Pain Physician, Volume 3, Number 4, pp 374-398
2000, American Society of Interventional Pain Physicians®

I Focused Review

Transforaminal Lumbar Epidural Steroid Injections

Laxmaiah Manchikanti, MD

Low back pain is an important medical, social, and eco-
nomic problem involving approximately 15% to 39% of
the population. Of the numerous therapeutic interventions
available for treatment of chronic low back pain, including
surgery, epidural administration of corticosteroids is one
such intervention commonly used. Several approachesavail-
able to access the lumbar epidural space are the caudal,
interlaminar, and transforaminal, a'so known as nerve root
or selective epidural injection. The objective of an epidural
steroid injection isto deliver corticosteroid close to the site
of pathol ogy, presumably onto an inflamed nerveroot. This
objective can be achieved by the transforaminal route rather
than the caudal or interlaminar routes.

Although epidural injections have enjoyed along history
of efficacy and safety in treating low back pain and lower
extremity pain since 1901 (1), their use remains contro-
versial. Throughout the 20" century, the popul arity of cau-
dal, interlaminar, and transforaminal epidural injectionshas
been waxing and waning as the most effective method in
managing low back pain (2-12). Initialy caudal epidural
injections were popularized; with subsequent popularity
of interlaminar epidurals, followed by the resurgence of
caudal epidural injections; and, finaly, the recent emer-
gence of transforaminal epidural injections.

One of the major concerns about lumbar and caudal epi-
dural steroidsis that their true efficacy might not be evi-
dent in clinical trials because the injectate fails to reach
the desired target (2). It has been postulated that even a
well-performed lumbar or caudal epidural injection might
fail to afford appropriate relief because the drug never
reaches the required target in appropriate concentrations
rather than the claim by opponents of epidural steroidsthat
they do not work. Thus, emergence or resurgence of trans-
foraminal epidural injections under fluoroscopy virtually
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Reports of the effectiveness of epidural corticosteroids have
varied from 18% to 90%. However, reports of the effec-
tiveness of transforaminal epidural steroids have shown it
to be superior, with outcome data indicating cost effective-
ness aswell as safety.
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guarantees the proper injection and delivery of medica-
tionto thetarget site. The object of thisreview isto focus
on the various aspects of lumbar transforaminal epidural
injectionsin the management of chronic low back pain.

PROBLEM OF LOW BACK PAIN

Low back painisan important clinical, social, economic,
and public health problem affecting the population indis-
criminately. It isadisorder with no causal, few probable
and many possible etiologies, occurring in many groups of
the population, and with many definitions (13-29). There
isastonishing agreement among professionalswith regard
to the enormity of chroniclow back pain and itsimpact on
society, even though the study of the epidemiology of low
back pain is a murky field, and numerous modalities of
therapeutic interventions availablefor treatment of chronic
low back pain often spark debate among professionals (3,
4,8, 10, 13-30). In arecent prospective observational study,
Fanuele et al (30) reported that the physical burden of pa-
tientswith spine painisoften similar to or greater than that
endured by patients with congestive heart failure, chronic
obstructive pulmonary disease, cancer or orthopedic dis-
orders. They concluded (30) that physical function status
is significantly lower in patients with spinal disordersin
the United States than in the general population, and that
patients with spinal disorders have worse physical func-
tional status scoresthan those with most other disease con-
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ditions. Comorbidities in patients with spinal disorders
are associated with lower physical functional status (30).
All types of treatments for back pain, including surgery
and other interventional techniques have steadily increased,
not only infrequency, but alsoin form, increasing the num-
ber of options during the past decade in all western coun-
tries, particularly the United States (2-13, 21-27, 31-40).
Withtheincreaseininitial surgery, reoperations have also
increased (22, 24-26, 41, 42). Reoperationsgenerally tend
to produce poorer resultsthaninitial back surgery (22, 24-
26, 41, 42).

Cassidy et a (43), assessing the 6-month prevalence of
chronic low back pain and itsimpact on general health in
the Canadian population, reported alifetime preval ence of
84%, with 13% grade |1l and grade IV pain and disability,
which indicated high pain intensity and moderate —to-se-
vere disability. This study reported that grade | low back
pain was more common in the younger population, while
older age groups reported a higher incidence of grade 11,
and IV levelsof pain. Recurrent or chronic low back pain
also has been reported to vary between 28% and 75%,
rather than 10% or under asit was originally thought (44-
49). The estimated average of age-related prevalence of
persistent low back pain increased gradually from 12%in
children and adolescentsto 15% in adults and 27% in the
elderly (29). Review of the epidemiology of low back pain
and itsrisk factors showed no causal relationships. How-
ever, age and smoking were indentified as probable risk
factorswith all other factorsbeing classified aseither pos-
sible or unrelated (29).

HISTORY

Caudal epidural injection of drugswasintroduced in 1901
by Cathelin, Pasquier and Leri, and Sicard (1, 50, 51).
Cathelin (1) injected cocaine into the epidural space,
whereasin 1925 Viner (52) administered epidural procaine,
Ringer’s solution, and saline. The advent of the
interlaminar approach to the epidural space was consid-
ered at thetime asapreferableroute, asit isdirected more
closely to the assumed site of pathology than the caudal,
thusfacilitating the delivery of injectate directly to itstar-
get and requiring lessvolume (2, 3, 12). However, subse-
quently, the disadvantages of the interlaminar approach,
including extradural placement of the needle, which may
go unrecogni zed without fluoroscopic guidance, and vari-
ous other disadvantages and reports of the failure of
interlaminar epidural steroids to provide statistically sig-
nificant improvement, raised questions not only about
interlaminar epidural administration of steroids but also
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about administration of corticosteroidsin itself (2-12, 53-
58).

Transforaminal lumbar epidural injections have been
emerging as an alternative to interlaminar and caudal epi-
dura injections. Consideration of this procedure as new
isby no means accurate. The earliest use of epidural ste-
roids was by the transforaminal route (59, 60). In 1952,
Robecchi and Capra (59) administered periradicular in-
jection of hydrocortisone into the first sacral nerve root
and reported relief of lumbar and sciatic pain in awoman
in the Italian literature. Lievre and colleagues (60) also
reported transforaminal injection of steroids into the first
sacral nerveroot inthe French literature. The sacral trans-
foraminal epidural injection of steroids was popularized
largely in the Italian literature (59, 61-66) and to a lesser
extent in the French literature (60, 67-69). Therewereno
American reports until 1971, when Macnab described the
diagnostic value of selective nerve root infiltration for
radiculopathy (70). Since then, transforaminal epidural
injections, also described as selective nerve root blocks,
selective nerveroot infiltration, or nerveroot sleeveinjec-
tions, have been widely used because they allow simulta-
neous morphologic and functional diagnosis of
radiculopathy (71-77). During this time, clinica use of
transforaminal epidurals in the management of low back
and lower extremity pain wasalso initiated; and encourag-
ing evidence has been emerging (72, 78-86).

ANATOMY

The spineis often divided anatomically into the anterior,
neuraxial, and posterior compartments (87). The anterior
compartment consists of the vertebral body and interver-
tebral disc, whereasthe neuraxial compartment consists of
structures within the epidural space and neural pathways,
in contrast to the posterior compartment with facet joints
and associated bony vertebral arch structures. Thus, epi-
dural injections are used to diagnose and treat pain ema-
nating from the anterior and neuraxial compartments. The
neuraxial compartment includes al structures within the
osseous and ligamentous boundaries of the spinal canal,
including the posterior longitudinal ligament, ligamentum
flavum, epidural, and epiradicular membranes.

Vertebral canal is a frequently used term by spinal
injectionists. In the intact lumbar spine, the vertebral fo-
ramina of the five lumbar vertebrae are aligned to form a
continuous channel, which is referred to as the vertebral
canal (88). This vertebral canal anteriorly is formed by
the posterior surfaces of the lumbar vertebrae, the inter-
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vening disks and the posterior longitudinal ligament; the
posterior wall is formed by the laminae of the vertebrae
and intervening ligamentum flava; and the lateral walls of
the vertebral canal are formed by the pedicles of the lum-
bar vertebrae. Thedeficiency inthelateral walls between
the pedicles where the superior and inferior vertebral
notches oppose one another forms the intervertebral fo-
ramina(88). Thus, eachintervertebral foramenisbounded
anteriorly by anintervertebral disk, the adjacent lower third
of the vertebral body above, and uppermost portion of the
vertebral body below; posteriorly by vertebral laminaand
afacet joint; and above and below by a pedicle (88).

