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Objectives: Although spinal cord and dorsal root ganglia stimulation may be effective for managing regional pain syndromes, a

more targeted approach is perhaps more appealing for discrete anatomical structures. Chronic shoulder pain is a common muscu-

loskeletal problem with significant socioeconomic impact. A peripheral nerve stimulation of the axillary and suprascapular nerves

may prove to be effective as a long-term solution for this indication. In anticipation of the future experimental research and clini-

cal utilization, a sound methodology for the lead placement was developed, and its feasibility is tested in a cadaveric study.

Materials and Methods: Normal anatomy was corroborated with ultrasound scans of live models and cadaver specimens. A

step-by-step ultrasound-guided implantation technique was designed. The procedure was completed targeting both the axillary

and suprascapular nerves. The accuracy of the lead placement was confirmed by dissections.

Results: The implanted devices were found adjacent to the target nerves within 0.5–1 cm distance.

Conclusions: The anatomical dissections confirmed the accuracy of ultrasound-guided placement of the lead. The described

method is based on normal anatomy and appeared to be reproducible by following the outlined procedural steps.
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INTRODUCTION

Chronic shoulder pain is the second most common musculoskele-
tal complaint after the knee (1). Diagnoses are different and include
relatively manageable problems, such as the rotator cuff pathology
and osteoarthritis, and more convoluted conditions poorly respond-
ing to conventional conservative and surgical remedies. Examples of
latter are frozen shoulder (FS) and hemiplegic shoulder pain (HSP).
While the prevalence of FS among the general population is 2%–
4%, it affects up to 59% of patients with long-term diabetes mellitus
(2). HSP is a frequent unfortunate stroke sequel with the reported
incidence of shoulder pain of 47% at 12 months (3). HSP has signifi-
cant adverse effect on functional recovery and quality of life and
proven to be challenging to control by conventional methods (4).
Both, FS and HSP, may become debilitating and recalcitrant to local
and systemic therapies. One of the explanations of such persistence
may be related to the neurobiological transformation and modula-
tion of a nociceptive pain. A long-standing chronic pain, regardless
of the initial anatomical cause, may become neuropathic. Thus,
peripheral and central modulation may play a more significant role
in seemingly obvious musculoskeletal disorders, such as osteoarthri-
tis and rotator cuff syndrome (5–8). The premise of a neuropathic
component presents an opportunity for managing shoulder pain by
neuromodulation.

Although, spinal cord and dorsal root ganglia stimulation may be
effective for the regional pain syndromes, a more targeted approach
might be considered for discrete peripheral nerves or anatomical

structures. Chronic shoulder pain may be treated by either surface

or internalized peripheral nerve stimulation (PNS). Published studies

were focused on an intramuscular stimulation of terminal axillary

nerve (AN) branches (9–11). Conversely, Kurt et al. successfully man-

aged chronic shoulder pain by a fully implanted spinal cord

stimulator-type lead onto the suprascapular nerve (SSN) (12).
In anticipation of future experimental research and clinical utiliza-

tion, a sound methodology for PNS lead placement needs to be

developed, and its feasibility challenged in a cadaveric study.

Because peripheral nerves’ location is variable, and they are sur-

rounded by blood vessels, muscles, and tendons, precise imaging

guidance is desirable. Ultrasonography is a proper imaging tool to

localize the target nerve and to guide PNS lead placement. The

objective of this cadaveric study was to assess SSN and AN

ultrasound-guided PNS lead placement and confirm the procedural

accuracy by anatomical dissections.
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MATERIALS AND METHODS

Approval was received from the University of Toronto Health

Sciences Research Ethics Board.

Axillary Nerve
The detailed topography of the AN and quadrangular space was

reviewed using anatomy textbooks (13) and embalmed dissected

specimens. The AN is a terminal branch of the C5 and C6 nerve

roots. It stems from the posterior cord of the brachial plexus at the

level of axilla and courses inferior to the border of the subscapularis

muscle. The nerve exits the axilla posteriorly via the quadrangular

space along with the posterior circumflex humeral artery. After

leaving the quadrangular space, the main nerve trunk gives off two

branches. The posterior branch provides motor innervation to the

teres minor muscle and innervates the skin over the inferior part of

the deltoid. The anterior branch provides motor innervation to the

deltoid muscle and sends articular branches to the shoulder joint.

