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Introduction

Brachial plexus injuries result from high-
energy trauma to the neck and upper limbs [1], [2], [3]-
Sudden movements can cause stress on the clavicle
and adjacent structures including the brachial plexus
and subclavian vasa. If the clavicle, the strongest link in
the shoulder area is fractured, then all the tensile forces
are transferred to the neurovascular fibers and nerve
roots from the medulla which can lead to the upper limb
muscle weakness innervated by C5, C6, C7, C8, and
T1 nerve roots [4], [5], [6], [7], [8], [9], [10].

Epidemiology

The incidence and epidemiology show different
rates in several countries. The incidence of peripheral

Brachial plexus injury is known to be one of the most serious upper limb injuries, causes paralysis of the upper limbs
and changes in activity of daily living, with the consequence disruption of activity of daily living, socio-economic
problems, depression, and hopelessness. Management must be done properly. The evaluation and examination
consist of detailed anamnesis on chronological events, complete physical examination, imaging studies, and
electrophysiology study. Management can be done nonsurgically and surgically. Knowledge of the history of injury,
timing of surgery, priority in restoring function, and managing patient expectations are important concepts in treating
patient with brachial plexus injury. Timing is a very important thing. The results of these interventions vary depending
on several parameters. Recognizing the basic principles of managing brachial plexus injuries is indispensable for all
clinicians who treat these injuries.

nerve injury is 200,000/year and according to the United
States Office of Rare Diseases, is more common in
young men aged 15-25 years old. Research conducted
in Central India in 2012 stated that road traffic accidents
occurred in 94% of patients and 90% of the accidents
were traffic accidents involving two-wheeled vehicles.
In the United Kingdom, 450-500 cases of closed
supraclavicular injury occur each year according to
research conducted in 2012 [8], [9], [11].

Anatomy

The brachial plexus is a web of nerves originating
from the spinal nerve innervates the superior limb. It
consists of anterior nerve roots C5, C6, C7, C8, and T1.
The C5 and C6 nerve roots unite to form upper trunk, C7
to form the middle trunk, and C8 and T1 to form lower
trunk [8], [9], [12], [13], [14], [15], [16] [17] (Figure 1).
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Figure 1: Anatomy of the brachial plexus [17]

An important nerve branch originating from
the upper trunk is the suprascapular nerve. The trunks
pass through the clavicle to form anterior and posterior
divisions. The posterior divisions of the three trunks
form the posterior fascicles. The lateral fascicles are
formed from the anterior division of the upper trunk and
medial trunk, while the anterior division of the inferior
trunk becomes the medial fascicles. The posterior
fascicles provide the radial nerve and the axillary
nerve. The lateral fascicles give the musculocutaneous
nerve. Other branches join the medial fascicles to
form the median nerve. The medial fascicles provide
the ulnar nerve and branches that form the median
nerve [14], [18].

Definition and Pathophysiology

Brachial plexus injury causes paralysis of the
upper limbs, usually on one side. Associated injury is
followed in 54% cases, some of the accompanying
injuries are bone fractures, vascular injuries, and head
injuries [19], [20], [21], [22], [23].

Motorcycle accidentis considered a high-energy
impact trauma and can damage the brachial plexus if
they occur in the upper extremities and the neck region.
Usually, brachial plexus injury is associated with friction
that distracts the upper arm and shoulder from the body
or the neck. Sudden movements can cause friction of
the clavicle and may as well affect the brachial plexus

and subclavian vasa structures [8], [9], [24], [25], [26].
As in a motorcycle accident, the victim's head and
neck hit the ground with his arms and head pulled in
other direction. This injury causes hyper abduction of
the shoulder and widening of the humeral angle of the
scapula affecting the C8 and T1 nerve roots, preventing
high-speed traction lead to avulsion of C5, C6, C7, C8,
and T1. This mechanism refers primarily to nerve root
avulsion lesions, occurs in 70-80% of the motorcycle
accidents [27], [28] [29] (Figure 2).

