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Abstract: Neurostimulation techniques for the treatment of chronic low back pain (LBP)
have been rapidly evolving; however, questions remain as to which modalities provide
the most efficacious and durable treatment for intractable axial symptoms. Modalities of
spinal cord stimulation, such as traditional low-frequency paresthesia based, high-density
or high dose (HD), burst, 10-kHz high-frequency therapy, closed-loop, and differential
target multiplexed, have been limitedly studied to determine their efficacy for the treat-
ment of axial LBP. In addition, stimulation methods that target regions other than the
spinal cord, such as medial branch nerve stimulation of the multifidus muscles and the
dorsal root ganglion may also be viable treatment options. Here, current scientific
evidence behind neurostimulation techniques have been reviewed with a focus on the
management of chronic axial LBP.
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Introduction

Approximately one in five adults suffer from chronic low back pain (LBP)
'3 Chronic LBP is
associated with significant direct health-care costs including physical therapy,

with over 575 million individuals suffering worldwide.

inpatient services, prescription medications, and interventional care, as well as

indirect costs including lost work productivity.*
When LBP, it is
a contextual definition. In reference to time, chronic back pain is typically

discussing  chronic important to  provide
defined as pain lasting longer than 12 weeks or beyond the expected period of
healing.” A well-defined underlying pathological cause may not always be
identified. As defined by NASS (North American Spine Society), chronic
LBP is

gluteal fold that may at times extend as somatic referred pain into the thigh.”®

“pain of musculoskeletal origin extending from the lowest rib to the

Chronic pain that is localized in the lower back is considered axial LBP, while
pain that radiates past the buttock and down the leg(s) is classified as radicular
pain. Pain that chronically occurs concurrently in the back and the leg is
considered back and leg pain. Further classifications can be subdivided
into individuals that have chronic LBP following back surgery (eg postlami-
nectomy pain syndrome;
tory LBP.

PLPS) and those that have nonsurgical refrac-
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Unfortunately, the treatment of chronic LBP can be
challenging and refractory to many interventions.
Forms of neuromodulation, such as spinal cord stimu-
lation (SCS), have been utilized over the last 50 years
to assist in the treatment of intractable LBP often with
a radicular component. Since the first SCS unit was
implemented in a clinical setting by Shealy, SCS has
been growing in popularity as its clinical safety, cost
utility, and efficacy increase.”” Spinal cord stimulation
is now a widely accepted form of therapy for chronic
intractable neuropathic pain and is the most commonly
employed neurostimulation therapy for the treatment of
chronic pain. More specifically, SCS has been used
extensively for the treatment of PLPS (approximately
70% of all implants); however, it has not yet been
fully investigated as a treatment modality for patients
who have not previously undergone back surgery.'®'
When treating PLPS, SCS has traditionally been
used to target radicular symptoms, but at times
lacks effective prolonged coverage of axial LBP
symptoms.' "2

The use of neurostimulation for the treatment of
chronic LBP has been met with mixed results. Due to
a multitude of recent technological and hardware
advancements, including programming (eg novel wave-
form patterns and alterations in programming
parameters and energy delivery), new neural targets,
and improved lead placement; neurostimulation
has improved in its ability to treat axial LBP.':'*'°
Here, we will provide an up-to-date narrative review
of the
therapies with a focus on the management of chronic

axial LBP.

scientific evidence of neurostimulation

Traditional Low-frequency
Paresthesia-based SCS

Traditional low-frequency (ie frequency <1000 Hz)
paresthesia based SCS has been shown to be clinically
effective for many pain conditions including PLPS.
However, the ability of SCS to successfully manage
chronic axial LBP has been associated with mixed
results and limited efficacy; often with declining effi-
cacy over time.*'® A recent systematic review utilizing
the Cochrane risk of bias tool and GRADE system
demonstrated very low quality evidence for low-
frequency SCS for the treatment of axial LBP with
concomitant leg pain.'® The North American Spine

Society (NASS) recently published evidence-based
clinical guidelines for multidisciplinary spine care for
the treatment of LBP which determined that there was
insufficient evidence to make a recommendation for or
against the use of SCS for the treatment of LBP.°
However, it must be pointed out that new SCS research
has been published that was not included in this NASS
review. In addition, recent attention has been placed on
SCS explant rates with a major driver being loss of
clinical efficacy.'”2° Therefore, it is prudent for phy-
understand  the

sicians and manufacturers to

current level of evidence for SCS treatment of
chronic axial LBP and to continue SCS advancement
prior to large-scale clinical utilization for this
indication.

