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2 Treatment of Brachial Plexus Injuries

Abstract

Most infants with brachial plexus birth palsy with signs of recovery in the first 6 weeks of
life will improve spontaneously to have a normal function. However, infants who fail to
recover in the first 3 months of life carry the risk of long-term disability. Panplexopathy
and Horner’s syndrome carry worst prognosis. Plastic neural reconstruction is indicated
for the failure of return of function by 3-6 months. There is no consensus about the ideal
timing of intervention, and subject is still open to debate. With microsurgical
reconstruction, there is improvement in outcome in a high percentage of patients.
However, any of these reconstructions is not strong enough to provide a normal function.
Limited shoulder abduction and external rotation are the main elements of limitations in
residual brachial plexus birth palsy children. Infants with internal contracture can be
benefited with Botulinum toxin injection. Internal rotation contracture release and
shoulder-rebalancing surgeries for residual brachial plexus birth palsy patients in the form
of tendon transfers for congruent glenohumeral joint clearly benefit patients. Patients with
noncongruent glenohumeral joint would need a derotational humeral/glenoid anteversion
osteotomy. All the mentioned procedures will substantially improve but not normalize the
function in children.

Keywords: obstetric palsy, natural history, microsurgery, shoulder rebalancing, bony
procedure

1. Introduction

The brachial plexus is a network of peripheral nerves providing innervation to the upper
extremity. Brachial plexus can be injured during labor and delivery [1]. This injury can cause
stretching, rupture or avulsion of some, or all, of the cervical and first thoracic nerve roots.
We prefer the term ‘Brachial plexus birth palsy (BPBP)" to the more commonly used term
‘obstetrical brachial palsy,” which carries implications of cause.
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2. Incidence

Incidence varies from region to region and depends on the obstetrical care available in the
region. The incidence of 0.42 per 1000 live births (1 in 2300) was reported in United Kingdom
and Republic of Ireland [2]. Incidence is estimated to be between 1.6 and 2.6 per 1000 births

[3].

3. Etiology

Shoulder dystocia is the most common cause of BPBP. The neck on the side of the anterior
shoulder is stretched, and this stretch injures the brachial plexus on that side, causing a
varying degree of injury. The right side is more affected as the left occipito anterior (LAO) is
the most common presentation during delivery. In one study incorporating 305 infants, the
author reported that 60% of patients were affected on the right side and 37% on the left side
[4]. The incidence of LAO position is almost 90%, and it does not explain a higher occurrence
of the left side involvement, and therefore other mechanisms like intrauterine injury to plexus
is also thought of. In one study, it was observed that almost half the cases they reviewed had
not shoulder dystocia, and authors concluded that it could be caused by intrauterine
maladaptation and not birth trauma [5]. Another hypothesis is that the posterior shoulder
can get stuck on the sacral promontory and cause injury through a stretch while the baby is
in the early stage of labor before shoulder dystocia takes place [5]. There is some
electrophysiological evidence to suggest that BPBP could have occurred in the intrauterine
period because denervation potentials are seen in EMG performed on day 1 after delivery.
This is not possible if it has occurred at the moment of delivery [6]. Interestingly, BPBP is also
seen following cesarean sections [7]. Bicornuate uterus is thought to cause BPBP with phrenic

palsy [8].

Macrosomia has been defined as birth weight greater than 40004500 g. The Royal College of
Obstetricians and Gynecologists reported that BPBP is a major complication associated with
macrosomia [9].

Two strategies are attempted to reduce the incidence of BPBP. The first is to consider for
cesarean section when fetus is macrosomic and the second is to train obstetricians regarding
the effective management of shoulder dystocia. A study to compare the incidence of BPBP
from 1994 to 1998 and from 2004 to 2008 did not observe significant differences in the
incidence [10], although the cesarean section rate had increased from 10.7 to 18.4%. The
authors of this study concluded that despite training in the management of shoulder dystocia
and a rising institutional cesarean section rate, the incidence of BPBP has remained
unchanged compared with 10 years earlier.
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4. Natural history

Most cases of OBPI are transient and have full recovery spontaneously. However, 10 [11]-
27% [12] of children have incomplete recovery. They have lifelong functional impairment due
to muscle weakness, muscle imbalance, muscle contracture, bone and joint deformities.

A cohort of 70 participants (age range 7-20 years) with different severity was assessed.
Functional difference between the age of 5 years and follow-up (2-15 years) was noticed.
While active shoulder and hand function remained unchanged or improved, there was a
marginal reduction noted in elbow function [13].

5. Early management

5.1. Immobilization

The absolute immobilization of extremity is not advised except the child has associated
clavicle or humerus fracture. Limb can be immobilized in a simple sling or a Velpeau sling
for extremity fracture for a period of 2 weeks. Few mothers like to apply a pin between
forearm sleeve and shirt to prevent the flaccid limb to fall on a side or get compressed while
feeding the baby.

5.2. Passive range of motion exercises

Passive range of motion exercises should be started immediately to prevent the development
of contractures at shoulder, elbow and wrist while waiting for brachial plexus to recover.
Birch et al. suggested to carry out exercises frequently in a day, preferably before every meal
[14].

5.3. Splinting

Eng et al. reported using a wrist/hand cock-up splint with thumb in opposition in patients
who were developing early contractures despite regular physiotherapy [2, 15]. Shoulder
external rotation splint (airplane splint) can be used to prevent internal rotation contracture
at the shoulder.

5.4. Electrical stimulation

Though electrical stimulation is commonly used in practice, its efficacy is not proved.
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6. Follow-up examination of newborn with BPBP

A regular monthly follow-up of patients with BPBP is recommended for various reasons in
the first 3 months of life. It helps in identifying the morphologic type of injury, adaptation to
different therapy protocols based on the recovery, making decision about the timing of plastic
neural reconstruction of plexus and to identify and address internal rotation contractures
early in its course. Neuropraxic injury recovers fully by the second month and parents can be
reassured. A flaccid limb with Horner’s syndrome at 3 months mounts to an indication for
plastic neural reconstruction [3, 16]. Waters et al. found that children with absent biceps
function at 3 months had incomplete recovery [4, 17]. Children with recovering palsy after 3
months can be followed up every two monthly. The main purpose of these visits is to see the
further development of power in muscle and to identify the development of early contracture

in shoulder internal contracture. Botulinum toxin injections can be considered for patients
developing progressive internal rotation contracture [5, 18]. The failure to bring a cookie to
the mouth without bending torso more than 45° (Cookie test) at 9 months mounts to an
indication for plexus exploration and reconstruction [6, 19].

