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Abstract
Objective: Chronic low back pain (CLBP) is multifactorial in nature, with recent research highlighting the role of multifidus dysfunction in a subset
of nonspecific CLBP. This review aimed to provide a foundational reference that elucidates the pathophysiological cascade of multifidus dysfunc-
tion, how it contrasts with other CLBP etiologies and the role of restorative neurostimulation.

Methods: A scoping review of the literature.

Results: In total, 194 articles were included, and findings were presented to highlight emerging principles related to multifidus dysfunction and
restorative neurostimulation. Multifidus dysfunction is diagnosed by a history of mechanical, axial, nociceptive CLBP and exam demonstrating
functional lumbar instability, which differs from other structural etiologies. Diagnostic images may be used to grade multifidus atrophy and
assess other structural pathologies. While various treatments exist for CLBP, restorative neurostimulation distinguishes itself from traditional
neurostimulation in a way that treats a different etiology, targets a different anatomical site, and has a distinctive mechanism of action.

Conclusions: Multifidus dysfunction has been proposed to result from loss of neuromuscular control, which may manifest clinically as muscle
inhibition resulting in altered movement patterns. Over time, this cycle may result in potential atrophy, degeneration and CLBP. Restorative neu-
rostimulation, a novel implantable neurostimulator system, stimulates the efferent lumbar medial branch nerve to elicit repetitive multifidus con-
tractions. This intervention aims to interrupt the cycle of dysfunction and normalize multifidus activity incrementally, potentially restoring neuro-
muscular control. Restorative neurostimulation has been shown to reduce pain and disability in CLBP, improve quality of life and reduce health
care expenditures.

Keywords: multifidus; restorative neurostimulation; lumbar medial branch nerve; neuromodulation; peripheral nerve stimulation; chronic low back pain; sensor-
imotor control; neuromuscular control

Introduction

Low back pain (LBP) is the leading cause of years lived with
disability globally with a prevalence of an estimated 568 mil-
lion people worldwide. LBP is the most common musculoske-
letal condition with a lifetime prevalence as high as 65%–
80%, affecting 52 million people in the United States. There is
a huge cost to treating LBP in the United States with
American healthcare spending totaling $135 billion annu-
ally.1–3 LBP can be temporally categorized as acute, subacute,
or chronic, and further categorized as axial, radicular, and/or
referred pain.4–6 While most acute LBP events are self-limited,
an average of 35% can lead to subacute and/or chronic pain.7

An individual with LBP may experience episodic flare-ups
over time, where increasing frequency increases the likelihood
of chronic pain by 15%–20%.3,6–9 Estimates suggest that
15%–20% of LBP events have an identified cause, leaving up
to 80–85% without a clear etiology commonly labeled as
non-specific LBP.4–6,10–12 Management of LBP can be chal-
lenging, and unfortunately, treatment outcomes are variable.

Chronic low back pain (CLBP) has become the most expen-
sive medical problem in the United States.1–4,11–12 As such,
we must understand distinctive features of pain neurobiology,
such as neuropathic, nociceptive, and nociplastic pain to try
to customize individual treatment and optimize outcomes.

The International Association for the Study of Pain (IASP)
defines neuropathic pain as central or peripheral pain “caused
by a lesion or disease of the somatosensory nervous system”
and occurs as a result of abnormal neural activity. It is com-
monly characterized as burning, electric, and/or shooting
pain, which follows a neuroanatomically plausible distribu-
tion with or without motor or sensory deficits. Nociceptive
pain, as defined by the IASP, is “pain that arises from actual
or threatened damage to non-neural tissue and is due to the
activation of nociceptors.”13–15 Typically, nociceptive pain
has a clear and proportional relationship to movement-based
factors and predictably occurs with specific activities or pos-
tures.4–5,13–16 The IASP has defined nociplastic pain as “pain
that arises from altered nociception despite no clear evidence
of actual or threatened tissue damage causing the activation
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of peripheral nociceptors or evidence for disease or lesion of
the somatosensory system causing the pain.” In turn, this may
elicit central sensitization or widespread hypersensitivity,
which may not be directly associated to tissue damage.
Usually, there is a non-linear and aberrant relationship with
movement, often with disproportionate, non-mechanical, dif-
fuse, unpredictable patterns of pain provocation or fear-
avoidance/kinesiophobic behavior.13–17

CLBP is a nebulous symptom and often the underlying eti-
ology is nonspecific, complex, and multifactorial with com-
bined pain generators that may lead to challenging treatments
and limited success. As such, for many decades there has been
a focus in identifying potential etiologies that may play a role
in the recurrence and maintenance of CLBP with respective
treatments that could optimize treatment outcomes.8–10

Functional spinal instability resulting from multifidus muscle
dysfunction secondary to arthrogenic muscle inhibition
(AMI) and loss of neuromuscular control has emerged as an
important functional etiology. This may be one important
driving factor in the maintenance and recurrence of LBP
chronicity.18–25 It is important to note that a “functional
etiology” refers to the function of movement, posture, and
neuromuscular control, rather than a structural pathology,
such as in structural spinal instability secondary to degenera-
tive spondylosis, spondylolisthesis or fracture.26–28 With the
recognition of multifidus dysfunction as a proposed source of
non-specific CLBP, restorative neurostimulation has emerged
as a disease-modifying novel implantable neurostimulator
that may arrest this cycle by overriding multifidus inhibition
with efferent lumbar medial branch nerve (LMBN) stimula-
tion resulting in repetitive multifidus contractions, which may
restore neuromuscular control, spinal stability and ultimately
lead to improvements in pain and function.11,19–21,29–36 Yet
there is a gap in the literature comprehensively discussing the
scientific background on this potential link between loss of
neuromuscular control, AMI, multifidus dysfunction, func-
tional instability, and CLBP. Furthermore, there is a current
need in the literature discussing how restorative neurostimula-
tion differs from other neuromodulation therapies, their ana-
tomical targets and mechanisms of action (MOA).

Therefore, in this scoping review we aim to define the func-
tional pathophysiological cascade of how multifidus dysfunc-
tion may play a role in LBP recurrence and chronicity,
contrasting to other CLBP etiologies. Then we discuss treat-
ment options by exploring the distinctions between traditional
and restorative neurostimulation therapy.

Methods

This scoping reviewed followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis for scoping
reviews (PRISMA-ScR) (Figure 1) and the step-by-step proc-
ess for scoping review based on Peters et al. JBI manual for
evidence synthesis.37–38 The scoping review protocol was reg-
istered on the Open Science Framework. A scoping review is a
type of literature review that aims to map the evidence avail-
able with key concepts on a particular topic. This is particu-
larly useful when the literature is heterogeneous and diverse,
and there is a need to identify gaps in the literature and
answer these with foundational knowledge to guide future
studies.37–38 Our first step was to formulate clear objectives
and specific research questions to guide the scoping review

process to address the gaps in the literature, followed by a
framework design to identify the population, context, and
concept approach of eligibility criteria. Then, we conducted a
comprehensive search strategy to identify relevant studies in
electronic databases, and later proceeded to screen the identi-
fiable studies based on predetermined inclusion and exclusion
criteria in a nonbiased fashion. Data were extracted from the
eligible studies, synthesized, and presented in a clear and con-
cise manner using a descriptive format into specific themes
within this review.

