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Abstract

Objective. To evaluate the relationship between
commonly used final needle-tip positions and sub-
sequent contrast flow and patient-reported pain
relief in transforaminal epidural steroid injections
(TFESIs).

Design. Retrospective cross-sectional study.

Methods. Medical records of subjects (N = 83)
having undergone a TFESI between January 2008
and January 2009 were reviewed to compare TFESIs
using the superior-anterior (SA) vs. the superior-
posterior (SP) quadrant.

Outcome Measures. Outcome measures included
ventral and dorsal epidural contrast flow as well
as near-to-complete pain relief as measured
by numerical rating scale pain score pre- and
post-procedure.

Results. SA TFESIs were associated with greater
ventral epidural contrast flow as compared with SP
TFESIs (100% vs 61.4%, P < 0.001). SA TFESIs with
ventral epidural contrast flow were also associated
with flow to a greater number of vertebral levels than
SP TFESIs with ventral epidural contrast flow (41%
vs 14.8%, P < 0.001). SP TFESIs were associated

with greater dorsal epidural contrast flow than SA
TFESIs (95.5% vs 43.6%, P < 0.05). SA TFESIs were
also associated with a larger proportion of patients
who achieved near-to-complete pain relief (P < 0.05)
and greater reduction than SP TFESIs in post-
procedure pain score relative to pre-procedure (3.3
vs 1.5, P < 0.01).

Discussion. The evolution of TFESIs must balance
both safety and efficacy. The efficacy of SA TFESIs
is demonstrated to be superior to that of SP TFESIs
with regards to ventral epidural flow and patient-
reported pain relief. Further efforts should focus on
demonstrating efficacy while optimizing safety.
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Introduction

Epidural injections have been used in the treatment of low
back pain since the beginning of the 20th century, when
Cathelin used a caudal cocaine injection to treat sciatica in
1901 [1]. Although local anesthetics were the first agents
investigated for this purpose, they have since been largely
replaced by the widespread use of corticosteroids. This
change was brought about by the work of Lindahl and
Rexed, who found that inflammation played a role in
patients with disc herniation and radicular pain [2]. There-
fore, corticosteroid preparations should prove useful given
their ability to inhibit peri-neural inflammation, a possible
basis for radicular pain [3,4].

The caudal route was the first used [1] to deliver medica-
tion to the epidural space. Correct placement was deter-
mined clinically and even in experienced hands could be
as low as 62%. Even when the practitioner was confident
about placement, fluoroscopy revealed it to be inaccurate
14.2% of the time [5]. Questionable delivery of therapeutic
agent prompted the development of the interlaminar
route. Ultimately, evidence-based research has shown
that clinical judgment alone is not enough for consistently
successful entry into the epidural space via an interlaminar
approach [6–8]. In studies in which the incorrect place-
ment rate was low, 1.3–8% [8,9], fluoroscopy was still

Pain Medicine 2011; 12: 864–870
Wiley Periodicals, Inc.

864

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/12/6/864/1847775 by guest on 09 April 2024



advocated as a consideration. More recently, it has been
shown that the “loss of resistance” method led to a much
higher rate of inaccurate needle-tip placement in up to
25.7% of procedures [10].

The popularity of fluoroscopically guided transforaminal
epidural steroid injection (TFESI) is a result of constant
innovation in developing safer, more efficacious nonsurgi-
cal techniques to treat patients with low back pain and
radicular symptoms. A need to reliably deliver medica-
tion to the epidural space combined with a growing
sophistication of the etiology of radicular pain has led to
the prominent use of fluoroscopically guided TFESI.
Robecchi and Capra pioneered the technique of TFESIs in
1952 [11]. Derby et al. refined this technique to utilize
fluoroscopy and avoid pain provocation while delivering a
low volume, high concentration solution to more precisely
arrive at the ventral nerve root [12,13]. Needle placement
has been in the superior-anterior (SA) quadrant of the
neural foramina, which also has been termed the “safe
triangle,” [14]. Theoretically, these injections have the
advantage of delivering the injectate to the ventral epidural
space, and therefore the commonest site of pathology in
disc herniations.

