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Abstract Brachial plexus birth palsy (BPBP) is an upper ex-
tremity paralysis that occurs due to traction injury of the bra-
chial plexus during childbirth. Approximately 20 % of chil-
dren with brachial plexus birth palsy will have residual neu-
rologic deficits. These permanent and significant impacts on
upper limb function continue to spur interest in optimizing the
management of a problem with a highly variable natural his-
tory. BPBP is generally diagnosed on clinical examination and
does not typically require cross-sectional imaging. Physical
examination is also the best modality to determine candidates
for microsurgical reconstruction of the brachial plexus. The
key finding on physical examination that determines need for
microsurgery is recovery of antigravity elbow flexion by 3—
6 months of age. When indicated, both microsurgery and sec-
ondary shoulder and elbow procedures are effective and can
substantially improve functional outcomes. These procedures
include nerve transfers and nerve grafting in infants and sec-
ondary procedures in children, such as botulinum toxin injec-
tion, shoulder tendon transfers, and humeral derotational
osteotomy.
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Introduction

Brachial plexus birth palsy (BPBP) is an upper extremity pa-
ralysis that occurs due to traction injury of the brachial plexus
during childbirth. BPBP is typically diagnosed at birth due to
lack of spontaneous upper extremity movement (Fig. 1).
Clinical examination may also reveal a loss of the Moro re-
flex. The incidence of BPBP is frequently cited as 0.4 to 4 per
1000 live births, although more recent data suggests that inci-
dence may actually be decreasing in the setting of increasing
rates of multiparity, labor induction, and cesarean section as
well as decreasing rates of macrosomia [1—4]. The variation in
reported incidence may be attributed to geographic differences
in obstetric care and birth weights. Approximately 10-30 % of
infants will have residual neurologic deficits, resulting in per-
manent alteration in upper limb development and function [5].

Multiple risk factors for BPBP have been identified, in-
cluding gestational diabetes, macrosomia, shoulder dystocia,
prolonged labor, instrumented delivery, breech delivery, and
fetal distress resulting in hypotonia [1, 6—8]. Shoulder dysto-
cia increases the risk of brachial plexus birth palsy by 100
times [3]. However, only 46 % of patients have one or more
identifiable risk factors [3]. Cesarean section appears to be
protective, as it reduces the risk of injury to 0.2 per 1000 live
births [3].

Anatomy and classification

The brachial plexus is formed by the C5-T1 nerve roots,
which give rise to trunks, divisions, cords, and, finally, termi-
nal branches. Roots are not covered by the protective conjunc-
tive tissue found at the level of the trunks. BPBP lesions more
commonly present with involvement of the C5 and C6 nerve
roots, as they are anatomically more vertically oriented and
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Fig. 1 Typical presentation of Erb’s palsy in a female infant. The right
arm lies in adduction with the shoulder in internal rotation, the elbow in
extension, the forearm in pronation, and the wrist in flexion. The
contralateral left side is functioning well with active shoulder external
rotation and elbow flexion

vulnerable to traction injury [9]. The most common location
of injury is at the upper trunk, also known as Erb’s point.
Injuries that occur at Erb’s point are commonly referred to as
Erb’s palsy and impact the suprascapular nerve and the ante-
rior and posterior divisions of the upper trunk.

Brachial plexus injuries can be classified into two types:
pre-ganglionic and post-ganglionic lesions. Pre-ganglionic le-
sions occur proximal to the dorsal root ganglion and involve
avulsion of the nerve rootlets from the spinal cord. Avulsion
injuries most often occur at the lower portion of the brachial
plexus (C8 and T1 nerve roots). Pre-ganglionic avulsion inju-
ries cannot be repaired by direct surgery and portend a poor
prognosis.

Post-ganglionic lesions occur distal to the dorsal root gan-
glion. These are more common, have a better prognosis, and
can be further classified by the Seddon/Sunderland classifica-
tion (Table 1). It is important to understand that spontancous
recovery can occur following neurapraxia or axonotmesis but
will not occur following neurotmesis or avulsion.