7. Investigations

7.1. Neurophysiologic investigations
7.1.1. Electromyography

The role of electromyography (EMG) in BPBP is doubtful as it frequently gives optimistic
results in a severe nonresolving clinical picture. One explanation for this is the reflex-
activated contraction of muscles in young children. Another explanation for this discrepancy
is ‘Luxury Innervation” of muscles. Until the age of 3 months, children may have
polyneuronal innervation, which may give positive EMG findings in the absence of adequate
nerve regeneration [7, 8, 20, 21].

7.1.2. Nerve action potentials

Although the isolated use of EMG has limitations in BPBP, according to few investigators,
combining it with nerve action potentials (NAPs) may help in determining the nature and
level of lesion. In selected cases, the authors have reported their ability to even differentiate
axonotmesis from neurotmesis [9, 10, 14, 22].

7.2. Radiologic imaging
7.2.1. X-ray

Imaging of shoulder and upper limb can be used to diagnose the birth trauma. Chest X-ray
can also give evidence of hemi diaphragm paralysis associated with C4 or phrenic nerve
palsy. The diaphragm routinely lies relatively higher by two ribs level on the right side owing
to liver, but in hemidiaphragm paralysis, it lies at the level of the fifth or the sixth rib.
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7.2.2. Ultrasonography

Dynamic ultrasonography (USG) can help in the diagnosis of hemi diaphragm paralysis.
Vathana et al. found good interobserver and intraobserver reliability in diagnosing
glenohumeral deformity by ultrasound [11, 23]. Donohue et al. found measurements of
glenohumeral deformity by USG reliable, but there was poor agreement between USG and
magnetic resonance imaging (MRI) for diagnosing it. They questioned the use of USG as a
standalone investigation for this purpose [12, 24].

7.2.3. Computed tomography scan and magnetic resonance imaging

Computed tomography (CT) myelography was considered better modality than MRI to
diagnose root avulsions before a decade. Root avulsions were diagnosed based on contrast-
filled

meningoceles and by following the course of anterior and posterior roots from spinal cord to
the respective exit foramen. But it has the disadvantage of radiation, the need of intrathecal
contrast injection and the inability to reliably diagnose extra-foraminal injuries. These issues
have made MRI the modality of choice for imaging brachial plexus [13, 25].

Different MRI sequences can give excellent imaging of intra-spinal as well as extra-spinal
imaging of plexus. MRI can also give a clue about nerve edema, scarring and neuroma
formation [14, 26].

Waters et al. reported an MRI axial image-based classification of glenohumeral deformity. It
reliably measured the amount of glenoid retroversion and the percentage of humeral head
anterior to mid-scapular line [15, 27]. Correlation was found between clinical parameters and
MRI findings [16, 28]. The decision about surgical intervention is made on the defined
congruency of glenohumeral joint on axial MRI imaging recently.

Van der Sluijis et al. found humeral head retroversion in children with BPBP after performing

simultaneous axial imaging of shoulder and distal humerus [16, 28]. However, Pearl et al.
recently reported that the retroversion of humeral head on the affected side is usually less
compared to the normal side and discussed its merits in surgical planning [17, 29].

8. Plastic neural reconstruction

8.1. Nerve repair

8.1.1. Basis of nerve repair
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Gilbert and Tassin were the first to report the comparison of conservative and surgical
treatment of brachial plexus birth palsy infants in 1984 [30]. Both the groups with a similar
clinical neurologic examination were compared. Sixty-three (63%) patients achieved Mallet
IV shoulder function in surgical group while maximum Mallet III recovery was seen in
patients with spontaneous recovery. About 27% of conservatively managed infants who
showed full spontaneous recovery had gained biceps strength of MRC grade 3 by 2 months
of age. Endstage improvement was incomplete in children whose biceps recovery was
delayed beyond 3 months. This chapter recommended surgical intervention at 3 months, if
biceps muscle has not recovered by then.

Capek et al. [31] compared the outcome of graft repair (26 patients) versus neurolysis (16
patients) of conducting neuromas. End results were found to be more promising in nerve
repair group.

In patients with global injury, achieving hand function is crucial. Pondaag and Melessy have
shown improved hand function after lower trunk reconstruction in about 70% of patient [32].
Gilbert and colleagues suggested that unlike adults, infants with brachial plexopathy may
have the potential to regain hand function after nerve reconstructions.

8.1.2. Decision about nerve repair and its timing

It is imperative to differentiate avulsion injuries from ruptures to make microsurgical
recommendations. Microsurgery is advised before 3 months of age in avulsion injuries, as
spontaneous recovery cannot be expected. Ruptures can recover at different degrees, and
there exists debate about the ideal indication and the time of surgery.

Gilbert and Tassin [30] considered the absence of return of biceps function by 3 months as an
indication for microsurgery. Poorer global shoulder function was reported at 5 years and was
associated with the further need of secondary surgeries in patients who regained biceps after
3 months. Although other researchers have followed more conservative guidelines, they have
found that absent elbow flexion alone at 3 months can overestimate the poor final recovery
and can lead to unneeded plexus exploration [17, 22]. They also documented that those
patients who achieved biceps recovery between 4 and 6 months of age gained good global
shoulder function with secondary interventions [34].

Clarke and Curtis routinely used return of biceps function at 9 months of age to determine
microsurgical intervention [19, 33]. The child’s ability to bring a cookie (the ‘cookie test’) to
his or her mouth without bending the torso forward to more than 45° is a defining factor
guiding treatment. Chuang et al. reported poor results of hand function while microsurgery
was performed after infancy [35].

8.1.3. Technique of nerve repair

The spectrum of nerve surgery historically includes neurolysis, neuroma resection, and nerve
grafting. Nerve transfers [36] and nerve conduits have led to an expansion of procedures
available for nerve reconstruction. Neurolysis alone is no longer indicated in BPBP. Although
few authors have reported good outcome in younger patients, direct repair of nerve endings
is seldom performed after neuroma excision [37]. Nerve grafts replace the injured nerve tissue
and connect the proximal and distal viable nerve endings. A number of donor grafts from the
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ipsilateral limb have been used; however, autologous sural nerve grafts are most commonly
used [38]. Excision of neuroma with primary nerve grafting is the accepted management of
nerve ruptures.