The brachial plexus injury in newborn resulting
from delivery is predominantly a traction injury. As in
shoulder dystocia, the pulling of the baby’s neck causes
the angle between the shoulders and the neck to
increase. Compression injuries are rare due to clavicle
fractures, hematomas, and pseudo-aneurysms.
Brachial plexus injuries can occur as a result of the
force exerted by the delivery doctor in an attempt to
resolve shoulder dystocia. Many reports of transient
or persistent brachial plexus injury, including nerve
root avulsions, occur both in vaginal delivery without
shoulder dystocia and caesarean section [30], [31], [32].

Nerve Injury Classification

Seddon described three types of nerve injury
— neuropraxia, axonotmesis, and neurotmesis —
based on the severity of tissue injury, prognosis, and
time to repair. Neuropraxia is the mildest type and is a
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Figure 2: (a) The shoulder is pulled down while the head is forced to the opposite side, resulting in stretch, avulsion, or rupture of the upper
nerve root (C5, C6, and C7), while the lower nerve roots are still normal (C8, T1); (b) with the shoulder experienced abduction and traction

(hanging injury), the lower plexus (C8, and T1) may be injured [29]

form of inhibition of nerve impulse propagation without
disruption of axons or perineurium. Axonotmesis refers
to the loss of axonal continuity without the associated
interference of fascicular connective tissue elements.
Neurotmesis is the most severe type of injury, with
impairment of the entire nerve and severe disturbance
of the connective tissue component of the nerve with
impaired sensory and motor recovery. In neurotmesis,
the connective tissue skeleton is severely distorted or
even lost [33], [34] [35] [36] (Table 1).

Table 1: Classification of nerve injury [36]

Sunderland [13] Seddon [29]  Features

Type 1 Neuropraxia  Damage to local myelin only

Type 2 Axonotmesis  Division of intraneural axons only

Type 3 Axonotmesis  Division of axons and endoneurium

Type 4 Axonotmesis  Division of axons, endo- and perineurium

Type 5 Neurotmesis  Complete division of all elements including epineurium
Type 6* Mixed Combination of types 2—4

Sunderland classifies nerve injury based on
damage to the structure of nerves, from neuropraxia
to neurotmesis, further stratified Seddon’s three types
of injury into five groups based on the severity of the
injury. First degree injury is the same as neuropraxia
according to Seddon’s classification. Second, third, and
fourth degree injuries are the same as axonotmesis,
with different degrees of mesenchymal nerve damage.
Fifth-grade injury equates to neurotmesis in the Seddon
classification [32], [33], [37].

Brachial plexus injuries are classified into three
groups: Preganglionic lesions, postganglionic lesions,
and a combination. Preganglionic lesions indicate
nerve root avulsion, and postganglionic lesions involve
nerve structures distal to the dorsal root ganglion. This
classification facilitates interpretation of clinical findings,
provides guidelines for surgical decision-making, and
information related to prognosis [38], [39].

Chuang has refined the classification
method for various degrees of brachial plexus
injury. The most common injuries are Level |
injury [8], [9], [14], [40], [41], [42], [43], [44] (Table 2).

Table 2: Chuang’s classification [14]

Chuang classification
level

Analogous to Anatomic and surgical characteristics

Level | Injury to the inside the bone (canal)
preganglionic nerve Requires a laminectomy to show nerve
root (or supra roots
ganglionic)
Level Il Postganglionic spinal Inside the scalenus muscle
nerve injury Requires segmental muscle resection

