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Background: Studies have shown that radiologic imaging
does not improve outcomes in most patients with back
pain, though guidelines endorse it before epidural steroid injections (ESIs). The objective of this study was to
determine whether magnetic resonance imaging (MRI)
improves outcomes or affects decision making in patients with lumbosacral radiculopathy referred for ESI.
Methods: In this multicenter randomized study, the treating physician in group 1 patients was blinded to the MRI
results, while the physician for group 2 patients decided
on treatment after reviewing the MRI findings. In group
1 subjects, an independent physician proposed a treatment plan after reviewing the MRI, which was compared with the treatment the patient received.
Results: Slightly lower leg pain scores were noted in the
group 2 at 1 month compared with MRI-blinded patients
in group 1 (mean scores, 3.6 vs 4.4) (P=.12). No differences were observed in pain scores or function at 3 months.
Overall, the proportion of patients who experienced a posi-

L

tive outcome was similar at all time points (35.4% at 3
months in group 1 vs 40.7% in group 2). Among subjects
in group 1 who received a different injection than that proposed by the independent physician, scores for both leg
pain (4.8 vs 2.4) (P = .01) and function (38.7 vs 28.2)
(P=.04) were inferior to patients whose injection correlated with imaging. Collectively, 6.8% of patients did not
(group 2) or would not have (group 1) received an ESI
after the MRI was reviewed.
Conclusion: Magnetic resonance imaging does not improve outcomes in patients who are clinical candidates
for ESI and has only a minor effect on decision making.
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OWER BACK PAIN (LBP) IS THE

number 1 cause of disability in the world, and 1 of the
top 3 reasons people seek
medical attention. 1 Estimates on the lifetime prevalence of LBP
generally range between 50% and 80%,
with recent studies suggesting that upwards of 30% will experience persistence
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or frequent recurrences.2 According to
some sources, the total annual cost of LBP
approaches $100 billion in the United
States alone.3
One factor contributing to the rising economic cost of this epidemic is the burgeon-
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ing use of indiscriminate imaging. Despite
several studies demonstrating that advanced radiologic testing does not improve outcomes in patients with LBP, with
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or without radicular symptoms,4-7 the use
of magnetic resonance imaging (MRI) in this
context continues to soar.8 Moreover, indiscriminant use of MRI has been shown to
account for at least some of the increasing
rate of spine surgery.9 The American College of Physicians recommends MRI only
in the presence of serious or progressive
neurological deficits, when a serious underlying condition is suspected, or when
considering surgery or epidural steroid in-
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jections (ESI).10 Guidelines endorsed by the American College of Occupational and Environmental Medicine recommend MRI only in the presence of focal neurologic
symptoms that persist for at least 6 weeks and are not trending toward improvement.11
The lack of unequivocal guidelines on the use of MRI
before ESI is somewhat unexpected, considering that ESI
is the most frequently performed procedure in pain clinics throughout the United States.12 Studies conducted in
patients with chronic spinal pain have found that between one-third and one-half of cases are primarily neuropathic.13,14 Yet no study has examined the effects of MRI
in patients referred for ESI. To determine the utility of MRI
in patients who clinically merit ESI, we conducted a study
to determine (1) whether MRI use improves outcomes in
patients with clinical symptoms of sciatica and (2) whether
MRI use affects decision making.
METHODS

RECRUITMENT AND SELECTION CRITERIA
Permission to conduct this study was granted by the internal review boards of Johns Hopkins Medical Institutions, Walter Reed
Army Medical Center (now Walter Reed National Military Medical Center), University of Pennsylvania, and WellSpan Health. Patients were recruited from the pain clinics and primary care practices at participating institutions. Inclusion criteria were age greater
than 18 years; signs and symptoms of lumbosacral radiculopathy
clinically warranting ESI; leg pain as great or greater than back
pain; and agreement to receive an ESI regardless of MRI results.
To ensure blinding, patients had to either have had an MRI within
the past year (n=99) or, for those without an MRI, with an MRI
more than 1 year old, or with new neurologic symptoms warranting repeated imaging (n=33), agree to undergo an MRI that
might or might not be viewed by the evaluating physician.
Excluded from participation were patients who had previous back surgery, duration of pain greater than 4 years, treatment with an ESI within the past 2 years, serious neurologic
deficit, and/or serious psychiatric disease. For the subset of patients who knew their MRI findings, divulging this information to the treating doctor was also grounds for exclusion.
A power analysis conducted with a sequential analysis for
2 looks using the O’Brien-Fleming procedure for multiple testing boundaries determined that 130 patients were needed to
have an 80% chance to detect a 1-point difference in numerical rating scale (NRS) leg pain scores between groups, assuming comparable baseline scores and an SD of 1.9.

