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Background: The shoulder region is a common area for pain. The shoulder has the largest range
of motion and the most complex mechanical anatomy. The shoulder girdle and related tendons
allow for numerous painful disorders to occur. Also, given the overall use of the shoulder, arthritic
deformities are all too common. Finally, pain from more complex states such as poststroke shoulder
pain and status post total shoulder arthroplasty pain have always been a difficult diagnosis to treat
with effectiveness. The innervation to the shoulder predominantly comes from the suprascapular
and axillary nerves. Both nerves relatively follow an expected anatomic course and whereby they
can be targeted with ultrasound or fluoroscopy. Recently, there has been an increase in evidence
that suggests peripheral nerve stimulation can make a difference in these patients with shoulder
pain.

Objectives: To provide a basic overview of peripheral nerve stimulator placement targeting the
axillary and suprascapular nerves. Furthermore, to demonstrate the suggested implantation and
current evidence of peripheral nerve stimulation for the treatment of shoulder pain.

Study Design: Anatomic clinical review.

Methods: A comprehensive review was performed regarding the available literature through
targeting articles reporting on the use of peripheral nerve stimulation to treat pain of the shoulder
region.

Results: We compiled and discuss the current evidence available in treating shoulder pain
utilizing peripheral stimulation. The strongest evidence currently is for peripheral nerve stimulation
targeting either the axillary or suprascapular nerve, as well as placement targeting the motor points
of the deltoid. The most common treated pathology is poststroke shoulder pain.

Limitations: Peripheral nerve stimulation has been trialed and is promising for several shoulder
pain pathologies; however, there remains a need for large-scale, randomized, placebo-controlled
clinical trials to further evaluate the efficacy of most treatments. Much of the current data relies on
case reports without randomization or placebo controls.

Conclusions: Overall there is fair to moderate evidence for peripheral nerve stimulation to treat
shoulder pain in hemiplegic poststroke patients. There is limited evidence when treating other
shoulder pain etiologies. Utilizing ultrasound or fluoroscopic guidance, the procedure has proven
to be safe allowing proper placement of the electrodes near the target nerves. Considering the
high prevalence of shoulder pain from degenerative conditions and overuse, future studies are
undoubtedly warranted to evaluate whether peripheral nerve stimulation can modify our treatment
algorithm for management of these conditions.

Key words: Shoulder pain, suprascapular nerve, axillary nerve, ultrasonography, peripheral nerve
stimulation, post stroke shoulder, osteoarthritis, rotator cuff, hemiplegic shoulder pain, adhesive
capsulitis
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houlder pain is one of the top sources of

musculoskeletal pain (1). The prevalence

of shoulder pain ranges from 20% to 33%
among the general population. Several studies seem
to demonstrate an increasing trend in the reporting
of shoulder pain, as well as an increasing amount of
leave time taken from work secondary to shoulder
pain. Shoulder pain is more frequent in women, and
the overall prevalence increases with age. Although
approximately 50% of new shoulder pain diagnoses
resolve in 8 to 12 weeks, as many as 40% of all cases
persist for longer than 1 year with a high rate of
chronicity that severely impacts the patient’s quality
of life (2). Common shoulder pathologies include
osteoarthritis, joint instability, adhesive capsulitis,
rotator cuff injury, labrum tears, and neuropathic
conditions (3).

Many shoulder diagnoses improve with a combina-
tion of treatments including physical therapy, medica-
tions, and directed interventions around the shoulder.
Different interventions may include steroids, regen-
erative medicine, or viscosupplementation. There are a
range of more severe shoulder pathologies that can be
either neuropathic or nociceptive in origin that cause
significant pain and impact life. Some of these patholo-
gies include severe glenohumeral arthritis, status post
shoulder replacement, or poststroke shoulder pain.

Many of these more painful shoulder pathologies
greatly affect the patient’s activities of daily living and
are simply too painful or complex for physical therapy
to “fix.” Our common interventional options do provide
relief but are often short lived. Nerve blocks around the
shoulder have been shown to provide short-term relief
(4,5).

Peripheral nerve stimulation was originally intro-
duced in 1967 by Wall and Sweet (6) with the report
of a patient experiencing pain relief from electrical
stimulation. Later in 1999, Weiner and Reed (7) demon-
strated the feasibility of percutaneous lead placement
rather than the previous method requiring surgical
placement. It is a well-documented hypothesis that
applying electrical current to a peripheral nerve can af-
fect the firing of that nerve and thereby modulate the
pain. Advances in peripheral nerve stimulation tech-
nology along with ultrasound guidance has enabled a
long-term treatment modality. Fluoroscopy and nerve
stimulation techniques are viable tools to aid in device
placement. Ultrasound allows for direct visualization of
the nerves (suprascapular and axillary), as well as sur-
rounding vasculature, soft tissue, and adjacent bony

landmarks (8). Technological advances have created
small, thin electrical leads that can be placed percuta-
neously, can be used for short- or long-term duration,
and have significantly less infection and migration con-
cerns. Deer et al (9) in 2016 demonstrated peripheral
nerve stimulation to have an excellent safety profile,
with none of the 75 patients who received peripheral
stimulation experiencing any serious or unanticipated
device-related adverse reaction. Publications regard-
ing overall peripheral nerve stimulation have been
published (10), as well as innovative approaches to and
applications for shoulder pathologies (11,12).

Sonoanatomy and Peripheral Nerve
Stimulator Placement

Suprascapular Nerve

The suprascapular nerve innervates the glenohu-
meral and acromioclavicular joints while supplying mo-
tor innervation to the supraspinatus and infraspinatus
muscles (Fig. 1). It originates from C5 and C6, forms part
of the upper trunk of the brachial plexus, and descends
inferiorly under the omohyoid muscle before it takes
a turn posteriorly toward the suprascapular notch (Fig.
2). The nerve typically lies below the suprascapular liga-
ment, whereas the artery may lie above. Nerve fibers
branch off along its course as it then descends further
through the spinoglenoid notch (Fig. 3). The nerve can
be targeted for interventions anywhere along its course
from the brachial plexus to the supra- or infraspinatus
fossa. The most common location for targeting the
nerve is at the suprascapular notch.

