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ARTICLE INFO ABSTRACT

Keywords: Background and Objectives: Neuralgic amyotrophy (NA), also known as Parsonage-Turner syndrome, is a rare and

Neuralgic amyotrophy acute neuropathy of the shoulder and/or arm. It is characterized by sudden pain attacks, followed by patchy

?guro?athy muscle paresis in the upper extremity. The frequency of remaining neurological deficits varies in the literature
erapy

between 10% and 66%. In addition to other therapeutic strategies, nerve branch transposition might be a
possible treatment option to improve muscle strength and reduce pain symptoms. Transposition of the first motor
triceps branch to the axillary nerve was first described in 2003 to regain the deltoid muscle function in patients
with C5 (C6) root injury.

To our knowledge, this is the first description of nerve transfer for treating permanent paresis in NA.

Methods: We present the case and the surgical treatment of a 16-year-old male with loss of axillary nerve function
due to NA on both upper extremities. Neurological examination before surgery, 6 and 12 months after surgery
included analysis of the upper extremity range of motion and muscle strength evaluated using the Medical
Research Council Scale.

Results: Shoulder function and muscle strength improved significantly 12 months after surgery. The range of
motion of arm abduction improved from 90° preoperatively, to as high as 120° at 6 months, and to 130° at 12
months. Muscle strength was strength grade 2/5 preoperatively, 3/5 at 6 months, and 4+/5 at 12 months.
Subjectively, the patient also has a significantly improved quality of life.

Conclusion: Nerve transfer is a promising treatment method for patients suffering from NA.

Nerve graft
Nerve transposition

1. Introduction concomitant hepatitis E virus (HEV) infection was present during the
acute phase in 10% of the cases [9].
It affects the lower motor neurons of the brachial plexus or individual

nerves and nerve branches of the upper extremities. It is characterized

Neuralgic amyotrophy (NA) is a rare and acute neuropathy of the
shoulder and/or arm. It has been described in the literature with various

clinical manifestations since 1897 [1]. After the description by
Personage and Turner in 1948, the term Personage-Turner syndrome has
been used synonymously [2].

Recent literature suggests that NA has an incidence of 2-3/100000/
year. It is more common in the male population and rare in the pediatric
population [3-6]. The right side is affected more frequently; the
involvement of both sides is a sporadic phenomenon [6,7]. Predisposing
events and conditions have been identified in about 50% of cases. The
disease is preceded by infections, vaccinations, surgery, the peripartum
period, or unusually severe physical stress [8]. Interestingly, a

by severe, acute pain as the first symptom in 90% of patients, reaching
levels of seven and more on the Visual Analogue Scale [2,10]. After the
pain disappears, motor deficits, muscle wasting, and sensory distur-
bances follow. Paresis occurs in 85% of cases after days to weeks [8].
The diagnosis of NA is commonly based on typical clinical symptoms
and its unique history. In addition, electromyography (EMG) sub-
stantiates the diagnosis by confirming muscle denervation. However,
EMG is only applicable at least 4 weeks after the onset of NA because
muscle denervation will not be fully apparent in EMG earlier [11].
Nothing less, EMG is essential to assess the course of muscle denervation
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and its recovery.

High-resolution peripheral nerve imaging, such as high-resolution
ultrasound (HRUS) and magnetic resonance imaging (MRI), are valu-
able tools to confirm the diagnosis of NA. It presents as alterations in all
clinically affected nerves, presenting as segmental swelling in HRUS and
hyperintensity in MRI. [12] Furthermore, nerve constriction as a sign of
NA can be detected on MRI. [13,14] In many cases, there is no satis-
factory healing and improvement in motor function, especially in cases
where the affected muscles are entirely denervated. There is divergent
information on the long-term outcome. A recovery rate of 89% has been
published as well as a poor neurological improvement with persistent
paresis after years in around 66%. [15-19] One must consider that
overall recovery is less favorable than usually assumed.

Permanent loss of active shoulder abduction due to neuropathy of
the posterior fasciculus or axillary nerve means a severe functional
limitation in everyday life. Patients need to change their profession or
are unable to work in around 50%. [18] The shoulder joint instability
and chronic pain syndrome that may develop due to muscle weakness
also limit the quality of life. [19,20] Currently, there are no controlled
studies about the natural course and treatment success of NA, and
therapy varies. [21] Early oral or intravenous cortisone therapy or
immunotherapy can lead to improvement. [3,21,22] A negative prog-
nostic factor is the involvement of the inferior and contralateral plexus.
[23].

