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Abstract
Background: Despite common use, the benefit of adding steroids to local anaesthetics (SLA) for chronic non-cancer pain
(CNCP) injections is uncertain. We performed a systematic review and meta-analysis of English-language RCTs to assess
the benefit and safety of adding steroids to local anaesthetics (LA) for CNCP.
Methods: We searched MEDLINE, EMBASE, and CENTRAL databases from inception to May 2019. Trial selection and data
extraction were performed in duplicate. Outcomes were guided by the Initiative in Methods, Measurements, and Pain
Assessment in Clinical Trials (IMMPACT) statement with pain improvement as the primary outcome and pooled using
random effects model and reported as relative risks (RR) or mean differences (MD) with 95% confidence intervals (CIs).
Results: Among 5097 abstracts, 73 trials were eligible. Although SLA increased the rate of success (42 trials, 3592 patients;
RR¼1.14; 95% CI, 1.03e1.25; number needed to treat [NNT], 13), the effect size decreased by nearly 50% (NNT, 22) with the
removal of two intrathecal injection studies. The differences in pain scores with SLA were not clinically meaningful (54
trials, 4416 patients, MD¼0.44 units; 95% CI, 0.24e0.65). No differences were observed in other outcomes or adverse
events. No subgroup effects were detected based on clinical categories. Meta-regression showed no significant association with steroid dose or length of follow-up and pain relief.
Conclusions: Addition of cortico steroids to local anaesthetic has only small benefits and a potential for harm. Injection
of local anaesthetic alone could be therapeutic, beyond being diagnostic. A shared decision based on patient preferences
should be considered. If used, one must avoid high doses and series of steroid injections.
Clinical trial registration: PROSPERO #: CRD42015020614.
Keywords: chronic non-cancer pain; chronic pain; corticosteroids; local anaesthetic; meta-analysis; pain management;
steroids; systematic review
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Editor’s key points
 Although the addition of steroids to local anaesthetic
injections is used commonly for many chronic pain
conditions, the biological rationale and clinical benefits
of steroids are not clear.
 The authors performed a comprehensive systematic
review and meta-analysis to assess the benefits and
risks of combined corticosteroid and local anaesthetic
injection.
 They found no meaningful improvement in pain scores
or the duration of pain relief.
 Clinical decisions should consider the potential for
harm with steroids and therapeutic benefit by local
anaesthetic alone.

Chronic non-cancer pain (CNCP) is widely prevalent causing
suffering, limitation of daily activities, and reduced quality of
life (QoL). An estimated 100 million adults were affected by
CNCP in the USA in 2012, with associated treatment costs
ranging from $560 to $635 billion (US).1 Most CNCP conditions
are musculoskeletal, such as low back and neck pain, and joint
pain.2,3 Treatment options for these patients are associated
with inconsistent results and, when effective, modest
improvement in symptoms.4
Percutaneous injections are used to block or modify pain
signals to decrease pain intensity and complement ongoing
pharmacological and physical therapy. With these interventions two assumptions are made: the structure being
targeted is involved in the pain pathway, and the injectate or
intervention will have a biological effect on the target. Physicians who consider the need for a diagnostic block tend to
confirm the involvement of the target structure by the
response to a local anaesthetic (LA) injection; however, there
are limited options to achieve a therapeutic response. Typically, they include steroid injections, radiofrequency treatments, chemical neurolysis in malignant pain, and spinal or
peripheral stimulation techniques.5 Injections of steroid
mixed with LA (SLA) form the bulk of these injections,6 such
as epidural steroid injections (ESI),7 soft tissue and intraarticular injections,8e10 nerve blocks,11 and even trigger
point injections.12 Although some consider LA to be
placebo,13e15 LAs are active agents as they block sensory
signals from the region being injected. Up until the 1950s, the
epidural injectate reported for sciatica consisted of LA and
saline.16e18 The scientific basis for adding steroids is not
clear19 and steroids, being anti-inflammatory, are not an
appropriate rationale for most CNCP conditions (except in
autoimmune conditions).20 Although a mechanism-based
approach is being advocated,21 symptom-based paradigms
have commonly informed treatment decisions in CNCP, and a
positive treatment response with LA injections does not
imply any precise disclosure of the underlying pathophysiology of pain.5 Clinically, addition of steroid is expected to
translate into either an increased success rate or prolonged
duration of block.6 However, such effects have also been
shown with LA alone.22,23 Steroid injections can have wideranging adverse effects, including hormonal changes, skin
atrophy, osteoporosis, infection, and potentially devastating
complications with neuraxial injections.23e25 Most CNCP patients receive repeated and multiple injections from different

physicians, leading to potentially accumulative steroidal sideeffects.24
Despite the common use, existing reviews have several
limitations; some have combined the use of LA with other
biologically inactive controls,26,27 and others have focused
specifically on spinal or other targets for interventions.18,28,29
Furthermore, many do not include a meta-analysis.30,31 We
have summarised the limitations in these reviews in our
published protocol.32 We undertook a systematic review and
meta-analysis of RCTs of LA vs SLA that addresses these
limitations.

Methods
We registered our review with PROSPERO (CRD42015020614)33
and published our protocol.32

Objectives
The primary objective of this systematic review and metaanalysis was to evaluate the effect of injections using SLA vs
LA for pain relief among adults with CNCP. The secondary
objectives were to compare effectiveness on physical functioning, emotional functioning, global impact and satisfaction,
adverse effects and participant disposition, as noted in the
Initiative on Methods, Measurement, and Pain Assessment in
Clinical Trials (IMMPACT) statement34; to compare the duration of pain relief; and to assess the effect of multiple injections and steroid dose on pain.

Study eligibility
Trials published in English with adult (18 yr of age) patients
having CNCP were included if they randomised patients to
receive SLA or LA (with or without saline), administered as a
percutaneous injection. Our operational definition for CNCP
was the presence of pain lasting longer than 3 months, which
is usually considered as the expected period of healing, in the
absence of neoplastic origin.4 Studies were excluded if
included patients had a known inflammatory cause of pain
such as rheumatoid arthritis, ankylosing spondylitis, systemic
lupus erythematosus, or gouty arthritis, and pain of generalised nature such as fibromyalgia. If a trial involved a mix of
patients, we included the study only if they reported outcomes
separately for our study population of interest, or if at least
90% of the trial patients were >18 yr old with CNCP. We
excluded crossover and N-of-1 trials, and non-therapeutic
trials. Crossover studies may not be suitable because some
conditions can improve over time; a suitable washout period
cannot be clearly estimated for interventions which lead to
unexpectedly prolonged relief; and many crossover studies do
not provide appropriate paired analysis required for metaanalysis.35 We also excluded trials involving injections with
additional agents (e.g. hyaluronidase, dextrose, plasma), or if
injections involved a co-interventional procedure (e.g. radiofrequency treatment, epidurolysis).

Information sources and search strategy
We searched MEDLINE, EMBASE, and CENTRAL from their
inception until May 7, 2019, without any limits for language.
We complemented our search by reviewing bibliographies of
relevant reviews published in anaesthesia and pain journals
(Appendix S1) over the past 5 yr on the topic of steroid
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injections for CNCP, and by searching the WHO clinical trial
registry (http://apps.who.int/trialsearch/) and the clinical trial
registry (https://clinicaltrials.gov/), to look for any registered
studies fulfilling our eligibility criteria and crosscheck for
published results. The search was performed using a sensitive
strategy, prepared by an experienced librarian (RC) for each
specific database, based in part on a comprehensive list of
CNCP indications for which LA and SLA injections are
commonly used. The search terms included possible indications, along with terms identifying corticosteroids, and
LAs. Details of search strategy are provided in Appendix S1.

Study selection
Using an online software tool specially optimised to conduct
systematic reviews (DistillerSR e http://systematic-review.
net/), studies were selected using a two-stage (abstract and
full text) process by paired reviewers working independently
and in duplicate. Non-English publications were excluded at
the full-text level. A calibration exercise was performed between each reviewer pair and disagreement was resolved by
consensus or by discussion with a third reviewer (HS). A
quadratic kappa statistic was calculated as a measure of interobserver agreement for full-text screening, independent of
chance regarding study eligibility and interpreted as almost
perfect agreement (0.81e0.99); substantial agreement
(0.61e0.80); moderate agreement (0.41e0.60); fair agreement
(0.21e0.40); slight agreement (0.01e0.20); and 0 as less than
chance agreement.36

Data extraction
Multiple teams of paired reviewers extracted data using
standardised data extraction forms, independently and in
duplicate. A detailed instruction manual was provided along
with each relevant form. Extracted items included study
characteristics, risk of bias items, demographic information,
participant flow through the study, and outcomes for the six
core domains recommended by the 2005 IMMPACT
statement.34

Outcome measures and data synthesis
Relief of pain was considered the primary outcome, and other
core IMMPACT outcomes as secondary outcomes (including
physical function improvement, global improvement, QoL and
adverse events). Continuous and categorical outcome measures were separately extracted, analysed, and reported.
Pooling was done if there were two or more studies that
contributed to a particular outcome domain. For the primary
outcome of pain relief, we considered the outcomes reported
closest to 4 weeks as indicative of treatment effectiveness.
Based on the most common range of duration of follow-ups
observed in included studies, we decided to separately pool
studies reporting their first pain relief outcome between 2e6
weeks and 2e4 months. Hence, all studies were included
either in the first or second, or both groups if outcomes were
reported during both durations. Binary outcome of ‘success’
was considered based on dichotomous study reporting. If
studies used categorical reporting such as mild, moderate, and
severe, patients were dichotomised to ‘successful’ or ‘failure’
categories based on their change from higher to lower category, such as from severe to moderate or mild. This was based
on the assumption that any change from a higher ordinal
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category to a lower category is considered successful and
mild-to-moderate pain represents an acceptable state of pain
compared with severe pain.37,38 We converted all continuous
measures to a common scale: (1) pain scores to 0e10 numerical rating scale (NRS); (2) functional improvement to a percentage scale of Oswestry Disability Index (ODI) (0%, no
disability; 100%, complete disability)39; and (3) improvement in
QoL to a 0e100 scale (0, worst; 100, best). We performed all
statistical analyses using Stata statistical software version 15.1
(StataCorp, College Station, TX, USA). All comparisons were
two-tailed using a threshold P0.05. We performed randomeffects models using the DerSimonianeLaird method for all
meta-analyses. If there were more than one treatment group
(two different steroids or doses of steroids), they were combined into one group before pooling.35 As the primary objective
of this review was to establish if addition of any steroid to LA
would improve the response (pain relief), this is appropriate.
Although there may be differences in responses between
particulate and non-particulate steroids, studies have shown
that effects are not inferior.40,41 However, if the third group
involved a different target (e.g. two groups of epidural injection and one group of intramuscular injection), it was
excluded. We presented the relative risk (RR) of success or
improvement and the associated 95% confidence interval (CI)
for dichotomous outcomes, and weighted mean differences
(WMD) and 95% CI for continuous outcomes. To enhance
interpretability with continuous measures for pain relief,
probabilities were estimated for patient accepted symptom
state of <4 (successful) or >4 in an 11-point NRS, after converting all results to the same direction. Risk differences (RD)
and number needed to treat (NNT) were reported whenever
pooled results were significant. Measure of heterogeneity was
reported as c2 and inconsistency across studies as proportion
of I2. We hypothesised that SLA leads to longer pain relief and
higher steroid doses are associated with better pain relief.
Meta-regression was performed to assess the effect of steroid
dose on the success (binary) and intensity of pain relief
(continuous) between studies. As we have indicated earlier,
one of the assumptions to add steroids to LA is the potential
for prolonged pain relief. However, existing studies rarely, if at
all, consider duration of relief as an outcome. There are variations within studies of multiple injections; some consider
giving a series of injections before outcome evaluation,
whereas others allow more than one repeat injection based on
the initial outcome. Hence, we considered an indirect evaluation of steroid effect on duration by assessing ‘success’ or
‘pain score’ over lengths of follow-up in single injection
studies using meta-regression.

