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Abstract: Chronic low back pain (CLBP) is a symptom of an underlying pathology. There are distinct phenotypes of CLBP, including
neuropathic, nociplastic and nociceptive, or mechanical CLBP. We present a comprehensive clinical overview of restorative neuro-
stimulation for refractory, disabling, mechanical CLBP. Impaired neuromuscular control and consequent degeneration of the multifidus
muscles are implicated in the development and persistence of mechanical low back pain. Restorative neurostimulation targets these
processes and aims to reverse these degenerative changes in the muscles and mechanoreceptor in the muscle spindles and, therefore,
restore motor control of the multifidus muscles, playing an important role for functional stability of the lumbar spine. We detail the
theory and rationale of the technology as well as appropriate patient identification and current trial evidence in this comprehensive
overview of restorative neurostimulation.
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Introduction

Low back pain (LBP) is a prevalent clinical complaint with staggering socioeconomic impact. LBP is the leading cause
of years lived with disability worldwide, with the proportion of people disabled by LBP increased by over 50% between
1995 and 2015." Direct healthcare spending on LBP in the United States was estimated as high as $90.6 billion, with
indirect costs including disability benefits and missed days from work as high as $535 billion.”> While most acute
episodes resolve spontaneously, roughly 10% of patients progress on to develop CLBP.® Therefore, developing treat-
ments with effective long-term outcomes for low back pain cannot be overstated.

Chronic low back pain (CLBP) is always a symptom that stems from an underlying pathophysiology. Depending on
origin of the noxious stimuli, CLBP may be typified as having three distinct phenotypes, neuropathic, nociplastic,
nociceptive, or a combination of these.* Neuropathic CLBP is caused by inflammation or injury to nerves, including
neural compression, neoplasms, or Persistent Spinal Pain Syndrome Type 2, formerly referred to as failed back surgery
syndrome. Nociceptive CLBP results from overload or damage to lumbar spine interverbal discs, vertebral body
endplates, facet joints, and/or adjacent tissue,” which may occur consequent to disruption of the lumbar spine’s
stabilizing system.®'* Nociplastic CLBP arises from altered processing and perception of pain in the central nervous
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system (CNS), often despite the absence of significant ongoing peripheral tissue damage.'*"'* The predominant type of
pain is an important factor in determining approach for management. Most patients with CLBP with no indication for
spine surgery suffer from mechanical (musculoskeletal) pain that is predominantly nociceptive in nature.'>'” Although
non-surgical treatment options including physical and chiropractic therapy, medications, injections, and medial branch or
basivertebral nerve rhizotomy provide relief and functional improvement for some, they often provide only temporary
relief or are ineffective for most of these patients.'® >’ While spinal cord stimulation is an option for intractable
neuropathic pain, it is not ideal for the treatment of predominantly nociceptive mechanical CLBP.?**°

Pathophysiology of Mechanical CLBP

Nociceptive or mechanical CLBP is often associated with degeneration and impaired motor control of multifidus (MF)
muscles, a group of paraspinal back muscles with origin from transverse processes to insertion along spinous processes
of vertebrae, that traverse the lumbosacral junction and contribute to significantly functional stability of the lumbar
spine.'??%>? They comprise deep, intermediate, and superficial fascicles, each with unique anatomical architecture and
function. The multifidus muscle has unique architecture compared with other voluntary contractile muscles of the spine.
There is a higher concentration of spindles, an anatomical structure within the muscle more closely associated with
a proprioceptive function providing the predominant segmental and overall lumbar stability. Deep MF fascicles have the
lowest volume and shortest muscle fibers, connecting between adjacent vertebrae to facilitate proprioceptive feedback
and intersegmental stability. Intermediate MF fascicles, with broad attachments spanning more vertebral levels play
a role in intersegmental movement. Finally, superficial MF fascicles have the largest volume and longest muscle fibers,
providing optimal posterior spinal extension and rotation. Additionally, key anatomical considerations exist as each MF
fascicle layer is not always present at all spinal levels, leading to important physiological consequences. For instance, the
intermediate MF fascicle is often absent at L5, corresponding to an increased incidence of disc prolapse at that level.*?

Arthrogenic Muscle Inhibition

Arthrogenic muscle inhibition (AMI) refers to a protective neurological response to joint injury which leads to altered
afferent signaling, reflexive muscle inhibition, reduced somatic sensation, neuroplastic compensations in higher brain
centers, and decreased motor output to the musculature surrounding a joint.>* In acute LBP due to a disc-related, sprain or
strain injury, AMI of the deep MF fascicles leads to an immediate loss of functional stability around the painful segment.
Indeed, in a porcine model, experimentally induced disc injury causes inhibition of MF activity.*> Failure for MF activity to
spontaneously resume can lead to a self-sustaining cycle of persistent motor control impairment and chronification of
nociceptive, mechanical CLBP.''*® Altered timing of deep MF fascicle recruitment and abnormal activation of MF have
been demonstrated in electromyography (EMG) studies of patients with CLBP.*"* This etiology is distinctly different
from back pain with radicular symptoms, which suggests a neuropathic or neuro-compressive source.

