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BACKGROUND AND PURPOSE: Conventional transforaminal epidural steroid injection (TFESI) has sev-
eral problems. The purpose of this study was to compare the temporary diagnostic relief and
advantages of TFESI performed using the conventional and posterolateral approaches.

METHODS: From August to December 2004, 187 patients received TFESI for lumbar radicular pain. A
total of 108 patients (65 women, 43 men; mean age, 56 years) fulfilled the inclusion criteria. In
essence, the needle target point was the “safe triangle,” but if there was a possibility that the needle
could penetrate the nerve root or that the injectate could contact spinal nerve, posterolateral TFESI
was used as an alternative. Image analyses of needle positions and chart reviews were performed.
Logistic regression analysis and t test were used for statistical analysis.

RESULTS: Of the 108 patients, 75 (69.4%) showed an improvement at 2 weeks after TFESI. In 46
patients (42.6%), the needle was located in the posterolateral epidural space, and 33 (71.7%) of those
experienced pain relief. Of the 62 patients in whom the needle was located in the anterior epidural
position, 42 (68%) experienced pain relief. There was a significant reduction in pain sense for the
posterolateral approach (P � .05). However, no statistical difference was found between the 2
approaches and temporary diagnostic relief, and no correlation was found between the other variables
tested and temporary diagnostic relief (P � .05).

CONCLUSION: Our findings suggest that the posterolateral approach is an alternative method for TFESI
in cases where needle tip positioning in the anterior epidural space is difficult.

Epidural steroid injections have been used to treat lumbar
radicular pain syndromes since 1952.1 Although meticu-

lous needle placement is essential to ensure that the injectate
flows into the correct compartment, the injection approach
dictates whether the injectate is delivered at or as close to the
target structure as possible.2 The techniques of epidural ste-
roid injection may be classified as interlaminar, caudal, or
transforaminal according to the approach taken to the epi-
dural space. The transforaminal epidural steroid injection
(TFESI) route has been preferred in many cases because it can
deliver the injectate closer to the dorsal root ganglion and
better facilitates ventral epidural flow to the involved nerve
root complex compared with other methods.2,3 In conven-
tional TFESI, the target needle position is located in the so-
called “safe triangle,” which has a base tangential to the pedi-
cle, one leg in line with the outer margin of the intervertebral
foramen, and a hypotenuse coincident with the upper margin
of the spinal nerve and dorsal root ganglion4 (Fig 1).

However, in our experience, conventional TFESI has sev-
eral problems. First, in many cases, injectate is spilled along
spinal nerve. Second, the needle needs to cross the nerve root
in many cases to achieve a location anterior to the neural fo-

ramen. Moreover, in severe foraminal stenosis, it is more dif-
ficult to position the needle anterior to the neural foramen.
Thus, we modified TFESI as follows. We targeted the needle
tip medially with respect to the conventional safety triangle, to
the median inferior margin of the pedicle on oblique view. We
positioned the needle tip posterior to the neural foramen on
lateral view (Fig 2). Using this technique, we were able to inject
drug into the posterolateral epidural space and avoid spillage
of injectate into the spinal nerve. In addition, this technique
enabled us to avoid pricking the nerve root. We refer to this
technique as posterolateral TFESI.

The current study was undertaken to analyze and evaluate
the temporary diagnostic relief and advantages of the postero-
lateral approach versus the conventional TFESI approach.

Subjects and Methods

Patient Selection
Between August and December 2004, 187 patients were treated with

TFESI for lumbar radicular pain. From these patients, we selected

those who met the following inclusion criteria: 1) lumbar radiculop-

athy, 2) clear identification of the affected nerve root by clinical and

imaging studies, 3) no previous lumbar surgery, 4) no prior epidural

injection, and 5) the absence of cauda equina syndrome. Our institu-

tional review board approved all procedures.

