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Background: Sensory stimulation threshold (SST) has been used as a surrogate marker to 
target a nerve branch for radiofrequency (RF) denervation; however, the validity of SST as 
a prognostic marker is still under debate.
Objective: To assess whether lower SST values correlate with better outcomes of radio-
frequency denervation for facetogenic low back pain.
Design: Prospective cohort study.
Patients: Sixty-seven patients who underwent radiofrequency denervation for low back 
pain.
Methods: Correlations, between the average percentage of pain relief from diagnostic 
medial branch block (MBB) and RF denervation procedure outcome, and between SST 
and RF denervation procedure outcome, were analyzed using Spearman correlation coeffi-
cient (rs). Wilcoxon rank sum test was performed to assess whether magnitude and duration 
of pain relief following RF denervation differed by the levels of SST (<0.5 and ≥0.5) or pain 
relief (<80% and ≥80%) from diagnostic MBB.
Results: There was a positive correlation between pain relief after diagnostic MBB and pain 
relief 2 weeks after denervation (rs 0.31, 95% CI 0.08 to 0.51, p < 0.01), but not between 
pain relief after MBB and pain relief 6 months after denervation, nor pain relief duration 
after denervation. There was a negative correlation between SST and pain relief 6 months 
after denervation (rs −0.41, 95% CI −0.59 to −0.18, p < 0.001). There was also a negative 
correlation between SST and pain relief duration after denervation (rs −0.33, 95% CI −0.53 
to −0.09, p < 0.01).
Conclusion: SST is a viable measurement with which to guide needle placement during RF 
denervation for lumbar facet pain, and enhances pain relief outcomes.
Keywords: sensory stimulation threshold, radiofrequency ablation, lower back pain, lumbar 
facet arthropathy, outcome

Introduction
Facet arthropathy is one of the most common causes of low back pain (LBP), accounting 
for about 30% of chronic LBP cases.1 Facet joint interventions are among the most 
commonly performed pain procedures.2,3 Therapeutic interventions for facet arthropathy 
include intraarticular facet joint injections and medial branch nerve radiofrequency (RF) 
denervation. RF denervation, a modality first introduced in the 1970s,4 has the strongest 
supporting evidence for its durable efficacy.5–8 The efficacy of RF denervation is largely 
dependent on appropriate patient selection. Significant pain relief with diagnostic medial 
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branch block (MBB) has previously been demonstrated to be 
a better tool for patient selection for subsequent RF denerva-
tion than intraarticular facet joint injection, and thus, dual 
MBB is often performed prior to RF denervation.3,9 

However, the correlation between diagnostic MBB and RF 
denervation outcomes is still being defined, and a study by 
Cohen et al (2010) suggested that radiofrequency ablation 
without diagnostic blocks may be more cost-effective.10–12 

The Facet Treatment Study (FACTS), a more recent rando-
mized controlled clinical trial investigating the predictive 
value of facetogenic pain treatment, did not find that MBB 
was a better prognostic procedure than intraarticular injection 
prior to RF denervation, and leaves us wondering if diagnostic 
MBB is really a reliable prognostic or predictive tool of RF 
denervation outcome.7

Sensory Stimulation threshold (SST), originally used as 
a safety measure to prevent inadvertent damage to motor 
nerves during RF denervation, has also been used as 
a surrogate marker to localize needle proximity to the target 
nerve branch. The magnitude of SST traditionally desired and/ 
or accepted is ≤ 0.5 volts. Needle placement based on fluoro-
scopic landmarks alone could increase the chances of missing 
the intended nerves and cause damage to unintended structures 
due to normal anatomic variations in patients.13,14 Intuitively, 
a lower SST indicates a closer proximity of the electrode to the 
intended nerve and a better chance of thorough denervation, 
hence better outcomes. Yet sensory stimulation is not currently 
recommended in the Spine Intervention Society (SIS) 
Guidelines for RF denervation.15 Cohen et al (2011) found 
no significant relationship between SST and RF denervation 
outcomes. However, the authors themselves noted that parti-
cipants’ age and comorbidities might have affected the results 
of their study.16 Our study excludes patients with these comor-
bidities, such as peripheral polyneuropathy or radiculopathy, 
and aims to determine whether a lower SST correlates with 
better outcomes in patients undergoing lumbar facet RF dener-
vation. We hypothesize that a lower SST will correlate with 
better pain relief, and increased duration of pain relief in 
patients undergoing lumbar facet RF denervation.

