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Abstract

This case report demonstrates the feasibility of a single-lead peripheral nerve stimulation system
for the treatment of pain secondary to chronic subacromial impingement syndrome. The
participant was a 57-year-old man who experienced persistent pain from subacromial
impingement syndrome for 20 months despite having undergone conservative therapy of steroid
injection and physical therapy. After study enrollment, a single intramuscular lead was placed
percutaneously into the deltoid muscle of the affected shoulder. He was treated 6 hours per day for
3 weeks and the lead was removed. The primary outcome measure was the Brief Pain Inventory
(Short-Form) Question 3 (BPI 3), which queries the worst pain in the last week on a 0-10 numeric
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rating scale. At baseline, BPl 3 was an 8. At the end of treatment and at 4 and 12 weeks post
treatment, BPI 3 scores were 2, 0, and 0O, respectively. Substantial improvements in shoulder
impairment, quality of life, and shoulder disability measures were also observed. Additional
studies are needed to further demonstrate safety and efficacy, determine optimal dose, define
optimal prescriptive parameters, expand clinical indications, and demonstrate long-term effect.
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Introduction

Shoulder pain is a common problem in the adult population, with 1 year prevalence being up
to 47%.1 The etiologies of shoulder pain vary depending on operational definitions and
methodological approaches; however, up to half are due to subacromial impingement
syndrome (SIS), the most common cause of shoulder pain.2 Anatomically, SIS impingement
syndrome refers to the supraspinatus tendon impinging on the undersurface of the anterior
acromion as the arm is raised overhead.3 Typically, pain is generated with elevation of the
arm above the head though it can occur with rest. Multiple pathologies, such as subacromial
bursitis, rotator cuff tendinopathy, partial rotator cuff tears, and even small tears can coexist
to create the syndrome of subacromial impingement.>

Approximately half of the patients with SIS will respond to conservative management.5
When conservative treatment has failed and pain persists patients are often referred for
surgical management through subacromial decompression.’” Unfortunately, randomized
controlled trials have not shown surgical management of SIS to be better than conservative
therapy.8: @ This leaves a large number of people with refractory shoulder pain from SIS
without options for effective treatment.

Percutaneous peripheral nerve stimulation (PNS) is a treatment that has shown success in
those who have refractory hemiplegic shoulder pain (HSP).10: 11 Similarities exist between
SIS and HSP. Studies have shown that up to half of those with HSP have a clinical
syndrome consistent with SIS.12: 13 In a prior trial PNS in those with HSP it was found that
subjects who had subluxation and experienced pain relief did not experience reduction in
subluxation, nor did they experience improvements in range of motion or spasticity.14 These
observations suggested that the effect of PNS therapy on shoulder pain in HSP may be
through the central nervous system, such as central hypersensitivity.15 Evidence of central
hypersensitivity has been found in SIS. These observations led us to believe that PNS may
be appropriate for non-stroke patients with shoulder pain due to SIS. This is the first case to
describe a patient treated with PNS for persistent shoulder pain due to SIS.

