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ACKGROUND CONTEXT: Lumbar radiofrequency ablation (RFA) is an intervention used to

treat facet-mediated chronic low back pain. In some studies with methods consistent with clinical

practice guidelines, RFA results in improvements in pain and functional limitations. However, in

other studies, RFA demonstrates limited benefit. Despite unanswered questions regarding efficacy

of RFA, its use is widespread.

PURPOSE: To describe trends in the utilization and cost of lumbar RFA and lumbar facet injections.

STUDY DESIGN/SETTING: Retrospective cohort study.

PATIENT SAMPLE: The sample was derived from the IBM/Watson MarketScan Commercial

Claims and Encounters Databases from 2007 to 2016.

OUTCOME MEASURES: Longitudinal trends in the distribution and quantity of lumbar facet

injections before lumbar RFA, corticosteroid administration during lumbar facet injections, pro-

gression to lumbar RFA after lumbar facet injections, lumbar RFA utilization, and costs of these

interventions.

METHODS: Two primary cohorts were identified from patients who received lumbar RFA or lum-

bar facet injection procedures. Utilization rates per 100,000 enrollees were determined for both

cohorts. The mean, median, and interquartile ranges of the number of facets targeted and costs per

procedure were calculated by year and laterality, as well as overall. Costs in 2018 dollars were esti-

mated by summing gross payment totals from patients and insurance plans. This study was sup-

ported by funds from the NIH, and has no conflict of interest associated biases.

RESULTS: From 2007 to 2016, lumbar RFA sessions performed per 100,000 enrollees per year

increased from 49 to 113, a 130.6% overall increase (9.7% annually). Lumbar facet injection use

increased from 201 to 251 sessions per 100,000 enrollees, a 24.9% overall increase (2.5% annu-

ally). In the year after a lumbar facet injection, 26.7% of patients received lumbar RFA; 28.6%

received another injection but not RFA; and 44.7% received neither. The number of patients receiv-

ing two lumbar facet injection procedures prior to lumbar RFA grew from 51.1% in 2010 to 58.8%

in 2016. For lumbar RFA, the cost per 100,000 enrollees went from $94,570 in 2007 to $266,680 in

2016, a 12.2% annual increase. For lumbar facet injections, the cost per 100,000 enrollees went

from $257,280 in 2007 to $396,580 in 2016, a 4.9% annual increase.

CONCLUSIONS: This analysis showed consistent growth in both the frequency and procedure

cost of lumbar RFA and facet injections among a large, national, commercially insured population

from 2007 to 2016. © 2019 Elsevier Inc. All rights reserved.
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Introduction

Low back pain (LBP) is the primary condition contribut-

ing to disability in the United States (US), with annual costs

of treatment exceeding $100 billion dollars [1−4]. Lumbar

facet joint pathology is believed to be the source of LBP for

at least 15% of all adult patients and for up to 90% of older

adults with LBP [5−8]. Because painful facet joints cannot
be accurately identified by clinical assessment or imaging

studies, they are commonly identified in clinical practice by

diagnostic local anesthetic blocks, such as medial branch

nerve blocks (MBBs) [9−13].
Lumbar radiofrequency ablation (RFA) is a commonly

used minimally invasive intervention that selectively cre-

ates thermal lesions to the nerves supplying painful joints

identified by MBBs [14−19]. In some studies, particularly

those that use stringent patient selection and RFA proce-

dure techniques consistent with clinical practice guidelines,

RFA results in large-magnitude, durable improvements in

pain and functional limitations [20−26]. However, other
studies, some of which use alternative protocols for patient

selection and RFA technique, demonstrate limited benefit

of RFA [26−30]. Furthermore, costs for RFA can be sub-

stantial, embroiling the procedure in controversy [31−33].
Despite unanswered questions regarding efficacy of