Methods
Permission to conduct this study was granted by the 
Institutional Review Board at our institution 
(STUDY00009162). All procedures and follow-up visits 
were performed between September 2014 and July 2020. 
Patients with a history and physical examination suggestive 
of facetogenic low back pain underwent diagnostic medial 
branch blocks to further confirm a diagnosis of facet 

arthropathy. Those who had positive results with dual diag-
nostic MBB (at least 50% pain relief) and who subsequently 
underwent lumbar facet joint RF denervation, were 
screened for inclusion in the study. The electronic medical 
record used at our institution was utilized to collect patient 
data (age, duration of low back pain, documentation of facet 
arthropathy, percent of relief from MBB, SST during RF 
denervation, and pain relief from RF denervation). Patients 
included in the study were 18 years of age or older, had 
confirmed chronic lumbar facet joint pain of at least 3 
months duration, had trialed and failed previous pharma-
cotherapy, physical therapy, and exercise, and had reported 
at least 50% pain relief with dual diagnostic MBB. All 
eighty-one patients who were screened met this inclusion 
criteria. Dual diagnostic MBB were performed by the same 
interventional pain physician who performed RF denerva-
tion in this study, and were performed using 0.5 mL of 
either 0.25% bupivacaine or 1% lidocaine at each target 
location.15 No superficial local anesthesia was used for 
MBB. Patients with neurological signs or symptoms sug-
gestive of peripheral polyneuropathy or radiculopathy, con-
traindications for interventional procedures, psychiatric 
conditions, suspicion for secondary gain, involvement in 
litigation, who were on high-dose opioids, or those lost to 
follow-up after RF denervation were excluded from the 
study. Fourteen patients were excluded from the study. 
Sixty-seven patients satisfied both the inclusion and exclu-
sion criteria for the study. Seven patients included in the 
study had a history of prior spine surgery. Two patients were 
lost to follow-up after the 2-week post RF denervation 
evaluation, and one patient died of COVID-19 a year after 
6-month follow-up evaluation; these patients were also 
included.

RF denervation was performed at an outpatient surgery 
center by one interventional pain physician. Prior to proce-
dure, patients were asked to report their pain on a numerical 
rating scale (NRS) between 0 and 10. Monitored anesthesia 
care (MAC) was utilized for the procedure. Under MAC, 
patients were awake, alert, and able to converse with the 
interventionalist. The target for needle placement was 
between the neck of the superior articular process and the 
superomedial aspect of the transverse process, not beyond 
the ventral border of the facet column.15 To target the L5 
dorsal ramus, the needle was placed at the groove between 
the S1 articular process and the sacral ala.17 Optimal needle 
positioning was confirmed utilizing anteroposterior, oblique, 
and lateral fluoroscopic views. Then, a sensory electrical 
stimulation of 50 Hz was initiated at 0.1 volts and slowly 
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titrated up by increments of 0.1 volts until the patient could 
identify the stimulation (sensation of tingling, buzzing, vibra-
tion, or concordant pain). At each target location, electrodes 
were adjusted to obtain the lowest SST. If a patient failed to 
perceive sensory stimulation at less than 0.3 volts, the lowest 
SST was accepted after at least 3 attempts of adjusting 
electrode placement. The average SST of all ablation sites 
was then documented as the SST for that individual patient. 
For most patients, determining the lowest SST took about 
one to two minutes per location/electrode. Motor stimulation 
of the multifidus muscle was then conducted at 2 Hz to 
ensure the absence of leg muscle activity. After satisfactory 
electrode placement, 1 mL of 1% lidocaine was injected 
through each cannula to anesthetize the target location. 
Denervation was then conducted at 80°C for 105 seconds 
utilizing a 20-gauge probe with a 10 mm active tip. After 
denervation, 5 mg of triamcinolone (40mg/mL) was injected 
to presumably prevent post-denervation neuritis.

After RF denervation, patients followed up in 2 weeks 
and 6 months for evaluation of pain relief. The NRS 
numbers reported before and after denervation were used 
to calculate a percentage of pain relief. All patients were 
followed up until their pain returned (percentage of relief 
dropped to less than 50%). The duration of pain relief from 
RF denervation was considered to be from the date of the 
RF denervation procedure, to the date at which pain relief 
dropped to less than 50%.

Statistical Analysis
The correlations, between the average percentage of pain relief 
from diagnostic MBB and RF denervation outcome, and 
between SST and RF denervation outcome, were analyzed 
using correlation analysis procedure of SAS® Studio 
(Spearman correlation). Wilcoxon rank sum test was per-
formed to analyze if the mean pain relief from RF denervation 
or if the mean duration of pain relief differed by the levels of 

SST (<0.5 and ≥0.5) or by level of pain relief from diagnostic 
MBB (<80% and ≥80%). Alpha levels were set at 0.05.

