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Abstract

Brachial plexus injury resulting in variable degrees of neurapraxia and axonotmesis may 
potentially recover spontaneously, whereas axonotmetic or neurotmetic injuries resulting in 
neuromas-in-continuity, nerve root ruptures, or nerve root avulsions will not. Along with 
clinical evaluation, various investigation like MRI, CT Myelography, USG and electrodiagnostic 
methods are there. The treatment of injury includes nerve transfers, nerve grafts and muscle 
transfers. This article discuss about newer developments of diagnostic evaluation and 
management of brachial plexus injury.
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INTRODUCTION

The pericardium The brachial plexus is formed 
by the ventral rami of C5 to T1 nerve roots. It is 
composed of:

1. Roots: The Þ ve spinal nerves C5, C6, C7, C8, 
and T1.

2. Trunks: Upper (C5-C6), middle (C7) and 
lower (C8-T1) trunks.

3. Divisions: Each trunk divides into anterior 

and posterior divisions.

4. Cords: The divisions recombine to form 
lateral, posterior, and medial cords.

5. Branches: From the cords peripheral nerves 
arise.

Injuries resulting in variable degrees of 
neurapraxia and axonotmesis may potentially 
recover spontaneously, whereas axonotmetic or 
neurotmetic injuries resulting in neuromas-in-
continuity, nerve root ruptures, or nerve root 
avulsions will not recover easily.

Pre-Operative Evaluation

Clinical

Evaluation of Movements:

1. Direct measurements:
• Degrees of active range of motion (ROM).
• Hospital for Sick Children Active Movement 

Scale (AMS).
2. Subjective assessments of strength
• Medical Research Council (MRC) score.
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3. Composite movement scores 
• Mallet scale for shoulder function.
• Raimondi score for hand function.
• Toronto Test Score.
The AMS determines total active ROM relative 

to passive ROM on a seven point ordinal scale 
for a speciÞ c movement, both against gravity 
and with gravity eliminated. The AMS does not 
require the patient to follow commands, allows 
for extended statistical analysis, has excellent 
interrater reliability, and has been validated when 
used as a composite score (Toronto Test Score) to 
predict which patients would beneÞ t from surgical 
intervention. Motor functions in degrees of active 
ROM should be documented at ages 1,3,6, and 9 
months: external rotation (with arm adducted), 
shoulder abduction, elbow ß exion, wrist extension, 
Þ nger ß exion, and Þ nger extension.1

Asymmetry of the soft tissue folds near the axilla, 
apparent shortening of the humeral segment, and 
an internally rotated resting posture can be seen.5 

Passive ROM for shoulder external and internal 
rotation should be assessed with the arm adducted 
and abducted. Examination may reveal tightness 
of the internal rotators (pectoralis major, latissimus 
dorsi, teres major, subscapularis) or posterior 
fullness caused by a posteriorly displaced humeral 
head.

Imaging

Computed tomographic myelography or 
magnetic resonance imaging (MRI) may be useful 
for evaluating suspected nerve root avulsion. 
Computed tomography myelography has been 
the imaging modality of choice to detect root 
avulsions, which are indicated by the presence 
of pseudomeningoceles. However, this type of 
imaging is limited by its invasive nature and 
inability to further characterize a nerve injury.

Magnetic resonance neurography can provide 
high-resolution images at the fascicle level. It 
allows detection of neuromas, perineural scarring, 
and pathologic ß uid shifts. Magnetic resonance 
neurography also helps characterize the integrity 
of surrounding structures and distinguish between 
acute and chronic denervation changes. MRI is 
noninvasive and nonionizing, and newer rapid 
sequence protocols may enable image capture 
without anesthesia or sedation in infants.2

MRI tractography, which quantiÞ es the 
longitudinal diffusivity of water molecules in a 
nerve segment to generate high resolution images 
of peripheral nerve tracts.3,4 It can noninvasively 

monitor progressive nerve regeneration 
radiographically.

In addition to neurologic recovery, serial 
evaluation of the shoulder is crucial in children with 
BPBI. As a result of muscle denervation, incomplete 
reinnervation, and impaired longitudinal muscle 
growth, soft tissue imbalances commonly arise 
around the shoulder and may progress to an 
internally rotated shoulder posture with posterior 
humeral head instability and subluxation or 
dislocation, and aberrant glenohumeral joint 
development including glenoid retroversion.6-8  

This pathologic development of the shoulder joint 
is termed glenohumeral dysplasia.

