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The Role of Diagnostic Selective Nerve Root Blocks in the Management of
Spinal Pain

Curtis W. Slipman, MD* and Zacharia Issac, MD**

Biochemical mechanisms to explain pain generation began
relatively recently.  Evaluating pain originating from the
spine can be challenging because no historical or physical
examination findings are sufficiently sensitive or specific
for identifying each of the myriad of potential pain genera-
tors.  These discrete anatomic structures include the nerve
root, disc annulus, posterior longitudinal ligament, sacro-
iliac joint, and facet joint.

The diagnostic selective nerve root block is a useful test to
determine the etiology of pain when other testing is incon-
clusive.  If a patient with radicular symptoms has
noncorroborative visual anatomic and neurophysiologic test-
ing, diagnostic selective nerve root block may elucidate the
level of pain generation.  Also, in a patient with multiple
abnormalities on visual anatomic testing, the lesion of clini-

cal significance can be identified.  However, this test may
not be necessary in the patient when the specific
radiculopathy level diagnosis is apparent; this is the case
when a characteristic history and physical examination have
a corroborative single-level imaging lesion.  Determining
which level is generating symptoms has implications for
subsequent physical therapy, therapeutic injections, and
surgery.

This review of selective nerve root blocks describes the rel-
evant anatomy, pathophysiology, rationale, clinical utility,
and complications.

Keywords:  Spinal pain, selective nerve root blocks, trans-
foraminal epidural injections, disc, facet joint, sacroiliac joint

Pain can develop pursuant to a biomechanical, biochemi-
cal or combined etiology.  The biomechanical paradigm
for radicular pain was popularized by Mixter and Barr in
1934 (1).  In contrast, it was relatively recently that bio-
chemical mechanisms to explain pain generation began to
be elucidated (2-15).  Evaluating pain originating from the
spine can be challenging because no historical or physical
examination findings are sufficiently sensitive or specific
for identifying each of the myriad of potential pain gen-
erators (16-53).  These discrete anatomic structures include
the nerve root, disc annulus, posterior longitudinal liga-
ment, sacroiliac joint, and facet joint (39, 41).  A contrib-
uting element to this predictive difficulty is the variety of

locations of pain referral by axial structures (54-63).  Even
radicular involvement can be confusing, as its symptoms
do not necessarily refer to classic dermatomal patterns (64).
The evaluative tools may not offer definitive clues, as cur-
rent imaging technology often demonstrates asymptomatic
degenerative changes (65-68).  Conversely, radicular pain
may be present in the absence of imaging abnormalities
consequent to local trauma (69, 70) or chemical irritation
of the nerve root (2, 3).  When electrodiagnostic testing is
equivocal or negative, diagnostic selective nerve root
blocks can be used.

The diagnostic selective nerve root block is a useful test to
determine the etiology of pain when other testing is incon-
clusive (38, 71, 72).  Visual anatomic imaging may refer
to plain radiography, computed tomography, magnetic reso-
nance imaging, bone scan, single photon emission com-
puted tomography, or other imaging studies that are help-
ful in defining anatomy.  Neurophysiologic studies may
refer to electromyography, nerve conduction studies, or so-
matosensory-evoked potentials.  The diagnostic selective
nerve root block is an example of a functional test.  If a
patient with radicular symptoms has noncorroborative vi-
sual anatomic and neurophysiologic testing, diagnostic
selective nerve root block may elucidate the level of pain
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generation.  Also, in a patient with multiple abnormalities
on visual anatomic testing, the lesion of clinical signifi-
cance can be identified.  However, this test may not be
necessary in the patient when the specific radiculopathy
level diagnosis is apparent; this is the case when a charac-
teristic history and physical examination have a corrobo-
rative single-level imaging lesion.  Determining which level
is generating symptoms has implications for subsequent
physical therapy, therapeutic injections, and surgery.

