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ABSTRACT

Objective: To evaluate the results of different nerve transfers used for elbow flexion in patients with traumatic brachial plexus
injury. Materials and Methods: Between April 2012 and January 2019, 13 patients (12 men) with traumatic brachial plexus in-
jury underwent surgery. 5 patients had total paralysis and did not recover, 4 had total paralysis and partially recovered the lower
trunk, and 4 had high paralysis. The nerve transfers performed for elbow flexion were: 3 intercostal nerves with a sural graft to the
musculocutaneous nerve or its motor branch(es) (4 patients), 3 intercostal nerves to the musculocutaneous nerve without graft (3
patients), the accessory spinal nerve to motor branches of the musculocutaneous nerve with sural graft (2 patients), fascicles of
the ulnar nerve to the motor branch of the biceps (3 patients) and fascicles of the ulnar nerve and fascicles of the median nerve
to the motor branches of the biceps and anterior brachialis (3 patients). We assessed elbow flexion strength (M0-M5), pain on the
visual analog scale, and DASH score. The average follow-up was 50 months. Results: Elbow flexion strength was M5 (1 patient),
M4 (7 patients), M3 (1 patient), M2 (1 patient), and M1 (2 patients). The mean DASH score was 54.1 before surgery and 29.5
postoperatively. The preoperative pain score was 7 and 0.9 postoperatively. There were no complications. Conclusions: Nerve
transfers achieved satisfactory outcomes for active elbow flexion reconstruction in patients with brachial plexus injury.
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Level of Evidence: IV. Case report

Neurotizaciones para la flexion de codo en lesiones traumaticas del plexo braquial

RESUMEN

Objetivo: Evaluar los resultados de diferentes neurotizaciones utilizadas para la flexién del codo en pacientes con lesién traumati-
ca del plexo braquial. Materiales y Métodos: Entre abril de 2012 y enero de 2019, se operaron 13 pacientes (12 hombres) con
lesién traumatica del plexo braquial, 5 con paralisis totales sin recuperacion, 4 con paralisis totales que recuperaron el tronco
inferior parcialmente y 4 con pardlisis altas. Las neurotizaciones para la flexion del codo fueron: 3 nervios intercostales con injerto
sural a nervio musculocutaneo o su(s) rama(s) motora(s) (4 pacientes), 3 nervios intercostales a nervio musculocutaneo sin injerto
(8 pacientes), nervio espinal accesorio a ramas motoras del nervio musculocutdaneo con injerto sural (2 pacientes), fasciculos
del nervio cubital a rama motora del biceps (3 pacientes) y fasciculos del nervio cubital y fasciculos del nervio mediano a ramas
motoras del biceps y braquial anterior (3 pacientes). Se evaluaron la fuerza de flexion del codo (M0-M5), el dolor con la escala
analdgica visual y se utilizé el puntaje DASH. El seguimiento promedio fue de 50 meses. Resultados: La fuerza de flexion del
codo fue M5 (1 paciente), M4 (7 pacientes), M3 (1 paciente), M2 (1 paciente) y M1 (2 pacientes). El puntaje DASH promedio fue
de 54,1 antes de la cirugia y 29,5 en el posoperatorio. El puntaje de dolor preoperatorio fue de 7 y de 0,9 posoperatorio. No hubo
complicaciones. Conclusiones: Las neurotizaciones lograron resultados satisfactorios en la reconstruccién de la flexion activa
del codo en pacientes con lesién del plexo braquial.

Palabras clave: Neurotizaciones; flexién codo; lesion plexo braquial.
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INTRODUCTION

Traumatic brachial plexus injuries are rare, but severely disabling. In adults, recovery from elbow flexion paraly-
sis is the first goal of treatment, followed by functional recovery of the shoulder.!*

Multiple reconstruction methods are available, such as microsurgical procedures—which are preferred in early
stages—tendon transfers, vascularized and reinnervated free muscle transfers, arthrodesis, osteotomies, tenodesis,
and arthrolysis, among others, for which there is no time limit. Microsurgical techniques include neurolysis, neu-
rorrhaphy with or without graft, and nerve transfer. In nerve transfers, a redundant or “sacrificeable” donor nerve is
sectioned and its proximal end is transferred to the distal end of an injured nerve, as close as possible to the muscle
to be innervated (Figure 1). It is a nerve transfer from a functioning nerve to a more important denervated nerve,
as long as the time elapsed since the injury does not exceed 12-16 months, since it is known that the best outcomes
are obtained with procedures performed within the first five months.’ This is due to the fact that a muscle that does
not receive its nervous stimulation, over time, suffers the degeneration and atrophy of its neuromuscular plates,
which prevents its subsequent reinnervation.
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Figure 1. Diagram of a nerve transfer. A. Traumatic axonotmesis of the receptor nerve (R). B. Nerve
transfer with donor nerve (D).

