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ABSTRACT: Introduction: In this study we report a large series
of patients with unilateral winged scapula (WS), with special
attention to long thoracic nerve (LTN) palsy. Methods: Clinical
and electrodiagnostic data were collected from 128 patients over
a 25-year period. Results: Causes of unilateral WS were LTN
palsy (n 5 70), spinal accessory nerve (SAN) palsy (n 5 39), both
LTN and SAN palsy (n 5 5), facioscapulohumeral dystrophy
(FSH) (n 5 5), orthopedic causes (n 5 11), voluntary WS (n 5 6),
and no definite cause (n 5 2). LTN palsy was related to neuralgic
amyotrophy (NA) in 61 patients and involved the right side in 62
patients. Discussion: Clinical data allow for identifying 2 main clin-
ical patterns for LTN and SAN palsy. Electrodiagnostic examina-
tion should consider bilateral nerve conduction studies of the LTN
and SAN, and needle electromyography of their target muscles.
LTN palsy is the most frequent cause of unilateral WS and is usu-
ally related to NA. Voluntary WS and FSH must be considered in
young patients.
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Diagnosing the cause of unilateral winged scapula
(WS) is a challenge, and WS is a frequent cause of
delayed diagnosis and misdiagnosis.1 Long thoracic
nerve (LTN) palsy is an infrequent cause, but it is
well-recognized by specialists such as neurologists,
rheumatologists, rehabilitation physicians, sport
physicians, and orthopedists. Hence, it is overdiag-
nosed, and most unilateral WS cases are clinically
diagnosed as LTN palsy until proven otherwise,2,3

which increases the importance of electrodiagnos-
tic (EDX) examination.

Winslow first reported a case of bilateral WS in
1723 (in Fery and Sommelet4, but the first unilat-
eral case with isolated serratus anterior palsy
related to acromioclavicular dislocation was

described by Velpeau, in 1837 (see Fery and Som-
melet4 and Gooding et al.5). In 1935, Patel and col-
leagues first reported 5 cases related to serratus
anterior muscle palsy,6 then 2 series of 28 and 20
cases, respectively, were reported.7,8 Spinal acces-
sory nerve (SAN), or trapezius muscle palsy, is the
second most frequent cause of WS and was recog-
nized much later.9,10 In 2002, Friedenberg et al.11

and Seror et al., in 2017,3 reported 2 large series of
SAN palsy. Many cases of both LTN and SAN palsy,
related to neuralgic amyotrophy (NA), have been
reported.3,9,11–14 Some series were specifically
related to LTN or serratus anterior muscle palsy,
and most have been from orthopedic surgical
teams15,16; the largest series of isolated LTN palsy
included 197 cases.17

Other causes of WS have been rarely discussed
and a classification related to nerve, muscle, bone,
or joint pathology2 remains the best basis for estab-
lishing an accurate etiological diagnosis of unilat-
eral WS. Herein we describe the clinical and EDX
patterns of WS of different causes.

METHODS

Patients. We examined cases in 128 patients; data for 109
were prospectively collected from 2001 to 2016, and for 19
were retrospectively collected from 1992 to 2000. All patients
were referred for EDX for marked unilateral scapular weak-
ness and variable pain associated with unilateral WS. All clini-
cal and EDX examinations were performed by the same
examiner (S.P.). All participants provided informed consent
for the use of their data for this study. The study was app-
roved by the local committee on research ethics.

Clinical Evaluation. Data were collected on age, gender,
right- or left-handedness, duration of symptoms before EDX,
the circumstances of occurrence (surgical procedure, trauma,
radiotherapy, or other precipitating conditions), and the
physical examination. The physical examination systemati-
cally involved a comparative static examination of both
shoulders at rest, front and back view, then a comparative
dynamic analysis of the scapulothoracic rhythm of the back
view during large circumduction of both upper limbs.3,18,19

The assessment also evaluated muscle wasting and strength of
the infraspinatus, serratus anterior, trapezius, deltoid, biceps,
and triceps muscles, and tendon reflex testing of the upper
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limbs. When the WS was not obvious, some tests to enhance
the winging were performed: the patient was asked to push
on a wall with the hand at the level of the shoulder or slightly
above, perform push-ups, or externally rotate the shoulder
against resistance.2,4,5,20,21 The digitations of the serratus
anterior muscle on the 5th–8th ribs were systematically
inspected. The WS was considered medial when it occurred
near the spine and lateral when it occurred far from spine
near the axilla. It was considered dynamic when it occurred
usually during active elevation of the upper limb and was
absent at rest. It was considered static when present at rest
and usually unchanged during elevation of the upper limb.
Numerous dynamic analyses were video-recorded, all with the
informed consent of patients.