The transducer is placed in a coronal plane over the
supraspinatus muscle. A linear probe can be used for
smaller shoulders, whereas a curved transducer should
be utilized for larger shoulders. The posterior part of
the suprascapular fossa and suprascapular spine should
be visualized. Care should be taken to avoid targeting
anteriorly as the needle can inadvertently enter the
thoracic cavity. Once the suprascapular notch is identi-
fied, the suprascapular artery can be seen above the
transverse suprascapular ligament, and the suprascapu-
lar nerve below (Fig. 2). The needle is entered from a
medial to lateral approach as the acromion lies laterally
and does not allow for needle entry. An in-plane ap-
proach allows for needle visualization and targeting
adjacent to the nerve (13).

Axillary Nerve
The axillary nerve innervates the posterior gle-
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nohumeral joint and superior lateral
portion of the arm while supplying
motor innervation to the deltoid and
teres minor muscles (Fig. 1). It origi-
nates from C5 and C6, forms part of
the posterior cord of the brachial
plexus, and descends inferiorly to the
quadrangular space. The nerve then
branches further as it traverses around
the humerus at the inferior margin of
the teres minor (14). The nerve can be
targeted for interventions anywhere
along its course from the brachial
plexus to the posterior humerus. The
most common location for target-
ing the nerve regarding peripheral
nerve stimulation is at the posterior
humerus.

The transducer is placed in a sagit-
tal plane over the humeral head and
neck. A linear probe can be used for
smaller shoulders, whereas a curved
transducer should be utilized for
larger shoulders. The infraspinatus
is seen in cross-section at the cranial
portion, and the teres minor seen cau-
dally (Fig. 4). The axillary nerve and
circumflex artery are visualized at the
inferior border of the teres minor (Fig.
5). Doppler imaging can be used to
help identify vasculature (Fig. 6). The
needle can enter from a caudal to
cranial approach or a lateral to medial
or a medial to lateral approach. Both
in-plane and out-of-plane approaches
have been described.

In 2018, Gofeld and Agur (11)
published a proof of concept anatomy
study demonstrating the implantation
of a peripheral nerve stimulator tar-
geting the axillary and suprascapular
nerves. In this anatomic study, a step-
by-step ultrasound-guided implanta-
tion technique was designed, and the
procedure was completed targeting
both the axillary and suprascapular
nerves on cadaveric specimens. After
dissection, the implanted devices were
found adjacent to the 2 target nerves
within 0.5 to 1.0 cm distance.
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Fig. 1. Anatomy of posterior shoulder.
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Fig. 2. Ultrasound imaging identifying the suprascapular nerve and the
suprascapular artery at the location of the suprascapular notch.

METHODS

Literature on Peripheral Nerve Stimulation for Shoulder
Pain

We utilized a search including “peripheral nerve stimulation” and
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Fig. 3. Ultrasound identifying the suprascapular artery at the location of the
spinoglenoid notch.
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Fig. 4. Ultrasound placed in sagittal plane over the humeral head and neck.
Identify the infraspinatus, teres minor, and the posterior circumflex humeral
artery adjacent to the axillary nerve.

“shoulder pain.” Articles investigat-
ing peripheral nerve stimulation for
various nerves, predominantly the ax-
illary and suprascapular nerves, were
included for reference. Articles that
involved peripheral nerve stimulator
implantation targeting the shoulder
muscles themselves, predominantly
the deltoid muscle, were also in-
cluded to complete a comprehensive
review of the literature. The search
was performed with PubMed. The
details of each included study are
summarized (Table 1).

RESULTS

Hemiplegic Shoulder Pain
Hemiplegic poststroke shoulder
pain proves to be the earliest and
most widely studied application of
peripheral nerve stimulation at the
shoulder. Starting in 2001, Yu et al
(15) investigated the feasibility of
percutaneous intramuscular neu-
romuscular electric stimulation for
treating shoulder subluxation and
pain in patients with chronic hemi-
plegia. Later in 2004, Yu et al (16)
published a multisite, randomized
clinical trial investigating intramus-
cular electrical stimulation in stroke
survivors to treat poststroke shoulder
pain. This study included 61 chronic
stroke survivors with shoulder pain
randomized to a 6-week course of
intramuscular  electrical  stimula-
tion 6 hours per day (n = 32) versus
a hemisling (n = 29) instructed to
be used whenever the affected arm
was unsupported. For the treatment
group, percutaneous, intramuscular
electrodes (helical configuration
wound from Teflon-insulated, mul-
tistranded, type 316L stainless steel
wires, developed at Case Western
Reserve University) were implanted
into the posterior deltoid, middle
deltoid, supraspinatus, and trapezius
muscles of the hemiplegic shoulder.
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Of note, the patients selected each
had shoulder subluxation and electri-
cal stimulation intensity was adjusted
to provide optimal joint reduction by
palpation without discomfort and re-
mained constant during the 6-week
treatment phase. In 2005, Chae et
al (17) published the 12-month post-
treatment data for the earlier men-
tioned multicenter, single-blinded,
randomized clinical trial. The electri-
cal stimulation group exhibited a
significantly higher success rate de-
fined as at least a 2-point reduction
in pain intensity scored from 0 to 10
compared with the controls (63% vs.
21%; P = 0.001). Post hoc analysis of
12-month intent-to-treat data using
the more stringent 4-point reduction
criterion yielded a much larger differ-
ence between the peripheral nerve
stimulation group and the control
group (68.8% vs. 27.6%; P = 0.001).
Additionally in 2007, Chae et al (18)
described a secondary analysis of
the earlier mentioned studies and
concluded that electrical stimula-
tion was significantly effective in
reducing poststroke shoulder pain
in those with less than 77 weeks of
stroke onset. However, those with
time from stroke onset greater than
77 weeks showed no difference when
compared with control.