Natural history

There is significant variability in the natural history of BPBP.
Of those diagnosed, 66-92 % of infants will have experience
spontaneous recovery of elbow flexion against gravity in the
first 2 months of life, which strongly suggests eventual com-
plete neurologic recovery in the remainder of the upper limb
[5, 11, 12]. However, 10-30 % of patients are left with per-
manent upper extremity weakness or alteration in function [1,
5]. The Narakas classification system stratifies prognosis
based on the extent of nerve root involvement [13]. Narakas
type I injuries involve C5 and C6 (also known as an Erb’s

Table 1 Seddon/Sunderland classification

Type I (neuropraxia), temporary paralysis due to stretch or traction injury
of peripheral nerve and loss of conduction, local damage to the myelin
sheath with intact axons, and no loss of structural continuity

Type II (axonotmesis), peripheral nerve injury with damage to the axons
and their myelin sheath and peripheral nerve sheath intact; axons can
spontaneously recover at rate of 1-2 mm per day

Type III-V (neurotmesis), complete peripheral nerve rupture with
neuroma formation, preservation of perineurium in type III,
preservation of epineurium in type IV, and complete transection in type
V; will not spontaneously recover but nerve repair or reconstruction are
possible

Source: [10]

palsy) and represent 46 % of patients. Approximately 80 %
of these patients make a full spontaneous recovery. Narakas
type Il injuries involve C5-C7 (extended Erb’s palsy) and
represent 30 % of patients. Only 60 % of patients in this group
make a full spontaneous recovery. Narakas type III injuries
represent a total plexopathy (flail extremity). Narakas type
IV injuries are the most severe and present with a flail extrem-
ity and Horner’s syndrome. Narakas type III and IV injuries
occur 20 % of the time.

Due to the variability in presentation, multiple investiga-
tions have attempted to better prognosticate the potential mile-
stones for neurologic recovery. At 2 months, return of partial
antigravity elbow flexion suggests that the patient will have a
full neurologic recovery [13]. However, Waters demonstrated
that if biceps function has not returned by 3 months, the pa-
tient will rarely have complete recovery and will likely have
decreased shoulder strength and range of motion [14]. Phrenic
nerve injury (resulting in paralysis of the hemidiaphragm) and
Horner’s syndrome are individually considered prognostic for
poor motor recovery and are associated with nerve root avul-
sion [15, 16]. Paralysis of the hemidiaphragm can be diag-
nosed with plain radiography or ultrasonography. Horner’s
syndrome is evident on initial examination and characterized
ptosis, miosis, and anhidrosis. Functionally, patients with per-
manent neurologic injury have been found to have slightly
smaller dimensions of the affected limb, along with delayed
skeletal maturation [17, 18]. These children can expect the
affected limb to be approximately 95 % the length and girth
of the contralateral limb [19].

Multiple investigations have sought to characterize the se-
quelae of permanent neurologic injury, particularly in the
shoulder. Mallet noted that global shoulder function worsens
with increasing delay in return of biceps function [20].
Incomplete neurologic recovery leads to muscle imbalance
(greater shoulder internal rotation from intact pectoralis major
and subscapularis motor function, compared to external rota-
tion, affected by impaired supraspinatus and infraspinatus mo-
tor function), internal rotation contracture, and glenohumeral
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dysplasia—three sequelae that are intimately related and have
been the subject of significant attention in recent years.

Glenohumeral dysplasia (and posterior shoulder disloca-
tion) is associated with BPBP and may occur as early as
3 months of age [21¢]. Approximately 60—80 % of children
who do not recover full motor function develop some degree
of glenohumeral deformity [22]. This typically presents as
retroversion of the glenoid, flattening of the humeral head,
and posterior subluxation. Posterior displacement of the hu-
meral head center of rotation beyond 50 % leads to a high
likelihood of developing a pseudoglenoid [23]. Eismann has
noted that a majority of these patients also have glenohumeral
abduction deformities, with contractures as severe as 65°, a
deformity that may actually improve global shoulder function
by positioning the glenohumeral joint in abduction [24].

The majority of patients with glenohumeral dysplasia de-
velop concomitant internal rotation contracture [25]. Many of
these patients demonstrate difficulty in bringing their hand to
mouth or reaching the back of their head and neck (Fig. 2a, b).
Multiple studies have attributed contractures and bony defor-
mity to muscle imbalance due to weak extensors and external
rotators [26—28]. However, recent murine and computational
studies have found that impaired longitudinal muscle growth
results in more pronounced osseous deformity than muscle
imbalance [29, 30].