When evaluating the ability of traditional low-
frequency SCS to effectively treat lumbar spine condi-
tions, five randomized controlled trials (RCTs; Table 1)
are available that include a traditional low-frequency
study arm.'*'*21"2% These studies all included patients
with axial LBP and leg pain. Three of the five studies
provide information specifically on back pain reduction
with the traditional low-frequency SCS as a secondary
outcome.'***** The earliest RCT by Kumar et al'***
evaluating SCS LBP reduction as a secondary outcome
demonstrated a significant VAS reduction at six months
within the SCS group and between the SCS group and
conventional medical management. However, by 24
months the between group difference for axial LBP
was absent. The two most recent RCTs providing infor-
LBP have

demonstrated positive sustained results at 12 months,

mation on the treatment of axial
and in one study at 24 months. In the Kapural et al
study'*  the SCS
a significant sustained 44% LBP reduction at 24
months. In the Mekhail et al study,®” the traditional
SCS arm demonstrated a 54% reduction in LBP at 12
In addition to the RCTs,

comparative studies and prospective cohort studies

traditional arm demonstrated

months. nonrandomized

have suggested a positive reduction in axial LBP with
SCS treatment.'® PLPS was a common clinical diag-

nosis and only two of the five papers

specifically included individuals with nonsurgical
refractory LBP. Therefore, there is limited insight on
the ability of traditional low-frequency paresthesia
based SCS to effectively treat nonsurgical refrac-

tory LBP.
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Several modifications to traditional low-frequency par-
esthesia based SCS have been introduced; attempting to
improve axial LBP coverage and treatment (Figure 1 and
Table 2).'>* The modifications have included attention to
stimulation target zones, lead placement, equipment
design, programming algorithms, and electrical parameter
modifications.”* % Each modification has been suggested
to overcome constraints in either clinical, physiological, or
anatomical areas. Theorized anatomical constraints have
included the close relationship with the dorsal columns to
the dorsal root fibers, the increased thickness of the dorsal
cerebral spinal fluid at T8-T9, and the size of the L1 and
L2 dermatomes with their close proximity to the T12
dermatome."” Increased stimulation in the T12 dermatome
may result in unwanted chest wall coverage.>* One of the
major challenges with traditional low-frequency SCS has
been the ability to capture axial LBP with paresthesia
coverage. Paresthesia capture was once considered to be
of critical importance because initial work demonstrated
that
a patient’s pain topography to be a predictor of successful

superposition of stimulation paresthesias upon

pain relief.** However, current SCS research has demon-
strated that continuous paresthesia coverage is not required
for pain relief with specific programs and frequency

settings.?!>>-"

Closed-loop SCS

Conventional SCS modalities use preset programs with
regard to frequency, pulse-width, and amplitude which
are used to modulate pain processing (Figure 2). These
conventional SCS modalities are open-loop systems which
require the operator (eg patient, physician, or device repre-
sentative) to manually change fixed output stimulator set-
tings. To improve open-loop systems, sensing technology
has been employed to alternate between preset programs
for specific positions.*® Automatic position adaptive sti-
mulation (Figure 2) provides benefits for pain relief, con-
venience, and a reduction in daily number of amplitude
adjustments in comparison to traditional SCS systems
(18.2 adjustments per day vs 30.7 adjustments per day).>®

Although automatic position adaptive stimulation with
open-loop systems have been helpful, limitations still exist
since integrated feedback from the nervous system is not
incorporated into stimulation patterns. Recently, in an
effort to overcome this limitation, a closed-loop SCS sys-
tem has been introduced which monitors the physiologic
state of the nervous system and modifies SCS parameters
in real time based on this inpu'[.3 " The deployment of

a closed-loop system for medical purposes is not new.
This technology has been used extensively in the field of
cardiology.’” Previous challenges with closed-loop sys-
tems that have limited clinical neuromodulation introduc-
tion have included technology restrictions (eg sensing and
stimulation through the same lead), hardware design, pro-
gramming intricacies, and increased energy requirements
due to computational, sensing and stimulation duties.*®

Learning from previous clinically implemented closed-
loop systems (Figure 2), the therapeutic effects associated
with low-frequency traditional paresthesia-based SCS may
be increased. Utilizing a closed-loop SCS system that
employed evoked compound action potential (ECAP) sen-
sing, Russo et al**** examined the ability to effectively
treat individuals with lower back and/or leg pain. For this
study, patients were trialed and implanted with a closed-
loop SCS system with integrated feedback control using
ECAPs to provide a measure of the response of nerve
fibers to stimulation and to automatically maintain desired
dorsal column fiber recruitment levels within the therapeu-
tic window. The system consisted of two 12-contact per-
cutaneous leads. Preliminary results were published for the
three- and six-month outcomes. Fifty-seven percent of
patients had PLPS and the primary region of pain was
the lower back for approximately 72% of patients. Forty-
nine patients completed the end of trial assessment and 36
patients elected to move forward to implantation. At six
months, 85.7% of patients reported LBP relief >50%. Due
to its short-term success, the study was continued further
to provide 12-month outcomes which were published in
2019.*° The 12-month data demonstrated that 76.9% of
patients reported >50% total pain reduction and 56.4% of
patients reported >80% LBP reduction; therefore, provid-
ing clinical evidence to support the use of the closed-loop
SCS system not only for neuropathic radicular pain but
also for the treatment of axial LBP.*