Although ultrasonography is the preferred 
screening test in BPBI, MRI remains the standard 
for comprehensive glenohumeral joint evaluation 
and surgical decision making.10 The severity of 
glenohumeral dysplasia is graded by the Waters 
classiÞ cation (Table 1), which progresses from 
minimal posterior glenoid deformity to humeral 
head subluxation and the development of a false 
glenoid, to ß attening of both the glenoid and 
humeral head.

Electrodiagnostic Tests

Electrodiagnostic studies aid in localizing injured 
elements of the plexus and inform the surgical 
reconstructive strategy. The disruption of sensory 
nerve action potentials suggests a postganglionic 
injury, whereas sensory nerve action potential 
preservation in clinically detected sensory deÞ cit 
denotes preganglionic injury.

Electromyography (EMG) assessment helps in 
both the extent and severity of an injury. It can 
be done 3-4 weeks after an injury after Wallerian 

Classification Description

Type I 
(normal glenoid)

Less than 50 difference in retroversion 
between affected and unaffected glenoid

Type II 
(mild deformity)

More than 50 difference in retroversion 
between affected and unaffected glenoid

Type III
(moderate 
deformity)

Posterior subluxation of humeral head. 
Less than 35% of head is anterior to 

scapular line 

Type IV 
(severe deformity)

Presence of false glenoid

Type V Severe humeral head and glenoid 
flattening with progressive or complete 

humeral head posterior dislocation

Type VI Posterior humeral head dislocation in 
infancy

Type VII Growth arrest of proximal aspect of 
humerus

Table 1: Water's Classification
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degeneration has occurred. Denervated muscles 
show positive sharp waves and Þ brillation 
potentials during the resting phase of EMG. The 
presence or absence of motor unit action potentials 
(MUAPs) during the recruitment phase of EMG is a 
key predictor of injury severity. Electromyography 
can also help identify candidate donors for 
nerve transfers, which is helpful for formulating 
reconstruction plans. In settings where healthy 
nerves are not available, injured but recovering 
nerves can be used as donors. The donor MUAP 
pattern indicates muscle recovery after a nerve 
transfer. The MUAP recruitment pattern is typically 
graded as full or normal, reduced, discrete, or absent 
(in order of increasing denervation). Donors with 
normal or reduced recruitment have been shown to 
be associated with better outcomes compared with 
those with discrete recruitment patterns.51

Nonsurgical Management of the Shoulder

Management goals for the shoulder include 
maintaining external rotation passive ROM, 
preserving glenohumeral joint integrity to 
clearance of the for earm from the chest during 
attempted active elbow ß exion despite the presence 
of recovering elbow ß exors.9

Non-surgical strategies for managing the shoulder 
abnormality include regular physiotherapy to 
preserve passive external rotation with scapular 
stabilization in adduction and abduction, targeting 
speciÞ c movements to strengthen weak muscles, 
and encouraging normal upper limb use and 
play. Early shoulder repositioning with splinting 
stretch tight muscles and maintain congruity of 
the glenohumeral joint, facilitating physiologic 
glenohumeral development in parallel with 
neuromuscular reinnervation and restoration of 
muscle balance.11,12

Botulinum toxin can temporarily weaken strong 
antagonist muscles and enable agonist muscles to be 
stretched and strengthened. Botulinum toxin helps 
in improving elbow ß exion and improving shoulder 
external rotation are not sufÞ ciently sustained over 
time to be of lasting clinical beneÞ t,13 and some 
still require secondary shoulder surgery.14,15 By 
pharmacologically inhibiting protein degradation, 
longitudinal muscle growth may be restored and 
muscle contractures inhibited.

Treatment

Techniques of primary brachial plexus 
reconstruction can be broadly grouped into.

1. Neuroma excision with interposition nerve 

grafting and

2. Nerve transfers (neurotization) using 
proximal or distal donor nerves.

Post ganglionic, extraforaminal neurotmetic 
injuries (nerve root ruptures) are amenable 
to interpositional nerve grafting for axonal 
regeneration, whereas preganglionic, intra-
foraminal neurotmetic injuries (nerve root 
avulsions) have loss of spinal cord continuity 
and are not. Based on the injury pattern and the 
availability of healthy nerves, these techniques may 
be used in combination to maximize neuromuscular 
reinnervation.17 Neurolysis alone has been 
repeatedly shown to have no therapeutic beneÞ t 
compared with the natural history of unoperated 
patients.18-23

Microsurgical Nerve Reconstruction 

General indications for early surgical intervention 
(within 3 months of age).