Resting on the floor of the vertebral canal isthe dural sac,
which is posterior to the backs of the vertebral bodies and
theintervertebral diskscovered by the posterior longitudi-
nal ligament; and, posteriorly, the dural sac is related to
the roof of the vertebral canal, the laminae and ligamen-
tum flavum (89).

The epidural space intervenes between the dural sac and
the osseoligamentous boundaries of the vertebral canal.
The epidural spaceisapotential space extending from the
foramen magnum to the sacral hiatus and is located be-
tween the duramater and the ligamentum flavum and peri-
osteum of the surrounding vertebral arches. In adults, the
spinal cord generally extends inferiorly to the L1 or L2
level. However, the surrounding dural sac extends inferi-
orly inthe sacrumto approximately the S2 level withinthe
bony sacral canal and then terminates at the sacral hiatus
at the S4 or S5 level. The epidural space is compartmen-
talized into dorsal, and lateral, with subdivisionsinto ante-
rior and posterior (90-92). The anterior epidural spaceis
bordered by the posterior vertebral body, intervertebral
disc, and posterior longitudinal ligament anteriorly, with
the thecal sac posteriorly. The posterior epidural space
borders against the thecal sac anteriorly and the ligamen-
tum flavum and vertebral archesposteriorly. Theligamen-
tum flavum is arubbery, thick structure that serves as an
important landmark, specifically with theblind interlaminar
approach, and is located directly posterior to the epidural
space. Thedorsal sleeve accompanies each exiting nerve
root. Thespread of solutionin both caudal and interlaminar
injections thus is uncontrollable and fails to provide reli-
able segmental block due to inconsistent lateral flow into
the ventral compartment, which varies with the tightness
of the lateral recess and the size of the dura sac (3, 53,
92). Thewidth of the posterior epidural space beneath the
neural arch at the midline varies throughout the length of
the human spine from 1.5 to 2 mm in the upper cervical
regionto 5to 6 mm at its greatest width in the mid lumbar
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spineand then gradually decreasingto 2 mm at the S1 level.
However, the epidural space at all levelsistriangular and
widest in the midline underneath the junction of the lamina
and narrows laterally beneath the facet joints.

Theintervertebral foraminaare formed superiorly and in-
feriorly by the pedicles of the adjacent vertebrae, anteri-
orly by the vertebral body and disc, and posteriorly by the
facet joint capsule. The spinal nervethat exitsthrough the
neural foramen followsavariable course asthe nerveroot
leavesthe spinal canal, depending on thelevel of the spine
(89). Inthelumbar spine, the nerverootstravel inferiorly
and exit in a lateral plane. Thus, the lumbar roots exit
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Fig. 1. A sketch of a lumbar spine nerve, its
rootsand meningeal coverings. The nerveroots
areinvested by pia mater, and covered by arach-
noid and dura as far as the spinal nerve. The
dura of the dural sac is prolonged around the
roots as their dural sleeve, which blends with
the epineurium of the spinal nerve.

Reprinted from Bogduk ( 88) with permission.
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under the pedicle with a downward course of 40 to 50 de-
grees from horizontal and occupy the superior portion of
each foramen (89). Itisconsidered that the upper portion
of the foramina just beneath the adjacent pedicle is as a
safe zone to place the injectate close to the lumbar nerve
root (Fig 1).

The sinuvertebral nerve originates|ateral to the neural fo-
ramina and enters the spinal cana anterior to the dorsal
root ganglion. It isabranch of the somatic ventral nerve
root and the sympathetic grey ramus communicans. The
sinuvertebral nerveinnervatesthe outer annulus of thedisc,
posterior longitudinal ligament, epidural membranes, and
duraat the segmental level and adjacent levels. Apart from
these neural structures, the epidural space also contains
veins, arteries, and adipose and loose areolar tissues. Each
spinal nerveroot is connected to the spinal cord by ador-
sal and ventral root centrally. However, peripherally, each
spinal nerve divides into a larger ventral ramus and a
smaller dorsal ramus (89). The spinal nerverootsjoin the
spinal nervein theintervertebral foramen, and the ventral
and dorsal rami areformed just outside the foramen. Con-
sequently, the spinal nerves are quite short, aseach oneis
no longer than the width of the intervertebral foramen in
which it lies (89). The dorsal root of each spinal nerve
transmits sensory fibersfrom the spinal nerveto the spinal
cord, whereas the ventral root largely transmits motor fi-
bers from the cord to the spina nerve; however, it also
transmits some sensory fibers (89). In addition, the ven-
tral roots of L1 and L2 spinal nerves transmit pregangli-
onic, sympathetic, efferent fibers. When spinal nerveroots
leave the dural sac, they do so just abovethe level of each
intervertebral foramen by penetrating the dural sac in an
inferolateral direction, taking with them an extension of
dura mater and arachnoid mater referred to as the dural
deeve (89). Thissleeve enclosesthe nerverootsasfar as
theintervertebral foramen and spinal nerve, wherethe dura
mater mergeswith, or becomes, the epineurium of the spi-
nal nerve. The nerve roots are sheathed with pia mater
embedded in spinal fluid (89). Further,immediately proxi-
mal to its junction with the spinal nerve, the dorsal root
formsan enlargement, the dorsal root ganglion, which con-
tains the cell bodies of sensory fibers in the dorsal root.
Thus, theganglion lieswithinthedural sleeve of the nerve
root and occupies the upper, medial part of the interverte-
bral foramen but may lie further distally in the foramen if
the spinal nerve is short (89). In addition, the angle at
which each pair of nerve roots leave the dural sac varies,
asthe L1 and L2 root sleeve of the dural sac leave at an
obtuseangle, but thedural sleevesof thelower nerveroots
formincreasingly acute angles with the lateral margins of
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the dural sac (89). Thus, the anglesformed by thelL1 and
L2 rootsare about 80 degrees and 70 degrees, whereasthe
angles of the L3 and L4 roots are each about 60 degrees,
with theangle of the L5 root around 45 degrees (89). Simi-
larly, thelevel of origin of the nerveroot sleevesalso var-
iesfrom L1 downwards, withthe L1 sleeve arising behind
the L1 body, and the L2 sleeve arising behind the L2 bodly;
but successive origin of the nerve root sleeves arises in-
creasingly higher behind the vertebral bodies, until the
sleeve of the L5 nerve root, which arises behind the L4/5
intervertebral disc (93).

The anatomy of the spinal nerveis of crucial importance
to spinal injections. In summary, ventral and dorsal seg-
mental roots join to form the segmental spinal nerve that
traverses the neural foramen. However, outside the fora-
men, the spinal nerve divides into the dorsal and ventral
rami.

PATHOPHYSIOLOGY

Tissuesin the lower back capable of transmitting pain in-
clude the disk, nerveroot, dura, muscle, ligament, fascia,
and facet joint (94). Pain from lumbar disk herniation can
arise from nerve root compression and stimulation of
nociceptorsin theanulusor posterior longitudinal ligament.
The landmark description by Mixter and Barr in 1934 of
intervertebral disk herniation led many practitionersto as-
sume that intervertebral disk herniation is the most com-
mon cause of back problems (95). However, modern evi-
dence implicates intervertebral disk herniation in only a
small percentage of back complaints (96). Thus, asimple
compression or mass effect cannot be the mechanism of
paindueto disk disease (96). Infact, severa studiesevalu-
ating the progress of disk herniation have shown that even
though the resolution of symptoms tends to be associated
with diminution of the size of the disk herniations, it isnot
always the case, as compression may continue in spite of
the resolution of the symptomatology (97-100). In addi-
tion, it is aso well known that disk herniations that are
evident on computerized tomographic axial scan or on mag-
netic resonance imaging scan can be asymptomatic (101-
103). Various proposed mechanisms for radicular pain
include partial axonal damage, neuroma formation, and
focal demyelination (104); intraneural edema (105-108);
and impaired microcirculation (107, 108). The other ex-
planation surrounds the theory of chemical irritation and
inflammation around the disks and nerve roots, which is
considered apain generator in conjunction with or without
mechanical factors (109-131). Theevidencefor aninflam-
matory mechanism, though, continues to emerge and is
convincing. Thisincludesinflammatory properties of the
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nucleus pul posus demonstrated by sustained dischargesin
Ad and B fibersfollowing application of nucleus pulposus
to dorsal root ganglia(109-119). Inaddition, delayed nerve
conduction velocity of nerve root is produced by placing
the nucleus pulposus in the epidural space but without
mechanical compression (107, 108); mechanical hyperal-
gesia follows placement of the nucleus pulposus in the
epidura space, which correlates with phospholipase A2

(PLA2) immunoreactivity (120, 121); thermal hyperalge-
sia and mechanical hypoalgesia are produced by placing
the anulus fibrosis and nucleus pulposus in the epidural
space, which correlateswith nitric oxide levelsin the disk
material (120, 121); blood flow is reduced in the dorsal
root ganglion following application of the nucleus pul posus
to the nerve root (131); endoneural fluid pressure in the
dorsal root ganglionisincreased by application of nucleus
pul posus to the nerve root (131); and cultured disk mate-
rial produces nitric oxide (122).

