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ABSTRACT
Background There has been a worldwide surge in
interventional procedures for low back pain (LBP), with
studies yielding mixed results. These data support the
need for identifying outcome predictors based on unique
characteristics in a pragmatic setting.
Methods We prospectively evaluated the association
between over two dozen demographic, clinical and
technical factors on treatment outcomes for three
procedures: epidural steroid injections (ESIs) for sciatica,
and sacroiliac joint (SIJ) injections and facet interventions
for axial LBP. The primary outcome was change in
patient-reported average pain intensity on a numerical
rating scale (average NRS-PI) using linear regression. For
SIJ injections and facet radiofrequency ablation, this was
average LBP score at 1 and 3 months postprocedure,
respectively. For ESI, it was average leg pain 1- month
postinjection. Secondary outcomes included a binary
indicator of treatment response (success).
Results 346 patients were enrolled at seven hospitals.
All groups experienced a decrease in average NRS-PI
(p<0.0001; mean 1.8±2.6). There were no differences
in change in average NRS-PI among procedural groups
(p=0.50). Lower baseline pain score (adjusted coefficient
−0.32, 95% CI −0.48 to −0.16, p<0.0001), depressive
symptomatology (adjusted coefficient 0.076, 95%
CI 0.039 to 0.113, p<0.0001) and obesity (adjusted
coefficient 0.62, 95% CI 0.038 to 1.21, p=0.037) were
associated with smaller pain reductions. For procedural
outcome, depression (adjusted OR 0.94, 95% CI 0.91,
0.97, p<0.0001) and poorer baseline function (adjusted
OR 0.59, 95% CI 0.36, 0.96, p=0.034) were associated
with failure. Smoking, sleep dysfunction and non-organic
signs were associated with negative outcomes in
univariate but not multivariate analyses.
Conclusions Identifying treatment responders is a
critical endeavor for the viability of procedures in LBP.
Patients with greater disease burden, depression and
obesity are more likely to fail interventions. Steps to
address these should be considered before or concurrent
with procedures as considerations dictate.
Trial registration number NCT02329951.

INTRODUCTION

Low back pain (LBP) is the leading cause of years
lost to disability worldwide and in about two-thirds
of individual countries.1 In a systematic review, Hoy
et al2 found the point prevalence to be 18%, annual
prevalence to be 38% and the lifetime prevalence
to exceed 40%. There are no reliable treatments

for LBP, with many patients receiving injections. In
the US fee-for-service Medicare population alone,
over 5600000 interventional pain procedures were
performed in 2018, with a majority done for LBP.3 4
The three most common procedures are epidural
steroid injections (ESIs), facet interventions and
sacroiliac joint (SIJ) injections.3
There are wide variations in reported success
rates for interventional lumbar spine procedures
that depend on outcome measures, study design,
the specialty of those performing the procedure
and the population studied, but in general, geography and non-surgical lumbar procedural volumes
are strongly correlated with surgical rates.5 This
strongly suggests the need for better patient selection, which would improve outcomes, reduce risks,6
and save millions of dollars for procedures unlikely
to provide long-term benefit.
Personalized medicine involves the utilization
of an individual’s unique clinical and psychosocial profile to make informed decisions about
treatments. Instead of a biomedical approach
wherein medical treatments, including procedures,
are generically applied in a symptom or disease-
based context (eg, ESI for sciatica), a personalized
approach operates in the framework of a biopsychosocial model, focusing on individualized aspects
of the pain experience.7
The wide variations in outcomes for lumbar
spine interventions signal a strong need for studies
focused on identifying likely responders, which
would favorably alter the risk:benefit ratio. Clinical trials may provide a window into traits associated with treatment response but typically enroll a
homogenous population and thus tend to be poorly
generalizable. Yet to date, there have been few
large-scale studies that sought to determine factors
associated with treatment outcome, with most
concentrating on clinical signs and symptoms and
radiologic pathology, and all focused on a single
procedure.8 9 10
Previously, our group published two articles
examining the correlation between specific variables
that have not been previously evaluated for their
influence on LBP procedural outcomes (hypersensitivity reactions for ESI and non-organic signs for
ESI, facet interventions and SIJ injections) as pilot
studies during planned interim analyses.6 11 Herein,
we present the complete dataset on the effect of
over two dozen clinical, psychosocial, technical
and condition-specific variables (eg, physical exam
signs) on interventional treatment outcomes for
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Figure 1 Study flow chart.
Epidural steroid injections include one patient whose injection route was not recorded. RFA, radiofrequency ablation.
chronic LBP. Our objectives were to determine which factors are
associated with treatment outcome and quantify the magnitude
of effect that could guide pain interventionalists and referring
providers in selecting candidates for LBP procedures.

METHODS

Permission to conduct this multicenter, cohort study was granted
by the Institutional Review Boards of Johns Hopkins School
of Medicine (IRB00050132), Drexel University, Walter Reed
National Military Medical Center, Puget Sound Veterans Affairs
(VA) Hospital, Seattle, Washington, Landstuhl Regional Medical
Center, Landstuhl, Germany, Naval Medical Center-San Diego
90

and Womack Army Medical Center, Fort Bragg, North Carolina. The study was registered on c linicaltrials.gov on 1 January
2015, with all participants providing informed consent. All
enrollments, treatments and follow-up visits took place between
13 January 2015 and 30 May 2021. Detailed descriptions of
the procedures have previously been published in manuscripts
outlining two planned interim analyses.6 11

Participants and settings

This study was performed at two civilian, four military and one
VA pain treatment centers, four of which had pain medicine
training programs. Selection criteria were age ≥18 years; >6
Cohen SP, et al. Reg Anesth Pain Med 2022;47:89–99. doi:10.1136/rapm-2021-103247
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Table 1

Baseline demographic and clinical characteristics of study subjects

Characteristic

Facet interventions
(n=112)

Sacroiliac joint
injections
(n=67)

Epidural steroid injection Total cohort
(n=167)
(n=346)

Age, years (mean±SD)

51±14

53±16

52±14

52±14

53 (47.3)

43 (64.2)

89 (53.3)

161 (46.5)

Sex, n (%)

P Value*
0.68
0.091

 Female
 Male

59 (52.7)

