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ABSTRACT

Background: Lumbar transforaminal epidural block (TFEB) is an effective treatment modality 
for radicular pain due to lumbar disc herniation (LDH). The addition of steroids is more 
effective than local anesthetic alone in TFEBs for patients with LDH. Moreover, the efficacy 
of TFEBs has been reported to be positively correlated with the volume of injectate. We 
hypothesized that high-volume TFEBs without steroids effectively alleviate axial back and 
radicular pain associated with LDH. This study compared the efficacy of high-volume TFEBs 
with vs. without steroids for the management of the axial and radicular pain caused by LDH.
Methods: A total of 54 patients were randomly assigned to either group L or group D. 
Patients in group L received 8-mL injections of 0.33% lidocaine only. Patients in group D 
received 8-mL injections of 0.33% lidocaine with 5 mg of dexamethasone. The primary 
outcomes were pain intensity at baseline and 4 weeks after the procedure. The secondary 
outcomes included the change of functional disability between baseline and 4 weeks after the 
procedure, pain scores during injection, and adverse effects.
Results: Both groups showed a significant reduction in axial and radicular pain and 
improvement in the functional status at the outpatient visit 4 weeks after TFEB. However, there 
were no significant differences between the groups in terms of changes in back pain (10.00 
[20.00] vs. 10.00 [22.50]; P = 0.896) or radicular pain (5.00 [20.00] vs. 10.00 [12.50]; P = 0.871).
Conclusion: High-volume TFEBs with and without steroid administration yielded similar 
significant pain reductions and functional improvements among LDH patients 4 weeks after 
the procedure.

Keywords: Back Pain With Radiation; Herniated Disc; Injections, Epidural; Local Anesthetics; 
Nerve Block; Steroids

INTRODUCTION

Epidural block (EB) is an effective and popular treatment modality for acute lumbar radicular 
pain, even though the long-term efficacy of this modality remains controversial.1-4 Lumbar 
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EBs are performed via several routes, including transforaminal, caudal, and interlaminar 
approaches. Among these, transforaminal epidural block (TFEB) has the advantages of being 
target-specific and fulfilling the aim of reaching the primary site of disc pathology, i.e., the 
ventral epidural space.5,6

A recent review states that the efficacy of TFEBs with steroids for treating radicular pain 
from lumbar disc herniation (LDH) is supported by strong evidence.7 Moreover, in a recent 
systematic review and meta-analysis, the efficacy of TFEBs with steroids for radicular pain 
from LDH is supported by level I evidence, whereas the evidence is rated as level II for lumbar 
TFEBs without steroids.8

However, EBs with steroids can cause complications, including Cushing syndrome, loss 
of bone density, infection, and hyperglycemia.9 Moreover, although no large prospective 
studies have investigated the immune response to coronavirus disease 2019 (COVID-19) 
vaccines after steroid injections, it is reasonable to delay procedures involving steroids 
for approximately 1 to 2 weeks after vaccine administration and to delay vaccinations for 
approximately 2 weeks after a procedure involving steroids.10

In a study by Rabinovitch et al.,11 the relief of radicular and low back pain has a positive 
correlation with the injectate volume. The injectate displaces the dura forward and inward 
in addition to stretching the nerve. These effects can lead to the lysis of neural adhesions.11 
Chun et al.12 found that the injectate volume may be one of the most important factors 
determining the effectiveness of lumbar TFEBs with steroids and that 8 mL of injectate was 
more effective than 3 mL. The higher injectate volume might enhance the efficacy of TFEBs 
with steroids.

To the best of our knowledge, no controlled trials have compared the efficacy of high-volume 
TFEBs with vs. without steroids in LDH. We hypothesized that high-volume TFEBs without 
steroids effectively alleviate axial back and radicular pain associated with LDH. Therefore, 
this study compared the clinical effects of high-volume TFEBs with vs. without steroids for 
managing axial lumbar and radicular pain secondary to LDH.

METHODS

Study design and participants
This randomized, double-blind, controlled, parallel-group clinical trial was registered in the 
Clinical Research Information Service (CRIS, http://cris.nih.go.kr, number: KCT0005446). 
We included patients diagnosed with LDH at a single pain management center between June 
2018 and April 2021.

The inclusion criteria were: (A) presence of axial back or radicular pain with a pain intensity ≥ 
40/100 according to a visual analog scale (VAS), (B) age ≥ 18 years diagnosed with LDH after a 
series of neurologic and magnetic resonance (MR) examinations, and (C) need for single-level 
TFEBs. The exclusion criteria were: (A) long-term oral steroid treatment; (B) pregnancy; (C) 
cognitive impairment; (D) any condition that increased the risk of complications, such as bleeding 
diathesis, allergies to specific medications (contrast medium and local anesthetics [LAs], etc.), 
and infection; (E) motor grade less than 4; (F) bilateral symptoms; (G) prior therapeutic TFEBs in 
the previous 6 months; (H) prior surgery; (I) spinal stenosis; and (J) spondylolisthesis.
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Procedures
Each patient was positioned in the prone position with a pillow under the abdomen above 
the iliac crest to reduce lumbar lordosis, prepared for the injection, and draped using sterile 
technique. Vital signs were monitored. An obliquely tilted C-arm was rotated toward the 
lesion site by 15–25 degrees, and the axial rotation was adjusted cephalocaudally. Then, a 
22-gauge 5-inch spinal needle was guided inferolaterally to the pars interarticularis and 
into the intervertebral foramen. With biplanar visualization, the needle was advanced into 
the “safety triangle,” which was inferior to the pedicle and superolateral to the exiting 
spinal nerve. In the lateral projection, needle placement was confirmed with the needle tip 
just dorsal to the posterior margin of the vertebral body. About 1 mL of contrast medium 
was injected with real-time imaging guidance to confirm ventral epidural spread without 
intravascular, subarachnoid, or extra-epidural uptake. Patients in group D received 8-mL 
injections of 0.33% lidocaine with 5 mg of dexamethasone disodium phosphate. Patients in 
group L received 8-mL injections of 0.33% lidocaine.