Even though inflammatory reactions between the nucleus
pul posus and nerve roots have been suggested as playing
animportant rolein disc herniation with sciatica, the patho-
genic mechanisms linking herniated nucleus pulposus,
nerve root injury, and sciatica are not completely known
(109, 110, 118, 122-129). However, it is presumed that
sensory neurons in the associated dorsal root ganglia are
affected by thischemical injury (132). Leeet al (132) con-
cluded that the behavioral pattern changes observed in the
irritating nerve root model were caused in part by ahigh
level of phospholipase A2 activity initiated by inflamma-
tion, and that the mechanism of action of epidural steroid
injectioninthismodel wasinhibition of phospholipase A2
activity. Thus, investigations (132-135) provide clinical
support for use of epidural steroid injectionsin managing
chemical irritation and inflammation around the discs and
nerveroots. Inaddition, it has been demonstrated experi-
mentally that epidural application of the nucleus pul posus
can induce pronounced morphologic and functional
changesin the nerveroots (123). Intravenous methyl pred-
nisolone was shown to reduce the nerve root injury pro-
duced by placement of nucleus pulposus in the epidural
space (133). Similarly, epidural injection of betamethasone
in amodel of lumbar radicul opathy showed a significant
effect onthermal hyperalgesia(134). Minamideet a also
(135) studied the effects of steroid and lipopolysaccharide
on spontaneous resorption of herniated intervertebral disks
in an experimental study in a rabbit and concluded that
lipopolysaccharide accelerated the process of herniated
intervertebral disk resorption, whereas high dose steroid
suppressed the process.
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RATIONALE

The objective of an epidural steroid injection isto deliver
corticosteroid close to the site of pathology, presumably
onto an inflamed nerveroot. Thisisbased on the premise
that the corticosteroid delivered into the epidural space
attainshigher local concentrationsover aninflamed nerve
root and will be more effective than asteroid administered
either orally or by intramuscular injection. Infact, theini-
tial use of steroidsin epidural injectionswas based on this
premise (2, 59, 60). Target site concentration of steroids
depends upon multipleinjection variables, though the main
factor isthe route of epidural administration. Caudal and
interlaminar lumbar epidural injectionsare affected by the
presence or absence of epidural ligaments or scarring,
which may prevent migration of the posteriorly adminis-
tered injectate to the anterior epidural space.

Even though caudal entry isrelatively easily achieved, with
minimal risk of inadvertent dural puncture, the caudal epi-
dural injection necessitates injection of a substantial vol-
ume of fluid, thus diluting the specific injectate, namely
corticosteroid (2, 53, 136); and unrecognized placement
of the needle either outside the epidural space or inside a
blood vessel is seen in a substantial number of cases (53,
55, 136-141). Recently, epidural administration of steroids
has been advised to be performed ideally under fluoro-
scopic guidance, which is considered to be the gold stan-
dard for accurate drug placement (12, 141, 142). Extradu-
ral placement was shown to be present in 13% by Manchi-
kanti and coworkers (136); in 9% by Stitz and Sommer
(140); and in 38% by Renfrew and colleagues (137). In-
travascular uptake during caudal epidural injections was
reported to be 9% by Renfrew and colleagues (137), 6%
by White and coworkers (53), 7% by Manchikanti et al
(136) and 10.9% by Sullivan and colleagues (141). Simi-
lar to caudal epidural injections, interlaminar lumbar epi-
dural injections have many disadvantages, even though the
interlaminar routeis often considered asapreferred route,
astheentry isdirected more closely to the assumed site of
pathology, presumably facilitating delivery of theinjectate
directly to its target and requiring lesser volume than the
caudal. With interlaminar entry of the lumbar epidural
space, extradural placement of the needle may go unrec-
ognized without fluoroscopi ¢ guidance (2, 12, 53-55); and
erroneous placement of the needl e by missing the targeted
interspace by one or two level swithout fluoroscopic guid-
anceispossible (55, 56). In addition, preferential cranial
flow of the solution in the epidural space probably neces-
sitates the positioning of the needle alevel below the site
of suspected pathology, which may be difficult (56-58);
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Table 1. Disadvantages of caudal, lumbar, interlaminar and transforaminal epidural

injections

Caudal I nterlaminar

Transforaminal

volume of fluid (2, 53, 136)

Dilution of the injectate (2,
53, 136)

Extraepidural placement of the needle (2, 12, 53-55)
Intravascular placement of the needle (2, 12, 53-55)

Intravascular injection (141)
Intraneural injection

Neural trauma

Erroneous placement of needle (55, 56)

Extraepidural placement of
the needle (53, 55, 136-141)

Intravascular placement of the
needle (53, 55, 136-141)

Atypical anatomy
Subarachnoid puncture (2, 3,

12)

Preferential cranial flow of the solution (56-58)
Difficult placement in postsurgical patients

Technical difficulty in presence
of fusion and/or hardware

Difficult placement below L4/5 interspace (54)
Deviation of needle to nondependent side (58)
Subarachnoid puncture (2, 3, 12)

Traumato spinal cord (143-145)

difficultiesmay also be encountered with the placement of
injectate below L5 for S1 nerve root involvement as well
as potential deviation of the needle toward the
nondependent side possibly being an issue (54, 58); the
interlaminar epidural injection may be associated with
trauma of the spinal cord specifically in the upper lumbar
region (143-145); and potential risk of dural puncture and
postlumbar puncture headache and total spinal block isa
probability (2, 3, 12). Table 1 illustrates various disad-
vantages of multiple routes of epidural administration of
steroids.

Numerous reports of the effectiveness of epidural corti-
costeroids have varied in their response rate from 18% to
90% (2-12, 90, 146-165). However, the causesof thiswide
disparity inresultshave not been studied. Themajor cause
of disparity proposed includes suboptimal placement or
nonplacement of steroid closeto thetarget site. Thus, wide
fluctuations in the results of caudal and interlaminar epi-
dural injections may be explained on the basis of inability
to deliver the medication to the target site. Surprisingly,
all controlled studies of interlaminar and caudal epidurals
were performed without fluoroscopic guidance; whereasa
few uncontrolled, open-ended clinical trials used fluoros-
copy, ensuring the delivery of the medication at least into
the epidural space if not to the target area. For optimum
result, the corticosteroid should reach the ventral epidural

space(2, 90). Itispresumed that contrast medium, injected
through either the caudal epidural or interlaminar epidural
route, often failsto reach theventral epidural space. Thus,
thefailureissecondary toinability of thedrug to reach the
target sitein an appropriate concentration rather than aphar-
maceutical and clinical failure of the corticosteroid. In
fact, it was shown in normal volunteers that the transfo-
raminal approach showed good ventral flow, whereas the
interlaminar method showed predominantly dorsal flow,
which was far removed from the usual site of inflamma-
tion (166). Saal and Saal (167) described various factors
leading to thefailure of epidural corticosteroid injections.
These included: insurmountable pathology; inadequate
delivery of corticosteroid to thetarget site; and noninjection
factors, including inappropriate postblock activity, misin-
terpretation of pain generator, and unmasking phenomenon
(Table 2). It appears that the major factor isthe technical
one involving the delivery of medication to the epidural
space.

