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ABSTRACT

Spinal Cord Stimulation (SCS) is established as standard of care in the management of chronic intractable back pain and leg pain.
The conventional SCS frequency has certain limitations in yielding a satisfactory analgesia especially in cases of axial back pain and
also due to unpalatable paresthesia resulting from the stimulation. Continued experimental work provided information about the improved
results when the frequency of SCS is increased. Pilot studies and recent randomized controlled trial revealed that SCS at Higher
Frequency (HF) produces better pain relief without the accompanying paresthesia. HF SCS in its current available form has an apparatus
that requires implantation of all its components (electrodes, extension wires and implantable power generator) and inherits the associated
complications. Our technology has introduced wireless neuromodulation where-in, and receiver to make only the electrode array needs
to be inside the body and power source has wider range of stimulation parameters available, controlled by a remote device. This was
approved by FDA and CE and has been in clinical use. Wireless HF stimulation in our experience with 37 cases of refractory back pain,
produced the desired pain control and yet devoid of the complications related to the conventional SCS. Because of its simplicity, the
device is cosmetically better with reduced surgery costs and maintenance. Further larger multicenter prospective randomized trials are
expected to establish the safety and efficacy of this minimally invasive wireless technology.
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INTRODUCTION

Spinal Cord Stimulation (SCS) is a commonly recommended
procedure to treat several pain syndromes and the goals include
pain relief, reduced disability and improved function. Literature
supports SCS [1-4]. Studies evaluated SCS in the management of
FBSS establishing its safety and efficacy including costs [2,5,6]. At
the same time, the limitations and complications due to procedure
as well as the technology, amounting to 40% also were reported
[7,8]. Device and surgery related issues like lead migration, fracture,
hardware malfunction/disconnection, Implanted Power Generator
(IPG) failure, wound pain, infection indicate revision procedures
[7,9,10]. In some long standing SCS patients there was tolerance
and demand for increased stimulation [11-13]. Also, SCS in its
conventional form fails. It has poor or low pain control in midline
areas like low back, pelvis, buttocks and foot [14]. Sometimes, the
incomplete coverage is due to postural changes altering the position
of leads in the epidural compartment [15,16]. Some patients perceive
unacceptable paresthesias over the areas of pain [17]. Technological
improvements of the SCS apparatus, undoubtedly resulted in better
outcomes, but all these systems use identical parameters that failed
to yield sustainable axial pain relief [18]. These drawbacks have
necessitated investigation of new targets and stimulation parameters
viz. Dorsal Root Ganglion (DRG), High Frequency (HF). HF (1 - 10
KHz) stimulation has frequency well above the firing rates supported
by most neurons and has the advantages that include absence of
uncomfortable paresthesias and wider coverage of pain relief. Initial
studies in 2013 were equivocal [19,20]. A systematic study regarding
kilohertz frequency stimulation and chronic pain was reported by
Shechter et al in experimental set up [21]. They compared the effects
of 1 and 50 Hz dorsal column stimulation at high- and low intensities
on conduction properties of afferent Aa/p-fibers and spinal wide-
dynamic-range neuronal excitability in rats after L5 spinal nerve
ligation.

Frequency and SCS

In peripheral vascular disease models of SCS, 500 Hz resulted
in better vasodilatation compared to 50 Hz stimulation [22].
Transcutaneous electrical nerve stimulation in rat models, at 100
Hz also produced greater pain inhibition than lower frequencies did
[23,24]. Higher frequency SCS has not been systematically evaluated
for its analgesic efficiency though it has been used to control
torticollis [25]. According to gate control theory, stimulated large
A-fibers activate the inhibitory interneurons in the dorsal horn and

SCIRES Literature - Volume 1 Issue 1 - www.scireslit.com Page - 021

thus attenuate the spinal pain transmission [26] and by increasing
the frequency additional A-fibers might be recruited since KHz level
stimulation provides more electrical pulses of the same intensity
and duration compared to a conventional 50 Hz SCS. Also, different
frequencies might be eliciting different distinct patterns of activities,
such as those seen with TENS and electro-acupuncture [27,28].