RFA in current practice, which may or may not be guide-

line-concordant, RFA use is widespread [19]. For example,

this procedure grew in the Medicare patient population by

568% from 2000 to 2014 [19]. To characterize RFA use in

the United States’ commercially insured population, the

current study aimed to describe demographic characteristics

of patients who received RFA, the number of lumbar facet

injection procedures patients received before RFA, cortico-

steroid administration during facet injections, trends in the

progression to lumbar RFA after lumbar facet injections,

RFA utilization and growth, and the longitudinal costs

of these interventions using insurance claims data provided

by the IBM/Watson MarketScan Database from 2007 to

2016 [34].
Material and methods

Data source

This study was exempt from review by the University of

Washington Institutional Review Board. Deidentified data

were collected from the IBM/Watson (formerly Truven

Health Analytics) MarketScan Commercial Claims and

Encounters Databases from 2007 to 2016. These databases

include inpatient, outpatient, and pharmacy claims for

patients covered by employer-sponsored commercial insur-

ance plans from over 150 employers across the US. Data
pertaining to procedures and encounters, as well as financial

expenditures by both patients and their insurance plans, are

collected [34].

Using these databases, two primary cohorts were identi-

fied from all patients enrolled between 2007 and 2016: The

lumbar RFA cohort included all patients with Current Pro-

cedural Terminology (CPT) codes for lumbar RFA (CPT

64622, 64623, 64635, and 64636), and the lumbar facet

injection cohort included all patients with CPT codes for

lumbar facet injections, which includes lumbar MBBs and

intra-articular facet joint injections (CPT 64475, 64476,

64493, 64494, 64495, 0128T, 0216T, and 0217T). To

answer certain questions in this analysis, the RFA cohort

was further divided into two subcohorts based on whether

patients were continuously enrolled in the MarketScan

database for at least three years prior to their first recorded

RFAs. Three years of continuous enrollment without an

RFA was chosen in order to define a patient’s first recorded

RFA as an “index” RFA. The lumbar facet injection cohort

was also further divided based on having at least 1 year of

enrollment time after their injections and the receipt of a

subsequent RFA. At least 1 year of postinjection enrollment

was chosen to determine whether patients went on to

receive subsequent injections or RFA (Fig. 1).

Demographics

Patient demographic data abstracted included age, sex,

employment status, type of health insurance plan, Census

Bureau geographic region, and Charlson Comorbidity

Score [35,36]. Distributions of these data were compared to

the entire MarketScan cohort of patients who did not

undergo RFA.

Utilization

To determine the number of lumbar RFA procedures

patients underwent, all lumbar RFA procedures performed

on the same date, for the same patient, were considered to

be a single RFA procedure. Similarly, all lumbar facet

injections on the same date, for the same patient, were con-

sidered to be a single lumbar facet injection procedure. To

count the number of individual facets treated during each

procedure and determine laterality, individual insurance

claims were analyzed. To avoid inaccuracies created by cir-

cumstances such as separate claims for the same procedure

made by providers and facilities, coding rules were applied,

guided by coding best practices (Supplementary Material

1) [37−39]. Lastly, unilateral and bilateral procedure

counts greater than five and 10, respectively, were excluded

from the procedure count analysis, as these values reflect

the number of total possible spinal levels for unilateral and

bilateral facet procedures, respectively, between L1 and S1.



Fig. 1. This flowchart depicts the study’s inclusion criteria and sample sizes. These cohorts are overlapping, as many patients received lumbar facet injections

then lumbar RFA. RFA, radiofrequency ablation.
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To determine the number of lumbar facet joint injection

procedures in which patients received a corticosteroid,

encounters with one of the following medications recorded

were included: betamethasone, dexamethasone, methyl-

prednisolone, prednisone, prednisolone, and triamcinolone.

Cost analysis

The MarketScan databases contain gross payment totals

paid by the patient and insurance plan for each claim. For

each lumbar RFA and lumbar facet injection procedure, all

claims were summed to determine the total costs for the

procedure.