In 2010, Yu et al (19) reported on
the first poststroke patient treated
with electrical stimulation delivered
via a fully implanted microstimulator
containing a rechargeable internal
battery. The 58-year-old patient suf-
fered from a stroke causing right
hemiparesis 59 months before im-
plant, and shoulder pain was present
for 42 months. Patient was diagnosed
with both subluxation and capsulitis
of the shoulder. The microstimulator
(Dakmed Peripheral Nerve Stimulator
Model 750; Dakmed Inc., Buffalo, NY)
was implanted near the axillary nerve
within the quadrilateral space. The
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Fig. 5. Ultrasound identifying the posterior circumflex humeral artery and the
axillary nerve branches at the inferior border of the teres minor.
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Fig. 6. Doppler highlights the posterior circumflex humeral artery adjacent to the
axillary nerve.

www.painphysicianjournal.com

E465



E461-E474

Pain Physician: September/October 2020 23

"(z=u) pasoxduur
orym uoryejuerduur

*3y11 Jo Ayrenb pajerar resrsdyd

‘urex3oxd swoy pue
M §

Io)e | pue souaIajIayur uted ur syusurasordur 1940 I, d Juanjedino Jo sIy g i1 d 'SYM ¢ SIOATAINS
ureq ‘(9=u) ayis afepueq |  Jueoyrudis pey sdnoid yog ‘sjonuod 10y Aep ® UOIEINWNS JO SIY 9 I0f (OTYQ 1 ayons
10 9pOIO3[@ A} J& | Ied [ensn oY) 0) paredwod (1a)7e M pueEA[D “DTT ‘sonmnaderay], ¥ds (oposnu WS :1d ur ured
sy *(1=U) 9po1d3[d T 18 %09 PUE JUaWILaT) JO SYM ¢ JO | “WSAS SN LHDILVILIVINS) Iojenuuns prolPp) | €8S :1d Iap[noys
Jo Juowadpo[sIp ye | pud Je 94¢°59) dnoxd SNJ oy 1oy ured [eUI)X Ue 0) pade[d apoI11dad aAToU d | orerdruay (20) ¥102
uonejuerdwr-ar parmbay ur suononpai 19yea1d Apueoyrudig | op3urs IenosnureI)UT SN0aULINOINJ ‘SN ATe[xy | 0FS SN | INZSNd | Juaisisiog 104 e 39 WOS[IA\
‘0T/1 Sem 2100s ured syuow
71 1® ‘syyuow 6 ySnoxy sa1y ured
sem Juanied ‘pawnsar JusuIIeaI) 1YY “A[rep sIy 9 uoTje[NIUI}S
‘paurnyal ured pue WONIPUOD [EDIPAUT | PAISATP (HO ‘PUBRAID TeTPIN IAN ayons
Paje[aIun 0) aNp JJO PaUIN) SEM < ASTNdOIDIN) TOIB[NWT)S [SUTLYD jsod ured
9D1A3P SM / J© TOAIMO] "SM ¢ Ia)e -3[3uts ‘D[ 3Y) 0) P2)IIUUOD dATU Iap[noys
"$JUSAD 9SIDAPE 9513 uted sem oy ‘uonejue[duri-1soq ATeT[TXE 3]} JO SYDURIQ [EUTULIA) 3] oAU or3ordray | j10dax (12) s10T
Pa1e[21-901A9P SNOLISS ON Tern) m ¢ Surmp Jotpar ured 946/ Teau pajue[dwl 9pOIII[A SNOSUBINIIS] Kreqxy 0LL WIT| IuaIsIsIzg aseD) Te 10 uakndN
‘paAjosai [[e ([=U) I9IS1[q
pue ‘¢=u) ewonueid
[Tews ‘(F=u) ewayjA1a Juauesn)
PITA “suonesrjduiod *210S 9A0QE UT UOT}ONPaT JO PUS & PIAOWUISI I9M SPBI] ayons
SNOLISS jutod 7Z JO UOLIAIID $$900NS Y} | [[V 'SYM € 10J AR © SIY-9 Pajear) s[dsnuu (aposnuu jsod ured
JNOYIIM J0RIUT PIAOWIAT | PIYSHes [[e Pue ¢ Uonsany) A10juaAuy | proyep onaredrway oy ul (NI ‘ed 1S pIoj[ap) Iap[noys
3I9M pUE 931J UOT}OJUT ureq JoLIg aY) UI UOONPaI uy ‘idwy ‘000Z.LN 2TedIIqeysy) SAISU 4% | odordiway | sorrss (02)
paurewal spes[ [V | %0/ paqryxa sjuedonted seroae uQ | pes] Jenosnwenur snosueinoiad sjdurs v Kreqxy €05 WP | IuLIsIsIzg aseD) | €107 Te 10 2'yD
"SYM 7T 10§
“pasoxduut osfe wonouny 1ojowr | Aep Jad sIy 9 10J UOTIR[NWINS YIIM deds ayons
pue uorjour jo a3uer aarssed "dn-morjoy [e1o3euapenb oy UTyIIM 2AIoU ATRT[TXE jsod ured
IuowW ¢ Je OT/€ 0} I9Y}INJ PAseaIddp ay) Teau pajuerdwr sem (XN ‘orejyng Iap[noys
"SJUAAD ISIDAPE pue poriad jusurjean) Ym g1 e 10)e | 05/ [OPOIAl Joje[nuung AIdN [etayduiag aAIOU or3ardrway | j10dar (61)
Pa1e[2I-0TAID SNOLIAS ON| 01/% 01 01/8 WOIJ PaSeaIddp ured PAUNYe(T) JOJB[NUIT)SOIOTW S, Areqxy 08 WIT| Juasisiag aseD) 010T ‘Te 32 ng
payroddnsun sem quury zoddn ot
(1000 = JorduayM Surfsturay adA1-pjno e ream
d “%9°LT SA %8'89) dnoid onuod pue | 03 palONIISUI 1M §123(qns [or3uoY) :SuIg
SN U2aM13q 20UIJTp IoSTe] yonur &
PapRIA UOLIIID UonoNpax jurod-f ‘porrad jusuryear) ‘snizaden
Juadurns 1ot o) Jursn ejep jeax) -0) JO M-9 2IUS I0J }IOJTUOISIP JNOYIIM 1addn uonexniqns (1)
's30a(qns -JULUI OW-Z JO SISATeue 50y 1s0q uoneded £4q uononpar jurof fewndo ‘projEp Iap[noys $00¢ e 32 NX 0}
[£10] T UT S3POIO3[ G "(100°0=d %12 SA %€9) S[01IU0d ap1aoxd 0y pajsnipe Lyrsuajur snynuums S[pprur I+IN | s axoxs ejep dn-moyjoj
10J Pa1Indd0 UOIIRULIO) a1 0) paredurod pue pajuerduur (A)ISISATUN) 9ATISY ‘pro}[_p 6¢ Burs jsod ured qjuour 71
ewrofnuerd Areroduray, | (0T-0) 2100s Ayisusjur ured UT UOTIONPAT | WISISIAA ISBY) ‘SITIM [99)S ssa[uTe)s ToT¢ | Jowdysod | gg :Surg Iap[noys
*SJUIAD 9STOAPE Paje[al | Jutod ¢ < Se Pauljap a1el $5300nSs IaY31y 2d£) ‘papuensnNW ‘[EIT[2Y) SIPOIO[D smjeutds I+ | o8sdrurey (1)
-91A3P SNOLISS ON Apueoyrudts e pey dnoxd NJ oY, Tenosnwenuy snoaueinorad § :SNJ -exdng | 09:SNd | TE:SNA | IudsIsIag IDY | S00T Te 10 2eyD
(15)
STUAAT] ISIIAPY J5e
(s)omwoonQ) (s)ruouneary, | (s)1e8re], ueadpy | Ioquuny sjueneg | uSiso(f | IeAX “Ioyiny

