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Abstract

Objective—To determine the effect of PNS on pain reduction for those with refractory SIS, and
to evaluate the association with reduced disability, impairment, and safety. Our hypotheses are
that PNS will be associated with a reduction in pain, impairment and disability, and improvement
in quality of life while demonstrating safety.

Methods—Adults with shoulder pain of at least 6 months duration were recruited from for a 3-
week treatment of percutaneous peripheral nerve stimulation applied through a percutaneous
electrode to the axillary motor points of the deltoid muscle. Subjects were followed for 12 weeks
after treatment. The primary outcome was the worst pain in the last week, and secondary outcomes
included pain interference, the Disabilities of the Arm Shoulder Hand questionnaire, shoulder
abduction range of motion, and safety. Analysis was with a linear mixed model.

Results—Ten subjects were recruited. Longitudinal analysis demonstrated significant reduction
in pain relative to baseline (F(1, 66)=12.9, p<0.01). After correcting for multiple comparisons,
there were significant reductions at explant and all follow-up time points when compared to
baseline. There were also significant improvements in pain interference (F(1,65)=15.0, P <0.01),
the Disabilities of the Arm Shoulder Hand questionnaire (F(1,35)=7.0, P =0.01), and shoulder
abduction range of motion (F(1,35)=6.3, P =0.02).
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Conclusion—Intramuscular peripheral nerve stimulation for chronic shoulder pain due to
subacromial impingement syndrome is a safe treatment associated with pain reduction, lower pain
interference with ADLS, reduced disability, and improved shoulder abduction. Pain reduction is
maintained for at least 12 weeks after treatment.

Keywords

Chronic Pain; Electrode Placement; Nonmalignant pain; Percutaneous nerve stimulation;
Peripheral nerve stimulation; subacromial impingement syndrome; shoulder pain; electrical
stimulation

Introduction

Shoulder pain is a common problem in the healthy adult population, accounting for 16% of
musculoskeletal complaints® and 12 million physician visits annually in the United States.?
The point prevalence of shoulder pain has been estimated to be 7-7% in adults less than 70
years old, with 12-month prevalence being up to 47%.3 While there are multiple causes of
shoulder pain, subacromial impingement syndrome (SIS) is the most common cause,
estimated to comprise up to 48% of incident cases.*

The clinical syndrome of SIS is typically associated with pain with movement of the
shoulder, most commonly when raising the arm overhead. Anatomically, SIS refers to the
supraspinatus tendon impinging on the undersurface of the anterior acromion as the shoulder
is abducted or flexed. Multiple pathologies, such as subacromial bursitis, rotator cuff
tendinopathy, partial rotator cuff tears, and even small tears, either in isolation or through a
combination, can create the syndrome of subacromial impingement. Regardless of the exact
pathology, conservative treatment is aimed at controlling pain with rest, non-steroidal anti-
inflammatory drugs, corticosteroid injections, and improving biomechanics of the shoulder
through physical therapy. Approximately half of the patients will respond acutely to
conservative management.®

When conservative treatment has failed and chronic pain persists, patients are often referred
for surgical management of subacromial decompression.®: 7 Unfortunately, randomized
controlled trials have not shown surgical management of SIS to be better than conservative
therapy.8-11 Presently, there are no established treatments for those with SIS who have
failed conservative treatment.

We previously published a case-report of successful treatment of chronic pain due to SIS, in
a participant who had failed treatment of physical therapy and corticosteroid injection, with
treatment by percutaneous peripheral nerve stimulation (PNS).12 The treatment of SIS with
PNS involves the temporary placement of a single, percutaneously placed electrode that
provides stimulation to the terminal branches of the axillary nerve to the deltoid muscle for 3
weeks. This study presents the results of a complete case-series of 10 participants with
refractory SIS treated with PNS for pain relief. The objective is to determine the effect of
PNS on pain reduction for those with refractory SIS, and to evaluate the association with
reduced disability, impairment, and safety. Our hypotheses are that PNS will be associated
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with a reduction in pain, impairment and disability, and improvement in quality of life while

demonstrating safety.