Historically, the success rate of treatment with epidural
steroids has varied considerably, with an average of 67%
[15]. Despite advances in the corticosteroid preparation
used, the approach to the epidural space and the use of
image guidance, a significant minority of patients have not
obtained relief from this procedure. Although needle-tip
position has been accounted for in interlaminar epidural
steroid injections (ILESIs) [16], it has never been docu-
mented in relation to flow patterns in TFESI. Specifically,
placement either ventrally in the SA quadrant vs dorsally in
the superior-posterior (SP) quadrant of the neural foramina
may impact flow. Safety and efficacy must both be
accounted for in selecting which quadrant of the neural
foramina is to be utilized. Stalcup et al. [17] found a low
complication rate of 5.5% overall (all complications were
transient) and determined that all quadrants can be safely
used. In considerations of efficacy, achieving adequate
ventral flow and ultimately positive health outcomes for the
patient—i.e., pain relief, have been the focus. While novel
techniques for needle placement in the epidural space are
being explored [18–20], further refinement of the already
well-tolerated, relatively safe [21] and efficacious [22,23]
procedure of TFESI should be explored.

We retrospectively evaluated commonly used final needle-
tip position in TFESI as a marker for subsequent contrast
spread and pain relief, specifically in the SA and SP quad-
rants of the neural foramina. We hypothesized that there
would be a significant quantitative difference in ventral and
dorsal epidural contrast spread based on SA as com-
pared with the other commonly used SP needle-tip posi-
tion, particularly with appropriate needle-tip position in the
“safe triangle.” Furthermore, we postulated that the rela-
tionship between placement and response would result in
a greater proportion of patients with near-to-complete
relief of pain among those receiving injections into the SA

quadrant. Further refinement of the method to reliably and
accurately deliver injectate to the site of pathology may
prove useful in guiding physician practice patterns and
improve efficacy.

Methods

Technique

Subjects underwent the procedure via a standardized
technique in the operating room with routine monitors
including blood pressure, pulse oximetry, and heart rate.
The subjects were placed prone on the operating table,
and the injection site was prepared in a sterile fashion.
Fluoroscopic imaging (Philips BV Pulsera, Amsterdam,
The Netherlands) was used to guide target-specific injec-
tions. Either a 22- or 25-gauge and a 3.5- or 5-inch spinal
needle (B | Braun, Bethlehem, PA) with a curved tip (~15°)
was advanced toward the appropriate foramen from a
20–30° oblique view with 0–5° cephalo-caudad tilt. Upon
final needle-tip position, antero-posterior (AP) and lateral
views of the fluoroscopic imaging were obtained to
confirm needle positioning (Images 1–6). The use of con-
trast (2–3 mL of Isovue [Bracco Diagnostics, Princeton,
NJ]) was used to illustrate the exact flow of contrast prior
to the injection of the final mixture. AP and lateral views of
the contrast spread were taken during the procedure to
confirm appropriate spread.

Image 7 is an example of a lateral view detailing the four
quadrants as they would be visualized during the proce-
dure. The neural foramen was bisected with a coronal
and axial plane. This divided the neural foramen into SP
(A), SA (B), inferior-posterior (C), and inferior-anterior (D)

Image 1 Transforaminal approach, superior-
anterior needle-tip position. Lateral view.
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quadrants [17]. We evaluated the most commonly utilized
placements in our practice (A,B).

Design

Following Institutional Review Board approval, we retro-
spectively reviewed the medical records of subjects
having undergone lumbar TFESIs between July 2007 and

January 2009. We assessed contrast flow in a cohort of
subjects undergoing TFESI as part of their routine course
of care. Contrast spread was assessed as ventral
(present/absent) and dorsal (present/absent), and the
degree of ventral spread was assessed from 0–2 (0 = no
ventral spread, 1 = ventral spread limited to spinal level of

Image 2 Transforaminal approach, superior-
anterior needle-tip position. Lateral view. Demon-
strating ventral flow at one vertebral level.

Image 3 Transforaminal approach, superior-
anterior needle-tip position, left-sided. Antero-
posterior view. Note contrast flow along L4 nerve
root.

Image 4 Transforaminal approach, superior-
posterior needle-tip position. Lateral view.

