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Background: Transforaminal epidural steroid injections (TF-ESIs) effectively deliver small 
amounts of drugs to inflamed sites via the ventral epidural space. However, there is a high 
risk of nerve damage as the needle narrowly approaches the spinal nerve. Therefore, we 
devised an oblique interlaminar (OIL) approach as an alternative method. We compared the 
efficacy of fluoroscopic-guided OIL-ESIs with that of TF-ESIs in the management of lower 
back and unilateral lumbosacral radicular pain.
Materials and Methods: Sixty-six patients were randomized to receive a fluoroscopic- 
guided ESI either through the OIL (n = 33, group OIL) or TF (n = 33, group TF) approach. 
They were evaluated for effective pain relief using the visual analogue scale (VAS) and for 
functional improvement using the Oswestry Disability Index (ODI) and Roland Morris 
Disability Questionnaire (RMDQ). Other outcome measures were the presence of ventral 
and contralateral spread of contrast, patients’ satisfaction, and adverse events.
Results: There were no significant differences between the groups in the VAS, ODI, and 
RMDQ scores during the 12-week period. The differences in the ODI and RMDQ scores 
before and after the treatment were higher in group TF than in group OIL. The contralateral 
spread of contrast was higher in group OIL than in group TF. There were no significant 
differences in the other outcomes between the groups.
Conclusion: ESIs delivered through the OIL approach are equally effective in pain relief 
and functional improvement as those delivered via the TF approach in the management of 
low back and unilateral lumbosacral radicular pain.
Keywords: epidural analgesia, fluoroscopy, low back pain, radicular pain, steroid injection

Introduction
Epidural steroid injections (ESIs), commonly used for the treatment of low back and 
lumbosacral radicular pain, can be performed via interlaminar, or transforaminal (TF) 
approaches. The interlaminar approach has been used widely but is reported to have 
limited efficacy.1,2 This is probably because the drug is delivered mainly to the dorsal 
epidural space, whereas the ventral epidural spread is limited.3,4 The TF approach 
offers several advantages over the interlaminar approach, including a reduced risk of 
dural puncture, injection of the drug closer to the nerve root where the lesion is 
located, delivery of the drug to the ventral epidural space, and lesser amount of drugs 
required.3 However, it has been reported that several adverse effects follow the 
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procedure. Spinal cord injury, permanent paraplegia, seg-
mental spinal myoclonus, and increased incidence of intra-
discal injection of the drug are some of them.5–7 For this 
reason, there is an urgent need for a technique that can offer 
effective drug delivery to the ventral epidural space.

Several studies have showed that an ESI delivered 
through the parasagittal interlaminar approach is equiva-
lent in achieving effective pain relief and functional 
improvement to that delivered through the TF approach 
for the management of lower back and lumbosacral radi-
cular pain. Ventral epidural spread of contrast was reported 
when a lateral parasagittal interlaminar approach was used 
at the ventrolateral side of the nerve root.8,9 Based on this 
approach and with reference to previous studies on various 
approaches,10,11 we devised a fluoroscopic-guided, alter-
native, oblique interlaminar (OIL) approach (Figure 1) and 
applied it to a patient with a difficult TF approach due to 
the presence of rods, pedicle screws, and bone harvests for 
posterior lumbar interbody fusion.12 Since our first case 
report, we have performed ESIs using the OIL approach 
instead of the TF approach in patients who visited our 
clinic with low back and unilateral lumbosacral radicular 
pain. The OIL approach showed a ventral epidural spread 

of the contrast and achieved effective pain relief and 
functional improvement in the management of low back 
and unilateral lumbosacral radicular pain. We speculated 
that the OIL approach could substitute the TF approach as 
the ventral epidural spread of the contrast is better than the 
conventional interlaminar approach. To the best of our 
knowledge, no previous studies have compared the OIL 
and the TF approaches.

The present study was conducted to compare the effec-
tiveness and safety of fluoroscopic-guided OIL-ESI with 
that of TF-ESI in the management of low back and lum-
bosacral radicular pain.