Search strategy and terms

A comprehensive search of electronic databases (MEDLINE,
PubMed, Embase, and Cochrane Library) was conducted for
studies published in English language since inception to
February 2023 with the first search performed in June 2022
and a repeat search in April 2023. We searched for meta-
analysis, systematic reviews, narrative, and clinical reviews,
randomized and non-randomized trials, prospective and ret-
rospective studies, and case series. Case reports, letters, edito-
rials, conference abstracts and commentaries were excluded.
The following combination of subject headings and keyword
search terms were utilized: “multifidus,” “restorative neuro-
stimulation.” “lumbar medial branch nerve,”
“neuromodulation,” peripheral nerve stimulation,”
“sensorimotor control,” “neuromuscular control,” and
“chronic low back pain.” The search strategy was developed
by the authors in consultation with a research librarian.

Eligibility criteria

A population, concept, and context approach was followed.
No patient data were involved in this scoping review. The
population of interest was subjects with CLBP associated with
multifidus dysfunction. The core concept of importance was
to define how neuromuscular control loss and AMI may lead
to multifidus dysfunction and functional lumbar instability,
which in turn is theoretically presumed to contribute to
CLBP, while contrasting with other LBP etiologies.
Furthermore, we summarized how restorative neurostimula-
tion may address this etiology, briefly comparing with tradi-
tional neuromodulation therapies. The context of interest was
to provide a state-of-the-art comprehensive review of the liter-
ature to serve as a foundational reference on multifidus dys-
function and restorative neurostimulation to help enhance
comprehension of this complex functional pathophysiological
process and optimize practitioners’ understanding on why
and when to utilize this intervention. Thereby, improved
awareness of this theme may lead to optimal selection and
therapy application, thus avoiding overutilization, reimburse-
ment reduction, and sustaining long-term durable outcomes
with exemplary safety.

Article selection and inclusion

We conducted a comprehensive search of electronic data-
bases stated above. After the initial search, duplicates were
removed, and titles and abstracts of articles were screened.
All eligible studies identified in the search were independ-
ently appraised by two reviewers in a standardized,
unblinded fashion, using the same strategy to ensure proper
cross-checking of the results with the PRISMA-ScR method/
checklist to reduce selection bias and standardize inclusion
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and exclusion criteria. Any disagreement between the two
screeners was flagged for resolution, mediated by a third
and fourth author independently. Eligible full-text articles of
potential interest were fully reviewed following the popula-
tion, concept, and context eligibility criteria. Studies that
investigated the relationship between the multifidus muscle
and CLBP, studies that assessed multifidus function and
structure in subjects with CLBP, studies that evaluated mul-
tifidus assessment in CLBP, studies that examined interven-
tions aimed at improving multifidus function in individuals
with and without CLBP were included. Other studies were

included to supplement the core concept and answer the
research questions.

Data extraction

Data extraction focused on capturing key information to
answer the research questions and the study objectives. The
data from the selected studies were comprehensively reviewed
and organized into subsections within the results section of
this scoping review. As designated by scoping review method-
ology, the data extracted were utilized to map the literature
on this subject area, identifying key principles to answer

Figure 1. PRISMA-ScR methodology and results flowchart with identification, screening, eligibility and inclusion and exclusion process. Adapted from:

Tricco et al 2018.37
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current gaps in the literature. A quality assessment of the
included studies was not performed, as scoping reviews aim
to provide a broad overview of the literature, rather than a
critical appraisal of individual studies.37–38

Results

We found 671 citations through our initial online database
search. After removal of duplicates, 420 records remained
and were screened as per our selection criteria. Of these, 218
were excluded because of lack of relevance to the topic of
interest to answer the proposed research questions and study
objectives. An additional 8 studies were excluded due to lan-
guage other than English and unable to retrieve full text. The
remaining 194 full-text articles were included, comprising of
meta-analysis, systematic reviews, clinical and narrative
reviews, randomized clinical trials, prospective, retrospective,
observational clinical studies, population based and basic sci-
ence studies. Key findings were presented along the results
section in a thematic organization with figures and in a
descriptive format contrasting the literature to highlight crit-
ical and emerging principles related to multifidus dysfunction
and restorative neurostimulation.

Definition of concepts
The multifidus muscle

The role of the lumbar multifidus muscle (MM) is well estab-
lished as the strongest spine stabilizer, accounting for more
than two-thirds of spinal stiffness, providing intersegmental
spinal stability, withstanding compressive loading and pre-
venting shear forces of the lumbar spine.25,39–41 The deep
multifidus is a group of medially oriented, short fibers that
provide compression to maintain intersegmental spinal con-
trol by attaching superiorly to the laminae of L1–L5 and infe-
riorly to the mamillary process of vertebrae one level
below.39,42 The intermediate multifidus fascicle is longer,
spanning across three to four spinal segments and carries
mixed stabilizing and mobilizing functions. Finally, the super-
ficial multifidus is progressively longer with fibers crossing up
to five segments and is responsible for generating end-range
spinal extension in concert with the erector spinae group
(longissimus and iliocostalis).42–44 The middle branches of the
dorsal ramus of the LMBN are found deep into the lumbar
intertransversarii muscles and are responsible to innervate the
MM, however there is debate if the muscle is segmentally or
polysegmentally innervated.45–48 Importantly, a unique fea-
ture of MM architecture is that it possesses a greater cross-
sectional area than the other spinal muscles. As such, the
bilateral multifidi exert large compressive force over a small
excursion, yielding stabilization of spinal segments rather
than gross spinal movement. Additionally, deep MM architec-
ture contains a dense number of muscle spindles, which are
strategically positioned combined with joint mechanorecep-
tors to provide proprioceptive feedback to the central nervous
system, playing a critical role in neuromuscular control and
spinal stability.25,39–44

Spinal stability

Spinal instability is a clinical term that may encompass struc-
tural and functional components.26 Structural instability is
based on radiographic findings suggesting an increase in end
range of motion (hypermobility) with structural abnormalities
that may be amenable to surgical stabilization.26–27