The technique of transferring functional nerves or parts of nerves to
replace a function was described as early as 1984. [24] The transposition
of the first motor triceps branch to the axillary nerve according to
Somsak Leechavengvongs (also known as “Somsak transfer”) was pre-
sented in 2003 in cases of traumatic avulsion injuries of the C5 and C6
nerve roots. [25].

Here, we present our experience in nerve transfer in a 16-year-old
male with loss of axillary nerve function on both upper extremities
due to NA. We use the modified Somsak transfer method, which uses the
medial triceps branch instead of the branch to the long triceps head, to
preserve innervation of the long triceps head, which is an important
component of shoulder stability. [26].

2. Materials and Methods
2.1. Illustrative case

A 16-year-old male was transferred to our Neurosurgical department
18 months after the onset of devastating left shoulder pain and the first
suspicion of NA. After increased physical activity, he reported acute,
severe pain in the left shoulder and arm region. This was followed by
weakened arm abduction and wrist and finger extension. He developed
shoulder and arm pain on the other side six months later. The initial MRI
shows an abnormality in the STIR sequence with suspected edema in the
brachial plexus area. The axillary nerve was affected bilaterally, while
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the radial nerve was affected only on the left side. There was no relevant
improvement of the symptoms under steroid treatment and intensive
physiotherapy. The function of the triceps muscle recovered very
quickly after symptom onset, while the function of the hand and finger
extension recovered only in the long-term course. Unfortunately, there
was a progressive loss of deltoid muscle function with an instability of
the shoulder joint and paresis of arm abduction. Finally, the young pa-
tient had a complete axillary nerve palsy on both sides (Fig. 1a).

The regular follow-up and electromyographic examinations showed
a progression of the denervation in both deltoid muscles and no voli-
tional activity. It was impossible to identify a focal nerve lesion
requiring local neurolysis or partial nerve grafting. We indicated nerve
transfer surgery following the transfer according to Somsak Leecha-
vengvongs for traumatic lesions of the C5 and C6 root approximately 12
months after the first symptoms appeared. Due to the more pronounced
atrophy of the right deltoid muscle and to allow the left radial nerve
more recovery time, we decided to initiate the nerve transfer on the right
side first. Neurological examination, including the analysis of motor
function, assessed using the Medical Research Council scale [27] the
extent of motion (measured in degrees) and EMG, was performed pre-
operative, 6 and 12 months postoperative (Table 1).

2.2. Surgical treatment

The surgery is performed under general anesthesia in prone position
with the right arm abducted on a small arm board. The superior and
posterior shoulder, the axilla, and the entire arm are prepped as a sur-
gical field.

A 15 cm longitudinal incision is made between the medial and the
lateral head of triceps brachii extending into the axilla. The dissection is
carried deeper to expose the quadrangular space that transmits the
axillary nerve and a triangular space bounded by the teres major supe-
riorly, the long head of the triceps medially, and the lateral head of the
triceps laterally that contains the radial nerve and triceps nerve
branches. The landmark and point of orientation is the teres major
muscle with its transverse fascia. (Fig. 2 a) The axillary nerve is located
above and the radial nerve below. The branch to the medial head of the
triceps is located centrally and is shown first under microscopic view. It
runs very close to the radial nerve. Under magnification, however, it is
depicted to run separately and is easily identified with the help of
electrical stimulation (mikrofork probe 45 mm straight, Inomed), cor-
responding to the motor response of the medial drive. Very low currents
(0.2-0.5 mA) are used to prevent co-innervation of the other branches.
The identified branch is microsurgically mobilized and sharply trans-
ected as far distally as possible. Subsequently, the axillary nerve is
dissected proximally in the quadrangular space as far as possible. Elec-
trical stimulation with currents of up to 5 mA helps to ensure that no
muscular activity could be triggered in the deltoid muscle. Thereafter,
the axillary nerve is sharply cut at the most proximal point, mobilized,
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Fig. 1. (a) Dorsal view with marked atrophy of the right deltoid muscle and slightly less atrophy of the left deltoid muscle (black arrowheads). The excessive tension
in the trapezius muscle to compensate for the lifting weakness is also obvious (*). (b) Postoperative course after12 months with clear improvement of the abduction
strength on both sides and increasingly harmonious muscle silhouette of both deltoid muscles (v).
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Table 1
Functional and electrophysiological changes of the deltoid muscle preoperatively, 6 - and 12 months postoperatively.
MRC (arm Range of motion Electrodiagnostics Electrodiagnostics
elevation) (arm elevation) EMG NCV
before 2/5 90° left m. deltoideus: left + right nervus radialis (motoric):
surgery no safe volitional innervationPSA (pathological spontanous activity) no stimulus response
+++ left + right nervus radialis (sensitive):
left m. triceps brachii + no pathology
left m. brachioradialis: right nervus radialis:CMAP (compound
safe volitional innervation muscle action potential)
PSA + normalSNAP (sensory nerve action
Complete regeneration of voluntary motor function of nervus radialis potential)
innervated characteristic muscles compared to one year preoperatively. normal
left nervus radialis:
CMAP not available
SNAP greatly reduced amplitudes
6 month after ~ 3/5 120° not possible due to pain left nervus radialis (motoric):
surgery pathologicalleft nervus radialis (sensitive)
: pathologicalleft nervus radialis (motoric)
: normalright nervus radialis (sensitive)
: normal
12 month 4/5 130° left + right m. deltoideus: left nervus radialis (motoric):
after good volitional innervation pathologicalleft nervus radialis (sensitive)
surgery reinnervation detectable : pathologicalright nervus radialis
signs of acute denervation and chronic neurogenic remodeling (motoric)
right: PSA ++ : pathologicalright nervus radialis
left: no PSA (sensitive)
: normal
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Fig. 2. The posterior approach to the quadrangular space is shown with the axillary and radial nerve branches (a) and the transfer (b). (a) Axillary nerve in the area
of the quadrangular space. The greater motor branch to the deltoid muscle forms the deep aspect of the nerve. The nerve branch to the medial head of the triceps sits
deep in the area between the long and lateral heads of the triceps muscle. (b) The branch to the medial head of the triceps was cut distally and the proximal segment
transferred to the distal segment of the axillary nerve. The axillary nerve was transected as proximally as possible. (Illustrator: Michael Oreal).