ung dapnoyS fo yuawval], 1of uonpinwng aata Ny (piaydiiag uo pamaraayy seipnig oyl fo Livwwng T a)qn ],

www.painphysicianjournal.com

E466



Peripheral Nerve Stimulation for Shoulder Pain

"SYoam SYM ¢
91 £q paajosax ‘syuedionred 07 Jo no g 1oy jowr | 10J Aep ® SIY 9 10J pasn Jojenuins asynd (oposnuu SuwoIpuAs
Je) 9)IS 9POIIDA[d | SeM SYM ¢ Je ured UT UOIONPAT %0 10 | [RUINXS UE 0) P2JOUU0D (HO ‘PUB[RAD pIolap) JuotaGundu
ay) Je ewo[nuerd jutod 7 7 'SM 9T 1 9%8'8F PUE SM ‘sonnaderay [, Yds ‘. yoredirews) aAToU d9 | Terwoneqns SaTIas (92) ¥102
® padopaasp 90, ¢ 7 uted UT WONONPAI 99°9¢ [[eIAQ 5POI)23]5 IB[NISNIWEIIUT SNOSUBINIIS] Kreqxy TS W% | olqeoenuy aseD) e 39 WOS[IA
‘aa1ou Je[ndeoserdns (1=u) (cT=U) (6¢=u)
ﬁm«ﬁmﬁmam SoAIdU
‘aA1ou rendessexdns 105 M 12d s£ep ' pue oAU LIe[[IXE aAToU umotun 11230 [2303
uo juedur 3sod (01/0°¢ 10§ M 12d skep 7'9 aSeroae uo 10y pasn rendeos {(9=u) ured wouy pajiodar
010T/0°6) %£'99 £q Jo1[o1 UTEq "2AToU | Ioje[nuum)s as[nd [eUIAXd U 0) PJIIUTOD -exdns | 7,065 I «%¥S JIap[noys ©1ep 910N,
“paInseaur Areyprxe uo juerdur 3sod (VD BIoUd[BA ‘SSAUOIY ¢ Toinoyumng) | 10 {(§1=u) W «%9% | aoxnsisod SILI0S (01) 6102
JOU 2I0M SIUIAD 3STIAPY | (0T/%°C 01 01/0°8) %T°0Z £q Jo1[a1 UTeq SPEA] [e211)03]0 SNOAUBINIIS] Arexy | INAO'T9 | A+IN6T | IUdISISI®g aseD) e 12 plemsQ
"SYM ¢ 0§
"dn-moyjoy sSm T oY) 1oy durpaseq | Aep 1od wonenwuns jo s1oy 9 10y (VSO
MO[2q PAUTEWIDI PUE PISEAINP | “HO ‘PUBAID ‘DTT ‘sounaderay], ¥ds
SouaIayIa)uT UTeq “porrad dn-mofoy INTLSAS Am(ur p10d
MM T 3} J2A0 JUI[3seq 0) PaUINIAT SNd (.HDILVA.LIVIAS A[1ourIoy) (oposnuu [eurds
"PAJ0OSA1 JBY[) SUO) WLTR ST 12AMOY ‘04§ Aq LNIJdS) I0Je[Nus 0} Pa3oauuod prolop) jsod ured
$129(qns a1 Ut 9seaIoUT | Ppaseardap pey ured js1om sty pajrodar pue jutod 10jour 2AISU Are[Ixe 2AToU 1opmoys | 310dax (S2) 8102
2A1102(qns © sem a1y, juanjed Juswniean) 1a)Je M [ 1Y Je pajuerdwr apoI)da]s SNOSULBINOIAJ Areqxy 0'S¥ T | Juasisiog ase) I8 32 Yooy
)
SIUAAT] ISIAPY our0dIn() JuRuIIBaAI], (s)108ae], ade nqumy | symeneg | udiso(q | aeay “oymy
ueay
*(1=U ) ssouIapua],
*(yuawaoed Tewmdoqns *SYIUOW T JB 9%7°69 PUE ‘SYIUOW ¢
[=u Suruonouny-uou 1 949'F8 ‘SYIUOUI 9 JB %7"69
1=u) uonejuerdwr £q ured Ut HOTIONPAI [EI2A0 UE pey ‘(HO ‘PUB[2A3]D) ‘[eITPIN
-o1 3ulimbay | (g=u) juerdwr juamiapun jey) ured jo IAN .ASTNdOIDIA) oje[nuuns
(1=u) wmnjal yym syuarjed asoy T, juerduy [Puuey-a3urs e sem DT uedwy
proy [nyureq “(§=u) wns a4
[njured "(TT=U) UoISEIqe ‘ured jo winjax "SYM ¢ J0J SI{[ 9 J0J Toye[nuuns asind L79 WeE SIOATAINS
/yser/smunid jewayArg | Juonbasqns pey sjuanzed oY) Jo %P 17 | [RUILIXS 0] PAIIAUUOD (O ‘PUBAAI]D quepdwy | auerduy axons
*(8=U) JIXa peay Je "[e11) JO PUS J& UOTjR[NWT)S 717 ‘sonnaderay [, YdS ‘INTLSXS SNd (oposnu ur ured
smyrnad/ewayif1a/ 2Ano® SurLmp uoronpal jurod-g 1sed] LNTIdS 10 NI ‘[ned 1S “ouf ‘1durg projap) 61 Iap[noys
SETUO[NUEIL) "321A3P 0] | Je Suley se pauryap [eLn) snodueinorad ‘000Z.LN . 2TeII[IqEYY) 9POIId[d aAToU 0%S W | oderdruray | satras (¥2) ‘810¢
Pa1e[aI SJUIAD SNOTISS ON [NJs$$200NS © PBY 01"/ ‘LI, Je[NOSNIEIIUT SNOJUBINIIIJ :[eLI], Areqixy el | €rcerI | JudlsIsIog aseD “[e 39 UOS[IM
(1£)
STUIAT] ISIAPY oSe
(s)owoonQ) (s)ruvuneary, | (s)1esre], uedpy | Ioquuny sjueneg | uSiso(q | IeAX “royiny

u g dapnoys fo ppunvaLy, 10f uonypnung aataNf (pioydrag uo pamataayy sarpnig oyl fo Liwwwng ‘T a)qn [,

