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Practise points

• Ov er 100 million adults in U SA ex perience chronic pain yet current treatment options are limited.
• Peripheral nerv e stimulation, possib ly through the release of in!ammatory neurotransmitters and endorphins

directly inv olv ed in the pain pathw ay, show s potential in increasing pain threshold for certain populations.
• Ou r 39- patient case series supports the use of neuromodulation treatment for mononeuropathy through

improv ement in v isual analog scale pain scores and a decrease in opiate use and improv ement in daily function.
• Further studies are necessary to support our conclusion that peripheral nerv e stimulation may b e a v iab le

treatment option for focal mononeuropathy.

A i m : T hiscase series look s at outcomes in 3 9 patients implanted using the B ioness Stimrouter system on
va rious isolated mononeuropathies. P a t i ent s & m et h o d s: A case series of 3 9 patients w ith a total of 4 2
implants w ere enrolled starting A ugust 2 0 1 7 at v arious pain management centers. Resu l t s: O f 3 9 patients
studied, 7 8 % of the participants noticed an improv ement in their pain. T here w as a 7 1 % reduction in
pain scores w ith the av erage preprocedure score of 8 improv ing to 2 post- implant. Participants noted on
ave rage a 7 2 % improv ement in activi ty w ith the greatest ob serv ed in the b rachial plex us ( 8 0 %) and supras-
capular nerve ( 8 0 %) and smallest in the intercostal nerv e ( 4 0 %) . A pprox imately 8 9 % of those implanted
w ith a peripheral nerve stimulator exp erienced a greater than 5 0 % reduction in opioid consumption. C o n-
cl u si o n: Peripheral nerve stimulators are a new , minimally inv asiv e neuromodulation modality that show s
promising early results in our 3 9 - patient case series.

First draft sub mitted: 2 3 J uly 2 0 1 9 ; A ccepted for pub lication: 2 3 Septemb er 2 0 1 9 ; Pub lished online:
5 Nove mb er 2 0 1 9

K eyw o rd s: case series  chronic pain  focal mononeuropathy  opioids  peripheral nerve stimulation

Approximately 10% of the U S population experiences chronic neuropathic pain [ 1] . Despite its widespread preva-
lence, nerve pain remains difficult to treat. Current conservative treatments with anticonvulsants, capsaicin and
antidepressants are marginally effective with less than 50% of the population experiencing a greater than 50%
reduction in pain [ 2] . Short courses of opioids are effective in treating neuropathy and neuralgia in the intermediate
treatment period (8 days to 8 weeks) but its long-term efficacy is unknown [ 3] . Long-standing use of opioids for
chronic pain is associated with hyperalgesia [ 4,5] , increased tolerance [ 6] and increased addiction potential [ 7] . With
the push to move away from prescribing opiate therapy for chronic pain, researchers are developing alternative
nonopioid modalities.

The emerging field of neuromodulation has been successful in treating neuropathic pain [ 8–10] . Neuropathy
remains a common indication to place a spinal cord [ 11] or dorsal root ganglion (DRG) stimulator [ 8] . Peripheral
nerve stimulation (PNS), first described in 1967 [ 12] , has a similar mechanism of action to traditional spinal cord
stimulation (SCS). It is theorized that overactivation of large sensory afferent nerve fibers decrease transmission
of painful stimuli [ 13] . Despite evidence supporting PNS’s efficacy in treating neuropathic pain [ 14–18] , traditional
SCS has been a more popular treatment modality. Other proposed mechanisms utilize the Frankenhauser–Huxley
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T ab le 1 . I mplant facility and total numb er of implants.
I m p l a nt fa ci l i t y N u m b er o f i m p l a nt s

Stanford 8

J ohns H opk ins H ealth System 1

K erlan– J ob e O rthopaedic Clinic 2

O k lahoma H eath 1

T he Surgical Center of Connecticut 8

Duk e Pain M edicine 2

Spine I nstitute Northw est 3

T he Premier Surgical Center New J ersey 1

Surgery Center Camelb ack 1

H olyCross 1

Surgery Center of Des M oines – East 1

Potomac V iew Surgery Center 1

B righam and W omen’ s H ospital 2

V CU  V irginia Commonw ealth U niv ersity H ealth System 1

M ount Sinai 1

U niv ersity of M ichigan 1

A lliance Surgery Center 1

Emory A cute Surgery Center 2

model suggesting the therapeutic mechanism of action is the association between the activation of potassium and
inactivation of sodium channels involved in neuronal conduction block [ 19] .

U p until recently, PNS implantation required surgical dissection with the direct placement of a multi-contact
electrode (paddle) along or immediately adj acent to the nerve [ 20] . The open surgery was complicated by iatrogenic
nerve inj ury [ 21,22] and a greater than 85% revision rate [ 23] . In 1999, Weiner et al. published favorable results
of a percutaneously implanted PNS system for treatment of occipital neuralgia [ 24] . Subsequent work continued
to support PNS percutaneous implantation as a safe and efficacious treatment for craniofacial [ 18] and extremity
neuropathic pain [ 25] . One observed limitation with the first PNS devices was the size of the implantable pulse
generator (IPG). It was difficult to find a peripheral pocket large enough for implantation and installation on the
trunk requiring a long tunneling course.

Subsequently, a new peripheral nerve stimulator was designed for percutaneous placement with an external IPG.
In their manuscript, Deer et al. describes a PNS system that is subcutaneously implanted with either fl uoroscopy
or ultrasound that uses a three-electrode contact with a four-pronged anchoring system. The device is powered and
controlled by an external pulse generator that is mounted with adhesives to the skin adj acent to the PNS [ 26] . In his
prospective, multicenter, randomized, double-blind, partial crossover study of 94 patients, Deer et al. demonstrated
improvement of neuropathic pain pre- and postimplant of the novel PNS device [ 26] .

With this new minimally invasive, percutaneous implantation technique, it seems logical to consider a potentially
less invasive, peripheral neuromodulation device that directly targets the affected nerve. Since the published study by
Deer et al., there has been a shortage of recent evidence on the validation of PNS on treating focal mononeuropathy.
The purpose of this study is to show the results from a 39-patient case series using a peripheral nerve stimulator
in treating mononeuropathy. To our knowledge, this is one of the first studies of its kind describing the exact
nerve location of a PNS implantation with an external pulse generator and its efficacy as well as length of time the
disposable user patch was applied.

P a t i ent s & m et h o d s
A case series of 39 patients with a total of 42 implants were enrolled in a Bioness postimplant survey study starting
in August 2017 at various pain management centers in U SA. The centers that participated in the study are provided
in Table 1, the nerve location, technique, number of implants and target nerve are provided in Table 2. There
was a total of 39 participants and 42 PNS evaluated. One participant had a bilateral tibial nerve implant and two
subj ects had two PNS implanted on different nerves. Not all participants answered every question on the survey
(see n-values on charts for responders). Patients were surveyed by Bioness before and approximately 3–6 months
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T ab le 2 . Summary of methodological parameters.
I m p l a nt ed nerv e I nd i ca t i o n N u m b er o f

resp o nd ers
D i a g no st i c b l o ck p ri o r
t o i m p l a nt  t o t a l
resp o nd ers

S ed a t i o n u sed I m a g i ng t ech ni q u e S i ng l e- o r d u a l - i nci si o n
cl o su re

A x illary Poststrok e shoulder
pain ( 6  1 3 )

1 3 2  5 M A C w ith local ( 6  6 ) U S: 6 ; Fluoroscopy
and U S: 1 ; U nk now n:
5

Dual: 8 ; U nk now n: 5

G enital femoral G enital femoral
neuralgia

1 1  1 U nk now n U S and paresthesia Dual

I ntercostal U nk now n 1 1  1 M A C U S Dual

I lioinguinal U nk now n 1 1  1 U nk now n U S and paresthesia Dual

L ateral femoral
cutaneous

U nk now n 3 2  3 U nk now n U S and paresthesia: 2
U nk now n: 1

Dual: 2 ; U nk now n: 1

Peroneal U nk now n 2 1  2 M A C: 1 ; U nk now n: 1 U S: 1 ; U nk now n 1 Dual: 1 ; U nk now n: 1

I ntercostal U nk now n 1 0  1 G eneral U S Dual

Saphenous U nk now n 2 1  2 L ocal: 1 ; M A C: 1 U S: 2 Dual

Suprascapular U nk now n 1 1  1 U nk now n Paresthesia and U S Dual

Sural U nk now n 1 1  1 U nk now n Paresthesia and U S Dual

T ib ial U nk now n 5 4  4 L ocal: 3 ; U nk now n: 2 Paresthesia and U S: 2
U S: 3

Dual: 5

MAC: Monitored anesthesia care; U S: U ltrasound.

after device implantation. A total of 54% of the patients surveyed were female and 46% were male. Data obtained
from survey were analyzed and presented in this paper.

All patients who received a Bioness StimRouter PNS were included in the study with no exclusions. Indication
for implantation was chronic mononeuropathic pain. Many of the patients in our survey failed conventional SCS,
DRG and nerve ablative procedures. Due to our inability to present each individual technique used for each
target nerve (>17 peripheral nerves targeted with Bioness Stimrouter), we have attempted to summarize the key
elements of the procedural technique in Table 2 for the nerves targeted in our study. We recommend providers
consult Bioness with regard to recommendations on specific techniques and reference guides for more detailed
methodology. The maj ority of patients in our study received a preprocedure test block along the suspected nerve
with a greater than 50% reduction in pain. Most peripheral nerves were accessed using ultrasound using an in-plane
technique (Table 2). Implants were performed using light sedation and or local anesthetic. After placement and
before implantation, the device was stimulated at least three-times between 0.5 and 1.5 mA, and patient feedback
was obtained to ensure the detected paresthesia mapped the distribution of pain. A dual incision technique was
performed to secure and permanently bury the lead. All implants were adj usted using the following ranges, intensity:
1–30 mA; frequency: 0–200 Hz; phase duration: 70–500 ms. Adverse events were not directly evaluated in this
study but no serious events including infection and lead migration were reported. Bioness had obtained patient
consents for all survey participants in all of the centers as part of standard of care.

Resu l t s
Summary of patient demographic
The study demographic mainly consisted of U S patients in pain centers nationally that participated in a postimplant
survey without any exclusion criteria. The minimum age of implantation was 18, with 54% of study subj ects being
females and 46% of study subj ects being males. The average age of female patients was 59, and the average age of
the male patient was 61. There were 24 different peripheral nerve locations that were involved in our study, and
all subj ects were asked the same postimplant questions with regard to change in visual analog scale (VAS) score,
activity and postoperative opioid consumption.

Changes in V A S score
The average percent reduction of VAS pain scores ranged from 29 to 100% , differing by the peripheral nerve
stimulated. The average VAS prior to implantation was 8 compared with 2 after PNS implantation with a noted
reduction of 71% (see Table 3). The greatest reduction in pain scores were seen in the lateral femoral cutaneous
nerve with preimplant pain scores improving from an average of 8 to 0 (100% reduction in pain score) post

future science group 10.2217/pmt-2019-0028
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T ab le 3 . A ve rage change in vi sual analog scale score b y peripheral nerv e stimulated.
L o ca t i o n N V i su a l a na l o g sca l e p ri o r t o

i m p l a nt
V i su a l a na l o g sca l e a ft er
i m p l a nt

C h a ng e ( % )

T otal 3 9 8 . 2 2 . 4 7 0 . 8

L ateral femoral cutaneous 3 8 . 3 0 . 0 1 0 0 . 0

G enitofemoral 1 1 0 . 0 1 . 0 9 0 . 0

I lioinguinal 1 1 0 . 0 1 . 0 9 0 . 0

Sural 1 8 . 0 2 . 0 7 5 . 0

Peroneal 3 9 . 0 2 . 3 7 4 . 1

A x illary nerv e 1 8 8 . 0 2 . 4 7 0 . 1

Suprascapular 1 9 . 0 3 . 0 6 6 . 7

Saphenous 3 7 . 7 2 . 7 6 5 . 2

T ib ial 5 7 . 8 2 . 6 6 6 . 7

B rachial plex us 2 9 . 5 4 . 5 5 2 . 6

I ntercostal 1 7 . 0 5 . 0 2 8 . 6

T ab le 4 . Percent improve ment in activi ty b y peripheral nerv e stimulated.
N erv e l o ca t i o n n I m p ro v em ent i n a ct i v i t y ( % )

T otal 2 7 7 2 . 0

A x illary 1 4 7 3 . 5

B rachial plex us 1 8 0 . 0

G enitofemoral 1 7 5 . 0

I lioinguinal 1 7 5 . 0

I ntercostal 1 4 0 . 0

L ateral femoral cutaneous 2 7 0 . 0

Peroneal 2 7 5 . 0

Suprascapular 1 8 0 . 0

Sural 1 6 0 . 0

T ib ial 3 7 3 . 3

implantation. The smallest pain score improvement (29% ) was seen when PNS was implanted into the intercostal
nerve with (n = 1).

