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Background: Spinal injections are commonly used to treat lumbar radiculitis and back
pain. Delivery of medication to specific targeted pathology is considered important for
a successful therapeutic outcome. A variety of routes of injection have been devised for
epidural injection of corticosteroid.

Objectives: The author demonstrates a variation of the transforaminal injection tech-
nique. The radiographic spread of contrast is described using a more oblique and ventral
caudad approach in the epidural space “retrodiscal.” It is suggested that the radiograph-
ic findings of this technique for discogenic causes of induced radiculitis and/or back pain
may yield more precise targeting of putative pathologic sources of radiculopathy and
back pain in selected patients.

Methods: In patients with disc pathology and radiculitis, the anatomy of the lum-
bar epidural space is reviewed for its potential effect on the flow of injectate. Contrast
spread was documented for lumbar transforaminal injection using a needle placement
more oblique and behind the disc rather than in the cranial portion. Comparison is made
to a typical contrast spread of an infra-pedicular placed transforaminal injection.

Results: Retrodiscal contrast injection results in reliable coverage of the retrodiscal re-
gion, the exiting nerve at that foraminal level and the proximal portion of the transiting
segmental neural sleeve.

Conclusions: The radiographic findings demonstrate a difference between classic in-
fra-pedicular versus retrodiscal transforaminal epidural contrast injection patterns, par-
ticularly at relatively low volumes. The clinical advantage of one technique versus the
other should be established in randomized prospective studies.
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pidural corticosteroid injections (ESI) may be

used to treat lumbar radiculopathy or back

pain due to disc pathology (1). The traditional
approaches are across the interlaminar and yellow
ligaments (2) or caudal (3) with or without directional
catheters; transforaminal injections (4) may be used
to target known irritated nerve roots with steroid
injection or for diagnosis with selective neural blockade
(5). Therapeutic epidural corticosteroids are thought
to be most effective when the affected nerve root
and its source of irritation are targeted as specifically
as possible. Abdi et al (1) performed comprehensive
review of the evidence utilizing Agency for Healthcare
Research and Quality (AHRQ) criteria for observational
studies and AHRQ and Cochrane review for criteria for
randomized trials. This review showed the evidence
for caudal epidural steroid injections is strong for
short-term relief and moderate for long-term relief in
managing chronic low back and radicular pain, and
limited in managing pain of post lumbar laminectomy
syndrome. The evidence for interlaminar epidural
steroid injections is strong for short-term relief and
limited for long-term relief in managing lumbar
radiculopathy. In contrast, the evidence for lumbar
transforaminal epidural steroid injections is strong for
short-term and moderate for long-term improvement
in managing lumbar nerve root pain.

Epidural anatomy and pathologic conditions will
affect the spread of an injectate. Fluids follow the path
of least resistance. The epidural space is not a simple
open cylinder with negligible and even internal resis-
tance. It is a potential space that is in part filled with
varying amounts of fat, blood vessels, neural structures
contained within dural sheaths, and significant con-
nective tissues. The connective tissues consist of some
organized structures and some less distinct membra-
nous attachments. A well recognized example of or-
ganized structures includes a fold of the dura known
as the plica mediana dorsalis (6,7). Bogduk described
many of the epidural and spinal connective tissues (8).
These included dorsal median and lateral tissues with-
in the epidural space. Many of these may be coales-
cences or artifacts of displaced epidural membranous
tissues. He also describes some false ligaments. There
appears to be significant variation in the density of
some of these connective tissue barriers, sometimes
presenting significant barriers to flow and sometimes
not. Common contrast patterns reveal 3 “compart-
ments” of the epidural space: dorsal, ventral, and lat-
eral (9,10). It has been demonstrated and commonly

observed that interlaminar injections are unilateral in
86% of patients and only reach the ventral epidural
space in 36% (11). Most often lumbar interlaminar in-
jections appear unilateral, largely due to: dorsally by
the plica mediana dorsalis (6); ventrally by the median
raphe between the posterior longitudinal ligament
(PLL) and the disc; and another which may be present
between the dura and the PLL. In pathologic condi-
tions both induration and adhesions will further limit
the flow of injectate (9,10,12). Leakage of pathologic
discs contains glycoprotein (13) and antigens (14) that
cause inflammatory reactions even in the absence of
mechanical compression, which may also be present.
Scar tissue may also form. All these factors may yield
back pain and radicular symptoms.