Like internal rotation contractures of the glenohumeral
joint, elbow flexion contractures in BPBP have received sig-
nificant attention. The incidence of significant elbow flexion
contractures in BPBP may be greater than clinicians perceive,
and prevalence increases with patient age [31]. Nikolaou has
shown that functional shortening of denervated muscle plays a
primary role in contracture pathogenesis [32]. However, the
mechanism of contracture development in denervated muscle
remains unanswered [33, 34].

Distally, decreased forearm supination and wrist deformity
can occur. In patients with Narakas type III and IV injuries,
significant functional impairment of the hand often persists,
even in children who have regained good shoulder function
[35].

Evaluation

Physical examination is the primary diagnostic tool for BPBP.
Inspection will reveal a lack of spontaneous upper extremity
movement (Fig. 1). By careful evaluation of each major mus-
cle group in the upper limb, the clinician can determine the
pattern of nerve root involvement. The clinician should also
examine for ipsilateral ptosis or miosis in order to establish the
presence or absence of a Horner’s syndrome. Serial examina-
tion of the child allows the clinician to assess any ongoing
motor recovery. There are multiple examination scoring sys-
tems available to track recovery and function. The most
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commonly used and validated are the Modified Mallet
Score, the Active Movement Score (AMS) system, and the
Toronto Score Test (Table 2). The Modified Mallet Score as-
sesses for ability to perform activities of daily living with
functional movements, such as global shoulder abduction,
global shoulder external/internal rotation, hand to neck, hand
to spine, and hand to mouth. AMS identifies 15 spontaneous
movements of the affected limb and scores them based on
active movement without gravity and against gravity. The
Toronto Score Test attempts to prognosticate neurologic re-
covery by scoring the following five movements: elbow flex-
ion, elbow extension, wrist extension, digital extension, and
thumb extension. No scoring system is comprehensive, and
they are difficult to compare. For example, Modified Mallet
Scores do not correlate well with AMS or Toronto Scores due
to its focus on shoulder motion [36].

The most important single prognostic sign is recovery of
antigravity elbow flexion. Clinical examination can help dis-
tinguish BPBP from radial nerve palsy in a newborn. Neonatal
radial nerve palsy should be suspected in infants presenting
with absent wrist and digital extension but intact deltoid, bi-
ceps, and triceps function. The presence of ecchymosis and/or
fat necrosis along the posterolateral brachium is pathogno-
monic for neonatal radial nerve palsy and is less commonly
seen in BPBP.

While physical exam is the cornerstone of the diagnostic
workup in BPBP, imaging can be used to augment the work-
up. Radiographs should be considered to evaluate for clavicle
and humerus fractures, particularly in infants with a history of
shoulder dystocia [9]. Fracture can result in pseudoparalysis
of the ipsilateral limb, important in the differential diagnosis
of BPBP. The role of electromyography (EMG) for prognos-
ticating neurologic recovery is controversial, and its use in
clinical practice remains limited. Heise found that EMG
overestimated clinical recovery [37]. However, more recently,
Van Dijk found that the absence of biceps motor unit poten-
tials in early EMG at 1 month accurately predicted elbow
flexion paralysis, although EMG of biceps at 3 months again
overestimated recovery [38]. Computed tomography (CT)
myelography and magnetic resonance imaging (MRI) can
help characterize injury patterns and can distinguish between
pre-ganglionic and post-ganglionic injury. Both modalities are
highly correlated (no advantage to using both), although MRI
eliminates the radiation exposure [39]. Currently, BPBP re-
mains a clinical diagnosis based on exam. There are no strong
indications for routine advanced imaging. It should be re-
served as an adjunct tool for unusual cases rather than a
screening tool for all infants, particularly due to sedation re-
quirements in infants. However, MRI of the shoulder may be
useful in toddlers and older children to assess glenohumeral
dysplasia. MRI permits clear visualization of the shape of the
glenohumeral joint and can therefore distinguish candidates
for shoulder tendon transfers (mild glenohumeral dysplasia)
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Fig. 2 Intra-operative
photographs demonstrating an
Oberlin’s transfer (single fascicle
ulnar nerve transfer to motor
branch of the biceps brachii). In a,
the principal extrinsic fascicle of
the ulnar nerve (marked with the
vessel loop) has been identified
following epineurotomy,
microsurgical dissection, and
interoperative nerve stimulation.
This fascicle is transferred to the
motor branch of the biceps brachii

(b)

versus humeral osteotomy (moderate or severe glenohumeral
dysplasia) [40]. Ultrasound can be used to detect infantile
shoulder dislocation [41]. An ultrasound of the shoulder is
recommended in all infants with incomplete recovery at
6 months and particularly in infants with progressive loss of
shoulder external rotation with the arm at the side as this may
indicate glenohumeral subluxation or dislocation.