A multicenter double-blind RCT enrolling 134
patients examining the ability of a closed-loop SCS sys-
tem to treat chronic back and leg pain further provided
evidence of safety and efficacy.”” Patients were rando-
mized either to an ECAP controlled closed-loop or fixed
output open-loop SCS systems. The baseline demo-
graphics demonstrated that 57% to 61% of the patients
had a diagnosis of PLPS and 58% to 61% of the patients
had previous back surgery depending on the treatment
arm. The primary analysis was at three months and fol-
low-up was continued to 12 months (prespecified analy-
sis). At three months, 82.3% of the closed-loop SCS
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Table | Randomized Controlled Trials of Traditional SCS for Lumbar Back Pain

Author Type of Number Successful Trial Patients | Patients Range of | Pain Pertinent
Study of Trial Trials Patients with without Follow- Pattern Inclusion
Patients n Progressing | PLPS Previous Up and
to Implant Back Exclusion
Surgery Criteria
Kumar et al Traditional 100 Traditional: 83% 89% 100% 0% 624 Radicular Inclusion: PLPS;
2007** and vs CMM months >axial predominant leg pain.
2008'2 Exclusion: predominant
back pain.
Kapural et al | Traditional 198 Overall: 90% 86% 77% 13% 12-24 Radicular Inclusion: trunk/limb
2015" and vs 10-kHz 10-kHz HF: 93% months and/or pain refractory to
2016" HF Traditional: 88% axial CMM for >3 months.
De Andres Traditional 60 Overall: 92% 92% 100% 0% 12 months Radicular Inclusion: PLPS; pain
2017 vs 10-kHz 10-kHz HF: 90% refractory to CMM
HF Traditional: 94% for >6 months
Exclusion: mechanical
low back pain;
coexisting chronic
pain or neurological
disease.
Deer et al Traditional 121 Overall: 93% 83% 42% Not 12 to 24 Radicular Inclusion: trunk and/or
2018? vs burst Randomized documented weeks and/or limb pain >60 mm on
after trial axial VAS during 7-day pain
diary.
Mekhail et al | Traditional 134 Overall: 90% 86% 59% Not 12 months | Radicular Inclusion: trunk/limb
20202 vs closed- Closed-loop: documented and/or pain refractory to
loop 94% axial CMM; >60 mm on
Traditional: 85% VAS

Note: All percentages rounded to whole number unless <I%.

Abbreviations: SCS, spinal cord stimulation; CMM, conventional medical management; 10-kHz HF, 10 kHz high-frequency therapy; VAS, visual analog scale; PLPS, postlaminectomy
pain syndrome (ie FBSS, failed back surgery syndrome); NRS, numeric rating scale; ECAP, evoked compound action potential; LM, lead migration; LOP, loss of paresthesia; PIS, pain
at incision site; INF, infection; ULP, unsuccessful lead placement; PGPP, pulse generator pocket pain; MS/C, muscle spasm/cramps; USL, unintended stimulation location.

system patients had achieved the primary outcome of
>50% reduction in overall back and leg pain with no
increase in medications (Table 1). This trend was contin-
ued at 12 months, 83.1% of the patients with the closed-
loop system and 61% of the patients with the traditional

SCS system met the primary outcome. When specifically
examining LBP scores, 81% of the closed-loop patients
and 57% of the open-loop patients achieved >50% reduc-
tion in back at three months. When following these
patients to 12 months, 80% of the closed-loop patients
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Traditional: 19%

Average Percent Pain Reduction for SCS at Last Follow-up | Back Pain Patient SCs Comments
Responder Rates Satisfaction Complications
Back Leg Overall (250% Pain
Reduction)
13% 46% Not documented Not documented 93% LM (14%) At 24 months, PLPS patients
LOP (12%) reported sustained pain relief,
PIS (12%) improvements with functional
INF (10%) capacity and health-related
quality of life, and satisfaction
with treatment.
10-kHz HF: 67% 10-kHz HF: 70% Not documented Back pain — 10-kHz HF: 83% PIS (12%) Results indicate that 10-kHz
Traditional: 44% Traditional: 49% 3 months: Traditional: 79% INF (7%) high-frequency therapy is
10-kHz HF: 84% LM (5%) superior to traditional SCS.
Traditional: 44%
6 months:
10-kHz HF: 76%
Traditional: 52%
12 months:
10-kHz HF: 79%
Traditional: 51%
24 months:
10-kHz HF: 77%
Traditional: 49%
Not documented Not documented 10-kHz HF: 24% Not documented Not documented | LM (13%) Results indicate that PLPS can

be treated with similar
effectiveness by traditional or
10-kHz therapy.