8.1.4. Outcomes of nerve repair

Clarke et al. demonstrated [39] that early improvements in neurolysis group did not sustain
for a longer period of time. Patients who underwent nerve repair show significant
improvement in Active Movement Scale scores at 4 years of follow-up. Erb’s palsy grafting
patients had improved function in seven movements, while the total palsy-grafted patients
demonstrated better function in 11 of 15 movements.

Gilbert et al. have demonstrated promising long-term results in patients who have undergone
nerve repair [40]. At 4 years of follow-up, 80% children with C5 C6 lesions showed good or
excellent shoulder function, whereas it was 61% for children with C5-C7 lesions. Eighty-one
percent of patients were graded good or excellent elbow functions at 8 years of follow-up.

After complete paralysis, the results of hand functions were quite encouraging. Although at
2 years, only 35% of children have a useful hand, after 8 years and several tendon transfers,
76% of children have a useful hand. This reflected that even lower-root avulsion should be
repaired.

Birch et al. [14] published the results of nerve repair in 100 infants at mean postoperative
follow-up of 85 months (30-152). They utilized Gilbert score, Mallet score and Raimondi score
as outcome measures. Good results were obtained in 33% of repairs of C5, in 55% of C6, in
24% of C7 and in 57% of operations on C8 and T1. They suggested the utility of preoperative
electrodiagnosis and intraoperative somatosensory-evoked potentials to detect occult
intradural (pre-ganglionic) injury. Results of hand function were largely reassuring after
complete paralysis. In spite of only 35% of children having a useful hand at 2 years, 76% of
children enjoyed a useful hand after 8 years of follow-up and along with several tendon
transfers. These results revealed the importance of repairing lower-root avulsions. Birch et al.

summarized their results of nerve repairs in 100 infants after a mean follow-up of 85 months
(30-152) by utilizing Gilbert score, Mallet score and Raimondi score as outcome measures.
They obtained good results in 33% of C5 repairs, 55% of C6 repairs, 24% of C7 repairs and
57% of C8 and T1 repairs. They also recommended the use of preoperative electrodiagnosis
and intraoperative somatosensory-evoked potentials in identifying occult intradural (pre-
ganglionic) injury.

8.2. Nerve transfers

8.2.1. Basis of nerve transfers



Current Concept in the Management of Brachial Plexus Birth Palsy

When nerve root is avulsed from spinal cord, nerve repair is not possible. In such a case, nerve
transfer connects extra brachial plexus or intraplexus functioning nerve to the nerve whose
function is desired. Nerve transfer has an advantage that it permits faster reinnervation of
muscle.

Various extraplexus sources like distal branch of spinal accessory nerve (SAN), intercostal
nerves, hypoglossal nerve, cervical plexus, phrenic nerve and contralateral C7 root can be
used for nerve transfer. In case of injury affecting C5-6 nerve roots, a fascicle from median,
ulnar nerve, medial pectoral or thoracodorsal nerve can be used as donor for nerve transfer.
These intraplexus nerves receive contribution predominantly from C8 and T1 roots. In global
lesions, local transfers are unavailable so extraplexus nerves like intercostal nerve transfers
are preferred.

The commonly used nerve transfers target to improve shoulder external rotation, abduction,
elbow flexion, elbow extension and sensory function of the hand.

8.2.2. Transfer to augment external rotation of shoulder

External rotation is primarily carried out by infraspinatus muscle that is supplied by
suprascapular nerve (SSN). SSN can be neurotized with SAN which can be considered an
alluring extraplexal option for reviving shoulder function as it is a pure motor donor and it
remains next to suprascapular nerve.

The outcomes of SAN to SSN have been published in multiple series. Nevertheless, different
scoring systems were used in different papers for evaluating shoulder function; all of them
implied improved shoulder functions. Only 14% of patients achieved more than 20° of active
external rotation. Functional outcomes were measured by the Mallet hand to mouth and hand
to neck scores. Ninety percent could reach the mouth (Mallet grade 3 or higher) and that 72%
could reach the head (Mallet grade 3 or higher). These data suggest that even though there

is not much improvement in external rotation, there is improvement in shoulder function.
Pondaag et al. [41] determined active external rotation and functional outcome score post
SAN to SSN transfers in a series of 21 patients.

Grossman [42] reported result in 26 infants who underwent SAN to SSN transfer using a
nerve graft, as part of the repair of a brachial plexus birth injury. At a minimum follow-up of
2.5 years, all children had shoulder function of grade 4 or better using a modified Gilbert
scale.

In another study, 54 children without return of active shoulder external rotation underwent
transfer of SAN to SSN. Thirty-nine of 54 patients achieved more than 20° of active external
rotation by 4 months postoperatively [25].

Terzis and Kostas [43] carried out SAN to SSN transfer in 25 children with brachial plexus
birth injury. They observed improvement in abduction and external rotation component of
Mallet score.

Schaakxs et al. [44] studied the results of SAN to SSN in 65 patients, the age ranging between
5 and 35 months (average 19 months) and the mean postoperative observation period of 2.5
years. They assessed their results by evaluating the recovery of passive and active external
rotation with the arm in abduction and in adduction. Results were better for the external
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rotation with the arm in abduction compared to adduction. In 71.5% of patients, they
observed active external rotation between 60 and 90°. The influence of nerve transfer on
glenohumeral joint dysplasia was also assessed, and this operation has a positive influence
on the glenohumeral joint.

Ruchelsman [45] reported their result of the SAN to SSN in 25 infants with brachial plexus
birth injuries as part of the primary surgical reconstruction. At minimum follow-up of 24
months, the mean active external rotation was 69.6°; the mean Gilbert score was 4.1 and the
mean Miami score was 7.1. These results suggest good shoulder functional outcomes.

What is the effect of age on the result? It is likely that as the denervation time increases, muscle
atrophy also increases. Therefore, the delay may have negative impact on the result. Three
papers analyzed this point and provided contradictory suggestions [25, 43, 45].

Satisfactory passive external rotation at shoulder is mandatory for SAN to SSN transfer. Any
internal rotation contracture should be rectified surgically prior to this transfer.

8.2.3. Nerve transfer for shoulder abduction

The nerve supplying one of the heads of triceps can be transferred to the axillary nerve to
improve shoulder abduction. SAN to SSN transfer aids in attaining infraspinatus and
supraspinatus function. Since isolated supraspinatus is a weak abductor, deltoid activity is
also required for good abduction. Neurotization of axillary nerve can help in attaining deltoid
function. Each of the three heads of triceps is innervated separately by a radial nerve.

