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Abstract

Aim of this paper is to report on a technical variant of the Medial Cord to 
the Musculocutaneous (MCMc) nerve transfer. The MCMc is a new type of 
neurotization that we described in 2014, capable of reanimating the elbow 
flexion in multilevel avulsive injuries of the upper and middle plexus.

In the over mentioned procedure the reinnervation of the musculocutaneous 
nerve is obtained via a nerve transfer from the medial cord. The selected 
fascicles are those directed principally to the flexor carpi radial is, ulnaris, and to 
a lesser degree the flexor digitorum profundus. 

They are located in the inverted V-shaped bifurcation between the internal 
contribution of the median nerve and the ulnar nerve.

The results of this technique are excellent. There are no failures and no 
complications when the hand shows a normal wrist and finger flexion and a 
normal intrinsic function, namely in C5-C6 or C5-C6-C7 avulsive injuries of the 
brachial plexus.

However, the sole problem appears with an agenesia of the 
musculocutaneous nerve (4% of our series).

In these patients, the lateral cord tapers directly into the median nerve one 
or more branches entering directly the biceps and the brachialis muscles at the 
upper third of the arm. This arrangement is hostile to the MCMc nerve transfer 
so as it was originally conceived. 

The present paper reports the results of a technical variant of the MCMc 
technique, namely the targeting, as recipient, of the anterior contribution of the 
upper trunk, cut and rerouted under the clavicle to reach the donor medial cord. 

Keywords: Brachial plexus; Nerve transfer; Musculocutaneous nerve; 
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Introduction
Since the onset of the microsurgical era of brachial plexus repair 

[1,2], until the early nineties [3-7] the treatment of an avulsive injury 
of C5-C6 or of C5-C6-C7 was a great challenge for the microsurgeon.

Several techniques had been attempted over the years to restore 
elbow flexion but none of them [8-12] with the exception of the 
medial pectoral nerves [13-16] offered a constant and reliable muscle 
power. The lower pectoral nerves, however, are available in number 
of two and, when used both, entailed a remarkable loss of strength in 
the pectoralis major. Moreover, the feasibility of their use as a direct 
nerve transfer is unpredictable, since from time to time they require 
short grafts. The extraplexual donors, namely the phrenic nerve 
[17,18], the accessory nerve [19-26] the intercostals nerves [27-37] 
the motor cervical rami [38,39] and the hypoglossal nerve [40,41] 
were also variably used to restore elbow flexion but none of them 
can count on constant and reproducible results. So, in spite of the 
presence of a normal hand function, this kind of lesions rather often 
ended with a heavily disabled arm due to a poor quality of recovery in 
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the biceps-brachialis complex.

The typical patient had great difficulty in lifting even moderately 
heavy objects and the condition was futherly worsened by an unstable 
shoulder due to the denervation of the rhomboids and serratus 
anterior muscles. 

In 1993 and 1994 the pioneering work of C. Oberlin [42] 
announced a true revolution in the treatment of C5-C6 avulsive 
injuries of the brachial plexus. In his original paper he described 
a successful selective reinnervation of the biceps branches via a 
fascicular neurotization from the ulnar nerve. However, his merit 
went far beyond the pure technique he described. He opened in 
various directions the mind of the microsurgeons, showing to the 
scientific world that a neurotization from fascicles of a sound nerve 
yielded results better than ever and without threatening the overall 
function of the donor.

This gave rise to the by-pass or nerve transfer era [43,44], which 
has been, by far, the recent major advance in the field of brachial 
plexus reconstructive surgery. Many different ingenious transfers 
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are currently used by the microsurgeons [3,5,45-61] and the direct 
reinnervation (without interposition of grafts) of the paralyzed nerves 
with motor branches coming from an intact part of the brachial 
plexus has gained worldwide acceptance. 

Among the available techniques, the Authors have recently 
published (2014) an original technique, called the MCMc nerve 
transfer [48], which has shown constant, reproducible and, so far, 
unparalleled results on biceps and brachialis muscle recovery. 

With this technique the entire plexus is, as always, explored via 
the combined supraclavicular and infraclavicular approach. The 
philosophy is to assess the level and the entity of the damage to 
exclude an unexpected integrity of the upper plexus and check for 
a possible two-stage distal lesion of the musculocutaneous and the 
axillary nerves. 

The musculocutaneous nerve is cut at its exit from the lateral cord 
and reinnervated via one or two fascicles aimed at the flexor carpi 
radialis or ulnaris, usually selected from the medial contribution of 
the median nerve at the division with the ulnar nerve (Figure 1).

This technique also offers, differently from the Oberlin’s, a second 
occasion at a more distal level in case of failure of the first procedure. 
As a matter of fact, a reinnervation of the biceps distal branches can 
yet be attempted from the ulnar nerve since its function has not been 
weakened during the first attempt. 

However, in 4% of our patients, the MCMc nerve transfer 
cannot be carried out so as it was originally conceived, because of 
an anatomical variant, namely the agenesia of the musculocutaneous 
nerve from the lateral cord, with the MC nerve coming out of the 
median nerve at arm level (Figure 2). Instead of resorting to an 
Oberlin procedure which is, as already explained, a “terminal” 
operation, the Authors have developed a further evolution of their 
MCMc nerve transfer. 