Multifidus Motor Control Impairment

Motor control of the MF muscles involves somatosensory afferent fibers of the peripheral nervous system, as well as the
sensory and motor cortex of the CNS. The proprioceptive feedback from the multifidus muscle spindle is altered due to
collagen deposition within this structure. Neuroplastic alterations in higher brain centers that occur with AMI likely play
a role in perpetuating impairments in motor control.” In patients with CLBP, transcranial magnetic stimulation studies
have shown alterations in patterns of facilitation and inhibition of the M1 motor cortex region that controls the MF.*!
Furthermore, organization of primary motor cortex differs between individuals with and without CLBP.** Those with
CLBP demonstrate reduced discrete cortical organization of inputs to back muscles, resulting in increased overlap in
representation of motor cortical areas to deep MF and longissimus erector spinae muscles, and loss of ability for
differential firing of these two muscles (ie, co-contraction).*’ In the primary motor cortex, central processing changes
occurring in the context of ongoing AMI, with altered proprioception, reactive disuse, and consequent degeneration of
the muscle may contribute to impaired control and functional stability of the lumbar spine that is sustained in patients
with CLBP.” Additionally, pain may prevent patients from maintaining normal levels of activity and conditioning, leading
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to further disuse atrophy of the MF muscles and other core stabilizers causing a vicious cycle of decreased neural drive
and impaired functional stability of the lumbar spine.

Restorative Treatment Paradigm

In order to prevent progression and recurrence of mechanical CLBP accompanied by multifidus dysfunction, the priority
of management should be functional restoration rather than symptomatic or palliative treatment.'' Therefore, manage-
ment may include physical therapy, which can help patients unlearn maladaptive behaviors and movement patterns
developed as a result of pain avoidance and fear. Physical therapy exercises targeted at isolated activation of the deep MF
muscles are associated with more successful outcomes compared to exercises that stabilize the core back muscles more
generally.® In some cases, biofeedback with ultrasound guidance can help patients achieve voluntary isolated MF
contractions, but this approach has not proven feasible in routine clinical practice. When successful, targeted exercises
to elicit isolated deep MF contractions may restore neural activation and reduce back pain severity and recurrence
rates.®** Improved functional stability is believed to be a primary consequence of motor control restoration rather than
reversal of the degenerative pathological processes, including muscle fibrosis and fatty infiltration.'' Unfortunately, due
to pain, ongoing AMI, and co-contraction with other core muscles, attempts at isolated activation of deep MF muscles
with physical therapy and exercise alone has not proven feasible for many patients.*’

In other conditions such as knee osteoarthritis with resultant AMI of the quadriceps, transcutaneous neuromuscular
electrical stimulation of the motor point has been successfully used to initiate contraction of inhibited quadriceps muscles.*® ™"
Transcutaneous electrical stimulation, however, is not precise enough to stimulate the medial branches of the dorsal ramus and
does not penetrate to sufficiently induce deep MF fascicles contraction. Direct stimulation of the muscle mass requires
substantially more energy to elicit a physiologic contraction than stimulating the nerve that innervates the muscle and can be
painful for patients.>* Direct electrical stimulation of the motor component of the L2 dorsal ramus medial branch nerve has
been shown to effectively elicit strong isolated MF contractions, overriding underlying AMI.> This observation has led to the
development of restorative neurostimulation for refractory mechanical CLBP.

Restorative Neurostimulation

Dorsal ramus medial branch nerves innervate MF muscles. The dorsal ramus nerve contains mixed sensory and motor
fibers and gives rise to the lateral and the medial branches on the superior border of the transverse process. The medial
branch runs along the junction between the transverse process and the superior articular process, and then descends
caudally and posteriorly, accompanying vessels that arise from the lumbar artery and vein. The medial branch nerve also
innervates the capsules of the facet joints, skin, and ligaments medial to the facet joint line.

The ReActiv8 (Mainstay Medical; Dublin Ireland) implantable ‘restorative’ neurostimulation system was approved
by the FDA in June 2020 to treat refractory musculoskeletal CLBP associated with MF dysfunction. It delivers electrical
stimulation to bilateral L2 dorsal ramus medial branch nerves to elicit smooth, well-tolerated isolated contractions of
lumbar MF muscles and thus override the underlying AMI.>* While in a prone or lateral decubitus position, patients self-
administer up to two 30-minute sessions per day during which the system elicits two 10-second multifidus contractions
per minute. The reactivation of the muscle with consequent afferent proprioceptive signaling facilitates restoration of MF
motor control and functional stability to the lumbar spine. Several clinical trials have shown that this therapy leads to
improvements in pain, disability, and quality of life that ar substantial and long-lasting.®>*>® Alternative peripheral nerve
stimulator systems do exist that target nerves to multifidus muscles; however, they function primarily via a mechanism of
modulating pain signals, compared to Reactiv8’s system with mechanism to restore multifidus muscle function.

