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Surgical treatment of adult
traumatic brachial plexus injuries

An overview
Mario G. Siqueira', Roberto S. Martins'?

ABSTRACT

Traumatic injuries to the brachial plexus in adults are severely debilitating. They generally
affect young individuals. A thorough understanding of the anatomy, clinical evaluation,
imaging and electrodiagnostic assessments, treatment options and proper timing
of surgical interventions will enable nerve surgeons to offer optimal care to patients.
Advances in microsurgical technique have improved the outcome for many of these
patients. The treatment options offer patients with brachial plexus injuries the possibility
of achieving elbow flexion, shoulder stability with limited abduction and the hope of
limited but potentially useful hand function.
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Tratamento cirurgico das lesdes traumaticas do plexo braquial em adultos: uma
visdo geral

RESUMO

As lesdes traumaticas do plexo braquial em adultos sdo severamente debilitantes e, em
geral, afetam individuos jovens. Uma ampla compreensdo da anatomia, da avaliagdo
clinica, dos estudos eletrodiagndsticos e por imagem, das opc¢des de tratamento e do
momento apropriado para o tratamento cirlrgico ird permitir que o cirurgido de nervos
ofereca o tratamento ideal ao paciente. Os avancos na técnica microcirirgica melhoraram
os resultados para muitos desses pacientes. As opc¢des de tratamento oferecem aos
pacientes com lesdes do plexo braquial a possibilidade de obter flexdo do cotovelo,
estabilidade do ombro com abducéo limitada e a esperanca de funcéo limitada mas
potencialmente Gtil da méo.

Palavras-chave: lesdo do plexo braquial, tratamento cirirgico, reparo de nervos.

Traumatic brachial plexus lesions in
adults are devastating injuries. The typical
patient is a young man who was injured in
a motorcycle accident. These lesions are
of great social significance since most of
the patients have to face severe residual
morbidity after their injuries. The exact
number of lesions occurring each year
is difficult to ascertain, but it is certainly
growing, in parallel with the increasing
number of high-speed motor vehicle ac-
cidents, especially involving motorcycles.

Based on experience with 1,068 pa-
tients with brachial plexus injuries,
Narakas' developed a rule of “seven sev-

enties” that gives an approximate idea of
the statistics involved in brachial plexus
lesions: approximately 70% of traumatic
brachial plexus injuries are secondary to
motor vehicle accidents; of these, approx-
imately 70% involve motorcycles or bicy-
cles. Of the cycle riders, approximately
70% have multiple injuries. Overall, 70%
have supraclavicular lesions; of these, 70%
have at least one root avulsion. At least
70% of patients with a root avulsion also
have avulsions of the lower roots (C7, C8
or T1). Finally, of patients with lower root
avulsion, nearly 70% will experience per-
sistent pain.

'Peripheral Nerve Surgery Unit, Division of Functional Neurosurgery, University of Sdo Paulo Medical School, S&o Paulo SP,
Brazil; “Neurosurgical Department, Hospital do Servidor Pablico do Estado de S&o Paulo, S&o Paulo SP, Brazil.
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Despite major progress made over the last decades,
the results from surgical treatment of traumatic brachial
plexus lesions are far from ideal. Nevertheless, although
current surgical methods produce a functional result that
is significantly worse than the original performance, it is
still much better than what would be achieved without
nerve reconstruction. The purpose of this paper was to
review the mechanisms of traumatic brachial plexus inju-
ries in adults and their clinical evaluation, surgical treat-
ment and outcomes.

History

The first report of successful surgery on a traction in-
jury of the brachial plexus was reported in 1900, by Tho-
burn®. Following publication of this report, surgical re-
pair of brachial plexus injuries was performed on a few
occasions in the early 20" century®* with apparently
good results, but the initial enthusiasm was replaced with
pessimism because of the poor subsequent results®®. In
the early 1960s, the skepticism about the results from
the surgical treatment was so intense that the treatment
advocated for complete root avulsions was above-elbow
amputation, combined with shoulder fusion in slight ab-
duction and flexion, and complemented by a forearm-
hand prosthesis.