Exploration of heterogeneity and subgroup analysis
As per our a priori hypotheses, we performed subgroup
analysis based on clinical groups categorised according to
the structure being targeted, and single vs multiple sittings
of injections to the same target. The seven clinical categories considered were: (1) peripheral joint (hip, knee,
shoulder joint injections, and other joint injections); (2)
spinal joint/disc (facet joint or disc injections); (3) spinal
nerve or epidural or intrathecal (epidural injections
including transforaminal epidural); (4) peripheral nerve
(nerves such as occipital nerve, suprascapular, and median
nerve); (5) autonomic ganglia (stellate ganglia, celiac plexus,
lumbar sympathetic block); (6) soft tissue (injections to
lateral or medial elbow ligaments, subacromial bursa or
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Records identified through database
searching*
(n=5363)

Additional records identified through
other sources
(n=12)

Records after duplicates removed
(n=5097)

Records screened
(n=5097)
Records excluded
(n=4482)
Full-text articles assessed for
eligibility
(n=615)
Full-text articles excluded, with
reasons (n=542)
Studies included in
qualitative synthesis
(n=73)

Could not be retrieved =2
Not English = 29
Not a prospective RCT = 175
Crossover studies = 6
Population does not qualify = 83
Conference proceedings = 19
Interventions does not qualify = 191
Preliminary or duplicate reports = 36
Retracted article = 1

Studies included in
quantitative synthesis
(meta-analysis)
(n=69)

Fig 1. PRISMA Flowchart. *Latest search was carried out on May 7, 2019. PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

plantar fascia); and (7) trigger point or intramuscular (injections to trigger point, piriformis muscle, or any other
intramuscular injections).

Sensitivity analyses
Pain relief outcome was explored for loss to follow-up (LTFU)
in studies with >5% LTFU (considered as patients missing
their data from analysis for any reason) using imputation
strategies described Ebrahim and colleagues42 and Akl and
colleagues43 for continuous and dichotomous measures,
respectively. For trials in which the authors report total
missing participant data only, without specifying what
groups and the stage the participants were missing, we
considered the total sample size and the actual sample size
included for final analysis and assumed that missing data
were equally distributed between the arms. For trials in
which the authors reported imputed analysis only, we used
the imputed results for the meta-analysis. Sensitivity

analysis was also carried out for a risk of bias (RoB) component, when there was substantial variability. We conducted a
post-hoc sensitivity analysis by excluding trials that used
intrathecal methylprednisolone for intractable post-herpetic
neuralgia. Intrathecal steroids have a higher risk of chemical
meningitis, transverse myelitis, arachnoiditis, cauda equina
syndrome, lumbar radiculitis, intractable headache, and
urinary retention. Its use is not recommended because of
these safety concerns.44,45

Addressing sources of biases
Studies were assessed for RoB using a modified Cochrane RoB
tool based on the components of sequence generation, allocation concealment, blinding of participants, blinding of
outcome assessment, incomplete outcome data (>5% LTFU),
and selective outcome reporting. Publication bias was
assessed using a funnel plot and by the test of Harbord or
Egger.46 Selective outcome reporting was considered when

Table 1 Characteristics of included studies.
No First author, year
(country/region)

Autonomic Ganglia
1. Stevens,102 2012 (USA)

Epidural-Intrathecal
2. Tafazal,103 2009 (UK)
3. Manchikanti,89 2012a
(USA)
4. Nam,94 2011 (Asia)
95

5. Ng, 2005 (UK)
6. Rogers,96 1992 (UK)
7. Manchikanti,79 2012b
(USA)
8. Manchikanti,90 2012c
(USA)
9. Manchikanti,86 2012d
(USA)

11. Kotani,73 2000 (Japan)

12. Rijsdijk,99 2013 (Other
Europe)
13. Datta,62 2011# (Asia)

Age: Mean (SD)

LA + Steroid

LA Only

LA + Steroid

LA Only

LA + Steroid

LA Only

Celiac plexus
Chronic pancreatitis
Only study on autonomic
ganglia

21 (21) 43%

19 (16) 47%

39.5 (10.9)

44.1 (12.5)

29 [13, 84]*

48 [21, 84]*

Lumbar radicular pain
Lumbar disc herniation
and radiculitis
Lumbar scoliosis with
spinal stenosis
Lumbar radicular pain
Sciatica
Chronic low back pain
without disc herniation
Chronic low back pain e
post lumbar surgery
Chronic cervical pain e
post surgery syndrome
Although preliminary e
has no final report not
published
Cervical spinal stenosis
Although preliminary e
has no final report not
published
Postherpetic neuralgia
Three different
measures for pain
(lancinating, burning,
and allodynia) e primary
outcome measure not
specified.
Global pain relief e given
as two categories was
considered.
Postherpetic neuralgia

Lumbar-transforaminal
Caudal

74 (70) 35%
60 (60) 62%

76 (71) 36%
60 (60) 68%

52.8
43 (14.5)

51
48.7 (14.1)

20 [7, 24.5]¶
81.3 (81.7)

17.8 [6, 24.5]¶
93.4 (86.9)

Lumbar-interlaminar

17 (17) 76%

19 (19) 74%

75.24 (5.27)

71.58 (9.55)

7.71 (2.59)

6.74 (2.83)

Lumbar-interlaminar
Lumbar-interlaminar
Caudal

43 (43) 42%
15 (15) 53%
60 (60) 63%

43 (43) 47%
15 (15) 53%
60 (60) 78%

51.2 (14.5)
42 [22, 61]¶
43.9 (13.1)

49.7 17.1
41 [23, 63]¶
48.5 (15.3)

16.9 [6.25, 19.5]* 12 [6, 18.5]*
23 [1, 240]*
25 [1, 240]*
92 (85.4)
100 (87)

Caudal

70 (70) 51%

70 (70) 39 %

48 (12.3)

52.4 (14.1)

160 (113.3)

152.1 (106.9)

Cervical

28 (28) 32%

28 (28) 64%

49 (10.3)

48.3 (9.9)

111.2 (73.9)

122.3 (77.7)

Cervical

30 (30) 10%

30 (30) 7%

49.7 (8.9)

49.9 (8.5)

94.3 (77.4)

115.2 (89.9)

Intrathecal

89 (89) 47%

91 (91) 52%

63 8

65 8

36 (19)

41 (20)

Intrathecal

6 (6) 33%

4 (4) 50%

76x [70, 88]¶

70x [60, 72]¶

24x [17.5, 50.5]¶

21.5x [9.3, 87]¶

152 (121) 8%

55 (42) 9%

43

41
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Clinical group
Target structure
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Chronic low back pain
Caudal
Four groups and three
steroid groups combined
into one group for this
review
LA only considered as
placebo

Duration of chronic pain
(months)
Mean (SD)

Addition of steroids to chronic pain injections

10. Manchikanti,87 2012e
(USA)

No of patients randomised
(analysed)
Females in %

Clinical diagnosis
Study groups

Continued

Table 1 Continued
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2014 (USA)

15. Manchikanti,78 2015
(USA)
16. Manchikanti,85 2013a
(USA)
17. Manchikanti,83 2014a
(USA)
18. Manchikanti,80 2013b
(USA)
19. Manchikanti,82 2012f
(USA)¶
20. Fukusaki,67 1998 (Japan)
21. Manchikanti,81 2014b
(USA)
22. Manchikanti,91 2014c
(USA)
23. Anderberg,52 2007
(Other Europe)
24. Manchikanti,84
2014d(USA)
25. Ghai,107 2015 (Asia)
26. Okmen,111 2017 (Other
Europe)
27. Saqib,114 2016 (Asia)
Peripheral Joint
28. Henriksen,13 2015
(Other Europe)
29. Beyaz,56 2012 (Asia)

30. Rizk,100 1991# (USA)

Lumbar spinal stenosis

Clinical group
Target structure

No of patients randomised
(analysed)
Females in %

Age: Mean (SD)

LA + Steroid

LA + Steroid

LA Only

Duration of chronic pain
(months)
Mean (SD)
LA Only

LA + Steroid

LA Only

200 (193) 59% 200 (193) 52% 68 (9.8)

68 (10.2)

[3, 60]*

[3, 60]*

Lumbar spinal stenosis

Lumbar-interlaminar and
transforaminal
Lumbar-interlaminar

60 (60) 45%

60 (60) 68%

50 (15.3)

54.6 (13.5)

105 (87.7)

93.4 (86.9)

Cervical disc herniation

Cervical

60 (60) 58%

60 (60) 53%

45.6 (10.4)

46.2 (10.3)

91.9 (94.5)

118.3 (98.6)

Lumbar disc herniation
and radiculitis
Chronic discogenic low
back pain
Lumbar spinal stenosis

Lumbar-interlaminar

60 (60) 38%

60 (60) 62%

40.6 (12.5)

49 (14.1)

133.2 (108.5)

135 (120.3)

Lumbar-interlaminar

60 (60) 60%

60 (60) 77%

42.7 (11.4)

41.2 (11.9)

129 (90.9)

104.2 (106.5)

Caudal

50 (50) 50%

50 (50) 68%

55.7 (15.9)

56.9 (14.5)

104.9 (80.4)

94.2 (106.9)

Spinal stenosis
Three groupsy
Chronic thoracic pain

Lumbar-interlaminar

19 (19) 32%

18 (18) 28%

72.7

69.9

NR

NR

Thoracic-interlaminar

55 (55) 56%

55 (55) 85%

40.8 (13.1)

42.8 (13.7)

91 (85.7)

103 (90.7)

Lumbar disc herniation

Lumbar-transforaminal

60 (60) 55%

60 (60) 83%

42.6 (11.2)

43.8 (11.8)

103.8 (92.5)

98.4 (83.4)

Cervical radiculopathy

Cervical-transforaminal

20 (20) 55%

20 (20) 45%

51x

51x

31x [3, 120]*

31x [3, 120]*

Cervical discogenic pain

Cervical-interlaminar

60 (60) 68%

60 (60) 75%

41.8 (11.6)

44.5 (12.6)

95.8 (95.7)

100.3 (94.3)

Chronic low back with
Lumbar parasagittal
radicular pain
epidural
Chronic low back pain due Interlaminar epidural
to disc disease
Chronic low back pain
Interlaminar epidural

35 (35) 46%

34 (34) 56%

45.9 (13.3)

44.7 (10.5)

21.5 (14.8)

19.6 (12.5)

60 (48) 52%

60 (50) 62%

51.9 (9.2)

53.8 (10.3)

14.5 (4.9)

13.9 (4.7)

60 (55) (50.5%) 60 (54) (50.5%) 49.37 (10.46)

49.37 (10.46)

15.01 (9.32)

15.01 (9.32)

Osteoarthritis

50 (50) 56%

50 (50) 66%

61.3 (9.9)

65.5 (8.3)

NR

NR

25 (25) 84%

25 (25) 72%

68.6 (7.3)

70.7 (7.7)

32 (29) 34%

16 (15) 56%

55 [40, 70]

55 [40, 70]

13.2x [8, 18]*

13.2x [8, 18]*

Knee-intraarticular

Osteoarthritis
Knee
Three groupsye LA only
considered as placebo
Shoulder
Adhesive capsulitis
Four groups; two
separate LA + steroid
groups for intra-articular
and intrabursal
injection, and one LA
group. We have
combined both LA +
steroid for comparison.
LA only considered as
placebo

Continued
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14. Friedly,

66

Clinical diagnosis
Study groups

-

No First author, year
(country/region)

Table 1 Continued
No First author, year
(country/region)

31. Flanagan,

65

1988 (UK)

32. Lambert,74 2007#
Canada
33. Prestgaard,113 2015#,y
(Other Europe)
34. Spolidoro Paschoal,115
2015 (South America)
Peripheral nerve
35. Karadas,70 2011 (Other
Europe)
36. Ashkenazi,54 2008 (USA)

37. Dammers,61 1999
(Other Europe)
38. Armstrong,532004#
(USA)

41. Kashipazha,71 2014
(Other Europe)
42. Ambrosini,51 2005#
(Other Europe)
43. Labat,109 2016 (Other
Europe)
44. Kim,116 2018 (Asia)
45. Mol,117 2018 (Other
Europe)
46. Salman Roghani,118
2018 (Asia)

Hip osteoarthritis
3 groupsy
Osteoarthritis hip

Clinical group
Target structure

No of patients randomised
(analysed)
Females in %

Age: Mean (SD)