Image 5 Transforaminal approach, superior-
posterior needle-tip position. Lateral view. Demon-
strating dorsal flow at one vertebral level.
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entry, and 2 = ventral spread at >1 segmental level). The
intervertebral level of the injection was also noted. Pre-
and post-injection pain scores using the numerical rating
scale (NRS) were also obtained. A post-injection score of
0–1 was defined as near-to-complete relief. This informa-
tion was retrieved from the subjects’ medical record
devoid of any identifying information.

All injections were performed by an experienced, board-
certified pain medicine physician (MJD) using bi-planar
fluoroscopic imaging with non-ionic contrast. Continuous
imaging was used during contrast injection in the AP and
lateral planes to confirm that contrast did not spread to
the intravascular, intradiscal, subarachnoid or subdural
spaces. The injectate consisted of 1–2 mL of 40 mg/mL
methylprednisolone acetate and 1–2 mL 1% lidocaine
depending on the vertebral level(s) being injected. Injec-
tions were performed as per the routine standard of care.

Subjects were included if: their radiographic images were
of suitable quality, they had at least 2 mL of contrast
injected at the appropriate vertebral level, they had a
history of lumbo-sacral radiculopathy, lumbar foraminal
stenosis noted to be of disc-related etiology (16 subjects
included), or lumbar herniated nucleus pulposus with
leg > back pain, they had undergone a TFESI, and were
18 years or older.

Subjects were excluded if: data collection could not be
completed via chart and radiographic review or if the
subject had a primary diagnosis of lumbar spondylolisthe-
sis, spinal stenosis, or previous lumbar surgery.

Analysis of Results

A total of 953 subjects underwent TFESIs between July
2007 and January 2009. Eight hundred seventy were
excluded as summarized in Figure 1. The study ultimately
considered 83 subjects having undergone lumbar TFESIs.
Final needle-tip position was SA in 39/83 subjects and
was SP in 44/83 subjects. The outcome measures were
ventral and dorsal flow of contrast spreading in the epi-
dural space and the proportions of subjects achieving
near-to-complete pain relief, based on final needle-tip
position (Tables 1 and 2, respectively). Fluoroscopic
images were used to derive these measurements (AP and
lateral views). Contrast flow was categorized below
(Table 1). Dorsal spread was either present or absent.
Ventral flow was first characterized as present or absent.
If ventral flow was present, further delineation as to the
number of levels and direction of spread was recorded.

Statistical testing was performed using Fischer’s exact
test. P values are recorded in the right column to demon-
strate statistical significance at a level <0.05. One hundred
percent of the subjects (39/39) in the SA needle-tip posi-
tion demonstrated ventral flow compared with 61.4% (27/
44) of the subjects with the SP position. The SA needle-tip
position resulted in statistically significant greater ventral
flow overall as compared with the SP needle-tip position
(P < 0.001). Of the subjects with ventral flow, 41% (16/39)

Image 6 Transforaminal approach, superior-
posterior needle-tip position. Lateral view. Demon-
strating ventral and dorsal flow at one vertebral level.

Image 7 Neural foramina—Lateral view. A =
Superior-posterior; B = Superior-anterior.

867

Epidural Contrast Flow Based on Final Needle Position

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/12/6/864/1847775 by guest on 09 April 2024



subjects demonstrated ventral flow to more than one level,
whereas only 14.8% (4/27) of subjects in the SP demon-
strated flow to more than one level. The SA needle-tip
position resulted in flow to a higher number of vertebral
levels than the SP needle-tip position, and this difference
was found to be statistically significant (P < 0.05). In the
SP group, 95.5% (42/44) of subjects demonstrated dorsal
flow, while 43.6% (17/39) of the subjects in the SA group
demonstrated dorsal flow. The SP needle-tip position
resulted in greater dorsal flow, and this was found to be
statistically significant (P < 0.001). There was no statisti-
cally significant difference in the direction of flow when
anterior flow had spread to more than one vertebral level
in any direction. Of the subjects in the SA needle-tip
group, 12/31 subjects demonstrated near-to-complete
relief. Meanwhile, 4/30 subjects in the posterior-anterior
needle-tip group demonstrated near-to-complete relief
(P < 0.05) with an odds ratio of 4.1 (95% CI = 1.01–

19.78). Of note, 8/31 subjects in the SA group demon-
strated a NRS = 0. Four subjects reported a NRS � 1.
Conversely, 3/30 in the SP group demonstrated NRS = 0.
One subject reported a NRS � 1.