RANDOMIZATION AND BLINDING
A total of 132 patients were randomized in blocks of 26 via a
computer-generated randomization table. Group 1 subjects all
received ESIs, with the type (eg, interlaminar or transforaminal) and level determined solely by history and physical examination findings (ie, the treating physician was blinded to the MRI).
In group 2, the physician determined treatment based on clinical findings and imaging results. In these patients, the treating
physician could elect not to perform an ESI if the MRI finding
was noncorroborative. In this scenario, the patient exited the study
because the alternative treatment (eg, surgical referral, rehabilitation program) and follow-up could not be standardized.
Since the decision to perform an ESI in group 1 subjects was
rendered without regard to MRI results, to gauge whether the
MRI affected decision making and to ensure safety, a physician

privy to the patient’s clinical and MRI findings who was unaware of the epidural they received independently reviewed the
MRI to confirm that no warning signs (eg, metastases) existed,
as well as to determine a theoretical treatment plan based on the
conglomeration of diagnostic information. This judgment could
be to perform the same procedure as the treating physician, perform an ESI at a different level (ie, if imaging and symptoms were
nonconcordant), or to perform a different treatment altogether,
which could occur if the MRI revealed no disease that could account for the radicular symptoms. Patients and the evaluating
physicians were blinded to treatment allocation.

INJECTIONS
All injections were performed using fluoroscopic guidance. The
arbiter of treatment in all cases was the treating physician, but
in accordance with clinical practice, patients with unilateral symptoms usually received transforaminal epidural delivery, while those
with bilateral symptoms underwent interlaminar injections. Transforaminal injections were accomplished by inserting 22-gauge
spinal needles at 45° angles or greater into the targeted foramina, with correct position confirmed by contrast injection. After
the attending physician was satisfied with placement, a 3-mL solution containing 60 mg of depo-methylprednisolone, 1 mL of
bupivacaine, 0.25%, and 0.5 mL of saline was injected.
Interlaminar ESIs were performed using the loss-of-resistance
technique, with placement also confirmed by contrast injection.
After the physician was satisfied with contrast spread, 4 mL of
a solution containing 60 mg of depo-methylprednisolone, 1 mL
of bupivacaine, 0.25%, and 1.5 mL of saline was administered.

FOLLOW-UP AND DATA COLLECTION
Baseline data were collected prior to the first injection. In addition to demographic data, clinical information included duration of pain; average NRS leg and back scores over the past
week; analgesic use, duration of symptoms; an Oswestry disability index (ODI)15 score (version 2.0, MODEMS); and for
group 1 patients, any discrepancy between the procedure performed by the blinded treating physician and the theoretical
treatment rendered by the unblinded reviewer. After the first
procedure, subjects were scheduled for a repeat ESI 2 weeks
later. However, patients who obtained excellent relief after the
first injection could elect to forego a second injection. In between the first injection and final follow-up visit, no patient
received additional therapeutic interventions.
The first follow-up visit occurred 1 month after the second
injection by a physician blinded to treatment allocation. In addition to updates in baseline parameters, other categories recorded were medication reduction,16 global perceived effect
(GPE),16 and adverse effects. The primary outcome measure was
leg pain score at 1 month. A composite successful outcome was
predetermined to be a 2-point or greater decrease in leg pain
score17 coupled with a positive GPE to the extent that the patient was able to forego additional interventions.
All patients who experienced a positive categorical outcome at their 1-month visit returned to the clinic for 3-month
follow-ups, whereas those with a negative outcome exited the
study to receive alternative treatments. This paradigm was followed for ethical reasons, and is consistent with recent clinical trials evaluating ESIs and other injections.16,18-20
We conducted an as-treated analysis in which only actual data
garnered from follow-up visits were analyzed because there is
no pharmacologic basis for patients who failed to obtain relief at
1 month to improve at 3 months secondary to a treatment effect.
In addition, we performed an intention-to-treat analysis in which
the last recorded data were carried over in treatment failures.
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Enrollment

323 Potential study patients
with lumbosacral radiculopathy
screened for enrollment

191 Excluded for
• Previous surgery
• Recent epidural steroids
• Concurrent lumbar pain
generator
• Duration > 4 y
• Logistical reasons
(ie, long-distance travel)
• Secondary gain
• Serious coexisting
psychopathologic condition
• Refused participation

