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ABSTRACT

Background: The purpose of the present study is to report the 2-year clinical outcomes for chronic low back pain

(CLBP) patients treated with radiofrequency (RF) ablation of the basivertebral nerve (BVN) in a randomized controlled
trial that previously reported 1-year follow up.

Methods: A total of 147 patients were treated with RF ablation of the BVN in a randomized controlled trial

designed to demonstrate safety and efficacy as part of a Food and Drug Administration-Investigational Device
Exemption trial. Evaluations, including patient self-assessments, physical and neurological examinations, and safety
assessments, were performed at 2 and 6 weeks, and 3, 6, 12, 18, and 24 months postoperatively. Participants randomized

to the sham control arm were allowed to cross to RF ablation at 12 months. Due to a high rate of crossover, RF
ablation treated participants acted as their own control in a comparison to baseline for the 24-month outcomes.

Results: Clinical improvements in the Oswestry Disability Index (ODI), Visual Analog Scale (VAS), and the

Medical Outcomes Trust Short-Form Health Survey Physical Component Summary were statistically significant
compared to baseline at all follow-up time points through 2 years. The mean percent improvements in ODI and VAS
compared to baseline at 2 years were 53.7 and 52.9%, respectively. Responder rates for ODI and VAS were also
maintained through 2 years with patients showing clinically meaningful improvements in both: ODI � 10-point

improvement in 76.4% of patients and ODI � 20-point improvement in 57.5%; VAS � 1.5 cm improvement in 70.2%
of patients.

Conclusions: Patients treated with RF ablation of the BVN for CLBP exhibited sustained clinical benefits in ODI

and VAS and maintained high responder rates at 2 years following treatment. Basivertebral nerve ablation appears to be
a durable, minimally invasive treatment for the relief of CLBP.

Lumbar Spine

Keywords: chronic low back pain, basivertebral nerve, radiofrequency ablation

INTRODUCTION

Low back pain (LBP) is the most expensive

occupational disorder in the United States and the

leading cause of disability worldwide.1–3 There are

no validated diagnostic reference standards for

LBP, leading 85% of patients to be diagnosed with

so-called nonspecific LBP.4–6 Absent a specific

diagnosis, chronic LBP (CLBP) patients are treated
with an assortment of costly interventions, including
medications (opioid and nonopioid), physical ther-
apy, manipulative therapy, massage therapy, brac-
ing, and injections. Few of these therapies have
Level I evidence supporting their effectiveness in the
CLBP population. Eventually, a large number of
these patients seeking pain relief undergo fusion
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surgery with its associated long rehabilitation time,7

modest outcomes,8,9 high costs,10–13 high complica-
tion rates and 2- to 4-year reoperation rates of
20%.13,14 The chronic nonspecific nature of CLBP
also results in many individuals being prescribed
opioid analgesics, whether or not they eventually
undergo fusion surgery.15–18

Notwithstanding the nonspecific LBP descriptor,
spine care practitioners have historically presumed
that the intervertebral disc was the source of most
CLBP.19–21 The discogenic LBP model holds that
sensitized nociceptors within the posterior annulus
of degenerating discs cause LBP. However, ana-
tomic studies have shown that the vertebral endplate
is actually the source of most of the pathologic
innervation that occurs with disc degeneration.
These studies suggest that, in some patients, the
origin of LBP is the vertebral endplates, with pain
transmitted via the basivertebral nerve (BVN).22–24

The BVN bundle, often in the form of paired
nerves, originates from the sinuvertebral nerves and
enters the vertebral body posteriorly via the central
vascular foramen. It courses centrally within the
vertebral body, generally following the basivertebral
vessels and sending branches towards the end-
plates.25,26 An illustration of the BVN and vascu-
lature anatomy is provided in Figure 1.
Immunohistochemical analysis showed that the
BVN contains Substance P, CGRP, and PGP 9.5
positive nerve fibers, substantiating the nerve’s
nociceptive role in the conduction of vertebrogenic
pain signals in CLBP individuals.27–29

Compared with the density of nociceptors in
normal endplate regions or in painful degenerated
discs, BVN density is much higher in endplate
regions with damage, linking these nerves to
CLBP.22 As the disc and endplates degenerate, the

communication between the bone marrow and the
disc increases, due to the hydraulic disc/vertebra
coupling and increased convective flow induced by
cyclic spinal loading. This crosstalk that develops
between the disc and bone marrow results in the
release of inflammatory mediators. The persisting
stimulus sets up a frustrated healing response,
leading in some individuals to an escalating
inflammatory response and the appearance of
Modic changes (MCs) at the vertebral end-
plates.23,24,30 This inflammatory response is sensed
by the BVN and transmitted to the central nervous
system, then perceived as LBP.