and turned distally with the cut end. Subsequently, the distal end of the
branch is moved proximally so that both nerve endings are adjacent to
each other without tension. (Fig. 2 b) Both nerve endings are directly
connected microsurgically with 10.0 nylon single sutures. (Fig. 3) As
additional suture security, a small amount of fibrin glue is applied to the
coadaptation sites. The wound is closed using a multi-layer technique
without a wound drain. The patient is repositioned in the supine position
with careful fixation of the operated arm. A shoulder orthosis is applied,
which prevents the mobility of the shoulder joint for 14 days.

3. Results
3.1. Postoperative course

The patient’s postoperative course was without complications. The
elbow joint was carefully mobilized after one week to prevent stiffening.
After two weeks, mobilization of the shoulder joint and intensive ergo-
therapeutic therapy began. Intensive active and passive treatment
with physiotherapy and electrostimulation was initiated after the wound
healing. Electrostimulation was done with a parse tuner, which is a
versatile single-channel simulator with 4 pulse shapes. The
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Fig. 3. Microscopic view of the coadaptation site between the axillary and
radial nerves. It is mandatory to adapt the proximally transected axillary nerve
(*) and the distally transected branch of the radial nerve (a) without traction.

rehabilitation program includes muscle strengthening with emphasis on
muscle balance, cortical mapping, re-education and normal movement
patterns. Re-learning mainly involves contracting the unaffected side
firstly the donor muscle (triceps) and also the receiving muscle (deltoid).
In parallel, the same is then performed on the affected arm. After that,
only the affected side. Here, both sides were affected, so after the first
surgery he started with the unoperated arm as the unaffected arm. As
soon as the patient has developed sufficient strength in the receiving
muscle (deltoid), the target action is disconnected from the donor
muscle. Visual and also auditory biofeedback is important for relearn-
ing. With the help of the surface electrodes, the antagonizing muscle can
also be addressed via a 4-channel biofeedback unit. As the tension in the
re-innervated muscle increases, the antagonist can then be minimized.
[26].

Three weeks later, we could perform the same procedure on the left
side without complication. During the postoperative examinations, we
were able to detect a slight weakness in the triceps function, which the
patient was able to quickly compensate for through muscle training.

A gradual increase in muscle strength and function was seen after 4
months. A noticeable successive strengthening in both deltoid muscles
was present at 6 months’ follow-up. A significant improvement in the
muscular strength of the left (grade 0 to grade 4) and right (grade 0 to
grade 4) deltoid muscle was seen after 12 months (Table 1). A complete
abduction of the shoulder of more than 90°and the ability to maintain
this position for a longer period of time and against resistance was
bilaterally possible (Fig. 1b). After 6 month the left deltoid muscle
already shows a significant improvement in function. Sensitivity in the
hand has already improved significantly. Otherwise, he is able to bear
weight well and does strength training. Mobility is clearly improved.
Nevertheless, there are deficits in the area of gross and fine motor skills.
After 12 months, there is a clear subjective improvement compared to 6
months postoperative. In the course of time there is now a pleasing
improvement of the shoulder function. The scapula is symmetrical and
strong when lifting the arms, both repetitive and strong. The patient is
satisfied with the progress and continues to be unrestricted and inde-
pendent in everyday life. There are still slight deficits in fine motor skills
with limited extension of the left thumb and spreading of the fingers on
the left, but he mentioned no more problems with writing or grasping.
The electromyographic examination demonstrated good voluntary
innervation of the muscles on both sides.