Management

Treatment of BPBP begins with physical or occupational ther-
apy. Passive shoulder, elbow, and digital range of motion ther-
apy should begin immediately unless the patient is also diag-
nosed with a clavicle or humerus fracture, in which case, ther-
apy should begin at 3—4 weeks [42]. Frequent stretching of the
shoulder is critical during infancy in order to prevent
glenohumeral dysplasia or infantile shoulder dislocation.
Shoulder and elbow strengthening through guided play is also
important for maximizing functional neurologic recovery.
During this period of time, serial examination by an orthope-
dic surgeon is critical in order to detect infants at risk of shoul-
der dislocation.

Microsurgical indications

Microsurgical reconstruction of the brachial plexus is recom-
mended for infants that do not demonstrate sufficient sponta-
neous neurologic recovery. It is generally accepted that surgi-
cal intervention is contraindicated in patients who recover
antigravity biceps function by 3 months. However, clinicians
continue to debate how to accurately identify the population of
patients who will have a poor outcome with continued con-
servative management. Although strong evidence-based indi-
cations for microsurgery are lacking, there is general consen-
sus that microsurgery is indicated at 3 months of age for in-
fants with Narakas type III and IV lesions (global lesions with
or without Horner’s syndrome). Haerle recommends surgical
intervention in Narakas type IV patients if they show no re-
covery of forearm and hand function at 3 months even if
biceps function is present [43]. However, indications for mi-
crosurgery and timing of surgery for patients with Narakas
type I and type II lesions (upper trunk or combined upper
and middle trunk lesions) continue to be debated.

Many authors have focused on biceps function to guide
decision-making. Absence of return of antigravity biceps
function (AMS score >5) from 3 to 9 months has been cited
as indication for microsurgery [14, 44—46]. There is no

Table 2 Scoring systems for

Cons

Most extensively validated

recovery and function Pros
Modified Mallet
AMS All ages
Toronto

Incorporates shoulder abduction and
external/internal rotation

Prognostic value

Not suitable for infants, requires
cooperation and communication

Increased time requirements
Complex grading guidelines
Oversimplification

Simple grading system

Source: [36]
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consensus on optimal timing. Chuang asserts that the absence
of biceps function with little or no hand function is an indica-
tion for early exploration at 3 months; improvements in hand
function have been poor with delayed reconstruction [47].
Finally, a recent study by Argenta argued that nerve grafting
is indicated from 9 to 12 months of age if there is weakness in
shoulder function or forearm supination even in patients with
near-normal AMS scores for elbow flexion [48].

Microsurgical techniques

There are three types of microsurgical techniques that can be
used in BPBP, neurolysis, nerve grafting, and nerve transfers.
It was traditionally accepted that neurolysis alone was not
sufficient in regaining neurologic function [49]. However,
neurolysis alone has been revisited and may be indicated in
infants who show signs of recovery intra-operatively with
nerve stimulation or in a subgroup of patients with >50 %
nerve conduction pre-operatively [12, 50]. Superior results
with neuroma resection and nerve grafting compared with
neurolysis have been consistently demonstrated in the litera-
ture. Nerve grafting is typically performed with autograft
(most commonly the sural nerve) but can alternatively be per-
formed with synthetic nerve conduits or allograft. Nerve grafts
are designed to bypass the zone of injury by permitting axonal
regrowth from the nerve root level to distal targets (typically,
divisions or cords of the brachial plexus). Nerve grafting can
result in improved motor function and sensibility. Although
difficult to compare due to variable indications and scoring
systems, studies have consistently demonstrated significant
functional gains in elbow flexion in patients who undergo
surgery between 3 and 9 months [14, 51, 52].