Provocative discography has been used in the
past to diagnose discogenic LBP. However, discog-
raphy is currently controversial with some studies
claiming a high false positive rate in certain
populations and associating discograms with accel-
erated disc degeneration.31,32

Additionally, discography has been shown to
result in deflection of the endplates with the
suggestion that a positive discogram might be the
result of pressurization of painful vertebral end-
plates.33

In contrast, vertebrogenic pain is diagnosed using
MCs that are readily identifiable on routine MR
imaging. Modic type endplate changes represent a
classification for vertebral body endplate magnetic
resonance imaging (MRI) signal, first described in
1988.34 Modic Type 1 and 2 changes are associated
with degenerative disc disease and LBP.35 Studies
have also shown that CLBP patients with MC are
clinically different than CLBP patients without
MC.36 Patients with MC report a greater frequency
and duration of LBP episodes and seek care more
often.37 Additionally, CLBP patients with Type 1
MC have poor outcomes relative to conservative
treatment38,39 and have worse outcomes after
discectomy.40

Utilizing the scientific foundations of a vertebro-
genic origin for CLBP, a transpedicular, minimally
invasive procedure using radiofrequency (RF) ener-
gy to ablate the BVN near the center of the vertebral
body was developed. It was hypothesized that, once
ablated, these nerves would no longer transmit pain
signals. To test this theory, a 225-patient, Level I
randomized controlled trial comparing treatment of
CLBP with RF ablation of the BVN to a surgical
sham control was performed. The initial, previously
published results from this study demonstrated that
intraosseous RF ablation of the BVN is a safe and

Figure 1. Basivertebral nerve (red) and vasculature (blue).
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effective treatment for CLBP in patients with Modic
Type 1 or 2 abnormalities of the endplates.41 This
study, in addition to the pilot study results,
validated the use of MCs as a diagnostic criterion
for vertebrogenic pain. We report on the 2-year
clinical results for patients treated with RF ablation
of the BVN in this study.

MATERIALS AND METHODS

Study Design

The original trial was a prospective, randomized,
sham-controlled, double-blind, pivotal Food and
Drug Administration (FDA) Investigational Device
Exemption (IDE) clinical trial (SMART Trial
ClinicalTrials.gov—NCT01446419). The trial was
conducted at 15 sites (202 patients) in the United
States and 3 sites (23 patients) in Europe. The
primary requirements for inclusion in the trial were
CLBP with a duration greater than 6 months, CLBP
nonresponsive to at least 6 months of nonsurgical
management, and Modic Type 1 or 2 changes at the
vertebral endplates of the levels targeted for
treatment. Detailed information about the study
design and randomization process were previously
published.41 Primary inclusion and exclusion crite-
ria are listed in Table 1.

Study Interventions

Patients were randomized 2:1 to either a RF
ablation procedure or a sham control procedure.
The RF ablation procedure consisted of thermal
ablation of the BVN using a transpedicular delivery
system (Intracept System, Relievant Medsystems,
Sunnyvale, CA, USA). The Intracept procedure was
performed under image guidance in an outpatient
setting with thermal ablation for 15 minutes to

create approximately a 1 cm spherical lesion within
the vertebral body. Detailed information about the
surgical technique was previously described.41 Pa-
tients in the sham arm underwent the same
operating room protocol for the same overall
duration of 60 to 90 minutes; however, the sham
procedure consisted only of docking the introducer
cannula 1–2 mm into the pedicle and simulating the
RF ablation with an equivalent dwell time. To
maintain blinding, the treating and follow-up
physicians differed, and the patients were unaware
of the randomization outcome for 1 year. All
participants continued conservative therapy as
prescribed at baseline. Additional medical therapies
could be prescribed per the blinded follow-up
investigator’s discretion. For patients in the sham
arm, there was an optional crossover component
after all 12-month evaluations were performed.