A total of 108 patients (65 women, 43 men; mean age, 56 years; age

range, 17– 65 years) who fulfilled the above inclusion criteria were

enrolled. All patients had undergone CT or MR imaging before the

procedure. Patients were informed of the potential risks associated

with the procedure and the use of steroids and provided informed

consent. Patients also completed a pain diagram and questionnaire

related to the distribution and the degree of their symptoms before,
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during, and after the procedure. TFESIs were performed at the L3

level in 5 patients, L4 in 45, and L5 in 58.

Techniques of TFESI
Patients were placed in the prone position on a fluoroscopy table. Skin

was marked under C-arm tilted posterolaterally approximately at 30°
to 45° and with craniocaudal angulation to profile the caudal under-

surface of the pedicle above the target foramen. After sterile prepara-

tion using an iodine-based antiseptic solution, draping, and local an-

esthesia with a 25-gauge needle, a 22-gauge, 12-cm spinal needle was

advanced into the region of the involved nerve root under fluoro-

scopic guidance using the technique described by Bogduk et al5 in

approximately the first 120 patients. The target point was the “safe

triangle,” which was composed of a roof formed by the pedicle, a

tangential base that corresponded to the exiting nerve root, and the

lateral border of the vertebral body (Fig 1). Biplane fluoroscopic guid-

ance, including anteroposterior and lateral projections, was used to

control correct needle positioning.

The method above is known to allow needle advancement without

contacting the nerve root, and its precise location in the anterior

epidural space. However, in some cases, the needle could not be

placed in the anterior epidural space without crossing or pricking the

nerve root. In these 28 of the 120 patients who were initially treated

using the conventional approach and in the later 67, we used the

posterolateral TFESI approach as an alternative. The target point of

the posterolateral approach was the median inferior margin of the

pedicle on oblique view and the region immediately posterior to the

neural foramen on lateral view (Fig 2). We distinguished between the

anterior and posterolateral TFESI approaches in terms of needle tip

location within the epidural space. On lateral projection fluoroscopic

image, if the needle tip was located on the anterior aspect of the neural

foramen, then it was defined as an anterior TFESI approach and, if in

the posterior aspect of neural foramen, the posterolateral TFESI ap-

proach. To confirm epidural flow and avoid intravascular, intradural,

or soft tissue infiltration, approximately 1 mL of contrast material

(Omnipaque 300; GE Healthcare, Little Chalfont, Buckinghamshire,

UK) was injected before drug injection. After a meticulous review of a

patient’s epidurogram, 0.5 mL of 0.5% bupivacaine hydrochloride

(Marcaine Spinal 0.5% Heavy; AstraZeneca Pharmaceuticals LP, Wil-

mington, Del) and 40 mg (1 mL) of triamcinolone acetonide suspen-

sion (Tamceton; Hanall Pharmaceutical, Seoul, Korea) were slowly

injected. Plain radiographs in the anteroposterior and lateral views

were obtained after all injections had been administered to document

both contrast pattern and needle position.

All injections were performed in an angiography suite equipped

with biplanar fluoroscopy by a radiologist experienced at spinal inter-

Fig 1. Schematic description of the “safe triangle” for the conventional TFESI technique.
The triangle is composed of a roof made up by the pedicle, a tangential base corresponding
to the exiting nerve root, and the lateral border of the vertebral body. ST, safe triangle.

Fig 2. Schematic description of the conventional and posterolateral TFESI techniques. In
oblique view (A), the needle tip is located in the safe triangle using the conventional
technique, and the median inferior margin of pedicle with posterolateral approach. The
needle appears end-on in this view. Lateral view (B) shows the needle located in the
anterior and superior aspect of a nerve root using the conventional technique and at the
posterior aspect using the posterolateral technique. C, conventional TFESI; PL, posterolat-
eral TFESI.

Fig 3. Bar graph showing the number of patients with respect to temporary diagnostic relief
according to the 5-point patient outcome scale when interviewed 2 weeks after TFESI.
G0 � 0 (aggravated), G1 � 1 (stationary), G2 � 2 (improved), G3 � 3 (much improved),
G4 � 4 (no residual symptom).