24 (35.8)

78 (46.7)

185 (53.5)

Duration of pain, years (mean±SD)

7±7

5±6

5±7

6±7

0.057

Obesity, n (%)

54 (48.2)

27 (40.3)

74 (44.3)

155 (44.8)

0.58

Smoking, n (%)

24 (21.4)

10 (14.9)

47 (28.1)

81 (23.4)

0.081

Bilateral symptoms, n (%)

66 (60.0)

25 (37.9)

59 (35.3)

150 (43.7)

<0.001

Inciting event, n (%)

41 (36.6)

31 (46.3)

52 (31.1)

124 (35.8)

0.091

Opioid use, n (%)

21 (18.8)

13 (19.4)

30 (18.0)

64 (18.5)

0.96

 Any non-opioid

83 (74.1)

47 (70.1)

131 (78.4)

261 (75.4)

0.38

 Neuropathic adjuvant

26 (23.2)

14 (20.9)

61 (36.5)

101 (29.2)

0.014

 Non-steroidal anti-inflammatory Drug

54 (48.2)

34 (50.7)

87 (52.1)

175 (50.6)

0.82

 Muscle relaxant

22 (19.6)

7 (10.4)

30 (18.0)

59 (17.1)

0.26

 Other non-opioid analgesic

10 (8.9)

3 (4.5)

17 (10.2)

30 (8.7)

0.37

 Tramadol

16 (14.3)

7 (10.4)

26 (15.6)

49 (14.2)

0.6

Active duty, n (%)

27 (24.1)

14 (20.9)

15 (9.6)

57 (16.5)

0.013

Disability, worker’s compensation or medical board, n (%)‡

25 (22.9)

16 (24.6)

48 (29.6)

89 (26.5)

0.44

 Any pain condition

82 (73.2)

37 (55.2)

91 (54.5)

210 (60.7)

0.004

 Neck pain

21 (18.8)

11 (16.4)

25 (15.0)

57 (16.5)

0.71

 Headache

11 (9.8)

6 (9.0)

11 (6.6)

28 (8.1)

0.6

 Arthralgia

55 (49.1)

23 (34.3)

48 (28.7)

126 (36.4)

0.002

 Neuropathy

10 (8.9)

8 (11.9)

17 (10.2)

35 (10.1)

0.81

 Abdominal/pelvic pain

1 (0.9)

4 (6.0)

3 (1.8)

8 (2.3)

0.076

 Fibromyalgia

1 (0.9)

2 (3.0)

11 (6.6)

14 (4.0)

0.054

 Other chronic pain

9 (8.0)

6 (9.0)

12 (7.2)

27 (7.8)

0.9

 Multiple pain conditions

13 (11.6)

9 (13.4)

22 (13.2)

44 (12.7)

0.91

 Any psychiatric condition

49 (43.8)

27 (40.3)

75 (44.9)

151 (43.6)

0.81

 Anxiety

22 (19.6)

14 (20.9)

38 (22.8)

74 (21.4)

0.82

 Depression

25 (22.3)

13 (19.4)

44 (26.3)

82 (23.7)

0.48

 Post-traumatic stress

4 (3.6)

3 (4.5)

7 (4.2)

14 (4.0)

0.95

 Substance abuse history

7 (6.3)

5 (7.5)

18 (10.9)

30 (8.7)

0.37

 Other

5 (4.5)

3 (4.5)

8 (4.8)

16 (4.6)

0.99

 Multiple

15 (13.4)

5 (7.5)

26 (15.6)

46 (13.3)

0.26

Non-organic signs (mean±SD)**

0.5±1.0

0.6±1.2

0.9±1.3

0.7±1.2

0.035

Expectations (mean±SD)††

3.6±1.3

3.9±1.4

4.0±1.3

3.9±1.3

0.047

Athens Insomnia Scale (mean±SD)

9±5

9±6

10±6

9±5

0.28

Quick Inventory of Depressive Symptomatology (QIDS; mean±SD)

11±7

11±9

12±8

12±8

0.46

Oswestry Disability Score (mean±SD)

36±15

37±17

41±17

39±16

0.030

 Skin wheal

4.7±2.6

4.7±2.6

3.9±2.7

4.3±2.7

0.019

 Procedure

5.5±2.7

6.4±2.7

4.9±3.0

5.4±2.9

0.001

Average NRS back pain score (mean±SD)

6.0±1.6

6.2±1.8

5.9±2.3

6.0±2.0

0.46

Worst NRS back pain score (mean±SD)

8.7±1.3

8.6±1.4

8.3±2.5

8.5±1.9

0.23

Non-opioid medication use†

Coexisting chronic pain condition, n (%)§

Coexisting psychiatric condition, n (%)¶

Procedure-related pain (mean±SD)

Average NRS leg pain score (mean±SD)

5.9±2.0

Worst NRS leg pain score (mean±SD)

8.5±1.6
2

*Based on one-way ANOVA for continuous variables and χ test for categorical variables.
†Neuropathic adjuvant includes anticonvulsants and antidepressants. Non-steroidal anti-inflammatory drug also includes acetaminophen. Other non-opioid analgesic includes topical agents such as lidocaine and
capsaicin.
‡Military equivalent of civilian disability.
§Denotes active condition (ie, being treated); other includes postsurgical pain, plantar fasciitis, post-stroke pain and pain secondary to systemic disease (eg, lupus and sickle cell anemia).
¶Denotes active condition (ie, being treated) except for substance abuse (ongoing recovery); other includes somatic symptom disorder, personality disorder, etc.
**Non-organic signs based on five categories of Waddell signs.
††Expectations based on 6-point Likert scale (1=don’t expect any relief, 6=would only be satisfied with complete pain relief and restoration of function).
ANOVA, analysis of variance; NRS, numerical rating scale.

weeks pain duration; lumbosacral radicular pain or mechanical
LBP of presumed facetogenic or sacroiliac joint etiology12 13;
candidate for an ESI, lumbar facet block or SIJ injection and
Cohen SP, et al. Reg Anesth Pain Med 2022;47:89–99. doi:10.1136/rapm-2021-103247

agreement to undergo that injection; and average leg or LBP
pain score ≥4/10 over the past week for participants with
radicular and non-radicular pain, respectively. Excluded from
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Table 2

