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ABSTRACT 

It is widely reported in the literature that Axillary Nerve injuries outcomes may be disappointing. Muscular 

neurotization, which is the direct implantation of the nerve in the denervated skeletal muscle, is one of the 

techniques used. We report two cases of axillary nerve injury treated with deltoid muscle neurotization through 

sural nerve grafting. Our procedures have been performed using end-to-side neurorrhaphies on radial nerve. Both 

patients showed functional results, uneventful postoperative period and clinically and neurophysiologically deltoid 

functional gain. Deltoid neurotization showed effective in the management of axillary nerve injuries, either as the 

main treatment or as an auxiliary procedure to functional recovery. 
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Introduction  

 Brachial plexus injuries represent a difficult-to-handle traumatic event. The incidence of such 

injuries and the indications for surgery have increased recently (Dubuisson and Kline, 2002). In many 

centers around the world, surgeons have introduced new microsurgical techniques and reported a variety 

of different philosophies for the reconstruction of the plexus. Microneurolysis, nerve grafting, 

neurotizations, recruitment of intraplexus and extraplexus donors, as well as local and free-muscle 

transfers are used to achieve satisfactory results (Dy et al., 2013).  

 Most of these techniques demand nerves that are less important to be used as donors losing their 

primary function in order to recover the injury lesion (Dy et al., 2013; Sun et al., 2014). Viterbo, et al. (1992) 

described the end-to-side neurorrhaphy with significant neurotization results and no damage of the donor 

nerve.  
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 Following nerve injury there are anatomical and physiological changes that result in a new, 

different brain organization. The nerve transfers with grafts can remodel this organization - central neural 

plasticity - toward neurorehabilitation. Lately, it has been shown that the previous nerve transfers with 

grafts can also improve the results of the further needed reconstruction surgeries of brachial plexus 

injuries (Sun et al., 2014). The authors describe the clinical, surgical and outcome aspects of two patients 

with traumatic partial injury of the axillary nerve and the upper trunk of braquial plexus, treated with nerve 

grafts using the end-to-side neurorrhaphy technique. 

Method 

 The axillary nerve has been clinically and electrophysiologically assessed. The 

electroneuromyography (ENMG) was performed with an equipment Model: Keypoint, 2000, Medtronic. 

The ENMG was carried out before and after the surgery, including a long-term clinical follow-up at 18 

months and after three years. In the postoperative state, in order to record the axillary nerve compound 

motor action potential (CMAP) two techniques of stimulation were applied to both patients: a) Stimulation 

of the braquial plexus at Erb’s point (routine technique). b) Stimulation of the radial nerve at the graft sites, 

Figure 1. In both techniques, the CMAP was recorded by surface electrodes and a needle electrode in the 

deltoid muscle. The needle electrode was employed in order to obtain a more isolated potential of the 

deltoid muscle. 

Case Presentations 

Case 1 

 The first patient was a 42-year-old man who had a motorcycle accident 11 months before the 

treatment. The deltoid muscle physical examination demonstrated Grade 1 in the Voluntary Muscle Testing 

(VMT) according to The Medical Research Council Grading Score. Before treatment, the ENMG showed 

partial lesion of the upper trunk including axillary nerve and slight to moderate lesion in the middle trunk, 

in which the radial nerve had a slight severity lesion grade. 

 An incision in the lateral side of the injured upper arm was performed. The radial nerve was 

dissected and two sural nerve grafts were placed in an end-to-side connection to the nerve with the 

removal of the epineural window. The distal graft extremities were inserted into the inner part of the 

deltoid muscle, one in the medium portion and another in the superior one. 
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 The patient demonstrated functional improvement in the postoperative period, with an almost 

complete abduction of the injured arm after 10 months, and the deltoid physical examination showed Grade 

3 in VMT. 

 After three years, another ENMG was performed in order to specifically evaluate the graft. The 

axillary nerve CMAP was recorded in both techniques: stimulation of the brachial plexus at the Erb’s point 

and the radial nerve at the spiral groove. In both techniques, the CMAP was recorded by surface electrodes 

and a needle electrode in the deltoid muscle. The latency was 6.0 ms and the CMAP amplitude was 1.8 mV, 

Fig. 1. During the stimulation of the radial nerve at the spiral groove, in the graft site, CMAPs have been 

recorded in both situations with the needle and the surface electrodes. On the surface electrodes, the CMAP 

amplitude was very reduced while with the needle electrode it was higher (0.6-0.7 mV), and the latencies 

showed highly increased values crossing the graft site recorded with both electrodes, i.e. 34.7 to 41.2 ms, 

Fig. 2 and Fig. 3. 

 

Figure 1: The axillary nerve CMAP recorded by stimulating the brachial plexus at Erb´s point. 

 

Figure 2: Shows the recording at deltoid muscle and stimulating electrodes in the radial nerve at the spiral grove. 
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Figure 3: The CMAP recorded by surface electrode (A) and needle electrode (B) in the deltoid muscle during radial nerve 

stimulation. 

 These results have demonstrated consistent responses in the deltoid muscle when the radial nerve 

was stimulated in the arm at the spiral groove level, confirming the connection of the nerve graft and the 

muscle. 

Case 2 

 The second patient was a 21-year-old man, presenting a brachial plexus injury after a motorcycle 

accident. He had a right clavicle fracture and impaired right arm function, presenting no movement at first. 