Outcome Measures

Outcomes were evaluated using the Oswestry
Disability Index (ODI) questionnaire and the
Medical Outcomes Trust Short-Form Health Sur-
vey (SF-36). Back pain was assessed using a visual
analog scale (VAS) on a 10-cm scale ranging from 0
(no pain) to 10 (worst pain imaginable). Physical
and neurological examinations were performed at
each follow-up visit. Patients attended follow-up
visits at 2 and 6 weeks, and 3, 6, and 12 months
during the first year of follow up.

The protocol was subsequently modified to
include longer-term follow up to 24 months. During
the second year, the treatment arm patients were
followed for safety only at 18 months, and at 24
months for ODI, VAS, SF-36, as well as safety.
Sham arm patients who did not choose to cross over
to Intracept RF ablation treatment were also

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Skeletally mature patients with chronic (�6 mo) isolated lumbar
back pain, who had not responded to at least 6 months of
nonoperative management

Type 1 or 2 Modic changes at 3 or less contiguous levels, L3–S1
Minimum Oswestry Disability Index of 30 points (100-point scale)
Minimum visual analog scale of 4 cm (10 cm scale)

Radicular pain (any pain that traveled along a dermatomal
distribution into the lower extremity, causing pain, numbness,
and/or weakness/heaviness of the affected area)

Previous lumbar spine surgery
Symptomatic spinal stenosis (defined as the presence of neurogenic

claudication and confirmed by imaging)
Diagnosed osteoporosis (T , �2.5)
Disc extrusion or protrusion . 5 mm
Spondylolisthesis . 2 mm at any level
3 or more Waddell’s signs
Beck Depression Inventory . 24
Involved in litigation related to back pain or injury or receiving

disability compensation
Currently taking extended release narcotics

Fischgrund et al.
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followed per this schedule. Participants who elected
to cross to RF ablation were followed at 2 and 6
weeks, and 3, 6, and 12 months postprocedure. Of
the 78 patients in the sham arm, 57 (73%) elected to
cross over to receive the Intracept treatment. A
flowchart that reflects study design and patient
disposition is provided in Figure 2.

Magnetic resonance imaging (T1, T2, and STIR
time constants) was performed at 6 weeks and 6
months after the index procedure. Targeting success
for treatment was confirmed by an independent,
blinded radiologist reviewer and was defined as
overlap between the RF-created ablation zone and
the terminus of the BVN at each level treated
observed on 6-week MRI.

Statistical Methods

Two preplanned analysis groups were defined
within the FDA approved IDE protocol which
governed the original study. These were the intent-
to-treat (ITT) and the per-protocol (PP) popula-
tions. The ITT population consisted of the patients
as randomized (ITT population: treatment arm n¼
147, sham arm n ¼ 78). As the study entailed
randomization to a surgical procedure, the possibil-
ity of an unsuccessful procedure was admitted, with
the most likely cause being failure of the RF
generated lesion to be collocated with the terminus
of the BVN. The PP population excluded patients
that did not meet the minimum treatment require-
ment (incomplete procedures n¼ 1, failed targeting
success n ¼ 16) and 2 patients who were not
adherent to the postprocedure protocol (PP popu-

lation: treatment arm n ¼ 128, sham arm n ¼ 77).

Detailed reasons for patients excluded from the PP

population were previously reported.41 The 24-

month demographic and safety results are reported

for all treated patients; efficacy results are reported

for the PP population who completed a 24-month

evaluation.

Seventy-three percent of the sham patients elected

to cross over to active treatment after 12 months of

follow up; thus, a 24-month follow-up statistical

comparison between arms cannot be performed due

to a lack of statistical power. Therefore, an intra-

patient comparison of patient-reported measures

from baseline to each follow-up visit was performed

to evaluate the long-term efficacy and treatment

durability in RF ablation arm participants with 24-

month data. The efficacy measures are summarized

using descriptive statistics (eg, N, mean, standard

deviation). Comparisons between the postoperative

and baseline values were performed using a paired t

test.

RESULTS

Demographics

Out of the 225 patients included in the original

study, 147 patients were treated with RF ablation of

the BVN and 78 with the sham control procedure.

