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Abstract

Purpose: To review the literature on the value of basivertebral nerve ablation
in the treatment of chronic low back pain. Materials and Method: A system-
atic review and meta-analysis of the English literature to March 2020 was
undertaken. The inclusion criteria were patients with discogenic back pain of
more than 3 months duration with modic type 1 or 2 change and successful
disc block or discogram. Primary outcomes were VAS pain, ODI, EQ-5D and
SF36 improvement. Secondary outcomes were complications. Results: 6
studies were included, all funded by the same company, but otherwise of low
bias. All studies showed significant improvement in all scores over the first 3
months with evidence these would be maintained over the longer term. There
was one reported compression fracture, but otherwise no significant adverse
events. Conclusion: This study supports the conclusion that radiofrequency
ablation of the basivertebral nerve is a safe and effective treatment for disco-
genic chronic low back pain.
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1. Introduction

Low back pain is a major health problem worldwide with estimations of a life-
time prevalence of over 80% [1]. It has the highest burden of years lived with
disability out of all musculoskeletal conditions worldwide [2]. In the United
States, low back pain is the second most prevalent cause of disability with an es-

timated 30% of adults in the United States having experienced low back pain in
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the past 3 months [3] [4].

Fortunately, the majority of people with low back pain recover. For those who
do not, they can experience a slow recovery with multiple relapses, placing a
high burden on the health system [5] [6]. Over recent years, and particularly in
the western world, there has been a rising prevalence of chronic low back pain,
now estimated to affect up to 10% of the population in USA [6] [7]. Treatment
of chronic low back pain is variable including conservative, complementary and
surgical options [8]. The cost of low back pain, not only in treatment but also in
burden to society, is substantial, thought to exceed $100 billion in the United
States, though it is difficult to measure the true overall cost [9] [10].

Low back pain can be caused by a wide range of aetiologies including degen-
erative, inflammatory, infective, neoplastic, referred, psychogenic, trauma and
congenital causes [11]. Disc degeneration and associated endplate changes have
been associated with low back pain and have been the target of treatments over
the years [12]. Traditionally treatment begins with non-surgical options before
moving onto surgical options with variable success [13] [14] [15]. Recent re-
search has suggested the endplate becomes highly sensitised secondary to disc
degeneration with growth of nerves into the adjacent disc [16] [17] [18] [19].

The presence of the basivertebral nerve was first definitively described in hu-
mans in 1998 [16]. The nerves were found to enter the vertebral body posteriorly
through the vascular foramen, accompanying the basivertebral vessels, before
branching centrally and peripherally in the vertebral bodies. They contain sub-
stance P, a peptide neurotransmitter released in response to nociceptive stimuli
[20]. This strongly suggests the potential for these nerves to transmit pain signals
from the vertebral bodies and vertebral body endplates thus providing a poten-
tial new target for treatment of low back pain.

The basivertebral nerve was successfully ablated by radiofrequency in multiple
ovine models raising the possibility of similar treatment in humans [21]. In hu-
mans, the procedure can be carried out through a transpedicular or extrapedi-
cular unilateral approach targetting the vertebral body endplate above and below
the affected disc level. An introducer cannular is advanced through the posterior
wall of the vertebral body. The trocar is removed and exchanged for a curved
cannula to create a channel to the predetermined position of the trunk of the
basivertebral nerve near the centre of the vertebral body. Finally a radiofre-
quency probe is passed through the cannula and activated create a 1cm spherical
lesion within the vertebral body (85°C for 15 min) [22] [23] [24] [25].

This procedure has been assessed in multiple published trials over the past few
years with positive outcomes, however the data has not been collated to fully as-
sess the efficacy of this treatment in chronic low back pain.

In this study, we aim to review the literature to provide a more complete as-
sessment of the efficacy of basivertebral nerve ablation in patients suffering from
chronic low back pain based on changes in patient reported pain and function at

regular intervals up to 2 years post-procedure.
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2. Method

A systematic search was conducted involving identification of studies, screening
for validity, extraction and analysis of data, inferences and finally presentation of
results.

2.1. Search Methods

The following computerised databases were searched: Medline via Ovid, Coch-
rane Library, Google scholar, EmBase via Ovid, and Pubmed. The search terms
included a combination of “basivertebral nerve”, “ablation”, “chronic”, and “low
back pain”. Any studies published before March 2020 were included.