LA + Steroid

LA Only

LA + Steroid

LA Only

LA + Steroid

LA Only

Hip

12 (12) NR

12 (12) NR

NR

NR

NR

NR

Hip

31 (31) 50%

21 (19) 68%

65.6 (11)

56.9 (11)

51 (39)

51 (56)

Duration of chronic pain
(months)
Mean (SD)

Adhesive capsulitis
shoulder
Osteoarthritis

Shoulder

42 (39) (64%)

40 (36) (65%)

53.2 (6.9)

55.4 (6.5)

3.77 (1.15)

3.75 (1.4)

Hand-intraarticular

30 (30) (100%) 28 (30) (93%)

60.7 (9.1)

60.7 (7.3)

4.7 (4.2)

5.2 (3.0)

Carpal tunnel syndrome

Median nerve

33 (33) 88%

32 (32) 88%

46.35 (12.38)

46.75 (5.83)

9.4 (3.477)

10.25 (2.03)

Transformed migraine
Pain relief reported as
number of pain-free
daysz
Carpal tunnel syndrome

Occipital

19 (19) 37%

18 (18) 78%

40.7 (8.9)

41.9 (11.3)

276 (156)

228 (144)

Median

30 (30) 80

30 (30) 86

53

51

32

25

43 (43) 81%

38 (38) 74%

51.9 (13.3)

51.2 (10.4)

NR

NR

12.9 (20.2)

9.7 (20.2)

NR

NR

Median
Carpal tunnel syndrome
After two weeks
assessment the
randomization was
opened and LA group
allowed steroid injection
Peripheral neuropathic
Peripheral nerve-various
pain (posttraumatic)
Migraine
Occipital

44 (44) 39%

44 (44) 34%

51.8 (14.7)

57.8 (13.9)

35 (33) 86%

35 (30) 71%

44 (11)

42 (16)

Migraine

24 (24) 83%

24 (24) 88%

37 (4.41)

Cluster headache
LA only considered as
placebo
Pudendal neuralgia

Occipital

x

37.04 (9.93)
¶

x

¶

Occipital

13 (13) NR

10 (10) NR

47.5 [26, 52]

35 [24, 43]

NR

NR

Pudendal nerve block

66 (66) 57%

68 (68) 60%

57 (13)

57 (12.7)

50 (59.7)

36 (42.3)

24 (24) (100%) 24 (24) (96%)
68 (68) (76%) 68 (68) (73%)

65.8 (9.2)
43x [18, 78]¶

66.5 (4.7)
46¶ [18, 79]¶

54 (24)
15x [1, 120]¶

66 (26.4)
14x [1, 120]¶

69 (64) (72%)

66 (13)

63.4 (10)

NR

NR

Osteoarthritis
Genicular nerve block
Anterior cutaneous nerve
Abdominal pain due to
anterior cutaneous nerve
entrapment syndrome
Median nerve
Carpal tunnel syndrome,
three groups e two
steroid groups combined
as one group

33 (30) (82%)

-
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39. Eker,64 2012 (Other
Europe)
40. Dilli,63 2013# (USA)

Clinical diagnosis
Study groups

7

Table 1 Continued
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Lateral epicondylitis
Periarticular structure:
three groupsy
LA only considered as
placebo
We have combined both
LA + steroid for
comparison
Trigger finger
48. Baumgarten,55 2007¶
(USA)
Two parallel diabetic
groups compared with
and one non-diabetic
group.
LA only considered as
placebo
77
Medial epicondylitis
49. Bahari, 2003 (Asia)
104
50. Thomson,
2013 (UK) Morton neuroma
51. Alvarez,50 2005
Rotator cuff tendinosis
(Canada)
52. Crawford,59 1999 (UK)
Heel pain
Four groups e only two
groups considered for
this review
Lateral Epicondylitis
53. Wolf,15 2011# (USA)
3 groupsye LA only
considered as placebo
Plantar heel pain
54. Kiter,72 2006 (Asia)
Three groupsy
Pain relief only reported
at 6 monthsz
55. Holt,69 2013 (UK)
Shoulder arthropathy
Pregancy-induced chronic
56. Torstensson,105 2009
(Other Europe)
back pain
57. Stahl,101 1997# (Israel)
Medial epicondylitis
Subacromial impingement
58. Blair,57 1996 (USA)
syndrome
Outcome reported at
difference time point for
the two groupsz
Non-spondyloathropathic
59. Luukkainen,76 2002
(Other Europe)
pain sacroiliac joint
60. Lindenhovius,75 2008
Lateral epicondylitis
(USA)

No of patients randomised
(analysed)
Females in %

Age: Mean (SD)

LA + Steroid

LA Only

LA + Steroid

LA Only

LA + Steroid

LA Only

Elbow ligaments-lateral

59 (58) 46%

29 (29) 38%

47x

46x

20x [6, 150]*

16x [4, 152]*

Flexor tendon sheath

16 (16) 63%

14 (14) 50%

62.9 (9)

61.4 (9.1)

Elbow ligaments-medial
Subcutaneous neuroma
Subacromial bursa

20 (20) 30%
64 (61) 84%
31 (30) 52%

20 (20) 20%
67 (64) 85%
31 (28) 35%

42.55 (8.89)
54.7 (17.4)
50 (15)

42.7 (7.49)
51.6 (12.9)
46 12

NR
44 (44)

NR
17.4 (28.6)

Heel pad

27 (26) 60%

27 (26) 77%

59.41 (11.84)

56.88 (13.02)

11.65 (19.49)

18.96 (25.72)

Elbow ligaments-lateral

9 (9) NR

9 (9) NR

49

49

Plantar fascia

15 ¶NR

15 ¶NR

50.7

50.7

19.3 [6, 180]*

19.3 [6, 180]*

Subacromial bursa
Sacrospinous ligaments

19 (19) 58%
18 (18) 100%

21 (20) 71%
18 (18) 100%

61.5 (5.8)
56 (11.3)
15.9 (6.1)
32.3x [28.1, 37.9]¶ 32.2x [29.5, 36.3]¶ 4.3x [2.3, 6.5]¶

10.7 (5)
4.1x [2.7, 6.4]¶

Elbow ligaments-medial
Subacromial bursa

30 (30) 20%
19 (19) 79%

30 (30) 27%
21 (21) 81%

43 (1.22)
56 [32, 81]¶

41.3 (1.48)
57 [33, 81]¶

4.33 (0.25)
8 [3, 24]*

4.72 (0.25)
8 [3, 22]*

Sacroiliac ligaments

13 (13) 77%

11 (11) 64%

50.3 [38, 68]¶

49.3 [23, 62]¶

64 [8, 180]*

52 [8, 180]*

Elbow ligaments-lateral

31 (24) 55%

33 (27) 55%

50

50

3 [0.5, 5]*

2 [0.5, 5]*

Clinical group
Target structure

Duration of chronic pain
(months)
Mean (SD)

Continued
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Soft tissue structure
47. Price,98 1991# (UK)

Clinical diagnosis
Study groups

-

No First author, year
(country/region)

Table 1 Continued
No First author, year
(country/region)

60

61. McCleane, 1998
(Other Europe)

#

62. Akgun,49 2004 (Other
Europe)

63. Plafki,97 2000 (Other
Europe)

64. Rah,14 2012# (Asia)
112

#,y

Clinical group
Target structure

No of patients randomised
(analysed)
Females in %

Age: Mean (SD)

LA + Steroid

LA Only

LA + Steroid

LA Only

LA + Steroid

LA Only

Sacroiliac ligaments

15 (15) 80%

15 (15) 87%

47

36

43 [4, 140]*

41 [13, 60]*

Subacromial bursa

16 (16) 75%

16 (16) 63%

48.5 (8.5)

47.5 (9.5)

19 (12.2)

11.8 (7.8)

Subacromial bursa

40 (40) 30%

10 (10) 40%

43.5x [27, 63]¶

43.5x [27, 63]¶

16.8

16.8

Duration of chronic pain
(months)
Mean (SD)

Subacromial bursa

30 (29) 64%

30 (29) 62%

56.6 (12.5)

54.9 (10.6)

6.6 (4.3)

7 (3.4)

Subacromial bursa

53 (53) NR

55 (55) NR

NR

NR

NR

NR

Morton’s neuroma

Neuroma

20 (16) 60%

21 (19) 80%

57.7 (9.8)

60.7 (11.6)

21.6 (20.8)

20.58 (14)

Low back pain with
transitional vertebra
Chronic low back pain
efacet joint
Has four groups;
separate analysis for
groups without sarapin
reported
Preliminary report
Chronic thoracic painfacet joint

Painful location steroid
injection
Facet-lumbar medial
branch

8 (7) NR

8 (8) NR

41.7 (11.8)

43.7 (19.1)

56.7 (53.6)

46.7 (68.7)

15 (15) 53%

15 (15) 47%

44 (16.3)

56 (15.6)

120 (118.3)

189 (175.5)

Facet-thoracic medial
branch

50 (50) 38%

50 (50) 62%

42.8 (12.3)

44.7 (11.7)

77 (73.6)

78 (68.8)

Trigger points

15 (15) NR

15 (15) NR

NR

NR

Piriformis muscle

25 (22) 92%

25 (25) 68%

47.2 (13.4)

45.5 (14.1)

23.6 (30.5)

17.4 (28.6)

Trigger points

14 (14) NR

13 (13) NR

38

38

NR

NR

9

69. Manchikanti,92 2012g
(USA)
Trigger point/intramuscular
70. Venancio,106 2008
Myofascial pain and
(South America)
headaches
Three groupsy
Baseline parameters not
provided separatelyz
Piriformis syndrome
71. Misirlioglu,93 2015
(Other Europe)
72. Garvey,68 1989 (USA)

-

Sacroiliac pain-chronic
Three groupsy
LA only considered as
placebo
Subacromial impingement
syndrome
Three different
outcomes measures for
pain (rest; activity; sleep)
e primary outcome
measure not specified.
Resting VAS scores
considered
Subacromial impingement
syndrome
Three groupsy
LA only considered as
placebo
Post stroke hemiplegic
shoulder pain
Subacromial impingement

Addition of steroids to chronic pain injections

65. Penning,
2014
(Other Europe)
66. Lizano-Diez,110 2017#
(Other Europe)
Spinal joint
67. Glemarac,108 2018
(Other Europe)
68. Manchikanti,88 2007
(USA)

Clinical diagnosis
Study groups

Continued
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LA Only

72

LA + Steroid

150

No patient and public involvement

39.5

This research was done without patient involvement. Patients
were not invited to comment on the study design and were not
consulted to develop patient relevant outcomes or interpret
the results. Patients were not invited to contribute to the
writing or editing of this document for readability or accuracy.

43.5
23 (23) NR
73. Bourne,58 1984 (UK)

LA, local anaesthetic; No., number; NR; not reported; SD, standard deviation.
*
Range.
¶
Inter-quartile range.
x
Median.
#
LA was considered as placebo.
y
Three study groups, but only two groups considered for this review.
z
Study not considered for quantitative analysis.