SCS frequency and pain control

Shechter et al in their remarkable experiments have systematically
examined the different analgesic actions produced by increased
frequency SCS [21] wherein, the KHz levels of stimulation in L5 spinal
nerve ligation rat model of neuropathic pain relieved the mechanical
hypersensitivity. KHz SCS not only acts early with greater extent but
sustained its pain inhibition effects suggesting cumulative action,
a finding earlier reported in nerve injury models [29]. Schechter et
al observed that HF SCS had comparable effects of pain relief, as
reported with TENS and electro-acupuncture [27,30,31]. A possible
correlation between duration of pain alleviation and stimulation
intensity may exist and various paradigms may be tested for effective
treatment even in other neuropathic syndromes [32,33]. SCS at low
or high frequency induced pain inhibition that always correlated with
intensity, even subthreshold levels [34]. An important message from
all these models has been that neither of these frequencies even at the
highest intensity could produce complete reversal of the neuropathic
hypersensitivity and there were refractory instances to SCS at all
frequencies and intensities [21,32,35].

SCS frequency and pain inhibition

HF stimulation blocks the conduction of action potentials and
it is directly proportional to the number of activated fibers [36,37].
SCS also changes properties of afferent conduction and HF leads
to conduction failure at the branch points blocking afferent signals
reaching the nociceptive pathways of the spinal cord [38]. Mechanical
hypersensitivity elicits abnormal activity in the myelinated afferent
fibers (AP-fibers) of the dorsal column and inhibition of these
A-fiber inputs results in inhibition of the nociceptive signals [39,40].
Traditional frequency SCS induces analgesia by activating the
A-fibers of the dorsal column, but not all afferent inputs, which can be
achieved by higher frequency/intensity stimulation at the DRG or the
dorsal root entry zone in both small (rats) and large (goats) animals
[41]. Although paresthesia elicited by SCS may not necessarily relate
to the pain-relieving effect, a basic principle for conventional SCS is to
create paresthesia, presumably by activating myelinated afferent fibers
in the dorsal column, which overlap the affected pain region. As the
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fundamental biological basis for conventional SCS-induced analgesia,
the gate-control theory postulates that some of these afferent sensory
neurons send collateral branches to the affected spinal segments,
and activities of these large fibers drive onto inhibitory dorsal horn
interneurons to inhibit spinal pain transmission [26,42]. With a
fixed pulse width and duration KHz frequency SCS delivers much
more electrical pulses than traditional 50 Hz and greater neuronal
inhibition and accordingly greater activation of pain inhibition
[43]. As a result, compared to pre and sham stimulation, 1KHz and
10KHz significantly reduced mechanical hypersensitivity in SNL rats
[21]. Shechter et al proposed unique modulation of neural pathways
by KHz stimulation in the form of dorsal column activation with a
stochastic and asynchronous manner that probably differs from
the lower frequency stimulation affecting a synchronous firing of
neurons [44-46]. Higher frequency stimulation might induce changes
in afferent conduction properties in peripheral as well as spinal
segments and gene expressions involved in neural plasticity, different
from pain suppression due to lower frequency stimulation [21].
Cuellar et al observed that HF inhibited the sensory neurons rather
than activating them and thus has therapeutic advantage to induce
analgesia without producing sensory phenomena like paresthesias.
Thus HF stimulation was also proposed to replace conventional
frequency SCS for effective pain management [41].

Clinical trials with HF SCS

A 5-center prospective multicenter pilot study was conducted on
24 patients with chronic back pain using HF SCS that had proprietary
waveform and stimulation parameters from Nevro Corporation
(Menlo Park, CA, USA). The four day percutaneous trial stimulation
(HF following conventional SCS) demonstrated analgesia without
paresthesia and 88% patients preferred HF over conventional SCS
[47]. In a larger European study Van Buy ten et al had more than
50% analgesia without paresthesias in 74% of their patients implanted
with HF SCS [19] as did other groups [48]. The Senza (Nevro Corp,
Menlo park, CA, USA) HF10 SCS underwent a series of clinical trials
and a recent randomized control trial in 198 patients with back and
leg pain. The study has demonstrated long lasting (12-month) efficacy
in significant number of patients [3]. HF SCS was not associated with
paresthesia.