The quadrangular space is a square-shaped hiatus in the muscles of

the posterior scapular region (Fig. 1). The borders of this space are:

superiorly the teres minor, inferiorly the teres major, laterally the sur-

gical neck of the humerus, and medially the long head of triceps

brachii. The posterior circumflex humeral artery lies adjacent and

typically distal to the nerve.
The topographic anatomy was corroborated with anonymized

ultrasound images obtained in clinical practice. The anterior branch

of the AN can be easily identified when the ultrasound transducer is

placed longitudinally on the postero-lateral aspect of the proximal

humerus (Fig. 2). Since an ideal lead position requires placement of

the lead so it lies in contact and parallel to the main trunk of the AN,

a long-axis view of the artery was obtained as shown in Figure 1

(inset) and Figure 3. The nerve itself cannot be easily found in its

long axis; however, shifting the transducer cephalad keeping with

the same orientation would inevitably result in determining the ana-

tomically correct trajectory for the lead placement. Additional topo-

graphic anchors were identified. In a more proximal position, the

Figure 1. Gross anatomy of the axillary and SSN s (adapted from the Grant’s atlas of anatomy, 14th ed, with permission). In the inset: a, ultrasound transducer
orientation for the access to the SSN; b, ultrasound transducer orientation for the access to the AN; black lines, the direction of insertion. [Color figure can be viewed
at wileyonlinelibrary.com]
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belly of the teres minor was seen, whereas more inferiorly. The ten-

dinous part of the lateral head of triceps brachii (adjacent to the

bone surface) and the teres major (deep plane) were visualized.
The implantation was performed in lightly embalmed anatomic

specimens. A commercially available device (StimRouter, Bioness,

Valencia, CA, USA) labeled for PNS was used. The specimen was

retained in a lateral decubitus position. A linear high-frequency ultra-

sound transducer (LogicE, GE, Milwaukee, WI, USA) was placed in a

long-axis to the AN view (Fig. 1). After obtaining the desired orienta-

tion and visual localization of the quadrangular space, a stab incision

was done. The implantation was performed per the manufacturer

guideline as the following. The deltoid muscle was penetrated with

an 18-gauge Crawford needle. Next, a guide probe was inserted and

placed in the quadrangular space under in-plane ultrasound guidance

(Fig. 4). The needle was removed and a plastic dilator was placed over

the probe. After reaching the desired position, the probe and internal

component of the dilator were removed leaving only a plastic sheath.

A metallic lead holder with the electrode was placed through the

sheath and after the tines were deployed, both the sheath and lead

holder were removed. In a clinical case, the lead tunneling is needed

to keep the receiver (proximal end of the lead) under the skin at the

posterolateral deltoid area. This step was omitted. The dissection of

the specimen was performed exposing the quadrangular space and

the lead. The distance between the lead to the AN was measured.

Suprascapular Nerve
The SSN, a branch of the superior trunk of the brachial plexus (C5

and C6), innervates the supraspinatus and infraspinatus muscles, as

well as the shoulder joint (13). It does not have cutaneous branches.

After passing through the suprascapular notch, inferior to the superior

transverse scapular ligament, the SSN courses inferolaterally in the

supraspinous fossa at the periosteal level to reach the lateral border

of the spine of the scapula. The nerve course around the spinogle-

noid notch to reach the infraspinous fossa where if gives off terminal

muscular branches to infraspinatus. At the level of the suprascapular

notch, the nerve has a fixed position in the fibro-osseous tunnel

roofed by the superior transverse scapular ligament. The suprascapu-

lar artery most commonly passes superficial to the ligament. The

majority of sensory branches to the shoulder joint and capsule are

leaving the main trunk proximally to the suprascapular notch.
The nerve can be accessed at the suprascapular notch using fluo-