There are multiple possible nerve transfers for the shoulder, elbow or hand in the context of a brachial plexus
injury. They can be categorized as extraplexus or intraplexus, depending on the donor nerve.

Extraplexus neurotizations include the transfer of a nerve outside the brachial plexus; the most commonly used
are the intercostal, spinal accessory, and phrenic nerves. Intraplexus neurotizations are transfers of a functioning
nerve component belonging to the brachial plexus. The transfer of fascicles of the ulnar or median nerve to motor
branches of the musculocutaneous muscle for the biceps and anterior brachialis in high plexus injuries is widely
used today. Another donor nerve used is the radial branch for the medial portion of the triceps for the axillary nerve.

The objective of this study was to evaluate the results of different neurotizations used to recover active elbow
flexion in patients treated for traumatic brachial plexus injury.
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MATERIALS AND METHODS

Between April 2012 and January 2019, 13 patients with traumatic brachial plexus injury underwent nerve
transfers for elbow flexion, performed by the same surgeon, at three Centers. The patients were 12 men and a
10-year-old girl, and the average age at surgery was 26 years (range 10-44). The affected limb was the left in
eight cases and the right in five patients (dominant limb in 38.4%). The palsies treated included five total brachial
palsies that did not recover, four total palsies that partially recovered the lower trunk, and four upper palsies,
two of them with partial recovery of the shoulder. The mechanism of the trauma was a traffic accident in 12 pa-
tients: motorcycle (10 patients), bicycle (1 patient), and car (1 patient). One patient had sustained direct trauma
from falling on his shoulder into a eucalyptus tree trunk. The average time elapsed between trauma and surgery
was 8.7 months (range 4-13). In 11 patients (85%), important associated traumatic pathologies were diagnosed
(Table 1).

Table 1. Number of cases

M Type of paralysis Associated injuries

Right-handed Left Total with partial Ipsilateral rib and clavicle fractures
recovery of finger flexion
2 21 M Right-handed Left High TBI with loss of consciousness
3 23 M Right-handed Left Total Nonunion of the clavicle and forearm (ulna
and radius), ipsilateral leg steppage
4 28 M Right-handed Left Total Ipsilateral foot amputation
5 19 M Right-handed Left Total Open fracture of the ipsilateral humerus
6 23 M Right-handed Left Total TBI with loss of consciousness, seizures,
mild cognitive sequela
7 33 M Right-handed Right Total with full recovery of No
wrist and finger flexion
8 38 M Right-handed Right Total with partial recovery  Fractures of the humerus and scapula,
of the ulnar, median and metacarpophalangeal dislocation (3, 4 and 5),
radial nerve fracture of the third ipsilateral metacarpal
9 21 M Right-handed Right  Total TBI with loss of consciousness, fracture of the
1% ipsilateral rib
10 44 M Right-handed Left High No
11 28 M Right-handed Left Total with recovery of the  Fractures of 4 ribs, scapula, open fracture
ulnar nerve dislocation of the ipsilateral elbow, contrala-
teral brachial plexus palsy with spontaneous
recovery in 3 months
12 10 F Right-handed Right  Total with partial recovery, Supracondylar fracture of the ipsilateral elbow
shoulder abduction
13 26 M Right-handed Right  Discharge with partial re-  TBI with loss of consciousness, fracture of

M = male, F = female, TBI = traumatic brain injury.
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The nerve transfers used for the microsurgical reconstruction of elbow flexion were: three intercostal nerves with
sural graft to the musculocutaneous nerve or its motor branch(es) for each case (4 patients), three intercostal nerves
to the musculocutaneous nerve without graft interposition (1 patient), spinal accessory nerve to motor branches of
the musculocutaneous nerve with sural graft (2 patients), motor fascicles of the ulnar nerve to motor branch of the
biceps (simple Oberlin) (3 patients) and motor fascicles of the ulnar nerve and motor fascicles of the median nerve
to motor branches of the biceps and anterior brachialis (double Oberlin) (3 patients). The fascicles of the ulnar
nerve are used for the flexor carpi ulnaris muscle, whereas the median nerve fascicles are used for the palmaris
longus. During surgery, the fascicles are electrostimulated to determine which ones predominantly innervate these
muscles. The reconstruction techniques used were chosen individually, taking into account the different lesions of
the patients, with different donor nerves available and also considering their associated conditions. As an example,
three cases are shown, with different surgical techniques (Figures 2-4).