Outcome measures
The patients’ age, sex, height, weight, duration of symptoms, site and level of injections, and 
radiologic features were recorded. The radiologic features of disc displacement at the level 
and side of the nerve root affected were assessed based on the classification system described 
by Fardon et al.,13 and the severity of nerve root compression was assessed using a modified 
version of the system described by Ghahreman and Bogduk14 In this system, Grade I refers 
to when the disc simply contacts the nerve root, Grade II refers to when the nerve root is 
displaced but with preservation of the periradicular cerebrospinal fluid or fat, Grade III refers 
to when the periradicular cerebrospinal fluid or fat is obliterated, and Grade IV refers to when 
the nerve root is morphologically distorted (Fig. 1). MR images were reviewed independently 
by a radiologist and a pain specialist, each blinded to the patients’ responses to treatment.
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Fig. 1. Severity of nerve root compression. (A) Grade I, (B) Grade II, (C) Grade III, (D) Grade IV.
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The primary outcome measure for this study was reduction of pain at 4 weeks after the 
procedure. To minimize recall bias, current back and lumbosacral radicular pain was assessed 
using a continuous VAS (mm scale, range 0–100; 0 = “no pain,” 100 = “worst imaginable 
pain”) at baseline and 4 weeks.15 Patients were asked to select a point on a line drawn 
between two points to express their perceptions of pain intensity.16

The secondary outcomes included the reduction of functional disability at 4 weeks after 
the procedure, pain scores during injection (procedural pain score), and adverse effects. 
Functional disability reductions were evaluated using the Korean version of the Roland-
Morris Disability Questionnaire (RMDQ, range 0–24).17 The RMDQ consists of 24 items 
representing “physical functions that were likely to be affected by low back pain”; each item 
can be checked if it applies to a patient for that day, leading to a total score that is obtained 
by counting the number of checked items.18 The procedural pain scores reflected pain 
intensity during drug injection, and patients were asked to indicate their current pain scores 
immediately after injection.

Randomization and blinding
A total of 54 patients were enrolled and randomly assigned to either group D or group L. The 
random numbers were kept in sealed envelopes and were opened by an anesthesiologist not 
involved in this study. Sterile syringes containing lidocaine with dexamethasone or lidocaine 
only were prepared in a double-blind fashion by a pain nurse not involved in the management 
of the study patients. The patients were randomly assigned (1:1) into group D or group L. All 
of the procedures were performed by the corresponding author (KWJ), who was blinded to 
the type of administered treatment.

Statistical analysis
Power analysis was performed for sample size estimation to test the feasibility of the study 
using G*Power 3.1 (Heinrich Heine University, Düsseldorf, Germany). The calculation was 
based on data from a previous study.19 We hypothesized that the pain reduction associated 
with high-volume TFEB without steroids would be similar to that associated with high-
volume TFEB with steroids (decrease in the VAS score from 4.73 ± 2.15 to 3.3 ± 2.45).19 A total 
of 54 patients (27 per group, dropout rate: 10%) was required, with a power of 0.80 and an α 
value of 0.05.

The normality of the distribution of continuous variables was evaluated by the Shapiro-Wilk 
test. Primary outcomes were analyzed with an independent t-test or the Mann-Whitney U-test 
for between-group analysis and the Wilcoxon signature rank test for within-group analysis. 
The secondary outcomes were analyzed in the same manner as the primary outcomes. 
Descriptive variables were evaluated using the χ2 test. Values of P < 0.05 were considered 
statistically significant. All statistical analyses were performed using PASW Statistics for 
Windows, version 18 (SPSS Inc., Chicago, IL, USA).

Ethics statement
This study was approved by the Institutional Review Board of Ewha Womans University 
Hospital (EUMC 2018-05-028-011). Written informed consent was obtained from each 
participant before enrollment. The study complied with the Declaration of Helsinki.
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RESULTS

Between June 2018 and April 2021, the 54 patients who visited the pain management 
center were randomized into group D and group L. One patient did not meet the inclusion 
criteria, and three patients in group D and one patient in group L were lost in the follow-up. 
Consequently, 24 patients remained in group D, and 26 patients remained in group L. There 
were no missing data at 4 weeks after treatment (Fig. 2). No significant differences in the 
demographic data were founded between the groups (Table 1).