Electrodiagnostic Evaluation. For each patient, bilateral
nerve conduction studies (NCS) of the LTN and SAN
involved previously described methods.3,22–24 Motor and
sensory NCS of median and ulnar nerves were performed in
the symptomatic upper limb. Based on symptoms and on
clinical examination, other nerves were studied. Skin tem-
perature was measured, and hands were warmed before test-
ing if the skin temperature was <328C.

NCS of LTN involved both upper limbs with 2 differ-
ent methods.24

� The needle method,24–28 used in 70 cases, has been prac-
ticed since 1992. It involves stimulation at Erb’s point
and performed with a fixed-distance electrode (23 mm)
and recording with a coaxial needle electrode inserted in
the 6th or 7th digitation of the serratus anterior muscle.

� The surface method,24,29 used in 53 cases, has been
performed by practiced since 2005. The stimulation was
performed over the first ribs, at the axilla, with a fixed-
distance electrode, and with the hand above the head.
The recording was achieved with a pair of self-adhesive
electrodes on the 7th or 8th digitation (active) and on
the sternum (reference).

NCS of SAN involved both upper limbs, as described
elsewhere.3,23

Needle examination was performed of the serratus
anterior, trapezius, infraspinatus, deltoid, biceps, and triceps

muscles in the symptomatic upper limb at rest and during
maximal voluntary contraction. Muscles demonstrating
abnormal findings on needle examination were assessed on
the contralateral upper limb. Based on history and physical
examination, other muscles were examined when indicated.

Other Examinations. Most patients underwent cervical
spine MRI. They may have undergone thoracic radiography,
tomodensitometry, or MRI of the scapula,30 or genetic anal-
ysis for facioscapulohumeral dystrophy (FSH).31 Some
patients may have also had blood testing for creatine kinase,
systemic inflammation, or diverse tissue antibodies, to rule
out inflammatory mononeuropathy or myopathy, or Lyme
and viral serological tests for a possible viral infection trig-
gering NA.

Patients with bilateral WS and those with sensorimotor
polyneuropathies were excluded from this study.

Diagnostic Classification according to Clinical, EDx, and

other Findings

Nerve- and Muscle-Related WS. The clinical patterns
of both main causes of WS, LTN, and SAN palsies are sum-
marized in Table 12; only EDX patterns are described
hereafter.

� LTN palsy was diagnosed when the clinical and EDX find-
ings demonstrated concordant signs of serratus anterior
muscle impairment (Figs. 1A, 2, and 4). The EDX pattern
is characterized by: (1) very low amplitude of compound
motor action potential (CMAP) or motor action potential
(MAP) of the serratus anterior muscle; (2) variable distal
motor latency (DML); and (3) a neurogenic pattern dur-
ing maximal contraction and usually active denervation at
rest in serratus anterior muscle.

� SAN palsy was diagnosed when the clinical and EDX find-
ings demonstrated concordant signs of trapezius muscle
impairment (Fig. 1B). The EDX pattern is characterized
by: (1) low or very low amplitude of upper and lower tra-
pezius muscle CMAP; (2) variable DML; and (3) a neuro-
genic pattern during maximal contraction and usually
active denervation at rest in the trapezius muscle.

Table 1. Clinical patterns for differentiating winged scapula related to long thoracic nerve and spinal accessory nerve palsy

LTN palsy SAN palsy

Classical physical signs

Muscle palsy and signs of physical
inspection

Serratus anterior muscle; atrophy
of digitations

Trapezius muscle; atrophy of upper
and lower trapezius

Side involved Right side 5 88% Random
Position of the scapula when winged Medial, near the spine Lateral, away from the spine
Movement that triggers or

enhances winging
Anterior elevation; pushing on a wall;

push-ups
Lateral elevation; shoulder external

rotation against resistance
Additional physical signs

Ropelike lower trapezius Raised by the medial margin of scapula
and descends toward the lower
thoracic vertebrae; best seen when
anterior elevation is 958–1208

Never found (lower trapezius
is atrophied)

Ropelike rhomboid major Never found (rhomboid muscles are
masked by normal trapezius muscle)

Rises from the inferior angle of scapula
toward the upper thoracic vertebrae;
best seen at rest or near rest

Abrupt sliding of the scapula during
lateral elevation

Never found Occurs when lateral elevation is
at least 1108

LTN, long thoracic nerve; SAN, spinal accessory nerve.
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� FSH was diagnosed when WS was dynamic and the clini-
cal, EDX and genetic findings were consistent with FSH
criteria.31,32