Indications and Patient Selection
The ReActiv8 neurostimulation system is indicated for management of intractable chronic low back pain associated with
multifidus muscle dysfunction, as evidenced by imaging or physiological testing in adults who have failed therapy
including pain medications and physical therapy and are not candidates for spine surgery.’’

The clinical trials that generated the published clinical evidence included patients with a diagnosis of chronic,
disabling mechanical LBP with a pain intensity of >6.0 on a 10-cm visual analog scale (VAS); Oswestry disability
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index (ODI) of >21 on a scale from 0 to 100, no significant radicular symptoms, LBP on at least half of the days from the
previous year, refractory to >90 days of conservative medical management including physical therapy and medications,
and a positive prone instability test that is consistent with impaired MF neuromuscular control and consequent lumbar
segmental instability.”>* See Figure 1 for an evidence-based patient indication flow chart for selection of patients with
CLBP for restorative neurostimulation.

Patient Identification

Identification of patients with MF dysfunction is based on medical history, and physical examination findings including the
prone instability test (PIT), multifidus lift test (MLT), or the aberrant movements test. Diagnostic imaging demonstrates
atrophy, fibrosis, and fatty infiltration of MF muscles as a secondary sign of degenerative loss of neuromuscular control and is
used to exclude surgical indications such as nerve compression, fracture, or tumor. Before being considered for Restorative
Neurostimulation, patients should have completed a structured program of physical therapy including guidance and education
on home exercises that address engagement of the MF muscle into movement patterns and motion control.

Medical History

Key questions to obtain on history when identifying patients with MF dysfunction include how and when the pain started,
range of activities or postures that typically provoke the pain, treatments already tried and whether they provide relief, if
the pain is getting worse over time, if the pain is constant or waxing and waning, and how the pain affects patient’s daily
life and function. Efforts with manual therapy, pain medications, and injections or ablation procedures typically only
gives temporary pain relief, as these primarily “palliative” approaches do not address the underlying pathophysiology of
MF dysfunction and will often only temporarily mask the pain without achieving durable, sustained relief.

Patients typically report load-dependent LBP features associated with changing postures, standing up from a seated
position, or performing tasks from a lumbar flexed position. Small movements with repeated changes of the center of
gravity cause pain, as well as lifting of heavy items. These symptoms indicate lack of neuromuscular control of MF
muscles to stabilize the lumbar spine and prevent unshielded movement of lumbar spinal segments, resulting in tissue
overload and nociceptive pain. Increased pain is often seen and reported with weightlifting in a gym setting as such forms
of training typically addresses predominantly larger muscle groups, contributing to even more tissue overload and pain
particularly when without adequate neuromuscular control dynamically stabilizing these movement segments. LBP
becomes chronic when disability persists greater than 3 months. Patients with mechanical CLBP associated with MF
dysfunction are often burdened with this condition for years as demonstrated in the multiple studies associated with
Restorative Neurostimulation.

Physical Observations and Examinations

Patients with mechanical CLBP will often exhibit physical finding observations including aberrant movement patterns,
sagittal imbalance postures, and guarding mechanisms to movement while also showing signs of stiffness. Small-load
movements precipitate back pain and are evident from medical history. Over time, these patients tend to have more
challenges with maintaining an upright posture and start to walk with forward-flexed posture creating sagittal imbalance
and further precipitating LBP.

The aberrant movement patterns will be initially noticed with return to upright standing from a fully lumbar flexed
position. Normally, hip extensors initiate pelvis posterior rotation prior to concentric contraction of the spinal extensors.
Lumbopelvic rhythm describes the kinematic relationship between the lumbar spine and hip joints during movement in
the sagittal plane. In cases of MF dysfunction, the order may be reversed. In some cases, patients may exhibit an
instability catch, where they cannot smoothly fully flex, then extend their lumbar spine back to neutral, and instead have
a “catch” in their motion. Additionally, they may even demonstrate positive Gower’s sign, using their hands to walk up
their legs with trying to return to an erect posture. The patients start to limit their movements in hopes of preventing
further episodes of their “back going out”. They develop alternative movement and muscle recruitment patterns leading
to spine stiffness and compression areas that generates more load onto spinal segments. This deleterious cycle continues,
and the patient’s daily life becomes increasing limited by the mechanical CLBP.
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A standard musculoskeletal physical exam includes gait analysis. A forward-flexed posture while walking, although
may indicate an underlying neuropathic origin of pain, can also be a sign of lumbar MF dysfunction. For this reason, in-
depth medical history is paramount to make the distinction. Range-of-motion testing is also important for thorough
evaluation. Straight leg and neuromotor testing are performed to rule out neuropathic origins of pain. PIT allows for
assessment of pain from lumbar segmental instability arising from MF dysfunction. MLT allows for gentle palpation of
the paraspinal tissue while assessing for MF balance and function.