HISTORICAL  ASPECTS

Steindler and Luck recognized the potential value of anal-
gesic and provocative injections as early as 1938 (73).
MacNab and colleagues, in 1971, evaluated the value of
diagnostic selective nerve root blocks in the preoperative
evaluation of patients with nondiagnostic imaging studies
and radicular symptoms (74).  Selective nerve root blocks
can be used to diagnose the etiology of radicular symp-
toms when imaging studies show multiple nerve root com-
pression (75-87).  In certain instances they can have pre-
dictive value.  Derby et al (86) correlated surgical out-
come with pain relief following transforaminal epidural
steroid injections.  Patients with symptoms of at least 1
year’s duration, who had sustained relief from epidural in-
jections, had dramatically better surgical outcomes than
those individuals who failed to experience a steroid effect.

ANATOMIC  CONSIDERATIONS

Lumbosacral

The five lumbar vertebrae are comprised of a vertebral
body anteriorly, pedicles, laminae, and a spinous process
which form the neural arch.  The pedicle gives rise to the
superior articular facet superomedially and the transverse
processes laterally.  The inferior facet arises from the lami-
nae inferolaterally.  On oblique view, the neural foramen
is bounded superiorly by the pedicle, anteriorly by the ver-
tebral body and intervertebral disc, inferiorly by the pedicle
of the vertebrae below, and posteriorly by the superior ar-
ticular facet of the inferior vertebra.

The lumbar neural foramen averages 18 to 28 mm in height
and 7 to 12 mm in width.  The dorsal root ganglion is 4 to
7 mm in diameter and usually resides at or medial to the
midpoint of the interpedicular line.  In some instances the
dorsal root ganglion can be found intraspinally, medial to
the neural foramen (88).  The dural sleeve ends at the dor-
sal root ganglion; therefore, during diagnostic selective
nerve root block , the needle tip can penetrate the lateral

foramen at its superior margin with minimal risk of dural
puncture, provided the midpoint of the pedicle represents
the furthest medial point to which the needle is advanced.

The epiradicular and intertransverse membranes coalesce
to cover the lateral aspect of the neural foramen and pro-
vide a palpable loss of resistance once pierced.  Specifi-
cally, the epiradicular membrane lies outside a given nerve
root and follows the course of the root proximally to the
thecal sac and distally to the ventral ramus, hence confin-
ing injectate to the root in question.

In addition to the spinal nerve, other key neurologic struc-
tures traverse the foramen.  Lateral to the foramen, the
spinal nerve gives off a recurrent branch, the sinuvertebral
nerve, which receives contributions from the sympathetic
chain and then travels back through the foramen to inner-
vate the posterior longitudinal ligament and the disc annu-
lus at that level and one level above (89).  The dura is
additionally innervated at that level, one segment above
and two segments below.  These anatomic relationships
can affect the specificity of diagnostic selective nerve root
blocks.  Another important anatomic consideration is the
furcal nerve.  The furcal nerve is a separate nerve root
with its own dorsal root ganglion.  In 93% of cadavers it
travels with the L4 root through the L4-5 neural foramen.
In the minority of cases it has been demonstrated to travel
with the L3 and L5 nerve roots at their respective levels.
Upon exiting out of the neural foramen, these branch off
to the lumbosacral trunk, femorals, or obturator nerves.
When a furcal nerve is present, compression of a given
nerve root may cause symptoms in unusual distribution.
Selective nerve root block can still identify the level of
pathology despite this anomalous innervation.