E467

www.painphysicianjournal.com



E461-E474

Pain Physician: September/October 2020 23

soynurw ‘sutw ‘Adesay) [eo1sAyd < J SYo9M ‘SHM (SINOY SIY UOIOW JO IFURI WO D[LUID] 4 D[BUW JA] :SUOIIBIAIQQY

(sasouderp
(0T/1L°TOI0T/¥T'8) %L9 [e19[Ys
sem uonjonpar ured [[e12AQ (skep Gi¥ -o[nosnw
aZeraae) skep ¢¢/ 01 H§ woiy Jurkrea *UOTJR[NWUN)S ISAT[IP 0} ordnynur)
dn-mofjoj aSeroae yim jusunjear) | 1oprwisuer) asind [BUINX Ue 0} POUUOD ured
‘payrodar suonyesridwod ysod uorjonpai ured 9062 YIm (VD ®DUI[EA ‘SSAUOIY ¢, IINOYWIIS) aAIdU Iapnoys SILIdS (1) 0202
Pajerosse ON s1opuodsar arom syuanjed g oy jo £ | juepdwur peay ofurs paoefd snosuenorog Areqxy | ejepou | J+NS8 s1uoIY) ase]) | ‘[e 30 ploysuey
‘sypuow g jo poriad Apnjs e 10§ Jar[ox “Ioje[NUIT}S
ured 940/< pasiopus jusnyed juerdur asind [euI2)X2 UE 0) PIJOAUU0D
juauewrrad 12y “SYoom (VD ®DUI[RA ‘SSaUOI ¢, IINOYWIIS)
[eI2A3S UTIIM pauInjar uted ‘pasowar pea [eo1nose Jusuewrad ured jo
SeM JDTAJP Y} I2YJY I0Je[NUUT)S uInja1 19y ‘sAep 09 10§ (VSN ‘HO SOLIY)IE0)SO
‘paaiodar | Areroduwra) oy ypim porrad Lep g9 oy PUeRAID YdS ‘LNIYJS) Pe2[ -2[Surs AIDU 1opmoys | 310dax (0g) 6107
SJUIAD ISIIAPE ON. Surmp jorpa1 uted 940, € parrodoy snoauejnorad Arerodura) e ym jsirg Areqxy 0’16 W T Arewrig aseD) | ‘[e 319 plRYSUBIA
‘UOTR[NIUT)S JAT}OR
Ym Arep auopoofxo Jwg jo 39[qe) 6T (F1=1)
(1=u) 1 > paderaae syusuraxmbar prordo | ySnoayy 1 sdep aaneradoisod je [eaowrar syunI
[eAOWIAI PEI[ [BJUIPIIY PUE QI0W 10 ¢ £q PISLIIIIP $II00S PE9[ [I3UN PAISAIIP 10 §)001
‘(1=u) uorOLIUO0D ured orwreudp qurod 1 £q paseardap W3S SNONUNUOD I2)JY “I9A0SSOID SUIL G snxard
J[SNW pajueMuN) sa100s ured ageraae «(F1=u) snxa[d UJIM PIZIWOPULI UIRyS JO WIS I3YJIS JO [eryoeIq
(1=u) [eryoeiq ay) Sunadre) sped] Yim | SUIW G PIATDAI $303[qns A[parjeradoisoq {(z=u)
Suruonouny paddols | “1oAemo}] *(z=u) aa1ou rendeoserdns "(z=u ‘sonnaderdy ], Yds ¢.SsedauQ) 1o AU aredax Apnys
PpUue [105 [ed1[aY SII WIOI) oy} Sunafre) pesy yym saroos ured (F1=U ‘o1 ‘puepAd[D ‘sonmnaderay, rendeoss d¢ | pno1oyeror | 3doouod (62)
punomun £[fenred pea J0 yuawaaoxdurr Jueoyruis oN | YdS . PeITOIA) SPOIIII[2 SNOSUBINIINJ -exdng 0°SS W #1 | 2anesadoisod | Jo Jooid | 610Z T8 32 PJIL
(Aypedopahuu
[eo1A120)
*(QTUOTIPIIA ¢, PIOUBAPY ured
*ay11 Jo Apenb pasoxdur | swig) Hdr Jusueursad e yum pajuerdur SATOU JIap[noys
*SJUDAQ 9SI9ApE | pue uorjesIpaw ured 0] pasu ou yIm | (NI ‘STjodesuury Oruonpay ¢, 3oedurod rendess s[qeyoenur [ 310dax (82) 9107
P91B[21-901A3P SNOLISS ON. jueduur 3sod syjuow ¢ 10§ 9313-ureq pen sads1q) pesj penb afSurs v -exdng 0TS WI S1U0IYD) aseD e 30 ueyIq
simsdes
JAISaYpE 0}
Arepuodas
"Jsa1 Je ‘(NN ‘stjodeauutiy JAIdU ured
*SJUSAD ISI9APE ured pey 1o8uo[ ou ays pue 01/¢-1 ‘G/-8/.L¢ dduepadur mof gXT 3oedwod rendeos Iap[noys j10dax (£2)
Pa1B[21-901A3p SNOLIdS ON | ® pajer sem ured dn-mofoy yiuows ¢ 1y STUOIPIIA]) PE3] JOBIUOD § UY -exdng 0'6¢ 11| Aroperey aseD) | $10T T8 32 Iye[q
)
SIUAAT] ISIGAPY auodIn() JUIUIIBII], (s)131e], e qumy | sjueneg | uSiso(q | Ieax “loyiny
TR\

umd ppmoyg ,\Q Judwval |, LQ,\,\:QﬁGNSE”:m. QAN Nﬁkm\&&.ﬁkmﬁN U0 PomILadY SITPNIS Y] ,\e \OLGSSSW °I 21991,

www.painphysicianjournal.com

E468



Peripheral Nerve Stimulation for Shoulder Pain

patient’s shoulder pain decreased from 8/10 to 4/10 af-
ter a 12-week treatment period, and decreased further
to 3/10 at 3-month follow-up. Passive range of motion
and motor function also improved.

