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Abstract: The association between electromyography (EMG)-confirmed lumbosacral (LS) radi
culopathy and pain outcomes following epidural steroid injection (ESI) has not been systematically 
summarized. The primary objective of this systematic review was to summarize the effects of 
EMG-confirmed LS radiculopathy on pain intensity following ESI. A secondary objective was to 
summarize the effects of EMG-confirmed LS radiculopathy on physical functioning following ESI. 
An a priori protocol was registered and a database search conducted by a reference librarian from 
January 2000 through December 2020. The search was date-limited to ensure the results of the 
systematic review represented contemporary clinical practice. Study-inclusion criteria included 
randomized trials, prospective and retrospective studies, cross-sectional studies, case series, and 
case reports, age ≥18 years, and use of EMG as a prognostic tool prior to an ESI. Two independent 
reviewers screened all titles, abstracts, and full texts. Data were extracted using a templated 
electronic database. The risk of bias was assessed using the Risk of Bias in Nonrandomized 
Studies of Interventions tool and certainty in evidence assessed using the Grading of 
Recommendations, Assessment, Development, and Evaluation approach. Due to clinical hetero
geneity in study characteristics, a meta-analysis was not performed. A total of 454 studies were 
screened, and eight nonrandomized studies met the inclusion criteria. Five studies had a moderate 
risk of bias, two serious risks, and one a critical risk. The key findings included four of eight 
nonrandomized studies reporting a significant association between EMG-confirmed radiculopathy 
and ESI response and four of eight nonrandomized studies reporting no significant association. 
Important sources of bias limited interpretation of individual study findings, and multiple sources of 
clinical heterogeneity limited between-study comparisons. The findings of this systematic review 
demonstrate that associations existed between EMG-confirmed LS radiculopathy and pain out
comes after ESI in some, but not all studies. These results should be carefully interpreted with full 
understanding of the risk of bias and very low certainty in evidence that characterize the non
randomized studies comprising this systematic review. 
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Plain-Language Summary
Positive electromyographic findings of radiculopathy were associated with greater 
levels of pain relief in some, but not all studies.

Introduction
Lumbosacral (LS) radiculopathy is a spinal condition characterized by impingement 
or damage to the lumbar spine nerve roots. Clinically, LS radiculopathy presents 
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with a constellation of symptoms, including low-back and 
leg pain with or without lower-extremity paresthesia, 
numbness, or weakness.1 Electromyography (EMG) can 
play an important role in the diagnosis of LS radiculopathy 
when discordance exists between physical exam findings 
and the results of advanced imaging.1,2 EMG can also 
provide important information about the chronicity of 
nerve dysfunction and the presence or absence of active 
denervation.2 Because EMG is a widely available diagnos
tic test, a better understanding of its use to guide treatment 
could potentially improve the clinical outcomes of patients 
with LS radiculopathy.

Although use of electrodiagnostic studies to predict the 
clinical response to epidural steroid injections (ESIs) has 
been narratively reviewed,3 the association between EMG 
findings and pain outcomes following ESI have not been 
systematically summarized. The primary objective of this 
systematic review was to summarize the effects of EMG- 
confirmed LS radiculopathy on pain intensity following 
ESI. A secondary objective was to summarize the effects 
of EMG-confirmed LS radiculopathy on measures of phy
sical functioning following ESI.

Methods
Study Protocol
Preferred reporting items for systematic reviews and meta- 
analyses (PRISMA) guidelines were followed.4 An a priori 
protocol was followed and registered in the International 
Prospective Register for Systematic Reviews database 
(CRD42021227244).5

Search Strategy
A comprehensive database search was conducted for the 
dates of January 2000 through December 2020. The data
base search was date limited to ensure the results of the 
systematic review represent contemporary clinical prac
tice. The databases included Ovid Medline Epub ahead 
of print, in process, and other nonindexed citations, daily 
and versions, Ovid Embase, Ovid Cochrane Central 
Register of Controlled Trials, Ovid Cochrane Database of 
Systematic Reviews, ACP Journal Club, Database of 
Abstracts of Reviews of Effects, Cochrane Clinical 
Answers, Cochrane Methodology Register, Health 
Technology Assessment, NHS Economic Evaluation 
Database, Scopus, and Web of Science. The search was 
designed and conducted by a reference librarian with input 
from the principal investigator. The search strategy and all 

search terms are presented in the supplemental materials 
document.

Study-Selection Process
Study-inclusion criteria were randomized trials, prospec
tive and retrospective studies, cross-sectional studies, case 
series, studies involving adults aged ≥18 years,) use of 
EMG to identify LS radiculopathy prior to performing an 
ESI, and pain assessment following ESI. Exclusion criteria 
were conference abstracts and studies that did not include 
ESI or assessment of pain following ESI.