Allocation

132 Randomization

65 Group 1 (ESI based on history
and physical examination)

67 Group 2 (ESI based on history,
physical examination, and MRI)

5 Received non-ESI treatment
after MRI reviewed

Treatment

Follow-up

65 Received ESIs
15 1 ESI
50 2 ESIs

32 Exited study at 1 mo owing
to negative outcome

62 Received ESIs
21 1 ESI
41 2 ESIs

32 Successful outcome at 1 mo

34 Successful outcome at 1 mo

23 Successful outcome at 3 mo

24 Successful outcome at 3 mo

64 Completed study protocol
0 Dropouts

65 Completed study protocol
3 Dropouts

26 Exited study at 1 mo owing
to negative outcome

Analysis

Figure 1. CONSORT flowchart showing progression of study subjects. CONSORT indicates Consolidated Standards of Reporting Trials; ESI, epidural steroid
injection; MRI, magnetic resonance imaging.

STATISTICAL ANALYSIS
Statistical analyses were conducted using Stata/MP 11.2 (StataCorp LP). The distribution of continuous variables was assessed by examining histograms. For variables that were normally distributed, t tests with an assumption of unequal variances
were used to test a null hypothesis of no difference, while nonnormally distributed variables were assessed using the Wilcoxon rank-sum test. Categorical variables were assessed using
the 2 test or the Fisher exact test.
RESULTS

derwent transforaminal ESIs for predominantly unilateral pain (72%). Two patients were lost to follow-up.
Baseline demographic and clinical characteristics were
comparable between groups and are listed in Table 1. The
mean (SD) age for all subjects was 52.0 (15.0) years, and
the mean (SD) duration of pain was 1.5 (1.4) years. Fiftyseven percent of subjects were women, and 34% were taking opioids. Preprocedure leg pain scores and functional
capacity findings demonstrated moderate to severe dysfunction, averaging 6.6 (1.9) on the NRS pain scale and
44.5 (16.9) on ODI.

BASELINE CHARACTERISTICS

TREATMENT GROUP OUTCOMES

A total of 323 patients referred or scheduled for ESI were
screened for inclusion; 191 were excluded for various reasons, resulting in an enrollment of 132. Among the 67 patients enrolled in group 2, 5 did not receive an ESI after
the treating physician reviewed the MRI results (7%), leaving a total of 127 patients who received an ESI (Figure 1).
The 5 patients who did not receive an ESI were excluded
from analysis because their subsequent treatment and follow-up could not be standardized. Ninety-one patients un-

As-Treated Analysis
Outcomes stratified by primary treatment group are listed
in Table 2. Mean (SD) leg pain scores (3.6 [2.9] vs 4.4
[2.8]) (P=.12) and back pain scores (4.0 [2.9] vs 4.6 [2.8])
(P=.21) were slightly lower at 1-month follow-up in group
2 patients, although none of these values reached statistical significance. By 3 months after the procedure, the differences between treatment groups had narrowed even fur-
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Table 1. Baseline Demographic and Clinical Characteristics by Study Group a
MRI-Blinded
(n = 65)

MRI
(n = 67)

P Value

53.2 (16.8) (20-96)

50.8 (13.1) (24-78)

.36

29 (45)
36 (55)
1.6 (1.3) (0.1-5.0)
45.0 (18.3) (10-84)
6.7 (1.9) (3-10)
6.1 (2.7) (0-10)

28 (42)
39 (58)
1.5 (1.5) (0.1-8.0)
44.0 (15.5) (8-78)
6.6 (1.8) (3-10)
6.1 (2.3) (0-10)

Characteristic
Age, mean (SD) (range), y
Sex
Male
Female
Duration of pain, mean (SD) (range), y
Baseline ODI score, mean (SD) (range)
Baseline NRS leg pain intensity, mean (SD) (range)
Baseline NRS back pain intensity, mean (SD) (range)
Opioid use
No
Yes
Injection type
Transforaminal epidural
Interlaminar epidural
Nonepidural
None
Epidural injections
1b
2

45 (69)
20 (31)

42 (63)
25 (37)

50 (77)
15 (23)
0 (0)
0 (0)
(n = 65)
15 (23)
50 (77)

41 (61)
21 (31)
3 (4)
2 (3)
(n = 62)
21 (34)
41 (66)

.74
.74
.73
.70
.72
.43

.03

.18

Abbreviations: MRI, magnetic resonance imaging; NRS, numerical rating scale (0-10); ODI, Oswestry disability index.15
a Unless otherwise indicated, data are reported as number (percentage) of patients.
b Includes patients who received only 1 injection owing to either excellent response or worsening symptoms.

