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Abstract
Purpose A prospective, single-arm, open-label study to evaluate the effectiveness of intraosseous radio frequency (RF) 
ablation of the basivertebral nerve (BVN) for the treatment of vertebrogenic-related chronic low back pain (CLBP) in typical 
spine practice settings using permissive criteria for study inclusion.
Methods Consecutive patients with CLBP of at least 6 months duration and with Modic Type 1 or 2 vertebral endplate 
changes between L3 and S1 were treated with RF ablation of the BVN in up to four vertebral bodies. The primary endpoint 
was patient-reported change in Oswestry Disability Index (ODI) from baseline to 3 months post-procedure. Secondary out-
come measures included change in visual analog scale (VAS), SF-36, EQ-5D-5L, and responder rates.
Results Median age was 45 years; baseline ODI was 48.5; VAS was 6.36. Seventy-five percent (75%) of the study patients 
reported LBP symptoms for ≥ 5 years; 25% were actively using opioids; and 61% were previously treated with injec-
tions. Mean change in ODI at 3 months posttreatment was − 30.07 +14.52 points (p < 0.0001); mean change in VAS was 
− 3.50 + 2.33 (p < 0.0001). Ninety-three percent (93%) of patients achieved a ≥ 10-point improvement in ODI, and 75% 
reported ≥ 20-point improvement.
Conclusions Minimally invasive RF ablation of the BVN demonstrated a significant improvement in pain and function in 
this population of real-world patients with chronic vertebrogenic-related LBP.
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Take Home Messages

1. Patients treated with RF ablation of the BVN reported significant 
improvements from baseline in ODI, VAS, SF-36 and EQ-5D-5L at 
3 months. 

2. This study reaffirms, using a “real-world” environment, the results 
of a prior efficacy trial on the role of radiofrequency ablation of the 
BVN for treatment of vertebrogenic CLBP. 

3. Using straight-forward, objective MRI findings for patient 
selection, these data collectively support a favorable risk/benefit 
profile for RF ablation of the BVN in a population of CLBP patients 
with few validated treatment alternatives. 
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Introduction

Chronic LBP affects more than 30 million U.S. adults [1, 
2]. While nonoperative management is often successful, 
recurrence is common and long-term disability has been 
reported in up to 17% [3]. Rates of traditional surgical 
intervention, i.e., fusion, and reported outcomes are highly 
heterogeneous [4].

Recently, studies have demonstrated that vertebrogenic 
pain from degenerated or damaged vertebral endplates is 
an important source of CLBP. The endplates are suscep-
tible to damage due to their conflicting roles of provid-
ing nutritional support for the poorly vascularized disk 
and structural support for the spine. Factors implicated in 
symptomatic endplate failure include mechanical loading, 
local endplate morphology, and genetic predisposition [5, 
6]. Endplate damage can lead to cellular communication 
between the immunologically privileged disk nucleus and 
vertebral bone marrow, triggering an inflammation—a pro-
cess that can lead to Modic changes visible on MRI [7, 8].

The specific mechanisms for vertebrogenic pain have 
been detailed in immunohistochemical studies demonstrat-
ing endplate nociceptors with efferents to the basivertebral 
nerve (BVN), a branch of the sinuvertebral nerve located 
posteriorly in the vertebral body [6, 8, 9]. Chronic inflam-
mation leads to endplate nociceptor proliferation. In the 
presence of chemical sensitization and mechanical stimu-
lation, pain signals, perceived as LBP, are transmitted to 
the central nervous system by the BVN [6].

An improved understanding of this pathway gener-
ated interest in RF ablation of the BVN as a treatment 
for vertebrogenic CLBP. To date, clinical findings have 
been promising. An initial pilot study led to a multi-center, 
randomized sham-controlled trial [10]. First reported in 
2018, the RCT demonstrated the efficacy of intraosseous 
RF ablation of the BVN to treat CLBP in patients with 
Modic type 1 or 2 changes of the vertebral endplates [11]. 
Sustained clinical improvement at 2-year follow-up has 
recently been reported [12].