This was a single center, unblinded case series of percutaneous PNS for SIS. Eligible
participants were adults aged 21 years and older with shoulder pain subjectively rated at
least a 4 out of 10 on the 11-point numeric rating scale of the Brief Pain inventory Short
Form, question 3 (BPI-SF3). 13.14 The pain had to be present 6 months or longer, and the
participant had to have previously participated in physical or occupational therapy for
shoulder pain and previous subacromial corticosteroid injection at the affected shoulder.
Participants had to have a positive response to Neer’s test!® (subacromial injection of 5cc
2% lidocaine), defined as 50% or greater reduction in pain with shoulder flexion and
external rotation. To exclude large rotator cuff tears, participants had to have a muscle
strength of at least a 4 out of 5 grading (Medical Research Council Scalel6) in shoulder
abduction, internal rotation, and external rotation after subacromial lidocaine injection.
Participants were required to have the ability to check their skin, or have the availability of
the assistance of a reliable adult. Exclusion criteria included evidence of joint or overlying
skin infection or history of recurrent skin infections; the need for sustained release opioid
analgesics for shoulder pain or other chronic pain syndrome; subacromial corticosteroid
injections to the shoulder in the previous 8 weeks; currently receiving physical or
occupational therapies for shoulder pain; bleeding disorder or INR > 3.0 for those on
Coumadin; medical instability; pregnancy; uncontrolled seizures (>1 per month for the last 6
months); evidence of pain (local tenderness or from provocative testing) at the long-head
biceps tendon or acromioclavicular joint that contributed significantly to pain in the affected
shoulder; moderate to severe depression (Beck Depression Inventory-Fast Screenl’ 13 or
above); other confounding neurological conditions involving the affected the upper limb;
allergy to skin-surface electrodes or lidocaine; an implanted electronic device such as
cardiac pacemaker or defibrillator; valvular heart disease including artificial valves; or
compromised immune system.

The study took place at an urban, academic rehabilitation center in the United States from
April, 2011 through March, 2013. The protocol was approved by the local institutional
review board.

Treatment and Evaluation

After obtaining informed consent, all participants received a percutaneously placed lead to
stimulate the terminal branches of the axillary nerve to the middle and posterior deltoids.
The procedure was previously described (see Figure 1).12 The electrode remained in place
for a one-week stabilization period without delivery of stimulation. The lead was then
connected to the stimulator and parameters were set to stimulate the middle and posterior
deltoids at 12 Hz and 20 mA.. Pulse duration, with a range of 20-200 microseconds, was
adjusted to produce the strongest muscle contraction of the middle and posterior deltoids
without causing discomfort to the participant. Participants were prescribed 6 hours of

Neuromodulation. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wilson et al.

Page 4

stimulation per day for 3 weeks, to be completed in single or divided doses, for a total of
126 hours of stimulation. The rationale for 3 weeks of treatment came from review of data
from a prior trial of PNS in hemiplegic shoulder painl® in which the data suggested that
many of those subjects who experienced pain reduction did so after 3 weeks of treatment.
Two subsequent studies in which 3 weeks of stimulation was prescribed for hemiplegic
shoulder pain found an association with successful pain relief.1% 20 The stimulator
completed a cycle every 30 seconds consisting of 5 seconds to ramp up, 10 seconds at
maximum stimulation, 5 seconds to ramp down, and 10 seconds of no stimulation. At the
conclusion of the 3-week stimulation period, the lead was removed by gently pulling on its
exposed end. Afterward, participants underwent anterior-posterior and scapular-Y view
radiographs of the shoulder for surveillance for retained lead fragments.

The electrical stimulation was provided by a small (58 x 36 x 14 mm) body-worn device
(Smartpatch™, SPR Therapeutics, Cleveland, OH). The stimulator attached to the skin using
the Smartpatch Pad, a custom surface electrode that includes an embedded battery (see
Figure 1). The device has a compliance monitor that records the total time of stimulator
usage.

Participants underwent outcomes assessments by a physical therapist at implantation (week
0), start of stimulation (week 1), end of stimulation (week 4), and follow-up assessments at
weeks 5, 8, and 16. Two telephone assessments also were completed at weeks 2 and 3 to
assess the primary (BPI-SF3) and one secondary outcome (BPI-SF9).