CLINICAL EFFECTIVENESS

Clinical trials of the efficacy of commonly used interven-
tions in low back pain were reviewed by Koes and co-
workers (168-170), which led to the conclusion that the
methodological quality inthese studieswas disappointingly
low. Clinical efficacy of any intervention isideally mea-
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Table 2. Causes of failure of epidural steroid
injections

I nsurmountabl e pathol ogy

Multilevel spinal involvement

Disc herniation at the site of stenosis
Herniated disc occupying major canal area
Multilevel disc herniation

Nonresponsive pathology

5

A

5

A

5

A

5

A

KD
£

Inadequate delivery to target site
+ Inadequate localization
. Interlaminar instead of transforaminal
. Caudal instead of transforaminal
. Partial epidural injection
. Missed tissue plane
. Postsurgical spine
+« Inappropriate localization
e Wrong interlaminar level
e Wrong transforaminal level
e Transforaminal vs caudal or interlaminar
. Postsurgical spine
Non-injection factors
+« Inappropriate postblock activity
. Overly aggressive therapeutic exercises
. Excessive activity (sitting, working,
recreational)
. Inappropriate exercise program for the

condition (ie, lateral recess stenosis)
« Misinterpretation of pain generator
. Single vs multiple level involvement
. Postblock change of lesion

Unmasking phenomenon

Source: Adapted and modified from Saal and Saal (167)

sured by randomized, double-blinded studies, which are
considered to be the gold standard. However, issues of
ethics, feasihility, cost and reliability pose challenges to
the randomized trial (168-175). Most of the studies of
epidural steroid injections have been performed by mul-
tiple specialty groups(rarely including pain speciaists) and
without radiographic control. Concato et al (176), analyz-
ing five clinical topics with 99 reports that included both
randomized studiesaswell asobservational studies, showed
that the well-designed observational studies (with either a
cohort or acase control design) do not systematically over-
estimate the magnitude of the effects of treatments as com-
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pared with randomized, controlled trialson the sametopic.
Thus, thisevaluation (176) essentially changed the current
consensus about the hierarchy of study designsin clinical
research. However, thisis not to say that we do not need
randomized, controlled studies. Pocock and Elbourne
(177) observed that, in asystematic review of evidence on
atherapeutic topic, one needsto take into account the qual-
ity of the evidence, asin any study, either arandomized or
observational bias may exist either in design or analysis.
Thus, one can say transforaminal epidural injectionsarein
their clinical infancy in terms of their application asatra-
ditional gold standard, asthey have been subjected to only
onedouble-blind, randomizedtrial. However, the prospec-
tiveand retrospective observational evidence hasbeen quite
impressive thusfar (Table 3), and may be considered with-
out major reservation based on the systematic analysis of
Concato et al (176) of well conducted observational stud-
iesin general.

Riew et a (86) in a prospective, randomized, controlled,
double-blinded study evaluated the effectiveness of trans-
foraminal epidural cortical steroids in subjects with disc
herniations and/or spinal stenosis. The study included 55
patients with disc herniations or spinal stenosis referred
for surgical evaluation. All subjects had clinical indica-
tions for surgery, and radiographic confirmation of nerve
root compression. All had failed aminimum of 6 weeks of
conservative care or had unrelenting pain. Exclusionsin-
cluded patients who had suffered trauma, patients with
evidence of other seriousdiseases, patients demonstrating
adversereactionsto the medications employed in the studly,

Table 3. Resultsof effectiveness of published
reports of transforaminal epidural
steroid injections

Study No. of Pain
Characteristics Patients Relief
Relw et al (86) DB, RA 55 71%
Luzeta (83 P 69 75%
Weiner and R 28 61%
Fraser (81)
Kikuchi et al R 332 64%
(78)
Manchikanti et R, RA 225 60%
a (79)
Devulder (82) R 20 55%

RA=Randomized, DB=Double blind, P=Prospective,
R=Retrospective
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and all patients with more than two levels of disease.
Progress was monitored using the North American Spine
Society Outcome questionnaire and an especially designed
nerve root injection questionnaire. All subjects were as-
sessed at baseline; at 2, 4, and 8 weeks postinjection; and
againat 1year. The primary outcome measure waswhether
patients underwent surgery or not, even though pain, dis-
ability, patient satisfaction, and treatment expectationswere
also evaluated. Both groups of patients had similar demo-
graphic and clinical characteristics. They were randomly
allocated to receive an injection of a corticosteroid plus a
local anesthetic, or theanesthetic alone, in adouble-blinded
manner. All patients received injections under fluoros-
copy, up to four over the course of the study. All patients
had the option of choosing surgery or participating in the
study and all of the patients if requested received one or
more additional injections, receiving the sameinjectionto
which they wererandomized initially. Authorsconcluded
that 71% of the patients studied with nerve root injections
of corticosteroids avoided surgery, compared to 33% of
controlled subjects. However, patients who opted not to
have surgery showed greater improvement intermsof pain
reduction, functional statusimprovement, and expectation
of recovery than those who went on to have surgical inter-
vention. The authors concluded that selective nerve root
injections of corticosteroids were efficacious in helping
otherwise excellent candidates for spine surgery to avoid
an operation. They also speculated that selective nerve
root injections might be effective because they provided
more focal delivery of corticosteroids to the compressive
nerves than other types of epidural injections. This study
also showed that thefirst injection had the greatest impact
on symptoms, with subsequent injections having less of an
effect. The injections appear to provide benefit for pa-
tients with both acute and chronic complaints. However,
it is aso important to note that 33% of the patientsin the
local anesthetic injection group also avoided surgery.

Lutz et al (83) studied 69 patients in a prospective case
series. They investigated the outcome of patientswith lum-
bar herniated nucleus pulposus and radiculopathy using
administration of fluoroscopic transforaminal epidural ste-
roid injections. Patients were evaluated by an indepen-
dent observer and were followed for an average period of
80 weeks, with arange of 28 to 144 weeks. Among the 69
patients, 75% of the patients had a successful long-term
outcome, reporting at least a greater than 50% reduction
between preinjection and post injection pain scores, aswell
as an ability to return to or near their previous levels of
functioning after 1.8 injections per patient (range, one to
four injections). They concluded that fluoroscopic trans-
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foraminal epidural steroids are an effective nonsurgical
treatment option for patientswith lumbar herniated nucleus
pulposus and radiculopathy in whom more conservative
treatments are not effective, and that they should be con-
sidered before surgical intervention.

Weiner and Fraser (81) treated 28 patients with severe
radiculopathy secondary to foraminal or extraforaminal
herniation of lumbar disks. Inthese patients, the disk her-
niation was proven by imaging studies and it failed to re-
spond to rest and anti-inflammatory therapy, epidural in-
jections, and physical therapy. The only remaining choice
for these patients was surgical intervention due to the se-
verity of painand functional disability. Theauthorsshowed
that 22 of the 28 patientsimproved dramatically, with sus-
tained relief lasting an average of 3.4 years, with arange
of 1to 10 years. Further analysis showed that, of the 28
patients, three obtained no relief and subsequently under-
went diskectomy; but three obtained immediate relief and
relapsed within 6 months, whereas one patient obtained
minimal relief but was able to tolerate continuing symp-
toms; and seven patients received moderate relief that al-
lowed them to return to most activities but with caution
and occasional symptomatic treatment. Fourteen of the
28 patients had completerelief of their pain, sustained for
periods of follow-up that ranged from 1 to 10 years.

Kikuchi et al (78) studied the therapeutic effect of transfo-
raminal nerve root injections in 332 patients. They re-
ported that this procedure not only had therapeutic effect
but also had great diagnostic valuein functional aswell as
morphological aspects. They reported that 22 of 45
nonoperated cases of disk ruptures, 30 of 39 patientswith
spondylosis, and five of six patients with degenerative
spondylolisthesis al experienced more than 6 months of
pain relief and thus were able to avoid surgical interven-
tion. Furthermore, they reported that over the long term,
relief was seen in 64% of these patients.