• Evidence of T1 avulsion or Horner syndrome.
• Panplexus injury, or failed progression of 

spontaneous recovery.
For children with upper trunk injury and absent 

biceps function, early surgical intervention at 3 
months of age may not result in better outcomes than 
the natural history of spontaneous biceps recovery. 
Thus, a slightly longer period of observation for 
failed recovery of elbow ß exion at 6 to 9 months16

is more commonly accepted as an indication for 
surgery in upper trunk injury.

Neuroma Excision and Interpositional Nerve 
Grafting 

Neuroma excision and interpositional nerve 
grafting remains the standard for primary 
brachial plexus reconstruction of postganglionic 
(extraforaminal) nerve root ruptures. Families 
should be pre-emptively counselled about an initial 
down grade in motor function immediately after 
surgery but it is expected to return to pre-operative 
levels by 3 to 6 months, and an extended timeline 
for muscle reinnervation, averaging 30 months for 
shoulder external rotation, 17 months for elbow 
ß exion, and 14 months for wrist extension.24

Distal Nerve Transfers (Neurotisation)
It include a single site of neurorrhaphy for 

axonal out growth, decreased axonal regeneration 
distance, decreased muscle reinnervation time 
and reduced technical complexity with shorter 
operative times.25 Shorter reinnervation times 
enable nerve transfers to be performed at older 
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ages, for late presentations, or after failed primary 
reconstruction. Greater functional speciÞ city 
with reduced axonal misdirection and synkinesis 
may also be achieved with distal nerve transfers, 
where intraneural topography is more clearly 
deÞ ned. Neuroma-in-continuity in the brachial 
plexus is not sacriÞ ced with distal nerve transfers, 
thereby preserving functioning or spontaneously 
recovering motor units.26

Spinal Accessory-to-Suprascapular Nerve Transfer 
for Shoulder Function 

The distal spinal accessory nerve (SAN) to 
suprascapular nerve (SSN) transfer is one of the 
most commonly used primary nerve transfers 
in upper trunk injuries to improve shoulder 
abduction and external rotation.27-32 Unfortunately, 
although SAN-to-SSN transfer improves 
quantitative external rotation, not all children 
achieve clinically meaningful external rotation. 
Three years after SAN-to-SSN transfer, only 14% of 
BPBI children have external rotation greater than 
20 degrees beyond the sagittal plane,29 and several 
studies have independently demonstrated a mean 
external rotation AMS score of only 3 after SAN-
to-SSN transfer.28,31,33,34 Transfer of the SAN to the 
infraspinatus branch of the SSN has been described 
recently, in patients with congruent glenohumeral 
joints giving promising results.

Distal Nerve Transfers for Elbow Flexion

Distal ulnar and/or median fascicular nerve 
transfers to branches of the musculocutaneous 
nerve have shown reasonable outcomes for elbow 
ß exion.35 Compared with nerve grafting, distal 
fascicular nerve transfers for elbow ß exion have 
not demonstrated clear superiority. Ulnar and/or 

median fascicular nerve transfer has demonstrated 
recovery of functional elbow ß exion more rapidly, 
by a greater proportion of patients, and through 
a greater active ROM than nerve grafting.36-38 In 
addition, for earm supination is improved with 
fascicular nerve transfer compared with nerve 
grafting, although differences between single 
versus double fascicular transfer are unclear.36,37 

Other upper limb functions may also beneÞ t 
indirectly with fascicular nerve transfer from the 
availability of a greater length of nerve autograft 
for proximal nerve grafting. In by passing proximal 
nerve roots or trunks, distal nerve transfers do not 
restore anatomical continuity and leave thousands 
of proximal nerve Þ bers without targets. Unlike 
nerve graft reconstruction, partial cutaneous 
sensory recovery is not expected after distal nerve 
transfers of motor donors and recipients, and donor 
nerve morbidity with functional down grade is 
always a potential risk. Current indications of distal 
nerve transfer are included in Table 2.