Case Presentation

Pre-intervention Clinical Course

The subject is a 57-year-old man who developed neck and left shoulder pain with radiation
to his left arm as a result of a motor vehicle collision 20 months prior to enroliment. On
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initial presentation, the distribution the pain was described as being intermittent and variable
in intensity, located in his left shoulder and left neck. Subjectively, pain was provoked with
movement of his left arm and was relieved with rest. On physical examination he had
tenderness to palpation of anterior and posterior shoulder. He had full range of motion of the
shoulder with pain in abduction and flexion. He had full strength and reduced sensation to
pin prick in his left thumb. On provocative testing he had a positive Hawkin’s sign1®,
positive empty can signl’, and negative Neer’s sign.* He underwent x-ray imaging studies
of his cervical spine and left shoulder, both of which were without acute or degenerative
abnormality. No evidence of radiculopathy or plexopathy was found on electromyographic
study of his left arm. With ultrasound examination, it was noted that he had tendinopathy of
the midsubstance of the supraspinatus. He underwent an ultrasound guided subacromial
injection of kenalog and lidocaine 16.5 months before enrollment. He experienced mild
relief as a result of the injection but his left shoulder pain persisted and he was referred for
physical therapy. He completed six visits of physical therapy and was discharged 12 months
before enrollment with a home exercise program consisting of rotator cuff strengthening
exercises and shoulder stretches. Five months before enrollment his pain worsened in spite
of continued home exercise program and lack of trauma or other inciting event. On pre-
procedure examination the subject exhibited no shoulder tenderness. He had full strength in
internal rotation, external rotation, and abduction. On Neer’s impingement test4, he
experienced a 6 out of 10 pain (0 no pain, 10 pain worst imaginable) that reduced to 0 of 10
with subacromial injection of 5 cc of 2% lidocaine. Baseline pain, pain interference,
shoulder disability, and range of motion (ROM) are shown in Table 1.

Intervention Protocol

The intervention protocol was approved by the local institutional review board. The 4-month
intervention protocol included lead implantation, 1-wk of lead stabilization, 3 weeks of PNS
treatment, and 3 months of follow-up. The primary outcome was the Brief Pain Inventory
Short-form Question 3 (BPI 3), which rates the “worst pain” in the prior week on a 0-10
numeric rating scale, where 0 indicates “no pain” and 10 indicates “pain as bad as you can
imagine.” Secondary outcomes were: 1) Brief Pain Inventory Short-form Question 9 (BPI
9), a measure of pain interference with seven daily activities on a 0-10 numeric rating scale,
where 0 indicates “does not interfere” and 10 indicates “completely interferes.” The BPI 9
score is the average of the scores for the seven domains; 2) the Disabilities of Shoulder,
Arm, and Hand (DASH) questionnaire, a measure of physical function and symptoms in
people with musculoskeletal disorders of the upper limb ranging from 0 (no disability) to
100 (complete disability); 3) the Patient Global Impression of Change (PGIC), a 7-point
subjective measure of change in quality of life since the beginning of treatment, with
responses ranging from “very much worse” to “very much improved”; 4) pain-free range of
motion of the glenohumeral joint (internal rotation, external rotation, and abduction); and, 5)
Pressure-pain threshold measurement (PPT) of the deltoid of the affected shoulder,
contralateral shoulder, and contralateral tibialis anterior. The PPT is a measure of deep
somatic tissue sensitivity, indicated by the amount of pressure (kg/cm?) from a handheld
algometer where a sensation of pressure first changes to pain. The average of 3
measurements at each location is reported.
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The skin overlying the deltoid muscle was cleaned with povidone-iodine topical antiseptic.
Monopolar needle electrodes were inserted perpendicular to the skin surface at the motor
points of the middle and posterior deltoids. Motor points were confirmed by stimulating
each muscle separately and demonstrating strong contraction of the middle and posterior
deltoids. A third needle electrode was placed at the midpoint between the two motor points
to provide peripheral nerve stimulation to branches of the axillary nerve. The position and
depth of the electrode and the pulse duration of the stimulation were iteratively adjusted
until strong contraction of both heads was achieved.

A 20-gauge insulated introducer loaded with a percutaneous lead (Figure 1) was then
inserted perpendicular to the skin surface to the depth and location indicated by the third
needle electrode. The characteristics of the percutaneous lead have been previously
described.18 The percutaneous lead, introducer and connecting cable were sourced from
NDI Medical (Cleveland, OH). Stimulation was delivered to verify proper position. Pressure
was maintained at the skin surface to anchor the electrode’s barb in the belly of the muscle
and the introducer was withdrawn leaving the electrode in place. Stimulation was delivered
again to ensure proper placement. A dry sterile dressing was placed over the lead and an
occlusive dressing was applied. Prior to leaving the clinic, the subject was instructed on the
proper care of the lead exit site. He returned 48 hours later for examination of the skin.