Patient characteristics between the 2 arms were

previously reported as similar.41 Baseline informa-

tion about the patients treated with RF ablation is

listed in Table 2.

Figure 2. Study design and patient disposition.
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Treatment Success

All procedures were completed in the treatment
arm except for 1 patient with extremely dense bone
at S1. Targeting was adjudicated via imaging by a
blinded independent radiologist and was deemed
successful in 129 of 145 patients (89.0%), or in 300
of 317 treated vertebral bodies (94.6%). The most
commonly treated levels were L5–S1 (85/146 pa-
tients) and L4–L5 (29/146) followed by L4–L5–S1
(23/146). An additional 5 patients were treated only
at L3–L4 with 4 patients treated at L3–L4–L5.

Oswestry Disability Index

The primary efficacy endpoint for the original

study was the 3-month change in ODI compared

between the study arms. This comparison, as

previously reported,41 found that at 3 months the

PP treatment group exhibited a 20.5 least squares

mean (LSM) improvement in ODI compared to a

15.2 LSM improvement in the sham group (P ¼
.019).

Of the PP population treated with BVN ablation,

106 patients completed a 24-month follow-up visit.

These patients exhibited a durable ODI mean

improvement (23.4 points) at 24 months compared

to the mean improvements observed during their

first year of follow up (20.3, 20.8, and 19.8 points at

3, 6, and 12 months, respectively). In terms of

percent improvement in ODI from baseline, these

results translate into mean percentage improve-

ments of 53.7% at 24 months compared to 47.6,

48.2, and 46.2% at 3, 6, and 12 months, respectively.

Oswestry Disability Index outcome results for all

time points are shown in Table 3.

Using a 10-point improvement in ODI, the

commonly accepted minimum clinically important

difference (MCID) in the treatment of CLBP,42,43

75.6% (96/127) of treated patients exhibited a

successful response at 3 months. At 24 months, this

result was sustained with 76.4% (81/106) of treated

patients continuing to receive clinical benefit from

BVN ablation. When considering a 20-point thresh-

old for reduction in ODI, 48.0% (61/127) of treated

Table 3. Patient reported outcomes by visit.

Visit Baseline Week 2 Week 6 Month 3 Month 6 Month 12 Month 24

Oswestry Disability Index
N 128 128 128 128 128 128 106
Total scorea 42.4 6 10.92 23.5 6 15.41 23.1 6 15.19 22.1 6 15.39 21.6 6 14.92 22.6 6 15.71 18.8 6 15.89
Mean D 6 SDa �18.9 6 15.92 �19.3 6 15.27 �20.3 6 15.56 �20.8 6 15.92 �19.8 6 16.18 �23.4 6 18.35
Pc ,.001 ,.001 ,.001 ,.001 ,.001 ,.001
Improvement (%) 44.2 45.2 47.6 48.2 46.2 53.7

Visual analog scale
N 128 127 127 127 126 125 104
Total scoreb 6.73 6 1.383 3.74 6 2.280 3.75 6 2.532 3.80 6 2.625 3.74 6 2.684 3.96 6 2.830 3.13 6 2.636
Mean D 6 SDb �2.97 6 2.407 �2.95 6 2.558 �2.90 6 2.642 �2.98 6 2.639 �2.76 6 2.887 �3.59 6 2.739
Pc ,.001 ,.001 ,.001 ,.001 ,.001 ,.001
Improvement (%) 43.5 43.7 42.8 44.2 40.1 52.9

SF-36 PCS
N 128 126 127 125 106
Total scoreb 33.50 6 7.366 43.32 6 9.481 43.89 6 8.686 42.83 6 9.199 45.83 6 9.216
Mean D 6 SDb 9.83 6 9.479 10.29 6 8.915 9.21 6 9.425 11.84 6 9.882
Pc ,0.001 ,0.001 ,0.001 ,0.001

Abbreviation: SF-36 PCS, Medical Outcomes Trust Short-Form Health Survey Physical Component Summary.
aLast observation carried forward used to impute missing values through month 12. Missing values at month 24 were not imputed.
bObserved data only. Missing values were not imputed.
cP value from paired t test.

Table 2. Patient demographics and baseline characteristics.

