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Introduction

In case of brachial plexus injuries, the neurotization of
injured nerves distally has been shown to have various
advantages. It brings the site of neurotization close to the
motor end plates of the muscles, thereby minimizing the
downtime for the axons to travel and function to be achieved.
Additionally, it allows us to bypass any proximal injuries to
the nerve. In case of traumatic adult brachial plexus injuries,
spinal accessory nerve (SAN) to suprascapular nerve (SSN)
neurotization is done through dorsal approach for shoulder
abduction and external rotation. This technique was first
described by Guan et al in 20061 and since then it has been
popularized by Bhandari et al in multiple publications
(2010,2 2011,3 2013,4 2014, 2016, 2017). This neurotization
is generally done by anterior approach combined along with
the exploration of the plexus. In very late cases (between 9
and 12 months post-injury), neurotization by posterior
approach is preferred as it ensures shorter time for neurot-
ization. Though it is awell-established technique, it has been

found to be used sparingly by many surgeons owing to the
technical difficulties. This surgery is found to be specially
challenging owing to the small and deep operative field. In
this article, the authors describe the surgical technique for
this procedure along with few tips and tricks that have
helped the authors in making the procedure easier.

Surgical Technique

Approximate position of nerves should be marked in stand-
ing position preoperatively as follows1- as measured from
the acromion: SAN at 70% of the line joining acromion and
midline of back (approximately 14–14.5 cm in most adults)
and SSN: At 30% of the line joining acromion and medial
border of scapula (approximately 4–4.5 cm in most adults;
►Fig. 1). This marking may be done using indelible ink or
henna as used by the authors.5 Place the patient in lateral
position with the affected hand up. The patient is placed on
the table such that the back and the head are both near the
edge of the table. The preferred position is as shown in the
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schematic (►Fig. 2). The first assistant may be replaced by a
self-retaining retractor, but the second assistant is essential.
Whole of the upper limb and ipsilateral back is draped into
the sterile field. Intravenous access may be taken in the leg.
For marking the landmark tip of acromion, spine of scapula,

medial border of scapula, and midline of back are marked.
Incision is marked over the spine of scapula extending
medially up to 2 cm beyond the approximate marking of
SAN. 1:500,000 adrenaline saline solution is infiltrated in the
incision both in subcutaneous and periosteal plane.

Fig. 1 Preoperative markings.

Fig. 2 Schematic for position of the patient on table, top view.
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Dissection of SAN

Incision is taken and deepened to reach the spine of scapula
using a blade or monopolar cautery. With catspaw retractor
on both edges spine of scapula is incised over and the
insertion of trapezius visualized. Using the artery forceps,
space is created between trapezius and supraspinatus, and
trapezius is detached from its insertion on the spine. There is
a well-defined plane between the trapezius and supraspina-
tus and if it is not developed right, we may enter the wrong
plane and go deep to the supraspinatus muscle. Babcock
forceps is now used to hold the free edge of the trapezius and
trapezius is retracted to expose its undersurface (►Fig. 3).
The incision is taken beyond the medial border of scapula.
The SAN travels transversely in a lateral to medial direction
and turns caudally once it crosses the scapula medially. It
may thus be injured in the medial dissection if we are not
careful. As the trapezius is carefully dissected just beyond the
medial border of scapula, SAN is found running perpendicu-
lar to the direction of fibers of trapezius. It is looped and
traced distally and proximally along its length (►Fig. 4).
Some of the nerve branches need to be divided so as to allow

the SAN to reach the suprascapular notch laterally and get a
long length of donor distally. As we move laterally, the
proximal part of SAN disappears into a dense fat and this
marks the end point of SAN dissection. If fibrin glue is
planned for use in the surgery, at this point it may be
reconstituted.

Dissection of SSN

Once the adequate length of SAN has been dissected, the
attention is turned laterally for the dissection of SSN. In the
angle formed between the spine of scapula posteriorly and
clavicle anteriorly, there exists a pad of fat that needs to be
excised/retracted. The anterior/cranial edge of the dorsal
surface of scapula is palpated using the index finger, along
the supraspinatus origin and is traced laterally to reach the
point where the bone turns upwards. This is the starting
point of the coracoid process and the suprascapular notch
lies just medial to it. Next the patient’s arm is rotated
upwards such that the hand is placed over the head
(►Fig. 5). This simple maneuver rotates the scapula anteri-
orly over the chest wall, thereby opening the angle between
the spine of the scapula and the clavicle. The above-men-
tionedmaneuver can almost double thewidth of theworking
space laterally. This advantage is all the more pronounced in
bulky patients. Without this maneuver, the ligament is
covered by the over-hanging bulk of supraspinatus that
requires more effort on the part of the assistant to retract.
The step of finding suprascapular nerve has been found to be
so difficult that some authors have even tried using fluoro-
scopic imaging for localization for the same.6 By using this
technique, the authors have found dissection of suprascap-
ular nerve to be easier in more than 75 patients operated
over 10 years.

The suprascapular vessels are now identified (►Fig. 6) and
clipped. Using peanut gauze pledgets, the cranial/anterior
edge of the bone is exposed by multiple sweeping move-
ments. At the starting of the coracoid process, the supra-
scapular ligament is identified (►Fig. 7) and divided to reveal
the notch. The ligament may be “band shaped,” “fan
shaped,”7 bipartite,8 or rarely tripartite. The ligament has
been occasionally found to be ossified.9A right angledMixter
forceps is put beneath the ligament and it is then divided
using a fresh blade. This is done to protect the SSN that
travels below the ligament. After cutting the ligament, the
SSN is sometimes found to lie in the depths of the notch and
the Mixter forceps is used to scoop out the fatty tissue from
the depths of the notch. All the fatty tissue is then looped and
gradually the fat may be dissected off to reveal the supra-
scapular nerve running craniocaudally (►Fig. 8). The nerve
should be examined for signs of fibrosis or neuroma (►Fig. 9)
that may occur due to distal traction injury. Around 1 to
1.5 cm of additional length may be achieved by dissecting
toward the infraclavicular fossa. This is in conjunction with
Dr. Susan Mackinnon’s mantra “Donor distal, Recipient proxi-
mal.”10 Difficulties in this part of dissection are that the
working space is very small and the nerve is 6 to 7 cm from
the surface. Supraspinatus muscle constantly falls over the

Fig. 3 Trapezius retracted.