The primary outcome measure was BPI1-SF313: 21 which asks participants to rate their worst
shoulder pain in the last week on a 0 to 10 numeric rating scale, where “0” indicates “No
pain” and “10” indicates “Pain as bad as you can imagine.” Secondary outcomes included:
1) pain interference with activities of daily living, BPI-SF question 9 (BPI-SF 9)13:21 which
assesses the degree to which pain interferes with general activity, mood, walking ability,
normal work, interpersonal relationships, sleep and enjoyment of life on a 0-10 numeric
rating scale, where “0” indicates no interference and “10” indicates complete interference; 2)
the Disabilities of the Arm, Shoulder, and Hand questionnaire (DASH)22 23, a 30-item
questionnaire measuring physical function and symptoms in people with musculoskeletal
disorders of the upper limb on a scale of 0 to 100, with O indicating least disability and 100
indicating most disability; 3) active, pain-free abduction range of motion2* measured with a
standard goniometer from a standing position; 4) the Patient Global Impression of Change
(PGIC) Scale2®, in which participants rate how much their quality of life has changed since
the beginning of the study; and, 4) and a measure of secondary hyperalgesia, the pressure-
pain threshold (PPT). The PPTs were measured at the deltoid of the affected shoulder,
unaffected shoulder, and the tibialis anterior muscle on the unaffected side. 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.2® The
average of 3 measurements at each location is reported.

Treatment success was defined as a reduction in the worst pain in the past week (BP1-SF3)
of 2 points or 30% at end of treatment. A 2-point or 30% reduction has been shown to be a

Neuromodulation. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wilson et al.

Page 5

clinically relevant reduction in pain, and has been recommended as an outcome in chronic
pain trials.27. 28

Statistical Analysis

Results

Due to the exploratory nature of this study, a formal power analysis was not completed. The
effect of treatment group over time was analyzed using a linear mixed model for repeated
measures with random effects for intercept and a first-order ante-dependent covariance
structure, since it is reasonable to assume that for each individual there is a greater
correlation between assessments that are closer together and that variance might be different
at different assessments. The dependent variable was week (continuous), representing a
change over the course of the study. To evaluate the dependent variables at discrete time
points, the same model was used with the dependent variable week (ordinal). Pairwise
comparisons between baseline and the discrete time points of end of treatment (EOT, week
4) and follow-up time points (weeks 5, 8, and 16) of the least squares means were computed
from the model with discrete time points, and significance levels were interpreted using a
Bonferroni correction (alpha=0.0125). In both models, missing data were handled by a
maximum likelihood algorithm and the analyses were conducted by the available-case,
intention-to-treat method.

The association of changes in PPTs with a successful outcome were evaluated in a similar
fashion but with the dependent variable being an indicator for group (success or not) and
variables for week (continuous, ordinal) , a group interaction by week interaction, and a
covariate for gender, which is known to affect PPTs.2°

All statistical analyses were made with SAS/STAT® 9.3 software (SAS Institute Inc., Cary,
NC, USA).

Ten participants were recruited. Demographics are shown in Table 1. Three participants did
not complete all outcomes assessments. One was lost to follow-up after completing the 5-
week assessment. Two withdrew after having a corticosteroid injection, one of the
subacromial space and the other of the long-head biceps tendon, both occurring after the 8-
week assessment. Overall, 7 participants completed all outcomes assessments.