Bone- or Joint-Related WS. A rotator cuff lesion was
considered responsible for the WS when no neuromuscular
cause was found and there was a positive Neer impingement
sign and a positive Neer test33 (a xylocaine injection caused
the WS to temporarily disappear). Scoliosis was considered
responsible for a static WS with no neuromuscular cause
and the WS located on the rib hump. WS was related to a
clavicle fracture when this appeared after the trauma and
with an obvious bone malunion.34

WS Unrelated to a Nerve, Muscle, Bone, or Joint
Pathology. Voluntary WS was diagnosed2 when the clinical
examination revealed a bilateral dynamic WS, but with all
other clinical, EDX, and other examinations being normal.

Neuralgic Amyotrophy. NA was defined as an acute,
painful, and monophasic neuropathy, with unique or multi-
ple nerve lesions that cause weakness, amyotrophy, and sen-
sory loss in an asymmetric and patchy distribution, involving
mainly the upper limbs,12,35–37 and with normal cervical
spine MRI findings.

Statistical Analyses. Quantitative data are reported as
mean 6 standard deviation and were compared using the
Student t-test or Wilcoxon–Mann–Whitney test. P< 0.05 was
considered significant. SAS version 9.1 (SAS Institute, Inc.,
Cary, North Carolina) was used for statistical analyses.

RESULTS

Demographic Characteristics of the 128 Patients. The
main data are summarized in Table 2. The mean
delay between symptom onset and EDX was 8.7

FIGURE 2. Imaging is shown of a patient with recent right LTN palsy related to NA. These serial images (A–C), extracted from a

video, show that the ropelike lower trapezius muscle is not always easy to see. It was absent until 908 anterior elevation (A), then thin

and transiently visible at between 958 and 1158 of elevation (B, C) (black arrows), and then absent above 1208 elevation. Moreover,

pushing on a wall (D), which usually emphasizes its appearance, did not do so in this case.

FIGURE 1. Typical clinical aspect, back view, of unilateral winged scapula (WS) in 2 patients with long thoracic nerve (LTN) palsy (A),

and spinal accessory nerve (SAN) palsy (B).

(A) With a right LTN lesion (serratus anterior muscle palsy), the medial margin of the scapula is detached from the thorax, medially,

near the spine, especially during the anterior elevation of the upper limb, and when the patient is pushing on a wall. Pushing on the

wall also accentuates the raising of the ropelike lower trapezius (black arrow) descending obliquely from the medial margin of the of

scapula toward the lower thoracic vertebrae, what eliminates the diagnosis of SAN palsy.

(B) With a right SAN lesion (trapezius muscle palsy), the medial margin of the scapula is mildly detached from the thorax and slides

laterally, far from the spine, especially during lateral elevation of the upper limb. In this case, examination of the neck silhouette from

the back is normal; SAN palsy, which was undiagnosed for more than 2 years, was related to neuralgic amyotrophy (NA) and the

patient had good recovery of the upper but not the lower trapezius muscle.
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months for LTN palsies, 30.2 months for SAN pal-
sies, and 62.4 months for FSH patients. FSH and
voluntary WS patients were significantly younger
than the other patients (P< 0.05, Wilcoxon–
Mann–Whitney test).

Etiologies of the 128 WS Patients. Etiologies of
Nerve- and Muscle-Related WS. Among the 70 LTN
lesions, causes included NA (n 5 61), brachial plexus
surgical procedure for thoracic outlet syndrome
(n 5 1) or brachial plexus radiotherapy (n 5 2), tho-
racic surgery for lung cancer (n 5 1) or breast cancer
(n 5 1), and NA triggered by exercises or true LTN
stretching (n 5 4). The diagnosis proposed by the
referring physician was LTN palsy for 43 cases, cervi-
cal root disorder (n 5 8), suprascapularis nerve
lesion (n 5 2), brachial plexus lesion (n 5 3), SAN
lesion (n 5 2), or no specific diagnosis (n 5 12). For
the 61 cases of LTN palsy related to NA, an associated
nerve lesion was found in 25 cases and a precipitating
condition in 32 cases. These precipitating conditions
included strenuous exercise or mild trauma (n 5 13),
respiratory track infection (n 5 6), surgery distant
from the LTN (n 5 5), childbirth (n 5 4), vaccination
(n 5 2), parvovirus infection (n 5 1), and hepatitis E