Prone Instability Test

The PIT is used to identify CLBP caused by lumbar segmental instability related to MF dysfunction. It has high inter-
rater reliability (K=0.87) and face validity,”® with two studies showing a correlation between positive PIT and lumbar MF
dysfunction as measured by EMG and ultrasound.’®®' To perform PIT, patient is placed in prone position with their
anterior superior iliac spine overlying the edge of the examination table, with a relaxed and neutral spine and hips flexed
at approximately 45 degrees. With the patient in this position, a posterior-to-anterior (PA) pressure is applied to each
individual lumbar vertebral segment and patient reports if the PA movement reproduces their index pain.

To do this, the examiner first identifies the L1 spinous process landmark by locating the 12 rib and palpating one
level below. The examiner then places their wrist base (pisiform bone) over the respective spinous process and shifts
slightly laterally until their hypothenar eminence is directly over the patient’s spinous process, thus creating a contact
point that allows for generation of PA glide pressure without superficial bony pain. Locking the elbow, the examiner then
applies a rhythmic PA force downward, creating shear force at the respective level, that is thus repeated at each vertebral
level working caudally from L1 to LS.

If pain is reproduced at a segment from the PA glide pressure, the examiner’s testing hand is maintained in contact at
the painful level, with patient instructed to lift their feet 5 cm off the floor to voluntarily activate their entire posterior
back muscles. The examiner then repeats the PA pressure maneuver at the same level. A positive (abnormal) PIT is
identified if the pain is eliminated or significantly reduced with patient engaging their entire posterior back musculature,
suggesting a segmental stabilization (motor control) deficit at that vertebral level. The PIT is considered negative
(normal) if no pain is reproduced with the PA glide at any level, or if the pain does not abate with the PA glide pressure
even in the activated stabilizing muscles condition. In the latter cases, when all maneuvers are painful regardless of
whether stabilizing musculature is activated, lack of pain reduction is not an exclusion criterion, but may suggest an

additional hyper-inflammatory state caused by abnormalities of neuromuscular control.

Multifidus Lift Test

The MLT identifies MF dysfunction via noting of MF thickness change with manual palpation. The lumbar MF muscles can be
palpated just lateral to the spinous process in a slight gutter between the spinous process and longissimus muscle. When the
patient begins to lift one upper extremity, automatic involuntary activation of contralateral MF muscle normally occurs, with
associated thickness change that can be appreciated by simple palpation. This test has also been validated using dynamic
ultrasound imaging measuring MF thickness change.®’ Reduced or absent thickness change at a palpated side during lifting of
contralateral upper extremity reflects MF dysfunction. Like the PIT, the MLT has high interrater reliability (K=0.75 t0.81).%>
However, unlike the PIT, the MLT recruits all the MF fascicles at a specific level instead of specifically recruiting the deep
fascicles, so MLT is less specific for functional instability. In fact, given that the deep fascicles of the MF have the lowest
volume, they are likely only a small contributor to the palpated muscle thickness change.

To perform the MLT, patient is positioned in a prone position on the examination table with a pillow under their pelvis
to reduce lumbar lordosis, and upper extremities resting at about 120 degrees shoulder abduction and 90 degrees elbow
flexion. The MF muscle in the gutter just lateral to the L4 and L5 spinous processes is then lightly palpated with
fingertips, and patient is instructed to lift one arm 5 cm off the table while the examiner assess for onset timing and
volume quantity of MF muscle thickness change that should accompany this movement. The MLT is negative (normal) if
the examiner appreciates a brisk MF muscle contraction directly underneath their fingertips, representing MF muscle
activation that typically occurs immediately prior to physical visualization of contralateral upper extremity motion. The

5804 Journal of Pain Research 2025:18



Gilligan et al

MLT is positive (abnormal) if reduced or no MF contraction is appreciated, or excessive contraction of the adjacent
longissimus muscle occurs and consequently pushes fingertips medially toward the spinous process.

Diagnostic Imaging

The MF may be evaluated using diagnostic imaging options including magnetic resonance imaging (MRI) and ultrasound.®® If
AMI of the MF is left untreated, ongoing disuse can rapidly lead to MF atrophy, fibrosis, and fatty infiltration. MF atrophy can
be evaluated using ultrasound and MRI modalities to measure MF cross-sectional area.®*®> Additionally, MRI can evaluate
degree of fatty infiltration,®> which is graded on a scale with Grade 0 being normal muscle with up to 10% fatty infiltration of
the MF cross-sectional area, Grade 1 with 10-50% fatty infiltration (mild-moderate MF atrophy), and Grade 2 with >50% fatty
infiltration (moderate-severe MF atrophy).® Although impaired MF motor control and abnormalities on diagnostic imaging
are typically correlated, causality is unclear, as abnormal imaging findings often exist independently of pain and motor

646670 and may be reversed in some cases with appropriate rehabilitation.”' Nonetheless, in the presence of

dysfunction,
CLBP, a combined approach with careful history and physical exam along with use of ultrasound and/or MRI may inform
procedural interventions directed at MF dysfunction.”