Regarding the primary outcome, there were no significant differences in baseline VAS scores 
for back and radicular pain between the two groups, with no significant differences at 4 
weeks after treatment (Table 2). At 4 weeks after the procedure, both groups demonstrated 
statistically significant improvements in back and radicular pain according to VAS scores (P < 
0.05), with no significant differences between the two groups (Table 3).

In terms of functional disability and pain scores during injection, there were also no significant 
differences in RMDQ scores between the two groups, with no significant differences at 4 weeks 
after treatment (Table 2). At 4 weeks after the procedure, both groups demonstrated statistically 
significant improvements in functional status according to RMDQ scores (P < 0.05), with no 
significant differences between the two groups (Table 3). Pain scores during injection were not 
significantly different between the two groups (Table 2). In group L, two patients complained of 
severe pain on injection, which was resolved immediately after the injection.

In terms of safety, no severe adverse events were reported in this study. Specifically, no dural 
punctures were observed in either group (no subdural or intrathecal injections). No patients 
in either group sustained any infectious complications, postdural puncture cephalalgia, 
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Assessed for eligibility (N=55)

Randomized (n= 54)

Excluded (n=1) 
• Not meeting inclusion criteria (n=1)

Allocated to group D (n=27) 
• Received allocated intervention (n=27)

Allocated to group L (n=27) 
• Received allocated intervention (n=27)

Analysed (n=24)
• Missing values (n=0)

Analysed (n=26)
• Missing values (n=0)

Lost to follow-up (n=3) Lost to follow-up (n=1)

Allocation

Follow-up

Analysis

Enrollment

Fig. 2. CONSORT flow diagram.
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persistent paresthesias, systemic steroid reactions, skin lesions, or any adverse reaction to 
contrast media or adjuvant medications.

DISCUSSION

Our study showed that both group D and group L demonstrated significant reductions in 
back and radicular pain according to VAS scores and improved functional status according 
to RMDQ scores at 4 weeks after treatment. Furthermore, no significant differences were 
observed between the two groups in terms of pain reduction or functional status.

Although several studies of the efficacy of EBs with steroids for treating lumbosacral radicular 
pain have provided inconsistent results, recent review articles have reported that EBs with 
steroids are more effective for LDH than for lumbar spinal stenosis (LSS)7 and that steroid 
administration in conjunction with TFEBs is more effective than LAs alone for treating 
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Table 1. Demographic data
Variables Group D (n = 24) Group L (n = 26) P value
Age, yr 45.0 ± 14.9 48.3 ± 14.8 0.432
Sex (M/F) 16/8 19/7 0.621
Height, cm 169.1 ± 10.7 169.0 ± 7.5 0.975
Weight, kg 71.6 ± 14.4 70.7 ± 13.3 0.813
Duration of symptom (< 3 m/3–12 m/> 12 m) 8/9/7 11/8/7 0.797
Injection site (right/left) 9/15 12/14 0.536
Injection level (L2–3/L3–4/L4–5/L5–S1/S1) 0/0/1/18/5 1/1/4/16/4 0.412
Single LDH/multiple LDH 10/14 9/17 0.608
Bulge/protrusion/extrusion/sequestrationa 5/13/6/0 6/12/8/0 0.845
Central/subarticular/foraminal/extraforaminal 11/7/1/0 8/9/2/1 0.566
Supra-pedicular/pedicular/infrapedicular 2/17/0 4/15/1 0.413
Grade I/Grade II/Grade III/Grade IV 4/6/11/3 3/6/11/6 0.786
Data are expressed as the mean ± standard deviation or number of patients.
aThe degree of disc displacement was assessed based on the classification system described by Fardon et al.13: 
Bulge – generalized displacement of disc material (> 50% or > 180° of disc circumference) beyond the limits of the 
intervertebral disc space; Herniation–localized displacement of disc material (< 50% or < 180°) beyond the limits 
of the intervertebral disc space; Protrusion–fragment does not have a neck that is narrower than the fragment 
in any dimension; Extrusion–fragment has a neck that is narrower than the fragment in at least one dimension; 
Sequestration–a type of disc extrusion that has lost continuity with the disc origin.
LDH = lumbar disc herniation.

Table 2. Pain scores, functional disability, and injection pain
Variables Group D (n = 24) Group L (n = 26) P value
VAS of back pain at baseline (0–100) 42.92 ± 21.96 46.92 ± 26.95 0.569
VAS of back pain at 4 wk after procedure (0–100) 32.08 ± 23.22 32.31 ± 24.05 0.973
VAS of radicular pain at baseline (0–100) 42.08 ± 31.48 52.69 ± 26.62 0.307
VAS of radicular pain at 4 wk after procedure (0–100) 30.83 ± 23.79 40.77 ± 27.41 0.226
RMDQ at baseline (0–24) 7.67 ± 4.82 9.92 ± 4.86 0.107
RMDQ at 4 wk after procedure (0–24) 6.17 ± 4.47 7.69 ± 4.88 0.256
VAS of injection pain (0–100) 36.25 ± 19.52 42.30 ± 23.38 0.382
Data are expressed as the mean ± standard deviation.
VAS = visual analog scale, RMDQ = Roland-Morris Disability Questionnaire.