Effect on activ ity
Data from all 27 participants who responded to the survey referring to improvement in activity stratified by the
peripheral nerve involved are indicated in Table 4. Participants were asked to estimate their percent improvement
in activity. All (100% ) of the questionnaire responders noted improvement in activity with the quantification of
their improvement ranging from 40 to 80% . Participants noted on average a 72% improvement in activity with
the greatest noted in the brachial plexus (80% ) and suprascapular nerve (80% ) and smallest in the intercostal nerve
(40% ).

Table 5 indicates the duration in days the external pulse transmitter and disposable patch were applied prior to
replacement. From the 34 total responders, the PNS was turned on 6.0 days per week requiring patch replacement
every 5.2 days. Most of the data were available for responders with an axillary PNS who indicated using the PNS
on average of 6.2 days per week requiring patch replacement every 4.4 days.

Effect of opioid consumption
Approximately 65% of the participants (11 of the 34 responders) were on opiates prior to PNS implantation. After
implantation, participants noted an average reduction in opioid use by 68% . Figure 1 demonstrates that 89% of
those implanted with a peripheral nerve stimulator observed a greater than 50% reduction in opioid consumption.

10.2217/pmt-2019-0028 PainManag. ( E pub a h ea d of print) future science group
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T ab le 5 . Duration in days of ext ernal pulse transmitter and disposab le patch application prior to replacement w ith new
patch b y peripheral nerve stimulated.
N erv e l o ca t i o n n A v era g e d a y s P t u sed d ev i ce F req u ency o f d i sp o sa b l e p a t ch

rep l a cem ent ( i n d a y s)

T otal 3 4 6 . 0 5 . 2

A x illary 1 6 6 . 2 4 . 4

B rachial plex us 2 5 . 3 2

G enitofemoral 1 7 3

I lioinguinal 1 7 7

I ntercostal 1 7 7

L ateral femoral cutaneous 3 7 7

Saphenous 1 7 7

Peroneal 2 7 7

Suprascapular 1 4 . 5 4 . 5

Sural 1 2 . 5 2 . 5

T ib ial 5 5 . 9 6

Pt: Patient.

R
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od

 r
ed
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n 
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100

90

80

70
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50

40

30

20
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0
Post-implant

0.1%

Pre-implant

89%

F i g u re 1. Pe rcent o f p a t i ent s rep o rt i ng g rea t er t h a n 5 0 % o p i o i d red u ct i o n p o st - i m p l a nt .

D i scu ssi o n
Chronic pain currently impacts more than 100 million adults in U SA [ 27–29] . It is estimated that approximately
10% of the U S population experiences chronic neuropathic pain [ 1] . Traditional SCS has been a good treatment
option for neuropathic pain but its ability to target specific focal regions is difficult.

The pathophysiology of pain and the mechanism behind neuromodulation is complex. Peripheral nociceptive
pain is mediated by the small free nerve endings of Aδ and C fibers. U pon painful stimulation, these small
nerves transmit signals to the interneurons of gray matter on the dorsal horn and stimulate second-order neurons
to send pain signals to the brain. U pon chronic painful stimulation, nociceptors mediate pain transmission via
release of infl ammatory neuropeptides (substance P, calcitonin gene-related peptide) at the dorsal horn, stimulating
infl ammatory cascades that magnify pain responses [ 30] .

Several mechanisms of action for PNS have been proposed, it has been suggested that PNS works via both the
Gate Control Theory and via inhibition of neurogenic infl ammation [ 31,32] . The Gate Control Theory was first

future science group 10.2217/pmt-2019-0028
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described in 1965 by Malzack and Wall and provides the foundation for current understanding of the therapeutic
mechanism behind SCS. Through direct nonpainful orthodromic stimulation by PNS of non-nociceptive Aβ fibers,
the dorsal horn interneurons are activated and inhibit the transmission of pain signals from the nociceptive Aδ and
C fibers [ 13,31,33] .

It has been postulated that PNS modulates the release of infl ammatory neurotransmitters and endorphins
directly involved in the pain pathway [ 31] . Nerve fiber damage during peripheral nerve inj ury leads to firing and
transmission of ectopic discharges through low-threshold Aβ and high-threshold Aδ and C fibers [ 31] . Studies
performed in healthy human volunteers have seen increased pain thresholds in patients undergoing PNS likely
attributed to modifications of local infl ammatory mediators.

Our case series suggest PNS is effective in controlling pain. Approximately 56% of the participants received
upper extremity peripheral nerve stimulators. These regions have historically been considered at higher risk and
technically difficult to target with traditional dorsal column SCS. Early PNS symptoms required open surgical
implantation and were associated with high levels of iatrogenic nerve [ 21,22] inj ury and lead migration [ 23] . The new
PNS system as described previously by Deer et al. in his large randomized controlled trial (RCT) study, observed
zero device-related severe adverse events and a response rate of 38% [ 26] . For isolated peripheral mononeuropathies,
early evidence suggests peripheral nerve stimulators are less invasive, safer and more effective than traditional SCS.
Our results showed that 100% of the patients noted an improvement in their activity and an average VAS reduction
score of 71% . Adverse events were not directly evaluated in this study but none were reported to the manufacturer.
In contrast, the severe device-related complications for dorsal column SCS or DRG is 18% in refractory neuropathic
back and leg pain [ 34] , 11.1% in patients with recurrent radicular pain undergoing SCS after lumbosacral spine
surgery [ 35] and 14% in newer studies on SCS in failed back surgery syndrome [ 36] compared with 0% severe
device-related complications as seen in Deer et al. study.

Our data confirm findings seen in Deer et al. with overall improvement in self-reported pain scores and increase
in functional activity in patients receiving PNS [ 26] . Notable was a self-reported reduction of opiates by 68% .
Additionally, 89% of those implanted with a peripheral nerve stimulator observed a greater than 50% reduction
in opioid consumption. As dependence and tolerance to prescription opioid medication continues to rise with
increase in morbidity and mortality secondary to opioid use [ 27,37,38] , PNS offers one treatment modality for
patients refractory to medical management who continue to suffer from chronic neuropathic pain of peripheral
origin.

All (100% ) of the questionnaire responders noted improvement in activity with an average of 72% improvement,
the greatest being among patients with axillary nerve implantation. The axillary nerve is commonly affected in
patients with poststroke shoulder pain. The sensory and motor fibers of the axillary nerve are stimulated as it
exits the quadrangular space. The motor portion can be stimulated to reduce subluxation and improve functional
activity. Though more randomized controlled trials with PNS are necessary to reaffirm findings seen in our study,
the use of PNS may lead to improvement in activity and ultimately quality of life. Studies have shown that chronic
pain leads to significant debilitation and depression [ 39–41] . Thus, PNS may not only help alleviate pain but also
provide significant improvement in an individual’s overall wellbeing.

With PNS, it is difficult to decide where to place the IPG. If implanting an upper extremity or distal nerve,
implantation will have long tunneled leads. The system evaluated in our case series used an IPG secured with
adhesive table superficial to the lead’s contact points. On average, patients changed their patch every 5 days. From
our data, it appears that the more proximal peripheral nerves required more frequent IPG changes while the more
distal nerves were changed less frequently. On average, patients used their device 6 out of 7 days of the week.
Sustained relief experienced longer than the devices’ use is an expected outcome with peripheral neuromodulation.

Our study is limited by its retrospective nature and small sample size making it difficult to draw definitive
conclusions. This is a self-reported survey collected by Bioness that is subj ect to participant response and collection
bias. The follow-up time period was limited to 6 months, conclusions on long-term efficacy are unable to be drawn.
While we attempted to obtain data from multiple centers, for unclear reasons some locations contributed more to
the dataset than others. The data were raw and independently analyzed with no infl uence by the manufacturer.
Adverse events and lead migration was not measured. This is one of the first studies describing the exact nerve
location of a PNS implantation and its efficacy. Finch et al. published a double-blind crossover trial of 11 PNS
patients showing decreased pain response in patients undergoing PNS [ 25,42] . Our study adds to the literature and
supports the conclusions published by Finch et al. Further randomized control studies with long-term follow-up
are needed to confirm the utility of PNS in alleviating chronic pain.

10.2217/pmt-2019-0028 PainManag. ( E pub a h ea d of print) future science group
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Early results support the use of PNS as a neuromodulation treatment for mononeuropathy. Our patients
experienced improvement in VAS pain scores, reported a decrease in opiate use and improvement in daily function,
suggesting that this may be a very viable treatment option for focal mononeuropathy.
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STIMROUTER PATIENT SURVEY RESULTS

FOR MORE INFORMATION ABOUT STIMROUTER OR TO SPEAK WITH 
OUR LOCAL STIMROUTER REPRESENTATIVE, CALL 800.211.9136.

StimRouter patients continue using their device because it helps them significantly reduce their pain,
become more active, and get back parts of their lives that they feared they had lost. In their own words:

 Awesome product that provides a non narcotic solution 

 I wish I had gotten it sooner 

 The StimRouter has significantly reduced pain in my paralyzed arm and helped return some function 

 I love my StimRouter device! 

 Because of the StimRouter, I got my life back!

StimRouter , Bioness and the Bioness Logo  are trademarks of Bioness Inc. | www.bioness.com | Rx Only
©2019 Bioness Inc. 03157

Individual results vary. Patients are advised to consult with a qualified physician to determine
if this product is right for them.

Important Safety Information and Risks: For Indications for Use, Contraindications, Warnings,
Adverse Reactions, Precautions and other safety information please refer to www.stimrouter.com/risks
(also available in the StimRouter Clinician s Guide).

As the market leader in Peripheral Nerve Stimulation, Bioness
is the only company to survey our own implanted patients to learn
about the performance of our chronic pain solution. Through better
understanding how patients use the StimRouter each day, we can learn
from them how to improve our products and support materials. As part
of our continuous improvement effort, the StimRouter Team surveyed
nearly 500 patients about their experience with StimRouter. 133 patients
responded representing 17 different nerves. Here is what they had to say
about how the StimRouter helps them manage their chronic pain:

88% of patients surveyed report actively using their StimRouter to treat their chronic pain

79% of patients who have had their StimRouter for one year or longer still actively use their device

76% of patients surveyed reported that they are satisfied with their device, and almost 40%
reported that they are extremely satisfied

A majority of patients surveyed reported that their activity level increased by at least 50% after
receiving their StimRouter

9

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   9 12/13/19   2:33 PM



03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   10 12/13/19   2:33 PM



11

�
	�

	�
�
�
�
��
�
��

	�
��
�
	�

	�
��

��
�
�
��
	�

�

�
�&

��
��

�

#
#
#
��
� 

!�
��

��
 �

�!
�!
��
� 

��
��

C
hr

on
ic

ne
ur

op
at

hi
c

pa
in

of
th

e
lo

w
er

ex
tr

em
it

y
(L

E)
ca

n
be

ch
al

le
ng

in
g

to
tr

ea
t.

B
ey

on
d

ph
ys

ic
al

th
er

ap
y,

ne
rv

e
bl

oc
ks

,
an

d
m

ed
ic

at
io

n
m

an
ag

em
en

t,
sp

in
al

co
rd

st
im

ul
at

io
n

ha
s

be
en

fr
eq

ue
nt

ly
ut

il
iz

ed
w

it
h

in
co

ns
is

te
nt

re
su

lt
s,

pa
rt

ic
ul

ar
ly

w
he

n
ta

rg
et

in
g

th
e

so
le

of
th

e
fo

ot
.

D
or

sa
l

ro
ot

ga
ng

li
on

(D
R

G
)

st
im

ul
at

io
n

w
as

in
tr

od
uc

ed
in

20
16

as
a

vi
ab

le
al

te
rn

at
iv

e
to

ta
rg

et
le

g
pa

in
;

ho
w

ev
er

,
th

e
pr

oc
ed

ur
e

in
vo

lv
es

co
m

pl
ex

ne
ur

ax
ia

l
in

te
rv

en
ti

on
.

A
dv

an
ce

s
in

pe
ri

ph
er

al
ne

rv
e

st
im

ul
at

io
n

(P
N

S)
ad

dr
es

se
s

th
e

ch
al

le
ng

es
in

tr
ea

ti
ng

ch
ro

ni
c

LE
pa

in
co

nd
it

io
ns

in
ad

eq
ua

te
ly

tr
ea

te
d

w
it

h
SC

S
an

d
D

R
G

st
im

ul
at

io
n.