infection (n 5 1). Five cases with LTN palsy also
exhibited ipsilateral SAN palsy, related to NA
(n 5 3), postradiation brachial plexopathy (n 5 1),
and thoracic surgery for breast cancer surgery
(n 5 1). Among the 39 SAN lesions, 26 were related
to a medical cause and 13 to neck surgery.3 The 26
medical causes were: neuralgic amyotrophy (n 5 20);
idiopathic or posttraumatic condition (n 5 3); postra-
diation neuropathy (n 5 1); abnormal vascular loop
of the jugular vein (n 5 1); and chest cancer (n 5 1).
The 13 surgical causes were: cervical lymph node
biopsy (n 5 3); oncologic neck surgery (n 5 6); cervi-
cofacial lift (n 5 2); carotid and vertebral bypass
(n 5 1); and a retroauricular wound (n 5 1). Five
cases were mild FSH.3,38

Etiologies of Joint- or Bone-Related WS. The other
causes of unilateral WS were scoliosis (n 5 4), exos-
tosis of the acromion (n 5 1), rotator cuff impinge-
ment (n 5 2), and trauma of the clavicle without
any nerve palsy (n 5 4). Six patients had voluntary
WS, and 2 exhibited no definite cause.

Clinical Characteristics of the 128 Patients. All
patients had moderate to severe weakness of the
impaired upper limb with unilateral WS. All cases,

Table 2. Demographic data for the different causes of unilateral winged scapula in 128 cases

LTN (n 5 70) SAN (n 5 39) FSH (n 5 5) VWS (n 5 6) Other causes (n 5 8)

Sex, male [n (%)] 38 (55) 24 (61) 3 (60) 5 (83) 10 (77)
Age (mean 6 SD) 41.1 6 15 42.7 6 19 21.2 6 6.4 22.2 6 6.8 40.3 6 13.3
BMI, kg/m2 (mean 6 SD) 22.5 6 2.9 23.6 6 3.7 19.8 6 3.9 22.7 6 2.4 23.2 6 5.0
Right side involved [n (%)] 62 (88) 22 (56) 4 (80) 4 (67) 9 (64)

LTN, long thoracic nerve; SAN, spinal accessory nerve; FSH, facioscapulohumeral dystrophy; VWS, voluntary winged scapula; BMI, body mass index.

FIGURE 3. A 15-year-old patient with voluntary winged scapula (WS).

(A) The patient was referred for unilateral left WS related to LTN palsy. A precise cause could not be determined based on physical

examination. The winging was obvious, more lateral than medial, with no winging during circumduction of the shoulders and push-ups.

In fact, the winging was initiated by the patient when desired, for a 308–608 anterior elevation of the upper limbs. The EDX examina-

tion, performed twice, with a >1-year interval between examinations, was normal.

(B) Finally, with complementary clinical examination, on asking the patient to perform some peculiar maneuvers, the patient produced

similar winging with the contralateral scapula.
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except orthopedic cases (scoliosis, clavicle trauma),
showed a dynamic WS.

Clinical Characteristics of Nerve- and Muscle-Related
WS.
In the 70 LTN palsies, WS was obvious and
medial in 61 cases and occurred mainly between
808 and 1508 of anterior elevation of the upper

limb. Atrophy of serratus anterior muscle digita-
tions on the impaired side was observable and
palpable in 20 of the 38 male patients. The trape-
zius muscle was atrophied in 5 cases (associated
SAN palsy). Overall, 77% of isolated LTN palsy
cases featured a ropelike lower trapezius muscle
(Figs. 1A and 2). No patient showed an abrupt

FIGURE 4. EDX traces of the patient shown in Figure 1A demonstrate a severe right LTN lesion.

(A1, A2) Results of LTN nerve conduction study with surface recording on the right impaired side (line a) and healthy left side (line b).

The recording was performed with a pair of surface electrodes, stimulating over the first ribs at the axilla. On the impaired side, the

distal motor latency (DML) was 2.8 ms and the compound motor action potential (CMAP) amplitude was 0.5 mV; on the healthy side,

the DML was 2.2 ms and the MAP amplitude was 8.2 mV. A, active electrode; R, reference electrode; S, stimulation.

(B, C) Results of serratus anterior muscle EMG (line a) and LTN nerve conduction study (line b) on the impaired (B) and healthy (C)

sides. The recording was performed with the needle inserted in the serratus anterior muscle, with stimulation performed at Erb’s point.

On the impaired side, EMG revealed rare motor units of very low amplitude and prominent active denervation; the DML was 4.4 ms

and the MAP amplitude was 0.8 mV; on the healthy side, the DML was 3.6 ms and the MAP amplitude was 10.3 mV.