2.2. Study Selection

Study types included randomised controlled trials, case-control studies and ob-
servational cohort studies. Inclusion criteria were chronic discogenic back pain
for more than 3 months duration, and flexural pain with; modic type 1 or 2
change, successful disc block, or positive discography.

Exclusions were commentaries, reviews or conference proceedings, age < 18
years, radicular pain, spinal stenosis, instability/spondylolisthesis, previous spi-
nal surgery, revision basivertebral nerve ablation, ankylosing spinal conditions,
and spinal neoplasm.

Treatment was with basivertebral nerve ablation either transpedicular or ex-
trapedicular. In addition, when articles presented the same data set, the most
thorough article was included and the remainder excluded.

Outcomes assessed were clinically proven pain, mobility and function scores
as well as any complications, including but not limited to infection, subsequent
surgery for back pain, and spinal nerve damage.

2.3. Validity Assessment

Included studies were independently assessed by two reviewers for inclusion and
duplication, initially with abstract screening then by full text screening. Any
conflicts in assessment were discussed and papers subsequently included or ex-
cluded by consensus agreement.

2.4. Data Extraction and Analysis

Data from each paper was then extracted to a combined table for statistical
analysis and interpretation. The data was assessed for changes in scores, using
the baseline as a comparision. Where controls were available these scores were
also used.

Risk of bias was assessed using the updated ROBINS-I tool [26].

3. Results

Figure 1 shows the total studies identified and subsequent exclusions. The

search of the databases on basivertebral nerve ablation, as outlined above,
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Figure 1. PRISMA chart.

yielded 42 studies. Abstract screening identified 14 potentially relevant studies.
A further 7 studies were subsequently excluded following assessment of the full
text due to duplication of patient cohort or inappropriate study/paper design.
One study was assessed from two separate articles to complete the data set. The
first had a comparison group and follow up for 1 year, while the other had no
comparison group but follow up for 2 years [24] [27]. A total of 6 individual
studies were included in the final assessment [23] [24] [27] [28] [29] [30] [31].

There were 2 studies with randomised control groups. Fischgrund et a/ com-
pared 147 treatment arm patients with 78 sham operation patients over 12
month follow up at which point patients in the sham arm were allowed to trans-
fer to the treatment arm [24]. Khalil ef a/ compared 51 treatment arm patients
with 53 standard care patients with follow up planned for regular intervals over
12 months [28]. The remaining 4 studies were prospective observational cohort
studies [23] [29] [30] [31]. In total there were 267 patients treated with basiver-
tebral nerve ablation. All papers reported outcomes in the Oswestry Disability
Index (ODI), and the Visual Analogue Scale (VAS). Four reported SF-36 PCS,
three SF-36 MCS. Finally two reported EQ-5D-5L outcomes. There were no se-
rious adverse events reported.

The patients in the studies all had similar demographics with a relatively even
mix of gender, an average age of 46 - 50 years and body mass index of 27 - 28
kg/m”.

Table 1 shows the mean estimated changes in ODI, VAS, EQ 5d and SF 36 at
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various time intervals.

Figure 2 shows the changes in ODI from each paper at each time interval. The
mean changes in score of ODI were a 33.2 point improvement at 1 - 2 weeks, al-
though only 3 studies reported outcomes this early. Improvements of 27.5 at
three months and 35.9 at six months were also seen. Fischgrund et al reported
outcomes at 12 and 24 months of 19.8 and 23.4 respectively [24] [27].

Figure 3 shows changes in VAS from each paper at each time interval. VAS
assessments showed a similar magnitude improvement as ODI with pooled es-
timate change of 4.3 at 1 - 2 weeks, 3.4 at 3 months and 4.5 at 6 months. Again,
sustained improvement was confirmed by Fischgrund et a/ with improvement
of 2.8 at 12 months and 3.6 at 24 months [24] [27].

Figure 4 shows the changes in scores in quality of life scores from each paper
at 3 months. QOL score assessments were significantly improved at three months.
SF36-PCS showed improvement of 11.8 at 3 months which was sustained at 6, 12
and 24 months. EQ-5D-5L showed improvement of 0.18 at 3 months.

One patient, on high dose steroid for a gender reassignment, was recorded to
experience a compression fracture.