Axillary nerve passes through the quadrangular space above the teres major while the radial
nerve passes through the triangular space below the teres minor. Both these nerves are in
close proximity, so anastomosis is possible without nerve graft.

In a small case series of five patients, McRae reported the results of this procedure in two
BPBP cases [46]. Shoulder abduction was preoperatively rated at 2 and 3 by AMS. In addition

to innervations of axillary nerve, one case had SAN to SSN transfer and the other had
decompression of SSN. Post SAN to SSN transfer, the respective scores were 5 and 6,
illustrating antigravity shoulder abduction.

8.2.4. Nerve transfer for elbow flexion

Currently, dual transfer to innervate both biceps and brachialis is preferred for better elbow
flexion strength [47]. Elbow flexion is a crucial upper limb function which can be obtained by
nerve transfers to brachialis or biceps or both the muscles.

In C5-6 or C5-6-7 palsy, elbow flexion is affected; however, ulnar nerve function is normal.
For such case, Oberlin transfer can be of great help for the recovery of the biceps. A fascicle
of the ulnar nerve supplying the flexor carpi ulnaris muscle is cut and sutured end to end to
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the biceps nerve in the upper arm. Oberlin et al. [48] described this transfer in adults and Al-
Qattan [49] described it for the first time for obstetric palsy in 2002.

Noaman et al. [50] reported this transfer in seven children with obstetric brachial plexus
palsy. Two motor fascicles out of the ulnar nerve were transferred to the nerve to biceps. The
average age at the time of operation was 16 months (range 11-24 months). The average follow-
up was 19 months (range 13-30 months). Five children had biceps muscle > or = M (3) with
active elbow flexion against gravity, and two children had biceps muscle <M (3).

Siqueira et al. [51] performed Oberlin’s procedure in 17 infants with brachial plexus birth
palsy. The mean age at the time of surgery was 12.9 months (range 4-26 months). The
minimum follow-up was of 19 months. The strength of elbow flexion was measured by
modified British Medical Research Council scale. Three children obtained grade 3, and 11
children had grade 4 elbow flexion power. Hand function did not deteriorate due to transfer.

Alternatively, biceps can be innervated through a fascicle of median nerve. Al-Qattan in 2014
reported their results of 10 cases of obstetric brachial plexus palsy in which median nerve to
biceps nerve transfer was used [52].

Age at the time of presentation ranged from 13 to 19 months. There were seven cases of C 5-
6 palsy and three cases of C5-6-7 palsy. The preoperative AMS of elbow flexion ranged from
0 to 2. At the final follow-up (1-2 years after surgery), all seven C5-6 palsy cases obtained a
score of 7 out of 7 for elbow flexion. Two cases with C5-6-7 palsy had a score of 6 and 7.

8.2.5. Transfer for elbow flexion and supination

To innervate both biceps and brachialis muscles, one fascicle of both ulnar and median nerve
are taken.

In a recently published paper, authors used a combined transfer in five patients and a single
transfer by median or ulnar nerve fascicle in 26 patients [47]. The outcome measures were
postoperative elbow flexion and supination measured with the Active Movement Scale
(AMS). The mean age at surgery was 8.4 months (range 3-20 months). Patients were followed
up for at least 18 months postoperatively or till they achieved full recovery of elbow flexion.
Combined nerve transfer patients resulted in elbow flexion of AMS =7 and supination of

AMS > 5. Single-fascicle transfer resulted in elbow flexion of AMS > 6 and supination of AMS
grades 2-5. Thus, the combined transfer achieved better function.

8.2.6. Nerve transfer for elbow extension

To restore elbow extension, one possible solution is to reinnervate motor branches of radial
nerve to the triceps muscle. Depending on the severity and extent of brachial plexus lesion,
the radial nerve can be neurotized by means of intercostal nerves when the palsy involves the
whole brachial plexus (thus, inferior roots are damaged), while in upper two or three
radicular palsy, the use of fascicles of the ulnar nerve (modified Oberlin’s procedure) is
advisable [53].

8.2.7. Extraplexus transfer
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One or two branches to the pectoralis major can be taken for the transfer so that some
pectoralis major supply can be preserved and a direct repair without intervening graft can be
performed to the MCN [54] or nerve to biceps [55], in the distal axilla. Intercostal nerves are
an extraplexus source. They can be cut 1 cm distal to the mammary line and their stumps can
be coapted directly to the MCN in the axilla.

9. Soft-tissue surgeries

Children with residual brachial plexus birth palsy frequently end up with incomplete
spontaneous recovery of shoulder abduction and external rotation strength. It leads to the
development of contracture of shoulder internal rotators. Progressive reduction in passive
shoulder external rotation with the arm adducted is the key examination point. Studies show
that the reduction of passive external rotation below neutral is associated with glenoid
retroversion and humeral head posterior subluxation. Further increase in internal rotation
contracture leads to flattening of humeral head and formation of biconvex glenoid, which is
termed as ‘false glenoid’. The aim of shoulder balancing treatment is to prevent this structural
change in glenohumeral joint. Soft-tissue release to correct internal rotation contracture and
tendon transfer surgeries to balance shoulder joint are possible when glenohumeral joint is
congruent (Waters I-III). Once it turns non-congruent (Waters IV and V), bony procedures
are offered to redirect the extremity in functional position.

9.1. Role of Botulinum toxin-A (BTX-A)

Injection of BTX-A in shoulder internal rotators temporarily denervates them while the
neuronal recovery is evolving in shoulder abductors and external rotators. It is postulated
that the temporary relaxation of internal rotators will help in keeping the subluxating
humeral head reduced with adjunctive treatments like physiotherapy and splinting [56].
Botulinum toxin injection has also been used to treat biceps-triceps co-contraction in children

with recovered palsy. Authors reported successful treatment in six patients for 18 months,
where they required to inject triceps muscle twice or thrice [16, 20, 57].

9.2. Role of soft-tissue release

Subscapularis is considered as the main element responsible for shoulder internal rotation
contracture. Different methods of subscapularis lengthening are described in various studies
with their positive and negative aspects. Gilbert reported that isolated subscapularis
lengthening was enough to balance the shoulder joint in about 50% patients in their study
[21, 58].