Manchikanti et al (79) compared the three routes of epidu-
ral steroid injections in the management of chronic low
back pain. This retrospective evaluation included 225
patients and was randomly derived from atotal sample of
624 patients suffering with low back pain from atotal of
972 patients referred to the center for pain management.
The evaluation was performed by an independent evalua-
tor. Thestudy designincluded threegroups. Group |, which
received interlaminar epidurals with a midline approach
inthe lateral position, with entry between L3/4 or L4/5in
nonsurgical patients and above the scar either at L2/3 or
L1/2 in postsurgical patients, using a loss-of-resistance
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technique; Group I, which received caudal epidurals, the
procedures being performed in prone position, under fluo-
roscopy with confirmation of the position by injection of
contrast; and Group 11, which received transforaminal
epidural corticosteroid injections, using either sacral or
lumbar transforaminal technique under fluoroscopy. The
results of the study showed that al three routes of admin-
istration of epidural corticosteroid administration were
clinically effective, though administration by caudal and
transforaminal routes was more successful in obtaining
longer termrelief. Further, thisstudy also showed that the
transforaminal injections were the ideal, as the most sig-
nificant improvement was noted with the least expense
compared to the caudal epidural, and to interlaminar epi-
dural without the use of fluoroscopy. This study showed
significant relief (which was defined as greater than 50%
relief) per procedure for al patientsin the study with 3.45
+ 0.17 weeks, 6.06 + 1.27 weeks, and 7.69 + 1.20 weeks
duration for blind intralaminar epidural, fluoroscopically
directed caudal and transforaminal epidural injections.
Comparison of clinical effectivenessof painrelief of blind
interlaminar, fluoroscopically directed caudal and trans-
foraminal epidural injectionsisshownin Fig 2.

Devulder (82) also studied transforaminal epidural injec-
tions, which he termed nerve root sleeve injections with
corticosteroids; however, they were combination with hy-
aluronidase. Inastudy of 20 patients with persistent pain
after surgery, ranging from 1 to 9 years in duration and
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diagnosed asfailed back surgery syndrome, Devulder (82)
reported that 55% of the patientsreported greater than 50%
relief at 1 month, while 50% of the patients experienced
continued relief after 3 months.

Transforaminal injectionshavea so been evauated for their
prognostic value. Derby and colleagues (80) correlated
surgical outcome with pain relief following transforami-
nal epidural injections with local anesthetic and steroids
and reported that patients who fail to obtain sustained re-
lief of radicular pain following the block were less likely
to benefit from subsequent surgical intervention.

OUTCOMESAND COST EFFECTIVENESS

Outcomes may be assessed by eval uation of the quality of
life, which is also known as functiona status, health sta-
tus, health-related quality of life; well-being of the patient,
satisfaction with care, health-services utilization/economic
analysis, and medical findings (3, 12, 79, 178-187). The
quality-of-life assessment is designed to evaluate the
patient’sabilitiesto functionin hisor her ownworld. Physi-
cal functioning measures the ability to perform physical
activities such as walking, climbing stairs, or carrying
things. Evaluation focuses on the patient's major inter-
ests of functional impairments, improvement in areas such
as playing with children/grandchildren, having sexual re-
lations, returning to work, going to school, homemaking
or performing other activities of daily living. Quality of
life also measures social functioning, which determines
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Fig2. Comparison of clinical effectiveness of pain relief of blind interlaminar, fluoroscopi-

cally directed caudal and transforaminal epidural injections
A. Comparison of effectiveness of multiple injections on duration of significant pain relief (>50%) in three groups
B. Comparison of cumulative effectiveness of multiple injections on duration of significant pain relief (>50%) in three

groups
* |ndicates significant difference
Adapted and modified from Manchikanti et al (179)
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whether health problems affect normal social activities,
such as seeing friends or participating in group activities.

In the arena of cost effectiveness and outcomes, it was
shown that a simple reduction of diastolic blood pressure
from 110 to 90 mmHg was achieved at a cost of $16,330
for a 60-year-old man in 1974 (180). Costs of inpatient
chronic pain programs range as high as $17,225, and the
costs of outpatient treatment programs range from $7,000
to $10,000 (179). In addition, chronic pain patients may
incur health-care hills in excess of $20,000 annually for
repetitive and, in some cases, redundant diagnostic
workups, physica therapy, psychological interventions, and
drugs. The costs of back pain are enormous. Guo and
colleagues (188) estimated that back pain accounted for
150 million lost workdaysin the United States every year,
with $14 billion in wage costs alone. They (188) essen-
tially demonstrated the monumental effect of the pain prob-
lem and that even a 1% reduction in overall prevalence
could considerably reduce the morbidity of low back pain,
saving society billionsof dollars. Incalculation of the cost
effectiveness of lumbar diskectomy for the treatment of
herniated intervertebral disk, it was concluded that, for care-
fully selected patients with herniated disks, surgical
diskectomy with acost-effective treatment at adiscounted
cost of $12,000 per diskectomy is $29,000 per life year
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adjusted for quality (189). In other studies going a step
further that considered the chronic nature of pain in pa-
tientswheninitial surgical treatment for herniated disk fails,
it was shown that success of a second operation was 50%,
with an additional 20% considering themselves worse af -
ter the surgery; whereas with a third procedure, the suc-
cessratewasonly 30%, with 25% considering themselves
worse; and, after four operations, the successrate dropped
to 20%, with an enormous increase of worsening of these
patients to 45% (24). Thus, if the additional costs of re-
peat surgery are taken into consideration, the cost of lum-
bar surgery would be much higher. Evaluation of the cost
effectiveness of intrathecal therapy for pain secondary to
failed back surgery syndrome, comparing ordinary thera-
piesfor achieving a defined outcome, showed the cost of
medical management to be $85,186 per 5 years, $17,037
per year, and $1420 per month (190). Thisevaluation (190)
also showed that intrathecal morphine delivery resultedin
alower cumulative 60-month cost of $82,893 per 5 years,
$16,579 per year, and $1382 per month.

Evaluation of the cost effectiveness of epidural injections
including transforaminal steroid injectionsfor the manage-
ment of chronic low back pain revealed surprising results,
with cost effectiveness of caudal epidural steroidsat $3635
and transforaminal steroids at $2927 per year, with blind

$11,766

Intrathecal
morphinefor
post laminectomy post |aminectomy

Transforaminal

Caudal epidural  Adhesiolysisand Depression
steroids

steroids Hypertonic saline
neurolysis
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CABG=Coronary artery bypass graft
CAD=Coronary artery disease
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$73,000

$38,000

$29,200
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Medical
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Fig. 3. Cost effectiveness of various types of therapy in managing medical conditionsinclud-

ing chronic low back pain

Reprinted and modified from Manchikanti et al (12) with permission
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interlaminar lumbar epidural steroids at $6024 per year
(79).

Thetransforaminal epiduralsappear to beclinically effec-
tivewith afavorable outcome and cost effectiveness, com-
pared not only to blind interlaminar epidural steroid injec-
tionsand fluoroscopically directed caudal epidural steroid
injections but also to numerous other modalities of treat-
ment (Fig. 3).

COMPLICATIONS

The most common and worrisome complications of trans-
foraminal epidural steroid injections in the lumbar spine
arerelated to dural puncture, infection, and steroids (191-
194). In alarge survey of reports of adverse reactions
associated with epidural steroid injections. Abram and
O’ Connor (191) reported two cases of epidural abscess,
and two cases of meningitis. No such reviews exist for
transforaminal epidural steroid injections.

Manchikanti et al (79) noted: no incidence of infection;
10% incidence of rash and itching; 4% incidence of weight
gain; and no incidence of subarachnoid puncture arach-
noiditis, paralysis, weakness, bladder disturbances, or other
complications following transforaminal epidural steroid
injections. Side effects related to the administration of
steroids are generally attributed to the chemistry or phar-
macology of the steroids and are similar by any route of
administration. However asreported by Manchikanti et a
(79), steroid-related complicationsare expected to be much
fewer with transforaminal epidural steroid injections due
to focused delivery of medication to thetarget site, requir-
ing a lesser volume of steroid. Manchikanti et al (195)
also reported no significant weight gain or low bone mass
density in patients receiving neuraxia steroids monitored
for 1year inacontrolled, prospective evaluation. Various
complications related to steroid administration in neural
blockade arewell described (2, 3, 12, 193-195). Theonly
complication that may betheoretically more prevalent with
transforaminal epidural injections is trauma to the nerve
root even, though it has not yet been reported.

