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that cannot be surgically explored through the deltopectoral and posterior surgical open ap-
proaches (blind zone). We present the first two cases using an endoscopic-assisted approach to
explore the AN through a posterior approach.

Material and methods: Two patients were evaluated, in whom clinical, electrodiagnostic test-
ing, and MRI could not localize the level of the AN dysfunction. An open posterior endoscopic-
assisted (OPEA) approach was performed 4 and 9 months after injury in an attempt to visualize
all segments of the AN. Photographs and videos were taken to evaluate the intraoperative
visualization of the AN and provide long-term clinical follow-up.

Results: Almost the entire AN was visualized with the scope through the OPEA approach, avoid-
ing the deltopectoral approach. No AN lesion was found during the nerve exploration. A triceps
branch to AN transfer, using the previous posterior approach, was performed. Patients in both
groups achieved a deltoid muscle function of BMRC grade 4 after 24 and 9 months, respectively.

This work was partially presented at the EURAPS meeting, 25 May 2019.
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Conclusion: The exploration of the AN through the OPEA approach was a useful strategy to
visualize the blind zone of the AN without requiring the addition of a deltopectoral approach.
We believe this novel technique has a role in selected cases of AN injury.
© 2019 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El-
sevier Ltd. All rights reserved.

Introduction Patient #1

The axillary nerve (AN) is reported to be one of the most
commonly injured nerves during surgical procedures of the
shoulder."? Surgical approaches to explore and manage AN
injuries have been previously reported.®-> Recently, it has
been shown that there is a segment of the AN that can-
not be surgically evaluated through the standard anterior
deltopectoral or posterior approaches.® This segment is la-
beled the “blind zone” (zone B)” and is reported to be lo-
calized to the quadrilateral space and in proximity to the
glenohumeral joint. We have defined two additional zones
of the AN: zone A (“anterior,” from the origin of the AN to
the triangle formed by the subscapularis muscle, conjoined
tendon and axillary fat) and zone C (“circumflex” from the
posterior border of the quadrilateral space to the entry into
the deltoid muscle).

The use of the “dry-scope” (defined as arthroscopy per-
formed without infusing water into the explored cavity) has
been popularized in the surgery of the wrist and elbow in
the last decade by del Pifal and co-workers®'°. More re-
cently, an anatomical study of the AN using an open poste-
rior endoscopic-assisted (OPEA) approach was described."
In this technique, almost the entire AN can be visualized by
inserting an arthroscope through a previously created stan-
dard posterior approach.

The aim of this study was to evaluate the clinical appli-
cation of the OPEA approach for patients with suspected AN
injuries.

Patients and methods

Patients

After institutional review board approval, two patients were
evaluated in whom clinical and electrodiagnostic testing
could not localize the level of the AN dysfunction (Table 1).

Table 1 Patient demographics, BMRC grades, and DASH
scores.

Patient number Patient 1  Patient 2
Sex Male Male

Age 20 51

Time from injury to surgery 9 months 4 months
Follow-up 24 months 9 months
Deltoid preoperative BMRC grade MO MO

Deltoid postoperative BMRC grade M4 (5 kg) M4 (0.5 kg)
Preoperative DASH score 39.2 26.7
Postoperative DASH score 1.7 17.5

BMRC, British Medical Research Council; DASH, Disabilities of the
Arm, Shoulder and Hand.

A 20-year-old man presented in our clinic with left (non-
dominant) shoulder weakness and complete deltoid muscle
atrophy (British Medical Research Council (BMRC) Grade 0)
after a motorcycle accident 9 months earlier (Video 1A).
This patient worked as a car mechanic and the strength of
the shoulder was a high priority in order for him to perform
his job. The electromyogram (EMG) showed no deltoid mus-
cle reinnervation, and the MRI did not localize an AN injury.
An OPEA approach was utilized to help identify a definitive
reconstruction: due to the late presentation of the injury,
we planned a sural nerve interpositional graft if there were
a distal AN injury (zone B or C) and a Leechavengvongs nerve
transfer for a more proximal AN injury (zone A). The AN was
explored, and no distal abnormality was noted (Video 1B),
thereby establishing an injury to the AN in zone A, or even
more proximally. A standard Leechavengvongs end-to-end
nerve transfer was performed.>'?