Conversely, functional instability is more likely related to a
loss in neuromuscular control leading to a decrease in spinal
stiffness and mid-range intersegmental aberrant motion,
which is clinically diagnosed with physical exam maneuvers
that assess the neuromuscular kinetic chain for aberrant
movement patterns.27–28 Importantly, structural and func-
tional instability may present in combination, as first
described by Panjabi’s landmark model of spinal stability,
that identified the spinal column, spinal muscles, and spinal
neural control unit as a stabilizing system.49–51 Years later,
further research expanded on this model and demonstrated
how spinal joint mechanoreceptors and adjacent muscle spin-
dles afferents contribute to spinal stability by providing kines-
thetic perception to the sensorimotor cortex.52–54 This
framework was collective identified as sensorimotor control
(Figure 2).55–56

Sensorimotor and neuromuscular control

The sensorimotor system incorporates all the afferent, effer-
ent, central integration and processing components involved
in maintaining functional joint stability during movement.57

Dynamic contributions arise from feedforward and feedback
neuromuscular control over skeletal muscles adjacent to
joints. As such, peripheral mechanoreceptors are the most
important components from a musculoskeletal standpoint,
yet the interpretation of sensorimotor control is at the soma-
tosensory cortex.55–57 Neuromuscular control is a term
related to sensorimotor control that refers to the neuromuscu-
loskeletal kinetic chain collectively functioning in harmony to
enable dynamic stability and movement patterns under con-
trol of the central nervous system.55,57 Specifically, from a
joint stability perspective, neuromuscular control has been
defined as the unconscious activation of dynamic restraints
occurring in preparation for and in response to joint motion
and joint loading for the purpose of maintaining and restoring
functional joint stability.57

Altered neuromuscular control

Altered neuromuscular control has been proposed one poten-
tial contributing factor in the pathophysiological process of
CLBP. This theory suggests that disruptions in the somatosen-
sory feedback between muscles and joints afferents can
lead to loss of neuromuscular control.18–19,22–24,57–59

However, it is important to note that altered neuromuscular
control is just one of many proposed contributors of non-
specific CLBP and often other structural pathologies may be
present.4,9,18–19,22,58–59

Arthrogenic muscle inhibition

Arthrogenic muscle inhibition (AMI) is defined as altered
muscle activity due to neural inhibition secondary to a change
in articular sensory discharge.60–61 AMI can be a protective
mechanism via spinal reflex pathway proposed to take effect
in altered sensorimotor control from spinal joint mechanore-
ceptors acting on the motor pool Ib inhibitory interneurons
resulting in adjacent muscle inhibition.62–64 AMI is a well-
recognized phenomenon clinically confirmed under ultraso-
nography and electromyography (EMG). AMI has been
shown to result in decreased muscle activity, fatigue, and
spasm in adjacent muscles.62–63,65–68

4 Pain Medicine, 2023, Vol. 00, No. 0

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnad098/7223731 by guest on 01 August 2023



Multifidus dysfunction

Multifidus dysfunction is a clinical diagnosis that manifests as
impaired multifidus activity/muscle inhibition, resulting in
loss of spinal stiffness in the neutral zone, which may enhance
an environment of relatively functional instability.19,24–25

MM dysfunction has been proposed to result from spinally
induced arthrogenic inhibition in the setting of altered neuro-
muscular control.19,24,66 When the MM is inhibited, it yields
reduced voluntary recruitment and limited motor units on
EMG with replacement of tonic activation with phasic bursts
of activity and muscle fibers transformation (slow type I to
fast type II), which may ultimately result in muscle atrophy,
aberrant co-contraction, and fatigue-spasm cycles.69–76 MM
dysfunction may continue even after the symptom of back
pain have resolved, and the persistent loss of neuromuscular
control may contribute to the high recurrence rate of
LBP.19,25,41,77–80

Multifidus dysfunction and loss of neuromuscular control

Over time, these changes observed in the structure and func-
tion of the MM are believed to result in altered movement
behaviors leading to cortical reorganization and neuromuscu-
lar control loss.19,58–59,81–84 At first, changing movement pat-
terns may be protective to prevent worsening pain and
reaggravation of injury. These may be beneficial in the short-
term but might carry negative consequences over time, poten-
tially resulting in fear-avoidance behavior that may contribute
to LBP chronicity.81,85–87 If neuromuscular control loss
endures, subjects may alter their movement patterns uncon-
sciously secondary to kinesiophobia, which may lead to
reduced mobility, worsening pain, and altered central process-
ing, thereby amplifying pain perception.79,87–90 These reflect
neuroplastic changes in neuromuscular control loss,
which have been associated to chronic pain states supporting
the hypothesis that it might play a key role in LBP
chronicity.81–88,91–94

Multifidus dysfunction and chronic low back pain

Numerous studies have demonstrated an association between
the duration of LBP symptoms and multifidus dysfunction
with or without structural changes such as fat infiltration,
atrophy, and diminished cross-sectional area (Figure 3).
However, it is critical to note that multifidus fat infiltration
and pain can occur independently of atrophy, and the evi-
dence remains mixed.91–109 Studies have reported that a high
multifidus fat index has been associated with facet joint and
intervertebral disc degeneration, spondylolisthesis, and degen-
erative stenosis. Furthermore, multifidus atrophy has been
associated to suboptimal spinal alignment, such as increased
lumbar lordosis, thoracic kyphosis, and sacral angle.110–126

Furthermore, basic science, animal and human studies have
proposed an interaction between pro-inflammatory cytokines
with changes in multifidus architecture. These have reported
that a dysregulation of interleukin 1, interleukin 6, transform-
ing growth factor, macrophages, and tumor necrosis factor
contribute to differentiation of fibroblasts and pre-adipocytes
in multifidus atrophy.127–133

Overall, the literature seems to favor a positive correlation
between multifidus atrophy, muscle dysfunction, and LBP
recurrency and chronicity. However, it is important to note
that this is variable among individuals and during distinctive
functional tasks, as noted by advanced imaging and/or EMG
findings.41,72,77,97–100,131–138 There are studies that have not
found a significant association of multifidus atrophy and
LBP, suggesting that the evidence is mixed due to heterogenic-
ity, differences in methodology, cofounding variables, and
distinctive populations.101,106–108,125,139–145

Treatment options for multifidus dysfunction and

loss of neuromuscular control

Similar to other etiologies, CLBP associated with multifidus
dysfunction should follow an evidence-based treatment algo-
rithm focused on conservative methods first. These include
activity modifications, concurrent medication management to

Figure 2. Updated diagram based on Panjabi’s landmark49–51 and expanded models26–28,55–56 and, denoting the complex interplay among the spinal

column (passive subcomponent), the spinal muscles (active subcomponent) and sensorimotor control (spinal neural control) to maintain spinal stability.
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provide temporary symptom relief to facilitate participation
in an active physical therapy program.146 When conservative
therapies are insufficient to offer durable symptom relief,
restorative neurostimulation of the LMBN may be
considered.