Treatment parameters were based on those used in prior studies.10: 11 Following a one week
lead stabilization period, the stimulator (Rehabilicare NT2000, Empi, Inc., St. Paul, MN)
was connected to the lead and parameters were set to stimulate the middle and posterior
deltoids at 12 Hz frequency and 20 mA amplitude with a pulse duration of 60 ps. The
stimulation provided strong contraction of both deltoids. The subject was prescribed 6 hours
of stimulation per day. The stimulator completed a cycle every 30 seconds consisting of 5
seconds ramp up, 10 seconds maximum stimulation, 5 seconds ramp down, and 10 seconds
relaxation. During the 3-wk stimulation phase he was contacted by telephone weekly and
queried for pain intensity, adverse events, and medication usage. The PNS system can be
seen in Figure 2.

At the end of the 3-wk stimulation phase the subject returned for evaluation of primary and
secondary endpoints. The electrode was then removed by gently pulling on the exposed end
of the lead. As part of the protocol he underwent anterior-posterior and scapular-Y view
radiographs of the shoulder for surveillance for retained electrode fragments. He returned at
1, 4, and 12-wks post-treatment for skin evaluation and outcomes assessments.

The subject tolerated the implantation and stimulation test procedure well. The 3-wk
stimulation protocol was completed. The following adverse events occurred: mild
discomfort when flexing his shoulder simultaneously with receiving stimulation; and, a
localized tissue inflammation at the site of the lead that resolved by his 1-month follow-up.
The outcome measures for this case are listed in table 1. The subject experienced 75.0% and
100% reduction in pain (BPI 3) relative to baseline at end of treatment and at 3 months post-
treatment, respectively. He experienced improvements in pain interference, arm function,
quality of life, and an increase in PPTs.
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Discussion

This is the first case to describe a patient treated with PNS for persistent shoulder pain due
to SIS. After three weeks of electrical stimulation, he experienced substantial pain reduction
that was maintained for at least three months after completion of treatment. The BP1 9,
DASH, PGIC, pain free ROM, and PPT data suggest that the intervention might also reduce
impairment, improve function, and improve quality of life.

The mechanism of pain relief for this subject is not known. An emerging hypothesis is that
PNS might reduce chronic pain by altering maladaptive neuroplasticity in the central
nervous system that causes central hypersensitivity. Evidence of central hypersensitivity has
been demonstrated by lower local and distal PPTs in those with chronic SIS compared to
controls.1® This subject had improvements in local and distal PPTs, raising the possibility
that a central mechanism is being modulated through PNS. Further research of this
hypothesis is warranted.

While single lead PNS was associated with improvements in pain, function, and quality of
life in this subject, it is not yet reasonable to generalize this outcome to others with chronic
shoulder pain from SIS. It is necessary to note that this subject experienced adverse events
of temporary discomfort when flexing his shoulder during stimulation and a localized tissue
inflammation at the site of the lead that resolved after 1 month. Other potential adverse
events, that could occur, but were not experienced by this subject, are local infection,
electrode fragmentation, or other unexpected complications. This study is limited by the 3-
month follow-up period, which was shorter than the 5 months of improvement the subject
experienced after prior treatment. Further, it is important to note that recurrent shoulder pain
deserves a full evaluation for other sources of shoulder pain along with imaging studies. In
this case, the subject’s symptoms and physical examination were straight-forward and the
diagnostic injection was positive. Therefore, the authors proceeded with PNS for treatment.
Further studies are needed to determine efficacy and safety, determine the mechanism of
action, define optimal prescriptive parameters, expand clinical indications, and demonstrate
long-term effect.
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Figure 1.
Schematic of percutaneous intramuscular lead (top) and actual lead loaded in the

percutaneous insulated needle introducer (bottom).
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Figure 2.
Schematic of the single-lead peripheral nerve stimulator system.
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