Triple Nerve Transfer and Contralateral C7 

Table 2: Indications of distal nerve transfer

Indications

Root avulsion (particularly of C5-C6)

Dissociative shoulder recovery

Neuroma excision and grafting would eliminate previously 
noted recovery

Failed primary reconstruction (salvage procedure)

Delayed (late) referral/presentation of BPBI (>12 mo) when 
grafting may not be optimal

Isolated deficits/targeted reconstruction (eg, poor elbow 
flexion in context of otherwise excellent shoulder recovery 
or poor shoulder external rotation in context of other wise 
excellent shoulder and elbow recovery)

Primary reconstructive approach (under investigation)

Table 3: Advantages and disadvantages of nerve graft and nerve transfer

Nerve Graft Nerve Transfers

Advantages Maximize proximal neuronal numbers for axonal 
regeneration 

Potential for restoration of multiple motor 
functions Potential for sensory recovery 

Demostrated good outcomes with decades of 
experience

No earlly down grade in function as neuroma not 
resected 

Shorter distances of regeneration 
Shorter durations for reinnervation 

May be used after failed nerve grafting or in late 
presentation 

Targeted roconstruction of specific muscles for 
dissociative recove 

Shorter surgery with lower technical complexity

Disadvantages Uncertain quality of proximal roots 
Technically demanding surgery with difficult 

dissection/exposure 
Aberrant reinnervation

 Long duration for reinnervation 
Early downgrade in function with neuroma 

resection 
Cannot be used in root avulsion 

Possible donor nerve deficit 
Motor relearning 

Sensory recovery not anticipated 
Many neurons in nerve roots not given chance to 

regenerate ("wasted" or "unused "neurons") 
Brachial plexus not exposed for diagnostic confimation 

Multiple incisions
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Fig. 1: Contralateral C7 transfer- retropharyngeal approach

Transfer 

In upper trunk (C5 to C6) injury, use of the single 
(Oberlin) or double (Mackinnon) fascicular nerve 
transfer for elbow ß exion in combination with 
a transfer of the distal SAN to SSN for shoulder 
external rotation and a transfer of a triceps branch 

of the radial nerve to the axillary nerve for shoulder 
abduction is referred to as “triple nerve transfer.”39-41

When four or Þ ve cervical nerve roots have been 
avulsed, the contralateral C7 nerve transfer has 
been described.42-44 The use of a retropharyngeal 
dissection reduces nerve graft length and enables a 

Fig. 2: Algorithm for BPBI
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single stage approach. (Fig. 1)

Surgical Management of the Shoulder

When nonsurgical strategies fail to maintain 
passive range of motion, prevent an internally 
rotated posture, or prevent posterior humeral 
head subluxation, timely surgical intervention of 
the shoulder is indicated. A combination of soft 
tissue procedures may be performed, including 
arthroscopic or open capsular release, humeral 
head reduction, and muscle rebalancing by means 
of musculotendinous lengthening of the internal 
rotators (subscapularis, pectoralis major) and 
tendon transfers of the latissimus dorsi and teres 
major to the insertions of the supraspinatus and 
infraspinatus on the greater tuberosity to augment 
external rotation. In select cases, where early 
gleno humeral subluxation with internal rotation 
of the arm may be a mechanical factor that masks 
satisfactory neurologic recovery of elbow ß exion, 
early shoulder surgery to improve external rotation 
may even obviate the need for a primary nerve 
reconstruction.45 When combined with muscle 
rebalancing by means of subscapularis release and 
tendon transfers of the latissimus dorsi and teres 
major, glenoid anteversion osteotomy signiÞ cantly 
improves external rotation and composite Mallet 
scores for shoulder function.46

Sensory Outcome 

Management of BPBI has traditionally focused 
on restoration of motor function, with sensory 
recovery a secondary outcome measure. Afferent 
feedback in the form of proprioception, sensation, 
and stereognosis, however, is intimately associated 
with motor function. Partial sensory recovery 
may be expected following interpositional nerve 
grafting, even with panplexus injuries.47-50

CONCLUSION

Decision making on optimal indications, 
timing, and treatment techniques remains 
challenging but is being facilitated by greater 
multi-disciplinary and multicenter collaboration. 
There is improved recognition of the impact of 
shoulder dysfunction on apparent neurologic 
recovery and on the assessment and management 
of both in an integrated manner. The standard of 
primary surgical treatment remains microsurgical 
nerve reconstruction with interpositional grafting, 
with adjunctive use of nerve transfers to optimize 
reinnervation. Distal nerve transfers as a complete 
strategy of primary plexus reconstruction may 

have a useful role in certain populations.
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