Methods
Participants
The purpose of the study was explained to all patients, and 
written informed consent was obtained. All patients 
experienced lower back and unilateral lumbosacral radicu-
lar pain at the L3/L4 to L5/S1 levels. They were unre-
sponsive to a 4-week conservative treatment with 
analgesics and physiotherapy. Herniation of intervertebral 
disc at L3/L4 to L5/S1 levels was diagnosed based on 
radiological findings on computed tomography or mag-
netic resonance imaging. Neurological signs of the patients 
were previously confirmed, and physical examinations 
such as the straight leg raise test were performed.

The exclusion criteria were as follows: low back pain 
with no radiating pain, a history of substance abuse or 
drug hypersensitivity, previous spinal surgery, a history of 
side effects due to steroid use, neurological deficits, bleed-
ing tendency, and lactation and pregnancy.

Randomization was performed using computer- 
generated random numbers using Microsoft Excel 
(Microsoft Co., Redmond, WA, USA). The patients were 
divided into two groups. Those in group OIL (n = 33) 
underwent a fluoroscopic-guided OIL-ESI, and those in 
group TF (n = 33) underwent a fluoroscopic-guided TF- 
ESI.

Interventional Procedure
In both groups the needle entry point was checked under 
fluoroscopy. An initial AP fluoroscopic image was obtained 
to identify the level of the intervertebral disc and interlami-
nar space with the patient in a prone position and a pillow 
placed under the abdomen. The skin was swabbed with 
chlorhexidine-alcohol for sterilization. In the group OIL, 
a contralateral obliquely 15–30° in the caudo-cephalad 

Figure 1 Various approaches to epidural steroid injection. (A) Transforaminal 
approach. (B) Parasagittal interlaminar approach. (C) Interlaminar approach. (D) 
Oblique interlaminar approach.
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direction of the fluoroscopy to achieve the “Scotty Dog” 
appearance of the lumbar spine. After local infiltration with 
lidocaine 1%, a 22-gauge, Tuohy needle (Hakko Co. Ltd., 
Osaka, Japan) was inserted at the level of disc pathology. 
The needle was advanced in a slight cephalad direction 
toward the most lateral part of the interlaminar opening, as 
indicated by the contralateral oblique projection on a plain 
image and a tunnel vision of the needle on fluoroscopy. The 
needle was inserted into the epidural space using the loss of 
resistance to saline technique and the oblique orientation of 
the needle was maintained throughout the procedure. In 
group TF, an ipsilateral oblique orientation of the fluoro-
scopy to achieve the “Scotty Dog” appearance of the lumbar 
spine. The needle was subsequently directed using the tunnel 
vision until the needle tip was in the posterior and superior 
aspect of the intervertebral foramen, as reviewed on lateral 
imaging, and in line with the pedicle on AP view.

In both groups, once the needle was in position, and 
after negative aspiration for cerebrospinal fluid and blood, 
iopamidol (Pamiray 300; Dongkook Pharm. Co. Ltd., 
Seoul, Korea) was injected using real-time, continuous 
fluoroscopy for the entire 3 mL volume of iopamidol and 
images were obtained in the lateral and AP projections. 
This was monitored to confirm the spread of contrast and 
to verify that no contrast medium entered the intravascular, 
subarachnoid, subdural, or intradiscal spaces. Lateral 
images were taken to evaluate the ventral epidural space. 
Perineural and segmental spread were also visualized in 
the anteroposterior view (Figure 2). After epidural space 
confirmation, 5 mg of dexamethasone mixed with 4 mL of 
1% lidocaine was injected into the epidural space.

Immediately after the procedure, all patients were 
released home after taking rest at the pain clinic recovery 
room for about 30 minutes. Two weeks after the intervention 
(2nd week of the study), if there was no pain reduction of at 
least 50%, the same intervention was repeated at the pain 
clinic. After the next 2 weeks (4th week of the study), a third 
intervention was performed in the patients without pain 
reduction of at least 50%. The interventions were performed 
up to 4 times in the same way in each group at 0, 2, 4, and 8 
weeks. Pain relief scores were recorded at the first visit and 
at 2, 4, 8, and 12 weeks after the procedure.