Procedural outcomes
Facet interventions

Outcome

All facet
interventions*
(n=112)

Radiofrequency
ablation
(n=58)

Sacroiliac joint
injections
(n=67)

Epidural steroid
injection
(n=167)

P value†

Change in average NRS back pain score (mean±SD)

−1.2±2.4

−2.0±2.5

−1.8±2.5

−1.1±2.4

0.022

−1.6±2.5

Change in worst NRS back pain score (mean±SD)

−1.6±2.5

−2.4±2.7

−2.4±2.9

−1.7±3.0

0.14

−2.1±2.9

Change in average NRS leg pain score (mean±SD)

Total cohort
(n=346)

−1.5±2.7

Change in worst NRS leg pain score (mean±SD)

−2.4±3.0

Change in average NRS primary location pain score
(mean±SD)‡

−1.2±2.4

−2.0±2.5

−1.8±2.5

−1.5±2.7

0.50

−1.8±2.6

Change in worst NRS primary location pain score
(mean±SD)‡

−1.6±2.5

−2.4±2.7

−2.4±2.9

−2.4±3.0

1.00

−2.5±2.9

Change in Oswestry Disability Score (mean±SD)

−4±12

−7±11

−7±13

−4±15

0.29

−5±14

Differences are listed as change from baseline, with negative numbers denoting a decrease in NRS pain score.
*Includes individuals with negative diagnostic medial branch blocks.
†P value is for one-way ANOVA comparison of radiofrequency ablation, sacroiliac joint injections and epidural steroid injections (excludes medial branch blocks).
‡Primary location is back for facet and sacroiliac joint injections, leg for epidural steroid injections.
ANOVA, analysis of variance; NRS, numerical rating scale.

participation were individuals who had received injections
within the previous 2 years; with inflammatory arthritis; prior
spine surgery for patients undergoing facet blocks and ESI;
hypersensitivity reaction to bupivacaine, contrast or corticosteroid; coagulopathy precluding treatment; and pregnancy.

Procedures

All procedures were performed using fluoroscopic guidance by
a board-certified pain medicine physician or trainee under their
direct supervision. Procedures were done in accordance with standard protocols and were previously described in detail.6 11 12 14

After a 1 mL skin wheal was created with a 25-gauge needle
using lidocaine 1%, the soft tissue in the impending needle
track(s) was anesthetized using up to 10 mL of lidocaine 1%, as
clinically indicated.

SIJ injections

SIJ injections were accomplished by inserting 22-gauge needles
into the inferior one-third of the joint as previously described.6 15
If the joint capsule was not visualized, the needle was readjusted
at the physician’s discretion considering the comparable prevalence of intra-
articular and extra-
articular pathology and

Figure 2 Average numerical rating scale pain score at primary pain location (low back for facet and SI, leg for ESI) over time. Note that ‘facet
intervention (all)’ includes both medial branch blocks (including negative blocks) and RFA patients. Patients who did not undergo RFA were not
required to follow up at 3 months. ESI, epidural steroid injections; RFA, radiofrequency ablation;
92
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Table 3 Demographic and clinical factors associated with treatment
outcome
Variable

Procedural failure Procedural
(n=193)
success (n=139)†

Procedure (n, % of
procedure type)
68 (67.3)

33 (32.7)

  
Radiofrequency
ablation

29/58 (50)

29/58 (50)

 Sacroiliac joint injection

33 (50)

33 (50)

 ESI

92 (55.8)

73 (44.2)

  Transforaminal

38/79 (48.1)

41/79 (51.9)

  
Interlaminar

53/85 (62.4)

32/85 (37.6)

Age, years (mean±SD)

50±13

54±16

Sex, n (%)
 Female

P value*

0.019
0.38

108 (60.3)

71 (39.7)

85 (55.6)

68 (44.4)

6.7±7.7

4.7±5.7

0.01

Obesity, n (%)

97 (64.2)

54 (35.8)

0.039

Bilateral symptoms, n (%)

86 (61.9)

53 (38.1)

0.039

 Male
Duration of pain, years
(mean±SD)

Smoking, n (%)

59 (75.6)

19 (24.4)

<0.001

Inciting event, n (%)

76 (63.3)

44 (36.7)

0.15

Opioid use, n (%)

42 (65.6)

22 (34.4)

0.18
0.059

Non-opioid use, n (%)¶
 Any adjuvant

138 (55.2)

112 (44.8)

 Neuropathic adjuvant

61 (63.5)

35 (36.5)

0.2

 Non-s teroidal anti-
inflammatory drug

87 (51.5)

82 (48.5)

0.012

 Muscle relaxant

29 (49.2)

30 (50.8)

0.12

 Other non-opioid
analgesic

15 (51.7)

14 (48.3)

0.46

 Tramadol

32 (66.7)

16 (33.3)

0.2

Active duty, n (%)

31 (57.4)

23 (42.6)

0.12

Disability, worker’s
compensation or medical
board, n (%)**

61 (70.1)

26 (29.9)

0.009

Coexisting chronic pain conditions, n (%)††
 Any pain condition

122 (60.4)

80 (39.6)

0.3

 Neck pain

32 (58.2)

23 (41.8)

0.99

 Headache

17 (63.0)

10 (37.0)

0.6

 Arthralgia

73 (59.8)

49 (40.2)

0.63

 Neuropathy

19 (55.9)

15 (44.1)

0.78

 Abdominal/pelvic pain

7 (87.5)

1 (12.5)

0.088

 Fibromyalgia

8 (57.1)

6 (42.9)

0.94

 Other chronic pain‡‡

20 (80.0)

5 (20.0)

0.021

 Multiple pain
conditions

28 (65.1)

15 (34.9)

0.32

Coexisting psychiatric condition, n (%)§§
 Any psychiatric
condition

96 (66.2)

49 (33.8)

0.009

 Anxiety

47 (65.3)

25 (34.7)

0.16

 Depression

56 (70.9)

23 (29.1)

0.008

 Posttraumatic stress
disorder

11 (78.6)

3 (21.4)

0.11

 Substance abuse

22 (75.9)

7 (24.1)

0.043

 Other

12 (75.0)

4 (25.0)