When properly performed, transforaminal injec-
tions should result in ventro-lateral contrast spread
along the segmental nerve (15-17). The target is the
segmental nerve (and dorsal root ganglion) within the
radicular canal. However, classic transforaminal injec-
tions are made into the third segment of the radicu-
lar canal and foramen, which does typically cover the
dorsal root ganglion, yet frequently will fail to flow
centrally toward the midline or reach the first seg-
ment of the radicular canal which is retrodiscal, and
may fail to flow caudad across the disc below. Clearly
the technique of adding a transforaminal catheter im-
proved the mesiad flow with adhesiolysis (18).

The caudal approach may reach ventral targets by
high volume techniques which dilute delivered medi-
cations and impact a large swath of the epidural space
(19). Caudal techniques with directional catheters (20-
22) intended to reach ventral targets may meet ob-
struction particularly about the L5-S1 lordosis, plus
add significant cost.

Frequently, a paracentral disc at one interver-
tebral level is affecting the nerve root exiting at a
foraminal level below, while lateral disc pathology
may affect the segmental nerve at the same foramen
(Figs. 1-3). An optimally placed injection should cover
the region of disc pathology, the disc nerve interface
and the irritated segmental nerve. For example, a
traditional transforaminal injection for a right L5
radiculopathy is placed with a 20 degree off the AP
lateral oblique needle approach to the “safe” tri-
angle in the ventral and cranial aspect of the L5-S1
foramen approximately 6 o’clock on the L5 pedicle
in the direct AP view. Transforaminal injections, as
traditionally taught, are typically made with steep
angle needle approaches and low volumes of 0.5 -1.5
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(TN) exiting a level below.

Fig. 1. Oblique view of the spine model with the dorsal elements of
the lower vertebra removed and demonstrating the relationship of a
herniated nucleus pulposa (HNP) at L4-5 to the L4 segmental ex-
iting nerve (EN) at the L4-5 foramen and the L5 transiting nerve

Fig. 3. The spine model in a 45-degree oblique dem-

onstrates the landmarks commonly seen during dis-

cography and used for retrodiscal injection. Superior

articular process (SAP); transverse process (TrP),
disc, and inferior articular process (1AP) are in re-
lationship to the exiting nerve (EN) and transiting
nerve (T'). The cross hairs mark the target for the nee-
dle placement down the x-ray beam.

(TrP).

Fig. 2. Almost lateral view of the spine model demonstrating the
relationship of the exiting nerve (EN), transiting nerve (TN)
and the disc. Superior articular process (SAP); transverse process

mL each of contrast, local anesthetic and corticoste-
roid (Celestone Soluspan). Such injections frequently
cover the L5 segmental nerve in the second and third
portions of the radicular canal, yet often fail to cover
with the steroid suspension the first segment where
the L4-5 or L5-S1 disc interspaces are and the puta-
tive source pathology lies, although the marginal
washout of contrast may just reach these areas (Fig.
4). While varying from the classic and specific transfo-
raminal technique, increased volumes will sometimes

Fig. 4. Classic low volume transforaminal epidural con-
trast injection after washout (.75 mL each of contrast,
followed by local anesthetic and corticosteroid).

reach disc interspaces. Higher volumes decrease the
specificity and thus the utility of such technique as
a selective nerve root block, but may increase its
utility as a therapeutic injection. Spread with the in-
creased volume may be unpredictable, but tends to
travel craniad more often than caudad. Further, the
“safe” triangle is not always safe: there is a risk of
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arterial injection or nerve damage particularly when
stenotic or post operative conditions exist; safety is
as much a function of safe practices as anatomy. Even
in normal subjects the radicular arteries are bundled
with the segmental nerve in the cranial portion of
the foramen; however small arterioles may exist at
other levels for metaphyseal branches (23); observa-
tion of contrast flow under live digital subtraction is
essential to performing all transforaminal injections
safely.

The author uses retrodiscal transforaminal injec-
tions with and without catheters to obtain a theo-
retically advantageous placement of epidural corti-
costeroid. The retrodiscal transforaminal approach is
identical to that used for provocation discography,
but stopping short of disc entry. Epidurography of
such injections does demonstrate that this approach
more frequently achieves coverage of both the puta-
tive disc source of nerve irritation and of the affected
segmental nerve.

METHODS

In this retrospective study of patients with disc
pathology and radiculitis, contrast spread was docu-
mented with lumbar transforaminal injections using
needle placement more oblique and posterior to the
disc. Comparison is made to the typical contrast spread
of infra-pedicular placed transforaminal injections. All
injections were performed by the author at West Ta-
coma Surgery Center, following appropriate patient
informed consent.