Pain. There was a significant reduction in pain in the longitudinal analysis (BPI-SF3, F(1,
66)=12.9, p<0.01, Table 2, Figure 2). Compared to baseline and taking into account multiple
comparisons (alpha=0.0125), there were significant reductions in pain at EOT (36.6%,
P<0.01), at week 5 (35.4%, P <0.01), at week 8 (40.2%, P <0.01), and at week 16 (48.8%, P
<0.01). Treatment success (a 2 point or 30% reduction in pain at EOT) was met for 60% (6
out of 10) participants. Disability. There was a significant reduction in shoulder-related
disability in the longitudinal analysis (DASH, F(1,35)=7.0, P =0.01, Table 2). Compared to
baseline, there were significant reductions at EOT (45.5%, P <0.01), week 5 (37.4%, P
=0.01), week 8 (53.7%, P <0.01), and week 16 (47.5%, P <0.01). Pain interference. There
was a significant reduction in pain interference in the longitudinal analysis (BPI-SF9,
F(1,65)=15.0, P <0.01, Table 2). Compared to baseline, there were significant reductions at
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EOT (52.0%, P <0.01), week 5 (46.0%, P <0.01), week 8 (60.0%, P <0.01), and week 16
(58.0%, P <0.01). Range of Motion. The longitudinal analysis showed a significant increase
in pain-free active range of motion (aROM, F(1,35)=6.3, P =0.02, Table 2). Compared to
baseline, there were significant increases in aROM at week 8 (47.6%, P <0.01), and week 16
(48.6%, P <0.01). Quality of Life. The PGIC also showed an improvement in quality of life
(Minimally Improved, Much Improved, or Very Much Improved) for 80% (8 of 10) at EOT
and 62.5% (5 of 8) at week 16 (Figure 3). Pressure-Pain Thresholds. While the PPTs for
participants who met the criteria for Global Success of Pain Relief appear to differ when
compared to those who did not have successful treatment (Figure 4), there was not a
statistically significant difference in the longitudinal analysis at the affected shoulder
(F(1,44)=0.1, P =0.7), non-affected shoulder (F(1,44)=0.1, P =0.8), or tibialis anterior
(F(1,44)<0.1, P =0.8.) Safety. There were 10 electrodes implanted in 10 participants. Seven
participants (70%) developed a granuloma at the electrode site that resolved by the end of
the follow-up period. No electrodes fractured during treatment, though 5 (50%) fractured on
explantation. No adverse events were experienced as a result of the retained electrodes
during the 12-wk follow-up period. No participant experienced an infection at the electrode
site.

Discussion

This case-series supports the findings of the prior case-report that PNS may be an effective
treatment for SIS. In general, there was a reduction in pain associated with PNS treatment
that was maintained for 12 weeks after treatment. The reduction in pain was also
accompanied by a reduction in impairment and an improvement in use of the affected arm.
These changes may be responsible for the improvement in quality of life documented for
most participants. It is notable that the participants in this study were those who did not find
sustained relief with a subacromial corticosteroid injection and physical therapy. Such
participants have limited options for treatment of their shoulder pain, often being referred
for surgery, which has not been shown to result in better outcomes than conservative
treatment.®

The mechanism of action of PNS is unknown. The stimulation provided by PNS is different
than the electrical stimulation provided by transcutaneous electrical nerve stimulation
(TENS), which is thought to improve pain by providing paresthesias in the area of pain.30
No paresthesias are experienced with percutaneous PNS because the insulated electrode
allows the electrical current to bypass the cutaneous sensory receptors. There is also no
discomfort with the use of percutaneous PNS because the large diameter motor nerves are
stimulated at a lower intensity than the small diameter sensory nerves, allowing a
comfortable muscle contraction. This is one advantage of percutaneous PNS to surface
neuromoscular electrical stimulation (NMES), which is often limited by the discomfort
created by the high intensity needed to cause muscle contraction through the skin.3!

It is possible that PNS affects chronic pain through central mechanisms. Prior work has
shown that chronic pain due to SIS is associated with central sensitization32 33, an alteration
in the function of the central nervous system that can result in hyperalgesia and allodynia
due to augmentation of nociceptive pathways in the central nervous system.34-36 |n this
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study, those who experienced successful pain relief also experienced a non-significant
increase in PPTs, or a lower sensitivity to pain, at sites remote from the area of stimulation
that was more pronounced during the period of stimulation (Figure 4). The differences at
EOT in the PPTs, for responders and non-responders, at the affected shoulder of 3.8 kg/cm?
(95% CI 1.0 - 6.6) and at the non-affected shoulder of 3.2 kg/cm? (95% C1 0.9 — 5.5), are
greater than the differences in PPTs for those with chronic SIS and the pain-free
population.32 That the changes in PPTs were seen in the non-affected shoulder, an area not
near the point of stimulation, suggests that an alteration of a central process was associated
with pain relief from PNS.