Thus, he recommended performing tendon transfer surgery in the second stage if required.
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9.2.1. Open subscapularis slide from the lateral border of scapula

Subscapularis slide was introduced by Caroliz and Brahimi [58]. It involves an incision along
the lateral border of scapula, approaching scapular ridge through the interval between Teres
major and Teres minor. Recurrence rate was 50-70% when it was done in isolation [21, 22,
58-60]. Grossman et al. reported no recurrence when it was coupled with tendon transfer
surgery [23]. Reports of ischemic necrosis of subscapularis after lateral slide pose question of
safety of artery to subscapularis owing to its vicinity to the entry point for release [24, 61].

9.2.2. Minimally invasive subscapularis release

Since 2013, we have started performing subscapularis slide from the medial border of scapula
through a centimeter incision placed at the junction of the upper one-third and lower
twothirds. The arm is internally rotated and the shoulder is pressed backward to make the
medial border of scapula prominent (Figure 1). Artery forceps are advanced to make a plane
between rhomboids (Figure 2). A small periosteal elevator is introduced in the submuscular
and extra periosteal space, and subscapularis slide is done in a clockwise fashion (Figure 3).
A larger periosteal elevator is then introduced to release stronger muscle attachments at
supero-medial and inferior angle of scapula. The arm is externally rotated to achieve 90°
external rotation (Figure 4). Conventional conjoined tendon transfer surgery was performed
after minimally invasive subscapularis release (MISR). Thirty-five patients with congruent
glenohumeral joint constructed the study group and were followed up for a minimum of 18
months. Improvements

Figure 1. The arm is internally rotated to make the medial border of scapula prominent.
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Figure 2. Rhomboids and trapezius are bluntly dissected with artery forceps.

Figure 3. Periosteal elevator is inserted through the wound.
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Figure 4. Shoulder is externally rotated to 90°.

in Modified Mallet scores and axial MRI parameters were comparable to the open
subscapularis lengthening from insertion and arthroscopic release of subscapularis. MISR
was found to have the advantage of minimal learning curve, no need of arthroscopic setup,
lengthening of the muscle without weakening it and the safety of the procedure [25, 62].

9.2.3. Subscapularis lengthening from insertion

Partial lengthening or z-plasty of subscapularis through anterior incision has been described.
Van der Juis reported that excessive release of muscle from insertion leads to external rotation
contracture and anterior shoulder instability. A subset of patients in their series required
secondary internal rotation osteotomy [26, 63].

9.2.4. Arthroscopic subscapularis and soft-tissue release

Pearl et al. reported results of arthroscopic soft-tissue release with the help of a 2.7-mm
arthroscope [64]. Children younger than 4 years received the release of tendinous part of
subscapularis and capsulo-ligamentous structures, while the older children also had
lattissimus dorsi transfer. Four of the 19 patients who received only soft-tissue release
required tendon transfer surgery later. Three out of these four children had pseudoglenoid
on preoperative imaging.

The major issue related to arthroscopic release was the loss of internal rotation range [27].

9.3. Tendon transfer surgery to improve external rotation

L’Episcopo primarily reported muscle transfers for residual brachial plexus palsy patients in
1934 [28]. It was sub-sequentially altered by Hoffer [65]. Latissimus dorsi and teres major
transfer to rotator cuff along with the release of pectoralis major has demonstrated enhanced
active external rotation of 45° and abduction of 64° at 2-8 years of follow-up [66].

Waters et al. reported halting of glenohumeral deformity from progression after these
transfers with extraarticular soft-tissue release [67]. Greenhill et al. compared a combined
conjoined tendon transfer to isolated Teres major transfer. They found similar improvements
in external rotation in both transfers but the incidence of limited midline function was found
more in combined transfers. They recommended isolated Teres major transfer where
preoperative midline function was in question [68].

9.4. Tendon transfer surgery to improve shoulder abduction

Cheung et al. proposed the theory of co-contraction between agonist and antagonist muscles
while they are recovering, leading to the restriction of particular movement across the
shoulder joint. They advocated lateral trans-positioning of clavicular part of pectoralis major
along with Teres major transfer to infraspinatus. The authors reported the average gain in
abduction of 77° in their cohort [69, 70]. Improvement in abduction has been reported in
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patients where conjoined teres major and lattissimus dorsi tendons were transferred to
infraspinatus without pectoralis major trans-positioning [31].

10. Bony procedures

10.1. Humeral rotational osteotomy

Many late presenting cases may have developed glenohumeral dysplasia at the time of
presentation. For such situations, humeral derotation osteotomy is one option to improve the
function. Humeral derotation osteotomy does not improve the range of motion (ROM) of
glenohumeral motion but reorients the arc of shoulder rotation into a more functional range
which improves the function.

10.1.1. Indications of humerus osteotomy

Moderate-to-severe glenohumeral deformity (Waters Grades III-V) has restricted external
rotation and abduction.

10.1.2. Surgical technique

Through a delto-pectoral approach, proximal humerus is exposed. Osteotomy is carried out
just proximal to the insertion of deltoid. Distal fragment is rotated externally and is held
firmly by the bone holding forceps. Before final fixation, it is confirmed that the hand can be
easily placed to the mouth, occiput, perineum and midline in an effort to avoid
overcorrection. This important step prevents overcorrection as well as under-correction.

10.1.3. Results

Kirkos and Papadopoulos [71] reported the results for 22 patients who underwent humerus
derotation osteotomy. The authors have shown improvement in shoulder abduction of 27°

and external rotation of 25° at a mean follow-up of 14 years (ranges from 2 to 31 years). An
increase in forearm supination was also noted following improvement in shoulder external
rotation.

Al-Qattan [72] also reported the results in a series of 15 children. At an average follow-up of
3 years, the patients demonstrated improvement in the mean modified Mallet score for
handto-neck motion. It increased from 2.2 to 4 points.

Waters and Bae [73] used this operation in 28 patients. Osteotomy was fixed stably with
internal fixation. All patients demonstrated improvements in shoulder function
postoperatively, as evidenced by improved aggregate Mallet scores. The mean aggregate
Mallet classification score improved from 13 points preoperatively to 18 points
postoperatively.
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10.2. Glenoid anteversion osteotomy

Hopyan and colleagues combined glenoid neck osteotomy with soft-tissue rebalancing
surgeries [74]. The purpose of their study was to see whether glenoid reorientation converts
a shoulder joint from one where tendon transfer and soft-tissue release cannot restore the
active motion to the one where it can. They found improved Mallet scores for global external
rotation and hand-to-neck movements. Waters schema was found improved from average of
4.3 preoperatively to 1.6 postoperatively. This novel technique was proposed as an alternative
to humeral derotation osteotomy.