Secondarily, reduction in pain score post-injection relative
to the pre-injection baseline was recorded using the NRS.
Data was available for 61/83 subjects for whom contrast
flow data was available, and therefore only they were
included in the pain analysis. These subjects had
follow-up appointments between 2–4 weeks post-
injection. Of the subjects having undergone TFESI with the
SA needle-tip position, the respective mean pre- and
post-injection pain scores were 6.8 and 3.5, with a mean
decrease of 3.3 (standard deviation [SD] = 2.66) points on
the NRS. Of the subjects having undergone TFESI with the
SP needle-tip position, the average pre- and post-
injection scores were 5.9 and 4.4, respectively, with a
mean pain score reduction of only 1.5 (SD = 2.59) points
on the NRS. The SA position demonstrated a statistically
significant greater reduction in pain score than the SP
position (P < 0.01) (Table 3).

Discussion

The evolution of TFESIs has been precipitated by the need
to optimize safety while demonstrating efficacy. Increas-
ingly there are reports of catastrophic complications,
including paraplegia, following TFESI [24]. This has placed
an even greater burden on the clinician to prioritize safety,
possibly at the expense of efficacy. This study offers some
guidance regarding the efficacy of a generally well-
tolerated and safe procedure. Inherently, there is an
assumption that epidural flow should be reliable despite
needle placement in a specific quadrant of the neural
foramina. Several potential reasons exist for SP place-
ment: accepting SP placement due to spinal nerve loca-
tion high in the intervertebral foramen, particularly in the
setting of foraminal stenosis or far lateral disc herniations,
or avoidance of the SA position due to potential presence
of radicular arteries. In some cases, there is a tendency for
SP placement of the needle due to relative ease and the
desire to avoid parasthesias. Consideration of which
quadrant is to be utilized should occur for each patient,

953 TFESI 

70% excluded secondary to diagnosis of 
lumbar spinal stenosis, 

spondylolisthesis, bony foraminal 
stenosis or prior surgery 

286 TFESI 

215 TFESI 

25% of remaining excluded
due to inadequate images 

83 TFESI 

60% of remaining excluded
due to inadequate contrast 

Figure 1 Exclusion flow chart. TFESI = trans-
foraminal epidural steroid injection.

Table 1 Comparison of contrast flow of SA vs SP position by vertebral level

Needle-Tip Position Superior-Anterior Superior-Posterior P Value

Number 39/83 (47.0%) 44/83 (53.0%) —
Dorsal spread 17/39 (43.6%) 42/44 (95.5%) <0.001
Ventral spread (to any level) 39/39 (100.0%) 27/44 (61.4%) <0.001
Ventral spread (to 1 level) 23/39 (59.0%) 23/27 (85.2%) 0.065
Ventral spread (to >1 level) 16/39 (41.0%) 4/27 (14.8%) 0.03
Ventral spread (>1 level cephalad) 14/16 (87.5%) 4/4 (100%) 1.000
Ventral spread (>1 level caudad) 1/16 (6.3%) 0
Ventral spread (>1 level both directions) 1/16 (6.3%) 0

SA = superior-anterior; SP = superior-posterior.

868

Desai et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/12/6/864/1847775 by guest on 09 April 2024



weighing that patient’s specific anatomy and pathology
and the current evidence to ultimately decide which quad-
rant will lead to optimal flow of injectate to the site of
pathology.

TFESIs are typically performed for ventral epidural pathol-
ogy, hence utilizing ventral contrast flow as a predictor of
future injectate delivery should prove advantageous. Con-
cerns regarding safety have prompted comparisons of far
lateral ILESIs to TFESI with regards to ventral contrast flow
and efficacy [20]. Candido et al. concluded superiority of
lateral parasagittal ILESI vs TFESI with regards to these
parameters. This is inherently a flawed conclusion as this
study in fact compared lateral parasagittal ILESI with SP
placement of TFESI. Furthermore, an assessment of
images provided in that publication did not demonstrate
ventral flow via lateral parasagittal ILESI.

