensioned.

A technical pearl is to pass the
graft around the medial border ini-
tially, then through a drill hole in the
scapula from posterior to anterior.
The graft is wrapped around the me-
dial border once more, tensioned,
and sewn to itself (Figure 6). Appro-
priate tensioning may be confirmed
when the muscle of the pectoralis
reaches the scapular body. This tech-
nique is less demanding because the
sewing is done on the posterior sur-
face of the scapula rather than ante-
riorly, beneath the scapula.

In patients with recalcitrant trape-

zius palsy who require a muscle
transfer, a modified Eden-Lange pro-
cedure is used. With a high-speed
end-cutting burr, the muscles are de-
tached from the medial scapula with
5 mm of bone. This allows secure
fixation of the muscle reattachments
(Figure 7, A). In our experience, the
short tendons of these muscles do
not hold suture well, thus making
muscle transfers difficult under ten-
sion. The infraspinatus muscle is ele-
vated subperiosteally, the levator
scapulae and rhomboid minor mus-
cles are lateralized 5 cm onto the
scapular spine, and the rhomboid
major muscle is transferred 5 cm into
the infraspinatus fossa. Osteotomies
are secured with nonabsorbable su-
ture through drill holes (Figure 7, B).

Postoperatively, muscle transfer
patients are immobilized for 6 to 8
weeks. After the first week, passive
shoulder pendulum exercises are be-
gun under the guidance of a physical
therapist. Passive abduction exercises
are performed, with the patient su-
pine to minimize graft stress. Active
strengthening is withheld until 8
weeks, and patients are cautioned to
avoid manual labor and sports for
up to 6 months.

Summary

Scapular winging is a rare, poten-
tially debilitating disorder with many
causative factors. Diagnosis is largely
clinical and relies on a high index of
suspicion. A common pitfall is the
failure to undress the patient’s shoul-
ders and back to the waistline, which
permits adequate visualization of
any obvious deformity. Early diagno-
sis and surgical intervention improve
the outcomes of patients with nerve
transection. Although most cases re-
solve with nonsurgical management,
good outcomes are possible with
both acute neurolysis and dynamic
muscle transfers in chronic cases.

Intraoperative photograph illustrating the Pulvertaft weave of autograft
hamstring into the pectoralis major tendon.

Figure 5

Scapular Winging: An Update

460 Journal of the American Academy of Orthopaedic Surgeons



References

References printed in bold type are
those published within the past 5
years.

1. Warner JJ, Navarro RA: Serratus
anterior dysfunction: Recognition and
treatment. Clin Orthop Relat Res 1998;
349:139-148.

2. Bigliani LU, Compito CA, Duralde XA,
Wolfe IN: Transfer of the levator
scapulae, rhomboid major, and
rhomboid minor for paralysis of the

trapezius. J Bone Joint Surg Am 1996;
78(10):1534-1540.

3. Moore KL: Clinically Oriented
Anatomy, ed 6. Philadelphia, PA,
Wolters Kluwer/Lippincott Williams &
Wilkins, 2010.

4. Kuhn JE: The scapulothoracic

Eden-Lange muscle transfer. A, Intraoperative photograph demonstrating the secure grasp of sutures through
insertional bone under tension. B, Intraoperative photograph demonstrating retraction of the infraspinatus muscle (IS)
and reattachment through bone tunnels of the rhomboid major muscle (RHM) in the infraspinatus fossa and rhomboid
minor muscle (Rhm) on the scapular spine (*).

Figure 7

Illustration of the authors’ preferred method of pectoralis major tendon transfer. Classically, the sternocostal head is
harvested (A) and passed through a drill hole in the inferomedial scapula (B). However, anterior tendon attachment is
associated with poor visualization and may compromise scapulothoracic tensioning. C, Posterior tendon-to-tendon
suturing provides excellent visualization and facilitates appropriate muscle tensioning. (Panels A and B reproduced with
permission from Kuhn JE, Hawkins RJ: Evaluation and treatment of scapular disorders, in Warner JP, Iannotti JP,
Gerber C, eds: Complex and Revision Problems in Shoulder Surgery. Philadelphia, PA, Lippincott-Raven, 1997, pp
357-375.)