Burst 5.7 mm less

Burst 4.7 mm less

Burst 5.1 mm less

Not documented

89%

ULP (0.6%)

Purpose of study was to

Closed-loop: 81%
Traditional: 57%
12 months:
Closed-loop: 80%
Traditional: 58%

than traditional on | than traditional on | than traditional on PIS (0.6%) determine safety and efficacy

100 mm VAS 100 mm VAS 100 mm VAS of a device capable of
delivering tonic or burst
stimulation.

Closed-loop: 69% Closed-loop: 73% Closed-loop: 72% Back pain — Not documented | LM (7%) Evidence indicates superiority

Traditional: 54% Traditional: 62% Traditional: 56% 3 months: PGPP (4%) of closed-loop (ECAP

MS/C (2%)
USL (2%)
INF (1%)

controlled) system.

and 58% of the open-loop patients maintained >50% back

pain reduction. A hypothesized reason for improvement
in pain control seen with the closed-loop system was
increased time within the therapeutic window for the

individuals in the closed-loop group.

In conclusion, the use of a closed-loop SCS system
allows for optimal therapeutic effects to be maintained with-
out being diminished by the patient’s posture or physical
activity. Although further research with longer-term outcome

data and a large cohort is necessary, a closed-loop system that

Journal of Pain Research 2021:14
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Figure | Radiographical images of implanted percutaneous leads. (A) Anterior/posterior view showing the left lead positioned at the top of T8 with the right lead
positioned at the middle of T8. The staggered configuration provides overlap of the T8-T9 disc space and T9-10-disc space corresponding to the targeted dermatomes for
low back and leg pain. (B) Lateral view indicating the leads are correctly positioned in the posterior epidural space.

is capable of automatically monitoring and adapting stimula-
tion parameters may prove to be a more efficacious treatment
option for those suffering from axial symptoms.

High-density or High-dose SCS

Within the last few years, clinicians have been altering
parameters that influence electrical charge delivery to
find efficacious programming parameters that provide
paresthesia-free or -reduced SCS pain relief within
frequency ranges <1200 Hz. High-density or high-
dose (HD) SCS is a proposed programming method to
improve pain control with SCS through alterations in
pulse width and frequency in order to provide a higher
charge delivery over a specific period of time (ie
higher charge per second).*' A functional MRI study
suggested that HD SCS may modulate the descending
pain modulatory system in the brain and brainstem
regions in humans with PLPS resulting in supraspinal
effects and subsequent pain relief.**> To date, no RCTs
exist examining the ability of HD to provide effective
long-term axial LBP (Table 3). Studies have predomi-
nantly consisted of retrospective and prospective case
series and often include patients with decreasing effi-
cacy with traditional SCS settings that either have
neuropathic pain, complex regional pain syndrome
(CRPS) or PLPS.***7

The earlier studies with HD suggested limited effi-
cacy in treating PLPS patients with LBP and leg pain
(Table 3).2** In two retrospective case series with
a minimum of 12 months follow-up, HD programming
was shown to have positive effects on pain scores.”>*?
However, when specifically analyzing PLPS patients
with low back and leg pain, response rates and pain
reduction were not as great as those seen with individuals
suffering from other neuropathic pain states (eg CRPS).
Sweet et al*’ examined 15 patients responding to con-
ventional SCS in a prospective case series that switched
patients to subthreshold HD. Unfortunately, only four of
the 15 patients responded to subthreshold HD program-
ming. However, in this subgroup HD programming
resulted in improvement in pain control compared to
sham and lower levels of focus on the pain compared to
conventional programming. Two small retrospective case
series with 12 months follow-up also demonstrated lim-
ited efficacy in patients with PLPS.>>* The responder
rates based on each study definition for PLPS was
22-33% and in one series many patients aborted HD
programming.

Recently, a prospective open label study of 44 SCS
naive patients with PLPS suffering with chronic back
and leg pain further examined HD parameters (1000 Hz
and 90 us or 300 Hz and 800 ps) for three months and
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Table 2 Modifications to Improve Traditional SCS Low Back Coverage

Modification

Study

Pertinent Inclusion and

Exclusion Criteria

Findings

Warranted Future Research

Stimulation target zone

Target region: T9— Sharan et al Inclusion: previous lumbar Cathode positioned at T9-T10; 6—12 Further examination of optimal lead
TIO 2002% spine surgery. months postop, most effective position.

cathode position was at T10 and

lower.
Target region: Mironer et al Inclusion: axial and/or The use of a single, percutaneous, Further examination of optimal lead
TI0-T1I; modified | 2008% radicular symptoms octad lead with midline anchoring selection, lead position, and parameters
anchoring methods maintained after >2 years of | allowed for better coverage of axial of stimulation.

SCS treatment. and lower extremity pain.

Target region: T9— Ruiz-Sauri Dissection of posterior spinal | Glial to neuronal ratio in posterior gray | Further clinical investigation of the role
T10; non-neuronal 20197 cord segments from |1 matter within the T8— TI 1 vertebral of glial cells in the development and

cells in the nervous

system

human cadavers.

region ranges from | I:1 to 13:1. At T9-
T10, population of oligodendrocytes is
significantly larger than any other

segment.

maintenance of chronic pain. The ability
of SCS to modulate glial cells and their

relationship to pain control.