Outcome Measurements
The primary outcome of the study was the pain reduction after 
the procedure, assessed using the Visual Analogue Scale 
(VAS) at the pre-procedure, 2-, 4-, 8-, and 12-week visits. 
We also used the Oswestry Disability Index (ODI) and the 
Roland Morris Disability Questionnaire (RMDQ) (Appendix 
1 and 2) and recorded the changes between the first visit and 
the 12-week visit. We recorded the spread patterns of the 
contrast medium during fluoroscopy in each procedure. We 
compared the spread of the contrast medium in the anterior 
epidural space and the unilateral or bilateral spread of contrast 
medium at the epidural space between the two groups. Twenty 
minutes after the procedure, muscle weakness and sensory 
abnormalities for less than 4 hours were assessed in the 
unilateral or bilateral lower extremities. Adverse events, 
such as paraplegia, nausea, vomiting, dizziness, headache, 
hypotension, procedure-induced hematoma, and local anes-
thetic toxicities were also evaluated and recorded. At the 12- 
week visit, the patients’ satisfaction was evaluated using 

Figure 2 Fluoroscopic images of contrast spread after oblique interlaminar approach. (A) Initial entry point of right oblique L4-L5 interlaminar approach. (B) 
Anteroposterior view of contrast spread. (C) Lateral view of contrast spread. Arrow; Tip (initial entry point) of a 22-G, Tuohy needle.
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a 4-point scale:13 1 (very dissatisfied), 2 (somewhat dissatis-
fied), 3 (somewhat satisfied), and 4 (very satisfied).

Statistical Analysis
Statistical analysis of all measurements was performed using 
PASW Statistics for Windows, Version 18.0 (SPSS Inc., 
Chicago, IL, USA). Continuous or categorical values were 
reported as mean ± standard deviation or number of patients 
(%), respectively. The Student’s t-test was used to compare 
the continuous values of the demographic data and VAS 
between the groups. The paired t-test was used to compare 
the VAS, ODI, and RMDQ scores before and after the 
procedure in each group. The chi-square or Fisher’s extract 
tests were used to compare the categorical values of the 
demographic data, the spread patterns of the contrast med-
ium, possible adverse events, and patient satisfaction. P < 
0.05 was considered statistically significant.

Sample Size Estimation
The primary outcome of the study was to compare the 
changes in the VAS scores between the two groups after 12 
weeks. In a previous study,14 the VAS change rate (≥ 50% 
reduction from baseline) in the TF approach was 76.7% (pc = 
0.767) and that in the parasagittal interlaminar approach was 
78.1% (pt = 0.781). The estimated sample size was 33 patients 

per group, assuming that the clinical significance between the 
two groups did not differ by 30% (ϵ = 0.3), and type I (α) and 
type II (β) errors were 0.05 and 0.2, respectively. The sample 
size was calculated according to the following equation:

n ¼
2 zα=2þzβ
� �2 pcqcþptqtð Þ

�� pC� ptj jð Þ
2 

ϵ = 0.3, pc = 0.767, qc = 1 – pc, pt = 0.781, qt = 1 - qt,

Results
Sixty-six patients were included in the study. Seven patients 
refused to participate in the study. Fifty-nine patients com-
pleted the follow-up for the study duration of 12 weeks 
(Figure 3). Both groups were similar with respect to demo-
graphic and clinical characteristics (Table 1).

In both groups, the VAS score was significantly lower 
two weeks after the first procedure. The mean differences 
(95% confidence interval) in the VAS score between the pre- 
procedure state and at 12 weeks were 37.3 ± 19.5 (30.065 to 
44.601) in group OIL and 40.7 ± 14.9 (30.036 to 46.344) in 
group TF. The pain relief was within equivalence width 
between the two groups. There were no significant differ-
ences between the groups in the VAS score during the 12- 
week period (Figure 4). There were no significant 

Figure 3 Patient enrollment and a study flowchart. 
Abbreviations: ESI, epidural steroid injection; ODI, Oswestry Disability Index; OIL, Oblique interlaminar; RMDQ, Roland Morris Disability Questionnaire; TF, 
transforaminal; VAS, visual analogue scale; W0, at first visit; W2, 2-week visit; W4, 4-week visit; W8, 8-week visit; W12, 12-week visit.
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differences in the ODI and RMDQ scores between the 
groups. The differences in the ODI and RMDQ scores 
between the pre-procedure state and at 12 weeks were higher 
in group TF than in group OIL. However, the differences 
were not statistically significant (Table 2).