With the introduction of operating microscopes, the
modern period of brachial plexus surgical reconstruc-
tion began, thereby revitalizing the field. In 1969, Mil-
lesi started to repair defects of the brachial plexus under
magnification using cutaneous nerves as grafts. In 1973,
he published his series” and was shortly followed by that
of Narakas, who reported similar encouraging results®.
Improvements in optics, imaging, electrodiagnosis, sur-
gical instruments and suture material, and the dedica-
tion of many surgeons around the world, like Kline and
Nulsen’, Hudson and Tamner'’, Gilbert and Tassin',
Brunelli and Monini'?, Merle D’Aubigne and Deburge",
Alnot et al.", Allieu'®, Samii and Kahl'®, Leffert", Terzis
etal.", Kotani et al.”’, Jamieson and Hugues™ and Sedel”,
among many others, gave rise to evolution in the treat-
ment of brachial plexus lesions. Today, it is possible to
achieve reliable restoration of elbow flexion and shoulder
abduction in many patients and, possibly, useful hand
grip in a few selected cases.

Mechanisms of injury

Stretch/contusion is the most common mechanism
of injury of the brachial plexus. Most frequently, these
injuries result from high-speed motor vehicle accidents
that produce a sudden shoulder movement downwards
and backwards, and a neck movement in the oppo-
site direction as the patient strikes the ground (Fig 1).
The caudal traction of the shoulder and arm usually in-
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jures the upper roots of the plexus (C5 and C6), lateral
traction injures the C7 root and cranial traction injures
the lower roots (C8 and T1). In the large series of David
Kline (1,019 brachial plexus lesions operated between
1968 and 1998), reported by Kim et al.??, 509 injuries
(49%) were produced by stretch/contusion.

Gunshot wounds produce penetrating injuries and
are often associated with vascular injuries. Although less
frequent, this type of plexus injury is becoming progres-
sively more common. It is usually produced by low-ve-
locity missile wounds from handguns. The lesions are
mostly in continuity, but can also transect elements. The
force associated with the injury varies and depends on
the missile caliber, velocity and angle of incidence. Mis-
sile injuries produced by low-velocity shell fragments
damage the nerve elements by direct impact and tend
to be associated with less damage to the plexus. High-
velocity gunshot injuries damage the nerve elements
through three different mechanisms: direct impact (rare),
shock wave effects and cavitation effects. The latter two
mechanisms provoke compression and stretching of the
nerve®. These lesions are more intense and usually fail
to recover spontaneously. In Kline’s series®, 118 gunshot
wounds represented 12% of the brachial plexus injuries.

Lacerations can result from sharp lacerations (knives
or glass), or blunt transection (automobile metal, fan and
motor blades, or animal bites) and can either transect a
portion (most common) or the entire plexus. Vascular
lesions are frequently associated with laceration inju-
ries. Kim et al reported that there were 71 lacerations in
Kline’s series (7%)*.

Fig 1. Most frequent mechanism for stretch-contusion lesions of
the brachial plexus. Drawing modified from Siqueira MG, Martins
RS, Socolovsky M. Mecanismos das lesdes traumaticas do plexo
braquial em adultos. In: Siqueira MG, Martins RS. Lesdes do plexo
braquial. Rio de Janeiro, Di Livros, 2011 (in press). With permis-
sion from the authors and publisher.
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Evaluation of neural function

Patients should be evaluated early on, but this is often
not possible because the brachial plexus lesion is only
one part of a multisystem trauma, and the deficits are ei-
ther overlooked or their evaluation is deferred while life-
threatening injuries are treated™. If nerve surgeons are
aware of patients’ early post-injury neurological status,
they can determine in subsequent evaluations whether
the neurological deficit is stable, improving or deterio-
rating with time.