MRI can precisely show multi-segmental degenerative findings such as facet joint degeneration, impaired joint faces
with mild effusions and signs of arthrosis, degenerative disc spaces, or osteochondrosis. Mild signs of misalignment such
as antero- or retrolisthesis in supine MRI compared to alignment in standing x-ray films demonstrate micro-movements
due to inhibited neuromuscular control of the MF. X-ray and MRI are primarily used to exclude surgical indications but

also to verify and prove multi-segmental degenerative findings predicted from patient history and physical exam.

Relevant ICD-10 Diagnosis Codes

Currently, the most appropriate ICD-10-CM diagnosis code that indicate medical necessity with reporting multifidus
dysfunction is M62.85: “for the diagnosis of dysfunction of the multifidus muscles in the lumbar region” bringing the
highest level of diagnostic specificity for providers to diagnose this condition. A secondary diagnosis code for reporting
symptomatology is M54.59: “for other low back pain” is also appropriate. These codes were updated in the October 2024
ICD-10-CM code update to add a higher level of specificity to the medical condition of the patient, particularly those that
are candidates for restorative neurostimulation. The relevant procedure codes for restorative neurostimulation implanta-
tion are CPT1 Code 64590: “Insertion or replacement of peripheral or gastric neurostimulator pulse generator or receiver,
direct or inductive coupling” and CPT1 Code 64555: “Percutaneous implantation of neurostimulator electrode array,
peripheral nerve (excludes sacral nerve)”.

Clinical Trial Evidence

Deckers et al first described lumbar medial branch stimulation in 2013;” a multicenter feasibility study successfully
repurposed SCS leads, which when placed bilaterally at the superior articular process and transverse process of the L3
junction led to at least a 50% pain relief for half of subjects after 5 months.>® This feasibility study suggested the need for
dedicated electrodes for medial branch stimulation and led to the creation of a restorative neurostimulation system
including four-electrode leads with passive fixation tines to minimize risk of lead migration.

The subsequent prospective international, multi-center (ReActiv8-A) trial evaluated this proprietary system in 53
subjects with on average 14 years of severe, disabling CLBP.® After one year, compared to baseline, 57% of subjects had
>2 point pain reduction on the numeric rating scale (NRS), 60% had >10 point functional improvement on the ODI, and
81% had >0.03-point health-related quality of life improvement on the EQ-5D (EuroQOL health-related quality of life
measure) index. Mid-study, the surgical implantation technique was modified from two lateral incisions at the L3 level, to
one single midline incision at the L4 level from which both leads are inserted towards the L2 medial branches as they
cross the L3 transverse process. This new technique mitigated the high incidence of lead fractures from fascial shearing
forces observed during the study and remained the approach of choice throughout the most recent prospective, multi-
center, randomized, active sham-controlled ReActiv8-B trial.>*

The ReActiv8-B (https://clinicaltrials.gov/study/NCT02577354) was a pivotal, sham-controlled Randomized Control
Trial (RCT) IDE study with the US FDA. This trial included 204 patients with CLBP (VAS >6 cm; ODI >21 points),
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despite conservative medical management consisting of medications and physical therapy, with evidence of MF
neuromuscular impairment demonstrated by positive PIT, and no indications for spine surgery. Patients were evenly
randomized to sham stimulation vs therapeutic stimulation and those undergoing sham stimulation crossed over to
therapeutic levels after 120 days. Responders were defined as those with at least 30% VAS pain rating recall without
changes in medication prescribed and taken for back pain. At 120 days, difference among responder proportions was
inconclusive; however, pre-specified cumulative proportion of responder analysis of the primary outcome data and mean
group difference in VAS improvement were significant in favor of treatment. Moreover, the mean group differences in
the secondary outcome measures were also statistically significant and clinically meaningful.

Following crossover, improvements across all outcome measures increased through 1 year, with efficacy outcomes
consistently showing significant (P<0.0001) and clinically meaningful improvements compared to baseline, and 64% of
participants having experienced 50% or greater improvement. 52% reported resolution of CLBP (LBP-VAS <2.5 cm) and
69% of subjects reported at least a 15-point improvement in ODI.>* There were no lead migrations noted from the study.
The serious adverse event incidence was 8/204 (3.9%) and all occurred prior to the 120-day follow-up period. Six
pocket-related infections resolved following device removal and antibiotics, one intraoperative upper airway obstruction
occurred and was resolved, and one participant developed an ongoing non-radicular patch of numbness on the surface of
his thigh. Notably, no lead migrations were observed. The overall safety profile compared favorably with that of other
implantable neurostimulator therapies for chronic pain.

The published data through 3-years demonstrated that 77% of subjects had >50% CLBP relief, 63% had at least a 20-
point reduction in ODI, 56% had both, 83% had at least one of the two, and 67% had resolution of CLBP (VAS
<2.5 ¢m).”>® Mean EQ-5D improved from 0.585 to 0.805, approaching the US population norm. A total of 71% had
voluntarily discontinued (49%) or reduced (22%) opioid intake. The side-by-side comparison of completed-cases
analysis (N=133) and imputed intention-to-treat analysis (N=204) showed a relatively small difference, which did not
impact the statistical significance or clinical relevance of the results.