The positioning of the patient and C-arm (GE
OEC 9800 with DSA) are similar to lumbar discogra-
phy. The patient is placed prone on the x-ray table
top padded to provide flattening of the lumbar lor-
dosis. The back is prepped with povidone iodine and
alcohol. The targeted disc’s endplates are aligned as
for discography with appropriate caudal or cranial
tilt of the C-arm. The beam is then rotated so that the
lateral surface of the superior articular process (SAP)
bisects the interspace, typically 40-45 degrees off
the AP axis. Skin and deep tissue anesthesia as far as
the dorsal surface of the SAP is placed with buffered
0.5% lidocaine. A 7-inch Pajunk Tuohy 17g needle is
advanced slowly and cautiously past the SAP lateral
surface. One should avoid penetration of both the
segmental nerve and the disc. The lateral radiograph
should also be used while advancing past the SAP to
minimize the risk of disc penetration, while the resis-
tance to needle advancement is also used as a sign

to stop. The AP view will most often demonstrate
the tip in the interpedicular line. A small amount of
contrast is used to confirm ventral epidural spread
on the lateral without subarachnoid, vascular, or in-
tradiscal spread. If a discogram is apparent, one may
record the result, but then pull the needle back until
contrast is no longer intradiscal. Use of blunt needles
should significantly reduce the risk of intradiscal in-
jection. Large foraminally sequestered soft discs will
increase the risk of disc injection. Single shot disk
level transforaminal injection may be performed
through the needle with 1-3 mL of contrast; if this
is adequate in covering the target this is followed
by 0.75-1.5 mL of local anesthetic and 1-2 mL of cor-
ticosteroid. Volumes needed may be determined by
the contrast volume required to achieve the desired
coverage. However, the particulate corticosteroids
will remain close to the needle tip and are not likely
spread as far as the contrast margins (6,9).

If the flow to targets is inadequate, a bent tip sty-
letted epidural catheter (Spinal Specialties 199 closed
tip styletted catheter) may be guided across the ven-
tral epidural disc interspace to reach a central or para-
central position. The needle may have to be slightly
withdrawn dorsa-laterally in the foramen using a
push-pull technique to keep the catheter ventral and
to facilitate catheter introduction. When possible the
catheter may be advanced mesiad up to the midline.
Catheter insertion may be difficult; an even shallower
angle of approach may be necessary to achieve this
either by approaching from 50 degrees oblique of the
midline or by using a curved blunt needle. The cath-
eter’s stylet is then removed and a catheter injection
adapter attached. Similar volumes of injectate and
medications are used as in the single shot method.

Injection of contrast should not fill a vascular or
subarachnoid pattern regardless of the epidural injec-
tion technique. Contrast should flow centrally across
the disc interspace toward the midline, down around
the pedicle below and then at least along the proximal
segmental nerve toward its foraminal entry. Contrast
is more often than not seen flowing along the seg-
mental nerve just above the needle as well. Contrast
tends to flow into the central ventral and lateral epi-
dural compartments; the degree of such spread is de-
pendent upon volume and or use of catheter and how
centrally the catheter is advanced. Contrast should at
least initially be evident in the ventral epidural space
under thelateral view and may outline an extrinsic
mass effect or filling defect.
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REesuLTs

Contrast studies are demonstrated below for tradi-
tional low volume selective transforaminal and for the
disc level transforaminal injections. It is apparent that
traditional infra-pedicular transforaminal injections
(Fig. 4) cover the dorsal root ganglion in the foramen

and the parapedicular portion of the radicular canal
but often not the retrodiscal portion. By comparison,
the retrodiscal approach provides better coverage of
the retrodiscal space and affected nerve’s interface
with the pathologic disc, but often less coverage of
the transiting nerve’s foraminal portion (Figs. 5-7). Pa-

Fig. 5. Retrodiscal injection L5-S1. Retrodiscal injection L5-S1 right. Ventral filing is evidenced by the adherence of contrast
behind the vertebral bodies of L5 and S1 and absence of filling in the dorsal two-thirds of the canal. The nodal impression upon
the ventral epidural outline is typically due to disc protrusion, thickening of PLL, induration and/or scar tissue. During the pro-
cedure the needle is tactilely placed against the herniated annular wall; any further would be intradiscal. The fact that the contrast
is ventral above and below the needle confirms that injectate is flowing into the ventral compartment
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Fig. 6. Disc level TF ESI with catheter.
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Fig. 7. Another retrodiscal injection with catheter.
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tients with back pain and/or radiculitis treated with
retrodiscal injections appear to achieve relief in the lo-
cal anesthetic phase and corticosteroid phase, similar
to other approaches. Data were not collected to de-
termine quantity, frequency, and duration of improve-
ment in symptoms with this technique versus other
approaches. No measurement tools were applied.