The goal in clinical evaluations on brachial plexus in-
juries is to determine as accurately as possible the extent
of the nerve injury and, based on that information, to
determine whether or not the patient is a candidate for
either early surgery or a period of further observation.
For this purpose, a thorough neurological examination
cannot be replaced by any other type of test. The active
and passive ranges of motion of the upper limb should be
recorded, as well as the presence or absence of reflexes.
All the elements of the brachial plexus must be evalu-
ated (motor and sensory functions), in order to diagnose
whether the element is totally or partially compromised.

However, it is important to bear in mind that this gra-
dation is not static; with time, partial injuries may fail
to improve, while recovery from complete lesions may
eventually occur. Brachial plexus injuries are, in the great
majority of cases, a blend of completely and incompletely
injured elements. The clinical course should be followed
by means of repeated (monthly) clinical examinations.

Lesion grades

Although Sunderland’s classification™ of nerve injury
is more detailed, Seddon’s system™ is simpler and more
useful for clinical purposes.

Neuropraxia, the mildest form of nerve damage, is
probably due to focal demyelination. The patient pres-
ents with complete motor loss, with relative sparing of
sensory function that disappears within days or weeks.

Axonotmesis is a more severe grade of injury, in
which there is disruption of axons with preservation of
the basal lamina tubes. Complete motor and sensory loss
occurs, but spontaneous recovery along the intact endo-
neurial tubes is possible, provided that the distance from
the lesion to the end organs is not too large. The recovery
takes time, because axon regrowth takes place at a rate
of approximately 1 mm per day under ideal conditions”.

In Neurotmesis, which is the most severe grade of in-
jury, both the axons and the supporting connective tissue
are disrupted. In such lesions, there is no possibility of
spontaneous recovery and surgical repair is mandatory.

Immediately after nerve injury, the clinical presenta-
tion is identical for all three grades of injury. Only after
some time will the exact grade become established, based

530

Arg Neuropsiquiatr 2011;69(3)

on whether the deficit improves or not. It is important
to bear in mind that brachial plexus injuries are usually a
combination of all three different grades of lesion.

Lesion location

Most traumatic brachial plexus lesions in adults are
closed injuries involving the supraclavicular region. The
roots and trunks are more commonly affected than the
divisions, cords or terminal branches. Diagnosing the le-
sion location in relation to the ganglion of the dorsal root
is very important, because pre and postganglionic lesions
should be approached differently. While postganglionic
lesions can sometimes recover spontaneously, pregan-
glionic lesions cannot and should be identified as soon
as possible. Diagnosing preganglionic lesions is usu-
ally based on indirect evidence that heightens the sus-
picion of a proximal injury but does not prove its exis-
tence: [1] presence of Horner’s syndrome; [2] injury to
very proximal nerves like the long thoracic nerve (scap-
ular winging), dorsal scapular nerve (rhomboid paralysis)
and phrenic nerve (paralysis of the ipsilateral hemidi-
aphragm); [3] denervation of cervical paraspinal mus-
cles seen in electromyography examinations®; [4] normal
sensory conduction assessments, despite the absence of
feeling in the areas served by the nerves examined; and
[5] absence of Tinel’s sign in the supraclavicular fossa.
Frequently, however, preganglionic and postganglionic
injuries coexist, and hence the full extent of the injury
may not be perceived until surgical exploration is un-
dertaken. When a diagnosis of postganglionic lesion is
made, it is important to localize it in the supra or in-
fraclavicular area. In infraclavicular injuries, the cords,
their branches and the origins of the peripheral nerves
are involved.

Pain

Pain is present in up to 80% of adult patients who
sustained a brachial plexus lesion®. Usually, it is reason-
ably controlled with drugs and subsides within months.
When the pain is intense and starts early, this suggests
deafferentation and root avulsion. This severe neuro-
pathic pain reacts poorly to conventional therapy and
has two distinct features: constant burning background
pain and periodic sharp paroxysms of shooting pain. A
considerable number of patients with root avulsions and
this severe type of pain will need a procedure for intra-
spinal coagulation of the dorsal root entry zone (DREZ)
as their definitive treatment.