Low back pain-chronic
Four groups, only two
groups considered for
this review
Trigger points
Chronic low back pain,
oldest included report:
three groups e two
steroid groups combined
as one group

34 (34) NR

LA + Steroid
LA + Steroid

The quality of evidence was summarised using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) approach and presented as a summary of findings
(SoF) table.48

Results

Clinical diagnosis
Study groups

LA Only

Age: Mean (SD)

Rating of quality of evidence

No First author, year
(country/region)

Table 1 Continued

Clinical group
Target structure

No of patients randomised
(analysed)
Females in %

LA Only

Duration of chronic pain
(months)
Mean (SD)

outcomes described in the Methods section were not reported
in the Results section of the same study report.47

We identified 5097 potential trials of which 615 full-text
articles were screened and 73 trials were included in
our systematic review (Fig 1). The weighted kappa score
for agreement on full text selection was 0.84, indicating almost perfect agreement. The characteristics of
included studies are provided in Table 1.13e15,49e80,81e118
LA was considered as placebo in 20% (15 of 73)
studies,14,15,51,53,55,60,62,63,74,98,100,101,110,112,113
whereas
the
remaining studies used LA as control. Use of a suitable
form of image guidance was reported by 36 studies (49%).
The studies included different types of injections for
CNCP conditions and were categorised into the following
clinical subgroups: epidural and intrathecal injections
(n¼26),52,62,66,67,73,78e87,89e91,94e96,99,103,107,111,114 spinal joint
or disc procedures (n¼3),88,92,108 peripheral intra-articular
injections (n¼7),13,56,65,74,100,113,115 peripheral nerve injections
(n¼12),51,53,54,61,63,64,70,71,109,116e118 soft tissue and periarticular
injections (n¼20), 14,15,49,50,55,57,59,60,69,72,75e77,97,98,101,104,105,110,112
injections on autonomic ganglia/nerve (n¼1),102 and trigger
point or intramuscular injections (n¼4).58,68,93,106 There were six
studies which contained more than one steroid groups e using
either two different steroids or two different doses, and we
combined them as one group of SLA for analysis.58,62,97,98,100,118
Out of 73 studies, 69 studies were included for meta-analysis,
and the following four were excluded from analysis and the
reasons for exclusion are noted in Table 1. Ashkenazi and colleagues54 compared SLA and LA for greater occipital nerve
block in patients with transformed migraine and reported no
significant difference in the mean headache-free days. Venancio and colleagues106 randomized headache patients with
trigger points to SLA, LA, and dry needling group, and assessed
pain using modified symptom severity scale and found no difference between the groups at 12 weeks. Blair and colleagues57
compared SLA and LA for subacromial injection with a mean
duration of follow-up reported as 33 and 28 weeks, respectively,
and noted significant improvements in the SLA group. Kiter
and colleagues72 randomised patients with plantar heel
pain to injection with peppering technique to SLA, LA, and
autologous blood groups. At 6 months after injection, all three
groups reported good responses for pain relief with no differences between them.72 All study outcomes are summarised in
Table 2.

Addition of steroids to chronic pain injections

Pain relief
As the initial step, we separately pooled outcomes reported
between 2e6 weeks and 2e4 months. However, the test for
interaction for subgroup effects was not statistically significant, both for pain success (binary) or decrease in pain scores
(continuous). Hence, we report them as single pooled analysis
for both. Moderate quality of evidence showed that SLA
resulted in slightly better success than LA (42 trials, 3586 patients, RR¼1.14; 95% CI, 1.03 to 1.25; I2¼72%, NNT: 13; Fig 2,
Appendix S2). However, the absolute RD decreased by nearly
50% and the NNT increased to 22, with the removal of two
studies by Kotani and colleagues73 and Rijsdijk and colleagues,99 reporting on the use of intrathecal methylprednisolone for intractable post-herpetic neuralgia. This post-hoc
sensitivity analysis (Appendix S3) is both methodologically
and clinically meaningful because despite the spectacular results by Kotani and colleagues,73 the study by Rijsdijk and
colleagues99 had to be stopped for futility and safety concerns.
Moreover, it has never been replicated and intrathecal steroid99 is not commonly used for CNCP for safety concerns.45,119
Similar recommendation has been made by the Neuropathic
Pain Special Interest Group of International Association for the
Study of Pain in their recent recommendations.120 For pain
relief expressed as MD using 0e10 NRS, among 54 studies with
4416 patients, intensity of end pain score with SLA was less by
0.44 units (0.64, 0.24), I2¼76% (Fig 3). The proportion of patients
achieving a patient accepted symptom state (pain score of <4
in 0e10 NRS) indicated an RD of 8.8% (4.6%, 13%), favouring
SLA with an NNT of 12.

Secondary outcomes
Moderate quality of evidence showed no significant functional
improvement between groups for chance of success (RR¼1.04;
95% CI, 0.96 to 1.12; Appendices S2 and S4) and a very small
difference in ODI scores with SLA (WMD e1.77 points on ODI;
95% CI, e2.99 to e0.56 points; Appendices S2 and S5). There
were no significant differences in global patient improvement
or satisfaction (RR¼1.16; 95% CI, 0.96 to 1.40; Table 2, Appendix
S6) and QoL scores (WMD 2.59 points on a 0e100 scale; 95% CI,
e0.71 to 5.89; Table 2, Appendix S7). We observed that clinically relevant adverse effects were not reported by a large
majority of studies. Among adverse effects reported by more
than two studies, there were no differences (Appendix S8).

Additional analyses
No subgroup effects were detected for pain relief between
different clinical categories (Fig 4 and Appendix S9), and single
vs multiple injection (Table 2). The number of studies in some
of the groups were small, such as peripheral intra-articular
(n¼7), autonomic ganglia (n¼1), and trigger points or intramuscular (n¼4). Because this was a secondary analysis and
also because of the small number of studies, the individual
group results must be interpreted with caution. Although
meta-regression did not find significant association between
dose of steroids and success of pain relief (P¼0.10, Appendix
S10a), in trials reporting pain scores, higher dose of steroids
was associated with a small (less than 2 points e clinically
insignificant as it is less than MID) reduction in pain scores
(P¼0.002, Appendix S10b). Meta-regression did not find significant association between pain relief and length of follow-
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up among trials with single injection (Appendices 11a and
11b).

Assessment of bias
Among potential risk of domains, nearly half of the studies
were at risk of selection bias in the domain of allocation
concealment (Appendices S12a and S12b). Less than 25%
studies suffered from attrition bias and sensitivity analyses
based on imputations for LTFU patients did not change the
effect sizes for pain success or scores significantly. We did not
find evidence of publication bias both by visual inspection of
funnel plots and testing. Among studies included for binary
outcome of successful pain relief and comparison of pain
scores, the Harbord’s test (P¼0.76; Appendix S13a) and Egger’s
test (P¼0.42; Appendix S13b) were not significant, respectively.

Discussion
Our review and meta-analysis comparing LA with SLA found
that only one in 13 individuals might have successful pain
relief with the addition of steroids in CNCP. With the removal
of two studies of intrathecal injection of steroids, the effect
size nearly reduced by 50% (only one in 22 had success). The
decrease in pain scores of 0.44 units in 0e10 NRS was less than
clinically meaningful. There were no differences in physical
functioning, global improvement or satisfaction or QoL. Our
analyses also do not support the hypothesis that addition of
steroids may prolong pain relief, or that higher doses of steroids are associated with better success.
Because of the rate at which the interventional pain injections have increased over the past several years,121,122 calls
to improve the quality of studies and for appropriateness of
their use have been made.122e124 Ideally, all medical interventions need to go through proof-of-concept testing to
establish biological efficacy, followed by assay testing to
establish the extent of biological activity. These stages of
testing allow confirmation of biological activity and internal
validity of a treatment and establish target structures, potentially
phenotypical
variations
in
response,
and
doseetherapeutic relationship.125,126 However, the biological
underpinnings of steroid injections are unclear because they
have never been tested in appropriate preclinical models or for
assay sensitivity. Moreover, there is lack of clarity and
consensus on the technical aspects, diagnostic criteria, definition of success, frequency, number, or timing of interventions.4,124 In addition, there is a higher chance of
placebo response in chronic pain,127 with or without an injection.128 As LA can have biological response, we think it is
inappropriate to consider them as placebo (inactive)
comparators.
Once we appreciate that both comparators are active, it is
pertinent to consider their mechanisms of action in CNCP.
Apart from the anti-inflammatory effect, other postulated
mechanisms of steroids include membrane stabilisation, inhibition of neuropeptide synthesis, and blocking of ectopic
signals.129,130 However, similar effects that go beyond the
reversible conduction blockade such as suppressing ectopic
discharges and decreasing sensitisation, have been postulated
for LA alone.28,131 It is possible that both can unwind sensitisation of chronic pain signals involved in neuroplasticity.22,132,133 However, the neural correlates underlying
such phenomenon are poorly studied.134 Clinically, the predominant use of LA alone injections in CNCP have been for
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Table 2 Summary of results. CI, confidence interval; LA, local anaesthetic; MD, mean difference; NNT, number needed to treat; NRS, numerical rating scale; ODI, Oswestry Disability
Index; RD, risk differences; RR, risk ratios.

-

Number of trials (participants)

Results
Effect size (95% CI)

Inference and observation

Success of pain relief expressed as RR

42 (3586), 2 weeks to 4 months

RR¼1.14 (1.03e1.25) I2¼72%; NNT, 13

Reduction in pain expressed using 0e10
NRS

54 (4416), 2 weeks to 4 months

MD¼e0.44 (e0.64 to e0.24), I2¼76%

Slightly better success with LA þ steroid
No significant publication bias
Small improvement in pain relief with
LA þ steroid
No significant publication bias
Better success with LA þ steroid

54 (4416), 2 weeks to 4 months
Proportion of patients achieving success
Dichotomised using end score of 3 in
based on responder analysis of pain
0e10 NRS
score comparison
Secondary outcomes
Improvement in physical function
21 (2301), longest follow-up outcome
expressed as RR
Improvement in physical function
36 (3315), longest follow-up outcome
expressed as MD in ODI%
Global improvement or Patient
8 (806), longest follow-up outcome
satisfaction expressed as RR
Quality of life expressed as MD using
9 (963), longest follow-up outcome
0e100 scale
Adverse effects expressed as RR
Serious effects needing surgery or
2 (426), longest follow-up outcome
hospitalisation
Facial flushing
5 (652), longest follow-up outcome
Cutaneous atrophy
2 (213), longest follow-up outcome
Headache
2 (494), longest follow-up outcome
Swelling
2 (455), longest follow-up outcome
Subgroup analysis for exploration of heterogeneity
Single injection, 19 (4014), longest
Effect within subgroups of single vs
follow-up outcome
multiple injections on the success of
pain relief
Multiple injection, 25 (2611), longest
follow-up outcome
Effects within subgroups of single vs
28 (1699), longest follow-up outcome
multiple injections on decrease in pain
27 (3530), longest follow-up outcome
score
Success of pain relief based on subgroup
of clinical conditions

Reduction in pain expressed using 0e10
NRS based on subgroup of clinical
conditions
Sensitivity analyses and meta-regression
Effect of steroid dose on the success of
pain relief
Effect of steroid dose on reduction of
pain score

RD¼8.8% (4.6%e13.0%); NNT, 12

RR¼1.04 (0.96e1.12), I2¼34%

RR¼1.16 (0.96e1.40), I2¼51%

No difference
No significant publication bias
Better improvement with LA þ steroid
No significant publication bias
No difference

MD¼2.59 (e0.71 to 5.89), I2¼30%

No difference

RR¼1.45 (0.53e3.96), I2¼0%

No difference

MD¼e1.77 (e2.99 to e0.56), I2¼73%

RR¼3.44
RR¼1.97
RR¼1.83
RR¼2.00

2

(0.89e13.28), I ¼0%
(0.84e4.60), I2¼0%
(0.74e4.55), I2¼0%
(0.18e21.87), I2¼0%

No
No
No
No

difference
difference
difference
difference

RR¼1.38 (1.06e1.79), I2¼63%; NNT, 8.5

Higher success with LA þ steroid

RR¼1.10 (0.98e1.23), I2¼71%
Interaction test, P¼0.24
MD¼e0.59 (e1.03 to e0.15), I2¼84%
MD¼e0.14 (e0.39 to 0.10), I2¼74%
Interaction test, P¼0.09
RR¼1.16 (1.05e1.29), I2¼68%; NNT, 12.1
Interaction test, P¼0.07

No difference
No subgroup effect
Better pain relief with LA þ steroid
No difference
No subgroup effect
No significant outcome in any category
No subgroup effect

MD¼e0.33 (e0.56 to e0.10), I2¼80%
Interaction test, P¼0.64

No significant outcome in any category
No subgroup effect

42 trials, longest follow-up outcome

P¼0.10

No effect

54 trials, longest follow-up outcome

P¼0.002

44 (3625), longest follow-up
54 (4401), longest follow-up

Continued
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Outcome

P¼0.54
28 trials, longest follow-up outcome

No effect

P¼0.88
19 trials, longest follow-up outcome

Effect of steroids on the duration: as
success over length of follow-up in
single injection studies
Effect of steroids on the duration: as
decrease in pain scores over length of
follow-up in single injection studies

Although statistically significant, the
decrease in pain scores are not
clinically meaningful
No effect

Number of trials (participants)
Outcome

Table 2 Continued

Results
Effect size (95% CI)