One patient (Fig. 8) presented with back pain
greater than sciatica and had 2 pathologic discs by
MRI which might explain his lumbar pain. Provocation
response with injection of 0.5 mL contrast through
needles placed at each disc level was performed. This
provided a distinct concordant (agrees with usual pain
pattern) and discordant (produces pain but in unfa-
miliar location) responses that would be useful in di-
agnosis and future treatment planning.

Discussion

The interventional pain physician frequently seeks
to deliver therapeutic epidural injections for patients
suffering sciatica or lumbar pain due to disc pathol-
ogy. The results noted in this paper are encouraging
that superior techniques of delivery may exist.

This study does not present data of functional im-
provement or pain relief of the retrodiscal approach
versus other. It is a simple contrast demonstration. Fur-
ther comparative and controlled studies are required
to establish whether this results in better success in
treating radiculopathy or back pain, and if it helps re-
duce the need for surgery.

This is not an approach for highly selective nerve
block.

Fig. 8. Two level with provocation test followed by therapeutic injection.
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There is risk of intradiscal injection which is of low
morbidity and may be reduced with careful technique
and the choice of a blunt tipped needle and even less
with a catheter. To avoid damaging the segmental
nerve, as with discography, one must be cautious to
avoid anesthetizing the segmental nerve during pro-
cedural anesthesia or over-sedating the patient. Ste-
notic foramina present a higher risk for complications
of transforaminal injections due to displacement of
the nerve, arteries, osteophytes, and a loss of foram-
ina fat; this situation may call for a safe triangle ap-
proach over a disc level approach, or a catheter placed
from above or below the stenotic level.

As with other spinal injections there exists risk of
infection, bleeding, dural puncture, aggravation of
pain, adverse drug reactions, spinal anesthesia with
its attendant risks, and failure to achieve benefit. If
properly performed, devastating complications should
be avoidable.

Epidural anatomy is complex with multiple poten-
tial barriers to the spread of injectates, further com-
plicated by the presence of induration, mass effect, or
scar. The importance of target specific injection of cor-
ticosteroids has been suggested but remains contro-
versial (22). If the theory of target specific injection is
correct, then there may be an advantage to deliver in-
jections to the disc-nerve interface, rather than more
distal sites.

Concern has been raised with transforaminal epi-
dural corticosteroid injection regarding the risk of
arterial injection and resultant paralysis (22). As a re-
sult, in recent ASIPP instructional workshops, Racz has
suggested the use of a blunt needle slightly oblique
approach glancing past the superior articular process
(SAP) to the dorsal foramen below the pedicle fol-
lowed by placement of a spring tip catheter along the
affected segmental nerve. His theory is that the use of
blunt instruments and dorsal placement will reduce or
eliminate radicular arterial complications. This is a fa-
miliar technique. Hammer described the use of Tuohy

needles and catheters to perform transforaminal ven-
tral epidural adhesiolysis in 14 post laminectomy pa-
tients (16,23). His technique utilized the classic infra-
pedicular needle approach and catheter placement
tracking along the segmental nerve cranial-medially
and ventrally. The technique of retrodiscal injection
described here respects the recommended use of
blunt needles, but uses Tuohy needles rather than
Racz Coude needles. Further, arterial supply tends to
enter in the cranial foramen rather than inferior; thus,
retrodiscal injection in the inferior foramen may have
lower risk of radicular arterial injection. One should
not be any less vigilant in the retrodiscal injection.
This technique is only being investigated for use
in the lumbar region. Additional risk is present in the
thoracic and cervical regions and is not advisable. In
the thoracic region risk is increased due to the pres-
ence of the anterior spinal artery, spinal cord, and
pleura. In the neck there is increased risk due to the
vertebral artery, spinal cord, and increased difficulty
recognizing ventral subarachnoid injection.

ConcLusIOnN

The classic transforaminal epidural injection tech-
nique is taught with an infra-pedicular injection of
relatively small volumes of medications to preserve
the specificity of the nerve block.

The author has demonstrated an alternative ret-
rodiscal approach for therapeutic transforaminal epi-
dural injections that achieves coverage of both the
intervertebral disc level and the affected segmental
nerve. Thus the retrodiscal technique achieves supe-
rior placement of therapeutic injections such as cor-
ticosteroids when the target of the injection is the
pathologic disc-nerve interface.

Further comparative and controlled studies are
required to establish whether this results in better suc-
cess in treating radiculopathy or back pain, and if it
helps reduce the need for surgery.
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