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The effectiveness of transforaminal epidural steroid injection in
patients with radicular low back pain: Combination of pain
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ABSTRACT
Objectives: This study aims to investigate the efficacy of transforaminal epidural steroid injection (TFESI) on low back pain relief and functional
impairments and whether pain provocation during injection has an effect on pain relief in mid-term.
Patients and methods: The study, which was conducted between September 2012 and September 2013, included 62 patients with low back pain
(38 males, 24 females; median age 45 years; min 22 - max 88 years). All injections were applied under C-arm fluoroscopy guidance, using a mix of
betamethasone and lidocaine. A 100 mm Visual Analog Scale (VAS) for pain, Oswestry Disability Index (ODI), and Short Form-36 were administered
before the injection, and at post-injection second and 12th weeks. Presence of any pain provocation was questioned during injection.
Results: The most frequent level of intervention was L5 level. Median initial VAS score was 80.0 (50.0;100.0) mm, which was measured as
45.0 (0.0;90.0) mm and 30.0 (0.0;100.0) mm at the post-injection second and 12th weeks, respectively. Median initial ODI score was 25.0 (9.0;43.0)
points, which was measured as 17.0 (3.0;38.0) and 12.5 (1.0;38.0) points at the post-injection second and 12th weeks, respectively. All subgroup scores
of SF-36 improved significantly during the follow-up period. We detected statistically significant improvements in the outcome measurements at the
post-injection second and 12th weeks (p<0.05). There were significant differences between patients with positive and moderate pain provocation in
terms of VAS (p=0.004) and ODI (p=0.006) scores.
Conclusion: In this follow-up study, transforaminal epidural steroid injection was found to be effective in both the early period and in the mid-term.
Pain provocation was not clinically predictive for better outcome according to the results.
Keywords: Effectiveness; epidural injection; low back pain; pain provocation.

Low back pain (LBP) is the most common cause
of disabilities worldwide.[1] According to different
study methods and populations, the prevalence rate
of LBP in the lifetime ranges from 40 to 70%.[2,3]
Patients with disc pathologies may have axial or
radicular pain or both. Compared to solely axial pain,
patients with radicular pain characteristics might have
unfavorable treatment results, higher healthcare costs,
and disabilities.[4]
Epidural steroid injections are one of the most
commonly used interventions in radicular LBP. These
injections can be performed using transforaminal,
caudal or interlaminar routes. All of these routes have
been found to be effective for pain relief due to disc

herniations but the transforaminal epidural steroid
injection (TFESI) is known to require the least injectate
volume to reach the pathology site. In a systematic
review by MacVicar et al.,[5] TFESI was reported to have
moderate efficacy, with approximately 50% of pain
relief in 70% of patients. In addition to pain relief, a
surgery sparing effect has been attributed to TFESI.[6,7]
During epidural steroid injection, patients
sometimes report pain provocation in their usual
radicular pain sites and this is believed to provide
more pain relief compared to patients without pain
provocation. To date, there have been few studies
observing pain provocation in TFESI and these studies
have reported no significant difference.[8,9]
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The frequency of disc pathologies over the lifetime
and the effect of the pain on functional activities
render a valid treatment procedure necessary. The
above-mentioned interventions such as TFESI, caudal
and interlaminar injections are some of the available
treatment methods used for this aim. In the literature,
different success rates have been reported for TFESI
because of the confounding factors such as different
sample sizes, patient preferences, medications used,
and outcome measures. In one review,[5] the success
rate was reported as 70%, while 50% of patients
reported pain relief in another study.[10]
In this study, we aimed to investigate the efficacy
of TFESI on LBP relief and functional impairments
and whether pain provocation during injection has an
effect on pain relief in the mid-term.

PATIENTS AND METHODS
A total of 62 patients (38 males, 24 females; median
age 45 years; min 22 - max 88 years) were enrolled in
this study, which was conducted at Turkish Armed
Forces Rehabilitation Center Interventiona Pain Unit
in a national rehabilitation setting between September
2012 and September 2013. The study design was
approved by Gülhane Military Medical Academy
Ethics Committee. All patients provided a signed
written informed consent form before inclusion in the
study. The study was conducted in accordance with the
principles of the Declaration of Helsinki.
Inclusion criteria were (i) radicular LBP ongoing for
at least three months, (ii) radicular pain concordant
with magnetic resonance imaging (MRI) findings, and
(iii) age >18 years. Patients with coagulation disorders,
pregnancy or allergies to lidocaine, betamethasone or
contrast medium were excluded.
We performed all injections in interventional pain
unit of a national rehabilitation setting. We selected
the injection level according to the affected nerve root,
not according to the disc pathology itself. If an L4-5
intervertebral disc herniation involved the L5 nerve,
we placed the needle between the L5 and S1 levels. If
the L4 root was involved, we placed the needle between
the L4 and L5 levels. We determined the affected
nerve root according to electromyography (if any) and
clinical findings.
We performed all injections using a subpedicular
transforaminal technique.[11] With the patient in the prone
position and under sterile preparation, we advanced
a 22G spinal needle into the neural foramen under
fluoroscopy guidance. We used contrast medium of