Patients and Methods
Four patients, three males and one female, below 40 years of age, 

had a C5-C6-(C7) root avulsive injury of the brachial plexus and, due 
to the absence of the musculocutaneous nerve in the lateral cord, were 
obvious candidates for this new type of neurotization.

Surgical technique
The upper trunk is prepared and its anterior contribution is cut 

immediately after the trifurcation of the Upper Trunk. Please note 
how the illustrations in the books are misleading because, due to 
the orientation of the brachial plexus on three planes, the anterior 
contribution of the upper trunk in the reality lies in the more medial 
position (Figure 3).

An extensive dissection of all the connections with the lateral 
cord, namely the anterior and posterior divisions of the C7 root and 
the afferent and efferent connection to and from the middle trunk, 
is mandatory. At the end, after rerouting under the clavicle, the 

Figure 1: The original MCMc transfer technique as described in Neurosurgical 
Review 2014.

Figure 2: Agenesia of the musculocutaneous at the infraclavicular lateral 
cord. The division is found in the upper third of the arm.

Figure 3: Medial cord (donor) to anterior Upper Trunk (recipient): draft of the 
new MC-aUT transfer.
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anterior contribution of the upper trunk (aUT) is brought at the level 
of the Medial Cord and coapted, without tension (Figure 4). In only 
one occasion the anterior contribution of C7 had to be interrupted 
to allow mobilization of the anterior upper trunk (aUT). This case 
was uneventful because of an avulsive injury of C7, but any effort 
in dissection should be made in case of integrity of the C7 root. The 
epineurium of the medial cord is then opened and an intraneural 
inspection is undertaken. The procedure is painstaking but it is 
imperative to repeatedly check at low intensity (0,2 and 0,3 mA) the 
area of division of the medial cord. Particular attention is focused to 
the medial contribution of the median nerve at the level of the take 
off with the ulnar nerve. Here, only the fascicles aimed at the flexor 
carpi radialis or, rarely, the ulnaris are selected. They are usually made 
of one single large voluminous fascicle or two smaller fascicles. The 
area to be cut is usually clearly defined and matches exactly with the 
section of the receiving anterior Upper Trunk. The sutures are made 
of 9-0 Nylon and fibrin glue.

Results
In all the cases excellent functions (M4) in the biceps and the 

brachialis have been obtained (Video 1). The pectoralis major showed 
an unequivocal better function in two patients. This technique, in 
fact, due to the more proximal location of the recipient, entails the 
possibility to reinnervate the proximal pectoral nerve loop, not 
attainable with the MCMc transfer.

All the patients retained a normal wrist and finger function 
at hand level. The time of reinnervation was not overly longer in 
comparison to the formerly described MCMc transfer, lasting some 
1-2 months more, namely 7-8 months. The low number of patients 
doesn’t permit a statistical significance, but, in any case, this obvious 
delay is not deemed important and it is explained at light of the longer 
distance to be covered by the sprouting axons. 

Discussion
This variant shares the same basic idea of the medial cord 

technique (MCMc) which is very effective and shows constant and 
reproducible results in patients in whom the hand functions, or at 

least its flexor and intrinsic power is completely retained. The absence 
of wrist and finger dorsiflexion never impacts on the final result.

A hostile anatomy of the lateral cord would be the only 
limitation of the MCMc transfer if compared to the classical Oberlin 
procedure, but this refinement of the technique shows basically the 
same results, in spite of the low number of cases. As a target, the 
anterior Upper Trunk seems to be even more selective than the entire 
musculocutaneous nerve carrying a lesser sensory component.

The technical procedure is delicate but does not require a special 
skill or a particular learning curve for an experienced plexus surgeon.

The procedure is straightforward in course of a standard 
exploration of the plexus and doesn’t need additional incisions in 
the arm. The mobilization of the upper and middle plexus can be 
a little bit awkward, but it is very important to reroute the anterior 
contribution of the upper trunk (aUT) and reach the medial cord 
without any tension.

Denervation pain in the territory of the median or ulnar nerve has 
never been observed. We had, on the contrary, a case of long lasting 
pain in the ulnar territory with denervation and reflex sympathetic 
dystrophy after a double Oberlin’s operation (one fascicle from the 
ulnar n. to biceps motor branches and one motor fascicle of the 
median nerve to brachialis motor branches).

In case of a weaker ulnar nerve function (M3 hand) the medial 
cord technique offers more choice than the Oberlin procedure. The 
surgeon disposes of a wider selection among proximal fascicles 
directed to the Flexor Carpi Radialis or Flexor Carpi Ulnaris while, in 
the arm, one can select only one nerve at the time (either the median 
or the ulnar).

The Medial Cord-anterior Upper Trunk procedure (MC-aUT) 
also appears to be by far the more appropriate technique in the 
presence of a residual function of the musculocutaneous nerve 
usually sustained by fibers coming from C7. When C5 and C6 are 
unequivocally avulsed, in fact, the residual function of the biceps 
comes from C7. A nerve transfer to the distal MC nerve would 
sacrifice that function, while the neurotization to the anterior upper 
trunk selectively replaces only the fibers intended to come from C5 
and C6, leaving those from C7 intact. The Oberlin type of nerve 
transfer also would force to a definitive choice, entailing the section 
of the distal branches of the Musculocutaneous nerve in the arm even 
if they show some function.

The frequency and the power of reinnervation, thanks to the 
participation of the biceps and the brachialis, is stronger than with 
the simple Oberlin technique.
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