0.16

 Multiple psychiatric
conditions

33 (71.7)

13 (28.3)

0.044

0.9±1.3

0.5±1.0

0.004

Non-organic signs (mean,
SD)¶¶

Continued

Variable
0.058§

 Facet interventions‡

Table 3

Continued
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Expectations
(mean±SD)***

Procedural failure Procedural
(n=193)
success (n=139)†
3.9±1.3

3.8±1.3

P value*
0.31

Athens Insomnia Scale
(mean±SD)

10±5

8±5

<0.001

Quick Inventory
of Depressive
Symptomatology (QIDS;
mean±SD)

13±8

9±7

<0.001

Oswestry Disability Score
(mean±SD)

42±17

35±15

<0.001

Procedure-related pain (mean, SD
 Skin wheal

4.5±2.7

4.1±2.7

0.21

 Procedure

5.9±3.0

4.6±2.6

<0.001

Average baseline back
pain score (mean±SD)

6.3±2.0

5.6±2.0

0.002

Worst baseline back pain
score (mean±SD)

8.8±1.7

8.1±2.2

0.001

Average baseline leg pain
score (mean±SD)†††

6.2±2.0

5.4±1.8

0.006

Worst baseline leg pain
score (mean±SD)†††

8.8±1.6

8.1±1.6

0.005

*Based on t-test for continuous variables and χ2 test for categorical variables.
†Procedural success defined as ≥2-point decrease in baseline average low back
or leg pain score at 1 month after sacroiliac joint and epidural steroid injections,
respectively, or low back pain score 3 months after radiofrequency ablation (or
medical branch blocks for patients with sustained relief) for lumbar facet joint pain,
coupled with >3/5 score on a Likert satisfaction scale.
‡Negative facet interventions include negative RFA outcome and negative facet
blocks in patients who did not obtain long-term relief (n=1).
§Comparison among procedural success for facet RFA at 3 months, SIJ injection at 1
month, and ESI at 1 month.
¶Neuropathic adjuvants include anticonvulsants and antidepressants. Non-steroidal
anti-inflammatory drugs include acetaminophen. Other non-opioid analgesics
include topical agents such as lidocaine and capsaicin.
**Military equivalent of civilian disability.
††Denotes active condition (ie, being treated).
‡‡Other pain conditions include plantar fasciitis, central pain, persistent
postsurgical pain and atypical chest pain.
§§Denotes active condition (ie, being treated) except for substance abuse.
¶¶Non-organic signs based on five categories of Waddell signs.
***Expectations based on a 6-point Likert scale.
†††Leg pain score only recorded for ESIs.
ESI, epidural steroid injection; RFA, radiofrequency ablation.

evidence for benefit.15 Once needle position was deemed sufficient, a 3 mL solution containing 1 mL of 40 mg/mL of depo-
methylprednisolone and 2 mL of 0.5% bupivacaine was injected.
A positive diagnostic block was considered ≥50% pain reduction
lasting at least 3 hours based on pain diaries with activity logs.

Facet interventions
Medial branch blocks (MBBs)

The targets for facet interventions were based on historical and
physical exam findings, pain referral patterns and radiologic
imaging when available.6 12 16 Twenty-two-gauge needles were
inserted between the sacral ala and articular process for the L5
dorsal ramus and just below the junction of the upper transverse
process and the superior articular process for L1–4 MBBs with
real-time contrast injection.6 16 At each nerve, 0.5 mL of 0.5%
bupivacaine was administered. A block was designated as positive if the patient experienced ≥50% pain reduction lasting at
least 3 hours.
93
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Figure 3 Procedural success by stratified by Quick Inventory of Depressive Symptomatology (QIDS) score. QIDS scores range from 0 to 27. A score
of 5 or lower indicates no depression, 6–10 mild depression, 11–15 moderate depression, 16–20 severe depression and greater than 21 very severe
depression.

Lumbar medial branch radiofrequency ablation (RFA)

RFA was performed on participants who had positive diagnostic
MBB but failed to experience >3 months pain relief in accordance with previous protocols.6 16 Procedures were performed
with 18-gauge or 20-gauge (used in some procedures before
January 2019) curved radiofrequency needles with 10 mm- active
tips situated near-parallel to target nerves.6 16 At each target,
electrodes were adjusted to optimize sensory (ideally <0.6 volts)
stimulation and maximize paraspinal muscle contraction. After
appropriate placement, 1 mL of 2% lidocaine was injected. Ablation was implemented at 90o for 135 s using a radiofrequency
generator after which a 0.5 mL mixture containing 10 mg depo-
methylprednisolone and saline was administered to prevent
neuritis.12

Epidural steroid injections

Our technique for ESI has previously been described for other
trials.6 11 17 A single-
level transforaminal ESI (TFESI) was
performed in individuals with unilateral pain, while interlaminar ESI (ILESI) were done for bilateral symptoms. Injections
were performed at the level thought to be most responsible for
pathology unless anatomic considerations dictated otherwise,
with real-time contrast confirmation. For TFESI, a 3 mL of a
solution containing 10 mg of dexamethasone, saline and 1 mL
of 0.25% bupivacaine was administered. ILESI were performed
midline in individuals with symmetrical pain or parasagitally
when one side was more painful than the other. After proper
position was confirmed, a 4 mL solution containing 40 mg
depomethylprednisolone, 1 mL of 0.25% bupivacaine and 2 mL
of saline was injected.

Follow-up

No conterventions between procedures and follow-up visits were
permitted, with the exception of negative MBB (small likelihood
of long-term benefit) or short-term relief from RFA (>1-month
until 3-month follow-up; see online supplemental table 1). Rescue
medications provided were non-
steroidal anti-
inflammatory
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drugs, tramadol when NSAIDs were contraindicated or ineffective or a <20% increase in opioid dose in participants already
receiving opioids. The first follow-up visit was 1 month after
the ESI, SIJ injection or lumbar medial branch RFA. Participants
who experienced a positive binary outcome at their 1-month
follow-up visit returned for the final 3-month follow-up visit,
while those with a negative outcome exited to receive other
treatments. In participants who experienced prolonged benefit
(a positive categorical outcome) from the MBB, the initial data
collection occurred 1 month after the MBB. In individuals with
a positive 1-month facet outcome whose pain returned shortly
thereafter and requested treatment, data were recorded before
treatment was implemented and carried forward to 3 months.