Patient #2

A 51-year-old man presented to our clinic with a left (dom-
inant) shoulder range of motion deficit (active flexion and
abduction = 30°) after a motorbike accident with anterior
shoulder subluxation 4 months earlier (Video 2A). The el-
bow flexion and shoulder external rotation had improved
during this time from BMRC Grade 0 to Grade 4 in the bi-
ceps, brachialis, and supra- and infraspinatus muscles). Del-
toid muscle was BMRC Grade 0 and EMG showed no del-
toid muscle reinnervation. MRI showed an upper trunk injury
without any AN injury. We planned a supraclavicular plexus
exploration. A neuroma-in-continuity was identified intra-
operatively in the upper trunk. Intraoperative nerve action
potentials were obtained across the lesion, and EMGs
demonstrated motor unit potentials and an evoked contrac-
tion in the biceps, but not in the deltoid muscles. An OPEA
approach to the AN was done in the same surgery to search
for a possible second zone of injury to explain the lack of re-
covery in the AN distribution at 4 months (Video 2B). The AN
was evaluated, and no abnormality was found. A standard
Leechavengvongs end-to-end nerve transfer was performed
in an attempt to reinnervate the deltoid muscle.>'?

Surgical technique

The AN was dissected through a standard posterior ap-
proach.® The dissection was carried out with the patient
in the lateral position and his shoulder in 90° of abduc-
tion. An 8 cm incision along the posterior border of the
deltoid muscle was performed. The deltoid muscle was su-
periorly retracted to expose the quadrilateral space that is
bordered by the teres minor superiorly, teres major inferi-
orly, long head of the triceps tendon medially, and proximal
humerus laterally. Next, dry endoscopy was performed. A
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nasal speculum was used for local tissue retraction and an
arthroscope (2.4 mm, Karl Storz, Tuttlingen, Germany) was
introduced through a subaxillary incision (Figure 1). This
technique allowed viewing through the arthroscope while
performing the dissection. Gentle traction placed on the AN
with a vessel loop facilitated the dissection. We attempted
to dissect the AN as anteriorly as possible (Videos 1B and
2B).

Outcome measures

Photographs and videos were taken to record the intraoper-
ative visualization of the AN for long-term clinical follow-
up. Muscle strength was assessed using a modified BMRC
grade.'>"* To obtain a BMRC grade of 3, the patient had to
have active motion equal to passive motion against gravity.
Additionally, a higher grade could not be obtained unless
the criteria were met for the lower grade. The DASH ques-
tionnaire was used to measure patient-related outcomes (a
scale score ranging from 0 [no disability] to 100 [most severe
disability]."'® The scores were obtained preoperatively and
postoperatively in both patients. The DASH surveys were
completed in the clinic at preoperative appointments and
postoperative follow-ups.

Results

Almost the entire AN could be visualized with the scope
through the OPEA approach, avoiding the need to use the
deltopectoral approach (Videos 1B and 2B). AN dissection
was performed up to the anterior zone (zone A) of the AN
(note the light of the scope through the anterior skin of the
shoulder in Figure 1(B)) with the arthroscope. The posterior
cord was not visualized. No AN injury was found during the
nerve exploration.

In the first case, because of the late presentation of the
injury, a more proximal exploration through an infraclavic-
ular approach was not carried out, and an end-to-end tri-
ceps branch to AN transfer, using the previous posterior ap-
proach, was performed. Reinnervation of the deltoid muscle
was found in the EMG after 3 months. After 24 months, the
patient achieved a BMRC grade 4 (5 kg) in his deltoid muscle
with complete shoulder abduction and flexion (Video 1C).

In the second case, a more proximal injury (upper trunk)
was visualized during the standard supraclavicular dissec-
tion and a triceps branch to AN transfer, using the posterior
approach, was performed. Reinnervation in the deltoid mus-
cle was found in the EMG after 5 months. After 9 months,
the patient achieved BMRC grade 4 (0.5 kg) in his deltoid
muscle with complete shoulder abduction and flexion (Video
2C). A summary of patients’ demographics, BMRC grades,
and DASH scores is presented in Table 1.