Stimwave High Frequency wireless neuromodulation

Stimwave (Stimwave Technologies Incorporated, Pompano
Beach Florida 33064, USA) has introduced a miniature implant design
with wireless operational capabilities of stimulation parameters. This
novel minimally invasive technology has been approved by FDA
and CE for clinical use to relieve chronic back pain and leg pain via
SCS, peripheral nerve stimulation and DRGS. Stimwave technology
has a wide spectrum of stimulation parameters available for clinical
applications which include: Amplitude: 1 - 24 mA, pulse Width: 10 -
1000 microseconds, Frequency: 5 - 20,000 Hz.

The Apparatus

Patients are implanted with one or more stimulation systems
containing 4-8 contacts which are 3 mm in diameter kept at a
distance of 4 mm from one another (Figures 1,2). The stimulator has
an implantable electrode array, a microprocessor and a receiver for
antenna, powered by an external power generator (EPG, Figure 3).
The only component that gets implanted is the miniature electrode
which is passive and wirelessly operated by the EPG/transmitter that
is worn by the patient over a single layer of cloth. The implanted
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electrode receives the desired stimulation from the EPG via a Radio
Frequency (RF) transmitting antenna through the wireless receiver
[49]. This device uses RF energy of 915 MHz to transfer power and
selected stimulation parameters as indicated for clinical use by the
physician.

DISCUSSION

Clinical experience with SCS has shown that securing analgesia
in patients with chronic back pain could be very frustrating [50-53].
Several studies with HF systems have demonstrated the efficacy in
providing relief in cases of chronic intractable back pain [3,19,48].
However, the SCS system apparatus itself is still not devoid of the
complications related to the implantable power generator and
the paraphernalia like the connectors, lead extensions. Kumar
et al reported device related complications in 32% of patients
[54]. Surgery was performed in 12% cases for hard ware related
complications. Senza trial reported that 4% HF10 therapy subjects
and 7.2% of conventional SCS subjects had serious adverse events (P
=0.3) and 27.7% and 33% non-serious study related adverse events
respectively. Lead migration required surgery in 3% of HF10 and
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Figure 1: Neuro-stimulator electrode; MRI compatible; for both 1.5 and 3
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Figure 2: Neurostimulator receiver.
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Figure 3: WAA.

5.2% of traditional SCS patients [3]. It is noteworthy that patients
in Senza trial and other studies did not experience serious adverse
events related to stimulation parameters. HF stimulation per se does
not seem to result in any unique complications or side effects related
to the frequency [3,19,20]. Additionally, HF stimulation provided
paresthesia-free analgesia and appears to be paresthesia independent.
There is also possibility that midline positioning of the contacts on
the stimulating electrode may not be a significant technical factor in
providing pain relief with HF stimulation, as reported recently in a
prospective multicenter trial [57]. We accumulated our experience
with HF stimulation in 37 (30 for SCS and 7 for DRGS) patients so far
and no one had any adverse events related to the implant, which was
an electrode only. All of them had sustainable analgesia. The wireless
neuromodulation does not employ any implantable power generator
or additional wiring/extension cables and thus these patients had no
implant-related complications. The implantation procedure requires
a small incision only since it is percutaneous and minimally invasive,
to place the electrode. No additional implant is needed for therapy
and hence provides the comfort as well as cosmetic results apart from
lowering the costs of surgery and postoperative pain. The likelihood
of adverse events is minimal while patients attain therapeutic goal of
analgesia [55,56]. Device malfunction, stimulation failure and lead
displacement occurred in few cases requiring revision of the implant.
Our outcomes and experience are as good as and often better than
wired stimulators unless stimulation moves with migration or the
device becomes damaged somehow from too shallow of a placement.
The simplicity of the neuromodulation apparatus is very much to the
advantage of compromised situations where patients have limited
life expectancy or terminal illness, reduced immunity and retroviral
infections. Complications with the existing technology have been
hampering the progress of neuromodulation and the wireless
device describes above, promises to enhance rapid evolution of the
therapeutics.