1-2 mL (iohexol 300 mg/mL) for both confirmation of the
targeted nerve root and any intravasation of the medium.
If there was no intravasation, we injected a mixture of
1 mL betamethasone (6 mg) and 1 mL of lidocaine.
To assess whether pain was provoked during the
injection, we questioned the patient about any pain
provocation. If the patient reported pain provocation
at the typical site of pain, we recorded positive pain
provocation. If the patient felt pain provocation but it
was not in the usual localization or it was a mild pain
at the usual pain localization, we recorded moderate
pain provocation. If there was no pain provocation, we
recorded a negative response. After the injection, we
monitored all patients for one hour in the clinic for any
acute complications. On the day after the injection, we
contacted the patient by telephone and asked about any
complications.
We recorded demographic data and history of failed
back surgery. We assessed pain with a Visual Analog
Scale (VAS; 0= no pain, 10= the worst pain imaginable)
before the injection and at the post-injection second
and 12th weeks. Visual Analog Scale is considered to
be a valid measure of pain.[12] The reliability of this
instrument has been reported as 0.97-0.99.[13]
We assessed patient satisfaction at the second and 12th
weeks with a 4-point Likert scale, asking the patient to rate
as (i) no satisfaction, (ii) little satisfaction, (iii) moderate
satisfaction, (iv) high satisfaction. We applied the
Oswestry Disability Index (ODI) and Short Form-36
(SF-36) questionnaires before the injection, and at the
second and 12th weeks for functional patient assessment.
The ODI is a questionnaire that provides
information about the patient’s LBP and how this
pain affects daily life. This questionnaire includes
10 sections about pain and related activities such as
personal care, walking, lifting, standing, sleeping,
sitting, social life, traveling and sexual life. Each
section is scored from 0 to 5 points and a higher score
indicates a higher level of disability. The maximum
score is 50 points and the index value is obtained by
multiplying the total points by two. This questionnaire
has been demonstrated to be a valid measurement in
patients with LBP.[14] The reliability of this instrument
has been reported as 0.83-0.99.[15]
The SF-36 is a scale that includes eight scales and
two summary scales. These are physical functioning,
role limitations due to physical health, bodily pain,
general health perceptions, vitality, social functioning,
emotional problems, mental health and a physical and
mental component summary. This instrument is also
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valid and reliable in spinal diseases.[16] The reliability
of this scale has been reported as 0.88-0.92.[17]
All patients underwent physical examination
before injection by the same practitioner. Two
physicians independent of the intervention applied
pain assessments, satisfaction ratings, ODI, and
SF-36 questionnaires. We asked patients to report any
complications after injection by telephone call or visit.
Statistical analysis
We used G*power program 3.1.9.2 (Heinrich Heine
University, Dusseldorf, Germany) for statistical power
analysis of variance (ANOVA). Fixed effects, special,
main effects and interactions and type of power
analysis were selected as post-hoc: compute achieved
power-given a, sample size, and effect size. With an
a error level at 0.05 and a sample size of 62 patients,
power of the current study was calculated as 0.98.
Statistical analyses were performed with IBM
SPSS for Windows version 22.0 software (IBM Corp.,
Armonk, NY, USA). Continuous variables with
non-normal distribution were presented as median
(minimum; maximum) and continuous variables
with normal distribution were presented as mean
± standard deviation. Qualitative variables were
stated as number and percentage. The KolmogorovSmirnov test was used to determine the normality of
data distribution. When the data was non-normally
distributed, comparisons between two groups were
conducted with Mann-Whitney U test. Two-factor
ANOVA with repeated measures test was used for
normally distributed data, and the Friedman test
was used to compare follow-up VAS, ODI, and SF-36
results for non-normally distributed data. The Levene
test was used to test the homogeneity of variances
(all p>0.05). When investigating the changes in
measurements by pain provocation, the effect of
time was adjusted using two-factor ANOVA test.
Post-hoc analyses were performed using Tukey test.
McNemar-Bowker test was used to analyze patient
satisfaction. A Cohen’s d calculation between second
and 12th week measurements was used to determine
the effect sizes. To check reliability of ODI and SF-36
questionnaires for the sample of the current study,
Cronbach alpha coefficient was used. A value of
p<0.05 was considered statistically significant.