T
he

B
io

ne
ss

St
im

Ro
ut

er
PN

S
Sy

st
em

is
in

di
ca

te
d

fo
r

ch
ro

ni
c

pa
in

of
pe

ri
ph

er
al

ne
rv

e
or

ig
in

in
th

e
up

pe
r

ex
tr

em
it

y,
tr

un
k,

an
d

LE
.

T
he

sy
st

em
al

lo
w

s
pl

ac
em

en
t

of
a

co
m

pa
ct

,
fl

ex
ib

le
pe

rc
ut

an
eo

us
le

ad
on

th
e

ta
rg

et
pe

ri
ph

er
al

ne
rv

e
gu

id
ed

by
ul

tr
as

ou
nd

,
fl

uo
ro

sc
op

y
or

su
rf

ac
e

an
at

om
y.

T
he

pr
oc

ed
ur

e
is

ge
ne

ra
ll

y
pe

rf
or

m
ed

in
30

-m
in

ut
es

or
le

ss
.

N
o

ex
is

ti
ng

li
te

ra
tu

re
co

ul
d

be
fo

un
d

co
m

pa
ri

ng
PN

S
to

ot
he

r
fo

rm
s

of
ne

ur
om

od
ul

at
io

n
in

tr
ea

tm
en

t
of

ch
ro

ni
c

LE
pa

in
.

��
��
��

�

���

�
�
��

�

��

Th
er

e
w

as
an

av
er

ag
e

re
sp

on
de

r
ra

te
of

67
%

fo
r

lo
w

er
ex

tr
em

it
y

pa
in

us
in

g
po

ol
ed

da
ta

fo
r

th
e

sa
ph

en
ou

s,
pe

ro
ne

al
,

an
d

ti
bi

al
ne

rv
es

.
Th

e
av

er
ag

e
pa

in
re

du
ct

io
n

in
re

sp
on

de
rs

w
as

62
%,

w
it

h
an

av
er

ag
e

im
pl

an
t

du
ra

ti
on

of
0.

9
ye

ar
s.

Sa
ph

en
ou

s
ne

rv
e

st
im

ul
at

io
n

ex
hi

bi
te

d
th

e
hi

gh
es

t
re

sp
on

de
r

ra
te

(7
3%

),
w

he
re

58
%

of
pa

ti
en

ts
su

ff
er

ed
fr

om
pe

rs
is

te
nt

po
st

-
su

rg
ic

al
pa

in
s/

p
TK

A.
94

%
of

pa
ti

en
ts

w
ho

w
er

e
ta

ki
ng

pr
es

cr
ip

ti
on

op
io

id
s

pr
io

r
to

th
ei

r
PN

S
im

pl
an

t
re

po
rt

ed
op

io
id

sp
ar

in
g

ef
fe

ct
s

po
st

-i
m

pl
an

t.
47

%
of

pa
ti

en
ts

w
ho

w
er

e
ta

ki
ng

pr
es

cr
ip

ti
on

op
io

id
pa

in
m

ed
ic

at
io

n
pr

io
r

to
im

pl
an

t
re

po
rt

ed
at

le
as

t
a

50
%

re
du

ct
io

n
in

th
ei

r
op

io
id

us
e.

Av
er

ag
e

pr
oc

ed
ur

e
ti

m
e

ac
ro

ss
al

l
im

pl
an

t
lo

ca
ti

on
s

w
as

32
m

in
ut

es
.

O
f

no
te

,
in

a
la

rg
er

m
ul

ti
ce

nt
er

,
RC

T
by

De
er

et
al

*
th

er
e

w
er

e
no

re
po

rt
ed

se
ri

ou
s

ad
ve

rs
e

ev
en

ts
,

in
fe

ct
io

ns
,

or
le

ad
m

ig
ra

ti
on

.
O

f
th

e
27

pa
ti

en
t

re
sp

on
de

nt
s,

96
%

w
ou

ld
re

co
m

m
en

d
pe

rm
an

en
t

PN
S

to
ot

he
r

pa
ti

en
ts

w
it

h
ch

ro
ni

c
pa

in
.

��
��
���

��
��
���

��

��

���
��

��
��
�

��
���

�

��
�


��
���

�

Pe
rm

an
en

t
PN

S
sy

st
em

s
lik

e
th

e
St

im
Ro

ut
er

re
pr

es
en

t
a

m
in

im
al

ly
in

va
si

ve
ne

ur
om

od
ul

at
io

n
m

od
al

it
y

th
at

co
nt

in
ue

s
to

sh
ow

pr
om

is
e.

Ta
ke

n
to

ge
th

er
,

in
te

gr
at

io
n

of
PN

S
in

to
ex

is
ti

ng
al

go
ri

th
m

s
fo

r
th

e
tr

ea
tm

en
t

of
ch

ro
ni

c
ne

ur
op

at
hi

c
pa

in
of

th
e

lo
w

er
ex

tr
em

it
y

sh
ou

ld
be

co
ns

id
er

ed
.

Re
fe

re
nc

es
1.

De
er

 T
, 

Po
pe

 J
, 

Be
ny

am
in

 R
, 

et
 a

l.
 P

ro
sp

ec
ti

ve
, 

M
ul

ti
ce

nt
er

, 
Ra

nd
om

iz
ed

, 
Do

ub
le

-B
lin

de
d,

 
Pa

rt
ia

l C
ro

ss
ov

er
 S

tu
dy

 t
o 

As
se

ss
 t

he
 S

af
et

y 
an

d 
Ef

fi
ca

cy
 o

f 
th

e 
N

ov
el

 N
eu

ro
m

od
ul

at
io

n 
Sy

st
em

 
in

 t
he

 T
re

at
m

en
t 

of
 P

at
ie

nt
s 

W
it

h 
Ch

ro
ni

c 
Pa

in
 o

f 
Pe

ri
ph

er
al

 N
er

ve
 O

ri
gi

n.
 N

eu
ro

m
od

ul
at

io
n.

 
20

16
;1

9(
1)

:9
1-

10
0.

2.
 L

ev
in

e 
AB

, 
St

ev
en

 D
A,

 P
ar

re
nt

AG
, 

M
ac

Do
ug

al
l K

. 
Su

cc
es

sf
ul

 lo
ng

-t
er

m
 n

er
ve

 r
oo

t 
st

im
ul

at
io

n 
fo

r 
ch

ro
ni

c 
ne

ur
op

at
hi

c 
pa

in
: 

a 
re

al
 w

or
ld

, 
Si

ng
le

 C
en

te
r 

Ca
na

di
an

 E
xp

er
ie

nc
e.

 
Pa

in
 P

hy
si

ci
an

 2
01

7;
20

:9
5–

10
6.

3.
 O

ak
le

y 
JC

, 
et

 a
l.

 S
uc

ce
ss

fu
l l

on
g-

te
rm

 o
ut

co
m

es
 o

f 
sp

in
al

 c
or

d 
st

im
ul

at
io

n 
de

sp
it

e 
lim

it
ed

 
pa

in
 r

el
ie

f 
du

ri
ng

 t
em

po
ra

ry
 t

ri
al

in
g.

 N
eu

ro
m

od
ul

at
io

n.
 2

00
8;

11
(1

):
66

–7
3.

4.
 D

ee
r 

T,
 e

t 
al

. 
Do

rs
al

 r
oo

t 
ga

ng
lio

n 
st

im
ul

at
io

n 
yi

el
de

d 
hi

gh
er

 t
re

at
m

en
t 

su
cc

es
s 

ra
te

 f
or

 
co

m
pl

ex
 r

eg
io

na
l p

ai
n 

sy
nd

ro
m

e 
an

d 
ca

us
al

gi
a 

at
 3

 a
nd

 1
2 

m
on

th
s:

 a
 r

an
do

m
iz

ed
 c

om
pa

ra
ti

ve
 

tr
ia

l.
 P

ai
n.

 2
01

7 
Ap

r:
 1

58
(4

):
 6

69
-6

81
 

5.
 R

os
en

be
rg

, 
J,

 e
t 

al
. 

Sp
in

al
 C

or
d 

St
im

ul
at

io
n 

Pr
ov

id
es

 P
ai

n 
Re

lie
f 

w
it

h 
Im

pr
ov

ed
 

Ps
yc

ho
lo

gi
ca

l F
un

ct
io

n:
 R

es
ul

ts
 f

ro
m

 E
M

P3
O

W
ER

. 
Pa

in
 M

ed
ic

in
e 

20
16

; 
17

: 
23

11
-2

32
5.

��
�

��
�

��
��
�	
��
�
��

�
Ei

na
r 

O
tt

es
ta

d
M

D
, 

O
fe

r
W

el
lis

ch
M

D
, 

an
d 

D
av

id
 S

pi
nn

er
 D

O
 a

re
 c

on
su

lt
an

ts
 

of
 B

io
ne

ss
In

c.
 A

nd
y 

Ve
ld

ka
m

p 
is

 a
n 

em
pl

oy
ee

 o
f 

Bi
on

es
s 

In
c.

 

A
27

-p
at

ie
nt

ca
se

se
ri

es
is

pr
es

en
te

d
to

st
ud

y
PN

S
ef

fi
ca

cy
(r

es
po

nd
er

ra
te

&
pa

in
re

du
ct

io
n)

,
sa

fe
ty

(a
dv

er
se

ev
en

ts
)

an
d

ef
fi

ci
en

cy
(p

ro
ce

du
re

ti
m

e)
fo

r
ch

ro
ni

c
pa

in
of

th
e

LE
w

it
h

no
ex

cl
us

io
n

fo
r

pa
rt

ic
ip

at
io

n.
63

%
of

th
e

pa
ti

en
ts

su
rv

ey
ed

w
er

e
fe

m
al

e
an

d
37

%
w

er
e

m
al

e.

��
�
��

��
�� 

��
��
��!
��

�"
 �

��
���

�
��
!�
��
�
��
��

��
�
�


���

��

�#

��
�	
$!
��
�
�!%

��
��
��

�
!%
�(
��
**�

)*
��

��


� ��
�
��
(��

��
�#
#!)
� 
��



��

�
�
� ��


�,
!�
��
'!
%%

�(
�

�
� ��
�
%�

.�
��

#�
"�
$
'�

��


�'

�(
*$

�%
*�&

���
%�

)*
 �

)!
&#
&�

.�
��
�(
!&
'�

(�
*!,
��
�%

��
��

!%
��

��
!�
!%
��
��
*�
%�
&(
��
�
%!
,�
()
!*.
���

�#
&�
�#
*&
�	
��
�

��


�'

�(
*$

�%
*�&

���
%�

)*
 �

)!
&#
&�

.�
�	
&#
+$

�!
��
�
%!
,�
()
!*.

��
��

#&
)
	
&#
#�
��

�&
���

 .
)!
�!
�%

)�
�%

��
�+

(�
�&

%)
��
*��

*�
$
�&
(�
��
��

#* 
���

*�
$
�&
(�
��	

��
�

� 

�'

�(
*$

�%
*�&

���
� 

��
!#!
*�
*!&
%�
�%

��
�
+$

�%
��
�(
�&
($

�%
��
��

��
 %

��
� 
&&

#�&
���

��
!�
!%
��
�*
��

&+
%*
��
!%
�!
���

�-
��
&(
"�
��
�

�
�!
&%

�)
)

%
��
��
�#
�%

�!
��
�	
�

Ta
bl

e
1:

Co
m

pa
ris

on
be

tw
ee

n
ev

en
ts

re
po

rte
d

in
cu

rre
nt

an
al

ys
is

an
d

pu
bl

ish
ed

ra
te

s
wi

th
SC

S
an

d
DR

G
st

im
ul

at
io

n.

��
��

��

��
���
��
���

��
���

���
��
�

���
�
�

��
��

�
�
��

��
���

��
�


�	�
	�

���
�
�

��
���


��
�

	�
	�

���
�
�

��
��

�
�
�

��
��

���
�
�

��
��

�
�
�

��
	�

���
�
�

��
��

�
�
�

��
���
�	
��

��
)

�� 
)�

$)
�� 

�)
��"

!)
��

�
���

�

���

�
��
)

��"
)�

�!
)

���
�)

���
%)

�)
��

���
���

��
��	

���
	��

�

���
�
��	

��
���
��

��
�

��&
)�

��
)

��"
#)

���
%)

�)

Ta
bl

e
1

co
m

pa
re

s
th

e
av

ai
la

bl
e

ne
ur

om
od

ul
at

io
n

tr
ea

tm
en

t
m

od
al

it
ie

s
fo

r
lo

w
er

ex
tr

em
it

y
ch

ro
ni

c
pa

in
ta

ki
ng

in
to

co
ns

id
er

at
io

n
pr

oc
ed

ur
e

le
ng

th
,

in
va

si
ve

ne
ss

,
ad

ve
rs

e
ev

en
ts

,
re

sp
on

de
r

ra
te

,
an

d
pa

in
re

du
ct

io
n.