Perspective

Wireless stimulation in our experience has been as good as the
wired stimulation or even better unless stimulator placement, due
to technical and anatomical differences, was shallow. Frequencies
either low or high did not produce serious adverse events as far as
the current experience with spinal cord stimulation is concerned.
In experimental models, even at the highest intensity and frequency
most animals do not exhibit complete reversal of the mechanical
hypersensitivity. There are always non-responders to the protocol at
all frequencies and intensity of stimulation. A pre-lesion response is
not attainable with any combination of stimulation parameters. This is
very similar to the clinical scenario where SCS can yield only a partial
pain relief that is compatible with comfort and daily activities. Most
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protocols keep the relief at “above 50% improvement” for significant
clinical response. Hence, there is always scope for improvement in
the methods and technology we apply to achieve better analgesia with
SCS, today. Minimally invasive procedures, wireless stimulation and
external power generators are steps to reach this goal. Several studies
are at present ongoing and multicenter, randomized controlled trials
shall establish the safety and efficacy of this wireless neuromodulation
method.

REFERENCES

1. Turner JA, Loeser JD, Bell KG. Spinal cord stimulation for chronic low back
pain: a systematic literature synthesis. Neurosurgery. 1995; 37: 1088-1095.
https://goo.gl/HLzCkB

2. Kumar K, Taylor RS, Jacques L, Eldabe S, Meglio M, Molet J, et al. The
effects of spinal cord stimulation in neuropathic pain are sustained: a
24-month follow-up of the prospective randomized controlled multicenter trial
of the effectiveness of spinal cord stimulation. Neurosurgery. 2008; 63: 762-
770. https://goo.gl/SmXhTK

3. Kapural L, Yu C, Doust MW, Gliner BE, Vallejo R, Sitzman BT, Amirdelfan
K, et al. Novel 10-kHz High-frequency Therapy (HF10 Therapy) Is Superior
to Traditional Low-frequency Spinal Cord Stimulation for the Treatment of
Chronic Back and Leg Pain: The SENZA-RCT Randomized Controlled Trial.
Anesthesiology. 2015; 123: 851-60. https://goo.gl/oyZjXb

4. North RB, Kidd DH, Farrokhi F, Piantadosi SA. Spinal cord stimulation
versus repeated lumbosacral spine surgery for chronic pain: a randomized,
controlled trial. Neurosurgery. 2005; 56: 98-107. https://goo.gl/VcUyDa

5. Deer TR, Mekhail N, Provenzano D, Pope J, Krames E, Leong M, et al.
The appropriate use of neurostimulation of the spinal cord and peripheral
nervous system for the treatment of chronic pain and ischemic diseases: the
Neuromodulation Appropriateness Consensus Committee. Neuromodulation.
2014; 17: 515-550. https://goo.gl/jix9RN3

6. Mekhail NA, Aeschbach A, Stanton-Hicks M. Cost benefit analysis
of neurostimulation for chronic pain. Clin J Pain. 2004; 20: 462-468.
https://goo.gl/g5vykS

7. Turner JA, Loeser JD, Deyo RA, Sanders SB. Spinal cord stimulation for
patients with failed back surgery syndrome or complex regional pain
syndrome: a systematic review of effectiveness and complications. Pain.
2004; 108: 137-147. https://goo.gl/'YzCXBq

8. Mekhail NA, Mathews M, Nageeb F, Guirguis M, Mekhail MN, Cheng J..
Retrospective review of 707 cases of spinal cord stimulation: indications and
complications. Pain Pract. 2011; 11: 148-153. https://goo.gl/TdBGLc

9. Cameron T. Safety and efficacy of spinal cord stimulation for the treatment of
chronic pain: a 20-year literature review. J Neurosurg. 2004; 100: 254-267.
https://goo.gl/rFmYad

10. Kumar K, Wilson JR, Taylor RS, Gupta S. Complications of spinal cord
stimulation, suggestions to improve outcome, and financial impact. J
Neurosurg Spine. 2006; 5: 191-203. https://goo.gl/Mt2Fw3

1

-

.Kumar K, Hunter G, Demeria D. Spinal cord stimulation in treatment of
chronic benign pain: challenges in treatment planning and present status, a
22-year experience. Neurosurgery. 2006; 58: 481-496. https://goo.gl/k1MAox