Table 2. Outcomes Stratified by Primary Treatment Group

Variable
NRS at 1 mo, mean (SD) (range)
Leg pain
Back pain
NRS at 3 mo, mean (SD) (range)
Leg pain
Back pain
ODI at 1 mo, mean (SD) (range)
ODI at 3-mo, mean (SD) (range)
Positive GPE at 1 mo, No. (%) (95% CI)
Positive GPE at 3 mo, b No. (%) (95% CI)
Medication reduction at 1 mo, c No. (%) (95% CI)
Medication reduction at 3 mo, c No. (%) (95% CI)
Overall success, d No. (%) (95% CI)
None
At 1 mo only e
At 3 mo

MRI-Blinded
(n = 65)

MRI
(n = 67)

P Value

4.4 (2.8) (0-10) (n = 65)
4.6 (2.8) (0-10) (n = 65)

3.6 (2.9) (0-10) (n = 61) a
4.0 (2.9) (0-10) (n = 61) a

.12
.21

3.0 (3.0) (0-9) (n = 32)
3.5 (3.1) (0-10) (n = 32)
34.9 (20.4) (0-80) (n = 65)
30.6 (17.1) (2-56) (n = 32)
36 (55) (43-68) (n = 65)
24 (40) (28-52) (n = 60)
14 (27) (15-39) (n = 52)
14 (56) (37-76) (n = 25)

2.7 (2.8) (0-10) (n = 32)
3.2 (2.8) (0-9) (n = 32)
34.8 (17.2) (2-72) (n = 61)
29.7 (14.8) (6-58) n = 32
42 (69) (57-81) (n = 61)
26 (53) (31-59) (n = 49)
26 (48) (35-62) (n = 54)
17 (57) (39-74) (n = 30)

.77
.81
.98
.79
.12
.17
.02
.96

32 (49) (37-61) (n = 65)
10 (15) (7-24) (n = 65)
23 (35) (24-47) (n = 65)

26 (43) (30-55) (n = 61) a
11 (18) (8-28) (n = 61)
24 (41) (28-53) (n = 59) f

.46
.69
.54

Abbreviations: ESI, epidural steroid injection; GPE, global perceived effect; MRI, magnetic resonance imaging; NRS, numerical rating scale; ODI, Oswestry
disability index.15
a Excludes 5 patients who did not receive ESIs after reviewing their MRI and 1 patient lost to follow-up before first visit.
b Negative GPE at 1 month carried over to 3 months.
c Medication reduction defined as cessation of nonopioid analgesic or a greater than 20% decrease in opioid use.
d Successful procedure defined as a 2-point decrease in leg pain or greater coupled with positive GPE.
e Includes patients with a successful procedure who dropped out for surgical or other interventional treatment for back pain or weakness.
f Excludes subjects with a successful outcome at 1 month who dropped out before 3 months.

ther. No observed differences were noted for ODI scores at
any time point.
A higher percentage of group 2 patients were able to
reduce their analgesic consumption at 1 month (53% vs
40%) (P = .02) but not by 3 months (57% vs 56%). A
slightly higher proportion of subjects obtaining a positive GPE at 1 month (69% vs 55%) (P=.12) and 3 months
(53% vs 40%) (P = .17) was observed in group 2 pa-

tients. However, no differences in overall success rates
between treatment groups were found at any time point.
Intention-to-Treat Analysis
We conducted intention-to-treat analysis to permit
study patients for whom ESI failed to provide relief to
pursue other treatments without having the results of
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Table 3. Outcomes Stratified by Whether MRI Influenced Treatment Plan

MRI Group ⴙ MRI-Blinded Patients
for Whom MRI Did Not Affect
Treatment Plan
(n = 104) a

Outcome
NRS at 1 mo, mean (SD) (range)
Leg pain
Back pain
NRS at 3-mo, mean (SD) (range)
Leg pain
Back pain
ODI, mean (SD) (range)
1 mo
3 mo b
Positive GPE
1 mo, No. (%) (95% CI)
3 mo, No. (%) (95% CI)
Medication reduction c
1 mo, No. (%) (95% CI)
3 mo, No. (%) (95% CI)
Overall success, d No. (%) (95% CI)
None
1 mo only e
3 mo

(n = 104)
3.9 (2.9) (0-10)
4.1 (2.9) (0-10)
(n = 52)
2.4 (2.7) (0-10)
3.1 (2.7) (0-9)