Below clavicle
Requires osteotomy of the clavicle

Trunk and division
injuries

Level I

Level IV Injury to the fascicles  Infraclavicles
(chords) and terminal
branches

Diagnostic Workup

Brachial plexus trauma is clinically classified
into Erb’s Palsy/upper type (C5, C6, C7) and Klumpke’s
Palsy/lower type (C8, T1). In supraclavicular trauma,
there will be adduction of the shoulder and internal
rotation of the elbow in a pronated state. Injury to
the suprascapular nerve located posterior to the
suprascapular notch will provide a physical clinical
picture of muscle weakness during shoulder abduction
and external rotation of the upper arm. At the level of
the spinoglenoid notch, it provides a clinical picture of
weakness of the infraspinatus muscle. Trauma at the
infraclavicular level can be caused by high-energy
trauma to the shoulder and may be accompanied by
axillary artery rupture. The axillary, suprascapular, and
musculocutaneous nerves can be treated after trauma.
Median, ulnar, and radial nerve assessment can be
performed on finger and hand tests. Musculocutaneous
and radial nerve lesions are characterized by weakness
in flexion and extension of the elbow. Active abduction
of the shoulder and stretching of the deltoid muscles
will relieve the axillary nerve and suprascapular
nerve [18], [42], [45], [46], [47] [49] (Table 3 and
Figure 3).
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Table 3: Clinical features of brachial plexus injury

Affected branch Paralyzed muscles Loss of function ~ Sensory loss

of the nerve
root
C5 C6 (Erb’s Deltoid, supraspinatus, Shoulder Thumb and index finger
palsy) infraspinatus, movement -
subscapularis, major external rotation
pectoral, coracobrachialis, of the upper arm,
biceps brachii, brachialis  flexion of the elbow
C5C6C7 All muscles above + Shoulder Thumb, index finger,
(Erb’s plus triceps brachii, serratus movements - middle finger
palsy) anterior, wrist extensor external rotation
(ECRL-EDC), thumb of the upper arm,
abduction-extension (APL, elbow flexion,
EPL, and EPB) winging scapula,
elbow extension,
wrist extension,
finger extension,
thumb abduction
C7C8Th1 Latissimus dorsi, finger Flexion of the Middle finger, ring finger
(Klumpke’s flexor (FDS, FDP, and thumb + fingers,  and little finger
palsy) FPL), finger extensors extension of the
(EDC, and EPL), intrinsic ~ fingers, function of
hand muscles (lumbricals, the median/ulnar
interossei, thenar, and intrinsic muscles
hypothenar) of the hand
Al roots All muscles All functions All dorsal root nerves

Upper Limb Dermatomes

Posterior €7 Anterior

Figure 3: Brachial plexus’ dermatome [48]

Evaluations consist of detailed anamnesis
of the chronological events, complete physical
examination including inspection of muscle atrophy,
motoric examination, sensory examination, and
evaluation of associated injury such as clavicle
fractures, and evaluation regarding the possibility of
Horner’s syndrome (anhidrosis, ptosis, enophthalmos,
and miosis) [49], [50], [51] (Figure 4).

Figure 4: Ptosis of the right palpebra as a sign of Horner’s Syndrome
(author’s property)

Clinical findings at baseline and subsequent
examinations were recorded serially to determine if
there was any improvement in function [49].

Additional Examinations

° Imaging on brachial plexus injury is a plain
chest radiograph, used to see the increase
in the level of diaphragm (phrenic nerve
injury) [52] (Figure 5).

!

o CT myelography can show which nerve
roots replaced in the brachial plexus injury,
an asymmetrical or absence nerve root, or
pseudomeningocele, strongly suggests nerve
root avulsion [42], [49] (Figure 6).

Figure 5: Elevation the right hemidiaphragm [52]

' &

CT Myelogram

C

MyelogranTies

b MRI 3D GRE

Figure 6: (a), (b) Pseudomeningocele cervical myelogram (white
arrow). (c) Same pseudomeningocele in MRI cervical (white arrow) [49]
° Magnetic Resonance Imaging/MRI is non-

invasive, clearly show the anatomy of the
nerve roots [53], [54], [55].

16

https://www.id-press.eu/mjms/index



Sumarwoto et al. Brachial Plexus Injury: Recent Diagnosis and Management

° Ultrasonography is 87% sensitivity, better
accuracy at higher nerve root levels (C5-C7).
Often difficult to visualize the distal nerve root
due to the depth and amount of scar tissue that
occurs after injury [49], [56].