Table 3. Electrodiagnostic data for patients with winged scapula related to different causes

Number of normal nerves Normal values LTN (n 5 70) SAN (n 5 39) FSH (n 5 5) VWS (n 5 6) Other causes (n 5 13)

SAM24 surface (n 5 80)
DML (ms) 2.2 6 0.30 3.3 6 0.7* 2.3 6 0.4 2.3 6 0.16 2.1 6 0.2 2.2 6 0.29
Amp (mV) 5.3 6 2.4 0.67 6 0.5* 6.6 6 2.4 1.8 6 1.5* 6.2 6 2.8 5.9 6 2.5

SAM24 needle (n 5 80)
DML (ms) 3.6 6 0.45 6.0 6 4.6* 3.7 6 0.4 3.6 6 0.36
Amp (mV) 8.9 6 4.0 0.53 6 0.6* 8.0 6 3.6 7.1 6 3.1

Upper3 TM (n 5 100)
DML (ms) 2.4 6 0.3 2.4 6 0.4 3.8 6 3.0* 2.4 6 0.25 2.0 6 0.3 2.1 6 0.3
Amp (mV) 9.1 6 2.3 5.9 6 2.3 2.1 6 2.15* 2.7 6 2.2* 10.3 6 1.6 10.6 6 2.0

Lower3 TM (n 5 100)
DML (ms) 4.3 6 0.52 4.0 6 0.6 5.4 6 2.9* 5.6 6 1.0* 4.0 6 0.3 4.2 6 0.47
Amp (mV) 6.2 6 1.7 8.0 6 3.6 0.43 6 0.5* 0.9 6 1.1* 8.0 6 2.6 6.8 6 1.7

All data are for the impaired upper limb. Quantitative data are reported as mean 6 standard deviation and compared with normal data by the Student t test
or the Wilcoxon–Mann–Whitney test. For patients with FSH, VWS, and other rare causes, the LTN conduction study with a needle inserted in the serratus
anterior muscle was not systematically recorded, if the LTN conduction study with surface recording and needle examination provided significant abnormal
findings or normal findings to establish an accurate diagnosis. LTN, long thoracic nerve; SAN, spinal accessory nerve; FSH, facioscapulohumeral dystrophy;
VWS, voluntary winged scapula; SAM, serratus anterior muscle; surface, surface recording with stimulation at axilla; needle, needle recording with stimula-
tion at Erb’s point; TM, trapezius muscle; DML, distal motor latency; Amp, compound action motor amplitude.

*Significantly abnomal data (P< 0.05).
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sliding of the scapula during lateral elevation of
the upper limb.

In the 39 SAN palsies, the WS was always mild
and lateral, and occurred during lateral elevation
of the upper limb. Wasting of the upper trapezius
muscle was moderate in 11 cases and major or
severe in 28 cases, whereas wasting of the lower tra-
pezius muscle was major or severe in all cases.
Thus, a ropelike lower trapezius was never
observed. Overall, 17 of 20 cases showed a lateral
and downward abrupt sliding of the scapula, of
very short duration (0.4 s), during lateral elevation
of the upper limb, when lateral elevation was at
least 1108. In some cases at rest or near rest, a
ropelike rhomboid was observed in some thin
patients, male or female. External rotation of the
shoulder against resistance was helpful in 3 cases.

In the 5 FSH patients, unilateral WS appears
usually as SAN palsy. No case with typical clinical
and EDX findings for isolated LTN palsy was diag-
nosed as FSH.

Clinical Characteristics of Bone- and Joint-Related
WS. WS related to bone and joint causes featured
normal EDX findings and did not correspond to
that described for SAN or LTN palsy.

Clinical Characteristics of WS Unrelated to Nerve,
Muscle, Bone, or Joint Pathology. When voluntary WS
was diagnosed, the WS appeared mainly between
308 and 608 of anterior elevation and was usually not
present during complete circumduction or during
pushing on a wall or push-ups. The patient, referred
for unilateral WS, was able to voluntarily produce a
similar winging with the contralateral healthy scap-
ula (Fig. 3).

For the 2 cases with no define cause, 1 had nor-
mal EDX findings, with suspected voluntary WS,
but the patient could not produce the contralat-
eral WS; the other patient had mild EDX-revealed
impairment of SAN more than LTN, with sus-
pected FSH, but declined genetic analysis.