Figure 2. Nerve transfer of the motor branch of the biceps with three intercostal nerves with a sural graft. (Case 5).
A. Presurgical markings and fields. B. Dissection of three intercostal nerves in the thorax. C. x3 Intercostal-sural
neurorrhaphies. D. Neurorrhaphy of sural grafts to the motor branch of the biceps on the inner side of the arm.
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Figure 3. Neurotization of the motor branches of the musculocutaneous nerve with the spinal accessory nerve with a long
sural graft (Case 12). A. Supraclavicular approach and dissection of the spinal accessory nerve (arrow). B. Dissection of
the motor branches of the musculocutaneous nerve on the inner aspect of the arm. C. Neurorrhaphy of the spinal accessory-
sural nerve (arrow) in the supraclavicular fossa. D. Sural graft neurorrhaphy to the motor branch of the biceps and anterior
brachialis (arrow) on the inner aspect of the arm. “omohyoid muscle. SCM = sternocleidomastoid muscle.
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Figure 4. Neurotization of the motor branches of the biceps and anterior brachialis with motor fascicles of the ulnar and
median nerves (Case 7). A. Approach to the inner aspect of the arm. B. Dissection of the motor fascicles of the ulnar and
median nerves, and section of the motor branches of the biceps and anterior brachialis. C. Nerve transfers performed (arrows).

Although it is not the reason for this study, it is clarified that, for the shoulder, a supraclavicular neurolysis of
the brachial plexus and a neurotization of the suprascapular nerve with an accessory spinal nerve were performed
in seven patients.

The patients underwent rehabilitation protocols with physical therapy or occupational therapy according to their
condition and the surgical technique used. In the first four weeks, movements that put the nerve sutures at risk were
avoided, but the remaining joints were mobilized and treatment for pain, edema, and scarring was administered.
After the first month, full passive range of motion was allowed and strengthening of the muscle group correspond-
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ing to the transferred nerve(s) started, e.g. sit-ups and inspiratory exercises to strengthen the intercostal muscles.
When observing the first sign of reinnervation of the elbow flexors, the muscle re-education phase began. This
muscle strengthening is associated with active assisted flexion of the elbow, taking into account that the contrac-
tion of the reinnervated muscle begins with the contraction of the muscle corresponding to the donor nerve. In the
case of neurotization using motor fascicles of the ulnar nerve for the biceps, the contraction of this muscle will be
activated by flexing the wrist in ulnar deviation. As months go by, the loads and the repetitions of the exercises are
increased and the cortical neuroplasticity of the patients will be able to make the flexion of the elbow independent
of the contraction of the muscle corresponding to the donor nerve. That is, in the example above, the patient will
be able to actively flex their elbow without needing to flex their wrist.

All patients underwent a subjective evaluation with the DASH score. (Disabilities of the Arm, Shoulder and
Hand)® and the visual analog scale (VAS) for pain before surgery and at the last control. Elbow flexion strength
was assessed using the British Medical Research Council MO-MS5 scale.” Case 10 was excluded from the study,
because the follow-up was shorter than one year, due to the loss of contact due to living in another province and
lack of connectivity. The average follow-up of the remaining cases was 50 months.

RESULTS

In the last evaluation, the elbow flexion strength showed that the 10-year-old girl obtained an M5 value; seven
patients had an M4 value; one patient, M3; one patient, M2; and two patients, M 1. We consider satisfactory values
to be those M3, that is, those that manage to flex the elbow against the force of gravity, as has been established
internationally.® Nine patients (75%) obtained this result. The mean DASH score was 54.1 preoperatively and
29.5 postoperatively. The VAS score was 7 before the intervention and 0.9 at the last control. The reconstruction
method used and its individual functional evaluation are shown in Table 2.

The only complication occurred in the patient with nerve transfer of the intercostal musculocutaneous nerve
without grafts, who suffered dehiscence of the wound in the armpit and was adequately treated with Iruxol® oint-
ment.

There were no pleural lesions during intercostal graft harvesting, nor neural pain or motor or sensory complica-
tions related to donor nerve territories.

DISCUSSION

Traditionally, in brachial plexus reconstruction, direct nerve repair with or without nerve grafts led to poor
outcomes due to the long distances that axonal regeneration must travel after neurorrhaphy, which implies a
longer time than the reinnervation potential of muscle motor plates, which is estimated at 12-18 months.” Under
these circumstances, neurotizations allow the regeneration distance between viable proximal motor axons and
distal motor endplates to be reduced, thus achieving faster reinnervation and, in most cases, better functional
outcomes.