In 2013, Chae et al (20) published a case series
investigating the feasibility of a percutaneous single-
lead (Rehabilicare NT2000; Empi, Inc., St. Paul, MN)
approach used to stimulate the axillary nerve via mo-
tor points in the middle and posterior deltoids for 3
weeks to treat chronic hemiplegic poststroke shoulder
pain. Eight out of 8 patients were responsive to treat-
ment with at least a 2-point pain reduction in pain
intensity scores at the end of the 3 weeks of treat-
ment. On average, there was a 70% pain reduction
at end of treatment, 61% pain reduction at 4 weeks
posttreatment, and 63% pain reduction at 12 weeks
posttreatment. At the end of 12 weeks, 6 of the 8
patients maintained a reduction in pain. The authors
compare these findings to those of their previous
investigation (16), which utilized a 4-lead system and
concludes this single-lead approach has similar effi-
cacy compared with the 4-lead system that targeted
the middle deltoid, posterior deltoid, supraspinatus,
and trapezius muscles each individually. Furthermore,
the authors propose that intramuscular nerve therapy
may be useful for nonstroke patients, stating that the
reductions seen in pain were likely not as previously
proposed and mediated by purely the reduction of
glenohumeral subluxation.The authors therefore sug-
gest that peripheral nerve stimulation may be helpful
to treat other diagnoses of shoulder pain.

Similar to the earlier described poststroke shoulder
pain treatments, in 2015, Nguyen et al (21) demon-
strated the feasibility of a single-lead, fully implant-
able peripheral nerve stimulation system for refractory
hemiplegic shoulder pain. The patient was a 77-year-
old man who developed poststroke hemiplegic shoul-
der pain shortly after his stroke, which occurred 10.8
years prior to enrollment. The patient underwent a
3-week sham period and a 3-week stimulation period
with an external stimulator (Rehabilicare NT2000; Empi,
Inc.). He experienced 37.5% pain reduction during the
sham period, and an additional 37.5% pain reduction
during active stimulation. After the successful stimula-
tion trial, an implantable pulse generator (IPG), single-
channel (Micropulse; NDI Medical, Cleveland, OH) was
implanted. By the end of the third week of stimulation
the patient was pain free. However, the patient later
suffered a myocardial infarction that was concluded to
be unrelated to the study device. During this time, the

stimulator was inactive, and his pain returned. After
reinitiation of treatment with active stimulation, the
patient’s pain once again improved through the study
period of 12 months.

In 2014, Wilson et al (22) investigated a randomized
controlled trial comparing peripheral nerve stimulation
to the usual care for pain relief of hemiplegic shoul-
der pain. Patients were randomized to receive 3-week
treatment of single-lead peripheral nerve stimulation
(n = 13) versus the usual care (n = 12). Those in the
peripheral nerve stimulation group received a single
percutaneous electrode targeting the motor points of
the middle and posterior deltoid muscle and were at-
tached to an external stimulator (Rehabilicare NT2000,
Empi, Inc.).{AU: Please confirm edits in the previous
sentence} Patients were prescribed 6 hours of stimula-
tion per day for 3 weeks. Those in the usual care group
received 8 hours of outpatient physical therapy over a
4-week period coupled with a home exercise program.
There were significantly greater reductions in pain for
the peripheral nerve stimulation group compared with
the usual care controls at both 6 and 12 weeks post-
treatment. Both groups had significant improvements
in pain interference and physically related quality of
life. In 2017, Wilson et al (23) further published on the
secondary outcomes including the effect of peripheral
nerve stimulation on shoulder biomechanics. Although
there were significant improvements in biomechanical
outcome measures, including max isometric shoulder
abduction strength, pain-free external rotation range
of motion, and Fugl-Meyer motor assessment, there
were no significant differences between the groups.

In 2018, Wilson et al (24) reported a multisite
case series studying fully implantable peripheral nerve
stimulation to treat hemiplegic shoulder pain. Some 16
of the 28 total patients had a successful 3-week blinded
sham introductory period with 2 external stimulators
(Rehabilicare NT2000; Empi, Inc. or Sprint PNS System;
SPR Therapeutics, LLC, Cleveland, OH). After the 3
weeks of stimulation, 10 of these 16 patients had no
return of pain. Six of the successful trials had return
of pain and 5 of these patients (1 patient withdrew)
were subsequently implanted with a pulse generator
(Micropulse; NDI Medical) and an electrode placed to
stimulate the axillary nerve motor points of the affected
shoulder. There were significant reductions of pain by
69.2%, 84.6%, and 69.2% at 6 months, 12 months, and
24 months, respectively. The authors also demonstrated
significant reductions in shoulder-related disability and
pain interference, while also demonstrating improve-
ments in shoulder range of motion.
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In 2018, Mehech et al (25) published a case report
detailing a 45-year-old patient with spinal cord injury
successfully treated with percutaneous peripheral nerve
stimulation of the axillary nerve with electrode target-
ing the midpoint between the 2 motor points of the
middle and posterior deltoids. After 1 week, the stimu-
lator (Sprint, formerly Smartpatch, SPR Therapeutics,
LLC) was connected to the lead and patient received
6 hours of stimulation per day for 3 weeks. There was
a subjective increase in the patient’s arm tone that
resolved. At 1 week after treatment, patient reported
his worst pain had decreased by 44%, however, this re-
turned to baseline over the 12-week follow-up period.
Pain interference decreased and remained below base-
line for the 12-week follow-up.

In 2019, Oswald et al (10) reported on a case series
of outcomes of 39 patients implanted with peripheral
nerve stimulation (StimRouter system, Bioness, Valen-
cia, CA) for mononeuropathies of various diagnoses,
predominantly poststroke shoulder pain. Overall 78%
of patients noticed an improvement in their pain, and
there was a 71% reduction in pain scores with the aver-
age score of 8 improving to 2 postimplant. The axillary
nerve was targeted in 18 patients primarily for post-
stroke shoulder pain (n = 6), and the average change in
pain was 70.1% (from 8.0/10 to 2.4/10). The suprascapu-
lar nerve was targeted in 1 patient of unknown diagno-
sis with 66.7% reduction in pain from 9.0/10 to 3.0/10.
There was also a marked improvement in activity.