Fig. 4 Spinal accessory nerve on the undersurface of trapezius.
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Fig. 5 Schematic diagram showing increased ease of access to the suprascapular notch by rotating the elbow cranially.

Fig. 6 Suprascapular artery.

Fig. 7 Suprascapular ligament identified. Fig. 8 Suprascapular nerve identified and looped.
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notch blocking its visualization and needs to be retracted
using a long right-angled retractor placed in a slight cranial
angulation by the second assistant.

Neurotization

Now the adequacy of length of the SANmay be confirmed by
mock movement using a vascular loop. The SAN is now
divided distally and turned laterally to reach near the notch.
Appropriate background material is now placed near the
suprascapular notch and the SAN is placed over it running
towards the notch. Sometimes the dissection of SSN leads to
formation of dead space anteriorly so that a small tape gauze
may be placed under the background for support. All prep-
arations are made for micro-suturing or fibrin glue applica-
tion prior to cutting the SSN as the SSN has a very small
length available in a very small space, it is preferably not let
out of the surgeon’s sight. SSN is now clipped proximally and
divided. The vasa nervorum of the SSN is big in size and the
proximal end may retract and give rise to troublesome
bleeding after division of the nerve, if it is not clipped
adequately. The authors have faced severe bleeding in a
patient after cutting the nerve, which was controlled with
much difficulty. The SSN is larger in caliber as compared to
the donor, SAN and to achieve good size match, few of the
branches may be added for neurotization (►Fig. 10). The
excess length of the SAN should only be cut after ascertaining
the final length of SSN lest the donor falls short of the
recipient. Nerve coaptation is now performed in a tension
free manner. After that the background and gauze pieces are
all removed gently, hemostasis is checked, counts are con-
firmed, and closure is done by suturing back the free border
of trapezius first and then the skin is closed in layers. This

surgical steps have been demonstrated in the accompanying
video (►Video 1).

Video 1

SAN to SSN transfer for shoulder reanimation by dorsal
approach- Surgical steps. Online content including video
sequences viewable at: https://www.thieme-connect.
com/products/ejournals/html/10.1055/s-0044-1786767.

Discussion

Why SAN to SSN?
Suprascapular neurotization also restores external rotation
thatmaximizes abduction by preventing the impingement of
the greater tuberosity of humerus against the coracoacro-
mial arch. In the context of a meta-analysis, Merrell et al11

reported that the best nerve transfer for restoration of
shoulder abduction was the spinal accessory to suprascap-
ular nerve. Also, adequate number of fascicles are available in
SSN for neurotization.12

Why Dorsal Approach?
Themajoradvantage is that thesiteofneurotization is closer to
the target neuromuscular junctions and thereby shortens the
timerequired for returnof function. This isofgreat importance
in the patients presenting very late (10–12 months). The SSN
may suffer traction injury at multiple levels that is known as
“double injury.”3 Visualization of SSN by dorsal approach may
allow identification of injury at the level of the suprascapular
notch as canbeascertainedbypresenceof aneuroma (►Fig. 9)
or even the absence of the nerve in cases of distal avulsion
injury. In such cases, neurotization done from anterior ap-
proachwould have only led towastage of a donor nerve. Post-
surgery, the nerve anastomosis is stable unlike anterior ap-
proach where the anastomosis lies in the mobile neck. Distal
transaction of the SAN spares the important branches to
trapezius and preserves its function of shoulder stabilization

Fig. 9 Biopsy proven suprascapular nerve neuroma identified at the
suprascapular notch.

Fig. 10 Spinal accessory nerve to suprascapular nerve neurotization.
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and elevation, thereby minimizing the donor site morbidity.4

Some authors have demonstrated slightly better results after
neurotization with posterior approach as compared to the
anterior approach.13,14

Few Challenges
It requires a learning curve; especially finding SSN some-
times is a challenge. There is a need for change of position of
the patient from supine to floppy lateral. The authors start
with dorsal approach SAN to SSN neurotization in all cases
with the loss of shoulder abduction and then the patient is
made supine for brachial plexus exploration and further
nerve transfers. There are scars at two sites, one anteriorly
and one posteriorly. Supraspinatus muscle is little bulky and
tends to fall right over the suprascapular notch. Retraction of
supraspinatus by an assistant is of paramount importance to
expose the ligament and thereafter, the notch. If hemostatic
clip slips, the proximal part of the SSN may retract into the
neck leading to troublesome bleeding from the large-sized
vasa nervorum.

Conclusion

SAN to SSN neurotization by dorsal approach is a very useful
technique for shoulder reanimation in patients having nerve
root avulsion injury causing loss of shoulder function. The
absolute indication for this technique is the patient present-
ing late for surgery for shoulder reanimation (9–12 months
post-injury) and relative indication is every patient who
requires shoulder reanimation by SAN to SSN neurotization.
In spite of all the challenges discussed above, we have seen
this transfer has its specific indications and this is a useful
surgery to have in the surgical armamentarium for every
brachial plexus surgeon.
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