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Medical Sciences

Does Electrodiagnostic Confirmation of Radiculopathy Predict
Pain Reduction after Transforaminal Epidural Steroid Injection?
A Multicenter Study.
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prognostic value of EMG confirmation of radiculopathy with regard
to specific clinical outcomes after an epidural steroid injection
[35-38]. The current literature is comprised of studies with small
sample sizes and heterogeneous ESI techniques. Finally, no study
has determined if the presence of active denervation versus only
chronic denervation in either cervical or lumbosacral radiculopathy
has any effect on the predictive value of EMG.
This study aimed to determine if EMG confirmation cervical or
lumbosacral radiculopathy, with active versus chronic denervation,
predicts a positive treatment outcome following an ESI, as measured
by improved pain or decreased opiate consumption at short- and
long-term follow up.

Objective: Minimal definitive literature identifies patients with
radicular pain who would benefit most from epidural steroid
injection (ESI). This study investigated if electromyographic
(EMG) confirmation of radiculopathy with active or chronic
denervation predicts a positive treatment outcome following ESI.
Design: Longitudinal cohort study of adults who underwent
EMG and subsequent transforaminal ESI within 6 months. The
proportion of individuals who experienced >50% pain relief and
mean change in daily morphine equivalents (DME) were
calculated.
Results: 170 individuals with respective mean (Standard
Deviation) age and duration of symptoms of 55 (15) years and 36
(56) months were included. Mean time to <30 day and >30 day
follow-up post-injection were 18 (6) and 99 (130) days,
respectively. At >30 day follow-up, a larger proportion of
EMG-confirmed individuals (37.7%) reported >50% pain
reduction compared to EMG-negative individuals (17.8%)
(p=0.03). This was significant for lumbosacral (40% vs. 15%,
p=0.01) but not cervical symptoms (p>0.05). Mean decrease in
DME at long-term follow-up in EMG-confirmed compared to
EMG-negative individuals trended toward significance (-4 vs. -1,
p=0.11). There was no significant relationship between
myotomal spontaneous activity and pain or opioid use.
Conclusions: Needle EMG predicts long-term pain reduction
from transforaminal ESI in patients with lumbosacral
radiculopathy, regardless of the presence of active denervation.
Journal of Nature and Science, 1(8):e140, 2015

Methods
This was a multicenter, longitudinal cohort study approved by the
Institutional Review Board at Northwestern University and at the
University of Pennsylvania. The study was conducted at Physical
Medicine and Rehabilitation outpatient interventional spine centers
in two urban tertiary academic medical centers. Individuals seen at
Northwestern/The Rehabilitation Institute of Chicago between May
2007 and December 2013; and those seen at The University of
Pennsylvania between September 2009 and July 2010 were included
in the study. At Northwestern/The Rehabilitation Institute of
Chicago, data were obtained by retrospective query of the electronic
medical record. At The University of Pennsylvania, data were
obtained by interrogation of a discrete, structured clinical database
(RICPLAS©) of individuals who were studied prospectively. This
prospective clinical database has been further described in previous
studies [27,39-43]. Consecutive individuals 18 years of age or older
who underwent an EMG to evaluate radiculopathy and also
underwent a transforaminal ESI (TFESI) within 6 months of the
EMG to treat radicular pain were included. Exclusion criteria were:
history of cervical or lumbar surgery and administration of ESI more
than 6 months after the EMG was performed. For all individuals, the
following data were collected: clinical history, pain diagram, 0-10
point Numeric Rating Scale (NRS) pain scores, physical
examination findings (sensory, motor or reflex abnormalities),
indication for EMG, and ESI procedural details. Opioid use data was
collected only at the Northwestern University/Rehabilitation
Institute of Chicago study sites (Table 1). An EMG was ordered at
the discretion of the treating physician, and was typically done to
clarify or confirm the diagnosis. EMG-confirmation of the diagnosis
of radiculopathy was defined as 2 or more muscle abnormalities in
the same myotome, with different peripheral nerve distributions, on
a 6-muscle screen with changes consistent with denervation [32,33].