PN
S

is
a

sa
fe

an
d

vi
ab

le
to

ol
th

at
m

ay
be

in
te

gr
at

ed
in

to
tr

ea
tm

en
t

al
go

ri
th

m
s

fo
r

ch
ro

ni
c

lo
w

er
ex

tr
em

it
y

pa
in

of
pe

ri
ph

er
al

ne
rv

e
or

ig
in

.

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   11 12/13/19   2:33 PM



03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   12 12/13/19   2:33 PM



13

�

���

�

�

��


�
�


��
��

��

�
��
�
��
�
��
��
��

��
��

��
��
��
��


�
�
��
�

��


��
�
	
��

��


�
��

�

��

��

�

�

��
��
��
��

�

��

�

�


�
��

��
�

��

��
!�
%�

''�
&'
��
.��
�.
��
!�
,�
��
��
��
 
#
�
��

�
��
��

��
���
�&(
%)
�,
�*
�&
��"
!�
(�
'�
��
"�
��
��#
�'
��
!'
&�*
�'�
���
%"
!�
���
"�
!'
�

#�
�!
�"
��'
��
�&�
"(
��
�%
��
!�
��!
��
�*
�"
�%�
��
�)�
��
'�
��
��%
&'
���
��
���
�%
��
��
��
�

�,
&'
� 
.�'
��
��'
� 
�"
('
�%
7�
5�
�"
!�
&&
�	!
�0.
��
��
�!
���
.��
�6
.��
##
%"
)�
��
'"
�'%
��
'�

��
%"
!�
��#
��
!�
"�
��
�#
�%
�#
��
%�
��!
�%
)�
�"
%��
�!
��
+�
�(
��
!�
�#
��
!�
�!
�'�
��

�%
�!
�"
��
���
��%
��
�"
!0
��
��
�&�
��
�'
�"
!�
�%
�'�
%��
��"
%�'
��
��
�'
��
�&
��
*
�&
�'�
��

!�
%)
��
&'
� 
(�
�'
��
��"
%%�
&#
"!
��
!�
�'"
�'�
��
&�
"(
��
�%
��
!�
��!
��
0��
�'
��
!'
&�

*
�"
�%�
��
�)�
��
'�
��
� 
#�
�!
'��
"%
��
� 
�#
��
��
���
�"
(�
��
%��
��
!�
*
�%
��
�+
��(
��
�0
�

��
��
��
���
 
#�
�!
'��
"!
&�&
'&
�"
���
�& 
��
�.�
'�
�!
�� 
#�
�!
'�
��
��
��
�#
"*
�%
��
��
,��
!�

�+
'�
%!
��
��
(�
&�
��%
�!
& 
�''
�%
��
!�
��"
!'
%"
���
��
*
�'�
��
��
�'
��
!'
��
%"
�%
� 
 
�%
�

5�
��
��
��
�6
0��
��
�#
�%
�(
'�
!�
"(
&�#
%"
��
�(
%�
��&
�F
;?
4=
:�
 
�!
('
�&
��"
!�
��
!�
�

#�
%�"
% 
��
�(
&�!
��
(�
'%�
&"
(!
��
�(
��
�!
��
�*
��
��
�'�
��
#�
'��
!'
��&
��
*
��
�0
�

1�
%��
�2�
&'
� 
(�
�'
�"
!�
�&�
�!
'�
�%
�'
��
��!
'"
�'�
��
#�
% 
�!
�!
'��
��
��
#�
��
� 
�!
'.�

�"
 
��
!�
!�
�'*
"�
#%
"�
��
(%
�&
0�

���
��
��
�

��
��
���
��;
:�
#�
'��
!'
&�%
�&
#"
!�
��
�'"
�'�
��
&(
%)
�,
/�?
���
#�
�!
"(
&�!
�%
)�
��
!�
�?
�

�+
����
%,
�!
�%
)�
�� 
#�
�!
'&
0��
�&
#"
!�
�%
��
�'
�&
��
%�
�&(
 
 
�%
�-�
��
�!
���

	�
��
��

�!
��
��
	�
��
�0
��
��
��"
 
��
!�
��
%�
&#
"!
��
%�%
�'
��
�"
%��
���!
�%
)�
&��
&�@
:E
��
!�
�

�)
�%
��
��
#�
�!
�%�
�(
�'
�"
!�
�"
%�1
%�
&#
"!
��
%&
2��
&�@
AE
0��
�&
#"
!�
�%
&�*
�%
��

���
&&
���
��
��
&�'
�"
&�
�#
�'
��
!'
&�*
�"
��
+#
�%
��
!�
��
��
�?
:E
�"
%� 
"%
��
%�
�(
�'
�"
!�

�!
�'�
��
%�#
��
!�
#"
&' 4
� 
#�
�!
'0�
�)
�%
��
��
� 
#�
�!
'�'
� 
��
*
�&
�;
0<
�,�
�%
&0

��
�

��
���

��
��
�
'�
%�
�'
�!
�
��
%"
!�
�
�"
�!
'
#�
�!
�&
�
#%
" 
�&�
!�

'�
�%
�#
,
'�
�'
��
&
��
!�
��'
&
�"
%
#�
'��
!'
&
*
�"
�%
�
!"
'�
�!
��
��
'�
&

�"
%

��
�!
�
��
)�
%�
&#
"!
��
�
��
)"
%�
��
,'
"
��
��
!"
&'
��
!�
%)
�
��
"�
�&

*
�'�
"(
'
�(
%�
��
�
��
!�
��'
0�
�&(
��
�-�
'�"
!
"�
'�
�
'�
%�
�'
#�
%�#
��
%�
�

!�
%)
�
*
�'�
(�
'%�
&"
(!
�
 
��
�&
�'
��
&,
'"
#�
%�
('
�!
�"
(&
�,
#�
��
�

'�
�
& 
��
�
��
��
0
��
'�
"(
��
��
��
'�"
!�
�
��
'�
�!
�
��
��
4$
(�
��'
,

&'
(�
��
&
�%
�
!�
��
��
.
�"
 
#�
���
'�"
!&

�&
&"
���
'�
�
*
�'�

"�
��
%

'�
��
!"
�"
�,
�!
��(
��
!�
��
��
 
��
%�
'�"
!.
�%�
�'
(%
�.
�!
�
&�
�!
�%
"&
�"
!

�%
�
���
��
,
%�
�(
��
�
*
�'�
'�
�&
&,
&'
� 
��
)�
!
�'&
&� 
#�
���
',
.�
�&
�
"�

(&
�.
�!
�
 
�!
� 
��
�,
�!
)�
&�)
�
� 
#�
�!
'#
%"
��
�(
%�
0

��

�
��
�

��
��

;0
��
�%
��.
��
"#
��

.�
��
!,
� 
�!
��
.��
'��
�0.
��
��

	
�
	�
��
��
�	
�0
�<
:;
@�


�
!/
�;
B5
;6
/B
;4
;:
:0
�

<0
�'
'#
&/3
3*
*
*0
��
�0�
")
3�
%'�
%�'
�&3
#�
�!
3�!
��
+0�
' 

��
���

��

�
��
�/
��
##
%"
+� 
�'
��
,�;
��!
�>
��
�(
�'&
��!
�'�
��
��
�*
�'�
��
%'�
%�'
�&�
��
)�
�

&�
)�
%�
.��
�%
"!
���
�"
�!
'�#
��
!0
;�
��
��
',
#�
��
��'
%�
�'
 
�!
'��
��"
%�'
� 
��!
��(
��
&�

�"
!&
�%
)�
'�)
��
'%�
�'
 
�!
'&
����
��
#�
,&
���
��'
��
%�
#,
.� 
��
���
'�"
!&
��
!�
�&'
�%
"�
��

�!
��
�'
�"
!&
0��
�'
��
!'
&�*
�"
���
����
"!
&�
%)
�'
�)�
� 
�!
��
� 
�!
'��
%�
�"
�'�
!�

#%
�&
�!
'�
��
*
�'�
�&(
%�
���
��'
%�
�'
 
�!
'�*
��
��
� 
�,
��!
��(
��
��"
�!
'�

%�
#�
��
� 
�!
'�&
(%
��
%,
�5

��
60�
�"
%�&
" 
��
#�
'��
!'
&�*
�"
��
%�
�!
"'
���
!�
��
�'
�&
�

�"
%�&
(%
��
��
��#
%"
��
�(
%�
&��
��
�(
&�
�"
���
" 
"%
��
��
'��
&.�
#�
�!
�'%
��
' 
�!
'��
&�

�� 
�'�
��
#%
� 
�%
��,
�'"
�"
%�
���
!�
���
&��
&0�
��
��
!'
��
�)
�!
��
&��
!�
 
��
���
���
�)
���
�

'�
��
!"
�"
�,
��
!�
�� 
��
�!
��
��
)�
� 
��
��
��
%�#
��
%�
���
�%
)�
��'
� 
(�
�'
�"
!�
5�
��
6�

 
�!
� 
��
�,�
�!
)�
&�)
�.
���
&'
�'"
�� 
#�
�!
'�(
!�
�%
��"
��
���
!�
&'
��
&��
.��
!�
�&�
 
#�
��

'"
��"
!'
%"
�0�

��
�

��
��
��
���

;0
�0
�

''�
&'
��
.��
��
�&�
"!
�'�
��
��
��
!'
���
���
�)
�&"
%,
��
"�
%�
��"
%�

��
"!
�&
&�	
!�
0�

<0
�!
�,
��
��
��
� 
#
�&�
�!
��
 
#�
",
��
�"
���
�"
!�
&&
�	!
�0�

��
	�
��
�

��
	�
��
�

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   13 12/13/19   2:33 PM



03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   14 12/13/19   2:33 PM



15

Pe
ri

ph
er

al
 n

er
ve

 s
ti

m
ul

at
io

n 
is

 a
 p

ro
ve

n 
m

et
ho

d 
of

 t
re

at
in

g 
ch

ro
ni

c 
m

us
cu

lo
sk

el
et

al
 a

nd
 n

er
ve

 r
el

at
ed

 p
ai

n.
  

Pr
ev

io
us

 a
pp

ro
ac

he
s 

fo
cu

se
d 

on
 s

ol
e 

us
e 

of
 U

lt
ra

so
un

d 
to

 f
ac

ili
ta

te
 p

la
ce

m
en

t 
of

 l
ea

ds
 r

eq
ui

ri
ng

 
hi

gh
 s

ki
ll 

w
it

h 
th

e 
U

lt
ra

so
un

d 
pr

ob
e.

  
W

it
h 

th
e 

us
e 

of
 F

lu
or

os
co

pi
c 

as
si

st
an

ce
 a

nd
 a

pp
lic

at
io

n 
of

 m
us

cu
lo

sk
el

et
al

 a
na

to
m

y,
 w

e 
de

m
on

st
ra

te
 a

 n
ew

 n
ov

el
 l

ea
d 

pl
ac

em
en

t 
te

ch
ni

qu
e 

fo
r 

pe
ri

ph
er

al
 

ne
rv

e 
st

im
ul

at
io

n 
fo

r 
th

e 
Su

pr
as

ca
pu

la
r 

N
er

ve
.

��
��
��

��
���

�

��
��

��

Su
pr

as
ca

pu
la

r 
N

er
ve

 a
pp

ro
ac

h 
–

th
e 

ne
rv

e 
is

 a
pp

ro
ac

he
d 

in
 a

 s
im

ila
r 

m
an

ne
r 

as
 a

pp
lie

d 
by

 D
r.

 S
ul

in
dr

o,
 D

r.
 S

pi
nn

er
 a

nd
 D

r.
 G

of
el

d.
 T

he
 

Sp
in

og
le

no
id

no
tc

h 
is

 e
nt

er
ed

 f
ro

m
 a

n 
in

fe
ri

or
 a

na
to

m
ic

al
 e

nt
ry

 
po

in
t.