° Magnetic Resonance Neurography (MRN) is
the current gold standard for visualizing the
brachial plexus [8], [9], [43], [44].

° Sensitive and specific for the identification
of brachial plexopathy, provides detailed
information the anatomy and pathology of the
peripheral nerves, surrounding soft tissues and
muscles, facilitating an accurate diagnosis [57].

° Electrophysiology study consists sensory and
motor conduction, needle electromyography,
action potential of somatosensory nerve, and
intraoperative evaluation if indicated, done
serially and evaluated collectively. Extensive
sensory nerve conduction studies were
performed to evaluate brachial plexus lesions
[58], [59].

° An electrophysiology study can be done
to assist the surgical intervention or other
selected management [46].

Initial Management

Open wound

Open wounds are rare and range from small
penetrating wounds to high-energy wounds. In acute
nerve dissection, repair should be made quickly given
the general clinical status of the patient. Thoracic injury
and large vessel trauma often follow [8], [9], [42], [47].

If there is a delay, the scheduling of the second
procedure must be carried out. An electromyographic
examination may be performed to record the
spontaneous potential with or without stimulation
providing appropriate evidence for pre-operative
planning 4-6 weeks after the injury. This period is the
limit that allows for nerve to be repaired. A nerve graft is
recommended rather than end-to-end anastomosis and
nerve reconstruction [8], [9].

Open penetrating injuries such as low-energy
gunshot wounds should not be explored directly. This
injury almost always causes neuropraxia [1].

Closed wound

In the case of closed brachial plexus injuries
and in the absence of other emergency injuries,
surgical exploration, and recovery may not be
carried out immediately. Recommendations include
evaluation of the injury condition, pain management,
and rehabilitation measures. If denervation continues,

electromyography can be done after 3 or 4 weeks
while CT/myelography or MRI after 6-8 weeks. In the
absence of functional recovery or loss of neurological
recovery, surgical intervention may be considered
after 36 months. If clinical examination reveals a
preganglionic lesion, and confirmed by imaging results,
the necessary therapeutic strategy is nerve transfer [1].

Conservative Management

Conservative management is indicated if
the diagnostic EMG shows that the damage is non-
degenerative. The goals of conservative treatment
are to maintain upper limb range of motion, maintain
functional muscle, protect dermatome denervation,
manage pain, and aid the healing process. Conservative
management includes the use of assistive devices such
as slings and splints to prevent uncontrolled positional
movements of the paralyzed limb which can reduce
the quality of life. Extensive physical therapy is also
recommended as part of conservative management. A
passive range of movements can be used to maintain
joint mobility and muscle strength in the arms. Electrical
stimulation and therapeutic massage can also be done
for edema and scar management [1], [2], [41], [60].

Significant pain occurred in incomplete
brachial plexus injury at the root of the avulsion.
Sufficient pain relief should be considered for each
patient to minimize patient discomfort and maximize
physiotherapeutic potential. NSAIDs and opioids
can be helpful during initial therapy but do not help
patients with neuropathy, who need antiepileptic drugs
(gabapentin and carbamazepine) or antidepressants
such as amitriptyline [1], [2], [40], [44], [61].

Surgical Intervention

Surgery is indicated if there is no substantial
spontaneous recovery within 3 months and s
necessary for exploration, or for further recovery.
Complete paralysis as evidenced by the presence of
pseudomeningoceles, and preganglionic avulsion is
evident, surgical action should be carried out as soon
as possible. All patients with lacerations near the
brachial plexus should undergo exploration because
in most of these injuries (sharp or blunt), there is no
possibility of spontaneous repair. Surgical plans must
be individualized and priorities must be established.
Priorities are elbow flexion, stabilization, and abduction-
elevation-external rotation of the shoulder, elbow
extension, wrist and finger extension, and wrist and
finger flexion [62], [63].
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Surgical management is divided into two
categories: Primary procedures, surgery for nerve repair,
and secondary procedures. If possible, surgery for
nerve repair takes precedence over all other procedures
because time becomes an important aspect. As soon as
other injuries are treated, the patient should get nerve
repair as early as possible. Secondary procedures are
performed after the nerve repair whenever primary repair
fails or it is done to augment primary repair, or in very late
cases as a replacement for recovery function [2], [17].

