
Single Nerve Transfer in Case of Partial Pre-Ganglionic Injury C5 
and Avulsion Injury C6

Abstract
Introduction: Loss of active abduction and external rotation of the 
shoulder, as well as flexion of the elbow, at high lesions C5 C6 
present challenges in orthopedic surgery.

Aim: The study aimed to estimate the possibility of recovery of the 
shoulder girdle and elbow function through a single intrapleural 
nerve transfer in stated lesions.

Materials and methods: We present a case of a patient with a 
partial high lesion of C5 and avulsion C6, who was treated through 
single nerve transfer from the radial nerve and median nerve to the 
musculocutaneous and axillary nerve.

Results: A significant improvement in active shoulder abduction 
of 120 degrees was achieved by the patient, as well as actively 
resisted flexion in the elbow (M4, M5, able to move 2 kg against 
gravitation and resistance).

Paraesthesia in the region of the radial nerve disappeared after 
three months. After three months, a positive monofilament test 
of Weinstein and normal flexion of the wrist were observed. The 
active function of the triceps brachii was not changed. Results 
were reported 6-, 8-, 12- and 18 months post-operation.

Conclusion: Single nerve transfers are acceptable in case of 
partial preganglionic C5 lesion and C6 avulsion injury in case of a 
preserved function of C7-Тh1.

Introduction
Treating Peripheral Nerve Lesions (PNL) presents a constant 
problem for neurosurgeons, orthopedics, and microsurgeons. It 
is a still small number of successful outcomes that define the 
actuality of a problem, which could lead to severe disability, which 
could be compared to the loss of a limb. Ultimately, it leads to 
social and psychological problems and resocialization. 

Surgical reconstruction of the nerve, nerve transfers, nerve 
augmentation as well as tendon transfer, and free muscular graft 
transfer became the choice of treatment instead of conservative 
treatment. In our opinion, as well as the number of modern authors 
[1–3], results from nerve transfer are much better compared to 
neurorrhaphy and nerve graft. 

In problematic cases (preganglionic / L1), denervation of longer 
than six months, nerve transfer has a number of advantages. 
Decreased distance and quicker nerve regeneration are some of 
them. According to us, as well as other authors [1–3], intrapleural 
transfers have advantages over extraplexial transfers.
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Aim
Evaluate possible options for restoring shoulder and elbow 
functions through single intrapleural nerve transfer in stated 
lesions.

Materials and Methods
The patient, a 39-year-old male who suffered a motorcycle 
accident, presented to our medical team 5 months after the 
accident. In conclusion of, clinical assessment, MRI, and EMG, 
it was found that the patient has suffered a high lesion of the 
brachial plexus, with additional data indicating partial injury at C5 
and a total lesion at C6 (Figure 1a,b,c,d,e).

Thus, data from the needle EMG analysis and clinical examination 
has shown decreased shoulder AROM of 0-5 degrees (Figure 2) 
and decreased AROM of the elbow with strength M0 (Figure 3). 
We thus accepted that the patient had a partial injury at the level 
C5 and an avulsion injury at level of C6.

Electrodiagnostic study: All Electrodiagnostic Nerve Conduction 
Studies (NCS) and needle Electromyography (EMG) were 
done using Keypoint EMG equipment (Medtronic v. 5.09). 
The examinations were performed by the same experienced 

neurophysiologist, according to the guidelines and practice 
parameters recommended by the American Association of 
Neuromuscular & Electrodiagnostic Medicine (AANEM) [4].

Baseline EMG /20.08.2020/

Electrodiagnostic findings: Motor response from the left 
suprascapular nerve present with abnormally low 0.5 mV 
amplitude. The left axillary nerve and musculocutaneous nerve 
are unobtainable, even with supramaximal stimulation. Sensory 
nerve conduction from the left lateral cutaneous nerve of the 
forearm is normal [13–15].

Needle EMG shows spontaneous activity: ++ fibrillations 
and Positive Sharp Waves (PSW) in the left biceps, deltoid, 
brachioradial muscle, and paraspinal C6; + fibrillations in the 
rhomboid muscle. No voluntary activity was recorded from 
the left biceps, brachioradial, extensor carpi radial, and deltoid 
muscles [16–18]. Only In the Supraspinal and rhomboid muscles 
is the presence of 2 Motor Unit Potentials (MUP) with increased 
discharge frequency.

EMG data for probable partial preganglionic lesion of left C5 root 
and severe for C6.

Figure 1: Clinical assessment, MRI, and EMG of the brachial plexus. 

(a) (b) (c)

(e)(d)
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Figure 5: Single fascicular suture with thread 9 zeros and tissue glue (Tussicol). 

Evaluated muscular strength according to BMRC. The range of 
motion was measured with a goniometer. 

The treatment was done according to the Oberlin 1 technique, as 
well as instead of fasciculi of the ulnar nerve, we took fasciculi 
from the median nerve, responsible for the flexion of the wrist 
(flexor carpi radialis) [19–21].