The ventral epidural spread of the contrast medium was 
73.3% in group OIL and 96.6% in group TF at two weeks 
after the procedure. Ventral epidural spread of contrast med-
ium was lower than group TF at 2nd week visit epidural 
steroid injection (P = 0.013). In group OIL, the contralateral 
epidural spread of the contrast medium was 46.7%, 50.0%, 

28.6%, and 10.0% at 0, 2, 4, and 8 weeks, respectively. In 
group TF, a contralateral epidural spread of the contrast 
medium was not shown at any visit. The contralateral epi-
dural spread of the contrast medium was higher in group 
OIL than in group TF at 0, 2, and 4 weeks, respectively (P < 
0.001, P < 0.001, and P = 0.035) (Table 3).

There were 3 cases of paresthesia and 9 cases of motor 
weakness in the OIL group and 4 cases of motor weakness 
in the TF group. No other adverse events were found in 
either group. There were no significant differences in the 
incidence rate of adverse events after the procedure 
between the two groups. Complications such as hema-
toma, postdural puncture headache, or local anesthetic 
toxicity were not observed in either group.

At the 12-week visit, the patient satisfaction after the 
procedure was assessed. The number of patients who 
answered “somewhat dissatisfied” was significantly higher 
in group OIL than in group TF (Table 4).

Discussion
The effectiveness of the ESI treatment depends on whether 
the steroids reach the nerve root lesion.15 Most disc her-
niations or nerve root compression lesions are located 
posterior to the vertebra; hence, it is suggested that an 
ESI would be more effective if delivered close to this 
targeted site.1 The TF-ESI is reported to be more effective 
than the interlaminar approach, as it allows a better ventral 
spread.15 However, the TF approach is associated with 
major complications such as paraplegia, epidural hema-
toma, and an intradiscal spread.16 Thus, various alternative 

Table 1 Demographic Data

Characteristics Group OIL 
(n = 30)

Group TF 
(n = 29)

P value

Sex (M/F) 17/13 12/17 0.240

Age (years) 59.1 ± 13.7 64.6 ± 12.5 0.112

Height (cm) 163.0 ± 8.9 161.3 ± 8.0 0.443
Weight (kg) 66.4 ± 10.2 63.6 ± 9.1 0.263

Procedure site (L/R) 13/17 14/15 0.703

Number of attempts

2 trials 9 (30.0) 9 (31.0) 1.000
3 trials 11 (36.7) 15 (51.7) 0.299

4 trials 10 (33.3) 5 (17.2) 0.233

Procedure level

L3-L4 3 (10.0) 2 (6.9) 0.669

L4-L5 25 (83.3) 25 (86.2) 1.000
L5-S1 2 (6.7) 2 (6.9) 0.972

Note: All measured values are presented as mean ± standard deviation or number 
of patients (%).

Figure 4 Visual analogue scale during the 12 week period. *P < 0.05 compared with at first visit. †P < 0.05 compared with at first visit. 
Abbreviations: W0, at first visit; W2, 2-week visit; W4, 4-week visit; W8, 8-week visit; W12, 12-week visit.
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approaches to replace the TF approach have recently been 
introduced. The lateral parasagittal interlaminar approach 
has been introduced, and it has been proved to be more 
effective than the midline conventional interlaminar 
approach and equally effective with the TF approach.9,14 

Some studies introduced the OIL approach,10,11 and con-
cluded that this approach could be an alternative to the TF 
approach; however, there was no direct comparison with 
the TF approach. Therefore, we compared the OIL-ESI to 
the conventional TF-ESI in the pain relief effect, safety, 
and contrast spread patterns.