Primary procedures

Neurolysis

Used to maintain continuity of nerve lesions and
important for repairing the structure of nerves and nerve
sheaths. The vascular weakness usually presence, so
it is not recommended to use interfascicular neurolysis,
because epineurectomy can be used to remove fibrous
tissue. The use of nerve stimulation before and after
neurolysis can be enhanced by nerve conduction. Many
factors influence functional improvement and clinical
outcome after neurolysis [1], [2], [8], [9], [40].

Nerve graft

The primary technique for severed nerve
injuries, with a healthy proximal portion and no axial
damage. Several things will affect the outcome of the
procedure including the length of the nerve graft, the
presence of scar tissue at the injury site, the number
of grafts used, the presence of a healthy proximal part
available for grafting, and the nerve gap. Postoperatively,
the nerve must respond to somatosensory evoked
potentials (SSEPs) and the conductivity of stimulated
spinal nerve roots should be verified. This procedure is
the basis of current surgical therapy for postganglionic
spinal cord injury. When the damage is extensive, it
is necessary to prioritize certain nerves for repair by
grafting, especially those associated with elbow flexion,
shoulder abduction, and forearm sensation [1], [2].

The sural nerve, the sensory branch of the
ulnar nerve, and the medial antebrachial cutaneous
nerve are the most commonly used nerve donors. The
sural nerve can provide a neural tube up to 40 cm. The
donor site must remain there until the recipient site is
ready. Immediately before the grafting procedure, the
donor nerve must be inverted to minimize loss of the
axial branch. In general, the use of nerve grafts shorter
than 10 cm produces a better functional and clinical
outcome compared to grafts longer [1], [45].

The use of free nerve grafts for peripheral
functional recovery appears to be poor compared with
reconstruction of the more proximal lesions. Another

option is a vascular nerve graft if the ulnar nerve is
used frequently. The ulnar nerve is divided into smaller
grafts, the size of the sural nerve, thereby increasing
the chances of success. Vascular nerve grafts do
not appear to exceed free nerve grafts with respect
to recovery and functional improvement. Surgical
technique is an important factor for nerve graft results.
The aim is always to achieve the best fixation without
tension at the graft anastomosis point [1], [2], [45].

Neurotization/nerve transfer

Used for preganglionic nerve root injuries in
brachial plexus injuries, transfers the neurofiber to an
irreparable paralytic nerve. The motor branchisused as a
donor to achieve motor reinnervation. Nerve transfer can
be extraplexal or intraplexal. Intraplexal nerve transfer
options include intact nerve roots. Other options include
the use of the medial thoracic nerve and the ulnar nerve
or inferior medial fascicles. Oberlin et al. described nerve
transfer to the biceps muscle using a portion of the ulnar
nerve for C5—C6 avulsion of the brachial plexus [1], [2].

Extraplexal nerve transfer options include the
use of the intercostal nerve (ICN) and the spinal accessory
nerve (N.XI). The phrenic nerves — accessed using an
anterior neck approach — and the deep motor branches
of the cervical plexus (C3-C4) can be used as donor
nerves. In addition to the use of the deep motor branch
of the cervical plexus, other donor nerves can restore
elbow flexion and produce M3 bicep strength in about
75% of patients. The Oberlin technique is recommended
for patients with upper nerve root avulsion and lower
brachial plexus nerve root. Transfer of nerves to the
biceps muscle using a portion of the ulnar nerve in upper
type brachial plexus injury provides good functional and
clinical results. The use of the Oberlin technique results
in M3 or more biceps strength in 94-100% of patients
and M4 biceps strength in 75-94% of the cases. This
procedure requires the supply of the lower nerve root
plexus. Oberlin | technique by re-innervating the biceps
muscle using the ulnar nerve fascicle which is transferred
to the motor branch of the musculocutaneous nerve to
the biceps muscle (to restore elbow flexion), Oberlin I
is Oberlin | augmented with the median nerve fascicle
transferred to the motor branch of the musculocutaneous
nerve to the brachial muscle [1], [2], [3], [64] (Figure 7).