  T
he

 S
ca

pu
la

 is
 f

lu
or

os
co

pi
ca

lly
 p

la
ce

d 
in

 a
 n

eu
tr

al
 p

os
it

io
n 

an
d 

th
e 

Ac
ro

m
io

n 
an

d 
C

or
ac

oi
d 

pr
oc

es
s 

ar
e 

al
ig

ne
d 

to
 p

ro
vi

de
 a

 c
on

si
st

en
t 

vi
ew

. 
Th

e 
ne

ck
 o

f 
th

e 
G

le
no

id
 p

ro
ce

ss
 is

 a
ls

o 
el

on
ga

te
d 

to
 f

ul
ly

 
id

en
ti

fy
 t

he
 G

le
no

hu
m

er
al

 j
oi

nt
 t

o 
av

oi
d 

jo
in

t 
pe

ne
tr

at
io

n.
  T

hi
s 

ap
pr

oa
ch

 a
llo

w
s 

pa
ra

lle
l 

ac
ce

ss
 t

o 
th

e 
Su

pr
as

ca
pu

la
r 

ne
rv

e.
 T

he
 

el
ec

tr
od

e 
ca

n 
be

 p
la

ce
d 

st
ra

te
gi

ca
lly

 p
ar

al
le

l 
to

 t
he

 n
er

ve
 f

or
 

m
ax

im
iz

ed
 s

ur
fa

ce
 a

re
a 

of
 s

ti
m

ul
at

io
n.

 

�
��
��

��
��
���
��
��

��
���

��
��
��

�
��
��
��

���
�

Fl
uo

ro
sc

op
y 

w
as

 in
te

gr
at

ed
 in

to
 o

ur
 a

pp
ro

ac
h 

to
 p

er
ip

he
ra

l n
er

ve
 s

ti
m

ul
at

io
n 

fo
r 

 
va

ri
ou

s 
re

as
on

s.
  F

ir
st

, 
fl

uo
ro

sc
op

y 
al

lo
w

s 
us

 t
o 

in
te

gr
at

e 
m

us
cu

lo
sk

el
et

al
 a

na
to

m
y 

in
 

ad
ju

nc
t 

w
it

h 
U

lt
ra

so
un

d 
an

at
om

y 
to

 p
ro

vi
de

 a
 m

ul
ti

-m
od

al
 a

pp
ro

ac
h 

in
 a

pp
ro

ac
hi

ng
 

ou
r 

ta
rg

et
 n

er
ve

. 
 S

ec
on

dl
y,

 f
lu

or
os

co
py

 a
llo

w
s 

us
 t

o 
vi

su
al

iz
e 

bo
ne

y 
la

nd
 m

ar
ks

w
hi

ch
 

pr
ov

id
e 

us
 w

it
h 

sa
fe

ty
 a

nd
 a

 m
ea

ns
 t

o 
qu

an
ti

fy
 t

he
 A

P 
tr

aj
ec

to
ry

 o
f 

th
e 

ne
ed

le
. 

Th
is

 
al

lo
w

s 
us

 t
o 

pr
ov

id
e 

m
or

e 
co

ns
is

te
nc

y 
in

 o
ur

 a
pp

ro
ac

h.
 T

hi
rd

ly
, 

fl
uo

ro
sc

op
y 

al
lo

w
s 

us
 

to
 p

ro
vi

de
 a

 n
ew

 d
im

en
si

on
 in

 t
he

 s
et

 u
p 

of
 t

he
 t

ra
je

ct
or

y 
of

 t
he

 n
ee

dl
e 

pl
ac

em
en

t 
to

 
th

e 
de

st
in

at
io

n.
 A

pp
ro

ac
hi

ng
 t

he
 p

er
ip

he
ra

l n
er

ve
 in

 a
 p

ar
al

le
l f

as
hi

on
 a

llo
w

s 
fo

r 
im

pr
ov

ed
 c

on
ta

ct
 w

it
h 

st
im

ul
at

io
n.

 
As

 w
e 

le
ar

ne
d 

fr
om

 S
CS

, 
ac

cu
ra

cy
 in

 t
he

 lo
ca

ti
on

 o
f 

th
e 

im
pl

an
ta

ti
on

 a
ff

ec
ts

 t
he

 r
es

ul
ts

 
of

 t
he

 p
ai

n 
re

lie
f.

  W
it

h 
sa

ve
d 

fl
uo

ro
sc

op
ic

 im
ag

es
 o

f 
th

e 
ne

rv
e 

bl
oc

ks
, 

th
e 

ph
ys

ic
ia

n 
ca

n,
 w

it
h 

co
nf

id
en

ce
, 

ap
pr

oa
ch

 t
he

 n
er

ve
 in

 a
 c

on
si

st
en

t 
an

d 
st

an
da

rd
iz

ed
 m

an
ne

r. 
Th

is
 a

pp
ro

ac
h 

no
t 

on
ly

 in
cr

ea
se

s 
th

e 
ac

cu
ra

cy
 a

nd
 p

ot
en

cy
 o

f 
th

e 
tr

ea
tm

en
t,

 b
ut

 it
 

ad
di

ti
on

al
ly

 a
llo

w
s 

th
e 

ph
ys

ic
ia

n 
to

 im
pr

ov
e 

th
ei

r 
sk

ill
 s

et
 a

nd
 s

ho
rt

en
 t

he
 d

ur
at

io
n 

re
qu

ir
ed

 t
o 

co
m

pl
et

e 
th

e 
pr

oc
ed

ur
e.

 T
hi

s 
is

 a
ch

ie
ve

d 
by

 u
si

ng
 t

ec
hn

ol
og

y 
(F

lu
or

os
co

py
) 

w
it

h 
w

hi
ch

 w
e 

ar
e 

co
m

fo
rt

ab
le

 a
s 

In
te

rv
en

ti
on

al
is

ts
. 

As
 t

he
 r

es
ul

ts
 s

ho
w

, 
th

e 
pr

ev
io

us
ly

 d
if

fi
cu

lt
 S

up
ra

sc
ap

ul
ar

 s
ti

m
ul

at
io

n 
ha

s 
be

co
m

e 
te

ch
ni

ca
lly

 f
ea

si
bl

e 
w

it
h 

ou
ts

ta
nd

in
g 

pa
in

 r
el

ie
f 

sc
or

es
. 

 In
tr

ao
pe

ra
ti

ve
 t

im
e 

w
as

 
re

du
ce

d 
si

gn
if

ic
an

tl
y 

as
 t

he
 U

lt
ra

so
un

d 
pr

ob
e 

pl
ac

em
en

t 
w

as
 a

ss
is

te
d 

w
it

h 
th

e 
us

e 
of

 
Fl

uo
ro

sc
op

ic
 a

na
to

m
y.

  U
si

ng
 t

hi
s 

te
ch

ni
qu

e 
fo

r 
th

e 
in

it
ia

l n
er

ve
 b

lo
ck

 a
nd

 s
ub

se
qu

en
t 

im
pl

an
ta

ti
on

 a
llo

w
s 

th
e 

ph
ys

ic
ia

n 
to

 q
ua

nt
if

y 
th

e 
lo

ca
ti

on
 o

f 
th

e 
bl

oc
k 

an
d 

ab
le

 t
o 

re
pr

od
uc

e 
th

e 
ex

ac
t 

lo
ca

ti
on

 f
or

 s
ti

m
ul

at
io

n.
 

Fu
rt

he
rm

or
e,

 t
he

 u
se

 o
f 

Fl
uo

ro
sc

op
y 

in
 c

om
bi

na
ti

on
 w

it
h 

U
lt

ra
so

un
d 

pr
ov

id
es

 d
ir

ec
t 

Fl
uo

ro
sc

op
ic

 v
is

ua
liz

at
io

n 
of

 t
he

 le
ad

 p
os

t 
an

ch
or

 d
ep

lo
ym

en
t 

to
 id

en
ti

fy
 im

m
ed

ia
te

 
m

ig
ra

ti
on

. 
Po

st
-o

p 
m

ig
ra

ti
on

 c
on

ce
rn

s 
ar

e 
ea

si
ly

 id
en

ti
fi

ed
 w

it
h 

Fl
uo

ro
sc

op
y 

in
 o

ff
ic

e.
 

EP
T 

pl
ac

em
en

t 
tr

ou
bl

es
ho

ot
in

g 
is

 a
ls

o 
as

si
st

ed
 w

it
h 

us
e 

of
 F

lu
or

os
co

py
. 

��
��

��
���

�
W

it
h 

th
e 

co
m

bi
ne

d 
us

e 
of

 F
lu

or
os

co
py

 a
nd

 U
lt

ra
so

un
d 

gu
id

an
ce

in
 o

ur
 a

pp
ro

ac
h 

to
 

Su
pr

as
ca

pu
la

r 
N

er
ve

 s
ti

m
ul

at
io

n,
 a

cc
ur

ac
y 

of
 s

ti
m

ul
at

io
n 

an
d 

co
ns

is
te

nc
y 

in
 o

bt
ai

ni
ng

 
pa

in
 r

el
ie

f 
w

er
e 

bo
th

 a
ch

ie
ve

d.
  T

hi
s 

ap
pr

oa
ch

 c
an

 b
e 

re
pr

od
uc

ed
 in

 a
 c

on
si

st
en

t 
m

an
ne

r, 
w

hi
ch

 w
ill

 a
llo

w
 f

or
 f

ur
th

er
 d

is
cu

ss
io

n 
on

 t
he

 s
ta

nd
ar

di
za

ti
on

 o
f 

le
ad

 
pl

ac
em

en
t 

in
 t

he
 f

ut
ur

e.
 

��
��
��
��

��
	�
�=
15
-�
��
���
���
�
��(
���
7-
;�
���
��
�� 
���
-6
,:
13
;-
6�
��
4-
@�
�
=:
,7
:.�
��
��"
��'
-:
0)
/-
6�
��
��$
�� 
1-
,-
5
)�
�)
6,
��
���
��!
��'
-:
0)
):
��

�"
:-
>)
4-
6+
-�
)6
,�
16
+1
,-
6+
-�
7.
�;
07
=4
,-
:�8
)1
6�
16
�<0
-�
/-
6-
:)
4�8
78
=4
)<
17
6�
�)
�;
A;
<-
5
)<
1+
�:-
>1
-?
���
�
	�
�

��
��
��
��
��
��
��
���
��

��
��
�
��
��
�

�
��
��6
7�
�

��

��
��
���
��
�	
�


�
�
0)
-�
��
70
6�
�#
1+
0)
:,
��
��(
14;
76
�� 
):
1)
��
���
-6
6-
<<�
�%
16
)�
�
���
-+
05
)6
��)
6,
��
)<
0:
A6
�(
��$
<)
/-
:��
�$
16
/4
-�
�-
),
�

"
-:
+=
<)
6-
7=
;�
"
-:
18
0-
:)
4�!
-:
>-
�$
<15
=4
)<
17
6�
.7
:�<
0-
�%
:-
)<
5
-6
<�7
.��
-5
18
4-
/1
+�
$
07
=4
,-
:�"
)1
6�
��
��
);
-�
$
-:
1-
;�
��
�
��
��

��
�	
��	
�
	�
��6
7�
�	
��

�	
��
��

��
��
�

��
�
4)
01
���
7)
,�
�)
6,
��
0)
6,
)6
��
��#
-,
,A
���
!
-=
:7
5
7,
=4
)<
17
6�
7.
�<0
-�
;=
8:
);
+)
8=
4)
:�6
-:
>-
���
�
��
��
��
��
�	
��
�
	�
��6
7�
��
��

�	
��
��

�
��
��
��
�

��
$
0)
0�
�#
16
77
'�
��)
6,
��
)*
7:
��
��#
)+
B�
��"
=4
;-
,�
 
7,
-�
#
),
17
.:-
9=
-6
+A
��
-;
17
61
6/
�<7
�%
:-
)<
��
0:
76
1+
�"
7;
<�<
76
;1
44-
+<
75
A�
"
)1
6�

�$
-+
76
,)
:A
��
47
;;
78
0)
:A
6/
-)
4�!
-=
:)
4/
1)
���
��
��
��
�
��
	�
�	
��
��6
7�
��
��

��
��
��

�

�

��
�


�
�
):
5
76
���
75
16
1+
��)
6,
��
76
7:
�
-)
:<A
���
&
4<:
);
7=
6,
�/
=1
,-
,�
;=
8:
);
+)
8=
4)
:�6
-:
>-
�*
47
+3
�<-
+0
61
9=
-�
��
�
��
��
�
��
��
	�
��
	�
��6
7�
�

��
�

��
��
���
��
�

��
�1
<B
/1
**
76
���
-:
5
7<
�#
���
�
):
-6
��
��"
7;
6-
:��
�
):
-6
��
���
75
16
7�
�#
7*
-:
<��
���
)8
4)
6�
��
7:
:1�
�
���
--
��)
6,
��
:-
,-
:1+
3�
(
���
0-
6-
A�
�

��
0:
76
1+
�"
)1
6�
 
)6
)/
-5
-6
<�
5
-:
1+
)6
$
7+
1-
<A
�7
.��
6-
;<
0-
;1
74
7/
1;
<;
��
47
;-
,�
�
4)
15
;�
"
:7
2-
+<
���
�
��
��
��
��
��
�

��
��
��
��
��
��
��
�

��
���
��
�
�
��
�	
��
��
�	
��
��
��
���
��
��
��
��
��
�

��
��
	�
��
�6
7�
�	
��

��
��
���
��
	�

�

��
�
:3
)6
�
=:
<��
 
���
���
 
���
��%
-;
;�
>)
6�
�
123
�� 
���
���
A4
)6
��
-6
;;
-6
��)
6,
�!
��"
���
6/
-�
�
:6
<;
���
!
-=
:7
5
7,
=4
)<
17
6�
7.
�<0
-�

$
=8
:)
;+
)8
=4
):
�!
-:
>-
���
�
��
��
��
��
�	
��
�
	�
��

�	
��
���

�

�
�

�
��

Fl
uo

ro
sc

op
ic

 A
ss

is
te

d 
Pl

ac
em

en
t 

of
 S

up
ra

sc
ap

ul
ar

 N
er

ve
 S

ti
m

ul
at

io
n 

w
it

h 
St

im
ro

ut
er

M
ay

o 
M

it
su

ya
DO

, 
M

ar
ti

n 
Q

ui
ro

ga
 D

O
, 

Al
ex

is
 E

sc
ob

ar
 M

D
In

te
rv

en
ti

on
al

 P
ai

n 
M

an
ag

em
en

t,
 G

en
er

al
 S

ur
ge

ry

	



	�
�
17
6-
;;
�$
<15
#
7=
<-
:


�
�
6)
<7
5
A�
7.
�$
=8
:)
;+
)8
=4
):
�!
-:
>-
�)
<�$
81
67
/4
-6
71
,
!
7<
+0

��
�6
.-
:17
:�$
=8
:)
;+
)8
=4
):
�!
-:
>-
��
47
+3
��
88
:7
)+
0

��
"
7;
<�$
<15
:7
=<
-:
�5
84
)6
<��
 
-,
1)
4��
�-
),
���
)<
-:
)4
��#
-+
-1
>-
:�<
=6
6-
4-
,�
<7
�,
-4
<7
1,
�.7
:�

),
,1
<17
6)
4�+
7>
-:
)/
-�
;0
7=
4,
-:
�+
7>
-:
)/
-�
?
1<0
��
"
%�

��
� 
�

#�
��
�

��
��
��
�

� 
��
��

��

�

��
��
��
��
�

��
��
��
	�
��

��
�

 %
%$

*

��
��

���

��
��
��

��
��
��
��
�+
��


��
�(
%.

��
��
��
��
��

��
��
�"

&'
!&

)�

�

���
��
�

*+
.

�

�* �
*

"�
*

$�
*

&�
*

��
�*

� 
�*

�
#

��
�#

 �
 #

!�
!#

"�
"#

.�
���������
�	�


�

�
��


�

��
��

��
��
��

��
�
��

��
��

���
��

�

��

�
��
��
�%
���
��
�
��
��
� 
�

��
�

�
��
��
�#
#�
��
��
���
��
��

��
�� 

'�
& 

��
��
��

�

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   15 12/13/19   2:33 PM



03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   16 12/13/19   2:33 PM



17

�
��
��
��
��
��
�
��
��

��
��

��
��

���
��

	�
��
��
��
��

��
���

��
��
�

	�
��

��
��
��
�

�
�+
!�
�
�&%
'+
�
�


��
�*
� 
��
$��

%�
!�

�$
��

�

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   17 12/13/19   2:33 PM



18

�
��
��
��
��
��

��
! 

%'
�&�
 &
�2
�'

(�
�&
$�

��
! 

%'
�&�
 &
�2
��
! 

�%
%0
�&
��
$!
'&
�$

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   18 12/13/19   2:33 PM



19

��
��
�


��
���

�
�
��
$�"

��
$�
�� 
�$
(�
�%&
��
'�
�&
�!
 �
�%�
� 
��
%&
��
��%
��
��

�
!�
��
�&+
�'
%�
��
�!
$�&
$�
�&
�
� 
&�!

���
�$
! 
���

�
'%
�'
�!
%�
��
�&
��
��
 �
� 
�'
$!
"�
&�
���
"�
� 
/��

�
��
��
 �
#'
�%
��
�(
��
�!
�'
%�
��
"$
��
�$
��+
�!
 �
&�
��
'%
��

!�
�'
�&$
�%
!'
 �
��
'�
��
 �
�/

�
�
��
��
�
! 
%&
$�
&�
��
� 
!(
��
���
��
�"
��
��
�
� 
&�

&�
��
 �
#'
��
&�
$�
�&
� 
��
&�
��
%'
"$
�%
��
"'
��
$� 

�$
(�
�

'%
� 
��
� 
�� 
��
$�!

$�&
!�
%'
"�
$�!

$�%
"�
 !
��
� 
!�
�

&�
��
 �
#'
��
' 
��
$��
�'
!$
!%
�!
"�
���

'�
��
 �
�/

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   19 12/13/19   2:33 PM



20

�
��
��


� �
�'
"$
�%
��
"'
��
$� 

�$
(�
��%
��
""
$!
��
��
��
� 
��
�

%��
���
$�&
��
� 
�#
'�
�$�
"!
$&�

��
�+
��
$%
/�

�'
�� 
�$
!-
��
"�
  
�$
-��
 �
��
!�
��
�/
�

�
��
��
%"
� 
!�
��
 !
��
 !
&�
��
�%�
"!
%�&
�!
 �
��

' 
��
$�&
��
���
'!
$!
%�
!"
�/
�

�
��
��
%"
� 
!�
��
 !
��
 !
&�
��
�%�
� 
&�
$�
��
�$!

�
�

� 
�� 
��
$�!

$��
 �
&!
�
���

���
 &
$+
�"
!�
 &
/

�
�!

��
%.�

�
��
$�
���
���
��
�%
%�&
!�
%'
"$
�%
��
"'

��
$� 

�$
(�

�
�(
!�
��
� 
�'
$+
�2
�'
 �
��
"�
*-
��
$�
��
�!
"�
�*
'%

�
��
��
��
��
&$!

��
���

 �
��
�"
��
��
��
%&
$�
&�
��
��
��+
�

"�
$�
���
��&
!�
&�
��
 �
$(
��
�!
$��

�*
��
�,�

��
%'
$��

��
��
$�
��
!�
�%&
��
'�
�&
�!
 /
�

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   20 12/13/19   2:33 PM



21

�
��
��


�

�
�'
"$
�%
��
"'
��
$� 

�$
(�
��%
��
""
$!
��
��
��
� 
��
�%�
�
���
$�

&�
��
 �
#'
��
�+
��
$%
/��
'�
� 
�$
!-
��"

� 
 �
$-�
� 
��
�!

��
��
/�

�
��
��
%"
� 
!�
��
 !
��
 !
&�
��
�%�
"!
%�&
�!
 �
��
' 
��
$�&
��
�

��'
!$
!%
�!
"�
/�

�
��
��
%"
� 
!�
��
 !
��
 !
&�
��
�%�
� 
&�
$�
��
�$!

�
��
 �
� 
��
$�!

$�
� 
�&
!�

���
���
 &
$+
�"
!�
 &
/

�
�!

��
%.�

�
"�

$�
���
���
��
�%
%�&
!�
%'
"$
�%
��
"'

��
$� 

�$
(�
/�

�
�(
!�
��
� 
�'
$+
�2
�'
 �
��
"�

*-
��
$�
��
�!
"�
�*
'%

�
��
��
��
��
&$!

��
���

 �
��
�"
��
��
��
%&
$�
&�
��
��
��+
�"
�$
��
��
��&
!�

&�
��
 �
$(
��
�!
$��

�*
��
�,�

��
%'
$��

��
��
$�
��
!�
�%&
��
'�
�&
�!
 /
�

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   21 12/13/19   2:33 PM



22


�
��
��
��

�

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   22 12/13/19   2:33 PM



23

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   23 12/13/19   2:33 PM



24

��
��
���

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   24 12/13/19   2:33 PM



25

�
��
��
��
��
�

�
��
'!

$!
%�
!"
+�
)
�%
�� 
&�
�$
�&
��
�� 
&!
�!
'$
��
""

$!
��
��
&!
�"
�$
�"
��
$�
�� 
�$
(�
�%&
��
'�
�&
�!
 �
�!
$�&
��
�%'

"$
�%
��
"'

��
$� 

�$
(�
��!
$�(
�$
�!
'%
�$�

�%
! 

%/
��
��

'%
��
!�
���
'!

$!
%�
!"
+�
��
�!
)
%�'

%�&
!�
� 
&�
�$
�&
��
�
'%
�'
�!
%�
��
�&
��
��
 �
&!
�
+�
� 
��!

�
��
 �
&�!

 �
)
�&�

�'
�&$
�%
!'

 �
��
 �
&!
�
+�
&!
�"
$!
(�
��
��
��
'�
&�1

��
�
� 
%�!

 �
���
""

$!
��
�/
��
��
�'
%�
�!
���
�'
!$
!%
�!
"+
��
�%!

��
��!
)
%�'

%�&
!�
(�
%'
��
�,�

��
! 
+�
��
 �

�
�$
�%
�&�

�&
�"
$!
(�
��
��$
�&�
��
��%
��
�&
+�
(�
�)

%�&
!

#'
� 
&��
+�
&�
��
��

�&$
��
��
&!
$+
�!
��&
��
� 
��
��
��
�!
$��
! 

%�%
&�
 &
�$�

"$
!�

'�
��
��
�"
��
��
�
� 
&/�

�
%&
�+-
���
'!

$!
%�
!"
+�
��
�!
)
%�&
��
��
��
�&
$!
��
%�&
!�

%&
��
'�
�&
��
&�
��
"�
$�"

��
$�
�� 
�$
(�
�� 
��
�"
�$
��
��
���
�%
��
! 

��!
$�)

��
&�)

��
��
��
��
��!
)
%��
!$
���

"$
!(
��
�"
��
 �
$�
���
�/

�
�%
�)
��
��
�$
 �
��
�$!

�
�%"

� 
��
��!

$�
�%&
��
'�
�&
�!
 -
��
��
'$
��
+�
� 
��
$�
"$
!�

'�
��
���
&+
�� 
�&�

��
�!
��
&�!

 �
!�
�&�

��
��
"�
� 
&�
&�!

 �
��
��
�&
%�&
��
��
���
��
�+
��
 �

�
�!
�
"�
��
 �
��
!�
�&�

��
&�
�$
�"
+/�
�
�&�

��
!�
'�

� 
&�
��
��'

!$
!%
�!
"�
���
�
��
�%
�&�

��
���
 �
���

 �
��
 �
��
���
�&�
&�
��!

 %
�%&
� 
�+
��
 �

�%&
� 
��
$�
�,�

&�!
 �
�!
$��

�
(�
$��

&+
�!
��"

�&
�!

�!
��
��
��%
�!

'�
��
$��
��
 �
�%
�&�

�&
���

 �
��
��
�&
�'
�&$
�%
! 

���
(�
�)

%/�
�
��
��
��
�&�

�&
�&�

�%�
�"
"$
!�
��
�� 
�$
��
%�
%�&
��
��
��
'$
��
+�
!�
���
��
�

"�
��
��

� 
&-�
�(
!�
��
 �
�(
�&�
��%
'$
$!
' 

��
 �
�%&
$'
�&
'$
�%
-��
 �

� 
��
%�&
��
��
$�
! 

!�
��%

�!
���
��
��
�!
��
&�!

 -
��
 �

�'
�&�
�
�&
��
+�
��
"$
!(
�%
�&�

��
'%
��
!�
�

��
��
&�
�$
�"
+�
�!
$��

!&
��
"�
&��

 &
��
 �

�"
�+
%��

��
 /
�

�

'

$��
�&
��
��
�
! 

%&
$�
&�
%�&
��
&�"

�$
�"
��
$�
�� 
�$
(�
�%&
��
'�
�&
�!
 �
'%
� 
��
&�
��
� 
��
$�!

$�&
!�
%'
"�
$�!

$�%
"�
 !

��
� 
!�
�
&�
��
 �
#'

��
�%
��
�%
�$
��
��
��%
��
�

$�
"$
!�

'�
��
��
��
 �

��
���

�&
�(
��
%&
$�
&�
�+
��!
$�&
��
�&$
��
&�

� 
&�!

���
�$
! 

���
%�
!'

��
�$
�"
��
 /
�	 
&$�

!"
�$
�&
�(
��
&��

��
)
�%
��
�%!