Results
Sixty-seven patients were included in this study based on the 
above inclusion and exclusion criteria (Table 1). Forty-eight 
patients were female, and nineteen were male. Gender was 
not found to correlate to SST (p 0.053). The average age of 
the patients was 55.19 years (SD 12.17, 95% CI 52.22 to 
58.16). The average percentage of pain relief from diagnostic 
MBB was 78.96% (SD 16.11, 95% CI 75.03 to 82.88). The 
average SST was 0.46 volts (SD 0.09, 95% CI 0.44 to 0.48). 
One patient failed to respond to sensory stimulation at >1 volt 
(0.68 volts on average) in one location; SST was documented 
as 1.0 volt at this location. The average pain relief after 
subsequent RF denervation was 77.39% (SD 18.88, 95% 
CI 72.78 to 81.99) at 2 weeks and 57.34% (SD 21.27, 95% 
CI 52.03 to 62.66) at 6 months. The average duration of pain 
relief from RF denervation (≥50%) was 9.47 months (SD 
8.47, 95% CI 7.35 to 11.59).

There was a positive correlation between pain relief 
after diagnostic MBB and pain relief 2 weeks after dener-
vation (rs 0.31, 95% CI 0.08 to 0.51, p < 0.01) (Table 2). 
There was no significant correlation between pain relief 
after diagnostic MBB and pain relief six months after 
denervation (rs coefficient 0.20, 95% CI −0.05 to 0.42, 
p 0.11) or pain relief duration after denervation (rs 0.22, 
95% CI −0.03 to 0.44, p 0.08) (Table 2).

There was no correlation between SST and pain relief 
at two weeks after denervation (rs 0.017, 95% CI −0.26 to 
0.22, p 0.89) (Table 3). There was a negative correlation 
between SST and pain relief at six months after denerva-
tion (rs −0.41, 95% CI −0.59 to −0.18, p <0.001), and 
a negative correlation between SST and pain relief dura-
tion after denervation (rs −0.33, 95% CI −0.53 to −0.09, 
p < 0.01) (Table 3).

Table 1 Demographic and Clinical Outcome Summary

Mean ± SD Median (25th Percentile, 75th Percentile)

Age 55.19 ± 12.17 52.00 (45.00, 66.00)
Block Relief (%) 78.96 ± 16.11 80.00 (65.00, 90.00)

SST (volt) 0.46 ± 0.09 0.47 (0.40, 0.53)

2 Week Relief (%) 77.39 ± 18.88 80.00 (70.00, 90.00)
6 Month Relief (%) 57.34 ± 21.27 50.00 (40.00, 75.00)

Relief Duration (months) 9.47 ± 8.47 7.00 (5.00, 11.00)

Abbreviations: Block relief: the percentage pain relief after diagnostic block; SST: sensory stimulation threshold; 2 week RFA relief: the percentage pain relief 2 weeks after 
denervation; 6 Month Relief: the percentage pain relief 6 months after denervation; relief duration: duration of pain relief from the RF denervation; 95% CI: 95% confidence 
interval; SD: standard deviation.
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The Wilcoxon Rank-Sum test showed that in comparison 
to patients with higher SST (≥0.5), patients with lower SST 
(<0.5) had a significant higher percentage pain relief 6 
months after denervation, and with longer pain relief dura-
tion (P 0.001 and 0.005 respectively) (Table 5). There was 
no significant difference in pain relief at two weeks after 
denervation between patients with higher SST (≥0.5) and 
those with lower SST (<0.5) (Table 5). Patients with a higher 
percentage of pain relief from diagnostic MBB (≥80%) had 
a significantly higher percentage of pain relief two weeks 
after denervation (P 0.05), but no significantly difference in 
pain relief six months after denervation or in pain relief 
duration (P 0.12 and 0.11 respectively) (Table 4).

Discussion
Since RF denervation of the medial branch of the dorsal 
ramus of the spinal nerve was successfully introduced as 
a treatment modality for lumbar facetogenic pain in the 
1970s, it has become one of the most commonly performed 
pain procedures, with its efficacy supported by robust 
evidence.5–8,18–20 The procedure has been standardized by 
the Spine Intervention Society.15 The rationale underlying 
RF denervation for lumbar facetogenic pain is dependent 
upon the assumption that elimination of nociceptive input 
from the nerve branches innervating a particular facet joint 
will alleviate pain. Thus, the proximity of the electrode to the 
targeted nerve branch during an attempted RF denervation 
should strongly correlate with that desired outcome.