median nerve fascicle to
Brachialis MCN

ulnar nerve fascicle to
Biceps MCN

Figure 7: The Oberlin Il technique (author’s property)
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Another option is to use the spinal accessory
nerve. These nerves are purely motor nerves but only the
last one or two of them should be used to maintain normal
function of the trapezius muscle. However, this nerve
can be easily damaged in patients with pneumothorax,
multiple rib fractures, or spinal cord trauma. The use of
intercostal nerve transfers recorded no post-operative
deficits. The phrenic nerve is a good donor nerve but
should not forget about its contribution to respiratory
function and the possibility of adverse effect, especially
in patients with simultaneous intercostal nerve transfer.
Gu et al. revealed no significant reduction in respiration
after phrenic nerve transfer for motor neurotization of
the brachial plexus [1], [2], [45].

Somsak technique for deltoid muscle is done
by transferring the radial nerve which innervates the
long head of the triceps to the posterior branch of the
axillary nerve. The branches of the musculocutaneous
nerve to the brachial muscle are given the median
nerve to stretch the fingers [1], [2].

Contralateral C7 ftransfer is used for
weakness as a whole or performed when other
transfer options cannot be used. A graft is connected
to the contralateral nerve root, which has been placed
under the anterior scalenus muscle and longus colli
muscle, and then passed through the retroesophageal
space to deliver its signal to the receiving nerve,
thus shortening the distance to the target nerve.
The mean length of the nerve grafts used was 6.8
+ 1.9 cm. The nerves that are often used as donors
and recipients in this technique are shown in Table 4
(1], [2], [8], [40], [41], [43], [44], [63], [66], [67], [68].

Table 4: Types of nerve donors and recipients

Donor nerves
Spinal accessory nerve (SAN)

Recipient nerves
Suprascapular Nerve (SSN)
Musculocutaneous nerve
Axillary Nerve
Suprascapular Nerve
Musculocutaneous nerve
Axillary Nerve

Upper trunk
Musculocutaneous nerve
Long Thoracic Nerve

Radial Nerve

Median Nerve

Ulnar nerve

Median Nerve
Musculocutaneous nerve
Lateral Chords

Anterior branch of the axillary nerve
Musculocutaneous nerve
Lateral Chords

Intact Phrenic nerve or C5 nerve root

Inter Costal Nerve

Contralateral C7 nerve root

Nerve of the biceps long head
Hypoglossal nerve

Secondary procedures

If there is no spontaneous improvement or
when primary procedure surgery does not produce
satisfactory results. There must be specific signs
of neurological degradation or no possibility of
neurological recovery, or sufficient time should pass
without functional improvement. And for adult patients
who initially presented late (more than 12 months after
injury), primary nerve reconstruction procedures appear

to have a much worse outcome, even in certain cases,
distal nerve transfer can still be considered even after
12 months, but <18 months [64].

Arthrodesis, tenodesis, tendon, and muscular
transfers, and functional free muscle transplantation
are some of the therapeutic options for secondary
reconstructive procedures that can be performed at any
time.