Lead design/stimulation

parameters

Anode-Cathode

Configuration

Holsheimer
and Wesselink
199728

Computer modeling

Widest area of coverage found with
bipolar or tripolar configuration on

single electrode.

Further examination of optimal
electrode configuration for low back

coverage

Multiple electrode Barolat et al Inclusion: Axial symptoms = Multiple electrode paddle lead was found | Randomized controlled trial with large
paddle lead 2001% radicular symptoms. Exclusion: | to decrease leg and back pain, while cohort comparing the efficacy of paddle
PLPS patients improving quality of life at 6 and 12 leads vs percutaneous leads.
excluded if leg pain >back pain. | months compared to baseline.
Multiple electrodes/ | North et al Inclusion: PLPS with back There was no advantage in pain Further examination of optimal number
leads 2005%° pain >leg pain. coverage using two 4-electrode leads | of leads and lead spacing.
vs a single 4-electrode lead.
Laminectomy vs North et al Inclusion: PLPS with back 2x8 paddle lead provided no benefit Longer-term study comparing the
percutaneous 2006 pain >leg pain. over a single x4 percutaneous lead effectiveness of laminectomy vs
electrodes for the treatment of axial pain and percutaneous electrode with new
resulted in increased power programming and SCS system designs.
requirements.
Sensor-driven Schultz et al Inclusion: axial and/or Stimulation parameters are altered as | Further examination of sensor-driven
position-adaptive 2012 radicular symptoms; PLPS body position changes. position-adaptive systems
system patients included.
Anatomically guided | Veizi et al Inclusion: PLPS with axial SCS therapy with 3D neural targeting | Further examination of 3D neural
3D neural targeting | 2017%? and/or radicular symptoms. algorithm was more effective at targeting for axial low back pain with
targeting axial symptoms than and without previous lumbar spine
traditional SCS stimulation therapy. surgery.
ECAP controlled Mekhail et al Inclusion: axial and/or At 12 months, 83.1% of patients in the | Development of methods to reduce
closed-loop system | 20202 radicular symptoms. closed-loop group achieved 250% the needed energy input to maintain

decrease in axial/radicular symptoms
vs 61.0% in the open-loop group.

the ECAP controlled system.

Note: Adapted from Provenzano DA, Rebman ], Kuhel C, Trenz H, Kilgore ]. The efficacy of high-density spinal cord stimulation among trial, implant,and conversion
patients: A retrospective case series.Neuromodulation. 2017;20(7):654-660. Copyright 2017, Wolters Kluwer Health, Inc.2®
Abbreviations: PLPS, postlaminectomy pain syndrome; SCS, spinal cord stimulation; ECAP, evoked compound action potential.
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Conventional (Open-Loop) System

Stimulation
Physician, Device Parameters __ lead
Representative, or > IPG + Target Tissue +| Pain Relief
Patient + + +

Conventional (Automatic Position Adaptive Simulation) System

Stimulation parameters
for sensed body posture
(3 examples given)

Physician, Device - lead
Representative, or . Posture IPG Target Pain Relief
Patient sensor + + Tissue +
Closed-Loop System
Initial Stimulation
Physician, Devie Parameters
Representative, or
Patient
S + lead
S p IPG Target Tissue Pain Relief
:E’ L — . +
3§
Bm
;‘; o
<
- | +
. Physiological/Body
C%rrelpytlng Sensors position/Activity
e position

Figure 2 A schematic model depicting the difference in conventional SCS systems compared to closed-loop systems. The conventional system has set stimulation
parameters. The closed-loop system alters stimulation parameters depending on the activity, body position, and physiological state of the patient in real time using sensor

feedback.

provided insight on the ability to treat LBP.*® HD pro-
gramming was found to have a significant reduction in
overall pain (NRS; 7.5 to 3.8; P<0.01), LBP (7.2 to 3.4;
P<0.01), leg pain (7.2 to 3.1; P<0.01) with improvements
in functional status (ie Oswestry Disability Index).
Recently, the durability of HD programming was
further evaluated in a 12-month prospective single arm

multicenter study evaluating individuals with chronic
intractable low back and leg pain using a standardized
approach to HD programming with 91 patients (103
patients were initially implanted) available at that
12-month follow-up.*” At the 12-month visit, there was
a statistically significant reduction in overall pain (56.7%),