Inference and observation
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diagnostic purpose.135 However, their duration of relief in
CNCP can outlast the expectation in a diagnostic injection.
Hence diagnostic blocks with LA may be of limited value, often
overshadowed by their therapeutic benefit,5,135e138 unless the
intent is to follow with an intervention of different nature,
such as a neuro-ablative procedure. In an RCT involving 378
patients of non-specific chronic low back pain, patients having
lidocaine paraspinal injections with standard treatment had a
significantly higher rate of response compared with sham injections or standard treatment alone.136 In their recent update
on evidence-based interventional guidelines according to
clinical diagnoses, Huygen and colleagues137 note several
spine interventions for which the structure can be injected by
LA with or without steroid.
Several studies and reviews, both for spine and non-spine
CNCP interventions, have considered it important to evaluate the effectiveness of steroids as a therapeutic agent. Individual reviews within specific populations have not been
conclusive, and our review represents a broader, systematic
updated overview, on the effect of adding steroids to LA for
CNCP. In a systematic review restricted to epidural injections,
Bicket and colleagues28 observed that the absolute benefit
favouring epidural non-steroid over non-epidural injections
was greater (RR¼0.27; 0.15 to 0.39) than the difference between
epidural steroid and epidural non-steroid (RR¼0.04; 0.01 to
0.10), suggesting the target of injection is important, and steroids do not add value to the injected solution. Similar contrasting results have been observed in other population groups
by other reviews.32 In another review, Zhai and colleagues139
looked specifically at RCTs for patients with chronic back
and radicular pain of disc herniation or radiculitis and
observed that 42% of SLA and 40% of LA had significant pain
relief, with similar pain scores and functional improvement.
Such observations have been made in previous reviews of
lumbar radiculopathy and spinal stenosis, and also in mixed
spinal populations.140,141 Steroids are also added to blocking
peripheral nerve blockade (PNB) for chronic pain.142 Bhatia and
colleagues142 pooled five studies to compare steroid vs nonsteroid groups and observed steroids to decrease pain relief
by 1.3 points in a 0e10 NRS (I2¼89%). However, we found that
even within the subgroup of PNB, the results were not significant for both success (n¼7) (Fig 4) or pain scores (n¼6)
(Appendix S9). Although earlier, smaller studies with PNB for
headache have observed superior results with SLA,63,71 the
recommendations on PNB by the American Headache Society
suggests using steroids only for cluster headache,143 as there is
no consensus.54,144 It is surprising that steroids are considered
for neural blockade even when a specific structure conveys the
pain signal and is not directly involved in pathogenesis. For
example, genicular nerve blockade with SLA was observed to
have similar effect as ablation in a small RCT.145 However, a
subsequent RCT demonstrated that steroids did not have any
additional effect than LA blockade.116 Similarly, multiple
studies have used SLA for celiac plexus blocks with an intention to prolong pain relief.146 However, the only RCT
comparing triamcinolone and bupivacaine with only bupivacaine for celiac plexus block (chronic pancreatitis) found no
differences in the success rate.147 We found it surprising that
there was not a single RCT evaluating the role of steroids in
sympathetic blocks, given that nearly 50% pain physicians add
them,148 including near highly vascular structures.149 Other
common conditions in which steroid injections are considered
include epicondylitis, and bursa injections, which we considered under soft tissue structures. We found no significant
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Fig 2. Comparison of successful pain relief. Interaction test P¼0.07 for subgroups of 2e6 weeks vs 2e4 months follow-up among 42 trials (22
vs 20 trials, of which five trials reported pain at both time points, and we used the data at the earliest follow-up only). CI, confidence
interval; RR, relative risk.

improvement in pain scores (Appendix S9) or in the success
rate (Fig 4). Similar observations have been made about
inconsistent or no effects of steroids on these conditions in
multiple previous reviews specific to such population.26,150
Despite
evidence
and
recommendations,
physicians
continue to use steroids in trigger point injections. As
observed in the review by Cummings and White,12 we found
no evidence to support the use of steroids in trigger point injections, including for deep myofascial trigger points such as

in piriformis syndrome.93 Systematic reviews of multiple
studies,151 and recent RCTs13 have found no consistent evidence to support the use of steroids in intra-articular injections for osteoarthritis.151 We also observed that there is
no association between the dose of steroid and clinical outcomes (Table 2 and Appendices S10a and S10b), and the statistical significance achieved for pain scores (Appendix S10b)
was not clinically meaningful. Recent guidelines for spine
injections do not recommend, doses exceeding 40 mg for
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Fig 3. Comparison of pain reduction on an 11-point scale. Interaction test P¼0.94 for subgroups of 2e6 weeks vs 2e4 months follow-up
among 54 trials (34 vs 20 trials, of which 19 trials reported pain at both time points, and we used the data at the earliest follow-up
only). Change scores were used if both end scores and change scores were reported (44 trials with end scores vs 10 trials with change
scores). SD, standard deviation; WMD, weighted mean difference.

methylprednisolone acetate, 20 mg of triamcinolone, and 10
mg for dexamethasone,152 consistent with recent studies in
non-spine population.118
Apart from the clinical subgroups we explored for subgroup
analysis, some consider other determinants to be important
for success.153 For example, in ESI such determinants could
include the route of injection; image guidance; epidural
approach; radicular vs non-radicular pain; based on underlying pathology; and the number of injections. It is likely that
image guidance to deeper structures improves precise delivery
and could influences outcomes, especially with ESI.154

However, in clinical practice, there is wide variability in the
route and techniques used. A 2002 national level survey in the
USA reported that only 39% academic centres as compared
with 79% private practices use fluoroscopy for cervical
epidural injections.155 Similarly, a 2020 survey from Canada
indicated that only 55% of physicians involved in spinal injections use image guidance (fluoroscopy or CT scan).156 The
advantage of image guidance on pain relief or function in superficial myofascial structures is uncertain.157,158 In their
recent Cochrane review, Oliveira and colleagues159 looked at
ESIs for lumbosacral radicular pain and compared steroid
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Fig 4. Comparison of successful pain relief as subgroup analysis in clinical categories. Subgroup analysis of different clinical conditions for
pain at the longest follow-up (Interaction test P¼0.07). CI, confidence interval; RR, relative risk.

agents with all non-steroid agents. Although short-term
improvement in leg pain was observed, they found no subgroup differences based on approach or image guidance.159 In
our review we observed that repeat injections are not helpful.
In a large observational study, Friedly and colleagues160 reported that patients with repeat ESIs were more likely to use
higher opioid doses, possibly as a reflection of low therapeutic
response. Previous attempts at identifying responders to ESI
with laboratory markers and imaging studies was

inconclusive.161 It is possible that factors outside of this review
(such as sub-acute pain),162 or other patient-level factors not
yet recognised could indicate success with steroids.150,151,163

Adverse events and acceptable risks
Our review did not find significant differences, most likely as a
result of methodological considerations and study limitations.
As such, RCTs are not ideal to capture adverse effects related
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to therapy,164 and most adverse effects are under-reported.165
However, steroid injections have a multitude of side-effects,
both small and potentially devastating.25 These adverse effects can be both absolute and dose related.166e168 Soft tissue
atrophy and alopecia are some of the local effects.169,170 Higher
doses lead to more sustained adrenal insufficiency with both
epidural and intra-articular injections.171,172 Hormonal
changes could lead to abnormal vaginal bleeding, variations in
blood sugar, infections, skin changes, weight gain, and osteoporosis, and vertebral fractures.6,167,173 Unfortunately, the
multidisciplinary working recommendations to minimise the
risk of devastating neurological complications with ESIs do not
include dose reduction, or even avoidance of steroids, if
appropriate on patient, or clinical considerations.25

Clinical practice implications
Clarifying what is a therapeutic procedure, as defined by the
agent injected, is essential for practice, regulatory, and billing
purposes. It is also challenging to integrate this in the context
of patient preferences, and relative choices. For example, in
lumbar spinal stenosis, no pharmacological therapies are
reliably effective for pain relief.174 A popularly cited study
indicated no difference between LA and SLA, but more than 3point decrease from the baseline pain scores in both groups
with nearly 50% patients having >30% pain relief in both
groups at 6 weeks, consistent with our review results.66 It is
not surprising given such observation in a previous systematic
review,175 and also as recently substantiated by a recent threearm RCT (published during our peer review) comparing
tumour necrosis factor-alpha vs LA and steroid vs LA alone, in
patients of lumbar spinal stenosis with unilateral radicular
pain. There were no significant differences in the pain scores
and functional improvement with the steroid group compared
with LA alone at 1, 3, and 6 months.176

Limitations
Our review attempted to cover a broad nature of CNCP conditions, and some may consider it inappropriate to combine
them because of heterogeneity in population, study, and
techniques. Our comparators were both active, and hence this
review cannot be helpful to assess the efficacy of either one of
that separately as compared with a placebo or sham injection.
We need to also consider that, despite being level 1 evidence,
RCTs may have limitations such as small sample size, population unrepresentative of clinical practice, apart from other
challenges involved in placebo control and blinding.177

Conclusions
Across a whole range, there is minimal benefit by adding steroids to local anaesthetics for chronic non-cancer pain injections, and there is clear potential for harm. Injection of local
anaesthetics alone may be used, not just for diagnosis but also
therapy. Physicians should consider a shared decision based
on patient preferences. If steroids are used, one must avoid
high doses and series of injections.

Transparency declaration
The lead author (the manuscript’s guarantor) affirms that this
manuscript is an honest, accurate, and transparent account of
the study being reported; that no important aspects of the

-

17

study have been omitted; and that any discrepancies from the
study as planned (and, if relevant, registered) have been
explained.

Dissemination declaration
Dissemination
applicable.

of

results

to

study

populations

is

not

Authors’ contributions
Study conception and design: HS, JB, JP, LT
Acquisition of data: HS, LW, AK, PH, ES, VB, EZ, MB
Analysis of data: HS, LW
Interpretation of data: HS, JB, LW, AK, PH, ES, VB, EZ, JP, MB, LT
Literature search: RC
Drafting of the manuscript: all authors.

Declarations of interest
HS is supported by the Canadian Anesthesia Research Foundation through the Career Scientist Award, 2018e2020. The review was initially submitted as SH MSc thesis in 2015. However,
there have been substantial changes to methods, and also the
results as we have added nine new studies to this review.
https://macsphere.mcmaster.ca/handle/11375/18440 Only a
partial and preliminary report of this review and meta-analysis
was presented as an abstract and received the Best of the
Meeting award at the American Society of Regional Anesthesia
and Pain Medicine (ASRA) 2018 meeting. https://www.asra.com/
page/2692/best-of-meeting-awards.
All other authors declare no competing interests.

Acknowledgements
We declare no funding associated with this work. We thank
Harman Chaudhry, Division of Orthopaedic Surgery, University of Toronto, Toronto, ON, Canada; and Dr Isabel Kim, Division of Internal Medicine, University of British Columbia,
Vancouver, BC, Canada, for their contribution to this work.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.bja.2020.06.062.

References
1. Gaskin DJ, Richard P. The economic costs of pain in the
United States. J Pain 2012; 13: 715e24
2. Hooten WM, Cohen SP, Rathmell JP. Introduction to the
symposium on pain medicine. Mayo Clin Proc 2015; 90:
4e5
3. National pain audit final report 2010e2012. British Pain
Society; 2012. https://www.britishpainsociety.org/static/
uploads/resources/files/members_articles_npa_2012_1.
pdf. [Accessed 15 October 2019]
4. Turk DC, Wilson HD, Cahana A. Treatment of chronic
non-cancer pain. Lancet 2011; 377: 2226e35
5. Markman JD, Philip A. Interventional approaches to pain
management. In: Smith HS, editor. Anesthesiology clinics.
Philadelphia: Elsevier; 2007. p. 883e98
6. Wong SH, Wong CS, Li TT. Steroids in regional analgesia.
Expert Opin Pharmacother 2010; 11: 2839e48

18

-

Shanthanna et al.