Motor control exercises and patient education

General spinal stabilization exercises have demonstrated
inconsistent effects on the lumbar multifidus muscle structure
and function in patients with CLBP.147–149 Motor control
exercises may help reduce LBP disability and severity at
short-term, particularly when combined with patient educa-
tion.150–155 However, the general consensus is that there is
limited evidence to support that motor control exercises is
superior to other therapeutic exercises, which may be due to
the difficulty in voluntary isolation of the multifidus, particu-
larly in longstanding pain states with altered movement
behaviors and cortical remodeling.81–88,156

Restorative neurostimulation of the lumbar
medial branch nerve

Restorative neurostimulation is a novel permanently
implanted peripheral nerve stimulation (PNS) system that tar-
gets the motor fibers of the dorsal rami of the L2 LMBN,
which through efferent neurostimulation results in bilateral
multifidus muscle contractions.11,21,29 Currently, this is the
only Food and Drug Administration (FDA) approved device
to treat CLBP in the setting of multifidus dysfunction
(ReActiv8 system; Mainstay Medical, San Diego, CA,
USA).29–30 Several high-quality clinical studies have been pub-
lished reporting long-term durable improvements (up to three
years) in pain, disability, better quality of life, with individual
studies also reporting decreased opioid use and health care
utilization reduction.21,30–36

Discussion

This is the first study to comprehensively review the scientific
literature and to assemble the current state of knowledge to
delineate how the principles of altered neuromuscular control
and AMI may lead to multifidus dysfunction, functional lum-
bar instability and CLBP. As such, this study aimed to provide
a foundational reference to illustrate the complex functional

disease-process proposedly addressed with restorative neuro-
stimulation (Figure 4).

CLBP is often multifactorial and categorized as nociceptive,
neuropathic or nociplastic.4,13 However, such narrowed cate-
gorization to one type does not represent the true prevalence
in clinical practice. In fact, the majority of CLBP is a mixed
pain syndrome with an overlap of pain types and a constella-
tion of symptoms that might occur in a continuum cycle.
Ultimately, such clinical picture may be labeled by clinicians
and researches as nonspecific CLBP, however this has not yet
been recognized by the IASP.13–14,157 For decades there has
been a focus in exploring, understanding and identifying this
clinical picture. Basic sciences, clinical and population-based
studies seem to support the hypothesis that multifidus dys-
function in the setting of loss of neuromuscular control would
be one plausible etiology, however this is obviously not the
only possible factor.19,22–24,41,58–59,77,79,85,92,98,158

By way of illustration, consider a clinical scenario with a
nonspecific event that triggers a noxious insult to spinal joint
mechanoreceptors and/or paraspinal muscle spindles that can
result in joint or muscle overload. In turn, this can lead to an
influx of aberrant mechanoreceptive input towards the spinal
cord interneurons. Automatically within the spinal pathway,
a spinally-induced AMI reflex may occur to subconsciously
protect the spinal joint by limiting segmental spinal motion.
This limitation in movement further decreases mechanorecep-
tive discharge to surrounding muscles leading to reflexive
tonic contraction and potentially a painful cycle of muscle
spasm and muscle overload. Usually, such acute events are
self-limiting, and the deleterious effects may be lessened with
maintenance of physical activity, despite acute pain.
However, if altered sensorimotor feedback persist beyond
normal healing time, it may lead to loss of neuromuscular
control. Over time if uncorrected, this may lead to persistent
multifidus inhibition/dysfunction and the inability to maintain
spinal stiffness in the neutral zone, resulting in an augmented
environment for functional lumbar instability. Consequently,
this may express symptomatologically as nonspecific LBP.

Altered spinal proprioception resulting in poor posture and
loss of neuromuscular control has been documented in
subjects with CLBP.53,91–93,158–166 Multifidus dysfunction,
diminished cross-sectional area, and muscle fibers transforma-
tion results in inefficient activation, which has been

Figure 3. Magnetic resonance images demonstrating progressive multifidus fat infiltration from normal to moderate to severe.
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linked to suboptimal spinal alignment and functional instabil-
ity.75–79,87,98,102,111,115–116,120 Over time, these changes
observed in the structure and function of the multifidus
muscle are believed to result in worsening of movement pat-
terns and cortex reorganization, which may translate as dis-
proportionate pain.81–86

Multifidus dysfunction may present primarily with a
nociceptive-mechanical pain pattern, with pain usually move-
ment or position related, and aggravated by trivial activities
and small movement tasks, such as returning to an erect pos-
ture from bending, leaning over a sink, unloading the dish-
washer, reaching out for an item, lower extremity dressing,
and so forth. Pain patterns may be persistent with sustained
postures, such as prolonged sitting, standing, walking, driv-
ing, and pain may abide with use of a back brace or back rest
on a chair due to limited ability to maintain spinal stabil-
ity.29–30 Usually, LBP is predominantly axial, however non-
neuropathic leg pain with referral into the sacroiliac or gluteal
region and proximal to the knee is plausible.30–31,34 As previ-
ously mentioned, most CLBP have a mixed pain picture.157

Multifidus dysfunction may present similarly with a mixed
pain syndrome depending on the time-to-effect of neuroplastic
changes secondary to the loss of neuromuscular control, how-
ever ideally pain is primarily of mechanonociceptive without
neuropathic or with limited nociplastic features. Furthermore,
concomitant structural spinal pathologies such as degenera-
tive spondylosis and stenosis, spondylolisthesis and disc her-
niation, may be present concurrently with multifidus muscle
dysfunction, and these are not a contraindication to restora-
tive neurostimulation, as evidence by randomized clinical tri-
als, as long as there is no pathology amenable to spinal
surgery.30–31,34

As a proposed functional etiology, it is imperative to assess
CLBP beyond structural changes on diagnostic images and
shift thinking to a functional perspective. Multifidus dysfunc-
tion must be diagnosed with a combination of clinical history,
physical exam and/or MRI findings A physical exam to evalu-
ate for signs of functional lumbar instability with a positive
prone instability test (j¼ 0.87) preferably, multifidus lift test
(j¼0.75 to 0.81) and a positive aberrant movement patterns
test (j¼ 0.60) have demonstrated sustained interrater reliabil-
ity.29,167–169 Diagnostic ultrasound and EMG can help assess
multifidus activity during functional movements, while MRI
can help grade multifidus atrophy.69–70,75–76,109,131–134,170

However, the finding of muscle atrophy on MRI alone does
not establish multifidus dysfunction diagnosis (since this is a
functional etiology) and by itself should never be relied upon
as a sole criterion for the indication for restorative neurosti-
mulation.30 Importantly, MRI findings can help correlate
physical examination and clinical history to corroborate diag-
nosis and assure that there are no concomitant structural
pathology amenable to traditional spinal surgery.30–31,34