Subacromial Impingement Syndrome

In 2014, Wilson et al (26) published a case series
investigating the effect of peripheral nerve stimula-
tion for chronic pain in subacromial impingement syn-
drome. A total of 10 patients with at least 6 months of
intractable shoulder pain who failed both subacromial
corticosteroid injection and physical therapy, were im-
planted with a percutaneous intramuscular electrode
(Smartpatch; SPR Therapeutics, LLC) to stimulate the
terminal branches of the axillary nerve to the middle
and posterior deltoids. Patients were treated 6 hours
a day for 3 weeks. There were significant reductions in
pain by 36.6% at the end of the 3 weeks of treatment,
and by 48.8% at week 16. The authors also demonstrat-
ed significant reductions in shoulder-related disability
and pain interference, while also reporting improve-
ments in shoulder range of motion and quality of life.

Adhesive Capsulitis
In 2014, Elahi and Reddy (27) presented a 39-year-

old woman with a complex shoulder pathology history
including 7 prior surgeries with continued refractory
chronic pain and limited mobility of her shoulder joint
secondary to adhesive shoulder capsulitis. Patient un-
derwent a suprascapular nerve block, which improved
pain, as well as a successful stimulation trial. She sub-
sequently underwent a permanent implantation of
a suprascapular nerve stimulator (compact 1X8 low
impedance 3778-75; Medtronic, Minneapolis, MN) with
improved pain and shoulder range of motion in all
planes at the 3-month follow-up period. The authors
propose that a nerve block may help select patients
who may respond to peripheral stimulation.

Chronic Intractable Shoulder Pain (C5/C6
Cervical Spondylotic Myelopathy)

In 2016, Kurt et al (28) reported a 52-year-old wom-
an with chronic intractable shoulder pain believed to
be related to her cervical spondylotic myelopathy as ev-
idenced at C5 and C6. After improvement in pain with a
peripheral suprascapular nerve block with bupivacaine
and cryoblockade, the patient underwent a successful
trial of neurostimulation with single quad lead (Pisces
Quad compact; Medtronic) targeting the suprascapular
nerve for 2 weeks. She was subsequently implanted
with a permanent IPG (Prime Advanced; Medtronic)
and experienced no pain during the 9-month follow-
up period. Of note, the authors chose to stimulate the
more distal branches of the suprascapular nerve that
run into the infraspinatus muscle.

Postoperative Analgesia Following Rotator
Cuff Repair

In 2019, lifeld et al (29) investigated the use of
ultrasound-guided percutaneous peripheral nerve
stimulation targeting the suprascapular nerve and
brachial plexus for postoperative analgesia follow-
ing ambulatory rotator cuff repair in 16 patients. This
proof of concept study suggests the feasibility of plac-
ing peripheral nerve stimulation leads targeting the
brachial plexus, although this modality may not provide
as potent analgesia as local anesthetic-based peripheral
nerve blocks. In this study, the first 2 leads (MicroLead;
SPR Therapeutics, LLC) implanted at the suprascapular
notch did not appear to provide analgesia (n = 2), and
thus subsequent leads (n = 14) were inserted through
the middle scalene muscle and placed to target either
the brachial plexus roots or trunks. For the last 2 pa-
tients a multicomponent implantation system (OnePass;
SPR Therapeutics, LLC) was used. Postoperatively pa-
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Table 2. Qualified modified approach to grading of evidence.

2 or more relevant high quality RCTs for effectiveness, or 4 or more relevant high quality observational studies or

effectiveness of other measures.

Level I Stron, . . .
g large case series for assessment of preventive measures, adverse, consequences, and effectiveness of other measures.
At least 1 relevant high quality RCT or multiple relevant moderate or low quality RCTs, or at least 2 high quality
Level I | Moderate | relevant observational studies or large case series for assessment of preventive measures, adverse consequences, and

Level III | Fair

At least 1 relevant high quality nonrandomized trial or observational study with multiple moderate or low quality
observation studies, or at least one high quality relevant observation study or large case series for assessment of
preventative measures, adverse consequences, effectiveness of other measures.

Multiple moderate or low quality relevant observational studies, or moderate quality observation studies or large

Level IV | Limited - . .
case series for assessment of preventative measures, adverse consequences, and effectiveness of other measures.
Level V Consensus | Opinion or consensus of a large group of clinicians for effectiveness as well as to assess preventive measures,
eve based adverse consequences, effectiveness of other measures, or single case reports.

Table 3. Peripheral nerve stimulation evidence for shoulder pain based on studies reviewed.

Diagnosis (Etiol‘ogy of Axillary Nerve Suprascapular Intl'arfmscular ) Brachial Plexus
Shoulder Pain) Nerve Implantation (Deltoid) Roots or Trunks
Hemiplegic Post Stroke IV (192110 X I1-I11 (72022249 X
Hemiplegic Post Spinal Cord Injury X X V@ b
Subacromial Impingement X X Iv @ X
Adhesive Capsulitis X ven X X
C5/C6 Cervical Spondylotic Myelopathy X Vv @8 X X
Postoperative Rotator Cuff Repair X X X IV @
Primary Osteoarthritis A X X X
Other Chronic Musculoskeletal IV 6D X X X

*4 individual leads implanted into supraspinatus, posterior deltoid, middle deltoid, and upper trapezius

tients received 5 minutes of either stimulation or sham
randomized with 5 minutes crossover period. After-
ward, continuous stimulation was delivered until lead
removal occurred at postoperative days 14 through 28.
The authors conclude that peripheral nerve stimulation
implanted within 1 week of surgery may provide an-
algesia and decrease opioid requirements in the days
following rotator cuff repair, and therefore warrants
further randomized clinical trials.

Primary Shoulder Osteoarthritis

In 2020, Mansfield and Desai (30) published a case
reportdescribing the use of peripheral nerve stimulation
for primary osteoarthritis. This patient was a 91-year-
old man with advanced end-stage osteoarthritis who
was not a candidate for surgical management. Second-
ary to patient preference for a temporary device, the
axillary nerve was implanted with a 60-day single-lead
peripheral nerve stimulation implant (Sprint, SPR Ther-
apeutics, LLC). The patient reported a greater than 70%
shoulder pain reduction that was sustained throughout

the therapy. On removal of the temporary lead, the
pain returned to preprocedure severity within several
weeks. The patient was then implanted with a perma-
nent single-lead implant (Bioness) along the course of
the axillary nerve within the quadrangular space. The
stimulation parameters included an alternating cycle of
sensory and motor stimulation. The patient once again
began to experience a greater than 70% pain reduction
of the symptomatic shoulder through the study period
of 8 months. The authors conclude that peripheral
nerve stimulation may be effective for the treatment of
shoulder arthritis and should be considered in cases in
which surgical management is not an option.