Radiofrequency Ablation Treatment (N ¼ 147)

Age (y), mean (range) 46.9 (26–69)
Male, n (%) 82 (55.8)
Body mass index (kg/m2), mean (range) 27.44 (18.9–38.4)
Caucasian, n (%) 134 (91.2)
Married, n (%) 101 (68.7)
College degree or higher, n (%) 87 (59.2)
Working before procedure, n (%) 110 (74.8)
Duration low back symptoms, n (%)
�6 mo to ,1 y 6 (4.1)
�1 to ,2 y 15 (10.2)
�2 to ,3 y 10 (6.8)
�3 to ,5 y 18 (12.2)
�5 y 98 (66.7)

Current tobacco use, n (%) 25 (17.0)
Opioid use before procedure, n (%) 51 (34.7)
Modic changes, n (%)
Type 1 46 (31.3)
Type 2 89 (60.5)
Type 1 and 2 12 (8.2)

ODI mean (range) 42.9 (30–76)
VAS mean (range) 6.82 (4.0–10.0)
BDI mean (range) 7.7 (0–23)
SF-36 PCS mean (range) 33.22 (14.83–48.11)

Abbreviations: BDI, Beck Depression Inventory; ODI, Oswestry Disability Index;
PCS, physical component summary; SF-36, Medical Outcomes Trust Short-Form
Health Survey; VAS, visual analog scale.
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patients showed such an improvement at 3 months
and 57.5% (61/106) at 24 months.

Visual Analog Scale

The mean VAS pain score reported at baseline
was 6.73 cm and improved by 2.76 and 3.59 cm at 12
and 24 months of follow up, respectively (see Table

3). When considering the results from the perspec-
tive of percentage improvement from baseline, the
mean percent improvement in VAS at 24 months
was 52.9 %, compared to 42.8, 44.2, and 40.1% at 3,

6, and 12 months, respectively.

At the primary 3-month time point, 65.4% (83/
127) of patients met or exceeded the VAS MCID of
1.5 cm improvement.42 This VAS responder rate
was sustained with 70.2% (73/104) of patients

meeting or exceeding the 1.5 cm improvement in
VAS at 24 months.

Medical Outcomes Trust Short-Form Health
Survey Physical Component Summary

The mean SF-36 Physical Component Summary
(PCS) score reported at baseline was 33.50, which
improved to 42.83 and 45.83 at 12 and 24 months of
follow up, respectively. The mean improvement in
the PCS score observed at 24 months was 11.84 and

showed durability compared to the other study time
points. The MCID for the PCS has been reported as
4.9.44 The SF-36 PCS results are reported for all
study time points in Table 3.

Resource Utilization

Baseline characteristics of the PP patients who
were treated with RF ablation and followed at 24
months (n ¼ 106), showed that 68 (64.2%) of the

patients had pain for more than 5 years, and 28
(26.4%) were taking opioids. Additionally, the
underlying incidence of patients with previous
spinal injections was 61 (57.5%).

Utilization of opioids was monitored at all

follow-up time points through the first year of the
trial. During the second year of follow up,
documentation of opioid usage was not reliably
available due to the infrequency of patient visits. In

the above population, at 12 months of follow up,
60.7% of the patients who were taking opioids at
the time of enrollment had reduced opioid medica-
tion, with 46.4% completely eliminating the use of
opioids.

During the first year of follow up, the study
protocol discouraged physicians from treating
patients with spinal injections unless medically
necessary. Following unblinding of patients after
the 1-year study visit, patients were managed per
standard clinical practice, and thus, the rate of
interventions seen during the second year of follow
up would no longer be expected to be biased by
study design. At 24 months of follow up, in PP
patients treated with ablation, 8 (7.5%) had spinal
injections performed for either new onset or
continuing LBP, a substantial decrease from the
61 (57.5%) who had reported prior injections at
baseline.

Complications/Interventions

Adverse events (AEs) were continuously assessed
during the study and reported as they occurred.
Each AE was assessed by the study investigator for
severity and relationship to the study device or
procedure. An independent review of clinical trial
execution and safety data was performed on a
regular basis by an external data safety monitoring
board (DSMB) throughout the course of the trial.