RESULTS
Flow diagram of the study design is given in
Figure 1. Nine patients (14.5%) had failed back surgery,
while four patients (6.5%) had a history of TFESI.
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According to the MRI findings, there was bulging
in 21 patients (33.9%), protrusion in 25 patients
(40.3%) and extrusion in 16 patients (25.8%). Most
of the injections (54.8%, n=34) were performed at
L5 level. Five patients (8.1%) underwent injection at
S1 and three patients (4.8%) at L4 levels. There were
also injections applied at two levels. Injection was
applied at L5 and S1 in 13 patients (21.0%), at L4
and L5 in six (9.7%), and at L4 and S1 in one patient
(1.6%).
Reliability of items in the ODI and SF-36 were
high for this sample (Cronbach alpha=0.89 and 0.91,
respectively). The results of patient assessments
according to VAS pain, ODI, and SF-36 questionnaires
are shown in Table 1. Transforaminal epidural
steroid injection was significantly effective in all of
these assessments at the second and the 12th weeks
(all p<0.001, Friedman test). The effect sizes of VAS,
ODI, and most of the SF-36 scores were large. There
was no difference in follow-up outcome measurements
in patients with failed back surgery when compared
to other patients (p>0.05, Mann-Whitney U test).
Forty-six patients (74.2%) reported moderate to high
satisfaction at the post-injection 12th week (Table 2). We
detected a statistically significant difference between
the second and 12th week satisfaction rate assessments
(p=0.03, McNemar-Bowker test).
In the current study, the effect of pain provocation
on VAS (Table 3, Figure 2), ODI, and SF-36 scores was
also assessed. A two-factor ANOVA was conducted
on the inf luence of two independent variables
(pain provocation, time) on VAS scores. All effects
were statistically significant. The main effect for pain
provocation yielded an F ratio of F (2, 17)=5.44,
p=0.005, indicating significant difference between
negative (53.0±24.4), moderate (60.0±23.6), and positive
pain provocation groups (47.6±29.1). The main effect
for time yielded an F ratio of F (2, 17)=57.8, p≤0.001,
indicating a significance for time. The interaction
effect was not significant, F (4, 17)=2.37, p=0.054.
Significance of the corrected model was <0.001 (F=22.9)
and calculated partial eta squared value was 0.510 for
this model. According to the measurements adjusted
for the effect of time (week 0, 2 and 12), only positive
and moderate provocation groups showed significant
difference for VAS (p=0.004, Tukey test) and ODI
(p=0.006, Tukey test) scores. We found significant
difference in social function, emotional role, mental
health, and mental components summary subsets
of SF-36 between positive and negative provocation
groups (all p<0.05, Tukey test).
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83 patients assessed for inclusion
Refused to participate=6
Did not meet inclusion criteria=15
62 patients included.
VAS, ODI and SF-36 were done before injection

All patients underwent TFESI

Second week
All patients were available for follow-up.
VAS, ODI and SF-36 were done and patient
satisfaction assessed

Twelfth week
Nine patients lost to follow-up.
VAS, ODI and SF-36 were done and patient
satisfaction assessed
Figure 1. Flow diagram of study design. VAS: Visual Analog Scale; ODI: Oswestry disability index; SF-36: Short Form
36; TFESI: Transforaminal epidural steroid injection.

We recorded the complications after injections.
Each of the following situations occurred in 1.6% of
patients: vasovagal syncope, nausea, headache, injection
site soreness, temporary urinary stress incontinence,

hiccups, elevated blood sugar, and tinnitus. There was
no major or permanent complication. No relationship
was determined between adverse event occurrence and
injection level (p=0.3, Chi-square test).

Table 1. Follow-up results of patients according to Visual Analog Scale pain, Oswestry disability index, and Short Form 36
questionnaires
Before injection
Week 2
Week 12
P*
Effect size
					
(d)**
Median Min-Max

Median Min-Max

Visual Analog Scale pain
80.0 50.0-100.0
45.0
Oswestry disability index
25.0
9.0-43.0
17.0
Short Form 36 scores				
Physical functioning
40.0
0.0-75.0
60.0
Role, physical
0.0
0.0-100.0
25.0
Bodily pain
22.0
0.0-62.0
41.0
General health perceptions
51.0
5.0-97.0
57.0
Vitality
50.0
5.0-95.0
55.0
Social function
43.75 0.0-100.0
50.0
Role, emotional
0.0
0.0-100.0
33.3
Mental health
68.0 24.0-100.0
72.0
Physical components summary
28.5
12.2-49.1
36.2
Mental components summary
42.0
20.5-63.6
45.5
* Friedman test; ** Cohen’s d; Min: Minimum; Max: Maximum.