�%�
� 
���
��
 &
�+
�$�

�'
��
��

��
%"
�&�

�&�
��
'%
��
!�
��
!&
��
'�
&$�

%!
 !

�$
�"
�+
��
 �

���
'!

$!
%�
!"
+/�
�%
� 
��
&�
��
&�
��
 �
#'

��
��
%�
$��

��
�� 
�!
'$
��
�&
�!

�%
��!
$�&
��
�� 
�&�
��
� 
�$
(�
��
�!
��
�

� 
��
%'
�%
�#
'�
 &
���

"�
� 
&�
&�!

 �
��
�!
)
%�&
��
�"
�+
%��

��
 �
&!
�#
'�
 &
��+
�&�

��
�!
��
&�!

 �
!�
�&�

��
��
!�
��
� 
��
$�
"$
!�

'�
��
&�
��
�*
��
&��
!�
�&
�!
 �
�!
$�

%&
��
'�
�&
�!
 /
�

�
�'
$&
��
$�

!$
�-
�&�

��
'%
��
!�
���
'!

$!
%�
!"
+�
� 
��!

�
��
 �
&�!

 �
)
�&�

�'
�&$
�%
! 

!�
$�
"�
+�
"$
!(
��
�%
��
�$�

�&
�(
�%'

��
�,�

&�!
 �
!�
�&�

��
��
��
�"
!%
&��
 �
�!

$
��
"�
!+
�
� 
&�&
!�
��
� 
&��
+�
��
�
��
��
&�
��
��
$�
&�!

 /
��
!%
&�!

"�
$�
&�(
��
&$!

'�
��
%�
!!

&� 
��
�!
 �
�$
 %
��
$�
��
�%
��+
���
� 
&��
��
��
��
)
�&�

�&�
��
'%
��
!�
�

��'
!$
!%
�!
"+
�� 
�!
���
��
/��
*&
�$
 �
��"
'�
%�
�&$
� 
%�

�&&
�$
�"
��
��
�
� 
&��
!�
�&
�!
 �
�%�
��
%!
�!
"&
��
�,�

��
)
�&�

�&�
��
'%
��
!�
���
'!

$!
%�
!"
+�
&�
�&
���

 �
� �
�

�!
�
"�
$�
��
&!
�"
$�
(�
!'

%�%
�(
��
���

��
�%
�&�

�&
��
$�
�$�

"$
!�

'�
��
��
��
 �

���
%%
�$�

���
 &
�!
 �
"$
!(
��
�$
�(�

$��
��
��&
+/

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   25 12/13/19   2:33 PM



26

��
��
��
��
��

��
�&�

�&�
��
�!
�
��
 �
��
'%
��
!�
���
'!

$!
%�
!"

+�
� 
��
'�
&$
�%
!'

 �
��
'�
��
 �
��
'%
� 
��

!'
$��
 �
�$
�!
$�&
!�
%'
"�
$�!

$�%
"�
 !

��
� 
!�
�
&�
��
 �
#'

��
&!
�%'

"$
�%
��
"'

��
$�

 �
$(
��
%&
��
'�
�&
�!
 -
�)
��
��
��
�&�

��
��
�'
$�
�+
�!
��%
&��

'�
�&
�!
 �
��
��
%�&
!�

��
"$
!(
��
�"
�&
��
 &
��!

�
"�
��
 �
��
� 
��
$�
"$
!�

'�
��
��
�%'

%&
��
 �
��
"�
� 
�$�

���
�/�
�

��
�%�
�"
"$
!�
��
� 
!&
�!
 �
+�
$�
�'

��
%��

��
 �
��
!�
�� 
�'
$+
�&!

�&�
��
�"
�*
�!
��&
��
�

�'
 �
��
'&
���

 �
��
�$�

"$
!�

'�
��
�� 
��
��!

 %
�%&
� 
&��

� 
 �
$-�
)
��
��
�)
���
��
��!
)
�

�!
$��
'$
&�
�$
��
�%�

'%
%�!

 �
! 

�&�
��
%&
� 
��
$�
�,�

&�!
 �
!�
���
��
�"
��
��
�
� 
&��
 �
&�
��

�'
&'
$�
/�

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd   26 12/13/19   2:33 PM



27

CLINICAL REPORT

Ultrasound-Guided Percutaneous Peripheral
Nerve Stimulation for the Treatment of Lower

Extremity Pain: A Rare Case Report

Guilherme Ferreira-Dos-Santos , MD, MSc*,†; Mark Friedrich B. Hurdle, MD‡;
Sahil Gupta, MBBS‡; Steven R. Clendenen , MD§

*Department of Physical Medicine and Rehabilitation, Central Lisbon University Hospital
Center, Lisbon; †NOVA Medical School, NOVA University of Lisbon, Lisbon, Portugal;

‡Department of Pain Medicine, Mayo Clinic, Jacksonville, Florida; §Department of
Anesthesiology and Perioperative Medicine, Mayo Clinic, Jacksonville, Florida U.S.A

& Abstract

Objective: This case report presents an application of per-
cutaneous peripheral nerve stimulation to the right superfi-
cial peroneal nerve to treat a patient with chronic intractable
L5–S1 radiculopathy pain that conventional treatment failed
to ameliorate.
Methods: The patient underwent an uneventful implanta-
tion of a percutaneous peripheral nerve stimulator. The
implanted lead (15 cm in length and 1.2 mm in diameter)
containing the receiver coil and 3 stimulation electrodes
(Bioness Stimrouter!, Valencia, CA, U.S.A.) was implanted
parallel with the trajectory of the right superficial peroneal
nerve.
Results: Two weeks after implantation of the percutaneous
peripheral nerve stimulator, the patient experienced excel-
lent pain relief and reported a significant increase in mobil-
ity. At the 3-month follow-up consultation, the patient
reported maintenance of the reduction of pain in his right

lower extremity as well as improved performance in his daily
activities.
Conclusion: Percutaneous peripheral nerve stimulation
offers an alternative treatment option for intractable pain
associated with chronic radiculopathy, especially for patients
in whom conventional treatment options have been
exhausted. Further clinical series involving larger numbers
of patients are warranted in order to assess the definitive role
of percutaneous peripheral nerve stimulation for the treat-
ment of chronic intractable radiculopathy pain. &

Key Words: chronic pain, neuropathic pain, lumbosacral
radiculopathy, percutaneous nerve stimulation, peripheral
nerve stimulation, case report

BACKGROUND

Lumbosacral radiculopathy (LSR), like other forms of
radiculopathy, results from nerve root impingement
and/or inflammation that has progressed enough to
cause neurologic symptoms in the dermatome and
myotome that are supplied by the affected nerve root
(s). In the United States it is believed to occur in
approximately 3% to 5% of the population, with men
and women being affected in equal proportion, although
men are most likely to develop symptoms in their 40s,
whereas women are affected most commonly between
the ages of 50 and 60 years. Of the patients who suffer
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from this condition, 1 0% to 2 5% develop symptoms
that persist for more than 6 weeks.1

The pain associated with LSR usually arises from
damage caused to the sinuvertebral nerve and/or the
nerve root, the 2 structures capable of transmitting
neuronal impulses that result in the experience of pain.
The impingement of these structures, most commonly
the nerve root by herniation of the intervertebral disc
into the epidural space, is thought to initially result in
direct toxic inj ury to the nerve root by chemical
mediation (eg, phospholipase A2 , thromboxanes, met-
alloproteinases, among other agents) and then exacer-
bation of the ensuing intramural and extraneural
swelling, which results in venous congestion and con-
duction block.1 ,2 Treatment options include lifestyle
modifi cations, medications, physical therapy, corticos-
teroid inj ections, and decompressive surgery. Addition-
ally, in carefully selected patients with chronic LSR,
previously unresponsive to medical and surgical treat-
ment, spinal cord stimulation (SCS) has been used, with
moderate to high success rates.3,4

Chronic radicular pain in the extremities, presumably
the most commonly occurring form of neuropathic pain,
may present a challenge in terms of long-term manage-
ment.1 Over the past 2 decades, electrical neuromodu-
lation techniques have re-emerged as a viable technical
approach in the surgical treatment of medically refrac-
tory neuropathic pain, eclipsing several other available
procedures. For instance, in an extensive review and
meta-analysis of conventional SCS by Taylor et al.,
more than half of all patients with chronic back and leg
pain experienced signifi cant pain relief. The researchers
observed that this was maintained for a mean follow-up
period of 2 4 months. This review is one of several
demonstrating that electrical neuromodulation is an
effective treatment option for a cohort that is notori-
ously diffi cult to treat.4,5

Despite their growing popularity, electrical neuro-
modulation techniques do not come without shortcom-
ings.3,4,6 One of the issues in the use of spinal cord
neuromodulation for pain in the extremities is the
frequently encountered inability to keep the stimulation
fi eld steady enough to match the area of paresthesia with
the area of pain.3 Furthermore, central neuraxial stim-
ulation approaches often fail to discretely provide
sustained therapeutic paresthesia over the patient’ s
painful area.3,4,6 Among different types of neuromod-
ulation, percutaneous peripheral nerve stimulation
(PNS) holds the unique position of being the least
invasive and at the same time the least established in

terms of scientifi c evidence and regulatory approvals.
However, it is now gaining tremendous momentum in
terms of accumulation of clinical experience and
development of new indications, and may be partic-
ularly effective, either as a stand-alone therapy or as
an adj uvant to SCS, when the pain is localiz ed to a
part of a single extremity.3,4,6

It has been hypothesiz ed that pain relief from PNS, as
sensed through paresthesia, is mediated by antegrade
(orthodromic) stimulation of non-nociceptive Ab fi bers
present in the free nerve endings of the peripheral
nervous system, which results in the activation of the
same interneurons that are involved in the processing
and transmission of nociceptive information by periph-
eral Ab and C nerve fi bers in the superfi cial layers of the
dorsal horn of the spinal cord.4,6,7

This case report presents the story of an elderly male
patient who underwent implantation of a percutaneous
PNS along the traj ectory of the right superfi cial peroneal
nerve to treat a chronic L5 radicular pain, previously
unresponsive to SCS. To our knowledge, this is the fi rst
English-language literature description of a case where a
percutaneous PNS was successfully implanted distally to
the site of pain generation (in this case the L5–S1 neural
foramen) for the treatment of chronic lumbosacral
radiculopathy pain.

CAS E DES CRIPTION

A 7 3-year-old male patient with a medical history
signifi cant for multiple lumbar surgeries complicated by
methicillin-resistant Staphylococcus aureus, epidural
abscess, post-laminectomy syndrome, and SCS implan-
tation/explantation presented at our pain medicine
outpatient clinic for further evaluation of chronic,
intractable, right lower extremity pain. He characteriz ed
the pain as shooting and shock-like, located predomi-
nantly in his right lateral leg and dorsal foot, with
corresponding ambulatory limitation.

Prior to presenting at our pain medicine outpatient
clinic, the patient had undergone implantation of an SCS
at a different institution. SCS leads had been implanted
at the level of T1 0 and paresthesia obtained at the heel
and arch of the right foot, which was partially successful
in decreasing the pain intensity. However, the SCS was
inconsistent in regards to ameliorating the symptoms in
the right lateral leg, the area where the patient com-
plained the pain was most intense.

Physical examination was notable for signifi cant
weakness with great toe extension, toe flexion, foot

8 62 ! FERREIRA-DOS-SANTOS ET AL.
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eversion, and inability to rise up onto his toes or
heels. MRI revealed extensive scar tissue in the right
L5–S1 lateral recess and neural foramen (Figures 1
and 2 ). Electromyography (EMG) revealed chronic L5
and S1 radiculopathies and length-dependent sensori-
motor peripheral neuropathy, primarily axonal in
nature.

W hile multiple lines of evidence congruently identi-
fi ed a right L5 radiculopathy and a length-dependent
sensorimotor peripheral neuropathy, the patient pre-
dominantly experienced pain distally in the right super-
fi cial peroneal nerve distribution. Therefore, a
diagnostic ultrasound-guided superfi cial peroneal nerve
block was performed using 2 mL of 0.2 5% bupivacaine.
This block provided 8 0% reduction in pain for 2 days.
W ithin a few months, after informed decision making,
he underwent placement of a percutaneous PNS
(Bioness StimRouter!, V alencia, CA, U.S.A.) along the
traj ectory of the right superfi cial peroneal nerve. Ultra-
sound (US) guidance was used to identify the superfi cial
peroneal nerve between the anterior and lateral leg
compartments (Figure 3). Intraoperative stimulation of
the nerve was obtained at 1 .5 milliamps.