11. Conclusion

Results of BPBP have improved substantially by various advances that have taken place in
the last four decades. We can achieve functional improvement in a majority of cases, but still
most cases do not achieve a full functional recovery. Improvement in the surgical technique
will lead to better outcome. On the other hand, efforts to prevent this condition will also yield
greater benefit.

Author details

Maulin Shah:* and Dhiren Ganjwala:

*Address all correspondence to: maulinmshah@gmail.com

1 Orthokids Hospital, Ahmedabad, India
2 Ganjwala Hospital, Ahmedabad, India

References

[1] Tan KL. Brachial palsy. The Journal of Obstetrics and Gynaecology of the British
Commonwealth. 1973;80(1):60-62

[2] Evans-Jones G, Kay SP, Weindling AM, Cranny G, Ward A, Bradshaw A, et al.
Congenital brachial palsy: Incidence, causes, and outcome in the United Kingdom and
Republic of Ireland. Archives of Disease in Childhood. Fetal and Neonatal Edition. 2003
May;88(3):F185-F189

[3] Coroneos CJ, Voineskos SH, Coroneos MK, Alolabi N, Goekjian SR, Willoughby LI, et
al. Primary nerve repair for obstetrical brachial plexus injury: A meta-analysis. Plastic
and Reconstructive Surgery. 2015 Oct;136(4):765-779

[4] Thatte MR, Mehta R. Obstetric brachial plexus injury. Indian Journal of Plastic Surgery.
2011 Sep;44(3):380-389

17



18

Treatment of Brachial Plexus Injuries

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Jennett R], Tarby TJ, Kreinick CJ. Brachial plexus palsy: An old problem revisited.
American Journal of Obstetrics and Gynecology. 1992 Jun;166(6 Pt 1):1673-1676;
discussion 6-7

Alfonso DT. Causes of neonatal brachial plexus palsy. Bulletin of the NYU Hospital for
Joint Diseases. 2011;69(1):11-16

Gherman RB, Goodwin TM, Ouzounian JG, Miller DA, Paul RH. Brachial plexus palsy
associated with cesarean section: An in utero injury? American Journal of Obstetrics and
Gynecology. 1997 Nov;177(5):1162-1164

Dunn DW, Engle WA. Brachial plexus palsy: Intrauterine onset. Pediatric Neurology.
1985 Nov-Dec;1(6):367-369

Chauhan SP, Gherman R, Hendrix NW, Bingham JM, Hayes E. Shoulder dystocia:
Comparison of the ACOG practice bulletin with another national guideline. American
Journal of Perinatology. 2010;27(02):129-136

Walsh JM, Kandamany N, Ni Shuibhne N, Power H, Murphy JF, O'Herlihy C. Neonatal
brachial plexus injury: Comparison of incidence and antecedents between 2 decades.
American Journal of Obstetrics and Gynecology. 2011 Apr;204(4):324 e1-324 e6

Walle T, Hartikainen-Sorri AL. Obstetric shoulder injury. Associated risk factors,
prediction and prognosis. Acta Obstetricia et Gynecologica Scandinavica. 1993
Aug;72(6): 450-454

Jackson ST, Hoffer MM, Parrish N. Brachial-plexus palsy in the newborn. The Journal
of Bone and Joint Surgery. American Volume. 1988 Sep;70(8):1217-1220

Strombeck C, Krumlinde-Sundholm L, Remahl S, Sejersen T. Long-term follow-up of
children with obstetric brachial plexus palsy I: Functional aspects. Developmental
Medicine and Child Neurology. 2007 Mar;49(3):198-203

Birch R, Ahad N, Kono H, Smith S. Repair of obstetric brachial plexus palsy: Results in
100 children. Journal of Bone and Joint Surgery. British Volume (London). 2005
Aug;87(8): 1089-1095

Eng GD, Binder H, Getson P, O'Donnell R. Obstetrical brachial plexus palsy (OBPP)
outcome with conservative management. Muscle & Nerve. 1996 Jul;19(7):884-891

Gilbert A. Long-term evaluation of brachial plexus surgery in obstetrical palsy. Hand
Clinics. 1995 Nov;11(4):583-594; discussion 94-5

Waters PM. Comparison of the natural history, the outcome of microsurgical repair, and
the outcome of operative reconstruction in brachial plexus birth palsy. The Journal of
Bone and Joint Surgery. American Volume. 1999 May;81(5):649-659



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Current Concept in the Management of Brachial Plexus Birth Palsy

Ezaki M, Malungpaishrope K, Harrison R], Mills JK, Oishi SN, Delgado M, et al.
Onabotulinum toxinA injection as an adjunct in the treatment of posterior shoulder
subluxation in neonatal brachial plexus palsy. The Journal of Bone and Joint Surgery.
American Volume. 2010 Sep 15;92(12):2171-2177

Clarke HM, Curtis CG. An approach to obstetrical brachial plexus injuries. Hand
Clinics. 1995 Nov;11(4):563-580; discussion 80-1

Hesselmans LF, Jennekens FG, Van den Oord CJ, Veldman H, Vincent A. Development
of innervation of skeletal muscle fibers in man: Relation to acetylcholine receptors. The
Anatomical Record. 1993 Jul;236(3):553-562

Ijkema-Paassen ], Gramsbergen A. Polyneural innervation in the psoas muscle of the
developing rat. Muscle & Nerve. 1998 Aug;21(8):1058-1063

Smith NC, Rowan P, Benson L], Ezaki M, Carter PR. Neonatal brachial plexus palsy.
Outcome of absent biceps function at three months of age. The Journal of Bone and Joint
Surgery. American Volume. 2004 Oct;86-A(10):2163-2170

Vathana T, Rust S, Mills J, Wilkes D, Browne R, Carter PR, et al. Intraobserver and
interobserver reliability of two ultrasound measures of humeral head position in infants
with neonatal brachial plexus palsy. The Journal of Bone and Joint Surgery. American
Volume. 2007 Aug;89(8):1710-1715

Donohue KW, Little KJ, Gaughan JP, Kozin SH, Norton BD, Zlotolow DA. Comparison
of ultrasound and MRI for the diagnosis of glenohumeral dysplasia in brachial plexus
birth palsy. The Journal of Bone and Joint Surgery. American Volume. 2017
Jan;99(2):123-132

van Ouwerkerk W], Uitdehaag BM, Strijers RL, Frans N, Holl K, Fellner FA, et al.
Accessory nerve to suprascapular nerve transfer to restore shoulder exorotation in
otherwise spontaneously recovered obstetric brachial plexus lesions. Neurosurgery.
2006 Oct;59(4):858-867; discussion 67-9

Martin Noguerol T, Barousse R, Socolovsky M, Luna A. Quantitative magnetic
resonance (MR) neurography for evaluation of peripheral nerves and plexus injuries.
Quantitative Imaging in Medicine and Surgery. 2017 Aug;7(4):398-421

Waters PM, Smith GR, Jaramillo D. Glenohumeral deformity secondary to brachial
plexus birth palsy. The Journal of Bone and Joint Surgery. American Volume. 1998 May;
80(5):668-677

van der Sluijs JA, van Ouwerkerk WJ, de Gast A, Wuisman P, Nollet F, Manoliu RA.