In 2021, Mitchell et al published four-year completers-analysis for 34 of the 53 patients from the Reactiv8-A study,
demonstrating durable improvements in NRS, ODI, and EQ-5D scores and persistent treatment satisfaction.”* At four
years, 73% of patients experienced clinically meaningful improvement with >2 points on NRS, 76% with >10 points on
ODI, and 62% of patients reported clinically important improvement in both NRS and ODI. A notable 97% of patients
reported that they were “Very Satisfied” with the treatment.

Also in 2021, Thomson et al reported the two-year completers-analysis of a prospective post-market (https:/
clinicaltrials.gov/study/NCT01985230) follow-up of 42 patients treated for longstanding (13.7+£10.2 years) mechanical
CLBP.”® Of the 37 patients completing 2-year follow-up, 57% experienced a greater than 50% improvement in pain; 65%

were reporting mild to negligible pain (NRS<3), and 51% had an improvement by 15-points or more in ODI with 43%
having a 20-point or greater improvement.

The most recent article concerning the ReActiv8-B pivotal RCT published by Gilligan et al>® in 2024 reported the
prospective five-year longitudinal study follow-up comparing outcomes of patients with CLBP from the pivotal study
who were implanted with the ReActiv8 system. This report demonstrated the continued durability of effectiveness in
patients with refractory CLBP associated with MF dysfunction treated with restorative neurostimulation. At five years
(N=126 completers), CLBP VAS had improved from 7.3 to 2.4 cm (—4.9; 95% CI: —5.3 to —4.5 cm; P<0.0001), and
71.8% of participants had a reduction by at least 50%. The ODI improved from 39.1 to 16.5 (—22.7; 95% CI: —25.4 to
—20.8; P<0.0001), and 61.1% of participants had reduction by at least 20-points. The EQ-5D-5L index improved from
0.585 t0 0.807 (0.231; 95% CI: 0.195 to 0.267; P<0.0001) again approaching population normals without LBP. Although
completed-case results were attenuated by the mixed-effects model, conclusions and statistical significance were
maintained. Of 52 subjects who were on opioids at baseline and attended a fifth-year visit, 46% completely discontinued
and 23% decreased opioid intake. No lead migrations were observed. The authors concluded that over a five-year period,
restorative neurostimulation provided clinically substantial and durable benefits with a favorable safety profile in patients
with refractory CLBP associated with MF muscle dysfunction.

Numerous systematic reviews have examined the effectiveness of various therapies for CLBP, but none have specifically
focused on MF stimulation, whether delivered percutaneously or via an implanted device. Recently, Copley et al*’ conducted
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a comprehensive systematic review and meta-analysis to assess whether electrical stimulation of the MF muscle can override
pain-related inhibition and improve function and stability in CLBP patients. Their analysis included six studies, 5 of 6 were
restorative neurostimulation, and the total number of 419 participants. The follow-up periods ranged from 1.5 to 48 months.
The results showed a weighted pooled mean pain reduction by 2.9 units, with a 95% confidence interval of 0.6 to 5.2 units.
Additionally, the probability of achieving a pain reduction by more than 2 units was 0.84 (ranging from 0.68 to 0.98). The
reported weighted pooled mean effect for ODI was an improvement of 14.7 units (95% CI: 11.1-18.3) with an estimated
probability of an improved ODI score (>10 points) was 0.88 (0.71-0.99). Notably, the meta-analysis indicated that greater
pain reduction over time was associated with longer follow-up periods.

Most recently, in 2025, another randomized controlled trial, Restorative Neurostimulation Therapy Compared to
Optimal Medical Management: A Randomized Evaluation (RESTORE) for the Treatment of Chronic Mechanical Low
Back Pain due to Multifidus,>® provided compelling Level I evidence as a superior treatment for CLBP due to multifidus
dysfunction (https://clinicaltrials.gov/study/NCT04803214). The objective in the RESTORE trial was, at one year, to
evaluate change in ODI and other patient-reported outcomes between a randomized group who received optimal medical

management (OMM) and a randomized group who received ReActiv8. At the one-year follow-up, the ReActiv8 group
(n=94 completers) reported significant functional improvements (ie, lower ODI scores) than those in the OMM group
(n=94 completers) (ODI: —20.0+1.8 vs —3.0 + 1.3, p<0.001). Furthermore, the pain ratings from the ReActiv8 group
reduced significantly where the OMM group remained largely unchanged (NRS: —3.6+0.3 vs —0.6+0.2, p<0.001).

Practical Implications

Utilizing restorative neurostimulation targeting the MF to treat CLBP requires close coordination between various
clinical and administrative team members to accurately identify appropriate patients and obtain insurance approval.
Additionally, clear and consistent messaging from all clinicians can help set patient expectations with regards to the time
frame for symptom improvement, spectrum of possible recovery trajectories, and importance of patient compliance with
ongoing physical therapy.

Where Does Restorative Neurostimulation Fit?