7. Pinto RZ, Maher CG, Ferreira ML, et al. Epidural corticosteroid injections in the management of sciatica: a systematic review and meta-analysis. Ann Intern Med 2012;
157: 865e77
8. Arroll B, Goodyear-Smith F. Corticosteroid injections for
painful shoulder: a meta-analysis. Br J Gen Pract 2005; 55:
224e8
9. Brinks A, Koes BW, Volkers AC, Verhaar JA, BiermaZeinstra SM. Adverse effects of extra-articular corticosteroid injections: a systematic review. BMC Musculoskelet Disord 2010; 11: 206
10. Buchbinder R, Green S, Youd JM. Corticosteroid injections for shoulder pain. Cochrane Database Syst Rev
2003: CD004016
11. Leroux E, Valade D, Taifas I, et al. Suboccipital steroid
injections for transitional treatment of patients with
more than two cluster headache attacks per day: a
randomised, double-blind, placebo-controlled trial. Lancet Neurol 2011; 10: 891e7
12. Cummings TM, White AR. Needling therapies in the
management of myofascial trigger point pain: a systematic review. Arch Phys Med Rehabil 2001; 82: 986e92
13. Henriksen M, Christensen R, Klokker L, et al. Evaluation
of the benefit of corticosteroid injection before exercise
therapy in patients with osteoarthritis of the knee: a
randomized clinical trial. JAMA Intern Med 2015; 175:
923e30
14. Rah UW, Yoon SH, Moon do J, et al. Subacromial corticosteroid injection on poststroke hemiplegic shoulder
pain: a randomized, triple-blind, placebo-controlled trial.
Arch Phys Med Rehabil 2012; 93: 949e56
15. Wolf JM, Ozer K, Scott F, Gordon MJ, Williams AE. Comparison of autologous blood, corticosteroid, and saline
injection in the treatment of lateral epicondylitis: a
prospective, randomized, controlled multicenter study.
J Hand Surg 2011; 36: 1269e72
16. Coomes EN. A comparison between epidural anaesthesia
and bed rest in sciatica. Br Med J 1961; 1: 20e4
17. Evans W. Intrasacral epidural injection in the treatment
of sciatica. Lancet 1930; 216: 1225e9
18. Manchikanti L, Nampiaparampil DE, Manchikanti KN,
et al. Comparison of the efficacy of saline, local anesthetics, and steroids in epidural and facet joint injections
for the management of spinal pain: a systematic review
of randomized controlled trials. Surg Neurol Int 2015;
6(Suppl 4): S194e235
19. Kepes ER, Duncalf D. Treatment of backache with spinal
injections of local anesthetics, spinal and systemic steroids. A Review Pain 1985; 22: 33e47
20. Uthman I, Raynauld JP, Haraoui B. Intra-articular therapy
in osteoarthritis. Postgrad Med J 2003; 79: 449e53
21. Vardeh D, Mannion RJ, Woolf CJ. Toward a mechanismbased approach to pain diagnosis. J Pain 2016; 17(9
Suppl): T50e69
22. Arner S, Lindblom U, Meyerson BA, Molander C. Prolonged relief of neuralgia after regional anesthetic
blocks. A call for further experimental and systematic
clinical studies. Pain 1990; 43: 287e97
23. Cohen SP, Bicket MC, Jamison D, Wilkinson I,
Rathmell JP. Epidural steroids: a comprehensive,

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

evidence-based review. Reg Anesth Pain Med 2013; 38:
175e200
Berthelot JM, Le Goff B, Maugars Y. Side effects of corticosteroid injections: what’s new? Jt Bone Spine 2013; 80:
363e7
Rathmell JP, Benzon HT, Dreyfuss P, et al. Safeguards to
prevent neurologic complications after epidural steroid
injections: consensus opinions from a multidisciplinary
working group and national organizations. Anesthesiology
2015; 122: 974e84
Coombes BK, Bisset L, Vicenzino B. Efficacy and safety of
corticosteroid injections and other injections for management of tendinopathy: a systematic review of randomised controlled trials. Lancet 2010; 376: 1751e67
Engel A, King W, MacVicar J. The effectiveness and risks
of fluoroscopically guided cervical transforaminal injections of steroids: a systematic review with comprehensive analysis of the published data. Pain Med 2014; 15:
386e402
Bicket MC, Gupta A, Brown CHt, Cohen SP. Epidural injections for spinal pain: a systematic review and metaanalysis evaluating the “control” injections in randomized controlled trials. Anesthesiology 2013; 119: 907e31
Rinkel WD, Schreuders TA, Koes BW, Huisstede BM.
Current evidence for effectiveness of interventions for
cubital tunnel syndrome, radial tunnel syndrome,
instability, or bursitis of the elbow: a systematic review.
Clin J Pain 2013; 29: 1087e96
Koester MC, Dunn WR, Kuhn JE, Spindler KP. The efficacy
of subacromial corticosteroid injection in the treatment
of rotator cuff disease: a systematic review. J Am Acad
Orthop Surg 2007; 15: 3e11
Tobin J, Flitman S. Occipital nerve blocks: when and
what to inject? Headache 2009; 49: 1521e33
Shanthanna H, Busse JW, Thabane L, et al. Local anesthetic injections with or without steroid for chronic noncancer pain: a protocol for a systematic review and
meta-analysis of randomized controlled trials. Syst Rev
2016; 5: 18
PROSPERO. NHS. https://www.crd.york.ac.uk/PROSPERO/
display_record.php?RecordID¼20614.
[Accessed
15
October 2019]
Dworkin RH, Turk DC, Farrar JT, et al. Core outcome
measures for chronic pain clinical trials: IMMPACT recommendations. Pain 2005; 113: 9e19
Cochrane handbook for systematic reviews of interventions
2019. version 6.0 (updated July 2019). Cochrane, www.
training.cochrane.org/handbook. [Accessed 30 March
2020]
Viera AJ, Garrett JM. Understanding interobserver
agreement: the kappa statistic. Fam Med 2005; 37: 360e3
Jones KR, Vojir CP, Hutt E, Fink R. Determining mild,
moderate, and severe pain equivalency across painintensity tools in nursing home residents. J Rehabil Res
Dev 2007; 44: 305e14
Farrar JT, Young Jr JP, LaMoreaux L, Werth JL, Poole RM.
Clinical importance of changes in chronic pain intensity
measured on an 11-point numerical pain rating scale.
Pain 2001; 94: 149e58

Addition of steroids to chronic pain injections

39. Lee CP, Fu TS, Liu CY, Hung CI. Psychometric evaluation
of the Oswestry Disability Index in patients with chronic
low back pain: factor and Mokken analyses. Health Qual
Life Outcome. 2017; 15: 192
40. El-Yahchouchi C, Geske JR, Carter RE, et al. The noninferiority of the nonparticulate steroid dexamethasone
vs the particulate steroids betamethasone and triamcinolone in lumbar transforaminal epidural steroid injections. Pain Med 2013; 14: 1650e7
41. Mehta P, Syrop I, Singh JR, Kirschner J. Systematic review
of the efficacy of particulate versus nonparticulate corticosteroids in epidural injections. PM R 2017; 9: 502e12
42. Ebrahim S, Johnston BC, Akl EA, et al. Addressing
continuous data measured with different instruments
for participants excluded from trial analysis: a guide for
systematic reviewers. J Clin Epidemiol 2014; 67: 560e70
43. Akl EA, Johnston BC, Alonso-Coello P, et al. Addressing
dichotomous data for participants excluded from trial
analysis: a guide for systematic reviewers. PloS One 2013;
8, e57132
44. Lin CS, Lin YC, Lao HC, Chen CC. Interventional treatments for postherpetic neuralgia: a systematic review.
Pain Physician 2019; 22: 209e28
45. Lewis G. Intrathecal methylprednisolone for postherpetic neuralgia. New Engl J Med 2001; 344: 1020. author
reply 1e2
46. Egger M, Davey Smith G, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ
1997; 315: 629e34
47. Chan AW, Altman DG. Identifying outcome reporting
bias in randomised trials on PubMed: review of publications and survey of authors. BMJ 2005; 330: 753
48. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1.
Introduction-GRADE evidence profiles and summary of
findings tables. J Clin Epidemiol 2011; 64: 383e94
49. Akgun K, Birtane M, Akarirmak U. Is local subacromial
corticosteroid injection beneficial in subacromial
impingement syndrome? Clin Rheumatol 2004; 23:
496e500
50. Alvarez CM, Litchfield R, Jackowski D, Griffin S, Kirkley A.
A prospective, double-blind, randomized clinical trial
comparing subacromial injection of betamethasone and
xylocaine to xylocaine alone in chronic rotator cuff tendinosis. Am J Sports Med 2005; 33: 255e62
51. Ambrosini A, Vandenheede M, Rossi P, et al. Suboccipital
injection with a mixture of rapid- and long-acting steroids in cluster headache: a double-blind placebocontrolled study. Pain 2005; 118: 92e6
52. Anderberg L, Annertz M, Persson L, Brandt L, Saveland H.
Transforaminal steroid injections for the treatment of
cervical radiculopathy: a prospective and randomised
study. Eur Spine J 2007; 16: 321e8
53. Armstrong T, Devor W, Borschel L, Contreras R. Intracarpal steroid injection is safe and effective for shortterm management of carpal tunnel syndrome. Muscle
Nerve 2004; 29: 82e8
54. Ashkenazi A, Matro R, Shaw JW, Abbas MA,
Silberstein SD. Greater occipital nerve block using local
anaesthetics alone or with triamcinolone for transformed migraine: a randomised comparative study.
J Neurol Neurosurg Psychiatr 2008; 79: 415e7
55. Baumgarten KM, Gerlach D, Boyer MI. Corticosteroid injection in diabetic patients with trigger finger. A

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

-

19

prospective, randomized, controlled double-blinded
study. J Bone Jt Surg Am 2007; 89: 2604e11
Beyaz SG. Comparison of efficacy of intra-articular
morphine and steroid in patients with knee osteoarthritis. J Anaesthesiol Clin Pharmacol 2012; 28: 496e500
Blair B, Rokito AS, Cuomo F, Jarolem K, Zuckerman JD.
Efficacy of injections of corticosteroids for subacromial
impingement syndrome. J Bone Jt Surg Am 1996; 78:
1685e9
Bourne IH. Treatment of chronic back pain. Comparing
corticosteroidelignocaine injections with lignocaine
alone. Practitioner 1984; 228: 333e8
Crawford F, Atkins D, Young P, Edwards J. Steroid injection for heel pain: evidence of short-term effectiveness.
A randomized controlled trial. Rheumatology (Oxford)
1999; 38: 974e7
McCleane GJ. Injection of triamcinolone or hyaluronidase significantly reduces sacroiliac pain. Pain Clin 1998;
10: 183e7
Dammers JW, Veering MM, Vermeulen M. Injection with
methylprednisolone proximal to the carpal tunnel:
randomised double blind trial. BMJ 1999; 319: 884e6
Datta R, Upadhyay KK. A randomized clinical trial of
three different steroid agents for treatment of low
backache through the caudal route. Med J Armed Forces
India 2011; 67: 25e33
Dilli E, Halker R, Vargas B, et al. Occipital nerve block for
the short-term preventive treatment of migraine: a randomized, double-blinded, placebo-controlled study.
Cephalalgia 2015; 35: 959e68
Eker HE, Cok OY, Aribogan A, Arslan G. Management of
neuropathic pain with methylprednisolone at the site of
nerve injury. Pain Med 2012; 13: 443e51
Flanagan J, Casale FF, Thomas TL, Desai KB. Intra-articular injection for pain relief in patients awaiting hip
replacement. Ann R Coll Surg Engl 1988; 70: 156e7
Friedly JL, Comstock BA, Turner JA, et al. A randomized
trial of epidural glucocorticoid injections for spinal stenosis. New Engl J Med 2014; 371: 11e21
Fukusaki M, Kobayashi I, Hara T, Sumikawa K. Symptoms of spinal stenosis do not improve after epidural
steroid injection. Clin J Pain 1998; 14: 148e51
Garvey TA, Marks MR, Wiesel SW. A prospective, randomized, double-blind evaluation of trigger-point injection therapy for low-back pain. Spine 1989; 14: 962e4
Holt TA, Mant D, Carr A, et al. Corticosteroid injection for
shoulder pain: single-blind randomized pilot trial in
primary care. Trials 2013; 14: 425
Karadas O, Tok F, Ulas UH, Odabasi Z. The effectiveness
of triamcinolone acetonide vs. procaine hydrochloride
injection in the management of carpal tunnel syndrome:
a double-blind randomized clinical trial. Am J Phys Med
Rehabil 2011; 90: 287e92
Kashipazha
D,
Nakhostin-Mortazavi
A,
Mohammadianinejad SE, Bahadoram M, Zandifar S,
Tarahomi S. Preventive effect of greater occipital nerve
block on severity and frequency of migraine headache.
Glob J Health Sci 2014; 6: 209e13
Kiter E, Celikbas E, Akkaya S, Demirkan F, Kilic BA.
Comparison of injection modalities in the treatment of
plantar heel pain: a randomized controlled trial. J Am
Podiatr Med Assoc 2006; 96: 293e6

20

-

Shanthanna et al.