Electrodiagnostic Data. The electrodiagnostic data
for the 128 patients are summarized in Table 3.
Typical EDX findings for a LTN palsy are shown in
Figure 4. The DML to serratus anterior muscle was
obviously increased in 3 cases with stimulation at
Erb’s point (without history of LTN compression),
and was never increased with stimulation at the
axilla. In contrast, MAP and CMAP amplitudes
were severely decreased in all cases with both
methods; in fact, no MAP was recordable in 23
cases and no CMAP in 8 cases. During maximal
contraction, needle examination revealed no
motor unit potentials in 14 cases, rare motor unit
potentials in 42, and less severely reduced recruit-
ment in 14, with high firing rate (>25 HZ), consis-
tent with the decreased (C)MAP amplitudes. At

rest, the presence (n 5 51) or absence (n 5 19) of
fibrillation potentials and positive sharp waves were
always consistent with severity of the LTN lesion
and the delay between palsy onset and EDX
examination.

In addition, 25 of the 61 LTN palsy cases
related to NA showed 1–5 associated nerve lesions,
involving the suprascapularis nerve (n 5 12), SAN
(n 5 5), C5–C6 myotomes (n 5 4), radial nerve
(n 5 2), anterior interosseous nerve (n 5 1), lateral
antebrachial cutaneous nerve (n 5 3), median
nerve (n 5 1), and phrenic nerve (n 5 1). Other
nerve lesions related to LTN palsy but not to NA
were postradiation lower brachial plexus lesion
(n 5 2) and lower brachial plexus lesion with
Horner syndrome related to neurogenic thoracic
outlet syndrome surgery (n 5 1).

Electrodiagnostic Data for other Causes of WS. In
all cases, the EDX data for SAN palsy showed a
mildly increased DML but a substantial to severe
decrease in CMAP amplitude of the upper and
lower trapezius muscles, respectively (Table 3).
The EDX data for FSH cases showed more abnor-
malities for the trapezius than for the serratus
anterior muscle. The EDX data for the other cases
(non-neurological and non-myopathic) were char-
acterized by normal EDX examination. Finally,
other neuropathies, unrelated to WS, were also
detected, including median nerve lesion at the
wrist (n 5 3), ulnar nerve lesion at the elbow
(n 5 2), mild chronic root disorder related to cervi-
carthrosis (n 5 4), and C8–T1 “root disorder”
related to syringomyelia (n 5 1).

DISCUSSION

This study has pointed out some new findings
in unilateral WS. LTN is the most frequent cause
of WS and is mainly related to NA. An accurate
and attentive clinical examination allowed for des-
cribing 2 different patterns for LTN and SAN
palsy. The definitive diagnosis requires an EDX
examination that should consider bilateral nerve
conduction studies of the LTN and SAN with nee-
dle examination of their target muscles. In young
patients, FSH and voluntary WS are quite frequent
and the diagnosis is always a challenge.

A short anatomical review is essential to under-
stand the key roles of the different scapular
muscles in stabilizing the upper limb during its lat-
eral and anterior elevation.

Anatomy. Muscles. The serratus anterior mus-
cle is a large, deep muscle that extends from the
medial border of the spine of scapula, beneath the
scapula, to the 11 first ribs laterally. Its main func-
tion is to stabilize the scapula on the thorax by
pulling the scapula laterally when the trapezius,
rhomboid, and levator scapulae muscles are
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pulling it medially.39,40 The accurate scapulothora-
cic rhythm during anterior and lateral elevation of
the upper limb and the lifting strength of the
upper limb depend on the fine synergic action of
these muscles. Dynamic WS is almost always due to
the failure of this fine balance.

Nerves. The serratus anterior muscle is inner-
vated by the LTN (C5–C7 roots),15,26,41 the trape-
zius muscle is innervated by the SAN (C1–C4
roots), and the rhomboid and levator scapulae
muscles are innervated by the dorsal nerve of the
scapula [C5 (C3–C4) roots].42

Demographics. This large series has considered
clinical and EDX data for each type of pathol-
ogy,2,3,11,14–17 Our findings confirm that LTN and
SAN palsies are the most frequent causes of unilat-
eral WS. This series found similar causes for LTN
palsy and the unexplained high frequency of right
upper limb involvement,5,8,11,15,17,25,43 and con-
firmed the utility of the Fidiann classification2 to
establish an accurate etiological diagnosis with uni-
lateral WS, especially with no diagnosis of LTN or
SAN palsy. The utility of EDX examination is evi-
denced by several findings: (1) 100% of FSH cases,
94% of medical SAN palsy cases, and 39% of LTN
palsy cases were not diagnosed before EDX was
performed1,3; (2) 30% of SAN palsies were diag-
nosed as LTN lesions before EDX was performed;
and (3) in 5 patients with LTN palsy, an associated
and unexpected SAN palsy was found.3

In the present series, NA was the most frequent
cause of LTN and medical SAN palsy, as in neuro-
logical series.3,9,11–13 In orthopedic series, injuries,
trauma, stretching, or postsurgical causes were
more frequently described.4,6,7,15,17,44,45 However,
neurological series also included mild trauma, and
strenuous exercise with or without stretching, well
known to trigger NA.