12. North RB, Kidd DH, Zahurak M, James CS, Long DM. Spinal cord stimulation
for chronic, intractable pain: experience over two decades. Neurosurgery.
1993; 32: 384-395. https://goo.gl/n3NGL3

13. Pineda A. Complications of dorsal column stimulation. J Neurosurg. 1978; 48:
64-68. https://goo.gl/9GHfFr

14. Kumar K, Hunter G, Demeria D. Spinal cord stimulation in treatment of
chronic benign pain: challenges in treatment planning and present status, a
22-year experience. Neurosurgery 2006; 58: 481-496. https://goo.gl/aMCjiw

15. Stuart RM, Winfree CJ. Neurostimulation techniques for painful
peripheral nerve disorders. Neurosurg Clin N Am. 2009; 20: 111-120.
https://goo.gl/iKKécD

16. Cameron T, Alo KM. Effects of posture on stimulation parameters in spinal
cord stimulation. Neuromodulation. 1998; 1: 177-183. https://goo.gl/ha13v7

17. Schultz DM, Webster L, Kosek P, Dar U, Tan Y, Sun M. Sensor-driven



Open Journal of Surgery 8

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

position-adaptive spinal cord stimulation for chronic pain. Pain Physician.
2012; 15: 1-12. https://goo.gl/2yJfdA

. Clark JD. Spinal cord stimulation. Does frequency matter? Anesthesiology.
2013; 119: 243-244. https://goo.gl/iz27qVc

. Oakley J. Spinal cord stimulation in axial low back pain: solving the dilemma.
Pain Med. 2006; 7: 58-63. https://goo.gl/YwVo3F

Van Buyten JP, Al-Kaisy A, Smet |, Palmisani S, Smith T. High-frequency
spinal cord stimulation for the treatment of chronic back pain patients: Results
of a prospective multicenter European clinical study. Neuromodulation. 2013;
16: 59-65. https://goo.gl/mKbubj

Perruchoud C, Eldabe S, Batterham AM, Madzinga G, Brookes M, Durrer
A, et al. Analgesic efficacy of high frequency spinal cord stimulation: A
randomized double blind placebo-controlled study. Neuromodulation. 2013;
16: 363-369. https://goo.gl/SERpH4

Shechter R, Yang F, Xu Q, Cheong YK, He SQ, Sdrulla A, et al.
Conventional and kilohertz-frequency spinal cord stimulation produces
intensity- and frequency-dependent inhibition of mechanical hypersensitivity
in a rat model of neuropathic pain. Anesthesiology. 2013; 119: 422-432.
https://goo.gl/i3PA6T

Gao J, Wu M, Li L, Qin C, Farber JP, Linderoth B, et al. Effects of spinal cord
stimulation with “standard clinical” and higher frequencies on peripheral blood
flow in rats. Brain Res. 2010; 1313: 53-61. https://goo.gl/3uAKN;j

Sluka KA, Bailey K, Bogush J, Olson R, Ricketts A. Treatment with either
high or low frequency TENS reduces the secondary hyperalgesia observed
after injection of kaolin and carrageenan into the knee joint. Pain. 1998; 77:
97-102. https://goo.gl/aLHL3F

Vance CG, Radhakrishnan R, Skyba DA, Sluka KA. Transcutaneous
electrical nerve stimulation at both high and low frequencies reduces primary
hyperalgesia in rats with joint inflammation in a time-dependent manner. Phys
Ther. 2007; 87: 44-51. https://goo.gl/CUn7uf

Waltz JM. Spinal cord stimulation: A quarter century of development and
investigation. A review of its development and effectiveness in 1,336 cases.
Stereotact Funct Neurosurg. 1997; 69: 288-299. https://goo.gl/MBjaZe

Melzack R, Wall PD. Pain mechanisms: A new theory. Science. 1965; 150:
971-979. https://goo.gl/1mcCjM

Costigan M, Woolf CJ. No DREAM, No pain. Closing the spinal gate. Cell.
2002; 108: 297-300. https://goo.gl/o6HFp8