The present study revealed that the OIL-ESI was 
equivalent in achieving effective pain relief to the TF- 

ESI in the management of low back and unilateral lumbo-
sacral radiating pain. Similar functional improvements, 
including the ODI and RMDQ scores, were observed 
after the OIL-ESI and TF-ESI, although the OIL approach 
had a lower ventral epidural contrast spread at 2 weeks and 
a higher contralateral epidural contrast spread at 0, 2, and 
4 weeks after the procedure. The results in the pain relief 
efficacy and adverse events rates were similar between the 
two groups, except for the patients’ satisfaction. The num-
ber of patients who answered “somewhat dissatisfied” was 
significantly higher in the OIL-ESI group than in the TF- 
ESI group.

We compared the clinical outcome after OIL-ESI with 
that after TF-ESI in patients with low back and unilateral 
lumbosacral radicular pain. The spread of the drug to the 
ventral epidural space reflects the efficacy of ESI.15 This 
was in fact confirmed through this and other, previous 
studies.1,15 Effective ventral epidural spreads have been 
achieved using several OIL approaches prior to our pre-
vious case report.12 There have been several studies on 
how well the drug is spreading to the ventral epidural 
space. A study evaluating the contrast flow pattern in the 
parasagittal interlaminar and TF approaches reported 
a ventral epidural spread of 100% and 75%, 
respectively.8 Another study investigated the ventral epi-
dural contrast spread in the ventral interlaminar approach 
with placement of an epidural catheter at the ventrolateral 
portion of the nerve root in patients with low back and 
lumbar radicular pain at the L5 level.17 They reported 
a ventral epidural spread in all patients, concluding that 
lumbar ventral interlaminar ESIs can be an alternative 
method for ventral epidural injection. In our study, there 
was a 73.3–90.0% incidence of ventral epidural contrast 
spread with the OIL approach, whereas the ventral epi-
dural contrast spread with the TF approach was 96.6–-
100.0% for all injections. The better ventral spread of the 
drug with these two approaches is most probably the 

Table 2 The Differences in the Oswestry Disability 
Questionnaire (ODQ) and the Roland Morris Disability 
Questionnaire (RMDQ) Scores Between the First Visit and the 
12-Week Visit

Characteristics Group OIL 
(n = 30)

Group TF 
(n = 29)

P value

W0-ODQ 21.1 ± 8.2 21.7 ± 8.1 0.249

W12-ODQ 16.3 ± 7.1 14.5 ± 6.7 0.718

Difference ODQ 4.8 ± 2.4 7.2 ± 3.8 0.167
W0-RMDQ 10.7 ± 5.4 11.5 ± 4.7 0.581

W12-RMDQ 7.9 ± 4.4 7.2 ± 3.8 0.406

Difference RMDQ 2.8 ± 1.7 4.3 ± 2.4 0.154

Note: All measured values are presented as mean ± standard deviation. 
Abbreviations: W0, at first visit; W12, at 12-week visit.

Table 3 Epidural Contrast Spread According to the Approaches

Characteristics Group OIL 
(n = 30)

Group TF 
(n = 29)

P value

Ventral epidural 

contrast spread

W0-ESI 27/30 (90.0) 28/29 (96.6) 0.612
W2-ESI 22/30 (73.3)* 28/29 (96.6) 0.013

W4-ESI 18/21 (85.7) 20/20 (100.0) 0.213

W8-ESI 7/10 (70.0) 5/5 (100.0) 0.159

Contralateral 

epidural contrast 
spread

W0-ESI 14/30 (46.7)* 0/29 (0.0) < 0.001

W2-ESI 15/30 (50.0)* 0/29 (0.0) < 0.001
W4-ESI 6/21 (28.6)* 0/20 (0.0) 0.035

W8-ESI 1/9 (10.0) 0/5 (0.0) 0.288

Notes: Values are the number of patients (%). *P < 0.05: compared with Group TF. 
Abbreviations: ESI, epidural steroid injection; W0, at first visit; W2, 2-week visit; 
W4, 4-week visit; W8, 8-week visit.