Yet, novel spine care treatment modalities have been 
introduced with initially very promising results with later 
studies reporting poorer outcomes or greater complication 
rates than originally anticipated. Common reasons for this 
disappointing change lie in different patient populations, 
less rigid selection criteria, and the overall differences in 
treatment effectiveness (measures how well a treatment 
works in the practice of medicine) versus efficacy (meas-
ures how well treatment works in clinical trials or labora-
tory studies) [13, 14]. We sought to perform a prospec-
tive clinical effectiveness trial emulating a typical spine 
practice setting and employing more permissive criteria 

for study inclusion such as patients who have had prior 
discectomy and utilizers of extended-release narcotics.

Methods

Trial design

The RF ablation in CLBP study is a prospective, open-label, 
single-arm case series of 28 patients treated at two investiga-
tive sites in the USA from to June 2018 to January 2019. The 
study is registered on ClinicalTrials.gov as NCT03266107 
and was sponsored by Relievant Medsystems, Inc. (Min-
neapolis, MN). The study was HIPAA compliant and con-
ducted under Institutional Board Review approval, and par-
ticipant informed consent was obtained. Enrolled patients 
were assigned a unique participant ID number, and all sub-
mitted patient information was de-identified. Data submitted 
by the study sites were source-verified to the medical record 
and patient-completed questionnaires by study monitors.

Participants

Eligibility was confirmed by an independent medical moni-
tor based on each patient’s medical, clinical, and radio-
graphic presentation. The primary inclusion criteria included 
skeletally mature patients with Type 1 or Type 2 Modic 
changes on an MRI at one or more vertebral bodies from L3 
through S1 and ≥ 6 months of conservative care for CLBP. 
Primary exclusion criteria included symptomatic spinal ste-
nosis, disk protrusion > 5 mm, spondylolisthesis > 2 mm at 
any level, or radiculopathy. Table 1 is a complete listing of 
inclusion/exclusion criteria for this study. Upon confirma-
tion of eligibility, baseline measurements were collected and 
entered by the study site research personnel into the online 
clinical database (iMedNet, Mednet Solutions, Minneapolis, 
MN).

Study interventions

Patients in the study were treated with intraosseous RF abla-
tion of the BVN using a unilateral transpedicular delivery 
system  (Intracept® System, Relievant Medsystems, Min-
neapolis, MN). The procedure was performed under image 
guidance, with the patient under moderate conscious seda-
tion or general anesthesia, and in an outpatient setting. Tar-
geted location for electrode placement was approximately 
30–50% across vertebral body width from the posterior wall, 
and in the same horizontal plane as the BVN on sagittal 
imaging as shown in Fig. 1. After confirmation of place-
ment, thermal ablation was delivered for 15 min at 85 °C to 
create an approximately 1-cm spherical lesion within each 
vertebral body as shown in Fig. 2. Detailed information 
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Table 1  Listing of the inclusion and exclusion criteria for the study

Inclusion criteria Exclusion criteria

Skeletally mature patients with chronic (≥ 6 months) isolated lumbar 
back pain, who had not responded to at least 6 months of nonopera-
tive management

MRI evidence of Modic at levels other than L3-S1

Type 1 or Type 2 Modic changes at one or more vertebral body for 
levels L3-S1

Radicular pain (defined as nerve pain following a dermatomal distribu-
tion and that correlates with nerve compression in imaging)

Minimum ODI of 30 points (100-point scale) Previous lumbar spine surgery (discectomy/laminectomy allowed 
if > 6 months prior to baseline and radicular pain resolved)

Minimum VAS of 4 cm (10 cm scale) Symptomatic spinal stenosis (defined as the presence of neurogenic 
claudication and confirmed by imaging)

Ability to provide informed consent, read, and complete questionnaires Metabolic bone disease, spine fragility fracture history, or trauma/com-
pression fracture, or spinal cancer

Spine infection, active systemic infection, bleeding diathesis
Radiographic evidence of other pain etiology