73. Kotani N, Kushikata T, Hashimoto H, et al. Intrathecal
methylprednisolone for intractable postherpetic neuralgia. New Engl J Med 2000; 343: 1514e9
74. Lambert RG, Hutchings EJ, Grace MG, Jhangri GS, ConnerSpady B, Maksymowych WP. Steroid injection for osteoarthritis of the hip: a randomized, double-blind, placebo-controlled trial. Arthritis Rheum 2007; 56: 2278e87
75. Lindenhovius A, Henket M, Gilligan BP, LozanoCalderon S, Jupiter JB, Ring D. Injection of dexamethasone versus placebo for lateral elbow pain: a prospective,
double-blind, randomized clinical trial. J Hand Surg 2008;
33: 909e19
76. Luukkainen RK, Wennerstrand PV, Kautiainen HH,
Sanila MT, Asikainen EL. Efficacy of periarticular corticosteroid treatment of the sacroiliac joint in nonspondylarthropathic patients with chronic low back
pain in the region of the sacroiliac joint. Clin Exp Rheumatol 2002; 20: 52e4
77. Bahari M, Gharehdaghi M, Rahimi H. Injection of methylprednisolone and lidocaine in the treatment of medial
epicondylitis: a randomized clinical trial. Arch Iran Med
2003; 6: 196e9
78. Manchikanti L, Cash KA, McManus CD, Damron KS,
Pampati V, Falco FJ. A randomized, double-blind
controlled trial of lumbar interlaminar epidural injections in central spinal stenosis: 2-year follow-up. Pain
Physician 2015; 18: 79e92
79. Manchikanti L, Cash KA, McManus CD, Pampati V.
Fluoroscopic caudal epidural injections in managing
chronic axial low back pain without disc herniation,
radiculitis, or facet joint pain. J Pain Res 2012; 5: 381e90
80. Manchikanti L, Cash KA, McManus CD, Pampati V,
Benyamin RM. A randomized, double-blind, activecontrolled trial of fluoroscopic lumbar interlaminar
epidural injections in chronic axial or discogenic low
back pain: results of 2-year follow-up. Pain Physician 2013;
16: E491e504
81. Manchikanti L, Cash KA, McManus CD, Pampati V,
Benyamin RM. Thoracic interlaminar epidural injections
in managing chronic thoracic pain: a randomized,
double-blind, controlled trial with a 2-year follow-up.
Pain Physician 2014; 17: E327e38
82. Manchikanti L, Cash KA, McManus CD, Pampati V,
Fellows B. Results of 2-year follow-up of a randomized,
double-blind, controlled trial of fluoroscopic caudal
epidural injections in central spinal stenosis. Pain Physician 2012; 15: 371e84
83. Manchikanti L, Cash KA, Pampati V, Falco FJ. Transforaminal epidural injections in chronic lumbar disc
herniation: a randomized, double-blind, active-control
trial. Pain Physician 2014; 17: E489e501
84. Manchikanti L, Cash KA, Pampati V, Malla Y. Two-year
follow-up results of fluoroscopic cervical epidural injections in chronic axial or discogenic neck pain: a randomized, double-blind, controlled trial. Int J Med Sci 2014;
11: 309e20
85. Manchikanti L, Cash KA, Pampati V, Wargo BW, Malla Y.
A randomized, double-blind, active control trial of fluoroscopic cervical interlaminar epidural injections in
chronic pain of cervical disc herniation: results of a 2year follow-up. Pain Physician 2013; 16: 465e78
86. Manchikanti L, Malla Y, Cash KA, McManus CD,
Pampati V. Fluoroscopic cervical interlaminar epidural
injections in managing chronic pain of cervical

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.

98.

99.

100.

postsurgery syndrome: preliminary results of a randomized, double-blind, active control trial. Pain Physician
2012; 15: 13e25
Manchikanti L, Malla Y, Cash KA, McManus CD,
Pampati V. Fluoroscopic epidural injections in cervical
spinal stenosis: preliminary results of a randomized,
double-blind, active control trial. Pain Physician 2012; 15:
E59e70
Manchikanti L, Manchikanti KN, Manchukonda R, et al.
Evaluation of lumbar facet joint nerve blocks in the
management of chronic low back pain: preliminary
report of a randomized, double-blind controlled trial:
clinical trial NCT00355914. Pain Physician 2007; 10: 425e40
Manchikanti L, Singh V, Cash KA, Pampati V, Damron KS,
Boswell MV. Effect of fluoroscopically guided caudal
epidural steroid or local anesthetic injections in the
treatment of lumbar disc herniation and radiculitis: a
randomized, controlled, double blind trial with a twoyear follow-up. Pain Physician 2012; 15: 273e86
Manchikanti L, Singh V, Cash KA, Pampati V, Datta S.
Fluoroscopic caudal epidural injections in managing post
lumbar surgery syndrome: two-year results of a randomized, double-blind, active-control trial. Int J Med Sci
2012; 9: 582e91
Manchikanti L, Singh V, Cash KA, Pampati V, Falco FJ.
A randomized, double-blind, active-control trial of the
effectiveness of lumbar interlaminar epidural injections
in disc herniation. Pain Physician 2014; 17: E61e74
Manchikanti L, Singh V, Falco FJ, Cash KA, Pampati V,
Fellows B. The role of thoracic medial branch blocks in
managing chronic mid and upper back pain: a randomized, double-blind, active-control trial with a 2-year followup. Anesthesiol Res Pract 2012; 2012: 585806
Misirlioglu TO, Akgun K, Palamar D, Erden MG, Erbilir T.
Piriformis syndrome: comparison of the effectiveness of
local anesthetic and corticosteroid injections: a doubleblinded, randomized controlled study. Pain Physician
2015; 18: 163e71
Nam HS, Park YB. Effects of transforaminal injection for
degenerative lumbar scoliosis combined with spinal
stenosis. Ann Rehabil Med 2011; 35: 514e23
Ng L, Chaudhary N, Sell P. The efficacy of corticosteroids
in periradicular infiltration for chronic radicular pain: a
randomized, double-blind, controlled trial. Spine 2005;
30: 857e62
Rogers P, Nash TP, Schiller D, Norman J. Epidural steroids
for sciatica. Pain Clin 1992; 5: 67e72
Plafki C, Steffen R, Willburger RE, Wittenberg RH. Local
anaesthetic injection with and without corticosteroids
for subacromial impingement syndrome. Int Orthop 2000;
24: 40e2
Price R, Sinclair H, Heinrich I, Gibson T. Local injection
treatment of tennis elbowdhydrocortisone, triamcinolone and lignocaine compared. Br J Rheumatol 1991; 30:
39e44
Rijsdijk M, van Wijck AJM, Meulenhoff PCW, Kavelaars A,
van der Tweel I, Kalkman CJ. No beneficial effect of
intrathecal methylprednisolone acetate in postherpetic
neuralgia patients. Eur J Pain 2013; 17: 714e23
Rizk TE, Pinals RS, Talaiver AS. Corticosteroid injections
in adhesive capsulitis: investigation of their value and
site. Arch Phys Med Rehabil 1991; 72: 20e2

Addition of steroids to chronic pain injections

101. Stahl S, Kaufman T. The efficacy of an injection of steroids for medial epicondylitis. A prospective study of
sixty elbows. J Bone Jt Surg Am 1997; 79: 1648e52
102. Stevens T, Costanzo A, Lopez R, Kapural L, Parsi MA,
Vargo JJ. Adding triamcinolone to endoscopic
ultrasound-guided celiac plexus blockade does not
reduce pain in patients with chronic pancreatitis. Clin
Gastroenterol Hepatol 2012; 10: 186e91. 191.e1
103. Tafazal S, Ng L, Chaudhary N, Sell P. Corticosteroids in
peri-radicular infiltration for radicular pain: a randomised double blind controlled trial. One year results and
subgroup analysis. Eur Spine J 2009; 18: 1220e5
104. Thomson CE, Beggs I, Martin DJ, et al. Methylprednisolone injections for the treatment of Morton neuroma: a
patient-blinded randomized trial. J Bone Jt Surg Am 2013;
95(790e8): S1
105. Torstensson T, Lindgren A, Kristiansson P. Corticosteroid
injection treatment to the ischiadic spine reduced pain
in women with long-lasting sacral low back pain with
onset during pregnancy: a randomized, double blind,
controlled trial. Spine 2009; 34: 2254e8
106. Venancio Rde A, Alencar FG, Zamperini C. Different
substances and dry-needling injections in patients with
myofascial pain and headaches. Cranio 2008; 26: 96e103
107. Ghai B, Kumar K, Bansal D, Dhatt SS, Kanukula R,
Batra YK. Effectiveness of parasagittal interlaminar
epidural local anesthetic with or without steroid in
chronic lumbosacral pain: a randomized, double-blind
clinical trial. Pain Physician 2015; 18: 237e48
108. Glemarec J, Varin S, Cozic C, et al. Efficacy of local
glucocorticoid after local anesthetic in low back pain
with lumbosacral transitional vertebra: a randomized
placebo-controlled double-blind trial. Jt Bone Spine 2018;
85: 359e63
109. Labat JJ, Riant T, Lassaux A, et al. Adding corticosteroids
to the pudendal nerve block for pudendal neuralgia: a
randomised, double-blind, controlled trial. BJOG 2017;
124: 251e60
110. Lizano-Diez X, Gines-Cespedosa A, Alentorn-Geli E, et al.
Corticosteroid injection for the treatment of Morton’s
neuroma: a prospective, double-blinded, randomized,
placebo-controlled trial. Foot Ankle Int 2017; 38: 944e51
111. Okmen K, Okmen BM. The efficacy of interlaminar
epidural steroid administration in multilevel intervertebral disc disease with chronic low back pain: a randomized, blinded, prospective study. Spine J 2017; 17:
168e74
112. Penning LI, de Bie RA, Walenkamp GH. Subacromial
triamcinolone acetonide, hyaluronic acid and saline injections for shoulder pain an RCT investigating the
effectiveness in the first days. BMC Musculoskelet Disord
2014; 15: 352
113. Prestgaard T, Wormgoor ME, Haugen S, Harstad H,
Mowinckel P, Brox JI. Ultrasound-guided intra-articular
and rotator interval corticosteroid injections in adhesive capsulitis of the shoulder: a double-blind, shamcontrolled randomized study. Pain 2015; 156: 1683e91
114. Saqib M, Bhatti SN, Khan MA, et al. Outcome analysis of
two different injection solutions for epidural injection in
radicular lumbar backache syndromes. J Ayub Med Coll
Abbottabad 2016; 28: 709e14
115. Spolidoro Paschoal Nde O, Natour J, Machado FS, de
Oliveira HA, Furtado RN. Effectiveness of triamcinolone
hexacetonide intraarticular injection in interphalangeal

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.
129.

130.

131.

132.

133.