Sluka KA, Judge MA, Mc Colley MM, Reveiz PM, Taylor BM: Low frequency
TENS is less effective than high frequency TENS at reducing inflammation-
induced hyperalgesia in morphine-tolerant rats. Eur J Pain. 2000; 4:185-193.
https://goo.gl/zC76HL

Romita VV, Suk A, Henry JL. Parametric studies on electroacupuncture-like
stimulation in a rat model: Effects of intensity, frequency, and duration of
stimulation on evoked antinociception. Brain Res Bull. 1997; 42: 289-296.
https://goo.gl/J8KRZN

.Maeda Y, Wacnik PW, Sluka KA. Low frequencies, but not high frequencies
of bi-polar spinal cord stimulation reduce cutaneous and muscle hyperalgesia
induced by nerve injury. Pain. 2008; 138: 143-152. https://goo.gl/CNQ9wg

Lin JG, Chen XH, Han JS. Antinociception produced by 2 and 5 KHz
peripheral stimulation in the rat. Int J Neurosci. 1992; 64: 15-22.
https://goo.gl/G5ee7w

Sluka KA, Walsh D. Transcutaneous electrical nerve stimulation: Basic
science mechanisms and clinical effectiveness. J Pain. 2003; 4: 109-121.
https://goo.gl/KCtMcQ

Meyerson BA, Linderoth B. Mode of action of spinal cord stimulation
in neuropathic pain. J Pain Symptom Manage. 2006; 31: S6-12.
https://goo.gl/puWsSG

Meyerson BA, Ren B, Herregodts P, Linderoth B. Spinal cord stimulation in
animal models of mononeuropathy: Effects on the withdrawal response and
the flexor reflex. Pain. 1995; 61: 229-243. https://goo.gl/LLe6fb

Wolter T, Kiemen A, Porzelius C, Kaube H. Effects of subperception threshold
spinal cord stimulation in neuropathic pain: A randomized controlled double-
blind crossover study. Eur J Pain. 2012; 16: 648-655. https://goo.gl/AGqGb7

Carter ML. Spinal cord stimulation in chronic pain: A review of the evidence.

SCIRES Literature - Volume 1 Issue 1 - www.scireslit.com Page - 024

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Anaesth Intensive Care. 2004; 32: 11-21. https://goo.gl/73KFMU

Kilgore KL, Bhadra N. High frequency mammalian nerve conduction block:
Simulations and experiments. Conf Proc IEEE Eng Med Biol Soc. 2006; 1:
4971-4974.

Bhadra N, Lahowetz EA, Foldes ST, Kilgore KL. Simulation of high-frequency
sinusoidal electrical block of mammalian myelinated axons. J Comput
Neurosci. 2007; 22: 313-326. https://goo.gl/cg1g41

Campbell JN. Examination of possible mechanisms by which stimulation of
the spinal cord in man relieves pain. Appl Neurophysiol. 1981; 44: 181-186.
https://goo.gl/rJ2Pon

Baron R. Neuropathic pain: A clinical perspective. Handb Exp Pharmacol.
2009; 194: 3-30. https://goo.gl/dHq9xq

Song Y, Li HM, Xie RG, Yue ZF, Song XJ, Hu SJ, et al. Evoked bursting
in injured AB dorsal root ganglion neurons: A mechanism underlying tactile
allodynia. Pain. 2012; 153: 657-665. https://goo.gl/n7xcQ9

Cuellar JM, Alataris K, Walker A, Yeomans DC, Antognini JF. Effect of high-
frequency alternating current on spinal afferent nociceptive transmission.
Neuromodulation. 2013;16: 318-327. https://goo.gl/9xJKyb

Costigan M, Woolf CJ. No DREAM, No pain. Closing the spinal gate. Cell.
2002; 108:297-300. https://goo.gl/Ea27Su

Nelson TS, Suhr CL, Freestone DR, Lai A, Halliday AJ, McLean KJ, et al.
Closed-loop seizure control with very high frequency electrical stimulation at
seizure onset in the GAERS model of absence epilepsy. Int J Neural Syst.
2011; 21: 163-173. https://goo.gl/CTWLxX7