In the first review phase, two independent reviewers 
screened all titles and abstracts identified by the search 
strategy. In the second phase, two independent reviewers 
screened the full texts of all studies generated in the first 
review phase. Any disputes were resolved by consensus or 
involvement of a third party.

Data Extraction
Data were extracted by two independent reviewers in 
duplicate using a templated electronic database. Based on 
the a priori protocol, extracted data comprised authorship, 
publication year, study design, sample size, patient demo
graphics, imaging results, ESI procedure, EMG results, 
follow-up, method used to assess post-ESI pain outcomes, 
and post-ESI pain scores. EMG results were categorized 
into three groups: EMG-confirmed positive for radiculo
pathy (Pos-EMG), EMG-confirmed negative for radiculo
pathy (Neg-EMG), and EMG-confirmed equivocal (Eqv- 
EMG) for radiculopathy.

Risk of Bias
Risk of bias was assessed using the Risk of Bias in 
Nonrandomized Studies of Interventions (ROBINS-I) 
tool.6 The ROBINS-I tool was developed to evaluate the 
risk of bias in the results of nonrandomized clinical studies 
that compare the effects of two or more interventions.

Certainty in Evidence
Certainty in evidence was assessed using the Grading of 
Recommendations Assessment, Development, and 
Evaluation (GRADE) approach, adapted for use with 
quantitative data that are not combinable in meta- 
analysis.7,8

Evidence Synthesis
Due to clinical heterogeneity in study characteristics, 
a meta-analysis was not performed. As a result, the 
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summary of findings is presented using a narrative 
approach. A narrative approach is indicated when 
a content area has been studied using disparate 
methods.9,10 This approach is useful when key clinical 
factors vary among studies. Narrative methods for evi
dence synthesis have been used to study various popula
tions of patients with pain.11–16

Results
Characteristics of Included Studies
A flow diagram of the study-selection process is depicted 
in Figure 1. Eight studies met inclusion and exclusion 

criteria: four retrospective cohort studies,17–20 three pro
spective cohort studies,21–23 and one mixed prospective 
and retrospective cohort study24 (Table 1).

EMG and Radiculopathy
In three studies, the EMG tecnicians were certified by the 
American Board of Electrodiagnostic Medicine 
(ABEM),21–23 but the ABEM board–certified status of 
those in the remaining five studies had not been 
specified.17–19, 24 In seven studies,17–22, 24 five to six 
paravertebral and lower-extremity muscles had been 
screened. Criteria for Pos-EMG included evidence of 

Figure 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart of the study selection process. 
Notes: Adapted from Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021;372:n71. Creative Commons.4.
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denervation characterized by positive sharp waves or 
fibrillations in two or more muscles innervated by the 
same nerve root, but different peripheral nerves. Criteria 
for Neg-EMG included the absence of Pos-EMG radicular 
findings or definitive findings of an alternative diagnosis, 
such as peripheral neuropathy. In four studies,18,20,21,23 

criteria for Eqv-EMG included denervation in a single 
muscle instead of two, limb-musculature denervation 
with the absence of paraspinal musculature findings, or if 
another peripheral process could not be reliably excluded 
as an alternative diagnosis.

Significant Associations Between 
Pos-EMG and ESI Outcomes
The statistical test results of each study are presented in 
the supplemental materials document. Fish et al17 per
formed a retrospective cohort study of 39 patients with 
L5 or S1 radiculopathies who received unilateral transfor
aminal ESI at L4/5, L5/S1, or both. At month 3 follow-up, 
no significant difference in mean verbal pain-rating scores 

was observed between the Pos-EMG and Neg-EMG 
groups. Mean month 3 Oswestry Disability Index score 
was significantly greater in the Pos-EMG than the Neg- 
EMG group.

Annaswamy et al21 conducted a prospective cohort 
study of 70 patients with a history of LS radiculopathy 
who received interlaminar ESIs. The initial cohort com
prised 89 adults, but 19 were excluded, due to EMG not 
being performed (n=7), incomplete EMG data (n=2), inter
laminar ESI not performed (n=2), and (4) months 2 and 6 
follow-up assessments not completed (n=8). EMG was not 
used to designate the level of ESI. Individuals in the Pos- 
EMG group reported significantly greater improvement in 
pain on a numeric rating scale (NRS) from baseline to 
months 2 and 6 follow-up than the Neg-EMG group. 
A total of 43 (55%) of 78 individuals, including the 70 
from the final cohort and the eight who did not complete 
the follow-up assessments, received a second interlaminar 
ESI, although the proportion of Pos- versus Neg-EMG 
individuals was not reported. Individuals in the Pos-EMG 