Electrophysiological and imaging evaluations

Whatever the clinical picture, all patients with trau-
matic paralysis of the brachial plexus who have not
shown signs of recovery by the 30™ day after the injury
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should undergo additional work-up, including electrodi-
agnostic tests and image evaluations, in order to come to
a decision regarding surgery.

Electromyography (EMG) can determine the distri-
bution and extent of the lesion; can evaluate muscles that
are difficult to test clinically; and can quantify the extent
of denervation. Because of Wallerian degeneration, the
EMG signs of denervation are not reliably demonstrated
until three to four weeks after nerve injury®, and for this
reason, this examination should not be done earlier. An-
other important use of EMG examinations is in serial
evaluations on the injury, to search for signs of reinner-
vation, which are seen several weeks before the onset of
detectable voluntary muscle contraction.

Besides the importance of nerve conduction velocity
(NCV) analysis in diagnosing preganglionic lesions that
was mentioned earlier, these evaluations are useful in
investigating neuropraxic injuries. Injured motor axons
continue to conduct action potentials for several days,
but as the Wallerian degeneration proceeds, this ability
disappears. If distal motor conduction is positive after
this period, even though the related muscles are still
paralyzed, the injury is probably a conduction block
(neuropraxia).

Somatosensory evoked potentials (SEPs) are obtained
by means of stimulation of the distal median, radial and
ulnar nerves and recording over the spinous process of
C2 and the contralateral somatosensory cortex®. No
spinal or cortical potential can be elicited in pregangli-
onic lesions, despite their normal peripheral sensory
NCV. In postganglionic lesions, NCV and SEPs are both
absent, as in combined pre and postganglionic lesions.
The clinical value of such analyses is limited by a number
of factors: [1] because each peripheral nerve is made up
of fibers from two or more spinal nerves, some evoked
potentials will be transmitted to the brain, unless mul-
tiple roots are avulsed; [2] only a small number of func-
tional axons is needed to transmit an evoked potential;
and [3] there is no adequate peripheral stimulation site
for the important C5 root. Thus, a negative SEP exami-
nation is clinically more useful than a positive one.

Intraoperative nerve action potential (NAP) is valu-
able for evaluations on lesions in continuity, but should
be delayed until at least three months after the injury, to
allow time for sufficient axonal regrowth. Using bipolar
stimulating and recording electrodes, this can detect ax-
onal regrowth across the lesion®. If a NAP can be elic-
ited, many viable axons will have traversed the lesion
and probably will reinnervate its previous end organs.
In such cases, neurolysis is sufficient treatment. How-
ever, when no NAP can be recorded distally to the le-
sion, a neurotmetic lesion probably exists, requiring re-
section and grafting.
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Fig 2. Cervical myelography followed by computed tomography
scanning showing a large pseudomeningocele (PM).

Plain X-Rays of the neck and shoulder can document
associated fractures and shrapnel from gunshot wounds.
Chest X-Rays produced after inspiration and expiration
can demonstrate the presence of hemidiaphragm palsy,
thus indicating ipsilateral phrenic nerve injury. When
vascular injury is suspected, arteriography or magnetic
resonance angiography may confirm the arterial integrity
or the patency of a previous vascular repair.

Cervical myelography followed by computed tomog-
raphy (CT) scanning is helpful in defining the level of
nerve root injury, through assessing the status of the
egress of the spinal nerves from the spinal cord in su-
praclavicular brachial plexus injuries****. Traction ap-
plied to the brachial plexus nerve roots may detach its
rootlets from the spinal cord and, at the same time, tear
the arachnoid sleeve of the root and pull it out into the
neural foramen. The intrathecal contrast material will
fill the sleeves, giving rise to the characteristic pseudo-
meningocele (Fig 2). Although highly suggestive, these
meningoceles do not provide proof of rootlet avulsion.
CT-myelography should be obtained at least one month
after the injury in order to allow time for blood clots to
dissipate and for pseudomeningoceles to fully form. This
examination presents false-positive and false-negative re-
sult rates of 5 to 10%.