Restorative neurostimulation can be helpful in the management of patients with CLBP in multiple settings. Physicians
practicing in interventional pain clinics as well as physical medicine and rehabilitation clinics, where many patients with
CLBP seek care, may consider discussing restorative neurostimulation as a therapeutic option if symptoms persist despite
conservative care and physical examination testing confirms MF dysfunction. Spine surgeons may also consider it an
additional tool in the management of patients with CLBP who are not candidates for spinal fusion surgery. Implantation
of the neurostimulator may be performed at an ambulatory surgical center or a hospital operating room setting.

Multidisciplinary Approach

A multidisciplinary approach combining input from pain management physicians, physical therapists, spine surgeons,
and pain psychologists is useful for identifying optimal candidates for neuromodulation, including restorative neuro-
stimulation. Ideally, these teams can coordinate closely on patients. For example, a pain management physician who sees
a patient with CLBP and suspects MF dysfunction based on physical exam and/or imaging studies may subsequently
send the patient to physical therapy to work on motor control retraining.’® Depending on imaging findings, they may also
choose to send the patient for consultation with a spine surgery team to evaluate their candidacy for surgical options. If
the pain persists despite physical therapy, then the pain management physician and spine surgery team may make a joint
decision weighing the patient’s likelihood of long-term benefit with traditional surgical options against the option of
neurostimulation. A pain psychologist can also be helpful in confirming the patient’s candidacy for an implanted device.
With a multidisciplinary approach, careful patient selection can improve overall outcomes.

Documentation
Although among payors there is no consensus on documentation requirements for prior approval, at a minimum it
needs to support alignment of medical history and diagnosis with the indication for restorative neurostimulation in
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the presence of MF dysfunction. Best documentation practices include a complete medical history including other
treatments that have been tried and failed, documentation of physical therapy sessions and compliance with those
sessions, physical examination and aberrant movement patterns observed, results of the PIT and MLT, imaging
demonstrating MF atrophy and fatty infiltration and/or a surgical consultation that rules out a surgical indication.
Although little data exists to support its implementation, psychological evaluation may be considered to confirm
implantation readiness.

No Trial Stimulation

Due to the rehabilitative mechanism of action of restorative neurostimulation, clinical benefits accrue gradually over many
months albeit at various timing from early to later response rates. Therefore, a trial period intended to enrich patient selection
and predict future responders is futile within what is considered an acceptable trial duration. Furthermore, patients subject to
invasive treatments for chronic pain are known to experience a considerable placebo response that may last for several
months. The overall high rate of responders with the patient selection criteria discussed herein diminishes any cost/
effectiveness potential from doing a trial, even if an effective one were feasible. At the time of surgical implantation of
the device, the implanter does confirm that stimulation causes contraction of the MF muscles prior to implanting the pulse
generator, and this confirmation step constitutes a physiologic trial of the device’s ability to trigger MF contractions.”’

Individual Recovery Trajectories

Many putative degenerative mechanisms are involved in the development of CLBP each with its own time course."’
The underlying pathophysiologic processes of MF dysfunction and related functional segmental instability is best
characterized through medical history and physical exam. Disease pathways and expressions of each of these
mechanisms differ among patients and consequently, no two recovery trajectories are alike. For this reason, patients
respond to restorative neurostimulation in different manners. There are fast responders, slow responders, and every-
thing in between. Although the responsiveness does not appear to be related to multifidus volume or to the extent of
the pathology seen on imaging, the exact mechanism as to why the patients are responding in different manners is
a subject of ongoing evaluation. While individual recovery trajectories vary, the typical result with restoration of
neuromuscular control and return of functional segmental stability is universal and has been demonstrated in multiple
RCT and real-world evidence studies.

Patient Expectations and Compliance

Due to the variable pace of recovery, managing patient expectations is an important component to success of
restorative neurostimulation. Since in most cases the condition has developed over many years, it cannot be
expected that the underlying pathology should normalize within a few days or weeks. Therefore, patients should
be prepared to be compliant and to expect noticeable improvement typically at 6—8 weeks after activation with
ongoing improvement that may continue over the course of the first 6-12 or even 18 months of therapy. Even the
initial reactivation of the deep muscle fibers does not result in immediate return to normal movement patterns.
With robust return of proprioception and engagement over time, functional improvements are seen first, followed
by improvement in pain. Patients who are counseled on AMI will have a greater understanding of the restorative
mechanism of the therapy, and therefore their recovery timeline. Studies of the therapy to date have not shown any
signs of tolerance or habituation to the therapy through up to five-years of follow-up.