Commonly, these patients are not surgical candidates and a
have limited response to conservative management without
longitudinal improvement in pain and function. In such set-
tings, restorative neurostimulation therapy could be consid-
ered.29–31,171–172

Restorative neurostimulation treatment is clinically
indicated for patients with CLBP greater than 6 months
of duration with diagnostic evidence of multifidus
dysfunction seen on physical exam and/or on diagnostic imag-
ing.11,19–21,29–31,171–172 This is an innovative neurostimula-
tion system that has emerged as a disease-modifying therapy
to restore neuromuscular control through a rehabilitative
MOA rooted in the previous discussion of the

Figure 4. Diagram illustrating the complex interplay between altered sensorimotor control, arthrogenic muscle inhibition, multifidus dysfunction,

functional spinal instability, and neuroplastic changes that may result in loss of neuromuscular control contributing to low back pain recurrency and

chronicity.
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pathophysiology of multifidus dysfunction and loss of neuro-
muscular control. This therapy is believed to restore this by
an efferent neurostimulation of the dorsal rami of the LMNB,
which leads to repetitive multifidus contraction that with a
gradual and longitudinal accrual time to effect may override
underlying AMI and restore mechanonociceptive feedback,
which may normalize neuromuscular control and functional
spinal stability.11,19–21,29–34,171 Thereby, the therapeutic goal
is restorative in nature to first normalize neuromuscular func-
tion, and subsequently reduce disability and pain. Hence, the
stimulation plan is long-term (months to years) and pain/dis-
ability reduction has a longitudinal gradual effect, with
numerous studies reinforcing the distinctive MOA based on
durable and robust sustained improvement up to
36 months.20–21,30–36 Because of the MOA and clinical bene-
fits that accumulate over time, it is thought that a short trial
period is unlikely to yield optimized patient selection and pre-
dict future responders.29

Importantly, restorative neurostimulation distinguishes
itself from traditional neuromodulation in a way that treats a
different etiology, targets a different anatomical site, and has
a distinctive MOA. Spinal cord stimulation (SCS) has a pallia-
tive neuromodulatory effect by blocking nociceptive afferents
in the dorsal columns and is traditionally indicated for CLBP
neuropathic in nature.173–178 Meanwhile, temporary
implanted (60-day) PNS devices offer primarily palliative
analgesia in an afferent fashion by modulation of central and
peripheral sensitization, proposed to offer symptomatic relief
of intractable CLBP with underlying structural etiologies
(post-surgical, post-traumatic).179–185 Furthermore, lumbar
radiofrequency ablation is traditionally utilized for sympto-
matic management of facet arthropathy, a well-identifiable
structural etiology of axial LBP, and offers immediate analge-
sia by creating a temporary ablative destruction of the
LMBN.171,186 However, this has been hypothesized to have
deleterious effects on structures supplied by the LMBN, such
as the multifidus muscle. However, the evidence to support
this claim is theoretically plausible, but inconclusive.186–190

Of note, restorative neurostimulation may be successful in
the setting of prior lumbar radiofrequency ablation, as
long as the procedure was performed six-months prior,
and recent studies have shown positive benefits in such
population.30–31,34

CLBP associated with multifidus dysfunction and loss of
neuromuscular control must be treated with a multidiscipli-
nary approach, given that 1 therapy alone is less beneficial in
scenarios of sustained neuroplastic changes, cortical remodel-
ing and kinesiophobia. These factors have been linked to lim-
ited and/or negative treatment outcomes. Treatment may
require longer duration to restore neuromuscular control and
reverse neuroplastic changes, therefore an adjunctive program
with biofeedback, cognitive behavioral therapy, fear avoid-
ance, and pain neuroscience education may be necessary to
yield better participation in therapies and to optimize out-
comes.3,82–83,87–89,150,152–153,191–194 Restorative neurostimu-
lation may be beneficial earlier in the treatment algorithm (as
an escalation to augment physical therapy program) to restore
neuromuscular control, before the presence of cortical neuro-
plastic changes seen in chronic pain states, which have been
associated to poor outcomes. In turn, this could lead to
decreased need for additional interventions, reduced opioid
consumption, lower psychological burden, and perhaps

reduce LBP recurrence and chronicity, thereby limiting health-
care expenditures.

Limitations

Although we followed the journal’s guidelines on scoping
reviews, including the PRISMA-ScR and Peter et al.38 frame-
work, this scoping review has limitations that should be con-
sidered when interpreting the discussion of the results section.
Assessment of the quality of the studies was not performed
due to the heterogenicity of included studies. Data synthesis
and key summary of findings was presented in a descriptive
format, rather than a quantitative format since this scoping
review highlights a conceptual framework and does not com-
pare the same intervention and outcomes within the same or
populations. It was outside the scope of this study to exten-
sively review procedural techniques, safety profile, and com-
parative clinical results since other studies have covered these
topics in detail. Selection bias in the extraction process cannot
be excluded; however, this was mitigated by using a system-
atic transparent approach following the above-cited
guidelines.

Conclusion

Multifidus dysfunction has been proposed to result from spi-
nally induced AMI in the setting of loss of neuromuscular
control. Multifidus dysfunction is a clinical diagnosis that
manifests as muscle inhibition resulting in impaired muscle
activity leading to loss of spinal stiffness, which may enhance
an environment for relatively functional instability.
Multifidus dysfunction is diagnosed by a clinical history of
primarily mechanical, positional related, predominantly axial
nociceptive CLBP without neuropathic and with limited or
without nociplastic components. Physical exam demonstrates
functional lumbar instability, which conceptually differs from
other structural etiologies of CLBP (discovertebral pain, face-
togenic pain, stenotic pain). Ultrasonography and EMG may
be helpful to assess multifidus activity with functional move-
ments, while MRI is used to grade multifidus atrophy and
assess for other structural pathologies that may be present
concurrently with multifidus dysfunction and could be ame-
nable to surgery and not to restorative neurostimulation.

Restorative neurostimulation is the only FDA-approved
PNS device to treat CLBP associated with multifidus dysfunc-
tion and loss of neuromuscular control resulting in functional
lumbar instability. Importantly, restorative neurostimulation
distinguishes itself from traditional neurostimulation in a way
that treats a different etiology, targets a different anatomical
site, and has a distinctive MOA. Restorative neurostimulation
is a novel disease-modifying therapy that through a rehabilita-
tive MOA with efferent neurostimulation of the dorsal rami
of the LMNB elicits repetitive multifidus contraction that
with a gradual and longitudinal accrual time to effect has
been proposed to override underlying AMI and restore
mechanonociceptive feedback, which may normalize neuro-
muscular control and functional spinal stability. This therapy
has been shown to reduce pain and disability in CLBP,
improve quality of life and reduce health care expenditures.
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117. €Ozcan-Ekşi EE, Ekşi MŞ, Akçal MA. Severe lumbar intervertebral

disc degeneration is associated with modic changes and fatty infil-

tration in the paraspinal muscles at all lumbar levels, except for

L1–L2: a cross-sectional analysis of 50 symptomatic women and

50 age-matched symptomatic men. World Neurosurg. 2019;122

:e1069–e1077.