roscopy. The nerve block and PNS lead placement can be done by

using this method. However, it would require a prone position that

may be uncomfortable. Ultrasound-guided SSN block is a routinely

practiced technique. Usually, an in-plane injection is performed. Nev-

ertheless, a PNS lead placement using this technique is suboptimal

due to a risk of migration—the only tip of the lead would be placed

close enough to the nerve, and any subsequent traction created by

overlaying trapezius and supraspinatus muscles may result in its dis-

lodgement. An out-of-plane, identical to the fluoroscopy-based

method is theoretically possible. However, the spine of scapulae

may limit the feasibility of such approach.
Therefore, we have developed and tested a unique approach. A

linear high-frequency ultrasound transducer (LogiqE, GE Healthcare,

Milwaukee, WI, USA) was placed in the short-axis view (Fig. 1, inset).

The SSN was localized at the infraspinous fossa as it coursed around

the spinoglenoid notch (Fig. 5). The specimen was retained in a lat-

eral decubitus position. After obtaining the desired short-axis orien-

tation to the SSN, a stab incision was done 2–3 cm distally to the

transducer. The skin and infraspinatus muscle was penetrated with

18-gauge Crawford needle. A guide probe was inserted and placed

adjacent to the SSN under out-of-plane ultrasound guidance. The

needle was removed and the guide was advanced in the cephalad-

medial direction. The transducer was shifted to the supraspinatus

fossa. The guide was advanced parallel to the nerve and its tip was

identified as a bright hyperechoic signal at the supraspinous fossa.

The rest of the implantation was performed following the same

steps as described above. The dissection of the specimen was

Figure 3. Sonoanatomy of the quadrangular space. Color, posterior circum-
flex artery (long axis); 1, deltoid muscle; 2, humerus (short axis). [Color figure
can be viewed at wileyonlinelibrary.com]

Figure 4. StimRouter guidewire (arrows) is inserted into the quadrangular
space. 1, deltoid muscle; 2, humerus (short axis). [Color figure can be viewed at
wileyonlinelibrary.com]

Figure 2. Distal AN sonoanatomy. Arrow, the AN (short axis); red, posterior
circumflex artery (short axis); 1, deltoid muscle; 2, teres minor muscle; 3,
humerus. [Color figure can be viewed at wileyonlinelibrary.com]
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performed by exposing the supraspinous fossa and the lead. The

distance between the lead and the SSN was measured.

RESULTS

The dissections confirmed PNS lead placements adjacent to the

target nerves within 0.5 cm distance (Figs. 6 and 7). The contacts

and the tines were found in the connective adipose tissues

surrounding each nerve. No visible damage to the nerves or corre-

sponding blood vessels was identified.

DISCUSSION

PNS is entering a new era of technological renaissance that pre-

dictably relaunched following the Food and Drug Administration

(FDA) approval of novel devices (14–16). These devices are designed
to address the evident problems of off-labeled PNS systems, that is,
a long-term stability, complexity, and effectiveness. The new minia-
turized wireless technologies make possible to stimulate discrete
peripheral and autonomic nerves and manage chronic neuropathic
pain and functional disorders by electrical stimulation outside of the
central nervous system. Among these new indications, the HSP
deserves special consideration. HSP affects up to 84% of the survi-
vors at an early poststroke period (4) and up to 47% after one year
(3). Traditionally, a poststroke loss of muscle tonus and subluxation
were considered the main reason for the development of HSP (17).
More recently, HSP was found to be multifactorial and rather related
to spasticity than to subluxation (18). Both motor function and sub-
luxation may be partially improved with surface stimulation; how-
ever, it was not as beneficial at reducing pain (19). Neuromuscular
electrical stimulation of the AN branches was initially thought to be
effective for management of the shoulder joint subluxation and
pain. However, clinical studies demonstrated only pain reduction
without changes in the objective status (10,20). Moreover, the most
recent paper provided compelling evidence for the successful allevi-
ation of HSP independently to the anatomic status of the glenohum-
eral joint (10). The results are not surprising considering the
mechanism of action: surface stimulation at the motor points acti-
vates the deltoid muscle, whereas stimulation of the distal branches
of the AN would be predominantly sensory. The anatomically sound
approach is to access the main trunk of the AN to be able to activate
both motor and sensory functions.