Statistical analysis

Lumbar RFA rates per 100,000 enrollees, for each sub-

group, were determined by dividing the number of lumbar

RFA sessions in that subgroup by the number of individuals

in that subgroup in the whole MarketScan population, mul-

tiplied by 100,000.

To determine the MarketScan population’s distribution of

Charlson Comorbidity Scores, which were based on health-

care utilization for 1 year, a random sample of 150,000

patients with at least 1 year of MarketScan enrollment was
chosen. This sample size was chosen, because it is the same

order of magnitude as the RFA cohort population and

roughly 0.1% of the MarketScan population.

For procedure counts, the mean, median, and interquar-

tile range (IQR) of lumbar facet targeted and costs were cal-

culated by year and laterality, as well as overall. All costs

were inflated to 2018 US dollars [40].
Results

From 2007 to 2016, the MarketScan database included

149,831,011 unique patients. 165,734 of them received lum-

bar RFA, while 501,273 patients received lumbar facet injec-

tions. Notably, lumbar RFA rates were dramatically higher

in older age groups, with rates being 20-fold higher in

patients aged 65−74 compared to those under 35 (Table 1).

RFA rates were also higher in females compared to males,

those on long term disability, and patients covered by com-

prehensive insurance plans. Geographic variation was also

evident. In the Northeast, only 84 patients received RFA per

100,000 enrollees, while in the South utilization was 56%

higher with 131 patients receiving RFA per 100,000 enroll-

ees. Lastly, RFA rates were highest in patients with Charlson

Comorbidity Scores in the 3−4 range.



Table 1

These are the descriptive characteristics of patients who received RFA in the MarketScan database compared to those who did not

RFA cohort

n (%)

Non-RFA cohort

n (%)

RFA rate per

100,000 enrollees

Overall 165,734 (100.0) 149,665,356 (100.0) 111

Age (Years)

<35 15,177 (9.2) 83,983,167 (56.1) 18

35−44 31,386 (18.9) 23,927,326 (16.0) 131

45−54 55,773 (33.7) 23,819,717 (15.9) 234

55−64 63,342 (38.2) 17,919,831 (12.0) 352

65−74 56 (0.0) 15,315 (0.0) 364

Sex

Female 99,418 (60.0) 76,326,706 (51.0) 130

Male 66,316 (40.0) 73,338,650 (49.0) 90

Employment status

Full time 62,727 (37.8) 52,414,298 (35.0) 120

Part time 1,133 (0.7) 1,246,824 (0.8) 91

Retired 14,797 (8.9) 2,908,233 (1.9) 506

Long term disability 1,365 (0.8) 89,516 (0.1) 1,502

Other/unknown 85,712 (51.7) 93,006,485 (62.1) 92

Health insurance plan

Comprehensive 5,379 (3.2) 1,662,695 (1.1) 322

Exclusive/PPO 106,546 (64.3) 69,071,402 (46.2) 154

HMO 19,397 (11.7) 13,381,730 (8.9) 145

POS 13,879 (8.4) 7,056,669 (4.7) 196

CDHD 11,950 (7.2) 7,689,095 (5.1) 155

Unknown 8,583 (5.2) 50,803,765 (33.9) 17

Geographic region

Northeast 20,962 (12.6) 25,018,521 (16.7) 84

North central 36,845 (22.2) 33,137,110 (22.1) 111

South 77,709 (46.9) 59,218,155 (39.6) 131

West 26,902 (16.2) 27,890,777 (18.6) 96

Missing 3,316 (2.0) 4,400,793 (2.9) 75

Charlson comorbidity score*

0 63,434 (57.9) 127,371 (84.9) 76

1−2 35,718 (32.6) 19,399 (12.9) 280

3−4 7,473 (6.8) 2,251 (1.5) 502

5+ 2,899 (2.6) 979 (0.7) 411

RFA, radiofrequency ablation; PPO, exclusive/preferred provider organization; HMO, health maintenance organization; POS, point of service; CDHD,

consumer-directed/high-deductible.