He started physiotherapy and 3 months after the injury he came in for evaluation. He had improved 

function on the triceps and a moderate improvement on the biceps, but poor deltoid movement. The deltoid 

muscle physical examination showed Grade 1 in the VMT. The ENMG demonstrated incomplete brachial 

plexus upper trunk lesion with pronounced injury and no recorded ongoing reinnervation in the axillary 

nerve.  

 The patient was submitted to surgical treatment one month after the interruption of the three-

month physiotherapy treatment. He was submitted to deltoid muscle neurotization with two sural nerve 

grafts coming from the radial nerve. The surgery was performed with an incision in the medial third of the 

arm to reach the radial nerve and two small incisions were made in the lateral of the arm to reach the 

deltoid muscle. 

 End-to-side neurorrhaphies were made with the removal of the epineural window. There were no 

complications at the postoperative period. 

 The patient attended physiotherapy sessions and 18 months later he showed great improvement 

of the deltoid function. At that moment, the deltoid VMT was Grade 4. 



Case Series                                                                                                                                         Viterbo F et al., 2025; 6(2): 1-07 

DOI: https://dx.doi.org/10.47746/FMCR.2025.6202 

  

  

5 Front Med Case Rep, ISSN: 2582-8142                                                             https://www.jmedicalcasereports.org/ 

 The postoperative ENMG exhibited well-developed reinnervation on the right axillary nerve. The 

CMAP (at the Erb’s point) showed higher amplitude under the stimulation at the Erb´s point (5. 3 mV), and 

the CMAP (at the graft point) with a pronounced reduction of amplitude under stimulation in the medial 

aspect of the arm on the radial nerve (0.1 mV). The latencies have been 10 times shorter, but the CMAPs 

amplitudes were not better even with the needle electrode, when compared to the first patient. The graft 

site was in a shorter distance from the target than it was in the first case.  

Discussion 

 Axillary nerve injury outcomes may be disappointing (Chon and Suk Choi, 2006; Terzis JK et al., 

1999; Terzis and Papakonstantinou, 2000; Malessy et al., 2004). During the acute phase of the injury, the 

shoulder should rest and when clinically referred, a patient should undergo an extensive rehabilitation 

program emphasizing the range of motion and the strengthening of the shoulder girdle muscles. If no 

axillary nerve recovery is observed after 3 to 6 months, surgical procedures may be referred, especially if 

the mechanism of injury is consistent with a nerve rupture (Perlmutter, 1999).  

 Muscular neurotization with the direct implantation of the nerve to the target denervated skeletal 

muscle is one of the techniques used (Hussain et al. 2022; Kandenwein et al., 2005; Ranalli et al., 2008). Our 

procedures were performed using end-to-side neurorrhaphies to avoid further lesion on the radial (donor) 

nerve (Viterbo et al., 1994).  

 Had neurotization not being effective in the outcome even with the recovery of the axillary nerve. 

But, double muscle innervation using end-to-side neurorrhaphy in rats have shown effective in rats (Stipp-

Brambilla et al., 2012). The neurotization could have also prevented deltoid muscle atrophy while waiting 

the natural growing of the axillary nerve fibers. Terzis have already described this possibility as the “baby 

sitter procedure” for facial palsy (Terzis and Tzafetta, 2009). However, interesting differences were seen 

between both patients. In the first patient, we could see a wider participation of the nerve graft in the 

deltoid reinnervation when compared to the second one. As we can see, the CMAP recorded by needle 

electrode obtained by the stimulation at Erb´s point showed an amplitude of 1.8 mV and 0.7 mV stimulating 

the nerve graft site, Fig. 1 and Fig. 3. Along with the CMAP obtained by the Erb´s point stimulation presented 

5.3 mV in amplitude and at the nerve graft site 0.1 mV in the second patient. The explanation could be 

presumed by the difference in the reinnervation timing between both pathways, natural and graft, 

suggesting that in the first patient the graft was more efficient than in the second. In the second patient, the 

reinnervation by the natural pathway reached the targets earlier and became encharged of the majority of 

muscle fibers, thus leaving less muscle fibers to be innervated by the neurotization. The latencies 
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discrepancies presented in the first case can be explained by the longer graft needed to go from radial nerve 

at the spiral grove to deltoid muscle. In addition, greater latencies at certain degree are expected in the 

conduction across grafts, which is a demyelination and remielinination zone. Actually, both zones showed 

reliable nerve conduction trough the graft. 

 Another relevant aspect for rehabilitation in this specific procedure is the neurophysiologic 

synergy of the axillary and radial nerves, both of which originate at the posterior fascicle and have synergic 

functions, as the extension of shoulder and arm, respectively. For the choice of the donor nerve, this 

kinesiology knowledge must be on mind in order to avoid co-contractions and synkinesis caused by 

activation of antagonists or undesirable muscle groups (Goodisson and Snape, 2000). As end-to-side 

neurorrahaphy on the donor nerve does not cause any lesion, the authors propose considering this 

approach as an early nerve procedure in the axillary nerve injury without or only with partial radial lesion.  

Conclusion 

 These findings open the ways to perform variations in the surgical procedure, in terms of graft 

length and volume, depending on the cases. The length can be reduced by choosing the shorter path from 

the donor nerve to the receptor. Related to volume, the removed pieces of sural nerve can be added in 

parallel to the graft according to extension of nerve lesion.  
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