LBP (51.9%) and leg pain (63.7%) compared to baseline.
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In summary, the research to date on HD programming
has demonstrated mixed results with regard to the treat-
ment of axial LBP; especially in individuals with PLPS.
In addition, its ability to improve pain control in those
that have lost efficacy with traditional SCS has been
questioned.** However, the recent single arm prospective
study with 12-month data has suggested the sustained
ability to treat axial LBP.*’ Long-term research with
a control arm is needed to confirm the results of the
longer-term prospective trials. Furthermore, it has been
hypothesized that responder rates are improved when
mean pulse densities and charge per second are
increased.*> However, it must be remembered that altera-
tions in frequency and pulse-widths within traditional
SCS settings alone without consideration of charge
per second or pulse density have been shown to posi-
tively influence sensory thresholds (ie mechanical detec-
tion and pain pressure thresholds), therapeutic range,
paresthesia coverage, and patient sensation/satisfaction
scores.*”** Dosing studies have also demonstrated that
lower frequencies utilizing lower charge per second may
provide equivalent pain relief when pulse-width and
amplitude settings are optimized.”' Specifically, the
PROCO RCT investigated the effects of rate on analge-
sia in kilohertz frequency (1-10 kHz) in individuals with
low back pain with or without equal or lesser leg pain.
When pulse width and amplitude were adjusted to opti-
mize subperception SCS therapy while stimulating at the
previously identified stimulation location, all tested fre-
quencies provided equivalent pain relief. Therefore,
titrating to a specific charge per unit time may not be
needed or indicated. No research to date exists regarding
the ability of HD to treat nonsurgical refractory LBP.

Burst Spinal Cord Stimulation

This section will discuss burst stimulation defined by
groups of five spikes of energy delivered at 500 Hz with
a pulse width of one millisecond and one millisecond
interspike intervals at subthreshold amplitudes followed
by a passive discharge phase delivered over five
milliseconds.”® Burst stimulation was first implemented
for the treatment of chronic neuropathic pain in 2010.>
Burst SCS may induce distinct patterns of modulation of
neurons in the dorsal horn and dorsal column nuclei and
brain activation.>* To date, limited research is available to
evaluate the efficacy of burst SCS in the treatment of axial

and nonsurgical refractory LBP.'®>>-¢

Currently, the majority of the research published on
burst SCS involves heterogeneous subject populations
which makes it challenging to evaluate its efficacy for
the treatment of predominant axial LBP.*'® To date,
only a nonrandomized comparative study exists evaluating
the efficacy of burst SCS in the treatment of predominant
axial LBP.>” In this comparative study between burst and
10-kHz high-frequency SCS (10-kHz HF), 16 subjects
with PLPS were enrolled with predominant LBP (>70%
of global pain) and results were presented with a mean
post-implant follow-up range of 10-20 months. Both
therapies demonstrated a significant decrease from base-
line to long-term follow-up in mean LBP intensity with no
difference between groups (87.5+17.7% and 54.9+44%
reduction for burst SCS and 10-kHz HF, respectively).”’

In the largest RCT on burst SCS (SUNBURST TRIAL)
the effectiveness of burst stimulation in comparison to
tonic stimulation was evaluated in 100 subjects (all candi-
dates for a currently approved neurostimulation device)
that were randomized to either treatment and followed
21 In this

a heterogeneous subject population that included patients

for up to one year study there was
with back pain, leg pain, nonsurgical refractory low back
pain (ie no history of previous back surgery) and other
non-spine conditions (eg CRPS). PLPS was diagnosed in
41.8% of patients. Burst SCS was preferred by 70.8% of
patients. Responders to treatment were classified as indi-
viduals achieving >30% reduction in overall daily VAS
score from baseline. Based on the intention-to-treat analy-
sis, the estimated difference in the overall VAS score
between burst and tonic stimulation was —5.1 mm on
a 0-100 mm VAS scale. When evaluating the number of
patients that had clinically significant reductions in pain
(>30%), 60% of the burst SCS patient and 51% of the
tonic patients met or exceeded this cutoff (Table 1).
Unfortunately, the study did not allow for detailed evalua-
tion of the ability of burst SCS to treat predominantly axial
LBP based on the study population and data collected.
Recently, a systematic review and meta-analysis of
RCTs and prospective cohort studies was conducted com-
paring SCS waveforms and programming for treating
chronic LBP predominantly in individuals with PLPS.>°
Specifically, six studies were evaluated comparing burst
SCS vs traditional SCS and two studies comparing burst
SCS vs 10-kHz HF SCS. Although many studies included
a high risk of bias, a meta-analysis of five studies compar-
ing Burst SCS vs traditional SCS revealed pooled super-
jority of burst over traditional for chronic LBP reduction.>®
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Further examination of burst SCS for the treatment of
axial LBP and nonsurgical refractory LBP with longitudi-
nal follow-up is warranted. Studies would benefit from
narrowing patient selection to provide optimal insight
into the treatment of axial LBP. Recently, additional efforts
have been made to improve our understanding of the
deployment of burst SCS in the treatment of LBP includ-
ing the evaluation of lead placement (anatomical place-
ment vs paresthesia mapping), optimization of dosing, and

stimulation parameters.>® !