This analysis demonstrates the superiority of SA needle-tip
position vs SP position with regards to ventral contrast flow.
Furthermore, SA placement resulted in a greater number of
levels with demonstrable flow suggesting an increased
volume delivered ventrally. One hundred percent of SA
placements resulted in ventral flow with 41% of those
demonstrating flow to more than one level. On the other
hand, despite 61.4% of SP placements resulting in ventral
flow, only 14.8% were noted to deliver contrast to the
greater than one level. Theoretically, achieving flow at a
greater number of vertebral levels suggests superior cov-
erage of the site of pathology in the ventral epidural space.
The SP needle-tip position demonstrated greater posterior
flow than the SA needle-tip position. Conceivably, for clini-
cal scenarios with dorsal epidural disease or more gener-
alized pathology, such as multifactorial spinal stenosis, this
may be a more ideal placement.

We defined “success” as near-to-complete resolution of
pain as defined by NRS � 1. This was determined by the

subjective nature of reporting NRS and an anecdotal
threshold to limit further injections in the immediate future.
Subjects in the SA group were four times as likely as those
in the SP group to demonstrate near-to-complete pain
relief.

Given the pathology in the ventral epidural space, this may
be an expected result.

Limitations of this study included its retrospective design.
The study was also limited by the fact that it presents a
snapshot of contrast flow. Dynamic testing following
standing or other motions that incorporated gravity may
result in shifting of contrast and ultimately injectate.
However, dynamic testing would result in further expo-
sure to radiation. This study simply suggests where the
majority of contrast, and therefore injectate is delivered.
Other limitations included uncontrolled concomitant
therapies; however, we suspect that this would not result
in undue variance due to a relatively standardized
approach to patients with these diagnoses in our prac-
tice. No adverse events were identified during chart
review as reported by patients undergoing TFESI that
were included in our analysis.

Ultimately, the SA needle-tip position demonstrated supe-
riority with regards to ventral contrast flow as well as pain
relief. These findings contribute to the body of knowledge
informing physician decision-making in performing
TFESIs. There is a high degree of variability in the tech-
nique regarding epidural injections, and the standard of
care is constantly changing as new methods are discov-
ered and established methods are further delineated.

Conclusions

SA quadrant placement of TFESI results in significantly
increased ventral contrast flow in comparison to SP place-
ment. Furthermore, SA placement results in greater likeli-
hood of near-to-complete pain relief. In the setting of
suspected ventral pathology, the SA approach should be
the technique of choice following considerations of other
issues. Certainly, a prospective study assessing contrast
flow with needle placement including all four quadrants
should be considered in the effort to mitigate risk and
evaluate efficacy.

Disclosures

The authors do not have any relevant disclosures.

References
1 Cathelin MF. Mode d’ actoin de la cocaine injecte

dons l’espace epidural par le proceda de canal sacre.
C R Soc Biol 1901;53:478–9.

2 Lindahl O, Rexed B. Histologic changes in spinal nerve
roots of operated cases of sciatica. Acta Orthop
Scand 1951;20:215–25.

Table 2 Proportion of patients who achieved
near-to-complete pain relief in the SA vs SP
position

Needle-Tip Position Proportion P Value Odds Ratio

Superior-anterior 12/31 <0.05 4.1
Superior-posterior 4/30

SA = superior-anterior; SP = superior-posterior.

Table 3 Average pain score difference pre- and
post-injection

Needle-Tip Position
Superior-
Anterior

Superior-
Posterior P Value

Average difference in
pain score

3.3 1.5 <0.01

869

Epidural Contrast Flow Based on Final Needle Position

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/12/6/864/1847775 by guest on 09 April 2024



3 Kang JD, Georgescu HI, McIntyre-Larkin L,
Stefanovic-Racic M, Evans CH. Herniated cervical
intervertebral discs spontaneously produce matrix
metalloproteinases, nitric oxide, interleukin-6 and
prostaglandin E2. Spine 1995;22:2373–8.

4 Furusawa N, Baba H, Miyoshi N, et al. Herniation of
cervical intervertebral disc: Immunohistochemical
examination and measurement of nitric oxide produc-
tion. Spine 2001;26:1110–6.