-

21

joints: a 12-week randomized controlled trial in patients
with hand osteoarthritis. J Rheumatol 2015; 42: 1869e77
Kim DH, Choi SS, Yoon SH, et al. Ultrasound-guided
genicular nerve block for knee osteoarthritis: a doubleblind, randomized controlled trial of local anesthetic
alone or in combination with corticosteroid. Pain Physician 2018; 21: 41e52
Mol FMU, Jansen CH, Boelens OB, et al. Adding steroids to
lidocaine in a therapeutic injection regimen for patients
with abdominal pain due to anterior cutaneous nerve
entrapment syndrome (ACNES): a single blinded randomized clinical trial. Scand J Pain 2018; 18: 505e12
Salman Roghani R, Holisaz MT, Tarkashvand M, et al.
Different doses of steroid injection in elderly patients
with carpal tunnel syndrome: a triple-blind, randomized,
controlled trial. Clin Interv Aging 2018; 13: 117e24
Nelson DA, Landau WM. Intrathecal methylprednisolone
for postherpetic neuralgia. New Engl J Med 2001; 344:
1019. author reply 21e2
Dworkin RH, O’Connor AB, Kent J, et al. Interventional
management of neuropathic pain: NeuPSIG recommendations. Pain 2013; 154: 2249e61
Manchikanti L, Pampati V, Hirsch JA. Utilization of
interventional techniques in managing chronic pain in
medicare population from 2000 to 2014: an analysis of
patterns of utilization. Pain Physician 2016; 19: E531e46
Poply K, Mehta V. The dilemma of interventional pain
trials: thinking beyond the box. Br J Anaesth 2017; 119:
718e9
Cohen SP, Deyo RA. A call to arms: the credibility gap in
interventional pain medicine and recommendations for
future research. Pain Med 2013; 14: 1280e3
Merrill DG. Hoffman’s glasses: evidence-based medicine
and the search for quality in the literature of interventional pain medicine. Reg Anesth Pain Med 2003; 28:
547e60
Campbell CM, Gilron I, Doshi T, Raja S. Designing and
conducting proof-of-concept chronic pain analgesic
clinical trials. Pain Rep 2019; 4: e697
Dworkin RH, Turk DC, Peirce-Sandner S, et al. Considerations for improving assay sensitivity in chronic pain
clinical trials: IMMPACT recommendations. Pain 2012;
153: 1148e58
Greene CS, Goddard G, Macaluso GM, Mauro G. Topical
review: placebo responses and therapeutic responses.
How are they related? J Orofac Pain 2009; 23: 93e107
McQuay HJ, Moore RA. Placebo. Postgrad Med J 2005; 81:
155e60
Lee HM, Weinstein JN, Meller ST, Hayashi N, Spratt KF,
Gebhart GF. The role of steroids and their effects on
phospholipase A2. An animal model of radiculopathy.
Spine 1998; 23: 1191e6
Devor M, Govrin-Lippmann R, Raber P. Corticosteroids
suppress ectopic neural discharge originating in experimental neuromas. Pain 1985; 22: 127e37
Devor M, Wall PD, Catalan N. Systemic lidocaine silences
ectopic neuroma and DRG discharge without blocking
nerve conduction. Pain 1992; 48: 261e8
Gold MS. Na(þ) channel blockers for the treatment of
pain: context is everything, almost. Exper Neurol 2008;
210: 1e6
€ lund B. Nerve blocks with local anesJohansson A, Sjo
thetics and corticosteroids in chronic pain: a clinical
follow-up study. J Pain Symptom Manage 1996; 11: 181e7

22

-

Shanthanna et al.

134. Jensen KB, Berna C, Loggia ML, Wasan AD, Edwards RR,
Gollub RL. The use of functional neuroimaging to evaluate psychological and other non-pharmacological
treatments for clinical pain. Neurosci Lett 2012; 520:
156e64
135. Bogduk N. Diagnostic nerve blocks in chronic pain. Best
Pract Res Clin Anaesthesiol 2002; 16: 565e78
136. Imamura M, Imamura ST, Targino RA, et al. Paraspinous
lidocaine injection for chronic nonspecific low back pain:
a randomized controlled clinical trial. J Pain 2016; 17:
569e76
137. Huygen F, Kallewaard JW, van Tulder M, et al. Evidencebased interventional pain medicine according to clinical
diagnoses: update 2018. Pain Pract 2019; 19: 664e75
138. Antolak Jr S, Antolak C, Lendway L. Measuring the
quality of pudendal nerve perineural injections. Pain
Physician 2016; 19: 299e306
139. Zhai J, Zhang L, Li M, et al. Epidural injection with or
without steroid in managing chronic low-back and lower
extremity pain: a meta-analysis of 10 randomized
controlled trials. Am J Ther 2017; 24: e259e69
140. Manchikanti L, Knezevic NN, Boswell MV, Kaye AD,
Hirsch JA. Epidural injections for lumbar radiculopathy
and spinal stenosis: a comparative systematic review
and meta-analysis. Pain Physician 2016; 19: E365e410
141. Manchikanti L, Knezevic NN, Parr A, Kaye AD,
Sanapati M, Hirsch JA. Does epidural bupivacaine with or
without steroids provide long-term relief? A systematic
review and meta-analysis. Curr Pain Headache Rep 2020;
24: 26
142. Bhatia A, Flamer D, Shah PS. Perineural steroids for
trauma and compression-related peripheral neuropathic
pain: a systematic review and meta-analysis. Can J
Anaesth 2015; 62: 650e62
143. Blumenfeld A, Ashkenazi A, Napchan U, et al. Expert
consensus recommendations for the performance of
peripheral nerve blocks for headachesda narrative review. Headache 2013; 53: 437e46
144. Ashkenazi A, Blumenfeld A, Napchan U, et al. Peripheral
nerve blocks and trigger point injections in headache
management d a systematic review and suggestions for
future research. Headache 2010; 50: 943e52
145. Qudsi-Sinclair S, Borras-Rubio E, Abellan-Guillen JF,
Padilla Del Rey ML, Ruiz-Merino G. A comparison of
genicular nerve treatment using either radiofrequency or
analgesic block with corticosteroid for pain after a total
knee arthroplasty: a double-blind, randomized clinical
study. Pain Pract 2017; 17: 578e88
146. Rana MV, Candido KD, Raja O, Knezevic NN. Celiac
plexus block in the management of chronic abdominal
pain. Curr Pain Headache Rep 2014; 18: 394
147. Stevens T, Costanzo A, Lopez R, Kapural L, Parsi MA,
Vargo JJ. Adding triamcinolone to endoscopic
ultrasound-guided celiac plexus blockade does not
reduce pain in patients with chronic pancreatitis. Clin
Gastroenterol Hepatol 2012; 10: 186e91. 91.e1
148. Zhu X, Kohan LR, Morris JD, Hamill-Ruth RJ. Sympathetic
blocks for complex regional pain syndrome: a survey of
pain physicians. Reg Anesth Pain Med 2019; 44: 736e41
149. Datta R, Agrawal J, Sharma A, Rathore VS, Datta S.
A study of the efficacy of stellate ganglion blocks in
complex regional pain syndromes of the upper body.
J Anaesthesiol Clin Pharmacol 2017; 33: 534e40

150. Smidt N, Assendelft WJ, van der Windt DA, Hay EM,
Buchbinder R, Bouter LM. Corticosteroid injections for
lateral epicondylitis: a systematic review. Pain 2002; 96:
23e40
151. Gregori D, Giacovelli G, Minto C, et al. Association of
pharmacological treatments with long-term pain control
in patients with knee osteoarthritis: a systematic review
and meta-analysis. JAMA 2018; 320: 2564e79
152. Van Boxem K, Rijsdijk M, Hans G, et al. Safe use of
epidural corticosteroid injections: recommendations of
the WIP Benelux Work Group. Pain Pract 2019; 19: 61e92
153. Engel AJ, Kennedy DJ, Macvicar J, Bogduk N. Not all injections are the same. Anesthesiology 2014; 120: 1282e3
154. Stojanovic MP, Vu TN, Caneris O, Slezak J, Cohen SP,
Sang CN. The role of fluoroscopy in cervical epidural
steroid injections: an analysis of contrast dispersal patterns. Spine 2002; 27: 509e14
155. Cluff R, Mehio AK, Cohen SP, Chang Y, Sang CN,
Stojanovic MP. The technical aspects of epidural steroid
injections: a national survey. Anesth Analg 2002; 95:
403e8
156. Shanthanna H, Bhatia A, Radhakrishna M, et al. Interventional pain management for chronic pain: a survey of
physicians in Canada. Can J Anaesth 2020; 67: 343e52
157. Bloom JE, Rischin A, Johnston RV, Buchbinder R. Imageguided versus blind glucocorticoid injection for shoulder
pain. Cochrane Database Syst Rev 2012; 8: Cd009147
158. Cohen SP, Strassels SA, Foster L, et al. Comparison of
fluoroscopically guided and blind corticosteroid injections for greater trochanteric pain syndrome: multicentre randomised controlled trial. BMJ 2009; 338: b1088
159. Oliveira CB, Maher CG, Ferreira ML, et al. Epidural corticosteroid injections for lumbosacral radicular pain.
Cochrane Database Syst Rev 2020; 4: Cd013577
160. Friedly J, Nishio I, Bishop MJ, Maynard C. The relationship between repeated epidural steroid injections and
subsequent opioid use and lumbar surgery. Arch Phys
Med Rehabil 2008; 89: 1011e5
161. Benny BV, Patel MY. Predicting epidural steroid injections with laboratory markers and imaging techniques. Spine J 2014; 14: 2500e8
162. Cohen SP, White RL, Kurihara C, et al. Epidural steroids,
etanercept, or saline in subacute sciatica: a multicenter,
randomized trial. Ann Intern Med 2012; 156: 551e9
163. McCrum C. Therapeutic review of methylprednisolone
acetate intra-articular injection in the management of
osteoarthritis of the knee d part 1: clinical effectiveness.
Musculoskelet Care 2017; 15: 79e88
164. Devereaux PJ, Yusuf S. The evolution of the randomized
controlled trial and its role in evidence-based decision
making. J Intern Med 2003; 254: 105e13
165. Epstein NE. Major risks and complications of cervical
epidural steroid injections: an updated review. Surg
Neurol Int 2018; 9: 86
166. Friedly JL, Comstock BA, Heagerty PJ, et al. Systemic effects of epidural steroid injections for spinal stenosis.
Pain 2018; 159: 876e83
167. Kerezoudis P, Rinaldo L, Alvi MA, et al. The effect of
epidural steroid injections on bone mineral density and
vertebral fracture risk: a systematic review and critical
appraisal of current literature. Pain Med 2018; 19: 569e79
168. Kim WH, Sim WS, Shin BS, et al. Effects of two different
doses of epidural steroid on blood glucose levels and

Addition of steroids to chronic pain injections

169.

170.

171.

172.

173.

pain control in patients with diabetes mellitus. Pain
Physician 2013; 16: 557e68
Pace CS, Blanchet NP, Isaacs JE. Soft tissue atrophy
related to corticosteroid injection: review of the literature and implications for hand surgeons. J Hand Surg
2018; 43: 558e63
Louis DS, Hankin FM, Eckenrode JF. Cutaneous atrophy
after corticosteroid injection. Am Fam Physician 1986; 33:
183e6
Habib G, Jabbour A, Artul S, Hakim G. Intra-articular
methylprednisolone acetate injection at the knee joint
and the hypothalamicepituitaryeadrenal axis: a randomized controlled study. Clin Rheumatol 2014; 33:
99e103
Habib G, Jabbour A, Salman J, Hakim G, Haddad H. The
effect of epidural methylprednisolone acetate injection
on the hypothalamicepituitaryeadrenal axis. J Clin
Anesth 2013; 25: 629e33
Shanthanna H, Busse JW. Abnormal vaginal bleeding
after epidural steroid injection: is there a cause for
concern? Evid Based Med 2014; 19: e16

-

23

174. Ammendolia C, Stuber KJ, Rok E, et al. Nonoperative
treatment for lumbar spinal stenosis with neurogenic
claudication. Cochrane Database Syst Rev 2013; 8:
CD010712
175. Bresnahan BW, Rundell SD, Dagadakis MC, et al.
A systematic review to assess comparative effectiveness
studies in epidural steroid injections for lumbar spinal
stenosis and to estimate reimbursement amounts. PM R
2013; 5: 705e14
176. Wei P, Xu Y, Yao Q, Wang L. Randomized trial of 3-drug
combination for lumbar nerve root epidural injections
with a TNF-alpha inhibitor in treatment of lumbar stenosis. Br J Neurosurg 2020; 34: 168e71. https://doi.org/
10.1080/02688697.2020.1713990. Epub 20 Jan 2020
177. Bogduk N, Fraifeld EM. Proof or consequences: who shall
pay for the evidence in pain medicine? Pain Med 2010; 11:
1e2
Handling editor: Jonathan Hardman