Table 3. Pain relief and reduction of functional disability
Variables Group D (n = 24) Group L (n = 26) P value
Changes in VAS of back pain (0–100) 10.00 (20.00) 10.00 (22.50) 0.896
Changes in VAS of radicular pain (0–100) 5.00 (20.00) 10.00 (12.50) 0.871
Changes in RMDQ (0–24) 1.00 (4.75) 2.00 (5.25) 0.703
Data are expressed as the median (interquartile range).
VAS = visual analog scale, RMDQ = Roland-Morris Disability Questionnaire.
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LDH.6,8,20,21 However, in our study, compared with TFEBs with steroids, high-volume TFEBs 
without steroids yielded no significant difference in pain reduction or functional disability 
improvement at 4 weeks after treatment.

According to a review article by Smith et al.,7 for patients with LDH, using the criterion of ≥ 
50% reduction in pain, success rates across the included studies were 63% at 1 month, 74% at 
3 months, 64% at 6 months, and 64% at 1 year. For patients with LSS, success rates across the 
included studies were 49% at 1 month, 48% at 3 months, 43% at 6 months, and 59% at 1 year. 
Smith et al.7 concluded that there is strong evidence indicating that TFEB with steroids is an 
effective treatment approach for radicular pain due to LDH; however, there is a lack of high-
quality evidence demonstrating its effectiveness for treating radicular pain due to LSS.

A systematic review and meta-analysis of eight randomized controlled trials (RCTs) 
that recorded the pain scores of patients with LDH demonstrated a significant but 
clinically modest reduction in mean pain scores among patients receiving TFEBs with 
steroids compared with TFEBs with LAs/saline at a median duration of 3 months after 
the intervention.20 Another recent systematic review and meta-analysis evaluating the 
effectiveness of TFEBs in LDH management also reported that there is level I evidence 
supporting the use of LAs and steroids, whereas the evidence is level II for LAs alone.8 
Similarly, for TFEBs, there is good evidence supporting LAs and steroids and fair evidence 
supporting the use of LAs only for radiculitis secondary to LDH.6

A previous RCT compared the outcomes associated with TFEBs with steroids and LAs 
vs. LAs alone vs. normal saline at 1 month after treatment among patients with LDH.22 A 
significantly greater proportion of patients treated with TFEBs with steroids (54%) achieved 
pain relief than did patients treated with TFEBs with LAs (7%) or saline (19%). Pain relief 
was accompanied by significant functional improvements.22 This was inconsistent with the 
results of our study; however, a difference with our study was that the investigators used a 
lower dose (2 mL) of injectate.

Corticosteroids inhibit the vasodilatory effects associated with inflammation, decrease vascular 
permeability caused by inflammatory insults, and decrease leukocyte emigration to the site 
of injury.23 In response to injury, corticosteroids affect the transcription of various genes in 
leukocytes, resulting in immunosuppression and anti-inflammation.23 Although existing data 
suggest there is significant individual variability in the amount of systemic absorption of locally 
injected corticosteroids, it is clear that EBs with steroids can have systemic effects for weeks and 
that complications may be associated with their use, including Cushing syndrome, loss of bone 
density, infection, and hyperglycemia.9 Therefore, EBs with steroids should be performed with 
consideration of complications, especially for highly risky patients, such as postmenopausal 
women, people with diabetes, and those considering surgery in the near future.9

In the COVID-19 era, with most patients being vaccinated against COVID-19, the Spine 
Intervention Society recommends withholding steroid injections no less than 2 weeks 
prior to COVID-19 vaccination and no less than 1 week following vaccination.10 Injected 
steroids can be taken up in the systemic circulation via diffusion and potentially alter the 
immune response to vaccinations, rendering them less effective.24 Therefore, for treating 
LDH-associated pain, high-volume TFEBs without steroids can be considered for patients at 
high risk of complications from steroid injections or if they have recently received or plan to 
receive a COVID-19 vaccine and have persistent pain despite conservative treatment.
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The effect of mechanical compression caused by LDH and chemical irritation of the nerve 
root from the leakage of disc materials is well documented in various studies.25 Various 
chemical mediators have been shown to induce ectopic firing.26,27 Both phospholipase A2 and 
prostaglandin E2 have received significant attention in the development of clinically meaningful 
radiculopathy.28 It is believed that the achieved neural blockade alters or interrupts nociceptive 
input, reflex mechanisms of the afferent fibers, the self-sustaining activity of the neurons, 
and the pattern of central neuronal activities.29 LAs have been described to provide short- to 
long-term symptomatic relief through the alteration of various mechanisms, including excess 
nociceptive processes, excess release of neurotransmitters, nociceptive sensitization of the 
nervous system, and phenotype changes.30,31 Experimental evidence has demonstrated the 
prolonged effect of epidural ropivacaine in a rat model of neuropathic pain31 and a lack of 
additional benefit in nerve root infiltration for LDH with the addition of corticosteroids.32

The effects of TFEBs appear to be influenced by the volume of the injected material. 
Rabinovitch et al.11 found a positive correlation between the fluid injection volume into the 
epidural space and the relief of radicular pain. It has been suggested that high-volume TFEBs 
wash out inflammatory cytokines from the affected area. Furthermore, the increased volume 
facilitates lavage of the epidural space, suppression of ectopic discharge from the injured 
nerve, and enhancement of blood flow to the ischemic nerve roots.12