Electromyography | Prediction tool | epidural | radiculopathy | pain |
cervical | lumbar | lumbosacral

Lumbar and cervical spine pathologies are a major public health and
economic problem affecting over 100 million adults per year and
leading to over $100 billion in healthcare expenditure in the United
States [1]. Epidural steroid injections (ESIs) are effective in
providing clinically-significant pain reduction, functional
improvement, and preventing spinal surgery in some patients with
lumbosacral radicular pain [2-11]. While less robust, there is also
evidence that a portion of patients with cervical radicular pain can be
effectively treated with cervical ESI [12-15]. Determining which
patients are most likely to benefit from an ESI is important for both
patient care and for managing healthcare expenditures.
Beyond the diagnosis of disc herniation versus spinal stenosis
[7,11,16-19], there is minimal definitive literature that identifies
those patients with radicular pain who would benefit most from ESI
[20-27]. Needle electromyography (EMG) is the only objective
means of detecting functional nerve root dysfunction [28,29] and is
often used to confirm a diagnosis of radiculopathy or to define the
specific nerve root affected [31-34]. Thus, electromyography may
have some utility in identifying appropriate patients for ESI
treatment. However, there has been limited data investigating the
use of EMG for directing ESI interventions and for predicting
efficacy of this intervention. There is no literature on whether the
outcomes of patients with cervical radicular symptoms who show
EMG evidence for radiculopathy differ from those without such
changes. Additionally, there has been little research on the
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Table 1. Study Sample Characteristics
Data Available
n

Demographics
Age, years
170
Gender
170
Male
Female
BMI
115
Duration of symptoms, months
141
>3 drinks/day
64
Yes
No
Smoker
134
Yes
No
Worker’s compensation
156
Yes
No
MVC caused symptoms
154
Yes
No
Disability
144
Yes
No
Time to “short-term follow-up” (<30
160
days)
Time to “long-term follow-up” (>30
106
days)
Reason for EMG
88
Clarifying diagnosis
Clarifying level of
affected nerve root
Considering surgery
Clarifying level for surgery
Injection Procedure Details
Steroid type
168
Triamcinolone
Betamethasone
Dexamethasone
Number of times injection was
168
repeated
Level of Injection
178*
C5-C6
C6-C7
C7-T1
L2-L3
L3-L4
L4-L5
L5-S1
S1-S2
Pain and Opioid Use
NRS prior to injection
167
NRS immediately post-injection
155
Morphine equivalents prior to
84
injection
Pre-injection Electromyography
Radiculopathy
160
Yes
No
Location of Radiculopathy
90
Cervical
Lumbar
*8 bilateral injections
BMI – body mass index
EMG-C – EMG-confirmed radiculopathy
EMG-N – EMG-negative for radiculopathy
MVC – motor vehicle accident
NRS – numerical rating scale
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All Individuals
Mean (SD) or % (n)

EMG-confirmed
Mean (SD) or % (n)

EMG-negative
Mean (SD) or % (n)

Comparison of
EMG-N vs. EMG-C
groups
P value

55 (15)

56 (15)

54 (15)

0.25

45% (77)
55% (93)
29 (6)
36 (56)

47% (42)
53% (47)
30 (7)
46 (68)

43% (34)
57% (46)
28 (5)
25 (53)

0.53
0.21
0.14

2% (1)
98% (63)

3% (1)
97% (36)

0% (0)
100% (30)

0.60

16% (22)
84% (112)

17% (12)
83% (60)

16% (10)
84% (52)

0.93

6% (10)
94% (146)

6% (5)
94% (78)

7% (5)
93% (73)

0.83

8% (13)
92% (141)

6% (5)
94% (77)

11% (8)
89% (64)

0.26

4% (6)
96% (138)
18 (6)

4% (3)
96% (69)
17 (6)

4% (3)
96% (69)
18 (7)

1.00
0.70

99 (130)

84 (54)

117 (184)

0.19

90% (79)
32% (28)

90% (45)
36% (18)

92% (35)
24% (9)

0.80
0.48

2% (2)
1% (1)

6% (3)
2% (1)

0% (0)
3% (1)

0.15
0.78

24% (41)
19% (31)
57% (96)
0.4 (0.7)