Resolution of Pain

Over half of patients report resolution of pain 1 year into therapy, and several who attained pain resolution that persisted
even after a stimulation holiday without relapse have requested device removal. Before honoring such requests for
removal, it is important that patients be fully informed about the implications and potential outcomes. LBP relapse after
prior episode resolution is common, and if the device does not cause patient discomfort, explantation should not be
recommended. Some experienced implanting physicians have asked their patients to turn off the stimulation for a period
of 1-6 months and re-evaluate their functional spine stability before explanting for reason of successful pain resolution.
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Other Practical Considerations and Implications

Activation and programming of the system to start the therapy occurs approximately 2 weeks after the implant procedure.
The first result patients typically experience is increased lumbar stability resulting in increased activity levels or
functional improvement rather than immediate pain relief. Even after 6 weeks of increased stability and improved
function, patients may not yet report relevant pain relief. After 3 months, most patients report initial pain reduction,
although the individual onset is subject to variation as described above with early or late responders.

In addition to starting the stimulation, it is recommended that guided physical therapy and home exercises learned
from the conservative treatment period be performed. Once familiar with the therapy regimen, a well-prepared patient
can start motor control training at a low intensity with the goal of reintegrating the MF — now accessible through
neurostimulation — into daily motion.

Discussion

As the evidence base supporting lumbosacral spine restorative neurostimulation has grown, interest has also grown in
applying restorative neurostimulation to various other chronic pain conditions. Future studies could examine whether
axial neck and thoracic spine pain indications may also derive meaningful treatment outcomes, as cervical and thoracic
spine anatomy exhibit similarities to that of the lumbar spine. However, we should not let these potentially new
indications draw our focus away from the bird in hand. Restorative neurostimulation therapy was developed and studied
specifically for patients suffering from severe, disabling, refractory, nonsurgical mechanical CLBP due to MF dysfunc-
tion without effective, durable treatment options and we must primarily continue to focus on improving selection and
treatment effectiveness for this specific patient population and important unmet clinical need.

Although pain medicine physicians may try various diagnostic procedures such as focused epidural injections or facet
injections to help identify the pain source, most patients with back pain often have multiple pain generators. There exists
a large population of patients who are not candidates for spine surgery, but who continue to experience refractory
symptoms despite repeated injections, therapy, and pharmacological management. In this gray zone lies tremendous
opportunity for treatment of patients who have been diagnosed with MF dysfunction, lumbar region where no viable
option existed previously. For carefully selected patients in this population, restorative neurostimulation has been
demonstrated to be an appropriate treatment option based on the totality of evidence using this treatment therapy for
treating this specific patient population.

There may be some utility for restorative neurostimulation both pre-operatively and post-operatively in patients
undergoing lumbar spinal fusion surgery. Pre-operatively, neurostimulation could potentially be used in an attempt to
restore motor control and strengthen to the remaining muscle, or potentially reverse degenerative changes in an effort to
postpone or avoid surgery.'” Post-operatively, adjacent segment disease is a common sequela of spinal fusion surgery, in
which physiologic stresses which pre-operatively were distributed across the fused levels are primarily displaced post-
operatively to the levels directly above and below the fusion, ultimately causing degeneration of these levels.”® Future
studies may evaluate the benefits of using neurostimulation to improve functional stability either to treat adjacent
segment disease or even pre-emptively to potentially deter or postpone the onset of adjacent segment disease.

What Further Research is Required?
In addition to exploring the advantages of restorative neurostimulation for new indications, future research should primarily
aim to better characterize different phenotypes of CLBP and clarify how these different groups respond to restorative
neurostimulation. Some patients become pain-free once motor control to the deep MF is restored and continue to do well
even if the stimulator is no longer used. After a prolonged period without regression, a subset of this group may eventually
request device removal. A small group requires continuous stimulation and regress if neurostimulation is ceased, likely
because their restorative processes are not (yet) able to overcome the existing maladaptive changes that have occurred.
Some work has already attempted to classify different groups within those who suffer from CLBP. High-impact
chronic pain (HICP) describes a subset of patients with CLBP associated with substantial restriction in work, social, and
self-care activities participation for 6 or more months.””*" Several algorithms based on patient responses to various
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validated tools have been proposed to identify these patients.**®' Compared to those with low-impact chronic pain,
patients with HICP have over double the annual overall and spine-related per person healthcare costs, use opioid
medications at a rate almost 4 times as high, and on average use over 5 times the morphine equivalent daily dose.®
Overall, they comprise about 40% of patients with chronic spinal pain,®® representing >10 million American adults.®*
Previous work has identified four long-term course trajectories of LBP — “no or occasional mild”, “persistent mild”,
“persistent severe”, and “fluctuating between mild and severe pain” — with findings showing that trajectory membership
and respective presence of LBP remain relatively fixed over time.**>*®* Therefore, those with HICP are likely to continue
to have significant restrictions in their quality of life, higher healthcare costs, and higher opioid use — making them
a high-yield population to study from both a healthcare and economic standpoint. Considering the heterogeneity of
health- and quality-of-life-related outcome measures within the chronic pain population, correctly identifying and
targeting the HICP population in clinical research and practice can lead to an improved understanding of chronic pain
risk factors, causes, and consequences, and allow for the development and advancement of tailored pain interventions.
Restorative neurostimulation’s ability to help shift patients from more severe to less severe trajectories positions this
technology well to provide better and etiology-specific therapies for patients with CLBP.
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