MRI-Blinded Patients Who Received
Different Injection Than That Proposed
by Physician Privy to MRI
and Examination Findings
(n = 22)
(n = 22)
4.3 (2.7) (0-10)
5.2 (2.5) (0-10)
(n = 12)
4.8 (3.2) (0-9)
4.3 (3.8) (0-10)

P Value
.59
.10
.01
.40

34.7 (18.9) (0-78) (n = 104)
28.2 (15.5) (2-58) (n = 52)

35.4 (19.1) (4-80) (n = 22)
38.7 (15.5) (6-56) (n = 12)

.87
.04

65 (63) (53-72) (n = 104)
44 (50) (39-61) (n = 88)

13 (59) (39-80) (n = 22)
6 (29) (11-52) (n = 21)

.77
.08

36 (41) (31-52) (n = 88)
26 (59) (43-74) (n = 44)
(n = 110)
48 (46) (37-56) (n = 104)
14 (14) (7-20) (n = 104)
42 (41) (32-51) (n = 102) f

4 (22) (6-48) (n = 18)
5 (45) (17-77) (n = 11)
(n = 22)
10 (45) (25-66) (n = 22)
7 (32) (12-51) (n = 22)
5 (23) (5-40) (n = 22)

.14
.51
.95
.06
.12

Abbreviations: ESI, epidural steroid injection; GPE, global perceived effect; MRI, magnetic resonance, imaging; NRS, numerical rating scale; ODI, Oswestry
disability index.15
a Excludes 5 patients who did not receive ESIs after their MRIs were reviewed and 1 patient lost to follow-up before first visit.
b Negative GPE at 1 month carried over to 3 months.
c Medication reduction defined as cessation of nonopioid analgesic or 20% or greater decrease in opioid use.
d Successful procedure defined as a 2-point decrease in leg pain or greater coupled with positive GPE.
e Includes patients with a successful procedure who dropped out to undergo surgical or other interventional treatment for back pain or weakness.
f Excludes 2 additional patients with a positive 1-month outcome who dropped out before 3-month follow-up.

those treatments affect our findings. When the final
data points in 1-month treatment failures were carried
over to 3 months, mean (SD) leg pain scores in groups
1 and 2 were 4.6 (3.0) and 4.3 (3.0), respectively
(P = .53). Back pain scores also failed to reach significance, averaging 4.7 (3.0) and 4.0 (3.0) in the 2 respective groups (P=.23).
OUTCOMES STRATIFIED
BY WHETHER MRI USE
INFLUENCED TREATMENT DECISION
We set out to determine whether a subset of patients
whose clinical presentation differed from their imaging
results might have benefitted from reviewing their MRI.
To do this, we compared group 1 patients who received
a different ESI than that recommended by the independent evaluating physician who viewed the MRI findings
(n=22) with the rest of the subjects who received treatment concordant with both clinical symptoms and MRI
findings (ie, all group 2 patients plus the group 1 patients for whom the independent physician recommended the same injection as the treating physician)
(Table 3). In this analysis, we found that those subjects whose injection(s) corresponded to their condition fared better than those whose condition was noted
to be at a different level than that of the injection they
received. Mean (SD) leg pain (2.4 [2.7] vs 4.8 [3.2])
(P = .01) and ODI scores (28.2 [15.5] vs 38.7 [15.5])

(P =.04) were both lower at 3-month follow-up in participants who received anatomically correct ESIs compared with those whose procedures were performed at a
level corresponding to clinical presentation but not to
radiologic findings. The proportion in the anatomically
correct ESI group who reported a positive GPE was also
higher at 3 months (50% vs 29%) (P = .08). Overall,
41% of those who received an ESI corresponding to
both clinical presentation and MRI findings reported a
positive categorical outcome at 3 months, which favorably compared with the 23% positive outcome in cases
where the injection was inconsistent with MRI findings
(P=.12).
FACTORS ASSOCIATED
WITH TREATMENT SUCCESS
Table 4 and Table 5 list factors associated with
treatment success. While no demographic or clinical
variable attained statistical significance, trends were
found in which older mean (SD) age (54.6 [14.0] vs
50.6 [15.4] years) (P = .13) higher baseline leg pain
(6.9 [2.0] vs 6.4 [1.7]) (P =.12), and higher ODI score
(47.6 [16.8] vs 42.8 [17.0]) (P = .13) were associated
with a successful procedure (Tables 4). Controlling for
potential confounding factors did not change the
results of either the primary or secondary (whether
having an injection different than that decided by the
doctor who viewed the MRI affected outcome) analy-
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Table 4. Clinical and Demographic Characteristics Stratified by Success at 3-Month Follow-up a