  Disk extrusion or protrusion > 5 mm
  Spondylolisthesis > 2 mm at any level
  Spondylolysis at any level
  Facet arthrosis/effusion correlated with facet-mediated LBP

Beck Depression Inventory > 24 or 3 or > Waddell’s signs
Compensated injury or litigation
Currently taking extended-release narcotics with addiction behaviors
BMI > 40
Bedbound or neurological condition that prevents early mobility or any 

medical condition that impairs follow-up
Contraindication to MRI, allergies to components of the device, or 

active implantable devices, pregnant or lactating

Fig. 1  Depicts the targeted location for the electrode placement at 
approximately 30–50% across vertebral body width from the pos-
terior wall and in the same horizontal plane as the BVN on sagittal 
imaging Fig. 2  RF ablation lesion MR image



1597European Spine Journal (2019) 28:1594–1602 

1 3

about the surgical technique was described previously in 
the literature [11]. All patients continued nonsurgical thera-
pies as per the investigator’s medical judgment and patient 
symptoms.

Outcome measures

The primary endpoint of the study was collected at 3 months 
posttreatment. Secondary endpoints of clinical outcomes 
over time are collected at 6, 9, and 12 months. All end-
points were patient self-reported using validated question-
naires. The primary endpoint was a measurement of impact 
of low back pain on patient function using the Oswestry 
Disability Index (ODI) questionnaire [15]. Secondary end-
points included measurement of low back pain using a 
visual analog scale (VAS) [16] with a range of 0 cm (no 
pain) to 10 cm (worst pain imaginable) and quality of life 
measurements using the SF-36 [17] and EQ-5D-5L [18, 19] 
questionnaires.

To confirm targeting success, a 6 weeks post-RF ablation 
MR image (T1, T2, and STIR time constants) was performed 
and reviewed by an independent neuroradiologist to assess 
the degree of overlap of the RF ablation lesion with the ter-
minus of the BVN for each treated vertebral body.

Device or device procedure-related spinal or neurologi-
cal adverse events (AEs) were collected in this study. All 
reported AEs were adjudicated by an independent clini-
cal event committee for relatedness to device therapy and 
procedure.

Statistical analysis

With a block sample of 28 patients, this study was 80% pow-
ered at an alpha of 0.05 to a detected 15-point change in 
ODI from baseline. To evaluate for procedural effectiveness, 
the patient-reported measures noted above were compared 
from baseline to 3 months posttreatment. Results were sum-
marized using descriptive statistics. Tests of the changes 
between the baseline and posttreatment values were per-
formed with Stata v15 (Stata Corp., College Station, TX) 
using a Student’s two-tailed t test without imputation for 
missing values.

Study revisions

Upon receiving Food and Drug Administration 510(k) 
clearance, the protocol was revised to allow treatment of 
up to four vertebrae and treatment of nonconsecutive lev-
els from L3 to S1. Inclusion of patients at least 6 months 
from laminectomy or discectomy, with moderate sympto-
matic spinal stenosis, and taking extended-release opioids, 
was also allowed. All subjects met the inclusion/exclusion 
criteria of the final protocol for the analysis. An evaluation 

of the impact of protocol revisions to the primary endpoint 
detected no significant differences, and no adjustment for 
difference was required.

Results

Patient demographics and baseline characteristics

A total of 28 consecutive patients were treated. Median age 
for this study population was 45 years; baseline ODI was 
48.5; VAS was 6.36. The percentage of patients with LBP 
symptoms ≥ 5 years was 75%. Modic Type 1 was present 
in 14/28 (50%) of the patients; Type 2 in 42.9%, and both 
Type 1 and 2 in 7.1% of study patients. Disk protrusion was 
documented in 24 of the 28 study patients (85.7%), and 7.1% 
had a diagnosis of spondylolithesis.

Over 61% of patients had previously undergone at least 
one trial of physical therapy or a formal exercise program; 
64% had received chiropractic care; 61% had undergone 
spinal injections; and 25% were actively using opioids at 
enrollment. Prior discectomy had been performed in 14.3% 
of patients. Table 2 provides patient demographics and base-
line characteristics.