Chronic Shoulder Pain of Different
Musculoskeletal Diagnoses

In 2020, Mansfield and Desai (31) further pub-
lished a retrospective case series investigating the use
of peripheral nerve stimulation (StimRouter system;
Bioness) on the axillary nerve to treat 8 patients with
varying diagnoses of chronic shoulder pain. The pa-
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tients had greater than 6 months of pain secondary
to either subacromial impingement syndrome, rotator
cuff pathology, glenohumeral joint arthritis, acromio-
clavicular joint arthritis, adhesive capsulitis, or biceps
tendinopathy. Patients with poststroke shoulder pain
were excluded. Seven of the 8 patients were respond-
ers with pain reduction greater than 50%, and there
was an overall 67% decrease in pain scores (8.14/10 to
2.71/10). Of note, all 5 patients who were previously
prescribed opioids to treat their shoulder pain reported
a decrease in opioid use after peripheral nerve stimula-
tor implantation with an average decrease of 88%. The
authors conclude this retrospective case series proves
level 1V evidence supporting the use of axillary periph-
eral nerve stimulation therapy for the management of
chronic shoulder pain.

Discussion

Through our literature search, we found the major-
ity of studies investigating peripheral nerve stimulation
for the management of shoulder pain were either case
series or case reports. When reviewing the available
literature, it is crucial to define the overall level of
evidence a study provides before the research conclu-
sions can be adopted to clinical practice. Manchikanti
et al (32) has developed an interventional specific pain
management instrument used in assessing the method-
ologic quality of trials (Table 2). Traditionally, random-
ized controlled trials are generally considered to be
superior evidence than studies without randomization
and without controls. The lowest levels of evidence are
obtained from observational-based clinical experience
or reports of expert committees. This qualified modi-
fied approach to grading of evidence allows us to put
the totality of evidence into perspective (Table 3). {AU:
Please add Methods and Results headings in the text
where appropriate}

The greatest evidence available in support for pe-
ripheral nerve stimulation of the shoulder is for treating
hemiplegic stroke pain. This evidence includes a total
of 2 randomized controlled trials. The first randomized
controlled trial by Chae et al (17) concludes that pe-
ripheral nerve stimulation targeting the supraspinatus,
posterior deltoid, middle deltoid, and upper trapezius
had a statistically significant pain improvement in
poststroke patients with both subluxation and shoul-
der pain when compared with the control group that
used a hemisling. Later, a secondary analysis confirmed
that electrical stimulation was significantly effective in
reducing poststroke shoulder pain in those with less

than 77 weeks of stroke onset. However, those with
time from stroke onset greater than 77 weeks showed
no difference when compared with the control group
(18). This highlights the possible importance of patient
selection prior to intervention and supports earlier in-
tervention may improve outcomes.

The second randomized controlled trial investigat-
ing peripheral nerve stimulation for hemiplegic shoul-
der pain was published by Wilson et al (22) in 2014,
and also demonstrates a significantly greater reduction
in pain for the peripheral nerve stimulation group
when compared with the control group that received
the usual standard of care, which included physical
therapy. The authors conclude that 3 weeks of electri-
cal stimulation treatment delivered through a single
percutaneous lead targeting the deltoid muscle proves
to significantly reduce pain in the studied hemiplegic
stroke population. Although both these randomized
controlled studies did compare to the usual treatment
of either hemisling or physical therapy, respectively, the
actual implantation and use of the peripheral nerve
stimulation was not blinded to the patient, and thus
the outcomes are unable to correct for any such pla-
cebo effect. Furthermore, both of these studies were
relatively small populations that received the treatment
intervention with only 32 and 13 patients, respectively.

In addition, regarding the Wilson et al (22) trial,
some patients received physical therapy along with the
peripheral nerve stimulation. The authors suggest that
their intention-to-treat analysis provides confidence
that a difference in pain reduction between peripheral
nerve stimulation and usual care does exist, even though
the confidence interval was large due to imprecision in
the estimate of the differences between the groups
due to variability in the data, the sample size, and miss-
ing data. Overall, these 2 randomized controlled trials
along with the other published cases provide fair to
moderate, level Ill to Il, evidence for peripheral nerve
stimulation for the treatment of hemiplegic poststroke
shoulder pain.

Regarding the other diagnoses of shoulder there is
overall limited quality of evidence. A proof of concept
study by llfeld et al (29) attempted to provide a ran-
domized, sham-controlled, crossover design investigat-
ing peripheral nerve stimulation for postoperative an-
algesia following ambulatory rotator cuff repair. These
patients differ from the usual peripheral nerve stimu-
lation patient population, which includes the chronic
pain patient. Furthermore, the authors conclude that
the 5-minute treatment group sham and crossover de-
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sign provided little interpretable data. First, they used
only 5 minutes of sham to minimize any potential time
without adequate pain control. However, these 5 min-
utes were not likely long enough to make claims on the
effectiveness of the active stimulation, as other studies
suggest up to 1 hour may be needed to reach full ef-
fect. Second, the patients who received stimulation for
the first 5 minutes were not allowed for an adequate
washout phase, and thus the carryover effect of the
peripheral nerve stimulation could affect the analgesia
through the sham period.

Similarly, the other reviewed case series and
reports lack comparative groups to show whether
peripheral nerve stimulation is indeed better than
placebo or the usual care interventions. Although the
best quality data suggests fair to moderate evidence
in favor of peripheral nerve stimulation for treatment
of hemiplegic shoulder pain, regarding multiple other
diagnoses, given this limited data, the exact magnitude
of peripheral nerve stimulation efficacy is difficult to be
completely determined.

Peripheral nerve stimulation is feasible for the
management of shoulder pain. With the use of ultra-
sound guidance, the nerves can be located precisely,
and the electrodes are deployed safely at the most
effective locations for peripheral nerve stimulation.
Neurovascular structures are readily identified thus
enhancing the safety when placing stimulators in their
vicinity. There were no significant adverse events in the
published literature reviewed, and there are no current
reports of significant neurovascular compromise with
newer peripheral nerve stimulation devices. The axil-
lary and suprascapular nerves are the primary targets
for peripheral nerve stimulation of the shoulder, as well
as intramuscular deltoid placement. There are reports
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