Because the SSN is stemming from the same C5, C6 nerve roots,
its stimulation may provide results similar to the axillary neuromodu-
lation. Excluding the case report of Kurt et al., there were no publica-
tions related to PNS of SSN (11). Stimulation of the terminal
branches of the SSN in case of a neuropathic postsurgical shoulder
pain was suggested by Theodosiadis et al. (21). In both publications,
the shoulder pain was successfully managed by the implantation of
an off-labeled system that included a four-contact lead and an inter-
nal pulse generator (IPG). Conceivably, this method may be used for
the treatment of other chronic shoulder pain conditions.

The current trends in the PNS technology are focusing on the lead
miniaturization, adding stability by adding tines, and utilization of a
wireless induction models, thus eliminating the need for an IPG. All
recently approved by FDA devices are following the same principles

Figure 5. The SSN in the spinoglenoid fossa. Arrow, SSN (short axis); 1, del-
toid muscle; 2, infraspinatus muscle; 3, scapula. [Color figure can be viewed at
wileyonlinelibrary.com]

Figure 6. The lead (black arrowhead) is placed adjacent to the AN (open
arrow). White arrow, posterior circumflex humeral artery (cut); 1, teres minor
muscle; 2, lateral head of triceps brahii; 3, long head of triceps brahii. [Color fig-
ure can be viewed at wileyonlinelibrary.com]

Figure 7. The lead (black arrowhead) is placed adjacent to the SSN (white
arrow). Black arrow, suprascapular artery; 1, supraspinatus muscle; 2, transverse
ligament; 3, acromion process; 4, humerus. The specimen is in a ventral supe-
rior view. [Color figure can be viewed at wileyonlinelibrary.com]
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(13–15). We utilized the leads provided by the Bioness Inc.
(StimRouter, Bioness Inc., Valencia, CA, USA). It is a monopolar
stretchable lead that maintains stability by deployable silicone
tines. It is activated percutaneously via simple electric induction
mechanism. This unique design allows elimination of IPG and simul-
taneous transcutaneous activation of both the lead and the deltoid
muscle motor points. The implantation process is facilitated by a
special lead holder to deliver the lead to a predetermined depth and
position adjacent to the AN. The nerve must be contacted at the
quadrilateral space to assure optimal stimulation of the main trunk.

The described method should help practicing physicians to per-
form anatomically sound image-guided PNS implantation. Other
commercially available leads can be inserted using this approach.
Review of the device clinical efficacy is beyond the scope of this
article. Nevertheless, a precise implantation is a sine qua non for a
clinically effective long-term stimulation.

Although a fluoroscopy-guided procedure aimed at the medial
aspect of the surgical neck of the humerus (axillary PNS) or the
suprascapular notch (suprascapular PNS) is possible, theoretical and
practical disadvantages should be considered, such as the prone
position, inability to control depth, potential risks of vascular
damage, and intramuscular placement.

Conceivably, ultrasound guidance is the best imaging method to
facilitate an accurate placement of percutaneous PNS leads. Most of
the current and future PNS targets are readily sonographically con-
spicuous and implantations can be accomplished using either a
short- or long-axis views. Moreover, pertinent regional anatomy can
be learned, and the implantation can be carefully planned and exe-
cuted. Ultrasonography is immeasurably helpful in localization the
desired segment of the nerve, thus circumventing implantation adja-
cent to an injured part. A large nerve can be tested intraoperatively
under vision to find a better sensory zone and to avoid an unwanted
motor stimulation. Ultrasonography may improve procedural safety
preventing damage to blood vessels and tendons.

Presently, PNS practice is repeating the developmental stages of
regional anesthesia: from landmark-based to electric stimulation to
ultrasound-guided methods. Educational publications and hands-on
practical sessions are needed to increase competency and assure
the safety of PNS. The described method is based on normal anat-
omy and appeared to be reproducible by following the outlined
procedural steps.
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