Retroversion of the humeral head in children with an obstetric brachial plexus lesion.
Journal of Bone and Joint Surgery. British Volume (London). 2002 May;84(4):583-587

Pearl ML, Batech M, van de Bunt F. Humeral retroversion in children with shoulder
internal rotation contractures secondary to upper-trunk neonatal brachial plexus palsy.
The Journal of Bone and Joint Surgery. American Volume. 2016 Dec;98(23):1988-1995

Gilbert A, Tassin JL. Surgical repair of the brachial plexus in obstetric paralysis.
Chirurgie. 1984;110(1):70-75

19



20

Treatment of Brachial Plexus Injuries

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Capek L, Clarke HM, Curtis CG. Neuroma-in-continuity resection: Early outcome in
obstetrical brachial plexus palsy. Plastic and Reconstructive Surgery. 1998 Oct;102(5):
1555-1562; discussion 63-4

Pondaag W, Malessy MJ. Recovery of hand function following nerve grafting and
transfer in obstetric brachial plexus lesions. Journal of Neurosurgery. 2006 Jul;105(1
Suppl): 33-40

Bain JR, Dematteo C, Gjertsen D, Hollenberg RD. Navigating the gray zone: A guideline
for surgical decision making in obstetrical brachial plexus injuries. Journal of
Neurosurgery. Pediatrics. 2009 Mar;3(3):173-180

Al-Qattan MM. The outcome of Erb's palsy when the decision to operate is made at 4
months of age. Plastic and Reconstructive Surgery. 2000 Dec;106(7):1461-1465

Chuang DC, Mardini S, Ma HS. Surgical strategy for infant obstetrical brachial plexus
palsy: Experiences at Chang Gung Memorial Hospital. Plastic and Reconstructive
Surgery. 2005 Jul;116(1):132-142; discussion 43-4

El-Gammal TA, Fathi NA. Outcomes of surgical treatment of brachial plexus injuries
using nerve grafting and nerve transfers. Journal of Reconstructive Microsurgery. 2002
Jan;18(1):7-15

Kirjavainen M, Remes V, Peltonen J, Kinnunen P, Poyhia T, Telaranta T, et al. Long-term
results of surgery for brachial plexus birth palsy. The Journal of Bone and Joint Surgery.
American Volume. 2007 Jan;89(1):18-26

Midha R. Nerve transfers for severe brachial plexus injuries: A review. Neurosurgical
Focus. 2004 May;16(5):E5

Lin JC, Schwentker-Colizza A, Curtis CG, Clarke HM. Final results of grafting versus
neurolysis in obstetrical brachial plexus palsy. Plastic and Reconstructive Surgery. 2009
Mar;123(3):939-948

Gilbert A, Pivato G, Kheiralla T. Long-term results of primary repair of brachial plexus
lesions in children. Microsurgery. 2006;26(4):334-342

Pondaag W, de Boer R, van Wijlen-Hempel MS, Hofstede-Buitenhuis SM, Malessy M]J.
External rotation as a result of suprascapular nerve neurotization in obstetric brachial
plexus lesions. Neurosurgery. 2005 Sep;57(3):530-537; discussion 7

Grossman JA, Di Taranto P, Alfonso D, Ramos LE, Price AE. Shoulder function
following partial spinal accessory nerve transfer for brachial plexus birth injury. Journal
of Plastic, Reconstructive & Aesthetic Surgery. 2006,59(4):373-375

Terzis JK, Kostas I. Outcomes with suprascapular nerve reconstruction in obstetrical
brachial plexus patients. Plastic and Reconstructive Surgery. 2008 Apr;121(4):1267-1278



[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Current Concept in the Management of Brachial Plexus Birth Palsy

Schaakxs D, Bahm ], Sellhaus B, Weis J. Clinical and neuropathological study about the
neurotization of the suprascapular nerve in obstetric brachial plexus lesions. Journal of
Brachial Plexus and Peripheral Nerve Injury. 2009 Sep;4:15

Ruchelsman DE, Ramos LE, Alfonso I, Price AE, Grossman A, Grossman JA. Outcome
following spinal accessory to suprascapular (spinoscapular) nerve transfer in infants
with brachial plexus birth injuries. Hand (N Y). 2010 Jun;5(2):190-194

McRae MC, Borschel GH. Transfer of triceps motor branches of the radial nerve to the
axillary nerve with or without other nerve transfers provides antigravity shoulder
abduction in pediatric brachial plexus injury. Hand (N Y). 2012 Jun;7(2):186-190

Little KJ, Zlotolow DA, Soldado F, Cornwall R, Kozin SH. Early functional recovery of
elbow flexion and supination following median and/or ulnar nerve fascicle transfer in

upper neonatal brachial plexus palsy. The Journal of Bone and Joint Surgery. American
Volume. 2014 Feb;96(3):215-221

Oberlin C, Beal D, Leechavengvongs S, Salon A, Dauge MC, Sarcy ]JJ. Nerve transfer to
biceps muscle using a part of ulnar nerve for C5-Cé6 avulsion of the brachial plexus:
Anatomical study and report of four cases. Journal of Hand Surgery American Society
for Surgery of the Hand. 1994 Mar;19(2):232-237

Al-Qattan MM. Oberlin's ulnar nerve transfer to the biceps nerve in Erb's birth palsy.
Plastic and Reconstructive Surgery. 2002 Jan;109(1):405-407

Noaman HH, Shiha AE, Bahm J. Oberlin's ulnar nerve transfer to the biceps motor nerve
in obstetric brachial plexus palsy: Indications, and good and bad results. Microsurgery.
2004;24(3):182-187

Siqueira MG, Socolovsky M, Heise CO, Martins RS, Di Masi G. Efficacy and safety of
Oberlin's procedure in the treatment of brachial plexus birth palsy. Neurosurgery. 2012
Dec;71(6):1156-1160; discussion 61