Although CT-myelography is still considered to be
the “gold standard” for studying root lesions, recent ad-
vances in magnetic resonance imaging (MRI) are pro-
ducing images of much higher resolution, such that MRI
can now match the diagnostic accuracy of CT-myelog-
raphy®?®. Because of continuous development of MRI
techniques, this imaging examination will soon become
the most important method for evaluating brachial
plexus injuries. Besides providing a noninvasive means of
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detecting nerve root avulsion and easily demonstrating
abnormal cerebrospinal fluid collection in pseudomenin-
goceles in T2-weighted images, MRI can also show
spinal cord edema (an indirect sign of nerve root avul-
sion), postganglionic lesions such as post-injury fibrosis
and neuromas and associated inflammation or edema.

Indications for surgery

For multisystem trauma patients, the initial man-
agement is directed towards the associated life-threat-
ening conditions, which include head, spinal and chest
and vascular injuries. The need for surgical treatment
of the brachial plexus lesion will depend on the degree
of preliminary regeneration: approximately two thirds of
the cases recover spontaneously over the first months.
Surgery should be performed in the absence of clinical
or electrical evidence of recovery or when spontaneous
recovery is impossible. During the variable observation
period, physical therapy should be provided to prevent
contractures and to strengthen functioning muscles. Vir-
tually all patients without significant spontaneous re-
covery may benefit from microsurgical reconstruction
of the brachial plexus.

Timing of the surgical repair

The best time for the operation depends on the
mechanism and type of injury and this has been debated
over the years, with a move towards early intervention”.

In cases of stretch/contusion lesions, a period of con-
servative management of three to four months prior to
operative exploration is usually favored. Early evidence
of spontaneous recovery takes longer to manifest in
cases of stretch injuries than it does in cases of gunshot
wounds, since the lesions are longer in stretch injuries®.
Earlier surgery is indicated for patients with total palsy
and strong evidence of a preganglionic lesion.

Associations with vascular injuries may warrant
emergency repair in cases of gunshot wounds, but
low-velocity gunshot wounds are usually treated later on
(3-4 months after the injury), just like in cases of stretch/
contusion lesions, because most of these lesions have a
neuropraxic component. On the other hand, high-ve-
locity gunshot wounds are usually associated with sig-
nificant soft-tissue damage and demand early surgical
exploration.

In cases of sharp lacerations, emergency repair
should be performed, especially if loss of function is
complete regarding the distribution of one or more ele-
ments of the plexus. Early intervention is also indicated
in cases of increasing neurological deficit, which may be
associated with progressive pain due to hematoma, arte-
riovenous fistula or pseudoaneurysm. About one third of
the patients with lacerating injuries to the brachial plexus
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undergo acute surgical exploration because of suspected
or angiographically-proven vascular injuries, and nerve
surgeons should be involved in this emergency proce-
dure. First to assess the nerve damage and secondly to
guide the vascular surgeon in dissection of the distal ves-
sels that present a close relationship to the plexus ele-
ments. If early exploration demonstrates the presence
of blunt laceration, the nerve is fixed to adjacent planes
to lessen the retraction and is repaired secondarily two
to three weeks later. This delay in the repair allows the
damage in each stump to become delimited.

Repair priorities

The surgical plan should be individualized, depending
on the extent of the injury and the reconstruction op-
tions available. In extensive lesions, a priority list must
be established, based on functional importance and the
prognosis after nerve reconstruction. There is no con-
sensus in the literature about the level of importance of
the different functions to be reinnervated, except for the
two first indications. The following list presents, in our
opinion, an ideal sequence of priorities: [1] Elbow flexion
against gravity has the highest priority because its res-
toration allows the extremity to be better positioned in
space and the hand to flex toward the trunk and mouth
for use (Fig 3A). [2] Shoulder stabilization and recovery
of abduction and external rotation comes next, because
an unstable or contracted shoulder will impede use of the
extremity (Fig 3B). [3] Elbow extension. [4] Brachiotho-
racic pinch (abduction of the arm against the chest). [5]
Wrist and finger extension. [6] Wrist and finger flexion.
[7] The ulnar innervated structures are the last priority
because of the poor prognosis for recovery.