* In the RFA cohort, Charlson Comorbidity Scores, for all patients with at least one year of enrollment prior to RFA, were calculated to determine the

distribution. One year of enrollment was required to allow for adequate time for comorbidities to be recorded. In the non-RFA cohort, a random sample of

150,000 patients with one year of enrollment (»0.1%) was used to estimate the distribution.
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Lumbar radiofrequency ablation cohort

The number of unique patients receiving lumbar RFA

per 100,000 enrollees per year increased from 35 to 53, a

51.4% overall increase (4.7% annually). The total number

of lumbar RFA procedures performed per 100,000 enrollees

per year similarly increased from 49 to 113, a 130.6%

increase (9.7% annually). These yearly trends are depicted

in Fig. 2.

During lumbar RFA procedures, two facets were most

commonly targeted. The full distribution is shown in

Fig. 3a. The mean number of facets targeted during lumbar

RFA was 2.6 overall (median = 2, IQR = 2−3). This number

trended downward slightly from 2.8 facets (median = 2,

IQR = 2−4) in 2007 to 2.5 facets (median = 2, IQR = 2−3)
in 2016. The yearly distribution of lumbar RFA facets tar-

geted is provided in Supplemental Material 2. Overall,

bilateral lumbar RFA was performed 19.9% of the time.
RFA sessions with counts greater than the specified maxi-

mums comprised 0.6% of all procedures and were excluded

from these results.

Lumbar facet injection cohort

Lumbar facet injection procedure use increased from

201 to 251 procedures per 100,000 enrollees from 2007 to

2016, a 24.9% overall increase (2.5% annually). During

each lumbar facet injection procedure, two to four facets

were most commonly targeted, slightly higher than the

distribution for lumbar RFA procedures (Fig. 3b). Each

procedure targeted a mean of 3.0 facets (median = 3,

IQR = 2−4). The number of facets targeted per session

trended upwards from 2.7 (median = 2, IQR = 2−4) in

2007 to 3.3 (median = 3, IQR = 2−4) in 2016. A complete

breakdown of the number of facets targeted by year is pro-

vided in Supplemental Material 3. Throughout the study
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period, bilateral procedures were performed 46.1% of the

time, which was substantially higher than for lumbar RFA

procedures. Lumbar facet injection procedures with counts

greater than the specified maximums comprised 0.3% of

all procedures and were excluded from these results.

Overall, 41.0% of lumbar facet injections were com-

bined with a corticosteroid (Table 2). Steroid administra-

tion appeared to grow quickly from 2007 to 2011,

increasing from a 34.2% use rate to 44.2%. Growth in ste-

roid usage ceased, however, with rates settling at 40.5% by

2016.

Of all patients who received a lumbar facet injection

procedure and remained enrolled in the MarketScan data-

bases for at least 1 year, 44.7% did not receive a subse-

quent lumbar facet injection or RFA in the year after their

first injection, and 28.6% of patients received a subsequent

lumbar facet injection, but not lumbar RFA, within the fol-

lowing year. The number of patients receiving lumbar

RFA after a lumbar facet injection was 26.7% overall, but

this fraction trended upward from 23.2% in 2007 to 33.5%

in 2015.

Trends in the percent of patients receiving zero, one, or

two lumbar facet injections prior to index lumbar RFA are

shown in Fig. 4. A majority of patients had two lumbar

facet injection procedures prior to their index RFAs, but the

group of patients with less than two lumbar facet injection

sessions was substantial. Nevertheless, the number of

patients receiving two lumbar facet injection procedures

prior to RFA grew from 51.1% in 2010 to 58.8% in 2016.
Cost analysis

The cost per lumbar RFA and facet injection procedure

increased from 2007 to 2016. The mean lumbar RFA proce-

dure cost in 2007 was $1,930 (median = $1,350, IQR = $790

−$2,200), and by 2016 it grew to $2,360 (median = $1,440,

IQR = $860−$2,680), a 2.3% annual increase. Mean costs

by year are shown in Fig. 5a. In 2007, the mean lumbar

facet injection procedure cost was $1,280 (median = $900,

IQR = $520−$1,500). In 2016, the mean lumbar facet injec-

tion procedure cost was $1,580 (median = $800, IQR = $450

−$1,670), a 2.4% annual increase.