Table 1 Study characteristics

Design n Diagnosis ESI type Pos- 
EMG 
(n)

Neg- 
EMG 
(n)

Eqv- 
EMG 
(n)

Follow- 
up

Outcome measures

Annaswamy20 Prospective cohort 70 LS radiculopathy ILESI 42 25 13 2, 6 

months

Pain intensity by NRS 

Functional disability by 

PDQ

Cosgrove21 Prospective cohort 16 LS radiculopathy 

due to LS stenosis

ILESI 1 15 NA 6 weeks Functional disability by 

SSSQ and SWMTa

Fish16 Retrospective cohort 39 L5 or S1 

radiculopathy

TFESI 18 21 NA 3 

months

Pain intensity by VRS 

Functional disability by 

ODI

Lin22 Prospective cohort 10 LS radiculopathy 

due to LS stenosis

ILESI 3 5 3 1, 2 

months

Pain intensity by VAS 

Functional disability by 

PDQ and SSSQ

Marchetti17 Retrospective cohort 89 LS radiculopathy Caudal (45), ILESI 

(13), TFESI (31)

28 42 19 6 weeks Pain intensity by VAS

McCormick23 Mixed prospective and 

retrospective cohort

148 LS radiculopathy TFESI 76 72 None ≤30, 

>30 

days

Pain intensity by NRS

Park18 Retrospective cohort 150 LS disk herniation 

with radicular pain

TFESI 102 48 None 2–4 

weeks

Pain intensity by NRS

Tong19 Retrospective cohort 76 LS radiculopathy TFESI 34 27 15 4 

months

Pain intensity by VAS

Note: a6-minute walk test. 
Abbreviations: ESI, epidural steroid injection; Pos-EMG, EMG-confirmed positive for radiculopathy; Neg-EMG, EMG-confirmed negative for radiculopathy; Eqv-EMG, EMG- 
confirmed equivocal for radiculopathy; LS, lumbosacral; ILESI, interlaminar ESI; NRS, numeric rating scale; PDQ, Pain Disability Questionnaire; SSSQ, Swiss Spinal Stenosis 
Questionnaire; TFESI, transforaminal ESI; VRS, verbal rating score; ODI, Oswestry Disability Index; VAS, visual analogue scale.
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group also reported significantly greater improvement in 
total Pain Disability Questionnaire (PDQ) scores and func
tional subscores from baseline to months 2 and 6 follow- 
up than the Neg-EMG group. A nonsignificant change in 
PDQ psychosocial subscores from baseline to month 2 
follow-up was observed. Finally, individuals in the Neg- 
EMG group demonstrated significant improvements in 
pain-drawing scores, specifically less-lower extremity 
pain, from baseline to months 2 and 6 follow-up compared 
to the Pos-EMG group.

McCormick et al24 conducted a mixed prospective and 
retrospective cohort study of 148 individuals with LS 
radiculopathy who had received a transforaminal ESI. 
EMG was used to clarify or confirm the diagnosis of 
radiculopathy, but it was uncertain whether EMG was 
used to designate the level of the ESI. In sum, 22 indivi
duals had cervical radiculopathy, and these data were 
omitted from this systematic review. A significantly 
greater proportion of individuals in the Pos-EMG group 
experienced >50% reduction in baseline NRS pain scores 
at >30-day follow up compared to the Neg-EMG group. At 
follow-up of ≤30 days, no significant group differences in 
change in pain scores was observed. Myotomal sponta
neous activity results were not reported separately for the 
LS and cervical radiculopathy groups, and thus the LS data 
could not be independently evaluated.

Lin et al23 performed a prospective cohort study of 
eleven adults with LS radiculopathy due to lumbar spinal 
stenosis who received an interlaminar ESI. The Eqv-EMG 
and Pos-EMG groups were combined, and one individual 
in the Eqv-EMG group did not receive an ESI or complete 
all follow-up assessments. Individuals in the combined 
Pos-EMG group reported statistically greater improvement 
in PDQ and visual analogue scale (VAS) pain scores at 
month 1 follow-up than the Neg-EMG group.

No Significant Associations Between 
Pos-EMG and ESI Outcomes
Tong et al20 conducted a retrospective cohort study of 76 
individuals with LS radiculopathy who had received 
a transforaminal ESI. On univariate analysis, Pos-EMG 
was significantly associated with greater reductions in 
VAS pain scores (R=−0.25, P=0.04); however, this was 
not significant on multivariate regression analysis when 
the two factors of litigation and workers’ compensation 
were controlled for.