Two weeks after implantation of the percutaneous
PNS, the patient reported he was walking 5 times farther

than his typical morning walk and experienced a
reduction of pain from 8 out of 1 0 to 1 out of 1 0 on
the numeric rating scale (NRS). At the 3-month follow-
up consultation, the patient reported maintenance of the
reduction of pain in his right lower extremity with the
implanted percutaneous PNS and improved perfor-
mance in his daily activities.

DIS CUS S ION

Pain modulation in the peripheral nervous system is
mainly controlled by the nociceptive system. Primary
nociceptive neurons in the periphery contain free nerve
endings (A d and C fi bers) that respond to noxious
stimuli or tissue inj ury (eg, thermal or chemical). These
stimuli originate nociceptive signals that travel into the
spinal cord, where they synapse with second-order
neurons in the grey matter of the dorsal horn. Some of
these second-order neurons contain axons that ascend
the spinal cord and proj ect to the brainstem or thala-
mocortical system, where the conscious pain response is
generated.6,7 Another way through which nociceptors
can mediate pain signaling is by the release of neu-
ropeptides (eg, substance P, calcitonin gene-related
peptide) at the terminal end of peripheral nerve fi bers,
leading to an increased inflammatory response, also
known as neurogenic inflammation, and causing further
local changes that magnify the pain response (eg,
vasodilation, plasma extravasation, attraction of macro-
phages, degranulation of mast cells).6

F i g u re 1 . MRI revealing extensive scar tissue in the right L5–S1
lateral recess and neural foramen (sagittal view). W hite arrow
points to the L5–S1 neural foramen.

F i g u re 2 . MRI revealing extensive scar tissue in the right L5–S1
lateral recess and neural foramen (axial view). Red arrow points
to the L5–S1 neural foramen.

US-G uided PNS for Low er E x tremity Pain ! 8 63
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The original explanation for the mechanism of action
of PNS, based on the Gate Control Theory by W all and
Melz ack (1 9 65)7 ,8 , postulates that orthodromic stimu-
lation of non-nociceptive Ab nerve fi bers results in the
activation of the interneurons of the superfi cial layers of
the dorsal horn of the spinal cord, the same interneurons
that are involved in the processing and transmission of
nociceptive information by peripheral Ab and C nerve
fi bers. This nonpainful stimulation provided by PNS
inhibits these interneurons, therefore decreasing or
interrupting the transmission of pain signals.7 Further-
more, some studies have suggested that PNS may also
directly change the excitability of peripheral nerve
fi bers, increasing the threshold for nociceptive stimula-
tion to occur.6,7 It is possible that this direct peripheral
inhibition happens through an alteration in the local
concentrations of biochemical mediators that enhance
pain response. By altering the local concentrations of
neurotransmitters and endorphins, it is possible that
PNS directly inhibits some of the mechanisms respon-
sible for peripheral neurogenic inflammation.6,7

In this case, an elderly male patient underwent a
successful implantation of a percutaneous PNS along the
traj ectory of the right superfi cial peroneal nerve to treat
a chronic lumbosacral radiculopathy pain, which had
previously been unresponsive to SCS.

Considering the patient’ s medical history strongly in
favor of chronic L5 radiculopathy pain, as noted by leg
pain in the context of previous multiple lumbar surg-
eries, post-laminectomy syndrome, and asymmetric leg
muscle weakness on physical examination, associated
with the fi ndings of extensive scar tissue in the right L5–
S1 lateral recess and neural foramen in the MRI, some
controversy might arise when discussing the utiliz ation
of EMG in this case. Although a lot is debatable in

regards to the usage of EMG for the diagnosis of
extremity pain, in this case in specifi c the patient
underwent the examination taking the following into
consideration:

1 . EMG may be used to effectively exclude other
conditions that might mimic radiculopathy, such
as an entrapment neuropathy or other forms of
peripheral neuropathy. As demonstrated by Haig
et al.,8 the diagnostic impression may often be
altered after electrodiagnostic testing.

2 . Electrodiagnostic testing can to some extent
suggest severity, or extent of the disorder beyond
the clinical symptoms. Involvement of other
extremities can be delineated or the involvement
of multiple roots may be demonstrated.

3. There is utility in solidifying a diagnosis. An
unequivocal radiculopathy on EMG helps in
reducing diagnostic uncertainty and may identify
avenues of management previously not consid-
ered.9

W hen analyz ing this case in detail, it is also important
to consider the hypothesis of a double crush syndrome
(DCS) as a possible etiology for the patient’ s complaints.
Considering the lower limb, currently available litera-
ture on DCS is sparse, and although a few investigators
have established a possible overlap of distal peripheral
entrapment in the lower extremities in patients with
lumbar neural compression,9 at this time a complete
understanding of the disease process remains elu-
sive.1 0,1 1 Recently, US has been proposed as a useful
adj uvant tool to improve electrodiagnostic testing for
the diagnosis of peripheral nerve conditions. Given the
inexpensive, noninvasive nature of US, its use is likely to
become more common in the future. However, at this

A B

F i g u re 3 . A, Intraoperative ultrasound imaging showcasing the trajectory of the superficial peroneal nerve between the anterior and
lateral leg compartments (before stimulator implantation). Blue arrow points to the superficial peroneal nerve (fascicular bundle to the
right of the arrow). L, lateral; M, medial; PN S, peripheral nerve stimulator. B, Intraoperative ultrasound imaging showcasing the
percutaneous PN S placement along the trajectory of the superficial peroneal nerve between the anterior and lateral leg compartments
(after stimulator implantation). * Peripheral nerve stimulator (bright white spot to the left of the asterisk. Blue arrow points to the
superficial peroneal nerve (fascicular bundle to the right of the arrow).

8 64 ! FERREIRA-DOS-SANTOS ET AL.
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time there is still no absolute confi rmatory test, and thus
no method for an accurate diagnosis of DCS.1 1 In this
case, we fi nd the hypothesis of DCS unlikely when
compared to an isolated L5 radiculopathy pain based on
the following: (1 ) no evidence of entrapment neuropathy
in the electrodiagnostic testing; (2 ) no evidence of
peripheral nerve inj ury to the superfi cial peroneal nerve
during the pre-procedural US scan, namely, no evidence
of nerve swelling/neuroma or pain during sonopalpation
of the emergence of the superfi cial peroneal nerve at the
lateral side of the fi bular head/neck; and (3) right L5–S1
nerve root impingement at the lateral recess and neural
foramen, confi rmed by both MRI and EMG.

This case report is unique in the sense that the
stimulator was implanted proximally to the area where
the pain was the most intense, instead of proximally to
the area where the pain stimulus was being generated
(right L5–S1 nerve root impingement at the lateral recess
and neural foramen, confi rmed by bothMRI and EMG).

This case report raises new important questions
concerning our understanding of the physiology of pain
signaling and the mechanism of action of PNS. Specif-
ically, it is likely that the mechanism of pain suppression
with PNS is far more complex than simple peripheral
and spinal inhibition. This question has been addressed
in recent neuroimaging studies of patients with chronic
migraine, which convincingly indicate the presence of
central mechanisms of PNS action. These may include
both suppression of activity in pain-processing cerebral
circuits and activation of areas that are involved in the
descending system of pain control and modulation.6,7

CONCLUS IONS

Chronic lumbar radiculopathy pain is often treated with
lifestyle modifi cations, physical therapy, medications,
epidural steroid inj ections, surgeries, and SCS. The
volume and diversity of therapeutic approaches are a
testament to the challenging nature of providing lasting
pain relief for this condition.

This case report suggests that for patients experienc-
ing chronic radicular pain predominantly confi ned to the
superfi cial peroneal nerve distribution, implantation of a
percutaneous PNS may provide pain relief where other
options have failed.

Further clinical series involving larger numbers of
patients are warranted in order to assess the defi nitive

role of percutaneous PNS for the treatment of chronic
intractable radiculopathy pain.
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Peripheral Nerve Stimulation for
Chronic Shoulder Pain: A Proof of Concept
Anatomy Study
Michael Gofeld, MD; Anne Agur, PhD

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.

Keywords: Anatomy, implantation, peripheral nerve stimulation, shoulder pain, technical report

Conflict of Interest: Michael Gofeld is a member of the Surgical Advisory Board of Bioness Inc. Anne Agur reports no conflicts of
interest.

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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MATE RIAL S AND ME TH ODS

Approval was received from the University of Toronto Health
Sciences Research Ethics Board.

Axi llary 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

F igure 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]

GOFEL D & AGUR
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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,
V alencia, CA, USA) labeled for PNS was used. The specimen was
retained in a lateral decubitus position. A linear high-frequency ultra-
sound transducer (L ogicE, 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 (L ogiqE, 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

F igure 3 . Sonoanatomy of the q uadrangular space. Color, posterior circum-
fl ex artery (long axis); 1, deltoid muscle; 2 , humerus (short axis). [Color figure
can be viewed at wileyonlinelibrary.com]

F igure 4 . StimR outer guidewire (arrows) is inserted into the q uadrangular
space. 1, deltoid muscle; 2 , humerus (short axis). [Color figure can be viewed at
wileyonlinelibrary.com]

F igure 2 . D istal AN sonoanatomy. Arrow, the AN (short axis); red, posterior
circumfl ex 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.

RE SUL TS

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

F igure 5 . Th e 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]

F igure 6 . Th e lead (black arrowhead) is placed adj acent to the AN (open
arrow). W hite arrow, posterior circumfl ex 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]

F igure 7 . T he lead (black arrowhead) is placed adj acent to the SSN (white
arrow). B lack arrow, suprascapular artery; 1, supraspinatus muscle; 2 , transverse
ligament; 3 , acromion process; 4, humerus. T he 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., V alencia, 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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COMMON STIMROUTER APPLICATIONS

Which patients are candidates for StimRouter? Almost anyone suffering with Chronic Pain of peripheral
nerve origin. StimRouter has been implanted on over 25 discrete peripheral nerves with remarkable results.
A recent patient survey found that on average, patients  pain has reduced from an 8 to a 2. Additionally, 94%
of patients who were taking opioid based medications for pain relief reported reducing their opioid use by
at least 50% after being implanted with StimRouter.* Common uses for StimRouter include:

CONTACT BIONESS TODAY AT 800.211.9136 TO LEARN MORE!

OSTEOARTHRITIS

CRPS

POST-HERPETIC
NEURALGIA

POST HERNIA REPAIR

HIP PAIN

PELVIC/GENITAL PAIN

KNEE PAIN

FOOT PAIN

DIABETIC NEUROPATHY

POST STROKE SHOULDER PAIN

POST TOTAL SHOULDER
REPLACEMENT

TRAUMATIC INJURY

SHOULDER

LOWER LEG & FOOT

UPPER EXTREMITY

HIP/PELVIS
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StimRouter , Bioness and the Bioness Logo  are trademarks of Bioness Inc. | www.bioness.com | Rx Only
©2019 Bioness Inc. 02989

SPECIALTIES EXAMPLE DISORDER

Nuclear Medicine Bone Cancer

Plastic Surgery Mastectomy

Anesthesiology CRPS

Obstetrics and Gynecology Vulvodynia

Preventive Medicine Work place injury

Dermatology Herpes Zoster

Orthopedic Surgery TKR

Radiation Oncology Sarcoma

Family Medicine Osteoarthritis

Surgery Post Herniorrhaphy

Internal Medicine Neuropathy

Thoracic Surgery Intercostal Neuralgia

Medical Genetics and Genomics Neurofibromatosis

Pediatrics Erb s Palsy

Neurological Surgery Nerve Sheath Tumor

Physical Medicine and Rehabilitation Phantom Limb

Urology Orchalgia

Neurology Post Stroke Shoulder Pain

Individual results vary. Patients are advised to consult with a qualified physician to determine
if this product is right for them.

Important Safety Information and Risks: For Indications for Use, Contraindications, Warnings,
Adverse Reactions, Precautions and other safety information please refer to www.stimrouter.com/risks
(also available in the StimRouter Clinician s Guide).

StimRouter physicians frequently ask about identifying more patients who might benefit from their
own StimRouter implant, especially after witnessing patient outcomes firsthand. Many clinical
specialties have patients that experience chronic pain from a variety of disorders:

CONTACT BIONESS TODAY AT 800.211.9136 TO LEARN MORE!

 patients who might benefit from their

 implant, especially after witnessing patient outcomes firsthand. Many clinical

 patients who might benefit from their

 implant, especially after witnessing patient outcomes firsthand. Many clinical

EXAMPLE DISORDER

IDENTIFYING ADDITIONAL STIMROUTER CANDIDATES

*Oswald, J., & Chakravarthy, K. (2019, January). A case series on the use of peripheral nerve stimulation for focal mono neuropathy treatment.
  Poster session presented at the North American Neuromodulation Society annual convention, Las Vegas, NV.
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NOTES
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