Discussion

In our previous anatomical study,'" we were able to explore
almost the entire AN using the OPEA approach. The visual-
ized zones of the AN were marked with surgical clips. In our
present clinical study, although we could not mark with sur-
gical clips the actual visualized length of the AN, we were

able to pass the arthroscope proximal to the quadrilateral
space, visualizing at least the zones B (blind) and C (cir-
cumflex - the most distal) of the AN. The length of zone A
(the most proximal zone of the AN), which was able to be
visualized, could not be quantified in this clinical study.

We describe in this study two cases in which zones B
and C of the AN were important to explore. Wolfe et al."’
demonstrated that in a mixed cohort of isolated axillary and
combined nerve injuries, there was no statistically signif-
icant difference in functional outcomes between patients
who had either the Leechavengvongs’ procedure or long
nerve grafts. Other studies failed to demonstrate earlier
reinnervation or better functional recovery with the triceps
motor nerve transfer technique compared to nerve grafts.'®
Although further studies are needed to determine which of
the two techniques (nerve transfer versus nerve graft) has
better outcomes, the Leechavengvongs’ nerve transfer the-
oretically permits a more direct deltoid reinnervation for
scenarios in which more rapid reinnervation is critical (in-
juries between 6 and 12 months or very proximal (zone A)
injuries). Using the OPEA approach, we were able to visu-
alize completely zones C and B of the AN. If an injury in
these two zones had been seen (more proximal to the del-
toid muscle), a sural nerve graft (even combined with an
end-to-side triceps to axillary nerve transfer) should have
been considered.

AN injuries in zone B are the most difficult to explore
through standard deltopectoral and posterior approaches.®
We believe that the OPEA approach has a specific applica-
tion, in cases where an AN injury in zone B is suspected
(due to trauma mechanism, MRI images, etc.). To visualize
this blind zone of the AN through the posterior approach, we
previously reported in an anatomical study that the tendon
of the long head of the triceps tendon needed to be tran-
sected to allow this visualization.® However, this technique
has two potential morbidities: (1) transection of the origin
of the long head of the triceps; and (2) the need to per-
form an additional deltopectoral approach to evaluate zone
A of the AN. Another option to visualize zone B of the AN
is to perform an axillary approach as described by Bertelli
et al.* With this approach, zone B of the AN is visualized.
However, the most proximal (zone A) and distal segments
of the AN (zone C) are not visualized as described in our
previous anatomical study.® We think the surgical technique
here presented (OPEA approach) requires a less degree of
dissection than the axillary approach, and it allows visual-
ization of zone C, zone B, and part of zone A of the AN
nerve.

This novel surgical technique presented here has two po-
tential limitations. First, if a proximal AN injury is found and
a long nerve graft is needed, it may be necessary to per-
form a deltopectoral approach. Performing a nerve coapta-
tion through the OPEA approach is technically not possible.
However, our OPEA approach could avoid the deltopectoral
approach in certain specific scenarios (as in the two patients
here presented), and it could reduce the risks and morbid-
ity associated with the deltopectoral approach. Second, the
two ANs explored were not injured in zones B and C. A more
difficult dissection could be expected if the scar tissue had
been present or bleeding had occurred. More clinical ex-
perience is necessary to evaluate the utility of this novel
approach.
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Figure 1 Example of introducing the arthroscope (2.4 mm, Karl Storz, Tuttlingen, Germany) through a posterior subaxillary inci-
sion. (A) Dissection of the axillary nerve through a standard posterior approach. (B) Introduction of the arthroscope through the
posterior approach. Note the light of the scope through the anterior skin of the shoulder (white arrow).
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Conclusion

The exploration of the AN through an open posterior
endoscopic-assisted (OPEA) approach is a useful strategy to
visualize the AN (especially zones B and C) without the need
for a deltopectoral or an extended approach. We believe
this technique has a role in selected cases of AN injury. Fur-
ther clinical studies will help determine the utility, reliabil-
ity, and specific applications of this novel technique.
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