29% (26)
16% (14)
56% (50)
0.5 (0.8)

19% (15)
22% (17)
59% (46)
0.4 (0.6)

0.28
0.30

4% (7)
6% (10)
3% (5)
2% (3)
7% (12)
24% (43)
40% (71)
15% (27)

Cervical
13% (10)

Cervical
13% (12)

Lumbar
88% (70)

Lumbar
87% (78)

5.9 (2.3)
2.7 (2.8)
5 (11)

5.9 (2.4)
2.8 (2.9)
6 (14)

6.0 (2.4)
2.5 (2.7)
4 (8)

0.77
0.49
0.44

53% (90)
47% (80)

100% (90)

-

-

16 % (14)
84% (76)

16 % (14)
84% (76)

-

-

0.87
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Table 2. Pain and Opioid Use Outcomes after TFESI
Pain and Opioid Use
NRS prior to injection
NRS immediately post-injection
NRS at short-term follow-up
NRS at long-term follow-up
>50% NRS improvement from pre-injection to short-term
follow-up
Yes
No
>50% NRS improvement from pre-injection to long-term
follow-up
Yes
No
DME prior to injection
DME at short-term follow-up
DME at long-term follow-up
Opioids discontinued by short-term follow-up
Opioids discontinued by long-term follow-up
DME – daily morphine equivalents
NRS – numerical rating scale

Data Available n
167
155
152
98
151

28% (43)
72% (108)
98
29% (28)
71% (70)
5 (11)
2 (10)
2 (11)
20% (6)
42% (10)

84
73
48
30
24

numerical variables. Data were analyzed using PSPP version 0.8.3
(Gnu Project, Boston, MA). The level of significance was set at 0.05
for all statistical tests. Two-sided testing was used for all hypothesis
testing.

The general indication for an epidural steroid injection in this
cohort was radicular pain refractory to conservative treatment. Pain
was considered to be radicular by history consistent with axial pain
radiating to a limb in a dermatomal distribution, potentially
supported by physical examination findings suggestive of nerve root
irritation (dural tension signs, motor or reflex asymmetry), and/or
concordant pathology on magnetic resonance imaging (MRI).
Unilateral, single-level ESI was performed using a standard,
image-guided transforaminal technique for both lumbar and cervical
injections [44]. Steroid (12mg betamethasone [6mg/mL], 80mg
triamcinolone [40mg/mL], or 16mg dexamethasone [4mg/mL],
equipotent doses [45]) diluted in 1-2 mL of 1% lidocaine, was used
for these injections. Dexamethasone was used exclusively for all
cervical injections. All injections were performed by board-certified
Physical Medicine & Rehabilitation physicians with additional
board certification in either Sports Medicine or Pain Medicine.

Results
A total of 170 consecutive individuals received an EMG followed by
a TFESI for radicular pain during the study time frame.
Demographic, clinical, and procedural characteristics of the study
population are shown in Table 1. The mean (SD) age was 55 (15)
years, and the mean duration of symptoms prior to ESI was 36 (56)
months. The mean time to “short term” follow-up post-injection was
18 (6) days and to “long-term” follow-up was 99 (130) days.
There were 90 (53%) EMG-C individuals 14 (16%) of which
were cervical and 76 (84%) of which were lumbosacral (Table 1).
NRS pain scores were available for 152 (89%) individuals at
short-term follow-up and for 98 (58%) of individuals at long-term
follow-up.
Demographic, clinical, and procedural characteristics of EMG-C
individuals were compared to EMG-N individuals, with no
significant between group differences found. (Table 1).
At short-term follow-up, 28% (95% Confidence Interval [CI]
22%, 36%) of all individuals reported >50% improvement in pain
and 20% discontinued opioids. At long term follow-up, 29% (95%
CI 21%, 38%) reported > 50% improvement in pain and 42% (95%
CI 24%, 61%) of those with available data (or 29% [95% CI 17%,
46%] if including those with missing data) had discontinued opioid
use for pain control (Table 2).
Table 3 shows NRS pain score improvements in EMG-C
individuals compared to EMG-Negative individuals. At long-term
follow up, a significantly larger proportion of EMG-Confirmed
individuals (38%, 95% CI 26%, 51%) reported >50% pain reduction
compared to EMG-negative individuals (18%, 95% CI 8.5%, 31%)
(p=0.03). The mean decrease in NRS pain score was 30% in EMG-C
individuals compared to only 9% of EMG-negative individuals
(p=0.05). There were no significant differences between these two
groups with regard to either categorical or mean pain reduction at
short-term follow up, and no significant differences in DME at either
short- or long-term follow up, though there was a trend toward a
greater decrease in DME at long-term follow up in EMG-Confirmed
compared to EMG-Negative individuals (p=0.11) (Table 3).
In individuals with cervical radicular pain, (n = 22) no
relationship was identified between EMG results with regard to the
proportion of individuals who experienced >50% pain reduction or
in the mean change in NRS pain score at short (p=0.65, p=0.87) or
long term (p=0.50, 0.91) follow-up. In individuals with lumbosacral
symptoms (n = 148), there was no significant difference in the
proportion of individuals who experienced >50% pain reduction or
in the mean change in NRS pain score between the two groups at