Because the cost per procedure and the number of proce-

dures per 100,000 enrollees both increased over time, for each

procedure, the cost per 100,000 enrollees increased as well.

For lumbar RFA, the cost per 100,000 enrollees went from

$94,570 in 2007 to $266,680 in 2016, a 12.2% annual increase.

For lumbar facet injections, the cost per 100,000 enrollees

went from $257,280 in 2007 to $396,580 in 2016, a 4.9%

annual increase. Overall costs by year are presented inFig. 5b.

Discussion

This study shows consistent growth in both the fre-

quency and per procedure cost of lumbar RFA and facet

joint injections among a large, national, commercially

insured population from 2007 to 2016. The number of lum-

bar RFA procedures increased at a 9.7% annual rate, and

the cost per procedure increased 2.3% annually. With the

combination of these increases, the overall annual
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expenditure for lumbar RFA grew at a 12.2% annual rate.

Lumbar facet injection procedures increased at a 2.5%

annual rate, and their cost per procedure also increased at a

2.4% annual rate. Together, this led to a 4.9% annual

increase in overall expenditures for lumbar facet injection

procedures.
Table 2

Yearly trend in the inclusion of corticosteroids with facet injections

Year

Facet injections with

corticosteroids

n (%)

Facet injections

without corticosteroids

n (%)

2007 24,136 (34.2%) 46,448 (65.8%)

2008 39,727 (37.1%) 67,299 (62.9%)

2009 46,115 (39.3%) 71,246 (60.7%)

2010 40,587 (40.4%) 59,864 (59.6%)

2011 52,186 (44.2%) 65,866 (55.8%)

2012 51,407 (42.9%) 68,482 (57.1%)

2013 42,944 (43.4%) 56,061 (56.6%)

2014 47,395 (43.3%) 62,024 (56.7%)

2015 29,579 (41.9%) 41,022 (58.1%)

2016 28,425 (40.5%) 41,727 (59.5%)

Total 402,501 (41.0%) 580,039 (59.0%)
To our knowledge, this is the first study examining utili-

zation trends in lumbar RFA and facet joint injections in

commercially insured patients. Similar studies of the Medi-

care population show slightly slower growth rates for these

procedures during the years examined in the current study

[14,15,41]. In Medicare patients from 2007 to 2011, lumbar

RFA utilization grew at a 6.5% annual rate [14]. One study

found lumbar facet injection utilization grew 1.5% annually

from 2007 to 2011, but another found that lumbar facet

injections declined from 2007 to 2012 by 2.0% annually

[14,41]. Higher growth rates in the privately insured popu-

lation may be secondary to variable, less restrictive insur-

ance coverage requirements compared to Medicare.

A portion of the growth in lumbar facet injection proce-

dures over time is attributable to the growth in RFA. Addi-

tionally, the proportion of patients receiving two lumbar

facet injection procedures prior to RFA is increasing. Two

lumbar facet injection procedures were performed prior to

RFA in 51.1% of patients in 2010. By 2016, this number

grew to 58.8%. This may reflect physicians using more rig-

orous pre-RFA selection criteria. Nevertheless, the trend

toward a larger proportion of patients receiving two lumbar
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facet injection procedures prior to lumbar RFA appears to

have plateaued since 2013, but the overall growth in the

rate at which lumbar facet injections are performed has not.

This suggests growth is not fully explained by more physi-

cians using two lumbar facet injection procedures before

RFA. An increase in the prevalence of chronic LBP, recog-

nition of interventional treatment options for it, or usage of

alternatives to opioids in the setting of the opioid epidemic,

may in part account for this observation.