In addition, it is very common for brachial plexus injuries to be directly irreparable, from a technical point of
view. Such is the case of root avulsions in which there is no proximal nerve ending that can be sutured.

Another possible scenario is patients who could not undergo direct neurorrhaphy within the indicated time,
due to delays in the specialized consultation or other injuries, and functional recovery is no longer possible. In
our field, it is common for patients to consult with delay for the resolution of their paralysis, as they have already
been evaluated in one or several Centers that do not have the technical possibility of microsurgical treatment
and the referral is often late. In the case series presented, 54% (7 patients) underwent surgery after 10 or more
months of evolution.

Direct repair at sites adverse to nerve regeneration, such as areas with loss of skin coverage, infection, or vas-
cular injury, will also not be successful.

There is another advantage of nerve transfers. When the goal is to recover motor function, neurotization of
pure motor axons to a motor nerve is more likely to achieve the desired function than coaptation of a mixed
(motor-sensory) nerve to the mixed distal end. In addition, in neurotizations, nerve grafts are less frequently
needed than in traditional neurorrhaphy.

In summary, the basic indication for nerve transfers is injuries in which direct repair is not possible or in which
it is, but functional recovery with direct repair or nerve grafting is unlikely.’
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Table 2. Technique used and outcomes

Case | Elbow reconstruction Trauma- | Flexion | DASH VAS Follow-up
surgery | strength | Preope- | DASH | (preope- (months)

time of the rative rative)
(months) | elbow | period:

1 3 intercostals with sural graft 10 4 52.5 28.3 4 1 111

2 Ulnar fascicles to biceps branch 11 4 40.8 15 6 0 103

3 3intercostal nerves without graft to 11 1 57.8 30.8 7 0 19
musculocutaneous

4 3 intercostals with sural graft 10 4 533 32.5 10 2 25

5  3intercostals with sural graft 13 4 52.4 29.1 9 0 93

6  Accessory spinal nerve with sural 13 3 46.7 23.8 2 0 36
graft

7  Fascicles from the ulnar to the biceps 6 4 71.7 36.7 9 0 17

branch and from the median to the
anterior brachial branch

8  Ulnar fascicles to biceps branch and 6 1 63.9 43.3 8 4 58
median nerve to anterior brachial
branch

9 3 intercostals with sural nerve grafts 4 2 61.7 323 10 2 40

10 Ulnar fascicles to biceps branch 6 No No No No No Insufficient

11 Ulnar fascicles to biceps branch 10 4 55.7 29.1 6 0 47

12 Accessory spinal nerve with sural (§ 5 38.6 26.8 9 0 28
graft

13 Median nerve fascicles to biceps 8 4 55 27.2 5 2 27

branch and ulnar fascicles to anterior
brachialis branch

DASH = Disabilities of the Arm, Shoulder and Hand, VAS = Visual Analog Scale

The results obtained in our series to achieve elbow flexion with nerve transfers were adequate and within what
was expected, according to the literature. In the meta-analysis by Merrell et al.,® 71% of M3 strength or more was
observed with neurotizations for elbow flexion, regardless of the donor nerve; the two most used nerves were the
intercostal nerves and the spinal accessory nerve. Better outcomes can be expected with intraplexus neurotization
with motor fascicles of the ulnar nerve (Oberlin), with which 97% of M3 strength or more is achieved.!®!' The
functional recovery time of the biceps is shorter than with any other neurotization. This is its biggest advantage.
This is because the transfer is carried out very close to the muscle to be reinnervated and without graft interposi-
tion. Therefore, the procedure is especially useful for patients who, for whatever reason, are being treated more
than six months post-injury.

In 2002, Humphreys and Mackinnon'? described a double fascicular transfer technique for elbow flexion. It
involves the nerve transfer of the motor branches of the biceps and the anterior brachialis with redundant fascicles
of the ulnar and median nerves, without the need to interpose a nerve graft. In this way, the brachialis anterior adds
to the flexion force provided by the biceps. Regarding the outcomes, there are authors'*"'> who ratify the superior-
ity of double nerve transfer compared to single transfer of the motor branch of the biceps; however, others find no
functional difference between the two techniques.'®!”
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The limitations of this study are its retrospective design, with a modest number of patients, given that a rare pa-
thology is being evaluated. For this reason, it is not possible to perform a statistical analysis with sufficient power
to establish definitive treatment guidelines.

CONCLUSION

In our series, nerve transfers were valid and reliable options in the reconstruction of active elbow flexion in pa-
tients with traumatic injury to the brachial plexus, with a low rate of complications.
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