SPIN
E

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol 28:204 – 08 � Feb 2007 � www.ajnr.org 205



vention. Injections were performed at a level that best matched the

clinical presentation and MR imaging findings. No case received an

intradural or intravascular injection.

Image Analysis
Image analysis was performed individually by 3 radiologists who per-

formed the spine injections. Needle positions were classified as ante-

riorly or posterolaterally located based on lateral fluoroscopic views.

Causes of sciatica were determined by using preintervention imaging

studies and by reviewing clinical information, and these were classi-

fied as herniated disk or spinal stenosis.

Review of Clinical Data
Follow-up interviews were conducted in a hospital visit 2 weeks after

TFESI. Pain was assessed by questionnaire using a visual analog scale

(VAS) before and immediately after TFESI and at the 2-week fol-

low-up interview. VAS was presented as a 100-mm line with anchors

on either end. The distance between the left anchor and the position

representing the pain experienced was expressed in millimeters.6 We

also adopted a 5-point patient outcome scale as follows: 0 (aggra-

vated), 1 (stationary), 2 (improved), 3 (much improved), and 4 (no

residual symptoms) for posttreatment pain assessments. We asked

patients who visited the hospital 2 weeks after TFESI about the degree

of pain compared with the status of pre-treatment according to the

5-point patient outcome scale. A successful outcome was defined as a

score of 3 or more and a VAS score reduction of more than 60% after

TFESI.

Patients were stratified by age into 6 groups; �29 years old, 30 –39,

40 – 49, 50 –59, 60 – 69, and �70 years old for statistical analysis. Du-

ration of sciatica was divided into acute (�6 months) and chronic

(�6 months).

Statistical Analysis
Logistic regression was performed to reveal

the correlation between the temporary diag-

nostic relief and possible outcome predic-

tors: conventional versus posterolateral

TFESI, age, sex, duration of symptoms, and

cause of radiculopathy. We used the t test to

reveal pain intensity differences according to

the approach used (ie, conventional or pos-

terolateral). All statistical analyses were per-

formed using the SPSS software package

(version 10.0; SPSS, Chicago, Ill). P values of

�0.05 were considered to indicate statistical

significance.

Results
Of the 108 patients enrolled in this
study, 75 patients (69.4%) showed im-
provement 2 weeks after TFESI as mea-
sured by the 5-point patient outcome
scale and the VAS score. We investi-
gated the 5-point patient outcome scale
for all 108 patients enrolled in our study.
Black bars (Fig 3) represent the number
of patients according to each grade. In
46 (42.6%) of the 108 patients, the nee-
dle was located in the posterolateral epi-
dural space, and in 62 patients (57.4%),
the needle tip was located in the anterior
epidural space. Thirty-three (71.7%) of

the 46 patients who received a posterolateral epidural injection
showed pain relief (Fig 4). Of the 62 patients with an anterior
epidural needle position, 42 patients (68%) showed pain relief
after the procedure (Fig 5).

No statistical difference was observed between needle po-
sition and temporary diagnostic relief. In addition, all other
variables tested by logistic regression, including age, sex, du-
ration of radiculopathy, and cause of sciatica, showed no cor-
relation with outcome (P � .05, logistic regression). These
results are summarized in the Table.

Mean VAS length during intervention was 21.6 mm for the
posterolateral approach and 53.6 mm for the conventional
approach. Pain was significantly less for the posterolateral ap-
proach (P � .05, t test).

Discussion
Mechanical pressure on a nerve root caused by a herniated
disk can result in radiculopathy. In addition to mechanical
pressure, concomitant chemical irritation of the nerve root
caused by ruptured disk material, which is capable of generat-
ing local inflammation, might also be an important factor in
the development of radiculopathy.3,7 Thus, the rationale for
using epidural steroid injection is based on the results of stud-
ies that have demonstrated abnormal concentrations of noci-
ceptive and inflammatory mediators around lumbosacral disk
herniations and their associations with the development of
chemical neuroradiculitis.8-10 The object of an epidural ste-
roid injection is to place corticosteroids in or near an area of
inflammation, either an inflamed nerve root or the cauda
equina.11 Therefore, many authors,2 including us, have antic-

Fig 4. A 68-year-old female patient with chronic pain of
the anterior aspect of the right leg and a tingling sensation
in the L4 dermatome. MR imaging (not shown) showed
degenerative spondylolisthesis at the L3/4 level with fo-
raminal stenosis. There was no pain relief in follow-up of
2 weeks after a conventional transforaminal epidural ste-
roid injection (TFESI) at the L3 level.