In extensive lesions, no matter what type of motor
reconstruction is done, surgeons should always include
sensory transfers in the surgical plan, in an attempt
to recover protective sensation of the hand (median
nerve area).

Fig 3. Picture of a patient fourteen months after brachial plexus
microsurgical reconstruction of an upper trunk lesion. [A] re-
covery of elbow flexion; [B] shoulder stabilization and recovery
of abduction.
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Operative approaches and surgical techniques

An anterior operative approach is used in the great
majority of cases of brachial plexus trauma®. Depending
on the type and extent of the lesion, the approach may
be supraclavicular, infraclavicular or combined. Four sur-
gical techniques are commonly used in repairing brachial
plexus injuries:

[1] Direct repair by means of end-to-end suture —
On rare occasions, an end-to-end suture is possible with
minimal tension, usually in cases of sharp laceration;

[2] External neurolysis — Neurolysis is the surgical
freeing of intact nerves from constricting scar tissue. It is
carried out using a No. 15 scalpel blade or Metzenbaum
scissors. Nerve segments are freed circumferentially and
in the proximal and distal directions from either side of
the injured segment. External neurolysis is a necessary
prerequisite for implementing other techniques and for
intraoperative electrical examinations and may be the
only repair required when low-amplitude and slow-con-
ducting regenerative NAPs are obtained in intraoperative
nerve action potential recordings on non-regenerating
nerves in situations of a lesion in continuity;

[3] Nerve grafting — When there is a severe postgan-
glionic rupture or a lesion in continuity with no record-
able NAPD, the injured element(s) should be resected. A
large interneural gap usually persists and the retracted
stumps cannot be brought together without significant
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tension. In this situation, interposition of autografts is
needed in order to bridge the stumps and enable grouped
fascicular repair (Fig 4A). In most cases, the sural nerve,
which can yield up to 30 cm of nerve for grafting, is used
as a cable graft. Graft repair should not be performed
when the fascicular structure cannot be viewed from the
proximal stump (scar) or when the roots are severely
damaged or avulsed at an intradural level®. Sometimes
only a portion of the cross-section of the plexus element
is damaged. The damaged segment is split away from the
nerve segment of normal appearance, and if no NAP is
recorded across it, it is resected and repaired by means
of grafting. This partial repair of the element is called
split-repair.

[4] Nerve transfer — In nerve transfer, a functioning
nerve of lesser importance is transferred to a distal de-
nervated nerve that is functionally more important. Pri-
marily used only to treat preganglionic injuries, nerve
transfers reduce the time taken to establish reinnerva-
tion by decreasing the distance between the nerve re-
pair site and the end organ. This has given rise to expan-
sion of its original indication such that it is now also used
for delayed cases, when faster recovery is desired. The
commonest donor nerves for transfers include the distal
spinal accessory nerve”, intercostal nerves* (Fig 4B) and
medial pectoral nerve®’. More recently, fascicles from a
functioning ulnar and/or median nerve**® have started

. =

AD: anterior division; BB: biceps brachii branch;
BM: biceps brachii muscle; C: clavicle; C5 and C5
roots; C6 and C6 roots; MN: median nerve; P:
B phrenic nerve; PD: posterior division; UF: ulnar
# fascicle; UN: ulnar nerve; 3R: third rib; 4"R:
fourth rib.