Characteristic
Age, mean (SD) (range), y
Sex, No. (%)
Male
Female
Type of injection, No. (%)
Transforaminal
Interlaminar
Duration of pain, mean (SD) (range), y
Opioid use, No. (%)
No
Yes
Baseline ODI, mean (SD) (range)
Baseline NRS pain intensity, mean (SD) (range)
Leg
Back

Negative Outcome
(n = 77)

Positive Outcome
(n = 47)

50.7 (15.4) (20-96)

54.6 (14.0) (25-81)

31 (41)
46 (59)

21 (45)
26 (55)

54 (70)
23 (30)
1.5 (1.4) (0.1-8.0)

35 (74)
12 (26)
1.6 (1.3) (0.1-5.0)

P Value
.13
.69

.53

.55
.48

52 (68)
25 (32)
43.0 (17.0) (8-84)

29 (62)
18 (38)
47.6 (16.8) (10-84)

.13

6.4 (1.7) (3-10)
6.2 (2.3) (0-10)

6.9 (2.0) (3-10)
5.9 (2.9) (0-10)

.12
.58

Abbreviations: NRS, numerical rating scale (0-10); ODI, Oswestry disability index.15
5 patients in the MRI group who did not receive an injection plus 3 patients lost to follow-up.

a Excludes

Table 5. Characteristics Associated With Outcome in Multivariable Analysis a
Characteristic

Univariable OR (95% CI)

P Value

Multivariable OR (95% CI)

P Value

1.01 (0.99-1.04)
0.62 (0.30-1.26)
1.33 (0.63-2.81)

.27
.18
.45

1.01 (0.98-1.04)
0.57 (0.25-1.29)
1.51 (0.64-3.56)

.41
.18
.34

1.19 (0.30-4.76)
1.08 (0.36-3.29)
1.21 (0.49-3.00)
0.81 (0.39-1.69)
0.82 (0.41-1.66)
0.65 (0.32-1.32)
1.44 (0.71-2.92)
1.20 (0.55-2.60)
1.30 (0.64-2.62)
0.89 (0.35-2.24)

.81
.89
.68
.57
.59
.23
.31
.65
.47
.81

0.90 (0.18-4.55)
0.79 (0.21-2.89)
1.20 (0.42-3.58)
0.91 (0.41-2.03)
1.11 (0.45-2.76)
0.60 (0.23-1.56)
2.02 (0.86-4.75)
1.27 (0.52-3.06)
1.40 (0.60-3.23)
1.21 (0.39-3.76)

.90
.72
.73
.82
.82
.30
.11
.51
.44
.73

mean b

Age, centered at
Female c
Duration of pain ⬎2 y c
Study center c
Walter Reed
Penn
WellSpan
Opioid use c
Baseline leg pain ⬎7/10 c
Baseline back pain ⬎7/10 c
Baseline ODI ⬎40 c
Interlaminar ESI c
MRI group c
MRI-blinded patients who received different injection d

Abbreviations: ESI, epidural steroid injection; GPE, global perceived effect; MRI, magnetic resonance imaging; NRS, numerical rating scale; ODI, Oswestry
disability index15; OR, odds ratio.
a Successful outcome defined as greater than a 2-point decrease in leg pain score coupled with positive GPE at 1-month follow-up.
b The OR for age is interpreted as the contribution for each additional year above the reference age of 52.1 years.
c Baseline covariates are male, duration of pain ⬍2 years, treatment at Johns Hopkins, no opioids, baseline pain scores ⬍7, baseline ODI ⬍40, transforaminal
injection, and blinded MRI.
d For MRI-blinded patients who received a different injection than that proposed by the independent physician privy to the MRI findings, the reference was the
MRI group and MRI-blinded patients who received the same injection as that proposed by the independent physician.

ses (Table 5). In multivariable analysis, those with an
ODI score of 40 or higher were twice as likely to experience a positive outcome at 1 month than were those
with less severe disability (odds ratio [OR], 2.02; 95%
CI, 0.86-4.95), while being female was associated with
a 43% increased risk for treatment failure (OR. 0.57;
95% CI, 0.25-1.29).
MRI AFFECT ON DECISION MAKING
Two methods were used to determine whether MRI affected decision making. The first compared the injection performed by the blinded physician to that recommended by the independent evaluator privy to imaging
results in group 1 subjects; the second identified how

many patients in group 2 (who would have received an
ESI had clinical findings alone been used) did not receive an ESI after the treating physician viewed the MRI
results. In group 1 patients, the independent evaluator
decided on the same ESI as the blinded treating doctor
in 66% of cases. In 82% of the other 22 cases (n=18),
the independent evaluator believed that a different ESI
was warranted, with a nonepidural injection recommended in only 4 cases. In no case was noninjection
therapy decided on (Figure 2).
In group 2 patients, the treating physician opted not
to perform an ESI after reviewing the MRI in 5 cases (7%).
Three of these patients received a nonepidural injection, while 2 were treated with pharmacotherapy. Within
6 months of treatment, 3 of these patients ended up re-
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Figure 2. Differences in treatment plans for group 1 patients between the
blinded treating physician and independent evaluator privy to the magnetic
resonance imaging (MRI) findings. ESI, epidural steroid injection.