Fig 5. A 26-year-old female patient with acute onset radic-
ulopathy in the L3 dermatome. A left paracentral disk
protrusion was observed at the L3/4 level in MR images (not
shown). A lateral fluoroscopic view showing the needle tip
positioned in the posterior aspect of the neural foramen and
contrast filling into the posterolateral epidural space. The
patient had no pain 2 weeks after posterolateral TFESI of L3.
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ipated that the temporary diagnostic relief of an epidural ste-
roid injection is more pronounced in cases with an anterior
epidural drug distribution.

The epidural steroid injection can be done with either CT
(CT) or fluoroscopic guidance. In the 1980s, periradicular and
epidural injection under CT guidance was established as a fast
and exact alternative to the fluoroscopic-controlled proce-
dure, allowing repeated and image-documented injection
therapy along the altered nerve root.12 But we chose to per-
form all of epidural steroid injections under fluoroscopy be-
cause the technique is easier to execute and results in a cost
savings. In addition, fluoroscopy more easily provides com-
plete confidence that one’s injection is not within the vertebral
artery, which could be catastrophic, and fluoroscopy-guided
injections have been proved to be safe and fast injections in the
axial skeleton.9,13-15 Some authors16 have recommended CT
guidance to improve the learning curve in inexperienced phy-
sicians or in patients with difficult access to the epidural space
(especially patients with postoperative epidural scars). How-
ever, in our study, all procedures were done by radiologists
experienced at the spinal intervention, and there were no cases
of failure of the epidural steroid injection under fluoroscopic
guidance.

The transforaminal approach to the epidural space has
gained acceptance because of its greater specificity and its util-
ity as a diagnostic as well as a therapeutic intervention.17 Sev-
eral studies have demonstrated the efficacy of TFESI for the
treatment of lumbosacral radicular pain.1,2,8,18 Delivery of a
therapeutic injectate transforaminally at the involved nerve
root maximizes steroid concentration at the site of a pathology
and minimizes the dilution effect within the epidural space.
TFESI was described by Derby et al19 as a means of allowing a
needle to be positioned without provoking pain. Their needle
placement targeted the “safe triangle,” just below the inferior
aspect of the pedicle, which allows the needle to lie above lat-

erally with respect to the nerve. In this location, drugs can be
instilled into the anterior epidural space.1,20 Using this ap-
proach, the needle tip may penetrate the lateral half of the
foramen at its superior margin with minimal risk of dural
puncture.2 Previous studies1,2,8 have reported that the ideal
target site of a needle for TFESI is the anterior epidural space as
a result of inflammation between the anterior aspect of the
lumbar nerve root sleeve and the posterior aspect of the disk
herniation. Thus, the so-called “safe triangle” region is usually
recommended. We also have used this needle approach
through the “safe triangle” region. However, even in the hands
of a skilled and experienced specialist, the needle does not
always head for the anterior epidural space correctly in a single
puncture, and in some cases, nerve root penetration by a nee-
dle or intraneural injection have occurred when using the an-
terior approach. Based on our experience, a background state
of severe spinal stenosis, postsurgical scarring, epidural fibro-
sis, advanced disk degeneration with collapse, L5 nerve root
level, or transitional lumbosacral segments presents technical
challenges. In such cases, we have used the posterolateral ap-
proach. In this study, we analyzed correlations between needle
positions in the anterior or posterolateral epidural spaces and
temporary diagnostic relief, and found no significant differ-
ences. However, patients complained of less pain sense for the
posterolateral approach (P � .05). In the similar manner of
our results, Pfirrmann et al7 suggested that the lateral part of
the safe triangle is the best target point for the needle tip be-
cause they found less treatment induced pain when the needle
tip was in that location.