There were no device or procedure-related patient
deaths, no unanticipated adverse device effects, and
no device-related serious adverse events (SAEs)
reported in the study. One device- related AE
occurred in a sham patient, who crossed over to
the active treatment at 1 year. The patient was being
treated with high levels of hormone replacement
therapy and developed a vertebral compression
fracture. Further diagnostic workup revealed con-
comitant osteopenia. By 8 weeks, the fracture was
healed with no further complications. Procedure-
related events following the index procedures were
minimal, and MRI evaluations at the 6-week and 6-
month follow-up time points found no evidence of
any spinal cord abnormalities, avascular necrosis, or
accelerated disc degeneration (these results were
previously reported).41

During the first year of follow up, 2 RF ablation-
treated patients underwent surgical spine interven-
tions. One was a lumbar fusion at the same level
that was treated in the index procedure performed
due to continuing LBP; the second procedure was a
microdiscectomy performed due to a de novo disc
herniation at the L2–L3 level, which was not the
same level that was treated in the index procedure
(index procedure was performed at L4–L5).

Intraosseous Basivertebral Nerve Ablation for the Treatment of Chronic Low Back Pain
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During year 2, 8 RF ablation treated patients
exited the study to undergo other surgical therapies
on the lumbar spine. Seven of these were lumbar
fusion procedures performed at the same levels as
the index procedures. It should be noted that 5 of
these 7 procedures were performed by 1 investiga-
tional site following unblinding of the patients at the
12-month follow-up visit. The remaining procedure
was a discectomy following an acute foraminal disc
herniation that occurred at a different level than
what was targeted in the index procedure.

DISCUSSION

There has been extensive direct evidence support-
ing the vertebral body as a source of LBP (ie,
vertebrogenic pain) reported in the published
literature.22,33,45–48 Additionally, the BVN within
each vertebral body has been shown to be a source
of transmission of vertebrogenic pain signals in
CLBP individuals.25,26 Furthermore, correlation
between vertebral body pathology (as demonstrated
by MCs) and CLBP has also been reported.34,40–52

The SMART trial was designed to test the
hypothesis that the BVN plays an important role
in the transmission of pain signals in patients with
CLBP and exhibiting Modic Type 1 and 2 endplate
changes. Initial results of the SMART trial showed
that thermal ablation of the BVN is a safe and
effective treatment for CLBP patients with this
indication.41

Longer-term results for patients who were treated
with RF ablation show that the clinically meaning-
ful improvements in ODI, VAS, and SF-36 PCS
observed at 1 year are sustained through 2 years of
follow up and are more than double the MCID for
all measures. The mean percentage improvements in
ODI and VAS compared to baseline at 2 years were
53.7 and 52.9%, respectively. Responder rates for
ODI and VAS were also maintained through 2 years
with patients showing clinically meaningful im-
provements in both: 76.4% of patients had �10-
point ODI improvement and ODI � 20-point
improvement in 57.5%; 70.2% of patients had
�1.5 cm VAS improvement.

The original study design compared results
reported from patients treated with RF ablation to
those treated with a sham control procedure
through 12 months of follow up. After 12 months,
all patients in the study were unblinded as to which
treatment they had received. Sham patients were
subsequently offered the opportunity to cross over

to receive the RF ablation procedure, of which 73%
elected active treatment. Comparisons between the
original study arms could therefore not be per-
formed for long-term evaluation of efficacy out-
comes as the untreated, control population was too
small for adequate statistical power.

Comparison to the crossover population was also
not appropriate, as the patient-reported outcomes
of this population at the time of crossover were no
longer consistent with the original baseline status.
The sham population experienced a large placebo
response, as was discussed in the prior publication
of the 1-year study results.41 Therefore, for the
purpose of long-term evaluation of patient-reported
outcomes, postoperative results were compared to
baseline (preoperative) measurements, with each
treated patient serving as their own control,
consistent with other spine procedure trials.

Patient retention through 1 year of follow up in
the study was excellent with 97.7% (125/128)
patients in the PP treatment population evaluated
at 12 months. Reasons for nonevaluation included 1
patient death (not study related) and 2 patients who
exited the study early to undergo surgical spine
therapies. At 2 years, 84.8% (106/125) of the 12-
month PP treatment group returned for follow up.
Reasons for nonevaluation at 2 years included 4
patients who withdrew consent and 6 patients who
exited the study due to surgical spine procedures.
An additional 9 enrolled patients failed to return for
evaluation at 24 months.