Treatment of chronic shoulder pain due to SIS with PNS was safe in this sample.
Granulomas are a common reaction to an inert foreign body37 and all of those that were
experienced in this study resolved within the follow-up period. Those participants who
experienced a retained electrode did not have any adverse events as a result during the 12
week follow up period. In our randomized controlled trial of percutaneous PNS for the
treatment of hemiplegic shoulder pain, there were no retained electrode related
complications after an average follow up period of 18.8 months.38 The rate in this study is
higher than studies of PNS in hemiplegic shoulder pain, which range from 0-21.4%,18-20. 39
It’s not clear why the rate of retained electrodes was higher in this study, though it is
possible that a difference exists between the granulation tissue that forms around the
electrode in the able-bodied, who likely use their shoulder to a greater extent than those with
hemiplegia, or the greater activity may weaken the electrode and increase the likelihood of
fracture. Subjects with retained electrodes will continue to be monitored per routine clinical
care.

There are limitations to this study. First, this is a case-series without a control group to
which the outcomes of the treatment group can be compared. It is possible that the
improvement was a placebo response or natural recovery, though natural recovery seems
less likely given that the average duration of shoulder pain in this study was 4.3 years (+/-
SD 5.6 years). There is also a limitation due to the lack of accounting for daily analgesic
consumption, which could affect the outcomes measured in this study. There is a limitation
in the inference that can be made about the mechanism of action of PNS treatment due to
lack of outcome measures to show whether any anatomical changes at the shoulder occurred
in association with successful treatment. It is also notable that this study included a
relatively short follow-up period for a chronic pain condition where long-term pain relief is
an important outcome. Unfortunately, the level of funding that was obtained for this study
did not allow a longer follow-up period, though we plan to increase the duration of follow-
up in future studies. It is also possible that all subjects who continued to have pain after the
3-week treatment period would respond more favorably to a longer period of stimulation,
whether on the order of weeks or with a fully implanted PNS system, though this possibility
was not explored in this trial. Finally, due to the small sample size, it is possible that the
differences in PPTs between subgroups are spurious, though the patterns were consistent
across multiple measurements.
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Conclusion

Peripheral nerve stimulation may be an efficacious treatment for chronic shoulder pain due
to SIS. Treatment with percutaneous PNS is also associated with reduced shoulder
disability, reduced pain interference, improved range of motion, and improved quality of
life. Treatment with PNS is safe, and may be a new treatment for those with chronic SIS. A
blinded randomized controlled trial is the next step in the continued development and
evaluation of this treatment modality for chronic shoulder pain due to SIS.
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Figure 1.
Percutaneous IM PNS Smartpatch™ System. Top: Percutaneous IM Electrode loaded in a

20-gauge introducer. Bottom left: External stimulator mounted on the pad (anode electrode-
embedded battery). Bottom right: Configuration on participant.
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Week

Worst Pain in the Last Week (0-10), BPI-SF3. Longitudinal analysis revealed a significant
changed over time (BPI-SF3, F(1, 66)=12.9, p<0.01). Compared to baseline, there were
significant reductions at weeks 4, 5, 8, and 16. Stimulation was provided during time
represented by shaded area.
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Figure 3.
Patient Global Impression of Change Scale. Participants rated how much their quality of life

has changed since the beginning of the study to end of treatment (EOT) and at the end of the
follow period (Week 16).
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Figure 4.
4a (unaffected shoulder), 4b (affected shoulder), 4c (tibialis anterior). Pressure Pain

Thresholds (PPT) of responders (2pt or 30% reduction at end of treatment) compared to
non-responders. The period of stimulation is represented by the shaded area.
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Baseline demographics

n
Age (year, +/- SD)

Female

White

Black

Hispanic

Worst pain in 7d (baseline, +/- SD)
Duration of pain (year, +/- SD)

10
52.2 (+/-7.6)
6
5
4
1
8.5 (+/- 1.9)
4.3 (+/- 5.6)
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