Nerve transfers have gained popularity over the past de-
cade. Unlike nerve grafting, nerve transfer builds a direct
motor-to-motor neural connection close to the muscle target.
Nerve transfers have been found to be effective for late pre-
sentation, isolated deficits, failed primary reconstruction, and
multiple nerve root avulsions [53¢]. The following three nerve
transfers are among the most popular and can be performed in
conjunction with one another to augment shoulder abduction
and external rotation as well as elbow flexion. Transfer of the
terminal motor branch of the spinal accessory nerve (cranial
nerve XI) to the suprascapular nerve reliably restores some
infraspinatus and supraspinatus function [54, 55].
Transferring the long head of the triceps motor branch of the
radial nerve to the anterior branch of the axillary nerve can
restore deltoid function [56]. Finally, transfer of a single ex-
trinsic fascicle of the ulnar nerve (primarily supplying the
flexor carpi ulnaris) to the motor branch of the biceps
(Fig. 2a, b)—better known as Oberlin’s transfe—improves
elbow flexion [57]. As with nerve-grafting outcomes, it is
difficult to compare existing studies. Studies comparing spinal
accessory to suprascapular nerve transfer versus C5 nerve
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grafting show equivalent results [58, 59]. Of the patients,
65-90 % demonstrate functional recovery with the Oberlin
transfer [60—62]. There is insignificant data to assess isolated
outcomes of triceps branch to axillary nerve transfer in chil-
dren, as it is more commonly done in conjunction with other
nerve transfers [63]. Other nerve transfers have also been de-
veloped, but are less commonly used, including intercostal
nerve transfer and contralateral C7 nerve root transfer
[64-67].

There is a dearth of significant data directly comparing
nerve grafting to nerve transfer for primary reconstruction in
BPBP. A recent retrospective case series by Seruya evaluated
outcomes in 74 patients with BPBP undergoing suprascapular
nerve reconstruction—46 patients with spinal accessory nerve
transfer and 28 patients with nerve autograft reconstruction.
There was a trend towards diminished shoulder abduction and
external rotation with a twofold increase in secondary shoul-
der surgery with nerve grafting, when compared to nerve
transfer [68]. In cases of BPBP involving the C7-T1 nerve
roots, Tse maintains in a recent position paper that nerve trans-
fers alone are inadequate to address all functional deficits and,
notably, will not improve sensibility [53+]. Both nerve grafting
and nerve transfers are acceptable options for surgical recon-
struction in BPBP. Surgeon preference continues to dictate
whether nerve grafting, nerve transfer, or both will be used.

Delayed secondary procedures

Beyond reinnervation strategies in infants, there are a number
of secondary procedures that have been developed for toddlers
or children with persistent functional deficits. Limited shoul-
der function in children with plateauing of neural recovery
could be related to persistent internal rotation contracture,
progressive glenohumeral deformity, infantile dislocation,
and insufficient abduction and external rotation power.
These concerns have resulted in the development of a number
of intra-articular and extra-articular secondary procedures for
the shoulder [22]. These correct internal rotation contractures,
improve shoulder function, and limit progression of
glenohumeral dysplasia.

The predominant intra-articular procedures include open
and arthroscopic anterior joint capsule release. A recent
meta-analysis of functional status in 405 patients demonstrat-
ed greater improvement in shoulder abduction with an open
technique in comparison to an arthroscopic technique (67 ver-
sus 28 %). There was no difference between open and arthro-
scopic techniques for improvement in external rotation, or
aggregate Mallet scores was seen [69].

Musculotendinous extra-articular procedures include ten-
don lengthening and tendon transfers. Historically,
subscapularis and pectoralis major lengthening was the work-
horse procedure, although recent studies demonstrate func-
tional improvements in Mallet Score at 1 year but not at
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long-term follow-up [70]. Lengthening can be performed in
conjunction with tendon transfers. The most popular proce-
dure is the L’Episcopo procedure, a transfer of the teres major
and latissiumus dorsi to the rotator cuff. Noaman demonstrat-
ed an average gain of 85° in shoulder external rotation and 75°
in shoulder abduction in 76 patients [71]. Although tendon
transfers reliably improve shoulder range of motion, without
concurrent intra-articular procedures, correction of
glenohumeral dysplasia will not occur. Waters and Bae dem-
onstrated improvement in glenohumeral dysplasia in 83 % of
patients with combined intra-articular and extra-articular pro-
cedures, confirmed with post-operative MRI [72].