118. Shi L, Yan B, Jiao Y, et al. Correlation between the fatty infiltra-

tion of paraspinal muscles and disc degeneration and the underly-

ing mechanism. BMC Musculoskelet Disord. 202230;23(1):509.

Pain Medicine, 2023, Vol. 00, No. 0 11

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnad098/7223731 by guest on 01 August 2023



119. Faur C, Patrascu JM, Haragus H, et al. Correlation between mul-

tifidus fatty atrophy and lumbar disc degeneration in low back

pain. BMC Musculoskelet Disord. 2019;20(1):414.
120. Jun HS, Kim JH, Ahn JH, et al. The effect of lumbar spinal muscle

on spinal sagittal alignment: evaluating muscle quantity and qual-

ity. Neurosurgery. 2016;79(6):847–855.

121. Bok DH, Kim J, Kim TH. Comparison of MRI-defined back

muscles volume between patients with ankylosing spondylitis and

control patients with chronic back pain: age and spinopelvic

alignment matched study. Eur Spine J. 2017;26(2):528–537.

122. Suzuki K, Hasebe Y, Yamamoto M, et al. Risk Factor Analysis for

Fat Infiltration in the Lumbar Paraspinal Muscles in Patients With

Lumbar Degenerative Diseases. Geriatr Orthop Surg Rehabil.

2022;13:21514593211070688.

123. Huang Y, Wang L, Luo B, et al. Associations of lumber disc

degeneration with paraspinal muscles myosteatosis in discogenic

low back pain. Front Endocrinol (Lausanne). 2022;13:891088.
124. Menezes-Reis R, Bonugli GP, Salmon CEG, Mazoroski D,

Herrero C, Nogueira-Barbosa MH. Relationship of spinal align-

ment with muscular volume and fat infiltration of lumbar trunk

muscles. PLoS One. 2018;13(7):e0200198.
125. Wang K, Deng Z, Chen X, et al. The role of multifidus in the bio-

mechanics of lumbar spine: a musculoskeletal modeling study.

Bioengineering (Basel). 2023;10(1):67.

126. Shahidi B, Hubbard JC, Gibbons MC, et al. Lumbar multifidus

muscle degenerates in individuals with chronic degenerative lum-

bar spine pathology. J Orthop Res. 2017;35(12):2700–2706.
127. James G, Chen X, Diwan A, et al. Fat infiltration in the multifidus

muscle is related to inflammatory cytokine expression in the

muscle and epidural adipose tissue in individuals undergoing sur-

gery for intervertebral disc herniation. Eur Spine J. 2021;30

(4):837–845.

128. James G, Millecamps M, Stone LS, et al. Dysregulation of the

inflammatory mediators in the multifidus muscle after spontane-

ous intervertebral disc degeneration SPARC-null mice is amelio-

rated by physical activity. Spine. 2018;43(20):E1184–E1194.

129. James G, Sluka KA, Blomster L, et al. Macrophage polarization

contributes to local inflammation and structural change in the

multifidus muscle after intervertebral disc injury. Eur Spine J.

2018;27(8):1744–1756.

130. De Martino E, Hides J, Elliott JM, et al. Intramuscular lipid con-

centration increased in localized regions of the lumbar muscles

following 60-day bedrest. Spine J. 2022;22(4):616–628.
131. Seyedhoseinpoor T, Taghipour M, Dadgoo M, et al. Alteration of

lumbar muscle morphology and composition in relation to low

back pain: a systematic review and meta-analysis. Spine J. 2022;

22(4):660–676.
132. Yazici A, Yerlikaya T. Investigation of the relationship between

the clinical evaluation results of lumbar region muscles with

cross-sectional area and fat infiltration. J Back Musculoskelet

Rehabil. 2022;35(6):1277–1287.
133. Cunningham E, Wedderkopp N, Kjaer P, et al. The relationships

between physical activity, lumbar multifidus muscle morphology,

and low back pain from childhood to early adulthood: A 12-year

longitudinal study. Sci Rep. 2022;12(1):8851.
134. D’hooge R, Cagnie B, Crombez G, et al. Lumbar muscle dysfunc-

tion during remission of unilateral recurrent nonspecific low-back

pain: evaluation with muscle functional MRI. Clin J Pain.

2013;Mar29(3):187–194.
135. Mannion AF, Dumas GA, Cooper RG, et al. Muscle fiber size and

type distribution in thoracic and lumbar regions of erector spinae

in healthy subjects without low back pain: Normal values and sex

differences. J Anat. 1997;190(Pt 4):505-513.
136. Mannion AF, K€aser L, Weber E, et al. Influence of age and dura-

tion of symptoms on fibre type distribution and size of the back

muscles in chronic low back pain patients. Eur Spine J. 2000;9

(4):273–281.
137. Fortin M, Laz�ary �A, Varga PP, et al. Association between paraspi-

nal muscle morphology, clinical symptoms, and functional status

in patients with lumbar spinal stenosis. Eur Spine J. 2017;26

(10):2543–2551.

138. Fortin M, Macedo LG. Multifidus and paraspinal muscle group

cross-sectional areas of patients with low back pain and control

patients: a systematic review with a focus on blinding. Phys Ther.

2013;93(7):873–888.

139. Ranger TA, Cicuttini FM, Jensen TS, et al. Are the size and com-

position of the paraspinal muscles associated with low back pain?

A systematic review. Spine J. 2017;17(11):1729–1748.
140. Rezazadeh F, Taheri N, Okhravi SM, Hosseini SM. The relation-

ship between cross-sectional area of multifidus muscle and disabil-

ity index in patients with chronic non-specific low back pain.

Musculoskelet Sci Pract. 2019;42:1–5.
141. Naghdi N, Mohseni-Bandpei MA, Taghipour M, Rahmani N.

Lumbar multifidus muscle morphology changes in patient with

different degrees of lumbar disc herniation: an ultrasonographic

study. Medicina (Kaunas). 2021;57(7):699.
142. Altinkaya N, Cekinmez M. Lumbar multifidus muscle changes in

unilateral lumbar disc herniation using magnetic resonance imag-

ing. Skeletal Radiol. 2016;45(1):73–77.

143. Thu KW, Maharjan S, Sornkaew K, et al. Multifidus muscle con-

tractility deficit was not specific to the painful side in patients with

chronic low back pain during remission: a cross-sectional study. J

Pain Res. 2022;15:1457–1463.
144. Crawford RJ, Volken T, Mhuiris �AN, et al. Geography of lumbar

paravertebral muscle fatty infiltration: the influence of demo-

graphics, low back pain, and disability. Spine. 2019;44

(18):1294–1302.
145. Fortin M, Videman T, Gibbons LE, Battie MC. Paraspinal muscle

morphology and composition: a 15-yr longitudinal magnetic reso-

nance imaging study. Med Sci Sports Exerc. 2014;46(5):893–901.