Some questions arise concerning differences between pos-
terolateral epidural and interlaminar epidural injections. In-
terlaminar epidural injections are easy to perform, even when
using a blind approach, and present a low complication risk,
whereas transforaminal injections are technically more com-
plex and require fluoroscopic control.21-23 Moreover, thera-
peutic agents injected using the interlaminar approach may
remain in the posterior epidural space without spreading to
the affected nerve root in the anterior epidural space.24 Huse-
meyer and White4 reported that the anterior and both dorso-
lateral compartments of the lumbar epidural space appear to
communicate with each other and that filling of the various
compartments is asymmetric in many cases. Dorsomedian
connective tissue in the posterior epidural space and deforma-
tion of the dural sac after epidural injection was found to pre-
vent the spread of injected local anesthetic throughout the
entire epidural space and to result in unilateral epidural
block.25 In addition, Savolaine et al26 showed that the poste-
rior epidural space is divided by the plica mediana dorsalis and
an additional transverse connective tissue plane. Thus, if an
interlaminar approach is used, larger volumes of anesthetic
and corticosteroid must be injected to overcome the distance
between a lesion and the epidural space compartment, which
can dilute the potency of the injectate. Moreover, an inter-
laminar approach may be not appropriate in patients with
unilateral radicular pain.

Our study has several limitations. First, it was retrospective
in design. Second, we did not include other epidural steroid
injection techniques, such as, interlaminar or caudal injec-
tions in this comparative study. Third, the duration of our
study was short and the number of patients enrolled was small.

Statistical relationship between temporary diagnostic relief and the
variables tested

Outcome
Predictors

No Effect
(%)

Effect
(%)

P-
Value*

Sex
Female 24 (36.9) 41 (63.1) .091
Male 9 (20.9) 34 (79.1)

Needle position
Anterior 20 (32.3) 42 (67.7) .679
Posterolateral 13 (28.3) 33 (71.7)

Duration
Acute 16 (27.1) 43 (72.9) .410
Chronic 17 (34.7) 32 (65.3)

Cause
HIVD 14 (29.8) 33 (70.2) .895
Spinal stenosis 17 (30.9) 38 (69.1)
Others 2 (40) 3 (60)

Age group
�29 years 1 (14.3) 6 (85.7) .189
30-39 years 2 (18.2) 9 (81.8)
40-49 years 1 (7.7) 12 (92.3)
50-59 years 9 (34.6) 17 (65.4)
60-69 years 13 (43.3) 17 (56.7)
�70 years 7 (33.3) 14 (66.7)

Note:—HIVD indicates herniated intervertebral disk.
* Compared by logistic regression.
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Based on the pathophysiology of radiculopathy as sug-
gested by previous studies, many investigators have concluded
and advocated that the injection of drugs into the anterior
epidural space near the interface between a prolapsed disk and
nerve root would be the most effective treatment. However, in
daily practice, needles are not always located in the anterior
epidural space. From time to time, drugs must be injected into
the posterolateral epidural space to avoid contacting nerve
root or because of other anatomic difficulties. In these cases,
we question the merits of attempting to reposition a needle in
an anterior epidural location, regardless of a patient’s discom-
fort, the time involved, and the additional radiation exposure
required. The results of our study suggest that a posterolateral
approach is as efficacious as the conventional approach and
that it offers considerable advantages (ie, less pain during the
procedure, lower risk of nerve penetration, less radiation ex-
posure, and technical simplicity).

Conclusion
We conclude that the posterolateral approach represents an
alternative TFESI method in cases with difficult needle tip po-
sitioning in anterior epidural space, because it is technically
straightforward, causes less pain during the procedure, has
lower risks of nerve penetration and intraneural injection, and
reduces radiation exposure.
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