With increased lumbar facet injection utilization, a

higher percentage of people receiving injections are moving

on to receive lumbar RFA over time. In 2007, only 23.2%

of patients who received a lumbar facet injection underwent

subsequent RFA within 1 year. This fraction grew to 33.5%

by 2015, a 4.7% annual increase. It is unclear what is caus-

ing this change. More stringent RFA selection criteria, with

more patients receiving two diagnostic lumbar facet injec-

tion procedures prior to RFA instead of one, should theoret-

ically cause the rate at which patients advance to RFA to

decrease. One possibility is a reduction in the use of thera-

peutic lumbar facet injections, with a concomitant increase

in the use of diagnostic lumbar facet injections as a route to

definitive treatment with RFA, as evidence has mounted

questioning the effectiveness of therapeutic lumbar facet

injections [22,29,42−44]. Increasing tendencies to limit

opioids by providers and patients may also be motivating a

higher intervention rate. Another explanation is that pro-

vider and/or insurer definitions of positive diagnostic
MBBs, MBBs which typically provide 50%−80% improve-

ment in the back pain numerical rating score and suggest

facet-mediated back pain, have become more lenient,

despite clinical practice guideline recommendations [25].

With diagnostic MBBs, there is room for interpretation on

the part of the provider and patient. Unfortunately, insur-

ance claims data do not indicate which pain improvement

thresholds providers used.

Another notable finding of this analysis was the differ-

ence in the number of facets targeted during lumbar facet

injection procedures compared to RFA sessions. A majority

of RFAs were unilateral, two-level procedures, while injec-

tions were more likely to be bilateral and cover up to four

levels. This suggests that patients who presented with a

higher number of painful sites may have been less likely to

have facet-mediated pain, and thus positive lumbar facet

injections, and progress to RFA. Part of this difference, how-

ever, may also be an artifact of some insurance providers

restricting reimbursement for lumbar RFA to a limited num-

ber of facets per procedure. This can lead providers to split

RFA procedures into two sessions, days to weeks apart, and

falsely reduce the mean number of facets treated per day.

There are several limitations to this study. The Market-

Scan population encompasses a large number of employer-

covered patients in the US, however, it is not necessarily

representative of the entire US population. Patients covered

by Medicaid and Medicare, as well as those who self-pay,

are excluded [34]. Additionally, while the CPT codes for
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lumbar RFA are specific, the codes for lumbar facet injec-

tions do not distinguish between a broader set of proce-

dures. Facet injections can include diagnostic MBBs,

MBBs including corticosteroid, and intra-articular facet

injections that also commonly include corticosteroid

[45,46]. Despite this lack of specificity, all three of these

procedures are interventions for facet-mediated chronic

LBP and are used to screen patients as candidates for lum-

bar RFA, despite lacking clinical practice guideline

endorsement, thus making them relevant to this analysis

[25]. Lastly, there are potential inaccuracies with any

administrative dataset, though datasets related to payments

for procedures are thought to be highly accurate [47]. Fur-

thermore, since there is no reason to think that accuracy

would vary over time, yearly trends over thousands of

patients are likely to represent actual changes.
Conclusions

This analysis shows continued growth in the use and cost

of lumbar facet injections and lumbar RFA for facet-medi-

ated chronic LBP. With uncertainty surrounding the effec-

tiveness of lumbar RFA, in part due to provider-level

variation in adherence to clinical practice guidelines,
refinement and use of evidence-based treatment algorithms

are needed to responsibly provide care and control inappro-

priate use of this procedure [30]. Future research into RFA

success rates, stratified by guideline-concordant care, may

be useful to evaluate best practice recommendations. Addi-

tionally, delineating the effects of specific insurance regula-

tions on guideline adherence rates may provide a blueprint

for improving adherence broadly.
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