Figure 6

Alexander K. Meininger, MD, et al

August 2011, Vol 19, No 8 461



articulation: Anatomy, biomechanics,
pathophysiology and management, in
Iannotti JP, Williams GR Jr, eds:
Disorders of the Shoulder: Diagnosis &
Management, ed 2. Philadelphia, PA,
Lippincott Williams & Wilkins, 2006,
vol 2, pp 1057-1086.

5. Myers JB, Laudner KG, Pasquale MR,
Bradley JP, Lephart SM: Scapular
position and orientation in throwing
athletes. Am J Sports Med 2005;33(2):
263-271.

6. Bertelli JA, Ghizoni MF: Long thoracic
nerve: Anatomy and functional
assessment. J Bone Joint Surg Am 2005;
87(5):993-998.

7. Kauppila LI: The long thoracic nerve:
Possible mechanisms of injury based on
autopsy study. J Shoulder Elbow Surg
1993;2(5):244-248.

8. Jenkins DB, Hollinshead WH:
Hollinshead’s Functional Anatomy of the
Limbs and Back, ed 8. Philadelphia, PA,
Saunders, 2002.

9. Fiddian NJ, King RJ: The winged
scapula. Clin Orthop Relat Res 1984;
185:228-236.

10. Wiater JM, Bigliani LU: Spinal accessory
nerve injury. Clin Orthop Relat Res
1999;368:5-16.

11. Rockwood CA: The Shoulder, ed 4.
Philadelphia, PA, Saunders/Elsevier,
2009.

12. Gozna ER, Harris WR: Traumatic
winging of the scapula. J Bone Joint Surg
Am 1979;61(8):1230-1233.

13. Kauppila LI, Vastamäki M: Iatrogenic
serratus anterior paralysis: Long-term
outcome in 26 patients. Chest 1996;
109(1):31-34.

14. Vastamaki M, Kauppila LI: Etiologic
factors in isolated paralysis of the
serratus anterior muscle: A report of 197
cases. J Shoulder Elbow Surg 1993;2(5):
240-243.

15. Galano GJ, Bigliani LU, Ahmad CS,
Levine WN: Surgical treatment of
winged scapula. Clin Orthop Relat Res
2008;466(3):652-660.

16. Wiater JM, Flatow EL: Long thoracic
nerve injury. Clin Orthop Relat Res
1999;368:17-27.

17. Perlmutter GS, Leffert RD: Results of
transfer of the pectoralis major tendon to
treat paralysis of the serratus anterior
muscle. J Bone Joint Surg Am 1999;
81(3):377-384.

18. Hester P, Caborn DN, Nyland J: Cause
of long thoracic nerve palsy: A possible
dynamic fascial sling cause. J Shoulder
Elbow Surg 2000;9(1):31-35.

19. Delmonte S, Massone C, Parodi A,
Rebora A: Acquired winged scapula in a
patient with systemic lupus
erythematosus. Clin Exp Rheumatol
1998;16(1):82-83.

20. Bischel OE, Hempfing A, Rickert M,
Loew M: Operative treatment of a
winged scapula due to peripheral nerve
palsy in Lyme disease: A case report and
review of the literature. J Shoulder
Elbow Surg 2008;17(6):e24-e27.

21. Sivan M, Hassan A: Images in emergency
medicine: Winged scapula as the
presenting symptom of Guillain-Barre
syndrome. Emerg Med J 2009;26(11):
790.

22. Safran MR: Nerve injury about the
shoulder in athletes, part 2: Long
thoracic nerve, spinal accessory nerve,
burners/stingers, thoracic outlet
syndrome. Am J Sports Med 2004;32(4):
1063-1076.