4. Discussion

Neuralgic amyotrophy is an acute neuropathy of the shoulder/arm
nerves and can lead to permanent neurological deficits and pain. Ac-
cording to the literature and the published studies, the incidence of these
permanent deficits ranges from 10% to 66%. [8,10,18,19,23] The eti-
ology of this disease remains unclear. An autoimmune reaction still
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seems likely, especially due to the frequent occurrence after viral in-
fections. Some authors have included NA in the spectrum of nonsystemic
vasculitic neuropathies. This group of inflammatory peripheral nerve
diseases is characterised by histopathological signs of vasculitis (i.e.
vessel wall inflammation and vessel damage) without signs of systemic
vasculitis. [28,29] Ultra-selective imaging of nerves using MR-
neurography and HRUS has made it possible to visualize pathological
changes in affected nerves. Here, segmental swellings and torsions are
described in particular. [12] The high frequency of these focal patho-
logical changes substantiates the assumption that it is a focal inflam-
mation rather than a generalized autoimmune disease of the motor
neuron. This theory justifies a treatment concept based on focal in-
spection, neurolysis, or segmental nerve replacement.

Conservative therapy is mandatory at the beginning of symptom
presentation. There is no specific therapy for Parsonage Turner syn-
drome yet. The primary goal initially is pain management. There is also
evidence in the literature of an effect of acupuncture and especially
transcutaneous electrical nerve stimulation (TENS). Oral steroids are
also most commonly used initially, although the literature is not entirely
clear on this. Recently, immunotherapies have also been used.[3] To
date, there are no randomized controlled trials demonstrating specific
therapy, but there are studies suggesting that early corticosteroid ther-
apy may have a positive impact on pain and speed recovery in some
patients. [21] Gstoettner et al. presented a surgical treatment algorithm
based on a literature review. Conservative treatment should be per-
formed for three months and be continued if a neurological improve-
ment is present. In cases of insufficient regeneration, surgery should be
performed if MRI or HRUS revealed signs of nerve/fascicle constrictions.
Intrafascicular neurolysis or nerve grafting are possible treatment op-
tions. [11].

Surgical treatment should be recommended if the conservative
therapy shows no effect. The optimal timing for surgical intervention is
still under debate. While some authors advocate surgical treatment as
early as three months after symptom onset, following the treatment
strategy for traumatic nerve lesions, others have reported improvements
as late as 6 or 12 months and therefore do not recommend early surgical
intervention. [11] From the time course, electrophysiological exami-
nations were performed 1, 2, 6 and 10 months after the onset of
symptoms. The first two examninations only with motor and sensory
nerve conduction velocity, the later examinations also including EMG.
In this particular case, we waited a relatively long time for spontaneous
progression with steady improvement of radial function. A time limit of
9-12 months is recommended in the literature.[30] Especially in chil-
dren, a good functional improvement can be expected even after such a
period. Due to painfulness needle EMG examinations are not performed
as a standard procedure in children. Nerve transfer should be considered
as a therapeutic option in those cases without a focal lesion and inef-
fective conservative therapy. The presented nerve transfer of the radial
nerve branch to the medial head of the triceps muscle to the axillary
nerve is a promising technique for re-innervation of the deltoid muscle.
It can be applied in traumatic lesions and cases of persistent paralysis
due to neuropathy of the upper brachial plexus. After one year, this
substantial functional improvement supports complex neurotization
techniques as a viable treatment option. Patients must be carefully
selected for this surgery. Close clinical and electrophysiological moni-
toring should be performed to prevent ongoing deterioration of the
affected nerve.

The study’s main limitation is that no other case has been described
in the literature so far. It remains unclear how other patients with NA
recover after the nerve transfer. On the other hand, the surgical tech-
nique has been described for different indications and is widely used
with good results. Therefore, we encourage other surgeons to publish
their results after similar interventions to gather larger patient numbers.
Nerve transfer is a promising treatment method for patients suffering
from NA.
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