Arthrodesis

In traumatic injuries of the complete brachial
plexus, the arthrodesis that results in shoulder
stabilization allows the orthopedic to collect all potential
nerve grafts to continue the procedure. On the other
hand, in upper BPI with a somewhat unstable and painful
shoulder, arthrodesis may be a definite solution. When
planning shoulder arthrodesis, certain parameters
must be taken into account. First, good thoracic-
shoulder functionality is essential. Second, peripheral
hand motion mobility is important because shoulder
arthrodesis does not have any clinical effect on paralytic
hands. The acromioclavicular, sternoclavicular, and
scapula-thoracic joints must be intact. Any dysfunction
can affect the success of the arthrodesis [1], [2].

The shoulder should be fused with 20° of
abduction, 30° of flexion, and 20° of internal rotation to
allow the patient to be independent in daily life with an
average range of 60° of abduction and flexion through
the scapulothoracic joint [1], [2], [17].

Transfer of tendon

Tendon transfers are useful in restoring upper
limb function following brachial plexus injury. The
absolute indication is traumatic upper or lower brachial
plexus injury with only partial paralysis. Muscle strength
cannot return to pre-injury levels after tendon transfer.

Many tendon transfer techniques have been
described. A decision should be taken only when
all options have been assessed. The most common
procedures are as follows [1], [2], [17], [69]:

a. Transfer of trapezius to deltoid (Elhassan
et al.) to correct shoulder abduction;
b. Transfer of the latissimus dorsi (L ‘Episcopo),

to enhance external rotation. The technique
can be used at the same time as removing part
of the anterior joint capsule and releasing the
subscapular and pectoralis major muscles or
even with an external rotational osteotomy of
the humerus;

C. Anterior transfer of the posterior branch of the
deltoid muscle to restore the non-functioning
anterior segment;

d. Modified flexorplasty

e. Jones’ transfer

Open Access Maced J Med Sci. 2021 Jan 12; 9(F):13-24.
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Free functional muscle transfer (FFMT)

FFMT is transfer of muscle using microvascular
anastomosis for revascularization and subsequent
microneural coaptation to recipient motor nerves for
reinnervation.

Changes that result from muscle denervation
can be biochemical and/or morphological. The
disorganization is complete after 2 years of denervation
and the muscle is finally replaced by fat tissue. Within
2-3 months after the posttraumatic period, denervated
muscle fibers lose 50% of their diameter due to atrophy.
In many cases, surgical delay or complete avulsion of
the brachial plexus limits the ability to achieve good
results. The functional results of various shoulder and
elbow movements with the use of nerve transfer and
nerve grafting techniques, and functional recovery of
the hand are often disappointing.

For this reason, FFMT should be considered
in older cases more than 9-12 months. Restoration of
elbow flexion and wrist extension function in brachial
plexus paralysis and even complete brachial plexus
avulsion can be successful by implementing FFMT
technique for reinnervation [2], [45] (Table 5).

Prognosis

The results of the intervention varied
depending on several parameters [8], [9], [40], [41], [43],
[44], [60], [67]:

° High-energy trauma and avulsion trauma will
give a poor prognosis than acute rupture.

° Better prognosis in younger patients.

° Functional healing is much better than that

which occurs with sensory or motor damage

alone if sensory and motor nerves are
transferred.
° Prognosis of supraclavicles involvement is

worse than that of infraclavicular lesions;
upper brachial plexus type injury has a better
prognosis.

Table 5: Clinical features, surgical options, and outcomes

Patients who experienced pain treatment for
more than 6 months after trauma often has a
lower rate of healing.

° Fibrosis and degeneration of organ marks
during surgery are associated with a poor
prognosis

° The presence of secondary infection gives a
poor prognosis.

° Patients undergoing rehabilitation programs

can improve their functional abilities better.

Future Management

The use of stem cell

Is an augmentative treatment to provide a
conducive environment for axon regeneration. The
number of Schwann cells that play a role in the peripheral
nerves regeneration will increase by administering
mesenchymal stem cells. These exogenous stem cells
will differentiate into phenotypes such as Schwann cells
which integrate into the Band of Bungner and become
axonal guides in regeneration and remyelination
processes. The production of several growth factors
during peripheral nerve trans-axotomy which
important in the regeneration process will increase by
administering these exogenous stem cells through their
secretions (paracrine function). Several growth factors
that are important in the process of nerve regeneration
include NGF, BDNF, GDNF, CNTF, NT-3, VEGF, bFGF,
HGF, and angiopontin-1 [36], [70].