It is difficult to explain the exact mechanism explaining our results, and several articles 
reporting on the role of steroids in TFEBs have provided discordant conclusions.8 However, we 
thought that increasing the volume of LAs can effectively eliminate various chemical mediators, 
including inflammatory cytokines, and inhibit ectopic discharge caused by LDH,33,34 resulting 
in similar pain reductions and functional improvements to those achieved with steroids. Some 
studies of TFEBs using lidocaine have yielded results concordant with ours; pain reduction and 
improvement of functional disability were similar in both groups: those receiving lidocaine 
alone and lidocaine with steroids.35,36 However, Riew et al.37 found bupivacaine with steroids to 
be associated with significantly superior effects over bupivacaine alone.

In our study, two patients complained of severe pain on injection, but the pain resolved 
immediately in both patients. A direct correlation between the volume of anesthetic injected and 
epidural pressure has been reported.38,39 However, Paul and Wildsmith40 found similar epidural 
pressures with different injection volumes. Therefore, ensuring good runoff during injection is 
important to prevent volume-related increases in the local pressure, and the decision of when to 
incorporate high-volume TFEBs in patient care should be made at the physician’s discretion.

In terms of radiographic findings, there is little convincing evidence as to whether MR 
findings of disc pathology can predict outcomes of lumbar TFEBs with steroids.7 Ghahreman 
and Bogduk14 found that the success rate of TFEBs with steroids for patients with low-
grade compression LDH was 75%; however, the rate was 26% for patients with high-grade 
compression LDH. On the other hand, Maus et al.41 demonstrated that patients with 
high-grade compression (grade III) responded to lumbar TFEBs with steroids most often, 
followed by patients with grade II, grade IV, and grade I. In our study, there was no significant 
difference in grade of LDH-associated compression between the two groups.

This study had several limitations. First, we did not examine long-term outcomes, but short-
term effects are also meaningful. In the majority of patients, LDH will regress over time, and 
the symptoms can resolve by 12 weeks without any treatment.42 Moreover, a study found that 
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the responders had significantly improved lower leg pain and less disability at 24 months 
compared with the non-responders starting from the second week, with the best discrimination 
at the 1-month or 3-month follow-up points after TFEBs in patients with LDH.43 Second, we 
enrolled a relatively small number of patients, and the sample size may have been insufficient 
to determine differences in meaningful pain relief and functional disability between the 
groups. Third, we focused on the RMDQ only. The Oswestry Disability Index may be better 
for detecting functional changes in patients with more severe disability, whereas the RMDQ 
may be more appropriate for patients with minor disability.44 Fourth, we used lidocaine, but 
different results can be obtained with TFEBs using other LAs. Fifth, spontaneous improvement 
in back and radicular pain over time was a potential cause of bias, which may have led us to 
overestimate the benefits of TFEBs; loss to follow-up was another potential source of bias.

In conclusion, compared with TFEBs with steroids, high-volume TFEBs were associated with 
similar significant pain reductions and functional improvements, among patients with LDH, 
even without steroids. However, further studies—including large, multicenter RCTs—are 
warranted to evaluate long-term outcomes associated with high-volume TFEBs without 
steroids for treating axial back pain and radicular pain associated with LDH.

ACKNOWLEDGMENTS

We thank Lee HA for the statistical assistance.

REFERENCES

	 1.	 Bogduk N. Epidural steroids. Spine (Phila Pa 1976) 1995;20(7):845-8. 
PUBMED | CROSSREF

	 2.	 Cuckler JM, Bernini PA, Wiesel SW, Booth RE Jr, Rothman RH, Pickens GT. The use of epidural steroids in 
the treatment of lumbar radicular pain. A prospective, randomized, double-blind study. J Bone Joint Surg Am 
1985;67(1):63-6. 
PUBMED | CROSSREF

	 3.	 Derby R, Kine G, Saal JA, Reynolds J, Goldthwaite N, White AH, et al. Response to steroid and duration of 
radicular pain as predictors of surgical outcome. Spine (Phila Pa 1976) 1992;17(6 Suppl):S176-83. 
PUBMED | CROSSREF

	 4.	 van Tulder MW, Koes BW, Bouter LM. Conservative treatment of acute and chronic nonspecific low back 
pain. A systematic review of randomized controlled trials of the most common interventions. Spine (Phila 
Pa 1976) 1997;22(18):2128-56. 
PUBMED | CROSSREF

	 5.	 Manchikanti L, Singh V, Pampati V, Falco FJ, Hirsch JA. Comparison of the efficacy of caudal, 
interlaminar, and transforaminal epidural injections in managing lumbar disc herniation: is one method 
superior to the other? Korean J Pain 2015;28(1):11-21. 
PUBMED | CROSSREF

	 6.	 Manchikanti L, Buenaventura RM, Manchikanti KN, Ruan X, Gupta S, Smith HS, et al. Effectiveness 
of therapeutic lumbar transforaminal epidural steroid injections in managing lumbar spinal pain. Pain 
Physician 2012;15(3):E199-245. 
PUBMED | CROSSREF