5 Renfrew DL, Moore TE, Kathol MH, et al. Correct
placement of epidural steroid injections: Fluoroscopic
guidance and contrast administration. AJNR Am J
Neuroradiol 1991;12(5):1003–7.

6 White AH, Derby R, Wynne G. Epidural injections for
the diagnosis and treatment of low-back pain. Spine
1980;5:78–86.

7 Stewart HD, Quinnell RC, Dann N. Epidurography in
the management of sciatica. Br J Rheumatol
1987;26:424–9.

8 Sharrock NE, Urquhart B, Mineo R. Extradural anaes-
thesia in patients with previous lumbar surgery. Br J
Anaesth 1990;65:237–9.

9 Liu SS, Melmed AP, Klos JW, Innis CA. Prospective
experience with a 20-guage Tuohy needle for lumbar
epidural steroid injections: Is confirmation with fluoros-
copy necessary? Reg Anesth Pain Med 2001;26:
143–6.

10 Bartynski WS, Grahovac SZ, Rothfus WE. Incorrect
needle position during lumbar epidural steroid admin-
istration: Inaccuracy of loss of air pressure resistance
and requirement of fluoroscopy and epidurography
during needle insertion. AJNR Am J Neuroradiol
2005;26:502–5.

11 Robecchi A, Capra R. [Hydrocortisone (compound F);
first clinical experiments in the field of rheumatology]
[undetermined language]. Minerva Med 1952;43:
1259–63.

12 Derby R, Kine G, Saal JA, et al. Response to steroid
and duration of radicular pain as predictors of surgical
outcome. Spine 1992;17:S176–83.

13 Derby R, Bogduk N, Kine G. Precision percutaneous
blocking procedures for localizing spinal pain. Part 2.
The lumbar neuraxial compartment. Pain Digest
1993;3:175–88.

14 Pauza K, Bogduk N. Lumbar transforaminal injection
of corticosteroids. Int Spine Inject Soc 2003;4:4–20.

15 Lutz GE, Vad VB, Wisneski RJ. Fluoroscopic transfo-
raminal lumbar epidural steroids; an outcome study.
Arch Phys Med Rehabil 1998;79:1362–6.

16 Whitlock EL, Bridwell KH, Gilula LA. Influence of
needle tip position on injectate spread in 406 interlami-
nar lumbar epidural steroid injections. Radiology
2007;243(3):804–11.

17 Stalcup ST, Crall TS, Gilula L, Riew KD. Influence of
needle-tip position on the incidence of immediate
complications in 2,217 selective lumbar nerve root
blocks. Spine J 2006;6:170–6.

18 Fish DE, Lee PC, Marcus DB. The S1 “Scotty Dog”:
Report of a technique for S! transforaminal epidural
steroid injection. Arch Phys Med Rehabil 2007;88:
1730–3.

19 Jasper JE. Lumbar retrodiscal transforaminal injection.
Pain Physician 2007;10:501–10.

20 Candido KD, Raghavendra MS, Chinthagada M,
Badiee S, Trepashko DW. A prospective evaluation of
iodinated contrast flow patterns with fluoroscopically
guided lumbar epidural steroid injections: The lateral
parasagittal interlaminar epidural approach versus the
transforaminal epidural approach. Anesth Analg
2008;106(2):638–44.

21 Slipman CW, Lipetz JS, Jackson HB, Rogers DP,
Vresilovic EJ. Therapeutic selective nerve root block in
the non-surgical treatment of atraumatic cervical
spondylotic radicular pain. Arch Phys Med Rhabil
2000;81:741–6.

22 Abdi S, Datta S, Lucas L. Role of epidural steroids in
the management of chronic spinal pain: A systematic
review of effectiveness and complications. Pain Phy-
sician 2005;8:127–43.

23 DePalma MJ, Bhargava A, Slipman C. A critical
appraisal of the evidence for selective nerve root injec-
tion in the treatment of lumbosacral radiculopathy.
Arch Phys Med Rehabil 2005;86:1477–83.

24 Glasser SE, Shah RV. Root cause analysis of paraple-
gia following transforaminal epidural steroid injections:
The ‘unsafe triangle’. Pain Physician 2010;13:237–44.

870

Desai et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/12/6/864/1847775 by guest on 09 April 2024