Brachial plexus reimplantation — role of
neurotrophic factors

Motor neuron cellular death from the anterior
spinal cord occurred 6 weeks after complete avulsion
of the brachial plexus and only 40% of these remained.
Direct reimplantation or use of peripheral nerve

Injury Muscle weakness/atrophy  Aim of surgery Type of surgery Result
C5C6 Shoulder muscles, biceps,  Shoulder stability, elbow flexion Exploration + improvement Various results
brachialis, brachioradialis, NT combination
supinator
C5C6 C7 C5 C6 + triceps muscles Shoulder stability, elbow flexion, NT SAN—SSN combination, Often in the avulsion injury, good result but less
and wrist extension wrist extension ulnar nerve fascicles — MCN (Oberlin I), good when compared to C5 C6
Oberlin | + median nerve fascicle — MCN (Oberlin II)
C5-Th1 Complete BPI with flail arm  Elbow flexion, shoulder stability, =~ Combination NT using an extraplexal donor Most common injuries, poor healing, accompanied
comprehension hand SAN—SSN by avulsion injuries
ICN—MCN
Free muscles graft
Bionic hand
(Isolated C5)  Shoulder muscles Shoulder stability (abduction) NT Combination
shoulder stability (abduction) SAN—SSN
(Isolated C6)  Biceps, brachialis, Elbow flexion NT Combination
brachioradialis, supinator Oberlin /1l
Infraclavicle Graft repair for lateral and medial fascicles, poor Rare injury

outcome for medial fascicles

possibly NT

Accompanied by vascular injury, shoulder
dislocation and humeral fracture

Exploration + repair, exploration of the brachial plexus, external neurolysis, and possible neuroma resection and repair in the absence of a nerve action potential. BPI: Brachial plexus injury; combined; NT, external neurolysis,
graft repair, and nerve transfer; ICN, intercostal nerve; MPN, medial pectoral nerve; MCN, musculocutaneous nerve motor branches to biceps and brachialis; NT, nerve transfer; SAN, spinal accessory nerve; SSN,

suprascapular nerve)
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autografts can increase the total number of motor
neurons remaining by up to 80% after 6 weeks. This
procedure is associated with spinal axon regeneration
and functional recovery. Schwann cells are the main glial
cells responsible for regeneration. Research has shown
that Schwann cells will become active after peripheral
axon dissection and continue to release neurotrophic
factors and produce extracellular matrix [1], [2].

The use of bionic hands

Hand reconstruction will see many new
approaches to replace a missing or non-functioning
limb. The bionic hand using a myoelectric approach.
Myoelectric prostheses use the electrical voltage
generated each time a muscle contracts to control some
movement. In patients with brachial plexus injury, this
type of prosthesis uses the rest of the human body’s
neuromuscular system to control flexion/extension of
the elbow, supination/pronation of the forearm (rotation),
or flexion/extension of the fingers (hand resistance
function) [70], [71].

Conclusion

The management of brachial plexus injuries
requires careful planning for primary and secondary
reconstruction. This injury is difficult for the patient and
his family to accept, so a thorough treatment is needed.
Patients and their families must be well informed that
no guarantee of promising results with the procedure.
Providing optimal therapy, clinicians must understand
the overall anatomy, clinical assessment, radiological
examination, and electrodiagnostic study so that the
choice of method and timing of therapy is appropriate.
In severe panplexal injuries, selecting the appropriate
method of therapy allows the patient to be able to use
the upper limb such as elbow flexion, shoulder abduction
even if it is limited. Although the hand function is limited,
it is still useful for daily functions. Recognizing the basic
principles of management of brachial plexus injuries is
essential.
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