Age must be taken into consideration to guide
the diagnosis; the youngest cases of WS are most
often revealed as FSH or voluntary WS.

A limitation of our study is not having studied,
not reporting, and perhaps missing a few excep-
tional cases related to an isolated lesion of the dor-
sal nerve of the scapula.27,46–48

The initial physical examination revealed uni-
lateral WS in 128 patients, but the 6 patients with
voluntary WS could voluntarily produce a similar
winging of the contralateral healthy scapula. The
mechanism of the WS varied according to the
diverse origins (nerve, muscle, bone, joint pathol-
ogy),2,5,21 and these determined its clinical pattern.
A good clinical examination allowed for establish-
ing a correct diagnosis in many cases (about 70%),
but this did not reduce the value of EDX in con-
firming the diagnosis, determining the severity of

the lesions, or assessing for the presence of associ-
ated lesions.

Our study has also pointed out 3 new addi-
tional physical signs for LTN and SAN palsy that
we described previously but often overlooked,3,18,38

and these are summarized in Table 1. The ropelike
lower trapezius (Fig. 1A) was found in 77% of iso-
lated LTN palsy cases, thus excluding SAN
palsy.3,18 Sometimes its appearance was fleeting
during dynamic anterior elevation between 958

and 1158 (Fig. 2), and it may not be seen in over-
weight patients. An abrupt sliding of the scapula
was observed in SAN palsy cases when lateral eleva-
tion was at least 1108; it was never observed in LTN
palsy cases.3 The presence of the ropelike rhom-
boid major muscle, due to lower trapezius atrophy,
has rarely been described in SAN palsy and never
observed in LTN palsy.3,38

The clinical pattern of FSH with unilateral WS
resembles SAN palsy.3 The clinical pattern of volun-
tary WS is distinct from that of LTN or SAN palsy and
we considered it a “trick,” such as tongue-rolling.

EDx Examination. With WS, bilateral NCS of LTN
and SAN and needle examination at least of
impaired serratus anterior and trapezius muscles
should be considered. In cases not related to nerve
or muscle, LTN NCS with a needle inserted in the
serratus anterior muscle was not systematically per-
formed because other EDX findings provided
enough normal or abnormal data to establish an
accurate diagnosis.

From our experience, both methods for LTN
NCS are reliable and feasible,24,29 but the surface
method must be favored when LTN is clinically not
impaired because it is more comfortable for the
patient. In pathological cases, both methods should
be used; one could suggest performing only the sur-
face NCS when the diagnosis of NA is evident. As for
any other nerve, both NCS methods have their limits
and pitfalls; some have been described,24,25,28 but
others with the surface method were not. In severe
cases, a residual CMAP of 0.1–0.7 mV (around 10%
of the healthy side value) often remains recordable
(Fig. 4A). One can question whether this potential
arises from the direct stimulation of some muscle
fibers of the latissimus dorsi muscle related to a
volume-conducted potential, rather from the serra-
tus anterior muscle.24,28 In some cases, recovery of
the CMAP amplitude is delayed relative to clinical
recovery; this may be due to reinnervation of the 4
or 5 first digitations but not the 6 last ones, or
desynchronization of the CMAP related to direct
reinnervation. In these cases, needle examination of
proximal digitations may show the changes more
clearly.
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In conclusion, 6 major findings from this study
can be highlighted: (1) new, additional physical
signs should improve the diagnostic performance
of clinical examination to correctly diagnose WS;
(2) the EDX examination should consider bilateral
nerve conduction studies of the LTN and SAN and
needle examination of their target muscles; (3)
LTN palsy is the most frequent cause of unilateral
WS; (4) LTN is mainly related to NA; (5) LTN usu-
ally involves the right upper limb; and (6) in
young patients, a diagnosis of FSH or voluntary WS
should always be considered.
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Paris: Elsevier; 2005. 217 p.

23. Seror P. Les conductions nerveuses 2015: techniques, pieges et solutions.
https://sites.google.com/site/serorenmgedx/les-conductions-nerveuses/.
Accessed XX.

24. Seror P. The long thoracic nerve conduction study revisited in 2006.
Clin Neurophysiol 2006;117:2446–2450.

25. Petrera JE, Trojaborg W. Conduction studies of the long thoracic
nerve in serratus anterior palsy of different etiology. Neurology 1984;
34:1033–1037.