Treatment results

Treatment was attempted in 29 patients, and RF ablation 
was performed in 28 patients. One patient’s procedure was 
aborted due to an inability to access the vertebral target 
area because of unusually hard bone. Two of the RF-treated 
patients with Modic at L5-S1 received RF ablation at L5 
only, due to an inability to access S1. These patients are 
included as intent-to-treat in the analysis. See Fig. 3 for 
patient enrollment and follow-up status.

Of the 28 patients treated with RF ablation, 23 (82%) 
had two vertebrae treated, four patients had three vertebrae 
treated, and one patient had four vertebrae ablated. The 
most commonly treated segment was L5-S1 (71%). Target-
ing was adjudicated as successful in 62/62 (100%) of RF 
ablation-treated bodies and in 62/64 (97%) of vertebral 
bodies attempted. No RF ablation patients received a spinal 
injection posttreatment and prior to the 3-month primary 
endpoint. Four of the eight patients (50%) using opioids at 
baseline had discontinued use at 3 months posttreatment. 
The remaining four patients continued opioid use at the same 
dosage as baseline (Fig. 4).

Primary endpoint: ODI

The primary endpoint of the study was collected at 3 months 
posttreatment. Mean change in ODI at 3 months posttreat-
ment was − 30.07 +14.52 points (p < 0.0001) as shown in 
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Fig. 5. Table 3 provides details of the primary endpoint 
measurements. Using a 10-point improvement threshold 
for success, 26/28 (92.9%) of patients in the RF ablation 
arm reached clinical success as shown in Fig. 5. An ODI 
improvement of ≥ 20 points was reported by 21/28 (75.0%) 
of RF ablation patients.

Secondary endpoints

VAS and other secondary outcomes are displayed in Table 4. 
The mean change in VAS was − 3.50 + 2.33 (p < 0.0001). A 
VAS decrease of 2.0 cm was reported in 21/28 (75.0%) of 
patients (Fig. 6).

The mean improvement from baseline in overall SF-36 
was 26.06 + 15.15 with sub-part results of 15.78 + 9.13 
(physical) and 4.23 + 8.84 (mental). Both subparts were 
statistically significant improvements. Similarly, mean 
improvement from baseline in EQ-5D-5L was significant 
with an increase of 0.198 + 0.129 (p < 0.0001).

Nineteen (68%) of patients in this prospective study had 
6-month outcomes data for ODI and VAS at the time of 
reporting these data. These patients continue to report statis-
tically significant improvements from baseline with a mean 
ODI at 6 months of 13.05 + 11.99 and a mean change in ODI 
of 36.63 + 15.31 (p < 0.0001). Mean VAS score in these 19 
patients at 6 months is 1.42 + 1.77 which is a mean reduc-
tion from baseline of 4.95 + 2.12 (p < 0.0001). Similarly, 
responder rates remain high with 19/19 (100%) of these 
patients reporting a > 10-point reduction in ODI and 16/19 
(84.2%) reporting a > 20-point reduction in ODI.

Patient satisfaction

In the 28 RF ablation-treated patients, 21 (75%) rated their 
condition as improved, 5 (18%) reported no change, and 2 
(7%) indicated worsened condition. Twenty-two patients 
(78.6%) indicated the treatment was a success and were 
satisfied with the results of surgery, and 24(85.7%) of the 
treated patients responded they would have the surgery again 
for the same condition.

Work status

Eighty-six percent (86%) of subjects were working (79% 
full-time and 21% part-time) at baseline. Six patients 
(21%) reported missing work, and 7(25%) patients reported 
spending > ½ day in bed due to LBP in the 2 weeks prior 
to baseline. At 3 months posttreatment, patients reported 
improvements in work function of 71% and 83%, respec-
tively, with only one (1) patient reporting missed work in 
the prior 2 weeks and two (2) patients spending > ½ day in 
bed due to LBP.