INDICATIONS

Indications for transforaminal epidural injections include
various diagnostic dilemmas, localized neural irritation,
discogenic pain and postsurgical syndromes. Numerous
investigatorsin the past have attempted to identify appro-
priateindicationsfor blind interlaminar and caudal epidu-
ral steroid injections, with disappointing correlations and
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results(3, 164, 196, 197). Indicationsfor diagnostic trans-
foraminal injections stem from the fact that clinical fea-
tures and imaging or neurophysiologic studies do not per-
mit the accurate diagnosis of the causation of spinal pain
inthemajority of patientsin the absence of disk herniation
and neurological deficit (3, 12, 198-214). Further, trans-
foraminal epidural injections are also indicated based on
recurring figures showing the overall rate of inaccurate or
incompletediagnosisin patientsreferred to pain treatment
centersasranging from 40% to 67%, theincidence of psy-
chogenic painto be only onein 3000 patients, and the pres-
ence of organic origin of pain in 98% of cases of those
mistakenly branded as psychosomatic cases (215, 216).
In addition, biopsychosocial issues such as somatization
disorder, inappropriate symptoms and signs, which are as-
serted to prove that there is nothing wrong with the pa-
tient, with claimsthat either the patient is exaggerating or
malingering have been questioned (217-221). Finally, the
most compelling reason is that chronic low back painisa
diagnostic dilemmain 85% of patients, evenin experienced
hands with all of the available technology (3, 12, 203).
Thus, utilizing a diagnostic algorithm that incorporates
transforaminal epidural injections, diagnostic abilitiescan
beimproved in patientsin whom thereisalack of definite,
diagnostic, radiologic or electrophysiologic criteria.

Similarly, transforaminal epidural injectionsareindicated
as a therapeutic intervention based upon a multitude of
considerationsincluding; the fact that the common source
of chronic spinal pain involving the neuraxial compart-
ment is accessible to transforaminal epidural injections;
removal or even correction of structural abnormalities of
the spine may fail to cure and may even worsen painful
conditions; degenerative processes of the spineand the ori-
gin of spina pain are extremely complex; and the effec-
tiveness of alarge variety of therapeutic interventionsin
managing chronic low back pain has not been demonstrated
conclusively (3, 8, 9, 12). Further, Wallis and colleagues
(221) showed that pain relief achieved following
radiofrequency facet denervation not only returned these
patientsto work but also resolved all of the psychological
problems, questioning the extraordinary focus and inordi-
nateimportance given to the patients' psychological status
and dispelling the myths about psychol ogical involvement
in chronic pain. Theindications and evidence in favor of
therapeutic transforaminal epidural steroids in managing
chronic low back pain are balanced and |ess controversial
than diagnostic blocks and other means of administration
of epidural corticosteroids, namely, blind interlaminar epi-
dura injections (2, 3, 12, 78-86, 91).
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TECHNIQUE

Lumbosacral transforaminal epidural injectionsare always
performed under fluoroscopy. The technique of transfo-
raminal epidural injection was developed by Tajima and
colleagues(72). Subsequently, Derby and coworkers (222)
described the transforaminal epidural injectionin detail.

The procedure is performed commonly with the patient in
the prone position, using fluoroscopy to identify the es-
sential bony landmarks. Theoblique or posterior approach
may be used with either asingle - or double-needle tech-
nique, with the patient in prone, lateral or semi-lateral po-
sition. The author prefers a single-needle posterior ap-
proachinthe prone position. Thetarget landmark for trans-
foraminal needle placement is the inferior aspect of the
pedicle, with the needle placement just below superior to
the existing nerveroot in the 6 0’ clock position. Bogduk
(89) and Derby and coworkers (222) described a safe “tri-
angle” at thislocation, with three sides corresponding to
the horizontal base of the pedicle, the outer vertical border
of theintervertebral foramen, and the connecting diagonal
nerve root and dorsal ganglion (Fig. 1). Thus, a needle
placed into the safe triangle will lie above and lateral to
the nerve root.

For the posterior approach, the patient isin the prone posi-
tion and the fluoroscopy unit is positioned with the spinous
process in the center of the spine. The needleisinserted
into the skin over the lateral border of and approximately
halfway between the two adjacent transverse processes at
the target interspace. The needle is advanced toward the

A. Single-needle positioning in posterior approach
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lower edge of the transverse process, near itsjunction with
the superior articular process. The needle may bedirected
towards the edge of the transverse process, at which time
the needle may beretracted slightly and redirected toward
the base of the appropriate pedicle and advanced very
dowly tothefinal position. However, the needle may also
be directed towards the pedicle without this intermediate
step. Following this, asmall volume of contrastisinjected
and the pattern of dispersion into the nerve root is noted.
If the needle has penetrated the epiradicular membrane sur-
rounding the nerve root, an appropriate and positive im-
age of the nerve root will be seen on fluoroscopy, with
appropriate dispersion of the contrast as shown in Fig. 4.
However, the needletip may berepositioned severa milli-
meters inferior to the pedicle sometimes to appropriately
position the needleinto the epiradicular membrane. A clas-
sic contrast pattern with adispersion showing aneurogram
is not always achieved. The contrast filling may some-
timesreveal pathology intheareaof the exiting nerveroot
such as an abnormal position and course of the nerve sec-
ondary to acompressive vertebral osteophyteor lateral disk
herniation (222). After a satisfactory contrast dispersion
pattern is observed, a mixture of local anesthetic and cor-
ticosteroid isinjected.

The transforaminal approach for the S1 nerve root also
includes a single-needle technique. Once again, the pa-
tient isin the prone position, and the S1 foramenisvisual-
ized under fluoroscopy and appears asasmall radiolucent
circlejust below the oval S1 pedicle. It may be necessary
to direct the fluoroscopic beam in a cephal ocaudad direc-
tion for the alignment of anterior and posterior foramina.

B. Contrast injection demonstrating dispersion of contrast

into nerve root caudally and to epidural space cephalad

Fig. 4. Transforaminal administration of epidural injection at L5 in prone position with

posterior approach
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Theneedleisinserted slightly lateral and inferior tothe S1
pedicle and advanced slowly through the posterior foramina
to the medial edge of the pedicle. However, extreme cau-
tion must be exercised to avoid advancing the needle
through both the posterior and anterior S1 foramina and
into the pelvis. Thus, first contacting the posterior sacral
bone prior to entering the S1 foramina provides the depth
and direction of the needle. Following appropriate place-
ment of the needle, once again dispersion of thecontrastis
observed (Fig. 5). If itisappropriate, local anesthetic and
corticosteroid solution is injected similar to the lumbar
transforaminal epidural injection.

To perform lumbar transforaminal epidural injectionswith
an oblique approach, the patient and the fluoroscopy unit
are rotated as needed to provide an oblique projection of
the pedicle on the side of the targeted nerve root (222,
223). The oblique position is achieved by fluoroscopic
imaging with adjustment until the superior articular pro-
cessis seen between the anterior and posterior edge of the
vertebral body and the base of the articular processisin
line with the pedicle. A needleisinserted slightly above
the superior articular processand directed toward the base
of the pedicle, advancing slowly until contact ismadewith
the bone below the pedicle. Following this, contrast is
injected slowly and the dispersal pattern of the nerve root
is assessed.

In any of the above-described techniques, if paresthesiais
observed, the needle must be withdrawn slightly approxi-
mately amillimeter or so and contrast injected. Multiple
typesof patternsof nerveroot or epidural filling are shown
inFig. 6. Injection of transforaminal epidural steroid may
provide useful information by a provocative response de-

386

fined as pain occurring in response to mechanical or chemi-
cal stimulation, followed by an analgesic response upon
injection of local anesthetic. Similarly, the early develop-
ment of nerve root blocks was to diagnose the source of
radicular pain when imaging studies suggested possible
compression of several roots (73-79, 81, 222-224).

CONTROVERSIES

Transforaminal epidural injections have been associated
with controversy sincetheir introduction, though they have
been received with enthusiasm. In the early 1990s, the
utility of selective nerve root blocks or transforaminal in-
jections was limited to diagnostic purposes. In the later
part of the 20" century, its role for therapeutic purposes
wasdefined. Thus, inthenew millennium, transforaminal
injections are not only accepted as part of medical prac-
tice by many physicians specializing in pain management
but the technique is preached as state of the art. In fact,
transforaminal epidural injections not only in the lumbar
spinebut alsointhe cervical spine have been awarded with
specific codesin CPT 2000 (225). Multiple aspects of the
evolution and occasional controversy concerning transfo-
raminal epidural injectionsin managing low back painin-
cludeterminology and technique; diagnostic rationale and
accuracy; therapeutic rational e and efficacy, frequency and
number of injections; and cost effectiveness.