Due to the overall 17% PP patient fallout by 24
months, we looked at the mean ODI and VAS
measures for the PP-treated population at 24
months (n ¼ 106) compared to the overall PP
treated population (n ¼ 128) at baseline and 12
months to ensure the PP-treated population evalu-
ated at 24 months was not unintentionally biased.
The baseline PP-treated patient reported outcomes
were nearly identical for the 2 populations; the mean
ODI and VAS in the 24-month PP-treated popula-
tion were 42.2 and 6.72 cm, respectively, compared
to 42.4 and 6.73 cm for the overall PP-treated
population. At 12 months, the populations re-
mained comparable; the mean ODI and VAS in
the 24-month PP-treated population were 20.8 and
3.84 cm, respectively, compared to 22.6 and 3.96 cm
for the overall PP-treated population. Thus, we
believe the PP-treated population evaluated at 24
months is reflective of the enrolled PP treatment
population.
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The incidence of spine-related surgery in the ITT
RF ablation-treated patients over the 2-year study
period (6.8%, 10/146) in this trial is comparable to
other studies reported in the literature for patient
populations with degenerative disc disease. Numer-
ous studies have shown that the extent of disc
degeneration and disc herniation increases over time
as part of the natural aging process. In studies
examining asymptomatic patients, de novo hernia-
tions or progression of existing disc herniations were
observed in 11.4% of patients after 3 years,53 24.4%
of patients after 5 years, and 32.3% of patients after
7 years.54 Additionally, in patients with a history of
disc degeneration and LBP, the percent values of
disc herniation were as high as 78% after 17 years.55

These studies also showed that the rate of deterio-
ration of disc status is increased in patients who
have a history of disc degeneration and/or hernia-
tion. Thus, the observed incidence of progression of
existing disc degeneration and herniation seen in
this study of patients with CLBP is not unexpected
given the published occurrence rates.

In this study, of the 10 patients that underwent
spine surgery over the 2-year study period, 2 had
removal of symptomatic disc herniations at non-
treated levels. Of the 8 patients that underwent
surgery after 1 year, 7 progressed to lumber fusion;
however, these were disproportionately performed
at a single study site. Thus, the incidence of lumbar
fusion post-BVN ablation may be overstated in this
trial’s results and not reflective of future outcomes.

Prior CLBP studies of other treatment modalities
have noted that improvements in pain gradually
deteriorated after 6 months.8 These 24-month study
results support the longevity of BVN ablation.
Radiofrequency ablation of the BVN is due to
thermal damage of tissue proteins within the zone of
coagulation adjacent to the Intracept probe tip.
Coagulation is surrounded by a secondary zone of
hyperemia, where there is local release of inflam-
matory factors, edema, and changes in blood flow.56

These concentric zones result in the characteristic
bull’s eye appearance of the Intracept lesion seen in
clinical MRI images. Histologically, blood vessels
within the zone of coagulation are embolized, nerves
undergo Wallerian degeneration, and neural tissues
disintegrate.57 Unpublished histological studies
from a large animal model demonstrate that, by
12 months: (1) hematopoietic marrow in the zone of
coagulation is replaced by viable fat; (2) new bone is
formed on preexisting trabeculae. There was no

evidence of avascular necrosis; and (3) rudimentary
blood vessels and nerves develop at the coagulation
zone periphery.58 The BVN itself does not appear to
regenerate, which may be due to the extent of the
thermal injury combined with the fact that the BVN
is nonmyelinated, leading to a more comprehensive
and permanent nerve destruction.59,60

SUMMARY

Radiofrequency ablation of the BVN is a safe and
effective minimally invasive treatment for the relief
of CLBP in patients with Type 1 or 2 MCs. Patients
treated with RF ablation of the BVN for CLBP
exhibited sustained clinical benefits in ODI and
VAS and maintained high responder rates at 2 years
after treatment. This therapy reported statistically
significant improvements from baseline at all time
points through 2 years of follow up. Basivertebral
nerve ablation appears to be a safe, durable,
minimally invasive treatment for the relief of CLBP
in a patient population that typically has few
effective treatment options.
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