146. Qaseem A, Wilt TJ, McLean RM, et al.; Clinical Guidelines

Committee of the American College of Physicians. Noninvasive

treatments for acute, subacute, and chronic low back pain: a clini-

cal practice guideline from the American College of Physicians.

Ann Intern Med. 2017;166(7):514–530.
147. Hides JA, Stanton WR, McMahon S, Sims K, Richardson CA.

Effect of stabilization training on multifidus muscle cross-

sectional area among young elite cricketers with low back pain. J

Orthop Sports Phys Ther. 2008;38(3):101–108. https://doi.org/

10.2519/jospt.2008.2658

148. Danneels LA, Vanderstraeten GG, Cambier DC, et al. Effects of

three different training modalities on the cross-sectional area of

the lumbar multifidus muscle in patients with chronic low back

pain. Br J Sports Med. 2001;35(3):186–191.

149. Kliziene I, Sipaviciene S, Klizas S, Imbrasiene D. Effects of core

stability exercises on multifidus muscles in healthy women and

women with chronic low-back pain. J Back Musculoskelet

Rehabil. 2015;28(4):841–847. https://doi.org/10.3233/BMR-

150596
150. Macedo LG, Latimer J, Maher CG, et al. Effect of motor control

exercises versus graded activity in patients with chronic nonspe-

cific low back pain: a randomized controlled trial. Phys Ther.

2012;92(3):363–377.
151. Lindsay K, Caplan N, Weber T, et al. Effects of a six-week exer-

cise intervention on function, pain, and lumbar multifidus muscle

cross-sectional area in chronic low back pain: a proof-of-concept

study. Musculoskelet Sci Pract. 2020;49:102190.
152. Gorji SM, Mohammadi Nia Samakosh H, Watt P, et al. Pain neu-

roscience education and motor control exercises versus core

stability exercises on pain, disability, and balance in women with

chronic low back pain. Int J Environ Res Public Health. 2022;19

(5):2694.
153. Gal�an-Mart�ın MA, Montero-Cuadrado F, Lluch-Girbes E, et al.

Pain neuroscience education and physical exercise for patients

with chronic spinal pain in primary healthcare: a randomized trial

protocol. BMC Musculoskelet Disord. 2019;20(1):505.
154. Ibrahim AA, Akindele MO, Ganiyu SO. Effectiveness of patient

education plus motor control exercise versus patient education

12 Pain Medicine, 2023, Vol. 00, No. 0

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnad098/7223731 by guest on 01 August 2023

https://doi.org/10.2519/jospt.2008.2658
https://doi.org/10.2519/jospt.2008.2658
https://doi.org/10.3233/BMR-150596
https://doi.org/10.3233/BMR-150596


alone versus motor control exercise alone for rural community-

dwelling adults with chronic low back pain: a randomised clinical

trial. BMC Musculoskelet Disord. 2023;24(1):142. https://doi.

org/10.1186/s12891-022-06108-9
155. Rabiei P, Sheikhi B, Letafatkar A. Comparing pain neuroscience

education followed by motor control exercises with group-based

exercises for chronic low back pain: a randomized controlled trial.

Pain Pract. 2021;21(3):333–342. https://doi.org/10.1111/papr.

12963
156. Saragiotto BT, Maher CG, Yamato TP, et al. Motor control exer-

cise for chronic non-specific low-back pain. Cochrane Database

Syst Rev. 2016;2016(1):CD012004.
157. Freynhagen R, Parada HA, Calderon-Ospina CA, et al. Current

understanding of the mixed pain concept: a brief narrative review.

Curr Med Res Opin. 2019;35(6):1011–1018.
158. Mok NW, Brauer SG, Hodges PW. Failure to use movement in

postural strategies leads to increased spinal displacement in low

back pain. Spine. 2007;32(19):E537–43.

159. Mok NW, Brauer SG, Hodges PW. Changes in lumbar movement

in people with low back pain are related to compromised balance.

Spine. 2011;36(1):E45–E52.
160. Hodges P, Holm AK, Hansson T, Holm S. Rapid atrophy of the

lumbar multifidus follows experimental disc or nerve root injury.

Spine. 2006;31(25):2926–2933.

161. Claeys K, Brumagne S, Dankaerts W, et al. Decreased variability

in postural control strategies in young people with non-specific

low back pain is associated with altered proprioceptive reweight-

ing. Eur J Appl Physiol. 2011;111(1):115–123.

162. Hemmati L, Piroozi S, Rojhani-Shirazi Z. Effect of dual tasking

on anticipatory and compensatory postural adjustments in

response to external perturbations in individuals with nonspecific

chronic low back pain: electromyographic analysis. J Back

Musculoskelet Rehabil. 2018;31(3):489–497.
163. Mohammadi M, Ghamkhar L, Alizadeh A, et al. Comparison of

the reliance of the postural control system on the visual, vestibular

and proprioceptive inputs in chronic low back pain patients and

asymptomatic participants. Gait Posture. 2021;85:266–272.
164. Ito T, Sakai Y, Morita Y, et al. Proprioceptive weighting ratio for

balance control in static standing is reduced in elderly patients

with non-specific low back pain. Spine. 2018;43(24):1704–1709.

165. Johanson E, Brumagne S, Janssens L, et al. The effect of acute

back muscle fatigue on postural control strategy in people with

and without recurrent low back pain. Eur Spine J. 2011;20

(12):2152–2159.

166. Shokouhyan SM, Davoudi M, Hoviattalab M, et al. Distinction

of non-specific low back pain patients with proprioceptive disor-

ders from healthy individuals by linear discriminant analysis.

Front Bioeng Biotechnol. 2022;10:1078805.

167. Ferrari S, Manni T, Bonetti F, Villafa~ne JH, Vanti C. A literature

review of clinical tests for lumbar instability in low back pain: val-

idity and applicability in clinical practice. Chiropr Man Therap.

2015;23:14.

168. Denteneer L, Stassijns G, De Hertogh W, et al. Inter- and intra-

rater reliability of clinical tests associated with functional lumbar

segmental instability and motor control impairment in patients

with low back pain: a systematic review. Arch Phys Med Rehabil.

2017;98(1):151–164.e6.
169. Hebert JJ, Koppenhaver SL, Teyhen DS, et al. The evaluation of

lumbar multifidus muscle function via palpation: Reliability and

validity of a new clinical test. Spine J. 2015;15(6):1196–1202.