ceiving an ESI anyway. No patients in either group had
a “red flag” condition, which would have precluded them
from receiving an ESI.
COMPLICATIONS
Three patients experienced worsening of pain that resulted in them refusing a second injection or seeking further medical attention. None constituted a new neurologic complaint. One man experienced unstable angina
1 week after his first ESI, while another developed an arrhythmia within a week.
COMMENT

The main finding in this study was that the use of
imaging failed to improve outcomes in patients who
presented to an interventional pain clinic with clinical
signs of lumbosacral radiculopathy. In group 1 patients,
the independent physician privy to both MRI and clinical findings decided on a different treatment than did
the treating physician who was blinded to imaging results 34% of the time. However, in over 80% of cases,
this difference was limited to performing either a different type of ESI (ie, transforaminal instead of interlaminar) or performing the same type of ESI at a different
level. In none of the cases did the independent evaluator elect not to perform an injection. In the 5 group 2
patients for whom the treating physician decided not to
perform an ESI, none obtained significant benefit from
the alternative treatment.
In the main subgroup analysis, greater benefit was
noted in patients who received ESIs consistent with both
MRI and clinical findings compared with those who received an ESI different from what the independent evaluating physician recommended after reviewing the MRI.
While one interpretation of this finding is that the MRI
could have improved outcomes in these patients, an
equally plausible explanation is that treatment was more
likely to fail in these patients regardless of the intervention they received because their symptoms were incon-

sonant with their disease. Previous studies have demonstrated a high rate of abnormal findings, including disc
protrusions and annular tears, in asymptomatic volunteers.21,22 Studies have also found a positive correlation
between pain relief following ESI and the degree of spinal stenosis, suggesting that individuals who have minimal abnormality at the dermatomal level(s) corresponding to their symptoms might benefit less from ESIs.23
Our findings are consistent with other studies evaluating the effect of early advanced imaging on the management of neuropathic back pain. Modic et al6 evaluated the
effects of MRI on 246 patients with acute (⬍3 weeks) LBP
treated conservatively, 39% of whom had radicular symptoms. At 6-week follow-up, no differences in outcomes were
noted between those patients whose physician was routinely notified of the results and those whose physician
was notified only if “clinically indicated.” A similar study
of 782 patients by Gilbert et al7 found that early imaging
afforded only slight benefit but did not influence management. Our study differs from these in that our patients all
presented with sciatica; all were referred for ESIs; and all
received MRIs, although only an independent evaluator
viewed the images in group 1.
There are several reasons why an MRI might not improve outcomes in patients with sciatica. First, imaging studies conducted in asymptomatic volunteers consistently show
a high rate of abnormal findings,21,22 which minimizes the
likelihood that an MRI would be used as grounds to preclude an injection. Second, systematic reviews have shown
that ESIs provide benefit to only a subset of people, so that
a comparative effectiveness study with liberal inclusion criteria might fail to detect a difference.24,25
Third, even when ESIs are performed at a level different from the main site of the abnormality, the injectate will most likely still reach the affected area.26,27 Even
under ideal circumstances, the utility of performing an
injection at the site of the imaging abnormality remains
unknown. This is illustrated by a study finding that ESI
administered at the level above the affected nerve root
resulted in superior outcomes to those administered at
the same level as the abnormality.28 This phenomenon
is probably attributable not only to the extensive segmental spread that occurs with a single ESI, but also to
the fact that the steroid dose typically used is much higher
than what is necessary.29
Nevertheless, the trend toward superiority in the MRI
group for the primary outcome measure at 1 month leaves
open the possibility that obtaining an MRI might improve short-term outcomes in a minority of individuals
or affect treatment decisions unrelated to the performance of ESIs. Whereas most experts generally acknowledge that ESIs can provide short-term benefit, with respect to the intermediate-term efficacy of ESI, systematic
reviews are mixed in their conclusions.30,31
There are several limitations to this study. First, our
population consisted of patients who were referred to an
interventional pain clinic, some of whom had already tried
conservative therapies without relief. Hence, these patients may have been less likely to respond to any treatment. Second, because this was not a primary efficacy
study, we did not include a control group that received
noninterventional therapy. It is currently not clear whether
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ESIs are more effective than conservative therapy, and
in some patients, noninterventional treatments may be
preferable as a first-line treatment option. Third, our study
was under-powered to detect any difference in red flag
indicators, which is one of the main reasons for obtaining an MRI. Even if one elects not to routinely order advanced imaging before an ESI, prudence dictates that
imaging be performed for those patients at high risk for
serious disease, such as elderly patients or those with a
personal or strong family history of cancer. Magnetic resonance imaging remains the reference standard for ruling out serious causes of back pain that can be missed
by examination. Fourth, because there is considerable variability in treatment decisions even when all data are reviewed, one cannot necessarily attribute differences in
treatment plans solely to the use of MRI. Fifth, and perhaps most importantly, failing to observe patients for
whom treatment failed for longer than 1 month may limit
long-term extrapolation, as our intention-to-treat analysis did not account for the vagaries of LBP. A final caution is that these results should not be extrapolated to
the cervical spine, which may be associated with a higher
risk for complications.32
In conclusion, our results suggest that although MRI
may have a minor affect on decision making, it is unlikely to avert a procedure, diminish complications, or
improve outcomes. Considering how frequently ESIs are
performed, not routinely ordering an MRI before a lumbosacral ESI may save significant time and resources.
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INVITED COMMENTARY