Data Analysis
Opioid use data was converted to daily morphine equivalents
(DME) [46]. Follow-up was categorized as ≤30 days (short term)
and >30 days (long term); the mean time to follow-up in these
groups was 18 and 99 days, respectively (Table 1).
The primary outcome measure for this study was the proportion of
individuals who received >50% pain relief after TFESI. Individuals
as were categorized as “responders” and “non-responders” with
categorical outcome analysis in order to be consistent with prior
studies of clinical outcomes following TFESI [7]. Secondary
outcomes included change in mean NRS pain score and change in
DME.
Outcomes were compared between individuals who had
EMG-confirmed radiculopathy (EMG-C) and those who had
radicular pain but no electrophysiologic evidence of radiculopathy
on EMG (EMG-N). Outcomes were also compared between EMG-C
individuals who had evidence of myotomal spontaneous activity
(MSA), i.e. positive sharp waves and/or fibrillation potentials, and
EMG-C individuals with no myotomal spontaneous activity
(NMSA), i.e. only motor unit action potential recruitment changes in
the absence of positive sharp waves and fibrillation potentials.
In order to identify group difference in outcomes based on
confirmatory or non-confirmatory EMG evidence for radiculopathy,
confounding factors were also included in the analysis.
Statistical Analysis
To illustrate the demographic, radiologic, and procedural
characteristics of the study sample, the means and standard
deviations for continuous variables and proportions for categorical
variables were calculated. Data were checked for normal
distributions using summary statistics and graphical displays. X2
statistic was used to compare outcome groups on categorical
variables and used analysis of variance tests to compare groups on
ISSN 2377-2700 | www.jnsci.org/content/140
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Table 3. Pain and Opioid use Outcomes in EMG-C vs. EMG-N Individuals. Positive values indicate an improvement.
Data Available n

EMG-Confirmed

EMG-Negative

Mean improvement
Or % (n)

Mean improvement
Or % (n)

[lower,upper 95% CI]

[lower,upper 95% CI]

P value

Percent NRS reduction from pre- to
immediately post injection

151

53% [44%-63%]

58% [47%-68%]

0.37

Percent NRS reduction from
pre-injection to short-term
follow-up

151

28% [16%-46%]

16% [-1%-34%]

0.27

Percent NRS reduction from
pre-injection long-term follow-up

99

30% [17%-44%]

9% [-9%-27%]

0.05*

Pre- to immediately post-injection:
>50% improvement

155

46% (37)

56% (40)

0.30

Pre-injection to short-term
follow-up: >50% improvement

151

30% (25)

27% (18)

0.55

Pre-injection to long-term
follow-up : >50% improvement

98

38% (20)

18% (8)

0.03*

Decrease in DME, Pre-injection to
short-term follow-up

73

2 [-2,6]

1 [-2,4]

0.75

Decrease in DME, Pre-injection to
long-term follow-up

45

4 [-1,9]

-1 [-3,2]

0.11

Opioids discontinued by short-term
follow-up

30

18% (3)

23% (3)