Song Z, Ultenius C, Meyerson BA, Linderoth B. Pain relief by spinal cord
stimulation involves serotonergic mechanisms:An experimental study in a rat
model of mononeuropathy. Pain. 2009; 147: 241-248. https://goo.gl/dmYiDh

Barchini J, Tchachaghian S, Shamaa F, Jabbur SJ, Meyerson BA, Song
Z, et al. Spinal segmental and supraspinal mechanisms underlying
the pain-relieving effects of spinal cord stimulation: An experimental
study in a rat model of neuropathy. Neuroscience. 2012; 215: 196-198.
https://goo.gl/HKcmV9

El-Khoury C, Hawwa N, Baliki M, Atweh SF, Jabbur SJ, Saadé NE.
Attenuation of neuropathic pain by segmental and supraspinal activation of
the dorsal column system in awake rats. Neuroscience. 2002; 112: 541-553.
https://goo.gl/QmWb6i

Tiede J, Brown L, Gekht G, Vallejo R, Yearwood T, Morgan D. Novel Spinal
Cord Stimulation Parameters in Patients with Predominant Back Pain.
Neuromodulation. 2013; 16: 370-375. https://goo.gl/rWy2WT

Russo M, Van Buyten JP. 10-kHz high frequency SCS therapy: a clinical
summary. Pain med. 2014; 16: 934-942. https://goo.gl/Gci78a

. Tyler Perryman L, Larson P, Glaser J. Tissue depth study for a fully

implantable, remotely powered and programmable wireless neural stimulator.
Int J Nano Stud Technol. 2016; S2: 1-6. https://goo.gl/V\WWBKN

Ohnmeiss DD, Rashbaum RF. Patient satisfaction with spinal cord stimulation
for predominant complaints of chronic, intractable low back pain. Spine J.
2001; 1: 358-363. https://goo.gl/’X5mDKe

North RB, Kidd DH, Olin J, Sieracki JM, Farrokhi F, Petrucci L, et al. Spinal
cord stimulation for axial low back pain: a prospective, controlled trial
comparing dual with single percutaneous electrodes. Spine. 2005; 30: 1412-
1418. https://goo.gl/4dm5zb

Barolat G, Oakley JC, Law JD, North RB, Ketcik B, Sharan A. Epidural
spinal cord stimulation with a multiple electrode paddle lead is effective
in treating intractable low back pain. Neuromodulation. 2001; 4: 59-66.
https://goo.gl/2gjRD8

Van Buyten JP, Van Zundert J, Milbouw G. Treatment of failed back surgery
syndrome patients with low back and leg pain: a pilot study of a new dual
lead spinal cord stimulation system. Neuromodulation. 1999; 2: 258-265.
https://goo.gl/mF9oNZ

Kumar K, Taylor RS, Jacques L, Eldabe S, Meglio M, Molet J, et al. Spinal
cord stimulation versus conventional medical management for neuropathic
pain: a multicenter randomized controlled trial in patients with failed back
surgery syndrome. Pain. 2007; 132: 179-188. https://goo.gl/JWVdgG



Open Journal of Surgery 8

57.Yearwood TL, Perryman LT. Peripheral Neurostimulation with a occipital neuralgia: case illustrations. J Neurol Stroke. 2017; 6: 00213.
Microsize Wireless Stimulator. Prog Neurol Surg. 2015. 29: 168-191. https://goo.gl/CBaWKw
https://goo.gl/HkAsCQ h ) .

59. De Carolis G, Paroli M, Tollapi L, Doust MW, Burgher AH, Yu C, et al.
Paresthesia-independence: An assessment of technical factors related to 10
kHz paresthesia-free spinal cord stimulation. Pain Physician. 2017; 20: 331-
341. https://goo.gl/B7VHUA

58. Perryman LT, Speck B, Weiner RL. A novel wireless minimally invasive
neuromodulation device for the treatment of chronic intractable

SCIRES Literature - Volume 1 Issue 1 - www.scireslit.com Page - 025



	High Frequency Spinal Cord Stimulation: aReview and Introduction to a Novel WirelessTechnology for Neuromodulation
	ABSTRACT
	INTRODUCTION
	DISCUSSION
	Figure 1
	Figure 2
	Figure 3
	REFERENCES