In children with severe glenohumeral dysplasia, humer-
al derotational osteotomy can be used to reposition the arc
of shoulder motion and improve function. According to
Price, if a patient is less than 4 years old, there is greater
potential for the glenohumeral joint to remodel, so

Fig.3 a, b The natural history of
shoulder muscle imbalance and
incomplete neurologic recovery
in brachial plexus birth palsy. This
10-year-old child lacks external
rotation beyond neutral and is
only able to bring the affected
hand to his mouth with significant
trumpeting (shoulder abduction)
and wrist extension. The child is
unable to reach the back of his
head. ¢, d Shoulder functioning
2 months following an external
rotation humeral osteotomy. The
child is now able to reach his
mouth with mild trumpeting and
without wrist extension. The child
is also able to reach the back of
his, although this does require
continued cervical spine rotation

anterior contracture release and tendon transfers are gen-
erally indicated. However if a child is greater than 3—
4 years old, MRI is indicated to assess joint congruity
and dysplasia, and the ability of a child to reach the
mouth and back of the head should be assessed
(Fig. 3c, d). If the joint is incongruent and the child has
difficulty reaching the mouth without moderate to severe
trumpeting and is unable to reach the back of the head, a
humeral external rotation osteotomy is often indicated in-
stead of tendon transfers and soft tissue release [73].

In addition to secondary procedures of the shoulder, a
number of secondary procedures of the elbow and wrist
have been developed to correct contractures and improve
function. The Steindler flexorplasty allows for improve-
ment in elbow flexion by detaching the medial epicondyle
and the flexor-pronator origin and transposing them prox-
imally on humerus. This has demonstrated improved
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flexion power and range of motion, increasing from an
average of 14 to 97° flexion at minimum of 2 years [74].

Recent studies have evaluated the use botulinum toxin as
an adjunct to both non-surgical and surgical treatments of
BPBP. In particular, it has been used following closed reduc-
tion and casting of the shoulder to facilitate external rotation
and prevent glenohumeral dysplasia and need for reconstruc-
tive shoulder surgery [7576¢]. Additionally, botulinum toxin
has been used to prevent post-operative contractures [77]. The
efficacy of botulinum toxin remains unclear. A recent study by
Arad looked at the use of botulinum toxin for elbow and
shoulder contractures in BPBP with follow-up at 1 month
and 1 year. Elbow flexion strength demonstrated with
sustained improvement at 1 year, but initial improvements of
shoulder external rotation strength were not sustained at 1 year
[78]. More comparative studies are needed to better elucidate
the potential benefit of adjunctive botulinum toxin.

Outcomes

Prognosticating functional recovery in BPBP remains diffi-
cult, and outcomes reflect this challenge. Zuckerman recently
compared two groups of infants with Narakas grade 1 BPBP
between the ages of 5 and 9 months. One group underwent
nerve transfers, while the other progressed past the point of
needing intervention. Both demonstrated similar long-term
function at 2 years [79]. Despite this challenge, microsurgical
procedures have demonstrated reliable return of shoulder
function in 60-80 % of cases and return of elbow flexion
against gravity in 80-100 % of cases [11, 14, 42, 80, 81].
When evaluating long-term outcomes, the importance of func-
tional recovery cannot be overstated. Nearly 90 % of children
with BPBP participate in sports, which is similar to the pub-
lished normative pediatric data [82]. Finally, in a study sur-
veying quality of life in adolescents with BPBP, functional
and aesthetic factors were responsible for the majority of per-
ceived differences in quality of life [83].

Future directions

Timing of microsurgery in Erb’s palsy at 3 versus 6 months
continues to be a controversial debate and will likely remain a
topic with significant research attention until a reliable con-
sensus can be reached. Additionally, the value of botulinum
toxin and external rotation casting to prevent shoulder internal
rotation contractures is an area of great clinical interest, as
efficacy remains unclear. Finally, as our understanding of the
pathophysiology of muscle contracture improves, future trans-
lational research should hopefully minimize the downstream
effects of muscle imbalance, fibrosis, and impaired longitudi-
nal growth.
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Conclusions

BPBP can result in permanent neurologic injury, a devastating
outcome for parents and patients, which continues to spur
interest in optimizing the workup and management of a prob-
lem and with high variable natural history. BPBP is best diag-
nosed on clinical examination, and exam findings are also
used to determine candidates for microsurgical reconstruction
of the brachial plexus. The key exam finding is return of
antigravity elbow flexion. Both microsurgery and secondary
shoulder and elbow procedures are effective and can substan-
tially improve function.
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