	 7.	 Smith CC, McCormick ZL, Mattie R, MacVicar J, Duszynski B, Stojanovic MP. The effectiveness of lumbar 
transforaminal injection of steroid for the treatment of radicular pain: a comprehensive review of the 
published data. Pain Med 2020;21(3):472-87. 
PUBMED | CROSSREF

	 8.	 Manchikanti L, Knezevic E, Knezevic NN, Vangala BP, Sanapati MR, Thota S, et al. A comparative 
systematic review and meta-analysis of 3 routes of administration of epidural injections in lumbar disc 
herniation. Pain Physician 2021;24(6):425-40. 
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.e137

Effect of Steroid in High-Volume Transforaminal Epidural Blocks

http://www.ncbi.nlm.nih.gov/pubmed/7701401
https://doi.org/10.1097/00007632-199504000-00021
http://www.ncbi.nlm.nih.gov/pubmed/3155742
https://doi.org/10.2106/00004623-198567010-00009
http://www.ncbi.nlm.nih.gov/pubmed/1631715
https://doi.org/10.1097/00007632-199206001-00020
http://www.ncbi.nlm.nih.gov/pubmed/9322325
https://doi.org/10.1097/00007632-199709150-00012
http://www.ncbi.nlm.nih.gov/pubmed/25589942
https://doi.org/10.3344/kjp.2015.28.1.11
http://www.ncbi.nlm.nih.gov/pubmed/22622912
https://doi.org/10.36076/ppj.2012/15/E199
http://www.ncbi.nlm.nih.gov/pubmed/31343693
https://doi.org/10.1093/pm/pnz160
http://www.ncbi.nlm.nih.gov/pubmed/34554683
https://doi.org/10.36076/ppj.2021.24.425


10/11https://jkms.org

	 9.	 Stout A, Friedly J, Standaert CJ. Systemic absorption and side effects of locally injected glucocorticoids. 
PM R 2019;11(4):409-19. 
PUBMED | CROSSREF

	10.	 Chow RM, Rajput K, Howie BA, Varhabhatla N. The COVID-19 vaccine and interventional procedures: 
exploring the relationship between steroid administration and subsequent vaccine efficacy. Pain Pract 
2021;21(8):966-73. 
PUBMED | CROSSREF

	11.	 Rabinovitch DL, Peliowski A, Furlan AD. Influence of lumbar epidural injection volume on pain relief for 
radicular leg pain and/or low back pain. Spine J 2009;9(6):509-17. 
PUBMED | CROSSREF

	12.	 Chun EH, Park HS. Effect of high-volume injectate in lumbar transforaminal epidural steroid injections: a 
randomized, active control trial. Pain Physician 2015;18(6):519-25.
PUBMED

	13.	 Fardon DF, Milette PC; Combined Task Forces of the North American Spine Society, American Society of 
Spine Radiology, and American Society of Neuroradiology. Nomenclature and classification of lumbar 
disc pathology. Recommendations of the Combined task Forces of the North American Spine Society, 
American Society of Spine Radiology, and American Society of Neuroradiology. Spine (Phila Pa 1976) 
2001;26(5):E93-113. 
PUBMED | CROSSREF

	14.	 Ghahreman A, Bogduk N. Predictors of a favorable response to transforaminal injection of steroids in 
patients with lumbar radicular pain due to disc herniation. Pain Med 2011;12(6):871-9. 
PUBMED | CROSSREF

	15.	 Karcioglu O, Topacoglu H, Dikme O, Dikme O. A systematic review of the pain scales in adults: which to 
use? Am J Emerg Med 2018;36(4):707-14. 
PUBMED | CROSSREF

	16.	 Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: a comparison of six methods. 
Pain 1986;27(1):117-26. 
PUBMED | CROSSREF

	17.	 Lee JS, Lee DH, Suh KT, Kim JI, Lim JM, Goh TS. Validation of the Korean version of the Roland-Morris 
Disability Questionnaire. Eur Spine J 2011;20(12):2115-9. 
PUBMED | CROSSREF

	18.	 Roland M, Fairbank J. The Roland-Morris Disability Questionnaire and the Oswestry Disability 
Questionnaire. Spine (Phila Pa 1976) 2000;25(24):3115-24. 
PUBMED | CROSSREF

	19.	 Kim WJ, Shin HY, Yoo SH, Park HS. Comparison of epidural spreading patterns and clinical outcomes 
of transforaminal epidural steroid injection with high-volume injectate via the subpedicular versus the 
retrodiscal approach. Pain Physician 2018;21(3):269-78.
PUBMED

	20.	 Bhatia A, Flamer D, Shah PS, Cohen SP. Transforaminal epidural steroid injections for treating 
lumbosacral radicular pain from herniated intervertebral discs: a systematic review and meta-analysis. 
Anesth Analg 2016;122(3):857-70. 
PUBMED | CROSSREF

	21.	 Manchikanti L, Knezevic E, Knezevic NN, Sanapati MR, Thota S, Abd-Elsayed A, et al. Epidural injections 
for lumbar radiculopathy or sciatica: a comparative systematic review and meta-analysis of cochrane 
review. Pain Physician 2021;24(5):E539-54.
PUBMED