0.71

Opioids discontinued by long-term
follow-up

24

39% (5)

46% (5)

0.73

DME – daily morphine equivalents
EMG-C – EMG-confirmed radiculopathy
EMG-N – EMG-negative for radiculopathy
NRS – numerical rating scale
* - statistically significant, as defined by an alpha value of 0.05

with lumbosacral symptoms who undergo a TFESI. No differences
in potentially confounding baseline demographic, clinical, or
procedural characteristics were apparent in this analysis, thus
strengthening this finding.
These results also suggest that EMG predicts pain reduction after
TFESI for radiculopathy in both the case of active denervation and
when only chronic denervation is present, as there was no difference
in pain reduction with regard to the presence or absence of
myotomal spontaneous activity. This is the first study to report this
finding.
This was also the first study to examine cervical radiculopathy
outcomes after an ESI. No relationship was identified between EMG
confirmation of cervical radiculopathy and pain outcomes following
TFESI, however the sub-population of individuals with cervical
radicular symptoms was small and unlikely to detect significant
differences.
Four small studies have investigated the prognostic value of EMG
confirmation of radiculopathy in determining clinical outcomes after
ESI. Annaswamy et al. [35] found that individuals with EMG
findings of radiculopathy with active denervation (myotomal
spontaneous activity) were more likely to experience improvements
in pain and function 2 and 6 months after ESI, but this study was
limited to only 70 individuals with symptoms of lumbosacral
radicular pain. In another study, Marchetti et al. [36] found no
differences in pain relief 6 weeks after an ESI in patients with EMG
evidence of lumbosacral radiculopathy versus those without. This
study was limited by its retrospective design, small size, and varied
technique of ESI (caudal, interlaminar and transforaminal).

short-term follow-up (p = 0.55, p=0.35), but significantly more
subjects with EMG-confirmed radiculopathy (40%, 95% CI 27%,
54%) had >50% relief at long-term follow-up compared to those
without EMG-confirmed radiculopathy (15%, 95% CI 7%, 29%), p
= 0.01. The mean percentage change in pain relief between
lumbosacral EMG-C and lumbosacral EMG-N at long-term
follow-up was 21% less pain (p = 0.08).
Table 4 shows NRS pain scores and opioid use in EMG-C
individuals, comparing those with and those without myotomal
spontaneous activity (MSA versus NMSA). There was no
significant interaction between myotomal spontaneous activity
(MSA vs. NMSA) and NRS pain scores or opioid use at short- or
long-term follow up.
In comparing demographic, procedural, and outcome data
between the two centers, no significant differences were found
(p>0.05). This included age, gender, BMI, duration of symptoms,
alcohol consumption, smoking status, worker’s compensation
involvement, disability, pain related to a motor vehicle accident,
baseline NRS pain score, number of times the injection was repeated,
decrease in mean decrease in pain scores at short and long-term
follow-up, proportion of responders (>50% improvement in pain).
Differences in opioid consumption could not be compared between
centers, as this data was not available in the RICPLAS clinical
database.
Discussion
These data indicate that EMG findings of radiculopathy may predict
pain reduction at intermediate to long-term follow-up in individuals
ISSN 2377-2700 | www.jnsci.org/content/140
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Table 4. Pain and Opioid use Outcomes in EMG-C Individuals with MSA vs. NMSA. Positive values indicate an improvement.
Data Available
Myotomal Spontaneous Activity
No Spontaneous Activity
n
Mean improvement
Mean improvement
Or % and n
Or % and n

P value

[lower,upper 95% CI]

[lower,upper 95% CI]

Percent NRS reduction from preto immediately post injection

69

56% [44%,68%]

42% [19%, 65%]

0.30

Percent NRS reduction from
pre-injection to short-term follow
up

72

26% [10%, 43%]

36% [18%, 55%]

0.63

Percent NRS reduction from
pre-injection to long-term
follow-up

45

28% [11%, 45%]

36% [5%, 67%]

0.66

Pre-injection to short-term
follow-up: >50% NRS reduction

72

34% (21)

20% (2)

0.38

Pre-injection to long-term
follow-up: >50% NRS
reduction

45

39% (14)