Marchetti et al18 conducted a retrospective cohort study 
of 89 individuals with LS radiculopathy who had received 
caudal (n=45), transforaminal (n=31), or interlaminar (n=13) 
ESIs. ESI level was determined by a combination of MRI 
results, clinical symptoms, and EMG results. Follow-up was 
11–128 days after ESI. The proportion of individuals report
ing >50% reduction in VAS low-back and leg pain scores 
was similar across all three EMG groups.

Cosgrove et al22 conducted a prospective cohort study 
of 16 patients with LS radicular symptoms due to lumbar 
spinal stenosis who received interlaminar ESIs. The ESI 
could be repeated at 2-week intervals so that individuals 
received one to three injections, with an average of 2.4. 
The number of individuals receiving more than one ESI 
was not reported. Only one of 16 patients had a Pos-EMG 
result, which limited interpretation of the study findings. 
Improvement in walking ability and functional status was 
seen post-ESI, regardless of EMG results.

Park et al19 conducted a retrospective cohort study of 
150 patients with MRI-confirmed LS disk herniations 
resulting in radiculopathy who had received transforaminal 
ESIs. The primary outcome was >50% reduction in NRS 
pain scores from baseline to follow-up at 2–4 months. 
EMG was not used to designate the level of ESI. No 
significant difference in the proportion of patients who 
experienced >50% reduction in pain scores was observed 
between the Pos-EMG and Neg-EMG groups. Similarly, 
no significant difference in the presence of motor-unit 
action-potential changes was observed between patients 
who experienced >50% pain reduction compared to those 
who experienced <50% pain reduction. 
On univariate analysis, Pos-EMG patients with positive 
sharp waves and fibrillations were more likely to experi
ence >50% pain reduction than Pos-EMG patients without 
these EMG changes. A significant association between 
positive sharp waves, fibrillations, and the likelihood of 
experiencing >50% pain reduction was retained on 
multivariate logistic regression analysis.

Risk of Bias
The risk-of-bias assessment demonstrated that five studies 
had a moderate risk of bias,17–20,24 two serious risks,21,23 and 
one a critical risk of bias22 (Table 2). Three studies were 
judged as having moderate risk of bias for confounding 
because of poor reporting,24 planned use of multiple 
interventions,18 or planned use of interventions due to aspe
cific treatment effects.21 One study was judged to have a 
critical risk of bias for selection due to a very small Pos- 
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EMG sample22 and one to have a moderate risk of bias for 
using nonuniform data from multiple institutions.24 Two 
studies were judged as having a serious risk of bias for 
protocol deviations related to performing multiple 
ESIs.21,22 One study was found to have a serious risk of 
bias for including results from a patient that did not complete 
the study.23 Three studies were judged as having a serious 
risk of bias for outcome measurements, due to reinjection 
data being intermixed with single-intervention data17,21 or 
combining the data of two groups in the reported results.23 

Another three studies in this domain were judged to have 
a moderate risk of bias due to insufficient or highly variable 
follow-up18,19 or intermixed data that were difficult to 
interpret.24 Three studies were judged as having 
a moderate risk of bias for selection of reported results 
because the statistical significance of the study findings 
had been inaccurately reported17,21 or the actual data incom
pletely reported.20 One study in this same domain was 
judged to have a serious risk of bias for reporting correla
tions without supporting data.23

Certainty of Evidence
The GRADE assessment indicated that certainty in the evi
dence was very low due to nonrandomized study designs, 
small samples, heterogeneity of interventions used, hetero
geneity in outcome assessment, and risk of bias.

Discussion
The key findings of this systematic review include four of 
eight nonrandomized studies reporting a significant associa
tion between Pos-EMG and ESI response and four of eight 
reporting no significant association between Pos-EMG and 
ESI response. Important sources of bias limited interpretation 
of individual study findings, and multiple sources of clinical 
heterogeneity limited the comparison of study findings.