10-kHz High-frequency Therapy

Ten kilohertz high-frequency therapy utilizes a higher fre-
quency (10-kHz) than that of traditional stimulation as
well as substantially shortened pulse-width (30 ps) to elicit
pain relief without the sensation of paresthesia.’* In addi-
tion, the pain relief associated with 10-kHz HF therapy is
paresthesia independent and therefore leads are placed
based on anatomical landmarks.’> Previous research has
suggested that frequency, as well as other parameters
including pulse width and amplitude, is integral in pain
reduction.’®' A randomized crossover study evaluating
subthreshold frequencies of 1200 Hz, 3030 Hz, and 5882
Hz, demonstrated that a frequency of 5882 Hz produced
significant axial LBP relief in comparison to lower fre-
quencies and sham SCS.®* As with other modes of SCS,
the underlying mode of action is still being elicited. Basic
science research has suggested that 10-kHz stimulation
suppresses spontaneous activity in the dorsal horn and
the preferential blockade of large diameter fibers with
concomitant recruitment of medium and small fibers.®*°°
Furthermore, structural volumetric changes in areas of the
brain involved in chronic pain processing have been
to be
decreases were found in the volume in the left and right

shown influenced.®”  Specifically, significant
hippocampus over time.

A multicenter RCT with 24-month follow-up and recent
systematic review utilizing the Cochrane risk of biased
TOOL and GRADE system provide evidence that 10-kHz
SCS, when compared to low-frequency SCS, is more effec-
tive in patients with axial LBP and concurrent leg pain. 13,14,16
In the 24-month multicenter RCT conducted, 76.5% of
patients were responders to 10-kHz HF therapy for LBP
compared to 49.3% for traditional SCS.'* In addition, 60%
of patients treated with 10-kHz HF therapy were satisfied
with their reduction in pain at 24 months vs only 40.4% of
traditional SCS patients.'* In this study 87% of patient had

previous back surgery with baseline back scores >7 on the

VAS. The recent systematic review demonstrated low-
quality evidence that 10-kHz is effective beyond six months
for axial LBP reduction in patients with predominantly axial
spine pain and those with mixed axial low back and leg
pain.'® A non-industry funded SCS study examining 10-
kHz HF to traditional SCS demonstrated no difference in
global pain reduction at one year.°® However, back pain
scores were not reported separately.®®

Initial research has investigated the ability of 10-kHz HF
therapy to treat nonsurgical refractory LBP.* In
a prospective open label study of individuals with chronic
axial LBP without previous spinal surgery, 21 patients were
examined. 95% of the patients went on to implantation and
17 patients were followed for 36 months. Significant reduc-
tion in pain (79£12 mm to 10£12 mm), improvement in
functional status, and reduction in opioid utilization were
demonstrated. A subanalysis of pooled data from two pro-
spective studies evaluating 10-kHz HF therapy for the treat-
ment of nonsurgical refractory back pain demonstrated
a 70% reduction in average back pain and improvement in
Oswestry disability index (ODI) with reduced opioid con-
sumption at 12 months in the combined cohort.'

Differential Target Multiplexed SCS
Differential target multiplexed SCS is a novel program-
ming approach based on evidence from preclinical
studies.**’® Differential target multiplexed stimulation
uses multiple electrical signals that differ from one another
in electrical wave parameters which has been suggested to
stimulate multiple target tissues including pain fibers in the
dorsal column and modulate glial cells in the spinal cord.”®
Differential target multiplexed stimulation aims to modu-
late chronic pain-related biological processes back toward
their non-pain state.”' Basic science research has indicated
that glial cells outnumber neurons in the spinal cord 20:1,
are electrically excitable, and have the ability to modulate
ascending pain pathways.”>”> This evidence allowed
researchers to hypothesize that SCS parameters can be
adjusted to differentially target neurons and glial cells in
order to maximize the efficacy of treatment.®*

A prospective multicenter feasibility dual trial study
was conducted with 25 patients with chronic intractable
back pain with or without leg pain that underwent a three-
to-five-day SCS trial using traditional stimulation followed
by a three-to-five-day trial using differential target multi-
plexed stimulation. The trial periods were separated by
a 24-h washout period.”® Differential target multiplexed
therapy resulted in a >50% back pain relief in 80% of the
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patients while traditional SCS provided >50% relief in
50% of the patients. Specifically, differential target multi-
plexed therapy resulted in a 67% reduction in LBP com-
pared to baseline while traditional SCS resulted in a 43%
reduction from baseline (P<0.0001).

Further published studies evaluating the efficacy of
differential target multiplexed programming in a RCT set-
ting with longer-term follow-up (minimum of 12 to 24
months) and refinements of the study population are
needed to evaluate the long-term effectiveness in treating
axial LBP and nonsurgical LBP.