After isolating the motor branch to biceps brachii and after 
intraneural neurolysis and electrical stimulation, which has 
confirmed an unreversible lesion of the branch, it was separated 
from the main branch of the musculocutaneous nerve, around 1 
cm from the point of entry to the muscle (Figure 4).

We prepared the opposite part of the medial nerve and medial 
fasciculi, which is responsible for flexor carpi radialis, which was 
confirmed by electrical stimulation [22–24]. The same one was 
isolated and cut distally; afterward, it was turned to recipient 
fasciculi. Afterward, a single fascicular suture with thread nine 

Figure 2: No active abduction of left shoulder joint. Figure 3: There is no active flexion of the elbow joint on the left.

Figure 4: Isolation of the motor branch to the biceps. 

zeros was applied and reinforced with fibrin sealant (Tussicol) 
(Figure 5).

The limb was immobilized for three weeks before early mobilization 
of the elbow and shoulder joints would begin. One month later, 
nerve transfer from the long head of the triceps brachii to the 
axillary nerve was done according to the Somsac technique. 
After the isolation of the anterior branch of the axillary nerve, it 
was found and isolated in the most proximal quadrangular space 
and dissected. The radial nerve is located in the trilateral space 
and is identified as a branch of the nerve to the long head of the 
biceps brachii muscle. At the most distal point, it was dissected 
and turned to the anterior branch of the axillary nerve (Figure 6). 
A single fascicular suture with thread nine zeros was applied and 
reinforced with fibrin sealant (Tussicol). A trial of tension of the 
suture was done by moving adjacent joints. On the 14th day, early 
pendulum movements began.
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Figure 7: Shoulder abduction to 120 degrees postoperatively. 

Figure 8: Restored elbow flexion from M 4–M 5.

Figure 9: Lifting 2 kg. weight vs resistance. 

Figure 6: Nerve transfer from caput long.m. triceps brach to the axillary nerve using 

the Somsac technique. 

Results
The patient has achieved significant improvement in shoulder 
abduction up to 120 degrees (Figure 7) as well as flexion of the 
elbow (M4–M5) (Figure 8), with the ability to move 2 kg against 
gravity (Figure 9).

Paraesthesia, which was found in the region supplied by the radial 
nerve in the first three months, was later resolved spontaneously. 
The monofilament test of Weinstein was read positively after 3rd 
month, and normal wrist flexion was found. The active function of 
the triceps brachii was not changed. 
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Regardless of restored function, we observed muscular atrophy, 
which provoked observable asymmetry of the limbs. The patient 
returned to work 12th month after surgery. Results were recorded 
by means of goniometry and dynamometry of the donor’s nerves 
on the 6th, 8th, 12th, and 18th months post-operatively. 

EMG 3 months after surgery January 26, 2021.

Normal CMAP of the suprascapular nerve. The appearance of a 
motor response from the axillary and musculocutaneous nerve 
with low amplitude 1.9 mv and 1.1 mv.

Needle EMG- no spontaneous activity from deltoid and biceps 
muscle. Voluntary activity with three motor units was recorded in 
the left biceps muscle. 3 MUPs in the anterior part of the deltoid 
muscle and 4 in the posterior part.

EMG 9 months after surgery September 07, 2001 /1 years/ from 
trauma later.

Neurography showed significantly increased amplitudes of motor 
responses from the left axillary 8.1 mV and musculocutaneous 
nerve 3.1 mV.

Needle EMG - no denervation potentials. Reinnervation potentials 
are recognized as synchronized MUPs of increased amplitude in 
the left deltoid and biceps muscle.

Discussion
We have adopted the established method of double intrapleural 
transfers, restoring abduction and external rotation of the shoulder, 
as well as flexion of the elbow /17/.

We consider that in partial preganglionic lesions at C5 / preserved 
suprascapular nerve and intact rotator cuff /, application of single 
nerve transfer recovers full function of the shoulder joint, the 
same way as the single nerve transfer from medial nerve recovers 
full function – M4 – M5.

The patient has achieved abduction above 120 degrees and 
external rotation of 5 degrees, as well as flexion of the elbow 
against pressure – M4 – M5 fully fulfill requirements. 

Meta-analysis of Garg, Merell GA [5,6] as well as publications of 
Oberlin, Nath, Leechavengvongs [2,7,8,9], Quantini [4,10] proved 
the advantages of nerve transfers in such lesions, Garg R.Merrell 
GA, Nath RK, Sungpet A [5,11,12].

Bad results after nerve graft and suture are usually owned due to 
slow growth speed and inevitable death of motor axons, distance, 
and denervation time [25]. 

Nerve transfer removes factors of distance and time, and the 
transfer of motor-to-motor branch escapes the neural mish-mash.

We consider that the advantages of the method are:

• Decrease of operative time. Two interventions could be 
performed during single-day surgery.

• Easier dissection of the medial nerve due to the fact that it 

lies closer to the motor branch of biceps brachii muscle /
mbb/ and the length of donor fasciculi is smaller /24/.

• Drops need exploration of the brachial plexus, which is 
connected to a wide range of possible complications.

• Drops need of the second incision for acquiring the nerve 
graft.

• The operative technique is easier to execute.
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