Median Min-Max

0.0-90.0
3.0-38.0

30.0
12.5

0.0-100.0
1.0-38.0

<0.001
<0.001

2.02
1.4

0.0-95.0
0.0-100.0
0.0-84.0
15.0-100.0
15.0-95.0
12.5-100.0
0.0-100.0
20.0-100.0
22.5-54.2
22.6-63.4

70.0
50.0
62.0
62.0
55.0
0.0
66.7
72.0
43.3
47.9

10.0-95.0
0.0-100.0
0.0-100.0
15.0-100.0
10.0-90.0
25.0-100.0
0.0-100.0
20.0-100.0
21.1-55.8
22.1-63.6

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1.35
1.29
1.52
0.41
0.39
0.86
0.84
0.37
1.35
0.42

The effectiveness of transforaminal epidural steroid injection in patients with radicular low back pain

121

Table 2. Patient satisfaction rates
Before injection
		

Week 2

Week 12

n

n

%

%

Patient satisfaction 						
No satisfaction
NA
5
8.1
9
14.5
Little satisfaction
NA
14 22.6
7
11.3
Moderate satisfaction
NA
35 56.5
28 45.2
High satisfaction
NA
8
12.9
18
29.0

p
0.03*

* McNemar-Bowker test; NA: Not applicable.

DISCUSSION
In this study of 62 patients with radicular LBP
who were treated with TFESI, we noted significant
improvements in all outcome measures (numerical
pain ratings, ODI, and SF-36 scores). At the end of
the 12th week, the efficacy of the procedure was still
continuing.
In this study, the efficacy of TFESI in reducing
pain due to disc pathologies and the VAS score
changes was similar to previous studies.[10,18] In
addition to pain scores, we used the ODI and
SF-36 scales as outcome measurements to define
the functional effect of TFESI on daily activities.
In a previous study, Ghahreman et al.[10] also
assessed pain relief and functional impairments
with SF-36 and reported improvements in physical
functioning, social functioning, bodily pain, and
disability subgroups. In a retrospective study,
Kaufmann et al.[19] investigated the correlations
between pain relief and functional status using
Roland-Morris disability scores and demonstrated
improvements in pain ratings and also disability
scores. In the current study, both ODI scores and all
subgroup scores of SF-36 improved significantly in
the follow-up period. These improvements support

the positive effects of TFESI in physical functions of
daily life, as described in previous studies.[10,19]
The improvements in the clinical scales were
also reflected in the patient satisfaction rates. A
significant proportion of the patients was satisfied
with the injection both in early period and midterm follow-up. Çetin et al.[20] also assessed patient
satisfaction and reported that 63.9% of patients had
moderate and high satisfaction. At the 12th week, the
rate of moderate and high satisfaction of the patients
(74.6%) in our study was higher than that reported by
Çetin et al.[20]
In the current study, we also attempted to define
the effect of pain provocation on pain relief after
injection. McCormick et al.[8] and Plastaras et al.[9]
investigated this issue in larger groups of patients who
underwent TFESI and reported that approximately
70% of the patients experienced concordant pain
during the injection procedure, although concordant
pain provocation did not predict the magnitude of
pain relief in long-term follow-up. The results of the
current study were in concordance with the data of
previous TFESI studies[8,9] regarding the patients with
positive pain provocation and no pain provocation.
The assessment method of pain provocation may have

Table 3. Visual Analog Scale pain rating changes according to pain provocation

Pain provocation
Positive
Moderate
Negative

VAS before injection

VAS Week 2

VAS Week 12

Mean±SD

Mean±SD

Mean±SD

77.0±15.5
77.2±11.9
75.4±15.3

41.8±18.3
52.7±17.3
45.0±19.4

24.0±22.8
50.9±29.4
38.8±20.8

SS

MS

F

Source of variance				
Time
43183.561
21591.781
57.825
Pain provocation
4069.675
2034.838
5.449
Interaction
3550.506
21591.781
57.825

p*
<0.001
0.005
0.054

VAS: Visual Analog Scale; SD: Standard deviation; * Two factor analysis of variance with repeated measures; SS: Sum of squares; MS: Mean
square.
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Moderate

80.00

Negative
Positive

Visual Analog Scale pain

70.00

60.00

In conclusion, TFESI is effective in pain
management of radicular LBP in the mid-term. The
results of this study show that TFESI is effective not
only in pain reduction but also in the improvement of
activities of daily living. Future studies are necessary to
decide whether pain provocation can provide clinically
predictive data for better outcome.
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