	22.	 Ghahreman A, Ferch R, Bogduk N. The efficacy of transforaminal injection of steroids for the treatment 
of lumbar radicular pain. Pain Med 2010;11(8):1149-68. 
PUBMED | CROSSREF

	23.	 Coutinho AE, Chapman KE. The anti-inflammatory and immunosuppressive effects of glucocorticoids, 
recent developments and mechanistic insights. Mol Cell Endocrinol 2011;335(1):2-13. 
PUBMED | CROSSREF

	24.	 Franchimont D. Overview of the actions of glucocorticoids on the immune response: a good model 
to characterize new pathways of immunosuppression for new treatment strategies. Ann N Y Acad Sci 
2004;1024(1):124-37. 
PUBMED | CROSSREF

	25.	 Nygaard OP, Mellgren SI, Osterud B. The inflammatory properties of contained and noncontained lumbar 
disc herniation. Spine (Phila Pa 1976) 1997;22(21):2484-8. 
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.e137

Effect of Steroid in High-Volume Transforaminal Epidural Blocks

http://www.ncbi.nlm.nih.gov/pubmed/30925034
https://doi.org/10.1002/pmrj.12042
http://www.ncbi.nlm.nih.gov/pubmed/34314563
https://doi.org/10.1111/papr.13062
http://www.ncbi.nlm.nih.gov/pubmed/19398387
https://doi.org/10.1016/j.spinee.2009.03.003
http://www.ncbi.nlm.nih.gov/pubmed/26606003
http://www.ncbi.nlm.nih.gov/pubmed/11242399
https://doi.org/10.1097/00007632-200103010-00006
http://www.ncbi.nlm.nih.gov/pubmed/21539702
https://doi.org/10.1111/j.1526-4637.2011.01116.x
http://www.ncbi.nlm.nih.gov/pubmed/29321111
https://doi.org/10.1016/j.ajem.2018.01.008
http://www.ncbi.nlm.nih.gov/pubmed/3785962
https://doi.org/10.1016/0304-3959(86)90228-9
http://www.ncbi.nlm.nih.gov/pubmed/21479853
https://doi.org/10.1007/s00586-011-1788-4
http://www.ncbi.nlm.nih.gov/pubmed/11124727
https://doi.org/10.1097/00007632-200012150-00006
http://www.ncbi.nlm.nih.gov/pubmed/29871371
http://www.ncbi.nlm.nih.gov/pubmed/26891397
https://doi.org/10.1213/ANE.0000000000001155
http://www.ncbi.nlm.nih.gov/pubmed/34323441
http://www.ncbi.nlm.nih.gov/pubmed/20704666
https://doi.org/10.1111/j.1526-4637.2010.00908.x
http://www.ncbi.nlm.nih.gov/pubmed/20398732
https://doi.org/10.1016/j.mce.2010.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15265777
https://doi.org/10.1196/annals.1321.009
http://www.ncbi.nlm.nih.gov/pubmed/9383853
https://doi.org/10.1097/00007632-199711010-00004


11/11https://jkms.org

	26.	 Torebjörk HE, Ochoa JL, McCann FV. Paresthesiae: abnormal impulse generation in sensory nerve fibres 
in man. Acta Physiol Scand 1979;105(4):518-20. 
PUBMED | CROSSREF

	27.	 Sugawara O, Atsuta Y, Iwahara T, Muramoto T, Watakabe M, Takemitsu Y. The effects of mechanical 
compression and hypoxia on nerve root and dorsal root ganglia. An analysis of ectopic firing using an in 
vitro model. Spine (Phila Pa 1976) 1996;21(18):2089-94. 
PUBMED | CROSSREF

	28.	 Takahashi H, Suguro T, Okazima Y, Motegi M, Okada Y, Kakiuchi T. Inflammatory cytokines in the 
herniated disc of the lumbar spine. Spine (Phila Pa 1976) 1996;21(2):218-24. 
PUBMED | CROSSREF

	29.	 Manchikanti L, Boswell MV, Singh V, Benyamin RM, Fellows B, Abdi S, et al. Comprehensive evidence-
based guidelines for interventional techniques in the management of chronic spinal pain. Pain Physician 
2009;12(4):699-802. 
PUBMED | CROSSREF

	30.	 Mao J, Chen LL. Systemic lidocaine for neuropathic pain relief. Pain 2000;87(1):7-17. 
PUBMED | CROSSREF

	31.	 Sato C, Sakai A, Ikeda Y, Suzuki H, Sakamoto A. The prolonged analgesic effect of epidural ropivacaine in 
a rat model of neuropathic pain. Anesth Analg 2008;106(1):313-20. 
PUBMED | CROSSREF

	32.	 Tachihara H, Sekiguchi M, Kikuchi S, Konno S. Do corticosteroids produce additional benefit in nerve 
root infiltration for lumbar disc herniation? Spine (Phila Pa 1976) 2008;33(7):743-7. 
PUBMED | CROSSREF

	33.	 Manchikanti L, Knezevic NN, Navani A, Christo PJ, Limerick G, Calodney AK, et al. Epidural 
interventions in the management of chronic spinal pain: American Society of Interventional Pain 
Physicians (ASIPP) comprehensive evidence-based guidelines. Pain Physician 2021;24 Suppl 1:S27-208.
PUBMED