33% (3)

0.76

Reduction in DME, Pre-injection
to short term follow-up

40

1 [-3,5]

4 [-5,13]

0.50

Reduction in DME, Pre-injection
to long-term follow-up

26

3 [-3,10]

6 [-2,15]

0.62

Opioids discontinued by
short-term follow-up

19

20% (3)

0% (0)

0.49

33% (2)

50% (2)

0.57

Opioids discontinued by
13
long-term follow-up
DME – daily morphine equivalents
EMG-C – EMG-confirmed radiculopathy
MSA – myotomal spontaneous activity
NMSA – no myotomal spontaneous activity
NRS – numerical rating scale

Fish et al. [37] found that patients with EMG-confirmed
lumbosacral radiculopathy who received an an ESI showed greater
functional improvement at 3 months as compared to those with
radicular pain but no EMG evidence of radiculopathy. In contrast,
Cosgrove et al. [38] found no relationship between EMG findings
and pain or functional improvement 6 weeks after interlaminar ESI,
but was underpowered with only 17 participants.
The findings in this present study are thus in agreement with those
of Annaswamy et al. and Fish et al., which demonstrated the value of
EMG as a predictor of outcomes after epidural steroid injection.
Also of note, the only two studies to investigate the transforaminal
approach to ESI exclusively – this study and that of Fish et al. – both
demonstrate the prognostic value of EMG.
These findings should only be interpreted in the context of the
characteristics of the study sample. In this sample, EMGs had been
obtained for the purpose of clarifying or confirming the diagnosis of
radiculopathy in approximately 90% of both groups (EMG-C and
EMG-N), reflecting a cohort of individuals in which some had,
perhaps, a questionable diagnosis of radicular pathology. For
example, zygapophyseal joint [47,48], shoulder [49], mediastinal
[50], hip/sacroiliac joint [51,52], and myofascial trigger-point
mediated pain [53,54] can refer in distributions that may appear
radicular. Therefore, the finding that EMG confirmation of
radiculopathy predicts pain reduction after TFESI may only be
relevant in a population with an unclear diagnosis of radiculopathy.
EMG may not predict pain outcome after TFESI when a diagnosis of
radicular pathology is absolutely clear. Also since this cohort
represented a group of patients with a possibly unclear diagnosis that
needed an EMG, it may explain the relatively poor response rate of
only 29% having a 50% long-term decrement in pain.
Limitations of this study exist. While 49% of the data in this study
from individuals treated at The University of Pennsylvania was
obtained from the RICPLAS clinical database, the other 51% was
collected by retrospective chart review from Northwestern/The
Rehabilitation Institute of Chicago. As a hybrid study, these findings

ISSN 2377-2700 | www.jnsci.org/content/140

are at risk of the possible biases associated with a retrospective study,
though less than if all data was gathered retrospectively. Similar
baseline characteristics and clinical outcomes of the study samples
at the two centers do help to limit possible bias. Due to limitations in
the clinical database, information regarding general medical
comorbidities that could have affected the results, such as diabetes
mellitus, renal disease, thyroid conditions, etc., could not be
compared between the EMG-C and EMG-N groups. This represents
a possible source of bias.
Another possible limitation was in the selection of patients. Those
with clear radiculopathies may have not undergone EMG testing,
thus resulting in a selection bias. However, the unclear nature of
these patients facilitated the comparison between those with a
positive and negative EMG. It does however possibly alter the
response rates of the subjects presented, and thus data on the
outcomes from ESIs in this cohort must be viewed in this light.
Further study of the prognostic value of EMG in patients with
radicular pain is warranted. Larger, prospective studies are needed,
and the literature regarding cervical pathology, specifically, must be
developed. In addition, beyond pain outcomes, functional measures
should be included in future analyses. Functional measures were not
available in the datasets used for this study but are of significant
interest as an important outcome.
Conclusions
This study demonstrated that EMG predicts long-term pain
reduction in patients with lumbosacral radiculopathy, regardless of
the presence of active denervation, following TFESI. These findings
primarily apply to individuals with questionable radicular symptoms
in which clinical assessment requires EMG confirmation.
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