Data collection

At all follow-up visits, a disinterested observer collected data
via in-
person, telemedicine, MyChart (after March 2020) or
telephone visits. Baseline data collected included demographic
information; general (inciting event, type of injection and laterality) and condition-specific clinical data (eg, exam findings);
treatment-
specific data (eg, categorization of SIJ injection as
intra-articular or extra-articular and type of ESI performed);
concomitant pain conditions; number and type of analgesic
medications including opioid use stratified by mean morphine
equivalents per day (MME); smoking status; coexisting active
psychiatric diagnoses; ongoing secondary financial gain
(disability, litigation or worker’s compensation case); average
and worst back and leg (for ESI patients) pain score on a 0–10
numerical rating scale (NRS) over the past week; number and
type of non-organic (Waddell) signs6; expectations; Oswestry
Disability Index version 2 (ODI v.2) score; Athens Insomnia
Scale (AIS) to measure sleep quality; and Quick Inventory of
Depressive Symptomatology (QIDS) to measure mood. For ODI,
AIS and QIDS, higher scores represent greater dysfunction.
Preprocedure expectations were measured on a 6-
point
Likert scale based on the degree of improvement the participant would be satisfied with (1=not expecting pain relief, but
Cohen SP, et al. Reg Anesth Pain Med 2022;47:89–99. doi:10.1136/rapm-2021-103247
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Table 4 Procedure-specific clinical variables associated with
treatment outcome

Clinical variable

Procedural
Procedural
success
failure (n=193) (n=139)*

Epidural steroid injections

90

73

 Straight leg raising test (−)

39 (43)

32 (44)

 Straight leg raising test (+)

51 (57)

41 (56)

 Herniated disc

42 (48)

32 (45)

 Spinal stenosis

31 (35)

28 (39)

4 (5)

8 (11)

 Spondylosis without
compression

11 (13)

3 (4)

Facet interventions

68

 <50% pain relief from
diagnostic block

36 (53)

1 (3)

 50%–79% pain relief from
diagnostic block

23 (34)

15 (45)

<0.001*

9 (13)

17 (52)

<0.001†

P value

Physical exam
0.95

Pathology

 Herniated disc and spinal
stenosis

 ≥80% pain relief from
diagnostic block
Sacroiliac joint injection

33

0.13

33
–

33

Physical exam
 Gaenslen’s test (−)

7 (21)

10 (30)

 Gaenslen’s test (+)

26 (79)

23 (70)

0.4

 Patrick’s test (−)

9 (27)

15 (45)

 Patrick’s test (+)

24 (73)

18 (55)

 Positive Patrick’s & Gaenslen’s
tests

22 (67)

15 (45)

0.083

0.35

0.12

Prior surgery
 Prior back surgery

7 (21)

4 (13)

 No prior back surgery

26 (79)

28 (88)

 <50% pain relief from
diagnostic block

15 (45)

3 (9)

 50%–79% pain relief from
diagnostic block

9 (27)

17 (52)

<0.001*

 ≥80% pain relief from
diagnostic block

9 (27)

13 (39)

0.30†

–

*Comparison of procedural failure versus success based on ≥50% vs. < 50% pain
relief threshold as definition of positive block.
†Comparison of procedural failure versus success based on ≥80% vs. < 80% pain
relief threshold as definition of positive block.

trying anyway; 2=any improvement; 3=30%–49% improvement; 4=50%–74% improvement; 5=75%–99% improvement;
6=only complete resolution of all symptoms). Condition-
specific provocative tests evaluated included straight leg raising
test for individuals receiving ESI and Gaenslen’s and Patrick’s
tests before SIJ injections. At the time of the procedure (MBB but
not RFA), a subcutaneous skin wheal was created by a 1 mL lidocaine injection using a 25-gauge needle, immediately after which
the pain intensity of the injection was assessed via a 0–10 verbal
rating scale. After the procedure, procedure-related pain was
measured using the same verbal rating scale. These data were
collected because all have been associated with LBP procedure
outcomes.17–20

Outcome measures

The primary outcome measure was change in average LBP or leg
pain (for ESI) score over the past week. The primary endpoint
Cohen SP, et al. Reg Anesth Pain Med 2022;47:89–99. doi:10.1136/rapm-2021-103247

was 1-
month postinjection for ESI and SIJ injections, and 3
months after lumbar medial branch RFA (or MBB in those with
prolonged pain relief). Specific scenarios for individuals with a
negative MBB, prolonged relief after their MBB, or relief after
RFA lasting 1 but not 3 months are noted in online supplemental
table 1. Hereafter, average NRS-PI (pain intensity) refers to the
primary outcome measure at the primary endpoint.
A positive categorical response for procedure success was
predesignated as a two-point or greater decrease in the NRS-PI
not attributable to starting a rescue medication in conjunction
with a score of greater than 3 on a 5-point Likert scale measuring
procedural satisfaction (1=very unsatisfied, 2=unsatisfied,
3=neither satisfied nor unsatisfied, 4=satisfied and 5=very
satisfied).21 At each follow-up, along with average pain scores,
secondary outcome measures recorded included worst pain
scores over the past week, along with ODI 2.1, satisfaction
score, and medication reduction, defined per previous studies
to be >20% decrease in opioid use or cessation of a non-opioid
analgesic.11 15 16