ONLINE FIRST

Imaging and Uncertainty in the Use of Lumbar
Epidural Steroid Injections

L

ow back disorders are extremely common and account for an important (and growing) proportion of medical expenditures.1 Their prevalence
and impact have led to an expanding array of treatments, including spinal injections, implantable devices,
and surgical procedures. Over the last 15 years, there has
been a dramatic increase in the use of many of these treatments, including epidural steroid injections.2 However,
wide geographic variations in the use of such injections
suggest professional uncertainty as to optimal indications.3 Along with increasing use of these treatments, there
has been a rapid increase in the use of advanced spinal
imaging.4 Despite these trends, overall quality of life for
people reporting back pain does not seem to be improving over time.1
Clinical trials on the efficacy of lumbar epidural steroids have reported inconsistent results. A systematic review commissioned by the American Pain Society concluded that for sciatica or prolapsed lumbar disc with
radiculopathy, there is “fair evidence that epidural steroid injection is moderately effective for short-term (but
not long-term) symptom relief.”5(p1078) It also concluded
that “Evidence on efficacy of epidural injections specifically for spinal stenosis, low back pain without radiculopathy, or failed back surgery syndrome is sparse and
inconclusive, but showed no clear benefit.”5(pp1081-1082)
Nonetheless, it appears that much of the use of epidural
steroid injections occurs in these situations of uncertain
benefit.2
Given the modest benefits of epidural injections themselves, it may not be surprising that the benefit of imaging
prior to injection is hard to demonstrate. Nonetheless,
recent radiologic guidelines endorse magnetic reso-

nance imaging (MRI) prior to administration of epidural steroid injections,6 and MRI use in this context has
become standard of care, regardless of the duration or
nature of symptoms. The rationale is that MRI is useful
to rule out “red flag” conditions (eg, tumors, fracture,
instability) for which injections would not be safe; to
choose the safest level and approach based on anatomy;
and to improve outcomes by targeting the injection to
the site of pathologic condition.7 However, a benefit of
imaging on the outcomes of epidural steroid injections
has not been established in rigorous studies.
Given the uncertain utility of MRI prior to epidural
steroid injection, Cohen et al8 designed a study to determine if MRI improved outcomes of such injections for
lumbar radiculopathy and if imaging altered treatment
decisions. In this randomized trial, every patient underwent an MRI, but in one group, the treating physician
was blinded to the results and in the other group, the treating physician used the MRI results to guide the treatment decision and injection approach. The groups demonstrated roughly similar improvements in leg pain, back
pain, disability, and perceived treatment effect.
Consistent with earlier studies, 3-month overall treatment success (decreased leg pain and positive global perceived effect) was modest: 35% in the group blinded to
MRI, and 41% in the group with MRI results available.
Group differences were not statistically significant. However, the group receiving MRI results underwent fewer
repeated injections and used less pain medication at 1
month than the group receiving injections by physicians blinded to the MRI results. In the group with MRI
results available, physicians decided against epidural injection for a few patients.
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