In this study, patients experienced a broad range of pain 
relief in response to diagnostic MBB, ranging from the cutoff 
for inclusion (50%) to complete resolution of pain (100%). We 
know that the diagnostic MBB provides us with a relatively 
accurate quantification of facetogenic pain. The commonly 
used volume of injectate for a nerve block, 0.5 mL, is more 
than enough to cover the intended nerve,21 thus the sensitivity 
of a nerve block is up to 100% with specificity of about 80%.22 

There is about a 20% false positive rate, likely due to placebo 
effect or blockage of another pain source, such as myofascial 
pain. So, if a diagnostic lumbar MBB yields 50% pain relief, it 
is likely that half of the overall low back pain originates from 
the facet joint that has been blocked. The subsequent RF 
denervation outcome should be consistent with the diagnostic 
nerve block if we truly ablate all of the intended nerve 
branches. Therefore, in the preceding example, we would 
expect around a 50% reduction in pain after RF denervation 
if our needle placement is accurate.

We hypothesized that a lower SST (inferring closer 
proximity of the probe to the intended nerve), would corre-
late with a better outcome after RF denervation. The results 
confirm our hypothesis, as lower SST was correlated with 
better pain relief at 6 months and with a longer duration of 
relief (P 0.001 and 0.005 respectively). The lack of correla-
tion between pain relief from diagnostic block and RF 
denervation is consistent with some previous studies.10,11 

While diagnostic block procedures are effective tools that 
allow for selection of patients for RF denervation, the 

Table 2 Correlation Between Pain Relief from Diagnostic Block and Denervation Outcome

Variable With Variable N Correlation Coefficient (95% Confidence Interval) p-value

2 Week Relief Block Relief 67 0.31 (0.08, 0.51) 0.009
6 Month Relief Block Relief 64 0.20 (−0.05, 0.42) 0.11

Relief Duration Block Relief 64 0.22 (−0.03, 0.44) 0.08

Abbreviations: Block relief, percentage pain relief after diagnostic block; 2 Week RFA relief, the percentage pain relief 2 weeks after denervation; 6 month relief, the 
percentage pain relief 6 months after denervation; relief duration, duration of pain relief from the RF denervation.

Table 3 Correlation Between Sensory Stimulation Threshold and Denervation Outcome

Variable With Variable N Correlation Coefficient 
(95% Confidence Interval)

p-value

Age SST 67 0.24 (0.003, 0.46) 0.046

2 Week Relief SST 67 −0.017 (−0.26, 0.22) 0.89
6 Month Relief SST 64 −0.41 (−0.60, −0.18) <0.001

Relief Duration SST 64 −0.32 (−0.53, −0.09) 0.007

Abbreviations: SST, sensory stimulation threshold; 2 Week RFA relief, the percentage pain relief 2 weeks after denervation; 6 month relief, the percentage pain relief 6 
months after denervation; relief duration, duration of pain relief from the RF denervation.
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outcome of RF denervation is dependent upon the precision 
of targeting the intended nerve.

Our results at two-week follow-up did not suggest 
a correlation between lower SST and better pain relief. As 
described, the RF denervation was followed by injection of 
triamcinolone to the denervation area to presumably pre-
vent post-denervation neuritis. This local steroid injection 
likely provided therapeutic benefit, as it covered the same 
area of diagnostic anesthetic, and confounded the 2-week 
follow-up results. This could further explain the correlation 
between diagnostic block and pain relief observed at 
2-week follow-up. It has been confirmed that injection of 
steroid through the cannula after ablation but prior to its 
removal may reduce pain and discomfort following RFA, 
but not influence long-term follow-up results.23

There were a few patients in our study who reported 
greater pain relief from RF denervation than from diagnostic 
MBB (Appendix). This may at first be surprising as we 
assume a wider area of coverage by the anesthetic solution 

used in diagnostic block compared to ablation area in RF 
denervation.21 However, RF denervation is theoretically 
more thorough and precise (if confirmed by SST) in blocking 
nociceptive input to the facet joint. Furthermore, we must 
consider the relatively low concentrations of anesthetic used 
in diagnostic blocks, 0.25% bupivacaine or 1% lidocaine.