Terminology and Technique

Theterminology describing nerve root injections has var-
ied from transforaminal epidural to selective nerve root
block, selective nerve root sleeve injection, selective epi-
dural, selective spinal nerveblock, or selective ventral ra-

A. Single-needle positioning into SI foramen

Fig. 5. Transforaminal S injection

B. Outline of SI, nerve root following contrast
injection extending caudally and cephalad
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Fig. 6. Multipletypes of contrast dispersion patterns of transforaminal epidural injections

A-C: L4 selective
D-F: L5 selective
G-l Sl selective
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mus block. As discussed, it appears that selective nerve
root block is not an appropriate term for either the diag-
nostic or therapeutic procedure. For the diagnostic proce-
dure, selective spinal nerve block or selective ventral ra-
mus block may be the most appropriate term. Similarly
for the therapeutic procedure, transforaminal epidural in-
jection or selective epidural injection is appropriate.

The term selective nerve root sleeve injection has varied,
depending on the location of the injection, the purpose of
theinjection and the philosophy of the physician perform-
ing the procedure. The question hasbeen raised by Furman
(226) whether it isreally possible to do a selective nerve
root block (226). A brief review of theanatomy onceagain
shows that the ventral and dorsal segment roots join to
form the segmental spinal nervetraversing the neural fora-
men, which outside the foramen divides into the dorsa
and ventral rami (89). Thus, early studieson selectivenerve
root injections described an extra foraminal approach, in
which a needle is advanced at right angles to the spinal
nerve outside the neural foramen (224). Localization of
the needle adjacent to the nerve relies on leg pain provo-
cation, presumably resulting from penetration of the nerve
root by the needle. However, transforaminal injections
result in the medication’sflowing to the epidural space. In
a sense, a selective epidural injection is a variation of a
selective nerve root injection. Injection of contrast into
the epiradicular membrane will not only outline the nerve
root, but also the ganglion, spinal nerve, and ventral ra-
mus. Proximally, contrast will flow around the dural sac
at the takeoff of the nerve root. If injected outside the
epiradicular membrane, contrast will spread in the epidu-
ral fat and therefore be of limited diagnostic value (222,
224). A sdlective epidural injection does differ from a
selective nerveroot injection ,and the goal istoinjectinto
the epiradicular tissues. The spread of the injectate solu-
tionswill depend on the anatomy of the epiradicular mem-
brane, which isan extension of the epidural space, leading
to the term selective epidural injection, now universally
accepted as transforaminal epidural injection (222, 224,
225).

For a selective nerve root block, injection should be iso-
lated immediately outside the neural foramina, before the
rami divide, which will block the segmental spinal nerve.
However, thiswould not be considered a transforaminal
epidural injection. In addition, this injection would also
anesthetizethe dorsal ramusand all of itsinnervated struc-
tures, including the facet joint. To further improve selec-
tivity, the block should be performed morelaterally along
theventral ramus, which would be considered as a periph-
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era block inthe United States, similar to injection outside
the neural foramina. Thus, a nerve root block may not be
as selective as it sounds; hence, the diagnostic procedure
should aways be performed extraforaminally and away
fromthe nerveroot level. Consequently, the terminology
selective nerve root block “may not be fitting”, as thisis
not a diagnostic procedure and perhaps should rather be
termed selective spinal nerve block or selective ventral
ramus block (226).

A selectiveepidural has been described as having two major
advantages over selective nerveroot technique (224). The
first isthat the selective epidural injection with the trans-
foraminal approach avoids contact with the nerve root,
minimizing the potential for neural injury, thus obviating
reliance on leg pain provocation from needle contact, and
confirming needle localization with contrast-enhanced
images demonstrating an outline of the nerve (222, 228).
A second advantageisthat in aselective epidural injection
the transforaminal approach ensures that the injection in-
corporates al of the sites where pathology can affect the
nerve from the disk level in the subarticular zone out lat-
era to the extraforaminal zone (222, 228). Thus, if the
pathology causing the patient’s symptoms is paramedian
disc herniation, the so-called selective nerve root injec-
tion, selective spinal nerve block or selective ventral ra-
mus block may fail to anesthetize a portion of the nerve
generating the pain, potentially leading to afal se-negative
result. Inaddition, aselective epidural injection anesthe-
tizesnot only the spina nerveitself but alsoal itsbranches.
Despite its name, this injection is anything but selective.
However, it is also argued that any lesion that affects a
nerveroot al so necessarily affectsitsdural deeveand there-
foreisapotential cause of axial pain (222). Thus, aselec-
tive epidural injection is considered potentially useful in
diagnosing axial pain. Inaddition, relief of both axial and
radicular pain with a selective epidural injection suggests
that the samelesionisresponsiblefor both. However, one
cannot be certain that the axial component of painisaris-
ing from structures above and/or below the injected level
(222, 224). Thus, in patientswith predominantly axial pain,
to accurately identify the source of pain, injection of facet
joints and discs may be essential, depending on the clini-
cal situation. Itisalso probablethat, given the anatomy of
the spinal nerve and its branches, atransforaminal epidu-
ral injection will partially anesthetize the dura, including
the dural nerve root sleeves up to two segments caudally
and one segment rostrally, the posterior longitudinal liga-
ment, and intervertebral disc at the samelevel and one seg-
ment rostrally, and the facet joints at the same level of the
nerve and one segment below (224). Thus, it isimportant
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to differentiate whether, if the injection is performed to
diagnoseradicular pain, it isal so anesthetizing various other
structures, thus relieving axial pain. This may not be an
issue if the injection is performed for radicular pain, as
these structuresare sources of axial pain, not radicular pain.

A transforaminal epidural injection €elicits a provocative
pain response resulting from contrast injection, followed
by the anal gesic response resulting from injection of local
anesthetic and/or corticosteroids (222, 224). In evalua
tion of the provocation response, the location and charac-
ter of the response and itsrelationship to the patients' usual
and typical symptomsiscrucial. In addition, the onset of
provocative pain should be related to where the leading
edge of the contrast solution iswhen the pain begins (222).
In addition, normal epidural tissueisnot painful evenwith
the gentle stimulation of contrast solution and, in the ab-
sence of scar tissue, pain provocation indicates that the
tissuestimulated isirritated (222, 224). O’ Neill and Derby
(224) described that early pain provocation with contrast
till in the foramen suggests foraminal stenosis or forami-
nal disc herniation, in contrast toleg pain provocation, when
the contrast approaches the disc above, which is consis-
tent with aparamedian disc herniation. Analgesic response
isalsoimportant. Thus, following theinjection, the effect
of local anesthetic injected or the symptoms addressed and
provoked by mechanical stimulation must be assessed.
Studies on selective nerve root injections have used the
criteriafor a positive analgesic response to be from 80%
to 100% relief (80, 222). However, the significance of
lesser degrees of pain relief and responseto aninjectionis
uncertain at thistime. Inaddition, corticosteroid response
which may provideimportant information (80), should also
be evaluated

The results may be confounded by variousfactorsleading
to both fal se-positive and fal se-negative resultswith either
transforaminal selective epidural or spinal nerveblock, in-
cluding changesin CNS nociceptive processing that occur
with chronic pain, psychological factors, and placebo re-
sponses (222-224, 228, 229). In this respect a number of
studies have evaluated the clinical utility of selective epi-
dural and selective nerveroot injections. Individual stud-
iesinvestigating the predictive value of pain provocation,
analgesic responsewith local anestheticinjection, and pro-
longed painrelief from corticosteroid in evaluating patients
with radiculopathy suggest that, if a patient has concor-
dant or exact provoked pain response to injection of con-
trast, complete pain relief following injection of local an-
esthetic, and a prolonged steroid response (greater than 1
week), the injected nerve root is mediating the patient’s
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symptoms; and that a good result can be expected from
surgical decompression, assuming a correctable lesion is
demonstrated on imaging studies (75, 81, 222, 224). In
contrast, if provocative response is adiscordant pain, and
incompleteimmediate pain relief, without prolonged cor-
ticosteroid responsg, it is presumed that theinjected nerve
is probably not mediating the patient’s symptoms, and an-
other ordinate pain generator should be searched for. Simi-
larly, with an intermediate type of response, amultitude of
possihilitiesexist, with the possibilitiesthat multiple nerve
roots may beinvolved, or the patient may not have radicu-
lar pain (224). However, if theclinical situationishighly
suggestive of radiculitis, arepeat injectionissought, prob-
ably with a control injection at an adjacent nerve, which
may provide a better result with a negative control injec-
tion and a positive response with an active injection, thus
demonstrating atrue positive response.