170. Kamath S, Venkatanarasimha N, Walsh MA, et al. MRI appear-

ance of muscle denervation. Skeletal Radiol. 2008;37

(5):397–404.
171. Sayed D, Grider J, Strand N, et al. The American Society of Pain

and Neuroscience (ASPN) evidence-based clinical guideline of

interventional treatments for low back pain. J Pain Res. 2022;15

:3729–3832.
172. Mekhail N, Eldabe S, Templeton E, Costandi S, Rosenquist R.

Pain management interventions for the treatment of chronic low

back pain: a systematic review and meta-analysis. Clin J Pain.

2023;39(7):349–364. https://doi.org/10.1097/AJP.

0000000000001116

173. Caylor J, Reddy R, Yin S, et al. Spinal cord stimulation in chronic

pain: evidence and theory for mechanisms of action. Bioelectronic

Medicine. 2019;5(12):1–41.
174. Tieppo Francio V, Polston KF, Murphy MT, et al. Management

of chronic and neuropathic pain with 10kHz spinal cord stimula-

tion technology: summary of findings from preclinical and clinical

studies. Biomedicines. 2021;9(6):644.
175. Jensen MP, Brownstone RM. Mechanisms of spinal cord stimula-

tion for the treatment of pain: Still in the dark after 50 years. Eur J

Pain. 2019;23(4):652–659.
176. Lam CM, Latif U, Sack A, Govindan S, et al. Advances in spinal

cord stimulation. Bioengineering (Basel). 2023;10(2):185.

177. Malinowski MN, Chopra PR, Tieppo Francio V, et al. A narrative

review and future considerations of spinal cord stimulation, dor-

sal root ganglion stimulation and peripheral nerve stimulation.

Curr Opin Anaesthesiol. 2021;34(6):774–780.
178. Strand N, J M, Tieppo Francio V, et al. Advances in pain medi-

cine: a review of new technologies. Curr Pain Headache Rep.

2022;26(8):605–616.
179. Char S, Jin MY, Francio VT, et al. Implantable peripheral nerve

stimulation for peripheral neuropathic pain: a systematic review

of prospective studies. Biomedicines. 2022;10(10):2606.

180. Helm S, Shirsat N, Calodney A, et al. Peripheral nerve stimulation

for chronic pain: a systematic review of effectiveness and safety.

Pain Ther. 2021;10(2):985–1002.

181. Strand N, D’Souza RS, Hagedorn JM, et al. Evidence-based clini-

cal guidelines from the american society of pain and neuroscience

for the use of implantable peripheral nerve stimulation in the

treatment of chronic pain. J Pain Res. 2022;15:2483–2504.
182. Gilmore CA, Desai MJ, Hopkins TJ, et al. Treatment of chronic

axial back pain with 60-day percutaneous medial branch PNS:

primary end point results from a prospective, multicenter study.

Pain Pract. 2021;21(8):877–889.
183. Deer TR, Eldabe S, Falowski SM, et al. Peripherally induced

reconditioning of the central nervous system: a proposed mecha-

nistic theory for sustained relief of chronic pain with percutaneous

peripheral nerve stimulation. J Pain Res. 2021;14:721–736.
184. SPRINT Therapeutics Physician Reference Guide. https://www.

sprtherapeutics.com/wp-content/uploads/2022/01/2022-

SPRINT-Physician-Reference-Guide-MA-000004-03.pdf.

Accessed June 10, 2023.
185. Deer TR, Gilmore CA, Desai MJ, et al. Percutaneous peripheral

nerve stimulation of the medial branch nerves for the treatment of

chronic axial back pain in patients after radiofrequency ablation.

Pain Med. 2021;22(3):548–560.

186. Lee DW, Pritzlaff S, Jung MJ, et al. Latest Evidence-Based

Application for Radiofrequency Neurotomy (LEARN): best prac-

tice guidelines from the American Society of Pain and

Neuroscience (ASPN). J Pain Res. 2021;14:2807–2831.

187. Russo MA, Santarelli DM. Development and description of a new

multifidus-sparing radiofrequency neurotomy technique for facet

joint pain. Pain Pract. 2021;21(7):747–758.
188. Sadeghi S, Bible JE, Cortes DH. Quantifying dysfunction of the

lumbar multifidus muscle after radiofrequency neurotomy and

fusion surgery: a preliminary study. J Med Diagn. 2020;3

(4):04100-04101.
189. Smuck M, Crisostomo RA, Demirjian R, et al. Morphologic

changes in the lumbar spine after lumbar medial branch radiofre-

quency neurotomy: a quantitative radiological study. Spine J.

2015;15(6):1415–1421.
190. Oswald KAC, Ekengele V, Hoppe S, et al. Radiofrequency

Neurotomy does not cause fatty degeneration of the lumbar para-

spinal musculature in patients with chronic lumbar pain-a retro-

spective 3D-computer- assisted MRI analysis using iSix software.

Pain Med. 2023;24(1):25–31.

Pain Medicine, 2023, Vol. 00, No. 0 13

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnad098/7223731 by guest on 01 August 2023

https://doi.org/10.1186/s12891-022-06108-9
https://doi.org/10.1186/s12891-022-06108-9
https://doi.org/10.1111/papr.12963
https://doi.org/10.1111/papr.12963
https://doi.org/10.1097/AJP.0000000000001116
https://doi.org/10.1097/AJP.0000000000001116
https://www.sprtherapeutics.com/wp-content/uploads/2022/01/2022-SPRINT-Physician-Reference-Guide-MA-000004-03.pdf
https://www.sprtherapeutics.com/wp-content/uploads/2022/01/2022-SPRINT-Physician-Reference-Guide-MA-000004-03.pdf
https://www.sprtherapeutics.com/wp-content/uploads/2022/01/2022-SPRINT-Physician-Reference-Guide-MA-000004-03.pdf


191. Songjaroen S, Sungnak P, Piriyaprasarth P, et al. Combined neu-
romuscular electrical stimulation with motor control exercise can

improve lumbar multifidus activation in individuals with recur-
rent low back pain. Sci Rep. 2021;11(1):14815.

192. Pinto SM, Boghra SB, Macedo LZ, et al. Does motor control exercise
restore normal morphology of lumbar multifidus muscle in people with
low back pain? – a systematic review. J Pain Res. 2021;14:2543–2562.

193. Ouchi K, Watanabe M, Tomiyama C, et al. Emotional effects on
factors associated with chronic low back pain. J Pain Res. 2019;

12:3343–3353.
194. Fletcher C, Bradnam L, Barr C. The relationship between knowl-

edge of pain neurophysiology and fear avoidance in people with
chronic pain: A point in time, observational study. Physiother
Theory Pract. 2016;32(4):271–276.

14 Pain Medicine, 2023, Vol. 00, No. 0

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnad098/7223731 by guest on 01 August 2023


	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Funding
	References