Dorsal Root Ganglion Stimulation

Preliminary research has examined the utilization of DRG
stimulation to treat chronic low back pain.”*’® The DRG
contains the primary sensory neurons that transmit afferent
nociception.”* Currently, DRG stimulation is FDA
approved for the treatment of complex regional pain syn-
drome of the lower limbs. To date, four case series with
a total of 60 patients have examined the effectiveness of
DRG specifically for the treatment of low back pain with
12-month follow-up available in some studies.”>’® Dorsal
root ganglions that were specifically stimulated included
T12,7° and L1-L57¢7® In these case series, DRG stimula-
tion has been shown to improve pain levels, physical and
mental functioning, disability, and quality of life. Future
well-developed RCTs with long-term follow-up are needed
to confirm these initial findings including safety
outcomes.””*® Furthermore, the optimal DRG stimulation
level for the treatment of chronic axial lumbar pain needs

to be further refined.

Peripheral Nerve Stimulation (Medial
Branch Nerve Innervation to the
Multifidus Muscle)

Forms of electrical stimulation for the treatment of axial
LBP include other modalities besides those that target the
dorsal columns. Stimulation of the medial branch nerves
innervating the multifidus muscle is one type of non-spinal
cord stimulation that has shown promising results.®!

The multifidus muscle extends lengthwise on either side
of the spinal column from the cervical region to the sacral
region and acts as an extensor and back stabilizer. Lumbar
multifidus muscles generate large forces over short dis-
tances for intersegmental control.®'*** Functional instability
muscle is

due to weakness of the lumbar multifidus

a significant contributor to axial LBP.** Physiotherapy is

often used as a noninvasive treatment option to strengthen
the multifidus muscle and reduce axial symptoms; however,
long-term relief may be challenging secondary to compli-
ance. Multifidus stimulation is conducted using percuta-
neous electrodes implanted over the relevant medial
branches. Efficacy of the treatment is associated with thick-
ening of the multifidus muscle.®> A study conducted by
Sions et al*® indicated an average of 20.38% thickening of
the lumbar multifidus muscles utilizing multifidus stimula-
tion therapy. Deckers et al®' conducted a study using multi-
fidus stimulation on 53 subjects with chronic mechanical
LBP. Leads were placed bilaterally over the L2 medial
branch nerves at the junction of the transverse process and
superior articular process. After 90 days, 58% of subjects
had >2-point reduction in NRS pain scores. At 12 months,
57% had >2-point reduction in NRS pain scores and 60%
had >10-point improvement in ODI. Eighty-one percent of
patients in this study were satisfied with their treatment
after one year. Cohen et al®* performed a case series of
nine subjects using temporary (one-month) percutaneous
multifidus stimulation for chronic LBP. Using ultrasound
guidance, electrodes were placed 1-2 cm posterior to the
lamina at the center of the patients reported pain to target
the medial branch of the dorsal primary ramus. At one
month, 67% of patients reported >50% reduction in LBP.
Among responders, an 80% reduction in LBP was
achieved. Pain reduction was maintained at 80% of baseline
pain for three months after lead removal and gradually
increased to 60% of baseline pain at six months after lead
removal.

Stimulation methods that target painful areas more
directly than conventional SCS modalities show promis-
ing results. Although currently there is not overwhelm-
ing evidence to support the use of these treatment
modalities. Multifidus stimulation may be effective at
treating symptoms related to muscle weakness in the
lumbar region; however, symptoms relating to neuro-
pathic pain will presumably remain. Additional studies
looking at the use of multifidus stimulation for chronic
LBP are needed.

Conclusion

Spinal cord stimulation and peripheral nerve stimulation
have been studied extensively for the last half century.
Recently, attention has been placed on the ability of
neurostimulation to treat axial LBP and refractory non-
surgical LBP. Current evidence of efficacy specifically
restricted to these conditions is limited. A majority of
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SCS research evaluating treatment efficacy for axial
LBP include industry sponsored studies with heteroge-
neous patient populations often with radicular symptoms
and history of prior back surgery. Traditional SCS has
demonstrated long-term efficacy for treating radicular
symptoms, but limited efficacy for the treatment of
axial LBP. Multiple enhancements and modifications in
traditional SCS including our understanding of stimula-
tion target zones, electrode placement, electrical para-
meters, and equipment design modifications may result
in improved outcomes. Furthermore, advancements in
novel programming, electrical signaling, energy deliv-
ery, waveforms and technologies have allowed for the
ability to treat pain in a paresthesia independent manner.
Neurostimulation therapies that do not target the spinal
cord may also be associated with significant axial LBP
reduction.

Finally, the minimal invasiveness of neurostimulation
remains a compelling reason for patients to seek this
treatment option for the treatment of axial low back
pain. Invasive surgical methods (eg fusion) that alter
the anatomy of the spine with considerable rates of
failure and high adverse event rates are often considered
before neurostimulation. If neurostimulation is shown to
demonstrate long-term effectiveness in appropriately
designed RCTs with low complication and explant
rates, then neurostimulation therapies may move up in
the treatment algorithm for chronic axial LBP and
refractory nonsurgical LBP.
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