Diagnostic Rationale

Nerve root block was the term first developed to describe
the technique for diagnosing the source of radicular pain
when imaging studies suggested possible compression of
several roots. Early studies of selective nerve root injec-
tions described an extraforaminal approach, in which the
needle is advanced at right anglesto the spinal nerve out-
side the neuroforamina, thus relying upon leg pain provo-
cation, presumably resulting from penetration of the nerve
by the needle (224). Subsequently, avariation of this pro-
cedure termed selective epidural, which is performed
transforaminally, hasemerged. It isknown that nerveroots
as they leave the dura to enter the foramen, and as they
comefrom the spinal nerve, carry an extension of the dura
with them, which becomes the epineurium of the spinal
nerve. The epineurium is, in turn, enveloped by an
epiradicular sheath, which is an extension of the anterior
and posterior epidural membranes (80, 226). Thus, injec-
tion of contrast into the epiradicular membrane will not
only outlinethe nerveroot, but al so outline the dorsal root
ganglion, spinal nerve, and ventral ramus, with proximal
flow of the contrast extending around the dural sac at the
origin of the nerveroot, thuslimiting the diagnostic value.
However, a number of studies that evaluated the clinical
utility of selective epidural and selective nerve root injec-
tions, investigating pain provocation and pain relief, have
demonstrated favorable results with utility of both selec-
tive nerveroot blocks by the extra-foraminal approach and
selective epidural injections by the transforaminal ap-
proach. Thus, the usefulnessof aselective nerveroot block
by the extraforaminal approach or of selective epidural in-
jection by thetransforaminal approachisprimarily related
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to the associated provocative and analgesic responses, even
though the contrast-enhanced images from the injection
can reveal pathological findings.

The development of new coding (225) for selective epidu-
ral injectionsjustifies only the transforaminal epidural in-
jections, at least in the United States. The selective nerve
root blocks, either termed selective spinal nerve block or
selective ventral ramus block, no longer have CPT codes
to report the procedure appropriately to payorsin the United
States, thusrequring interventional pain physiciansto uti-
lize a peripheral nerve block code.

Therapeutic Rationale

The clinical profile of the therapeutic efficiency of trans-
foraminal epidural injections not only includes arandom-
ized, double-blinded, controlled study but also includes
one prospective study, and multiple retrospective and ob-
servational studieswith afavorable profile (79-86). Thus
far, there are no reports showing lack of responseto thera-
peutic transforaminal epidural injections. Infact, thisroute
of administration of corticosteroidsisrapidly emerging as
the technique of choice, even though enthusiasm has been
dampened by recent governmental regulationsand with the
lack of recognition by payorsin certain institutional set-
tingsin the United States.

Transforaminal lumbar epidural steroid injections have a
better profilein terms of therapeutic efficiency in manag-
ing chronic low back pain than blind interlaminar epidural
injections, aswell asfluoroscopically directed caudal epi-
dural injections (79-86). Thereisalso apreponderance of
evidence showing the clinical efficiency of caudal epidu-
ral steroid injections, though it has not been the same for
blind interlaminar epidural injections (2, 3,8, 11, 12). Thus
far, there is no published evidence demonstrating the ef-
fectiveness of fluoroscopically directed interlaminar epi-
dural corticosteroid administration in the lumbar spine. In
addition, experimental evidence thus far supportsclinical
application of epidural steroids (132-135).

Type and Dosage of Drugs

The major controversy in the arena of epidural injection
surrounds the administration of corticosteroids. The ma-
jority of the attention in the literature has been focused on
the complications attributed to the use of epidural steroids,
which essentially arise from falseimpressions. However,
transforaminal lumbar epidural steroid injections have spe-
cific advantagein that not only isthe administration target
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specific but it also limits the dosage of steroidsto alower
dose dueto thetarget specificity of theinjection and deliv-
ery of the medication. Thus, at least this aspect should
dampen the criticism against epidural corticosteroids. Fre-
guency, aswell astotal number, of transforaminal lumbar
epidural injections is controversial and has not been ad-
dressed. Most criticism is extrapolated from the criticism
about lumbar interlaminar and caudal epidural corticos-
teroid administration, which is based not only on alack of
understanding of the pathophysiology or pharmacologic
profile of steroids, but also on personal preferenceand bias.
Based on the present evidence, it appears reasonable to
continue lumbar transforaminal epidural injections at ap-
propriate intervals after initial stabilization, leading to ei-
ther continued increase in duration or maintenance at safe
and reasonableintervalsof at least 2 months. At thistime,
it should be realized that it is not only unrealistic but un-
fair to presume that neural blockade will provide perma-
nent relief with onetreatment. In addition, arguments about
the therapeutic window provided by the relief of transfo-
raminal epidural injections, whichisconsidered short term,
arealso not realistic, specifically in managing chronic low
back pain, asmost of these pati ents have undergone amul-
titude of therapeutic modalities, including surgical inter-
ventions, blind interlaminar epidural injections and reha
bilitation modalities, along with drug therapy.

While the diagnostic utility of transforaminal epidural in-
jectionissomewhat riddled with controversy, itstherapeutic
roleiswell defined. Therapeutic transforaminal epidural
injection reliably anesthetizes the dura, including the du-
ral nerveroot sleeves up to two segments caudally and one
segment rostrally. In the therapeutic arena where the pa-
tient has axial pain, radicular pain, or a combination of
both, thistype of activity is not only reasonable but desir-
able. Some consider atherapeutic injection asan isolated
treatment, which has the potential to provide both long-
term pain relief and restoration of function (3, 12, 79, 80,
222). However, somecliniciansfeel that the primary role
of atherapeutic injection isto provide short-term pain re-
lief, allowing awindow of opportunity for rehabilitation.
However, this philosophy has been discounted (159, 170,
230, 231). In addition, when the procedure is performed
for therapeutic purposes, alarger volume of injectate can
be used with the transforaminal approach. The therapeu-
tic role of selective spinal nerve block or ventral ramus
block has not been demonstrated.

Outcomes and Cost Effectiveness

Transforaminal epidurals may be criticized for the lack of
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preponderance of evidence derived from controlled, pro-
spective, randomized studies. However, Concato et a (176)
showed that well-designed observational studieswere equal
to randomized studies. Thus, transforaminal epidural ste-
roid injections have been shown to be effectivein all stud-
ies available, including randomized, prospective, and ret-
rospective. Inaddition, the evidence is at least equal and
in some cases superior to the evidence available from ef-
fectiveness studies of interlaminar and caudal epidural in-
jections. Last but not least, the cost effectiveness of trans-
foraminal epidural injections is superior to that of blind
interlaminar epidural corticosteroids, caudal epidural cor-
ticosteroids, and a multitude of other modalities of treat-
ments (Fig. 3). Considering the outcomes and cost-ben-
efit analysis, it appears that lumbar transforaminal epidu-
ral injections, if provided appropriately, are justified.

CONCLUSION

Chronic low back painisamajor health care problem and
burden on society. Much of the controversy and confu-
sion surrounding neural blockade in general and transfo-
raminal epidural steroid injectionsin particular stemsfrom
the emphasis on biopsychosocia approach and inappro-
priate selection of patients. However, it appearsthat mod-
ern arguments and approaches, for whatever reason, in-
variably exclude the bio - aspect from the biopsychosocial
approach. Inaddition, Lord et a (221) have attempted to
demystify this inordinate emphasis by demonstrating the
role of physical management. Considering the convincing
and cumulative evidence availableintheliterature on trans-
foraminal epidural steroids, thoughintheir infancy, the ef-
fectiveness of transforaminal epidural steroidinjectionsis
similar, if not superior, to various other modalities of treat-
ments availablein managing chronic low back pain. Thus,
based on the preliminary literature while awaiting further
double-blind, randomized, controlled studies, continued use
of transforaminal epidural steroid injectionsisjustified.
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