Adverse events

Adverse events (AEs) that were musculoskeletal, neuro-
logical, device-, or procedure-related were collected in 
this study. Of the 5 AEs reported in 28 RF ablation-treated 
patients, none were serious or device-related. Three AEs 
were adjudicated by the clinical event committee as related 
to the device procedure. One was an aborted procedure due 
to inability to access, and two were leg pain events with 
potential pedicle tract issues noted by the clinical event 
committee in their review of the 6-week MRI. Both were 
categorized as mild, requiring no interventions beyond oral 
medication, and were resolved in a mean time of 91 days.

Table 2  Demographics and baseline characteristics of the study pop-
ulation included in the 3-month interim analysis

a BDI beck depression inventory
b EQ-5D-5L EuroQual Group 5 Dimension 5-Level Quality of Life

RF ablation (N = 28)

Mean age (years), SD mean (range) 45.21 + 8.89
Male, n (%) 14 (50.0%)
Mean BMI (kg/m2), SD 27.55 + 4.38
Current tobacco use—n (%) 5 (17.86%)
Ethnicity—n (%)
 Hispanic/Latino 2 (7.14%)
 Not Hispanic/Latino 26 (92.86%)

Married, n (%) 23 (82.1%)
College degree or higher, n (%) 15 (53.6%)
Working before procedure, n (%) 24 (85.7%)
Not working due to back pain, n (%) 0 (0.0%)
Mean  BDIa, SD 5.39 + 3.76
Duration of low back symptoms, n (%)
  ≥ 6 months to < 1 year 0 (0%)
  ≥ 1 year to < 2 years 3 (10.7%)
  ≥ 2 years to < 3 years 4 (14.3%)
  ≥ 3 years to < 5 years 0 (0%)
  ≥ 5 years 21 (75.0%)
Treatment history n (%)
 Opioid use at baseline 8 (28.57%)
 Injections 17 (60.71%)
 Prior lower back surgeries 4 (14.29%)

Disk protrusion (1 or more levels), n % 24 (85.7%)
Grade 1 spondylolithesis, n (%) 2 (7.1%)
Type of Modic by subject n (%)
 Type 1 14 (50.0%)
 Type 2 12 (42.9%)
 Mixed (Type 1 & Type 2) 2 (7.1%)

Baseline mean ODI, SD 48.50 + 10.42
Baseline mean VAS 6.36 + 1.02
Baseline mean SF-36 50.16 + 12.89
Baseline mean EQ-5D-5Lb 0.606 + 0.010
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Discussion

After an initial RCT demonstrated the safety and effi-
cacy of BVN RF ablation in the management of CLBP, 
we sought to understand the procedure’s effectiveness. 
Patients in this study were treated in a typical, community 
spine clinic setting by providers with no special expertise 

in this procedure. Additionally, more broad inclusion and 
narrow exclusion criteria were employed than in the effi-
cacy study. Patient selection was based on objective MRI 
findings of Modic changes and clinician judgment; there 
were no requirements to rule out other sources of pain. 
This is particularly important in an axial low back pain 
population, where a variety of “pain generators” are often 

Fig. 3  Consort flow diagram of 
patients Screened for Eligibility (n=73)

Failed Screen (n=42)
• No Type 1 / 2 Modic L3-S1 

(n=26)
• Modic at non L3-S1 (n=2)
• ODI < 30 (n=3)
• Stenosis / nerve compression 

(n=4)
• Spondylolithesis > 2 mm (n=1)
• Other radiologic finding (n=1)
• Prior lumbar surgery (n=1)
• BDI > 24 (n=1)
• Substance abuse (n=1)
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treated based on diagnostic local anesthetic blocks that 
rely on a patient’s subjective assessment of pain. In con-
trast to the efficacy trial, the current study also included 
patients who had undergone prior discectomy; the maxi-
mum number of VB levels treatable was increased from 3 
to 4, and the requirement that treatment occurred at con-
secutive levels was removed. There were no restrictions 
placed on medications or treatments in follow-up. Lastly, 
there were no upper limits on ODI or VAS imposed, and 
the results were based on the ITT analysis that included 
two patients that received only partial treatments.