Statistical analysis

Sample size calculation and power analysis were performed for
the binary categorical outcome because of differences in effect
sizes for the three procedures.22 Assuming a procedural success
rate of 45% and a SD of 2.5 points in NRS-PI in both groups, we
estimated a sample size of 311 patients would be 94% powered
to detect a 1.0-
point minimal clinically important difference
between responders and non-
responders in NRS-
PI at the
primary endpoint, at a significance level of 0.05.23 Accounting
for dropouts, we planned to enroll 346 participants.
All statistical analyses were performed in Stata/IC V.16.1
(StataCorp, USA). For continuous outcomes, group means and
SD were reported, and analysis of variance (ANOVA) was used
to compare the three procedural groups (facets, SIJ and ESI). For
categorical outcomes, percentages were reported, and χ2 tests
were used to compare the three procedural groups. A p value
less than alpha of 0.05 was considered statistically significant for
comparisons between two groups. For comparisons among three
or more groups, a Bonferroni-corrected alpha of 0.05/n, where n
is the number of between-group comparisons, was used.
The primary outcome, average NRS-PI, was analyzed with
the last observation carried forward (including from baseline for
those who missed 1 month visits) in the case of missing data.
Within each treatment group, average baseline NRS and average
NRS-PI were compared using paired t-tests. Changes in average
NRS-PI, worst NRS-PI and ODI were compared using three-way
ANOVA.
For the categorical response of treatment outcome, demographic, patient-specific and procedure-specific variables were
reported as above and compared between the procedural failure
and success groups. ANOVA was used for continuous variables,
and χ2 tests were used for categorical variables.
To identify potential predictors associated with positive
outcomes, we performed two multivariate analyses. Change in
average NRS-PI was modeled as a function of 10 candidate variables selected based on a combination of our univariate analyses,
clinical knowledge and review of relevant literature. Each candidate variable was modeled individually using a simple linear
regression model (unadjusted), then with a multivariable model
using all 10 variables (full model).23 To identify the variables
most likely to impact outcome, the multivariable linear regression model was simplified using a backward stepwise approach.
A two-sided p value less than 0.05 was considered statistically
95
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significant. A non-parametric bootstrap method using 100 resamples was used to internally validate the proposed regression
model. Similarly, for the second exploratory analysis, treatment
outcome was modeled using logistic regression, with the same
10 candidate variables identified above. ORs are reported for
the unadjusted analyses, full model and a simplified model developed using a backward stepwise approach. Again, a two-sided p
value less than 0.05 was considered statistically significant and a
non-parametric bootstrap method using 100 resamples was used
for internal validation.

RESULTS

A total of 346 patients were enrolled: 112 underwent lumbar
facet blocks, 67 received SIJ injections and 167 underwent
lumbar ESI (81 transforaminal, 85 interlaminar). Of these
patients, 331 were followed up at 1 month (figure 1). For facet
block patients who proceeded to RFA, 58 were followed up at 1
month, and 38 were followed 3 months after RFA.

Baseline characteristics

Table 1 shows baseline demographic and clinical characteristics.
Participants in the facet group were significantly more likely to
have bilateral pain, have a coexisting chronic pain condition and
reported lower expectations for pain relief. The ESI group was
significantly more likely to be receiving neuropathic adjuvants,
less likely to be in the military, demonstrated more non-organic
signs, had slightly higher ODI scores and reported lower mean
procedure-
related pain during both the skin wheal and the
procedure itself. There were no significant differences in other
variables.

Procedural outcomes

For all procedures (facet blocks, RFA, SIJ injections and ESI),
there was a significant decrease in mean pain NRS pain score at
the primary pain location from baseline to the primary endpoint
(1 month for facet blocks, SIJ injections and ESI; 3 months for
RFA) (figure 2). Mean decrease in average NRS pain score was
1.2±2.4 (95% CI 0.8 to 1.7, p<0.0001) for all facet interventions (includes negative MBB), 2.0±2.5 (95% CI 1.3 to 2.6,
p<0.0001) for RFA, 1.8±2.5 (95% CI 1.2 to 2.4, p<0.0001)
for SIJ injections and 1.5±2.7 (95% CI 1.1 to 1.9, p<0.0001)
for ESI. Among the 139 patients with a successful outcome, the
mean reductions in NRS-PI for facet interventions, SIJ injections
and ESI were 4.0±1.5, 3.6±2.0, 3.6±1.9, respectively. Procedural outcomes are summarized in table 2. There were no significant differences among the RFA, SIJ injections and ESI groups
for change in average or worst back or leg pain scores or ODI.

Factors associated with categorical treatment outcome

A comparison of clinical and demographic characteristics stratified by procedural outcome is shown in table 3. In univariate
analyses, patients having successful treatment outcomes were
significantly more likely to be older, have shorter duration of
pain, be receiving non-
steroidal anti-
inflammatory drugs and
have other chronic pain conditions (eg, postsurgical pain and
pain secondary to systemic disease). They were significantly less
likely to be obese, smoke, have bilateral pain, be on disability/
worker’s compensation/medical board, and have any or multiple
coexisting psychiatric conditions, most prominently depression
(figure 3). As a group, patients with treatment success had fewer
non-organic signs, lower AIS, QIDS and ODI scores, reported
less procedure-related pain and had lower baseline average and
worst pain scores compared with patients who failed treatment.
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Procedure type, sex, presence of an inciting event, opioid use,
coexisting chronic pain conditions, patient expectations for
pain relief and pain due to skin wheal were not associated with
outcome.
Table 4 shows procedure-specific characteristics for treatment
outcome. For facet interventions, both ≥50% and ≥80% pain
relief from diagnostic block were significantly associated with
procedural success. For SIJ injections, ≥50%–79% pain relief
immediately following the procedure was associated with treatment success, while ≥80% relief was actually associated with a
lower success rate (52% vs 39%). Physical exam findings and
history of prior surgery were not significantly different between
SIJ injection successes and failures. Similarly, physical exam
findings and spinal pathology were not significantly different
between patients with procedural success versus failure in the
ESI group.