	34.	 Shanthanna H, Busse J, Wang L, Kaushal A, Harsha P, Suzumura EA, et al. Addition of corticosteroids 
to local anaesthetics for chronic non-cancer pain injections: a systematic review and meta-analysis of 
randomised controlled trials. Br J Anaesth 2020;125(5):779-801. 
PUBMED | CROSSREF

	35.	 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(4):E489-501. 
PUBMED | CROSSREF

	36.	 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(8):1220-5. 
PUBMED | CROSSREF

	37.	 Riew KD, Yin Y, Gilula L, Bridwell KH, Lenke LG, Lauryssen C, et al. The effect of nerve-root injections 
on the need for operative treatment of lumbar radicular pain. A prospective, randomized, controlled, 
double-blind study. J Bone Joint Surg Am 2000;82(11):1589-93. 
PUBMED | CROSSREF

	38.	 Cardoso MM, Carvalho JC. Epidural pressures and spread of 2% lidocaine in the epidural space: influence 
of volume and speed of injection of the local anesthetic solution. Reg Anesth Pain Med 1998;23(1):14-9. 
PUBMED | CROSSREF

	39.	 Thomas PS, Gerson JI, Strong G. Analysis of human epidural pressures. Reg Anesth 1992;17(4):212-5.
PUBMED

	40.	 Paul DL, Wildsmith JA. Extradural pressure following the injection of two volumes of bupivacaine. Br J 
Anaesth 1989;62(4):368-72. 
PUBMED | CROSSREF

	41.	 Maus TP, El-Yahchouchi CA, Geske JR, Carter RE, Kaufmann TJ, Wald JT, et al. Imaging determinants of 
clinical effectiveness of lumbar transforaminal epidural steroid injections. Pain Med 2016;17(12):2176-84. 
PUBMED | CROSSREF

	42.	 Benzon HT, Rathmell JP, Wu CL, Turk DC, Argoff CE, Hurley RW. Practical Management of Pain. 15th ed. 
Philadelphia, PA, USA: Elsevier/Saunders; 2014, 1115.

	43.	 Joswig H, Neff A, Ruppert C, Hildebrandt G, Stienen MN. The value of short-term pain relief in predicting the 
long-term outcome of lumbar transforaminal epidural steroid injections. World Neurosurg 2017;107:764-71. 
PUBMED | CROSSREF

	44.	 Fairbank JC, Pynsent PB. The Oswestry Disability Index. Spine (Phila Pa 1976) 2000;25(22):2940-52. 
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.e137

Effect of Steroid in High-Volume Transforaminal Epidural Blocks

http://www.ncbi.nlm.nih.gov/pubmed/452925
https://doi.org/10.1111/j.1748-1716.1979.tb00117.x
http://www.ncbi.nlm.nih.gov/pubmed/8893432
https://doi.org/10.1097/00007632-199609150-00006
http://www.ncbi.nlm.nih.gov/pubmed/8720407
https://doi.org/10.1097/00007632-199601150-00011
http://www.ncbi.nlm.nih.gov/pubmed/19644537
https://doi.org/10.36076/ppj.2009/12/699
http://www.ncbi.nlm.nih.gov/pubmed/10863041
https://doi.org/10.1016/S0304-3959(00)00229-3
http://www.ncbi.nlm.nih.gov/pubmed/18165597
https://doi.org/10.1213/01.ane.0000296460.91012.51
http://www.ncbi.nlm.nih.gov/pubmed/18379400
https://doi.org/10.1097/BRS.0b013e3181696132
http://www.ncbi.nlm.nih.gov/pubmed/33492918
http://www.ncbi.nlm.nih.gov/pubmed/32798067
https://doi.org/10.1016/j.bja.2020.06.062
http://www.ncbi.nlm.nih.gov/pubmed/25054399
https://doi.org/10.36076/ppj.2014/17/E489
http://www.ncbi.nlm.nih.gov/pubmed/19387704
https://doi.org/10.1007/s00586-009-1000-2
http://www.ncbi.nlm.nih.gov/pubmed/11097449
https://doi.org/10.2106/00004623-200011000-00012
http://www.ncbi.nlm.nih.gov/pubmed/9552773
https://doi.org/10.1097/00115550-199823010-00005
http://www.ncbi.nlm.nih.gov/pubmed/1515387
http://www.ncbi.nlm.nih.gov/pubmed/2650729
https://doi.org/10.1093/bja/62.4.368
http://www.ncbi.nlm.nih.gov/pubmed/28025353
https://doi.org/10.1093/pm/pnw043
http://www.ncbi.nlm.nih.gov/pubmed/28838872
https://doi.org/10.1016/j.wneu.2017.08.055
http://www.ncbi.nlm.nih.gov/pubmed/11074683
https://doi.org/10.1097/00007632-200011150-00017

	Effects of Local Anesthetics With or Without Steroids in High-Volume Transforaminal Epidural Blocks for Lumbar Disc Herniation: A Randomized, Double-Blind, Controlled Trial
	INTRODUCTION
	METHODS
	Procedures
	Outcome measures
	Randomization and blinding
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	REFERENCES