Table 4 Patients’ Satisfaction After the Procedure

Patients’ Satisfaction Group OIL  
(n = 30)

Group TF  
(n = 29)

P value

4 = very satisfied 4 (13.3) 7 (24.1) 0.333

3 = somewhat satisfied 13 (43.3) 19 (65.5) 0.087

2 = somewhat dissatisfied 12 (40.0)* 3 (10.3) 0.015
1 = very dissatisfied 1 (3.3) 0 (0.0) 1.000

Notes: The values are presented as the number of patients (%). *P < 0.05 
compared with group TF.
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reason for the better clinical outcomes. Our result also 
showed that an effective pain relief and functional 
improvement, including the ODI and RMDQ scores, 
were achieved using the OIL-ESI, and these were similar 
to those achieved with the TF-ESI. However, the OIL 
approach also showed 28.6–50.0% contralateral epidural 
spread, which may have caused the adverse events of 
paresthesia (10.0%) and motor weakness on both sides 
(30.0%). These results might have affected the patients’ 
satisfaction, as more patients who underwent OIL-ESIs 
answered “somewhat dissatisfied”.

The OIL approach offers a number of advantages over 
the TF approach. It has the advantage of clarifying the 
needle insertion point through the “Scotty Dog” view, and 
thus offers an alternative method to the transforaminal 
approach. In some postoperative states, the TF approach 
may be difficult due to the presence of rods, pedicle 
screws, and bone harvests for posterior lumbar interbody 
fusion. In addition, osteoarthritis that has developed at the 
superior or inferior borders of the transverse articular 
processes causes narrowing of the interspinous foramen. 
This narrowing makes it difficult to advance the needle in 
the TF approach. In these cases, caudal or conventional 
interlaminar approach can be performed; however, the OIL 
approach may be useful as an alternative method for 
effective drug delivery into the ventral epidural space.12 

Another advantage of the OIL approach is that the needle 
is directed towards the most lateral part of the interlaminar 
opening; in this way, the needle tip meets the most lateral 
part of the sac, which is usually the nerve root lesion. 
Thus, the OIL approach would suffice to drive medication 
ventrally in the epidural space towards the interface of the 
exiting nerve root and the disc pathology.18,19

Complications in lumbar ESIs are extremely rare and 
most of them can be avoided by accurate needle place-
ment, sterile techniques, and fluoroscopic-guided 
injections.20 In our study, there were no serious complica-
tions in both groups; however, some of the patients in the 
OIL group complained of paresthesia or motor weakness. 
These results can be attributed to the fact that the drug was 
spreading at only one level in the TF group, whereas in the 
OIL group, it was spreading to several levels, and even to 
the contra-lateral side.

This study has several limitations. First, there was no 
long-term follow-up; hence, the benefit of using corticos-
teroids via this approach for improving the long-term 
success could not be evaluated. Our study had only a 12- 
week follow-up period. Second, there was a lack of 

documentation of adjuvant therapies, such as individual 
patient exercise routines and analgesic drug therapy. Thus, 
additional between-group variability might have remained 
unadjusted. The third limitation is the utilization of 
a large-volume contrast and a high dose of dexamethasone. 
We used 3 mL of the contrast and 4 mL of a local anes-
thetic mixture for the injections. The same amount of 
contrast agent and local anesthetic was used in both 
groups, and therefore, the amount of injectate was high 
in the TF approach. In addition, more contrast medium 
than usual was needed to confirm its spread. The amounts 
of contrast and local anesthetic mixture were adopted from 
that used in the interlaminar approach in a previous 
study.21

In conclusion, ESIs delivered through the OIL 
approach are equivalent in achieving effective pain relief 
and functional improvement to those delivered through the 
TF approach in the management of low back and unilateral 
lumbosacral radicular pain. Further prospective, large 
scale, multi-center outcome studies are needed to prove 
the efficacy and safety of the OIL approach to the anterior 
epidural space versus the TF approach.

Ethics Approval and Consent to 
Participate
With the approval of the Institutional Review Board of 
Pusan National University Yangsan Hospital (ID 05–2015- 
104), 66 consecutive patients with low back and lumbosa-
cral radicular pain, over 19 years of age, who had an 
American Society of Anesthesiologists physical status 
I and III, were assessed for study inclusion from the 
institute’s pain clinic from October 2015 to 
September 2016. The trial is registered with the Clinical 
Research Information Service (KCT0003557). This study 
was conducted in accordance with the Declaration of 
Helsinki.

Disclosure
The authors declare no conflicts of interest in this work.
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