Multivariate regression models

Based on the previous results, prior evidence and clinical knowledge, the following variables were selected for multivariate analyses: age, duration of pain, obesity, smoking status, opioid use,
sleep disturbance (AIS), depression (QIDS), non-organic signs
(Waddell), ODI and baseline NRS-
PI. Coefficients for linear
regressions of change for NRS-PI are shown in table 5 as a function of unadjusted (univariate) and adjusted (full and simplified
models) covariates. Procedure type was not chosen as a covariate
since it was not associated with outcome. The full model
contained all selected variables, while the simplified model was
generated by eliminating variables using a backward stepwise
approach. In the simplified model, obesity, QIDS and baseline
NRS pain score were selected as the final variables. Obesity and
higher QIDS score (greater depression) were negatively associated with change in average pain score (ie, smaller decrease
in pain score), while higher baseline pain score was positively
associated with change in pain (i.e. greater chance to decrease
NRS pain score). The presence of obesity was associated with a
0.62-point increase in change in NRS pain score (ie, worse pain
relief, 95% CI 0.038 to 1.21, p=0.037; online supplemental
figure 3). Every 1-point increase in QIDS was associated with a
0.076-point decrease in pain score improvement (95% CI 0.039
to 0.113, p<0.0001), while every 1-point increase in baseline
NRS pain score was associated with a 0.32-point improvement
in NRS pain score (95% CI 0.16 to 0.48, p<0.0001).
Unadjusted and adjusted ORs for logistic regression analyses
of procedural outcome as a function of the same ten selected
variables are shown in table 6. As with linear regression, the full
model contained all variables, while the simplified model was
generated by eliminating variables using a backward stepwise
approach. In the simplified model, baseline QIDS and ODI were
selected as final variables. In this model, every 1-point increase
in QIDS was associated with a 0.94 times decreased odds of
procedural success (95% CI 0.91 to 0.97, p<0.0001), while
every 1-point increase in ODI was associated with a 0.59 times
decreased odds of success (95% CI 0.36 to 0.96, p=0.034). In
other words, there was a 6% decrease in the odds of procedural
success with a 1-point increase in baseline QIDS score, and there
was a 41% decrease in the odds of procedural success with each
1-point increase in baseline ODI score. For NRS-PI, unlike for
pain score reduction, a higher baseline pain score was associated with decreased likelihood of achieving a positive outcome.
Figure 3 shows the decline in procedural success rate with worsening depression, while figure 4 shows a similar decline in procedural success rate with worsening disability.
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Table 5

Factors associated with primary outcome (change in average NRS primary location pain score) for therapeutic LBP procedures

Variable

Unadjusted coefficient (95% CI)

P value

Adjusted coefficient, full model
(95% CI)

Age, years

−0.030 (−0.051 to −0.009)

0.006

−0.021 (−0.043 to 0.00047)

Duration of pain, years

0.034 (−0.010 to 0.079)

0.13

0.026 (-0.018 to 0.070)

0.25

Obesity

0.53 (−0.07 to 1.13)

0.084

0.56 (−0.034 to 1.15)

0.065

Smoking

0.64 (−0.091 to 1.37)

0.086

0.45 (−0.29 to 1.19)

0.24

Any daily opioid use

0.32 (−0.29 to 0.93)

0.30

0.39 (−0.24 to 1.02)

0.22

Athens Insomnia Scale
(mean±SD)

0.067 (0.013 to 0.12)

0.015

0.0072 (−0.071 to 0.086)

0.86

Quick Inventory of Depressive
Symptomatology (mean±SD)

0.060 (0.023 to 0.098)

0.002

0.044 (−0.012 to 0.099)

0.12

Non-organic signs, number

0.19 (-0.059 to 0.45)

0.131

0.06 (−0.23 to 0.35)

0.68

Oswestry Disability Score
(mean±SD)

0.014 (−0.0040 to 0.032)

0.13

0.0016 (−0.0074 to 0.039)

0.18

Average baseline NRS primary
pain location score

−0.23 (−0.39 to −0.072)

0.004

−0.39 (−0.57 to -0.20)

P value

Adjusted coefficient,
simplified model (95% CI)

P value

0.055

<0.0001

0.62 (0.038 to 1.21)

0.037

0.076 (0.039 to 0.113)

<0.0001

−0.32 (−0.48 to −0.16)

<0.0001

*Coefficients are reported as change in NRS pain score with presence (for categorical variables) or each single unit increase (for continuous variables) in the specified variable, with negative
coefficients being associated with improved pain reduction.
LBP, low back pain; NRS, numerical rating scale.

outcomes, expectations, coexisting pain conditions and non-
opioid medication usage).

Complications

There were 10 complications in the ESI group (6.0%), which
included inadvertent dural puncture (n=3) with one spinal headache, temporary worsening pain (n=4) or new neurologic symptoms (n=2), and an accidental intradiscal injection. In the facet
intervention group, there were nine complications (8.0%) that
included a panic attack, a pseudoseizure, a patient who reported
insomnia for several weeks, two vasovagal episodes, two cases
of neuritis and two cases of new temporary pain (leg cramp) or
neurologic symptoms (shooting pain in leg). In the SIJ injection
group, there was one case of worsening pain and one vasovagal
episode for a complication rate of 3.0%.

Comparison with other studies

Some of our findings have been reported for other pain conditions. The negative effects of smoking, disease burden (duration
of pain, higher pain scores and greater disability), secondary gain,
sleep dysfunction and psychiatric comorbidities have been shown
to adversely affect LBP outcomes in both interventional and non-
interventional studies.12 14 25–28 Our results demonstrating how
varying degrees of depression and disability linearly correlate, in a
dramatic fashion, with outcome, have not previously reported for
procedural interventions and suggest that even modest improvement in poorly controlled depression and severe disability may yield
fruitful results. Yet, other findings were unexpected. We hypothesized that more chronic pain conditions, which may indicate central
sensitization or somatization, would foretell treatment failure,
as has been shown in other studies.29 30 However, we found no
significant association between most chronic pain conditions and
interventional treatment outcomes, which may reflect differences
in treatment (interventional vs conservative), methodology and

DISCUSSION

Personalized medicine represents one of the fastest growing
areas in pain medicine and may be particularly relevant for
interventional procedures, which are characterized by high risks,
costs and, in some cases, rewards.24 This study is the largest to
date examining the effect of dozens of factors on interventional
LBP outcomes and examined several factors never evaluated for
their effects on outcomes (eg, physical exam signs for SI joint

Table 6

Exploration of factors associated with categorical procedural outcome for therapeutic procedures
Unadjusted OR (95% CI)*

Age, years

1.02 (1.00 to 1.03)

0.039

1.02 (1.00 to 1.04)

0.024

Duration of pain, years

0.96 (0.93 to 1.00)

0.051

0.96 (0.93 to 1.00)

0.072

Obesity

0.58 (0.36 to 0.92)

0.022

0.62 (0.37 to 1.03)

0.066

Smoking

0.41 (0.23 to 0.74)

0.003

0.64 (0.33 to 1.24)