Fig 4. Surgical techniques for treatment of brachial plexus lesions. [A] Microsurgical reconstruc-

tion of an upper trunk lesion with autografts (sural nerve). [B] Transfer of two intercostal nerves
(IN) to reinnervate the musculocutaneous nerve (MCN). [C] Transfer of motor fascicle of the ulnar
nerve (related to the flexor carpi ulnaris muscle) to reinnervate the motor branch of the muscu-
locutaneous nerve that goes to the biceps brachii muscle.
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to be used (Fig 4C), as well as branches of the radial
nerve that go to the triceps muscle?, the phrenic nerve®
and the contralateral C7*. The deep cervical plexus and
hypoglossal nerve have also been used, but poor motor
recovery has been reported™.

Secondary reconstruction

Secondary reconstruction may be necessary to im-
prove function, either to augment partial recovery or to
obtain function when none has been achieved. This may
include soft-tissue reconstruction (e.g. tendon/muscle
transfer or free muscle transfer) and bone procedures
(e.g. arthrodesis or osteotomy). A combination of these
techniques is often used.

Postoperative follow-up

Surgeons should provide information to make pa-
tients and their families aware of the long periods of
waiting that are necessary for muscle reinnervation to
take place. Before undergoing surgery, patients should
already have been taught the exercises needed for main-
taining normal range of motion in the paralyzed joints.
Therapists can teach this and record the progress, but
patients must be co-responsible for carrying out the ex-
ercises. The shoulder and elbow are immobilized in a
splint for two weeks, and then the patient should restart
the rehabilitation program. After the healing of the sur-
gical wound, the progress of nerve regeneration is eval-
uated every four months for at least two years, in order
to assess whether full recovery is achieved.

Outcome

Many factors adversely influence functional recovery
after surgical treatment of brachial plexus lesions, such
as the patient’s age, the interval between injury and sur-
gery (denervation period), the two coaptation sites, long
nerve grafts, scar tissue, ischemia and the degree of root
lesion®"**. Young patients, with short denervation pe-
riods (<6 months) and postganglionic lesions, usually
present a better outcome than do patients with root avul-
sions. Isolated lesions of the upper trunk present the best
outcome: the hand is not compromised and the targets
for reinnervation are close to the donors. Persistent pain
(lasting for more than six months) is a bad prognostic
sign for neurological recovery, no matter where the le-
sion is located. It is very difficult to compare the results
from surgical treatments for traumatic brachial plexus le-
sions because of differences in patient selection, recon-
structive techniques and outcome evaluations, but some
general conclusions can be reached by analyzing the
larger series in the literature: In cases of supraclavicular
lesions, in which paralysis affects the upper roots, nerve
grafting provides good results in approximately 75% of
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the cases. Involvement of the upper trunk or the C5-C6
roots in the interscalene region is a favorable setting for
nerve repair or grafting. Injury to middle and lower roots
carries a poor outcome prognosis. In cases of infracla-
vicular lesions, the results from nerve grafting in lesions
that are relatively close to the innervated muscle, i.e. the
musculocutaneous nerve, are generally good. A satisfac-
tory recovery in 70-80% of the cases can be expected.

The results from grafting median, radial and ulnar
nerves in lesions that are distant from the innervated
muscle, i.e. the lateral and medial cord, are variable. Re-
innervation of the wrist and the digital flexor and ex-
tensor can be expected in 50-60% of the cases but no re-
innervation of the intrinsic muscles of the hand should
be expected. Sensory reinnervation of the median nerve
area can be achieved in 70-80% of the cases.

Selective combination of nerve transfers provides
moderate to good shoulder and elbow control. Although
some wrist and finger movement may occasionally be
achieved, the results from restoration of useful hand
function are still far from satisfactory.

The use of combinations of nerve grafts and nerve
transfers is increasing and, apparently, improving the
results.

Conclusion

Even in the hands of expert surgeons, the vast ma-
jority of patients with brachial plexus injuries remain
handicapped, especially with regard to hand functioning.
Further research is needed on innovative reconstruc-
tive procedures, especially for root avulsion treatments.
Use of these new techniques, along with better under-
standing of central-peripheral function integration, may
provide improved results and greater purposeful func-
tion for our patients in the future.
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