Table 2 shows the results from the ROBINS-I assessment of bias. This shows
that there is a low risk of bias overall from all the included studies. However, it

should be noted that all studies were funded by the same company.

ODI change 1-2 Weeks ODI change 3 months ODI change 6 months
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Figure 2. ODI changes.
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Figure 3. VAS pain change.
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Figure 4. EQ-5D-5L and SF36 change at 3 months.
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Table 1. Changes in ODI, VAS, EQ 5d and SF 36 at various time intervals.

Changes in scores

ODI VAS EQ5D 5L SF 36
1 - 2 weeks 33.1866 4.3337
3 months 27.4728 3.4208 0.1816 11.8484
6 months 35.9348 4.4705

Table 2. ROBINS-I assessment for bias.

Author Confounding  Selection  Classification Intended intervention = Missing data ~ Outcome Report  Overall
Becker et al. 23] Low Low Low Low Low Low Low Low
Fischgrund et al. [24] Low Low Low Low Low Low Low Low
Khalil et al. [28] Low Low Low Low Low Low Low Low
Kim et al. [29] Low Low Low Low Low Low Low Low
Kim et al. [30] Low Low Low Low Low Low Low Low
Truumees et al. [31] Low Low Low Low Low Low Low Low

4. Discussion

This systematic review was carried out to allow an overall assessment of the effi-
cacy of basivertebral nerve ablation in treating chronic low back pain. Six studies
have been published on this subject which were included in this review. Addi-
tional pilot studies were not included as they did not meet criteria for peer re-
viewed papers.

Many of the studies used baseline measurements as a comparison to assess the
outcomes. Additionally two of the larger studies also contained a control group.
Fischgrund ef al performed a sham operation on the control group with blinded
follow up [24]. The control group was allowed to cross over after 12 months.
Further follow up from 12 months was performed using baseline for compari-
son. Khalil ef a/ had a control arm which received the standard treatment as ad-
vised by their clinician [28]. An interim analysis was planned for when 60% of
participants had reached 3 months of follow up, which was then reviewed by an
independent Data Management Committee (DMC). At this point, the RF abla-
tion arm showed statistical superiority and the DMC recommended the study be
halted and that patients in the standard care arm be offered early cross-over to
the RF ablation arm.

The main patient reported outcome measure for most studies was ODI. This
requires a 10 point improvement to demonstrate a minimal clinically important
difference (MCID) [32]. All studies reported improvements of 2 - 3 times this
level. These changes appear to be sustained over a long period of time, with fol-
low up out to 2 years at this stage.

VAS outcomes were also collected for all studies. It requires a 1.8 - 1.9 unit
improvement for MCID [32]. Once again, outcomes across all studies were 2 - 3
times better than this and sustained over 2 years.

Fewer studies collected information on SF-36 which showed an improvement
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of twice the MCID at 3 months [33]. EQ-5D-5L is a relatively recently developed
outcome tool which can be used as a measure of health related quality of life
[34]. Values in the tool range from perfect health scoring 1 to death scoring 0.
Health state regarded as worse than death score < 0. RF ablation of the basiver-
tebral nerve produced a 0.18 improvement. MCID for chronic low back pain has
not yet been established.

There were no serious adverse events reported directly related to ablation of
the basivertebral nerve throughout all the included studies. There were some
mild adverse events such as incisional pain, urinary retention and transient
neuropraxia were recorded. Some of these were considered general procedural
related. These all resolved over a short period of time with minimal treatment
required.

The cost-effectiveness of this novel treatment has not yet been performed.
This would require increased patient numbers and longer term follow up to fully
assess this.

This systematic review has a number of limitations that need to be considered
when interpreting the results. Firstly, it is limited by the relatively small number
of papers available and that all of these papers were funded by the same com-
pany. Secondly, it is limited by the follow up in many of the included papers,
some only extending out to 3 months. Thirdly, the included studies used an in-
tention to treat analysis, yet post-procedural MRI has shown high basivertebral

nerve ablation miss rates. Further research on this is required.

5. Conclusion

In conclusion, radiofrequency ablation of the basivertebral nerve in the treat-
ment of chronic low back pain is safe and may be helpful in a carefully selected
group of patients with demonstrable Modic type changes, with improvements in
patient outcomes achieving 2 - 3 times the minimal clinically important differ-
ence. Further independent research would help to clarify the cost-effectiveness,

efficacy and longer-term outcome of this procedure.
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