0.19

Any daily opioid use

0.68 (0.42 to 1.12)

0.13

0.75 (0.42 to 1.35)

0.34

Athens Insomnia Scale (mean±SD)

0.93 (0.89 to 0.97)

0.002

1.01 (0.95 to 1.09)

0.66

Quick Inventory of Depressive
Symptomatology (mean±SD)

0.94 (0.91 to 0.97)

<0.0001

0.96 (0.91 to 1.00)

0.077

Non-organic signs, number

0.73 (0.59 to 0.90)

Oswestry Disability Score (mean±SD) 0.97 (0.96 to 0.99)
Average baseline NRS primary pain
location score†

0.86 (0.76 to 0.98)

P value

Adjusted OR, full model (95%
CI)*
P value

Variable

0.004

0.94 (0.72 to 1.22)

0.63

<0.0001

0.99 (0.97 to 1.01)

0.31

0.019

0.94 (0.80 to 1.10)

0.41

Adjusted OR, revised
model (95% CI)*

P value

0.94 (0.91 to 0.97)

<0.0001

0.59 (0.36 to 0.96)

0.034

*ORs are reported as likelihood of procedural success with presence (for categorical variables) or each single unit increase (for continuous variables) in the specified variable, with ORs greater than
one being associated with increased likelihood of procedural success.
†Primary location is back for facet and SIJ injections, leg for ESI.
ESI, epidural steroid injection.
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Figure 4 Procedural success by Oswestry Disability Index (ODI) score. ODI scores range from 0% (no disability) to 100% (maximum possible
disability). A score of 20% or lower indicates minimal disability, 21%–40% moderate disability, 41%–60% severe disability, 61%–80% crippling back
pain and 81% or greater indicates a patient is either bed-bound or has exaggeration of symptoms.
our relatively short-term follow-up. Unlike other studies, we found
no meaningful relationship between preprocedure expectations
and treatment results. Whereas most studies have found a positive
relationship between expectations for benefit and pain treatment
outcomes,31 our categorical outcome was tied to procedural satisfaction, and studies have also found that unrealistic outcomes correlate
with dissatisfaction with treatment.32 We also found no association
between the present of an inciting event and procedure success,
which is consistent with a study that examined the association in
individuals with sciatica but divergent with the results of a study that
found a positive correlation in individuals who underwent lumbar
medial branch RFA.33 34 In contrast with a prospective study that
found pain rating in response to a subcutaneous skin wheal (standardized pain stimulus) predicted less pain relief with ESI, we found
no correlation between treatment outcome and pain score after a
skin wheal.17 However, we did find that a higher procedure-related
pain score was associated with poorer treatment outcome. This is
surprising since procedure-related stimuli cannot be standardized,
and most but not all prior studies on quantitative sensory testing
found an inverse relationship between pain thresholds and interventional treatment outcomes.35–37 Although a standardized pain stimulus could theoretically be used when making treatment decisions,
procedure-related pain cannot.
Our study also examined exam findings and immediate (ie, diagnostic) block results on intermediate-term outcomes. For ESI, unlike
previous studies, we found that neither straight leg raising test nor
herniated disc were associated with a positive outcome, though
individuals with non-compressive etiologies (eg, spondylosis) fared
worse.8 14 18 For SIJ injections, no significant associations were noted
for two of the most common provocative tests. Prior studies have
found that while no single test is specific for identifying a painful
SIJ, a battery of three or more positive provocative tests is associated with a positive response to diagnostic injections, and a positive
diagnostic injection was present in 91% of those who experienced a
positive outcome at 1 month in our study.38 9 Similar to recommendations in lumbar facet guidelines, we found that a higher degree
of pain relief was more likely to lead to a positive outcome after
98

RFA but that setting the threshold for a positive diagnostic block
at 80% would have led to a substantial proportion of patients who
benefitted from treatment being denied access.12 For SIJ pain, unlike
those who obtained between 50% and 79% pain relief, experiencing
greater ≥80% immediate pain relief did not statistically separate on
1 month outcome from having < 80% relief, which suggests that
many of these patients may have been placebo responders.

Limitations

There are several limitations that warrant consideration. First,
because this study was designed to determine factors associated
with treatment outcome in a practice setting, our inclusion criteria
were less stringent than typically employed in a clinical trial. Second,
there is inter-rater reliability variability regarding some of the factors
we examined such as radiologic findings, physical exam findings
and even what constitutes an active medical or psychiatric problem.
Third, we combined three different LBP treatments that address
different etiologies, and it is therefore possible that our study may
have been underpowered to detect factors that may predict treatment outcome for one but not the other procedures. These conditions also contain different pathophysiologies (eg, neuropathic vs
non-neuropathic pain) and hence may be associated with different
outcome predictors; however, there is extensive overlaps in outcome
predictors for nearly all chronic pain conditions,14 25 28 39 and few
cohort studies examining LBP outcome predictors differentiate
between etiologies. Last, all of the participating institutions in this
study were teaching hospitals, which may limit the generalization to
private practice settings.

FUTURE RESEARCH AND CONCLUSIONS

The continued rise in interventions for LBP, with no appreciable
effect on disability rates, has led to increased scrutiny from payers
and regulators and a push towards precision medicine, tailoring
treatment to individual patient characteristics rather than symptoms
and pathology.1 3 When employed indiscriminately, LBP interventions are not cost-effective,40 but refining selection based on our
Cohen SP, et al. Reg Anesth Pain Med 2022;47:89–99. doi:10.1136/rapm-2021-103247

Reg Anesth Pain Med: first published as 10.1136/rapm-2021-103247 on 8 December 2021. Downloaded from http://rapm.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Original research

findings and those in large registries and clinical trials can favorably
alter risk:benefit ratios and cost-effectiveness. However, physicians
should consider that evidence-based medicine involves taking into
consideration not just data from research studies but an individual
patient’s unique circumstances and goals; hence, values-based medicine should be viewed as complementary rather than mutually
exclusive with evidence-based medicine.41 Given our findings, interventions that might be considered before or concurrent with LBP
interventions including psychotherapy or psychotherapeutics in
individuals with depression, functional restoration in obese patients
and those with high baseline disability, and referrals for smoking
cessation in individuals amenable to quitting.
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