In spite of these more permissive requirements, highly 
significant improvements from baseline for primary 
endpoint and all secondary endpoints (p < 0.001) were 

achieved. 93% achieved an ODI reduction of 10 points 
and 75% a reduction of 20 points.

Four (4) of the 8 patients that had been on opioids at base-
line had stopped using them by 3 months. Aside from a short 
postoperative period, no patients started opioids. Of those 4 
patients that had been taking opioids, none increased their 
dosage. Although the vast majority of patients were work-
ing at baseline, absenteeism was reduced and work function 
improved.

The primary strength of this study is its inclusion of a 
“real-world” population of chronic low back pain patients 
in a community-based spine care setting. Yet, the out-
comes reported were consistent with those reported in the 
treatment arm of the efficacy RCT. Potential limitations to 

Table 3  The primary outcome 
measure for this study is 
the mean change in ODI 
from baseline to 3 months 
posttreatment (patient as their 
own control)

P value from a two-sided t test

RF ablation (N = 28) t test (p value)

Baseline ODI score (Mean + SD, median, range) 48.50 + 10.42
45, [32,72]

3-Month ODI score (Mean + SD, median, range) 18.42 + 14.58
17, [0,52]

Mean change in ODI score from baseline to 3 months 
posttreatment

30.07 +14.52 (p < 0.0001)

Table 4  Secondary outcomes 
at the study’s 3-month primary 
endpoint timepoint

a EQ-5D-5L EuroQual Group 5 Dimension 5-Level Quality of Life

%(n/N) or Mean ± SD t test (p value)

ODI responder rates
 Subjects with ≥ 10-point ODI decrease 92.86% (26/28)
 Subjects with ≥ 15-point ODI decrease 89.29% (25/28)
 Subjects with ≥ 20-point ODI decrease 75.00% (21/28)

VAS
 Baseline VAS Score (Mean + SD) 6.36 + 1.02
 3-Month VAS Score (Mean + SD) 2.86 + 2.25
 Mean VAS score change from baseline to 3 months 

posttreatment
3.50 + 2.33 (p < 0.0001)

VAS responder rates
 % of subjects with ≥ 1.5 Pt VAS decrease 75.00% (21/28)
 % of subjects with ≥ 2.0 Pt VAS decrease 75.00% (21/28)

SF-36 physical component summary
 Baseline 31.62 + 6.69
 3 Months 47.41 + 9.50
 Mean change 15.78 + 9.13 (p < 0.0001)

SF-36 mental component summary
 Baseline 51.01 + 11.47
 3 Months 55.24 + 9.64
 Mean change 4.23 + 8.84 (p < 0.0001)

EQ-5D-5La

 Baseline EQ-5D-5L score 0.606 + 0.010
 3-Month EQ-5D-5L score 0.805 + 0.114
 Mean change in EQ-5D-5L 0.198 + 0.129 (p < 0.0001)
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generalizability include the use of research coordinators, 
a medical monitor, and a defined prescreening process. 
However, pure effectiveness trials are nearly impossible to 
perform without some research infrastructure to promote 
population homogeneity and ensure data quality [20, 21]. 
Additional potential criticisms may include our relatively 
small sample and short follow-up interval for the primary 
endpoint. However, durability of the 3-month results up 
to 24 months has been established previously [12], and 
we will continue to collect longer term outcomes as a part 
of this study.

Conclusion

Patients treated with RF ablation of the BVN reported sig-
nificant improvements from baseline in ODI, VAS, SF-36, 
and EQ-5D-5L at 3 months and were highly satisfied with 
their outcomes. This study reaffirms, using a “real-world” 
environment, the results of a prior efficacy trial on the 
role of radiofrequency ablation of the BVN for treatment 
of vertebrogenic CLBP. Using straight-forward, objective 
MRI findings for patient selection, these data collectively 
support a favorable risk/benefit profile for RF ablation of 
the BVN in a population of CLBP patients with few vali-
dated treatment alternatives.
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