The lack of a consistent association between EMG 
changes in radiculopathy and pain-intensity outcomes of 
ESIs warrants further consideration. While a majority of 
the studies assessed EMG evidence of denervation, only 
two assessed EMG evidence of reinnervation.17,19 EMG 
changes in denervation, such as increased insertional activ
ity, positive sharp waves, and fibrillations, are first seen at 
the paraspinal level within 10–14 days after injury.25,26 

Similar changes gradually involve the proximal and distal 
musculature during the 3 weeks after injury. Acute radicu
lopathy exhibits changes in denervation, but reinnervation 
is associated with polyphasia and large-amplitude motor- 
unit action potentials.26 Over several months, changes in 
denervation subside and EMG findings indicating reinner
vation can be detected.27 A diagnosis of radiculopathy on 
reinnervation changes alone may indicate identification of 
a chronic radiculopathy that is symptomatic.25,26 The 
inclusion criteria of two studies specified temporal para
meters for the duration of radicular symptoms.22,24 The 
minimum duration of radicular symptoms in the Cosgrove 
et al22 study was ≥1 month, but approximately 50% of 
patients reported intermittent symptoms extending beyond 
1 year. In the McCormick et al24 study, EMG was required 
within 6 months prior to the ESI, but no other information 
about the timing of EMG was reported. Based on the 
temporal course of EMG evidence indicating radiculopa
thy and the absence of information about the temporal 
parameters of radicular symptoms and EMG being con
ducted, it is posited that a proportion of patients classified 
as Eqv-EMG or Neg-EMG due to the absence of denervat
ing changes may have had EMG evidence of reinnervation 
indicating the presence of symptomatic chronic radiculo
pathy. This may explain in part why some patients with 
Eqv-EMG or Neg-EMG findings experienced improve
ments in pain after the ESI, despite the lack of reported 
EMG evidence of radiculopathy.

Table 2 Risk of bias using the Risk of Bias in Nonrandomized Studies of Interventions tool

Baseline 
confounding

Selection of 
participants

Classification of 
intervention

Intervention 
deviation

Missing 
data

Measurement 
of outcomes

Selection of 
reported results

Overall 
risk of bias

Annaswamy20 Moderate Low Low Serious Low Serious Moderate Serious

Cosgrove21 Low Critical Low Serious Low Serious Low Critical

Fish16 Low Low Low Low Low Low Moderate Moderate

Lin22 Low Low Low Low Serious Serious Serious Serious

Marchetti17 Moderate Low Low Low Low Moderate Low Moderate

McCormick23 Moderate Moderate Low Low Low Moderate Low Moderate

Park18 Low Low Low Low Low Moderate Low Moderate

Tong19 Low Low Low Low Low Low Moderate Moderate
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The findings of this systematic review have important 
implications for future research. First, randomized con
trolled trials are needed to determine the effects of ESIs 
on EMG-confirmed radiculopathy. Although the feasibility 
of completing a fully powered, sham-controlled ESI trial is 
low, a randomized trial using a wait-list control design 
may be a pragmatic alternative. This design enhances 
feasibility by ensuring all subjects have access to the 
study intervention. Second, the findings of this systematic 
review demonstrate the importance of carefully delineating 
the duration of radicular symptoms and timing of EMG. 
Third, the study findings demonstrate the importance of 
reporting EMG evidence of both denervation and reinner
vation. Fourth, in a prospective study involving 46 patients 
with unilateral L5 radiculopathy published after the speci
fied search dates of this systematic review, the L5 para
spinal mapping score was significantly lower in patients 
experiencing >80% improvement in pain intensity com
pared to those who reported <80% pain improvement at 
3-month follow up.28 These data suggest that paraspinal 
mapping should be considered for inclusion in future clin
ical trials. Fifth, the level of the ESI should be consistently 
reported and performed using a standardized approach. 
Finally, the reported pain outcomes identified in this sys
tematic review provide an estimate of the ESI-treatment 
effect that can be used in sample-size calculations of future 
studies.

This review has limitations. Although a comprehensive 
search strategy of the contemporary medical literature iden
tified 454 records, only eight nonrandomized studies met the 
criteria for inclusion, and thus randomized trials are needed. 
Most identified studies had significant sources of clinical 
heterogeneity and bias, which limited the opportunity to 
perform a meta-analysis of the study findings. More speci
fically, important sources of clinical heterogeneity included 
use of an interlaminar versus a transforaminal approach to 
the epidural space, variations in determining the spinal level 
targeted for an ESI, and the potential impact of inaccurate 
needle placement on the reported EMG results.29,30

In conclusion, the findings of this systematic review 
suggest associations exist between Pos-EMG–confirmed 
LS radiculopathy and pain outcomes following ESI in 
some, but not all studies. These results should be care
fully interpreted with the full understanding of the risk 
of bias and very low certainty in evidence that charac
terize the nonrandomized studies comprising this sys
tematic review. Our results provide important 
information that can be used to develop future 

randomized trials designed to further investigate the 
associations between EMG-confirmed LS radiculopathy 
and pain outcomes following ESI. From a pragmatic 
clinical perspective, this systematic review provides the 
basis for using EMG in clinical practice to aid in deter
mining the spinal level for an ESI and identifying 
patients who may be more likely to respond to an ESI.
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