Limitations
SST of ⩽0.5 volts is considered acceptable;3 therefore, when 
a SST of ⩽0.5 volts is yielded on first attempt, in practice, we 
would not make further attempts to find a lower SST. 
However, in order to find the lowest SST for each patient, 
we started our testing at 0.1 volts and slowly titrated up in 
increments of 0.1 volts. We set 0.3 volts as a checkpoint. At all 
locations for denervation, the lowest SST was accepted after at 
least 3 attempts unless the SST was lower than 0.3 volts (0.1 or 
0.2 volts). The SSTs listed in our study are not necessarily the 
lowest for every medial branch targeted considering we did 
not test multiple electrode sites at 0.2 volts. Also, as Cohen 

Table 4 Wilcoxon Rank-Sum Test – Pain Relief from Diagnostic Block as Binary

Block Relief 
(Number of 

Patients)

Median (25th Percentile, 
75th Percentile)

Hodges-Lehmann Location Shift Estimate 
(95% Confidence Interval)

p-value

2 Week Relief <80% (39) 75.0 (57.5, 87.5) −5.0 (−20.0, 0.0) 0.05

≥80% (28) 80.0 (75.0, 100.0)

6 Month Relief <80% (36) 50.0 (40.0, 70.0) −10.0 (−20.0, 0.0) 0.12

≥80% (28) 50.0 (45.0, 80.0)

Relief Duration <80% (36) 6.0 (4.0, 10.0) −2.0 (−5.0, 0.0) 0.11

≥80% (28) 7.0 (5.0, 12.0)

Abbreviations: Block relief, the percentage pain relief from diagnostic block; 2 Week RFA relief, the percentage pain relief 2 weeks after denervation; 6 month relief, the 
percentage pain relief 6 months after denervation; relief duration, duration of pain relief from the RF denervation.

Table 5 Wilcoxon Rank-Sum Test - Sensory Stimulation Threshold as Binary

SST (Number of 
Patients)

Median (25th Percentile, 
75th Percentile)

Hodges-Lehmann Location Shift Estimate 
(95% Confidence Interval)

p-value

2 Week Relief ≥0.5 (25) 80.0 (60.0, 90.0) 0.0 (−15.0, 5.0) 0.45

<0.5 (42) 80.0 (75.0, 90.0)

6 Month Relief ≥0.5 (25) 50.0 (40.0, 50.0) −25.0 (−30.0, −10.0) 0.001

<0.5 (39) 70.0 (50.0, 80.0)

Relief Duration ≥0.5 (25) 6.0 (4.0, 7.0) −3.0 (−1.0, −3.5) 0.005

<0.5 (39) 9.0 (6.0, 12.0)

Abbreviations: SST, sensory stimulation threshold; 2 week RFA relief, the percentage pain relief 2 weeks after denervation; 6 month relief, the percentage pain relief 6 
months after denervation; relief duration, duration of pain relief from the RF denervation.
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et al pointed out in their study,16 for multiple nerve RF dener-
vation procedures, simply averaging the SST of all targeted 
nerves may not be best practice as each facet joint may con-
tribute unequally to overall pain. We should weigh the SST of 
each nerve proportionally to its pain contribution. However, 
we are limited in determining just how much each facet joint 
contributes to the overall axial low back pain.

There are myriad factors that confound SST. In this study, 
age was moderately correlated to SST (data not included). 
While we tried to exclude patients with confounding condi-
tions such as neuropathy, it is not possible to entirely factor 
out all such cases. We were unable to standardize the seda-
tives used by anesthesiology during the RF denervation 
procedure. Additionally, we could not fully eliminate factors 
such as patient-specific body composition which influences 
the response to sedation, nor account for variable tolerance of 
RF denervation procedure which may impact its quality or 
precision. For RF denervation, local anesthetic use prior to 
needle insertion was not necessarily uniform; for patients 
who had lower pain tolerance, local anesthetic was injected 
into the paraspinal muscles, and not just limited to subcuta-
neous tissue. Unintentional anesthetization of medial 
branches could theoretically occur if injectate spreads deep 
to the paraspinal muscles.

Finally, pain level and percentage of pain relief is sub-
jective and varies with activity level of the patient. 
Additionally, a patient who wants to have RF denervation 
may report a higher percentage of pain relief from the diag-
nostic medial branch block. In our experience, it is not 
uncommon that patients report different outcomes to differ-
ent providers, whether consciously or subconsciously.

Conclusions
SST is a viable tool with which to guide needle placement 
during medial branch RF denervation for lumbar faceto-
genic pain, and a lower SST may improve outcomes.
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Institutional Review Board at Penn State University 
(STUDY00009162) with confirmation of patient informed 
consent and compliance with the Declaration of Helsinki.
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