23. Bigliani LU, Perez-Sanz JR, Wolfe IN:
Treatment of trapezius paralysis. J Bone
Joint Surg Am 1985;67(6):871-877.

24. Teboul F, Bizot P, Kakkar R, Sedel L:
Surgical management of trapezius palsy.
J Bone Joint Surg Am 2004;86(9):1884-
1890.

25. Donner TR, Kline DG: Extracranial
spinal accessory nerve injury.
Neurosurgery 1993;32(6):907- 911.

26. Williams WW, Twyman RS, Donell ST,
Birch R: The posterior triangle and the
painful shoulder: Spinal accessory nerve
injury. Ann R Coll Surg Engl 1996;78(6):
521-525.

27. Kretschmer T, Heinen CW, Antoniadis
G, Richter HP, König RW: Iatrogenic
nerve injuries. Neurosurg Clin N Am
2009;20(1):73-90, vii.

28. Akgun K, Aktas I, Terzi Y: Winged
scapula caused by a dorsal scapular
nerve lesion: A case report. Arch Phys
Med Rehabil 2008;89(10):2017-2020.

29. Shapiro F, Specht L: The diagnosis and
orthopaedic treatment of inherited
muscular diseases of childhood. J Bone
Joint Surg Am 1993;75(3):439-454.

30. Tamai K, Ogawa K: Intratendinous tear
of the supraspinatus tendon exhibiting
winging of the scapula: A case report.
Clin Orthop Relat Res 1985;194:159-
163.

31. von Eisenhart-Rothe R, Matsen FA III,
Eckstein F, Vogl T, Graichen H:
Pathomechanics in atraumatic shoulder
instability: Scapular positioning
correlates with humeral head centering.
Clin Orthop Relat Res 2005;433:82-89.

32. Pande P, Hawkins R, Peat M:
Electromyography in voluntary posterior
instability of the shoulder. Am J Sports
Med 1989;17(5):644-648.

33. Hovis WD, Dean MT, Mallon WJ,
Hawkins RJ: Posterior instability of the
shoulder with secondary impingement in
elite golfers. Am J Sports Med 2002;
30(6):886-890.

34. Lazar MA, Kwon YW, Rokito AS:
Snapping scapula syndrome. J Bone Joint
Surg Am 2009;91(9):2251-2262.

35. Kuhn JE, Plancher KD, Hawkins RJ:
Scapular winging. J Am Acad Orthop
Surg 1995;3(6):319-325.

36. Disa JJ, Wang B, Dellon AL: Correction
of scapular winging by supraclavicular
neurolysis of the long thoracic nerve.
J Reconstr Microsurg 2001;17(2):79-84.

37. Novak CB, Mackinnon SE: Surgical
treatment of a long thoracic nerve palsy.
Ann Thorac Surg 2002;73(5):1643-
1645.

38. Tomaino MM: Neurophysiologic and
clinical outcome following medial
pectoral to long thoracic nerve transfer
for scapular winging: A case report.
Microsurgery 2002;22(6):254-257.

39. Post M: Pectoralis major transfer for
winging of the scapula. J Shoulder
Elbow Surg 1995;4(1 pt 1):1-9.

40. Povacz P, Resch H: Dynamic
stabilization of winging scapula by direct
split pectoralis major transfer: A
technical note. J Shoulder Elbow Surg
2000;9(1):76-78.

41. Romero J, Gerber C: Levator scapulae
and rhomboid transfer for paralysis of
trapezius: The Eden-Lange procedure.
J Bone Joint Surg Br 2003;85(8):1141-
1145.

42. Giannini S, Ceccarelli F, Faldini C,
Pagkrati S, Merlini L: Scapulopexy of
winged scapula secondary to
facioscapulohumeral muscular
dystrophy. Clin Orthop Relat Res 2006;
449:288-294.

43. Krishnan SG, Hawkins RJ, Michelotti
JD, Litchfield R, Willis RB, Kim YK:
Scapulothoracic arthrodesis: Indications,
technique, and results. Clin Orthop
Relat Res 2005;435:126-133.

Scapular Winging: An Update

462 Journal of the American Academy of Orthopaedic Surgeons