Al-Qattan MM, Al-Kharfy TM. Median nerve to biceps nerve transfer to restore elbow
flexion in obstetric brachial plexus palsy. BioMed Research International.
2014;2014:854084

Senes FM, Catena N, Dapelo E, Senes ]. Nerve transfer for elbow extension in obstetrical
brachial plexus palsy. Annals of the Academy of Medicine, Singapore. 2016 May;45(5):
221-224

Blaauw G, Slooff AC. Transfer of pectoral nerves to the musculocutaneous nerve in
obstetric upper brachial plexus palsy. Neurosurgery. 2003 Aug;53(2):338-341; discussion
41-2

Pondaag W, Malessy M]J. Intercostal and pectoral nerve transfers to re-innervate the
biceps muscle in obstetric brachial plexus lesions. The Journal of Hand Surgery,
European Volume. 2014 Jul;39(6):647-652

Maulin S. Botulinum toxin injection for shoulder joint imbalance in infants with residual
obstetric brachial plexus palsy; does it change the natural history? Pediatric
Orthopaedics Society of India Conference; Bangalore; 2016.

21



22

Treatment of Brachial Plexus Injuries

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Heise CO, Goncalves LR, Barbosa ER, Gherpelli JL. Botulinum toxin for treatment of
cocontractions related to obstetrical brachial plexopathy. Arquivos de Neuro-
Psiquiatria. 2005 Sep;63(3A):588-591

Carlioz H, Brahimi L. Place of internal disinsertion of the subscapularis muscle in the
treatment of obstetric paralysis of the upper limb in children. Annales de Chirurgie
Infantile. 1971 Mar-Apr;12(2):159-167

Newman CJ, Morrison L, Lynch B, Hynes D. Outcome of subscapularis muscle release
for shoulder contracture secondary to brachial plexus palsy at birth. Journal of Pediatric
Orthopedics. 2006 Sep-Oct;26(5):647-651

Immerman I, Valencia H, DiTaranto P, DelSole EM, Glait S, Price AE, et al. Subscapularis
slide correction of the shoulder internal rotation contracture after brachial plexus birth
injury: Technique and outcomes. Techniques in Hand & Upper Extremity Surgery. 2013
Mar;17(1):52-56

Chen L, Gu Y, Xu J. Operative treatment of medial rotation contracture of the shoulder
caused by obstetric brachial plexus palsy. Chinese Journal of Traumatology. 2000
Feb;3(1):13-17

Maulin S. Minimally Invasive Subscapularis Release: A Novel Technique & Early
Results. In: Pediatric Orthopaedics Society of India Conference; Nagpur: 2017

van der Sluijs JA, van Ouwerkerk W], de Gast A, Nollet F, Winters H, Wuisman PL
Treatment of internal rotation contracture of the shoulder in obstetric brachial plexus
lesions by subscapular tendon lengthening and open reduction: Early results and
complications. Journal of Pediatric Orthopaedics. Part B. 2004 May;13(3):218-224

Pear] ML, Edgerton BW, Kazimiroff PA, Burchette R], Wong K. Arthroscopic release
and latissimus dorsi transfer for shoulder internal rotation contractures and

glenohumeral deformity secondary to brachial plexus birth palsy. The Journal of Bone
and Joint Surgery. American Volume. 2006 Mar;88(3):564-574

Hoffer MM, Wickenden R, Roper B. Brachial plexus birth palsies. Results of tendon
transfers to the rotator cuff. The Journal of Bone and Joint Surgery. American Volume.
1978 Jul;60(5):691-695

Phipps GJ, Hoffer MM. Latissimus dorsi and teres major transfer to rotator cuff for Erb's

palsy. Journal of Shoulder and Elbow Surgery. 1995 Mar-Apr;4(2):124-129

Waters PM, Bae DS. Effect of tendon transfers and extra-articular soft-tissue balancing
on glenohumeral development in brachial plexus birth palsy. The Journal of Bone and
Joint Surgery. American Volume. 2005 Feb;87(2):320-325



[68]

[69]

[70]

[71]

[72]

[73]

[74]

Current Concept in the Management of Brachial Plexus Birth Palsy

Greenhill DA, Smith WR, Ramsey FV, Kozin SH, Zlotolow DA. Double versus single
tendon transfers to improve shoulder function in brachial plexus birth palsy. Journal of
Pediatric Orthopedics. 2017 Mar

Chuang DC, Ma HS, Wei FC. A new evaluation system to predict the sequelae of late
obstetric brachial plexus palsy. Plastic and Reconstructive Surgery. 1998 Mar;101(3):673-
685

Chuang DC, Ma HS, Wei FC. A new strategy of muscle transposition for treatment of
shoulder deformity caused by obstetric brachial plexus palsy. Plastic and Reconstructive
Surgery. 1998 Mar;101(3):686-694

Kirkos JM, Papadopoulos IA. Late treatment of brachial plexus palsy secondary to birth
injuries: Rotational osteotomy of the proximal part of the humerus. The Journal of Bone
and Joint Surgery. American Volume. 1998 Oct;80(10):1477-1483

Al-Qattan MM. Rotation osteotomy of the humerus for Erb's palsy in children with
humeral head deformity. Journal of Hand Surgery American Society for Surgery of the
Hand. 2002 May;27(3):479-483

Waters PM, Bae DS. The effect of derotational humeral osteotomy on global shoulder
function in brachial plexus birth palsy. The Journal of Bone and Joint Surgery. American
Volume. 2006 May;88(5):1035-1042

Dodwell E, O'Callaghan J, Anthony A, Jellicoe P, Shah M, Curtis C, et al. Combined
glenoid anteversion osteotomy and tendon transfers for brachial plexus birth palsy:
Early outcomes. The Journal of Bone and Joint Surgery. American Volume. 2012 Deg;
94(23):2145-2152

23



	Abstract
	1. Introduction
	2. Incidence
	3. Etiology
	4. Natural history
	5. Early management
	5.1. Immobilization
	5.2. Passive range of motion exercises
	5.3. Splinting

	6. Follow-up examination of newborn with BPBP
	7. Investigations
	8. Plastic neural reconstruction
	9. Soft-tissue surgeries
	9.1. Role of Botulinum toxin-A (BTX-A)
	9.2. Role of soft-tissue release

	10. Bony procedures
	11. Conclusion
	Author details
	References