26. Kaplan PE. Electrodiagnostic confirmation of long thoracic nerve
palsy. J Neurol Neurosurg Psychiatry 1980;43:50–52.

27. Lo Monaco M, Di Pasqua PG, Tonali P. Conduction studies along
the accessory, long thoracic, dorsal scapular, and thoracodorsal
nerves. Acta Neurol Scand 1983;68:171–176.

28. Alfonsi E, Moglia A, Sandrini G, Pisoni MR, Arrigo A. Electrophysio-
logical study of long thoracic nerve conduction in normal subjects.
Electromyogr Clin Neurophysiol 1986;26:63–67.

29. Depalma MJ, Pease WS, Johnson EW, Kadyan V. A novel technique
for recording from the serratus anterior. Arch Phys Med Rehabil
2005;86:17–20.

30. Nguyen C, Guerini H, Zauderer J, Roren A, Seror P, Lefevre-Colau
MM. Magnetic resonance imaging of dynamic scapular winging sec-
ondary to a lesion of the long thoracic nerve. Joint Bone Spine 2016;
83:747–749.

31. Ricci G, Scionti I, Sera F, Govi M, D’Amico R, Frambolli I. et al.
Large scale genotype-phenotype analyses indicate that novel prognos-
tic tools are required for families with facioscapulohumeral muscular
dystrophy. Brain 2013;136:3408–3417.

32. Padberg GW, Lunt PW, Koch M, Fardeau M. Diagnostic criteria for
facioscapulohumeral muscular dystrophy. Neuromuscul Disord 1991;
1:231–234.

33. Neer CS 2nd. Impingement lesions. Clin Orthop Rel Res 1983:70–77.
34. Ristevski B, Hall JA, Pearce D, Potter J, Farrugia M, McKee MD. The

radiographic quantification of scapular malalignment after malunion
of displaced clavicular shaft fractures. J Shoulder Elbow Surg 2013;
22:240–246.

35. England JD, Sumner AJ. Neuralgic amyotrophy: an increasingly
diverse entity. Muscle Nerve 1987;10:60–68.

36. Seror P. Neuralgic amyotrophy. An update. Joint Bone Spine 2017;
84:153–158.

37. van Alfen N, van Eijk JJ, Ennik T, Flynn SO, Nobacht IE, Groothuis
JT, et al. Incidence of neuralgic amyotrophy (Parsonage Turner syn-
drome) in a primary care setting—a prospective cohort study. PLoS
One 2015;10:e0128361.

38. Seror P. Accessory nerve lesion after cervicofacial lift: clinical and
electrodiagnostic evaluations of two cases. Muscle Nerve 2009;39:400–
405.

39. Pitres A, Testut L. Les nerfs en sch�emas Anatomie et physiopatholo-
gie Trait�e d’anatomie. Paris: Doin; 1925. 706 p.

40. Netter FH, Dalley AF. Atlas of human anatomy. East Hanover, NJ:
Novartis; 1997. 548 p.

41. Hester P, Caborn DN, Nyland J. Cause of long thoracic nerve palsy: a
possible dynamic fascial sling cause. J Shoulder Elbow Surg 2000;9:
31–35.

42. Frank DK, Wenk E, Stern JC, Gottlieb RD, Moscatello AL. A cadav-
eric study of the motor nerves to the levator scapulae muscle. Otolar-
yngol Head Neck Surg 1997;117:671–680.

43. Marin R. Scapula winger’s brace: a case series on the management of
long thoracic nerve palsy. Arch Phys Med Rehabil 1998;79:1226–1230.

44. Kauppila LI, Vastamaki M. Iatrogenic serratus anterior paralysis.
Long-term outcome in 26 patients. Chest 1996;109:31–34.

45. Galano GJ, Bigliani LU, Ahmad CS, Levine WN. Surgical treatment
of winged scapula. Clin Orthop Rel Res 2008;466:652–660.

46. Benoit P, Deplante F. Paralysis of the dorsal nerve of the scapula: an
unusual cause of scapular displacement [in French]. Presse Med
1994;23:348.

47. Akgun K, Aktas I, Terzi Y. Winged scapula caused by a dorsal scapular
nerve lesion: a case report. Arch Phys Med Rehabil 2008;89:2017–2020.

48. Saporito A. Dorsal scapular nerve injury: a complication of ultrasound-
guided interscalene block. Br J Anaesth 2013;111:840–841.

920 Winged Scapula and LTN Palsy MUSCLE & NERVE June 2018

https://sites.google.com/site/serorenmgedx/les-conductions-nerveuses/