The key anatomic structures involved in the technique of
diagnostic selective nerve root block include the ipsilat-
eral iliac crest, transverse process, and the superior articu-
lar process of S1 and their spatial relationship to the L5
neural foramen.  When performing a selective nerve root
block from the oblique angle, the foramen is seen medial
and ventral to the iliac crest and inferior to the transverse
process.  A triangular portal created by these structures
serves as the entry point.  On occasion these structures can
block entry due to degenerative hyperostosis, disc space
collapse, postsurgical alterations, anatomic anomalies, or
transitional segmentation.  Examples of these occurrences
include patients with a high and wide iliac crest, a wide or
downsloping transverse process, or hypertrophied L5-S1
facet joint.  Modified techniques are necessary to enter the
foramen when these variations are present.
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The sacrum consists of five fused vertebral bodies form-
ing a solid, triangular structure with four pairs of ventral
and dorsal foramen.  The S1-4 ventral and dorsal primary
rami pass through these foramen.  Of these, the S1 fora-
men is the most clinically relevant, as the S1 nerve root is
vulnerable to compression or chemical irritation from the
L5-S1 intervertebral disc or can be compressed by the S1
articular process (subarticular stenosis).  The S1 foramen
is located inferior and lateral to an imaginary interpedicular
column connecting the L5 and S1 pedicles.  Its dorsal fo-
ramen has a depth of 10 mm.  It is approached from a
superolateral angle as the foramen itself slopes from lat-
eral to medial and slightly superior to inferior.  This ap-
proach is altered in instances of a narrow sacrum or a tran-
sitional segment.

Thoracic

The 12 thoracic vertebrae are characteristic for their cos-
tal facets that articulate with the ribs.  An articulation oc-
curs between the rib and vertebral body, costovertebral
joint, and the rib and transverse process, costotransverse
joint.  Each thoracic nerve root exits at the level of its re-
spective pedicle. It then gives rise to an intercostal nerve,
which initially travels within a groove along the ventral
and inferior aspect of its respective rib.  After a short dis-
tance it courses caudally to reside in the midintercostal
space (90).  Diagnostic or therapeutic injections at tho-
racic levels are technically challenging due to the pres-
ence of the ribs and the close proximity to the lungs.

Cervical

Cervical selective nerve root blocks are commonly per-
formed at C4-8 so anatomic discussion will be focused on
these levels.  Each cervical vertebra from C3-7 consists of
a vertebral body anteriorly and a neural arch comprised of
pedicles, laminae, and spinous process.  The transverse
process arises from the pedicle.  It is broad and grooved in
the cervical region.  Each cervical transverse process has a
transverse foramen through which the vertebral arteries pass
as they course from the subclavian artery to the brain.  Since
the vertebral artery is located anteriorly and just lateral to
the neural foramen, it can be inadvertently punctured.

The cervical neural foramen is bounded by the vertebral
body and intervertebral disc anteriorly, the pedicle superi-
orly, the zygapophyseal joint posteriorly, and the pedicle
and transverse process of the level below inferiorly.  The
cervical nerve root from the foramen above travels along
the depression on the transverse process of the level be-

low.  When seen from a lateral oblique view, the most ceph-
alad cervical foramen is that of C3.  The C3 nerve root
travels under the C2 pedicle, the C4 nerve root under the
C3 pedicle and so on until the C8 nerve root emerges un-
der the C7 pedicle.

PATHOPHYSIOLOGY

The underlying precept supporting the use of therapeutic
injections in painful disorders of the spine hinges on the
injectate’s ability to decrease an inflammatory process,
suppress neuronal transmission, or both.  There have been
numerous studies demonstrating a biochemical inflamma-
tory process mediating pain in radiculopathy.  Saal and
colleagues (4) found elevated phospholipase A2 in disk ma-
terial obtained from patients treated surgically for
radiculopathy.  Phospholipase A2 is the rate limiting step
in the arachidonic acid pathway, which subsequently gen-
erates prostaglandins and leukotrienes (6).  Prostaglandin
E2 has been shown to be elevated in disc material at the
time of surgery, and it has been shown to play a role in
sensitizing nociceptors to bradykinins (7).  Additionally,
Phospholipase A2 has been shown to be neurotoxic (5).  In
work by Takahashi et al (8), disc material obtained during
surgery in humans was assayed and cultured.  They stud-
ied disc protrusion, extrusion, and sequestration and found
that with disc protrusion there was an increased number of
chondrocytes; whereas with extrusion and sequestration,
there were an increased number of histiocytes, fibroblasts,
and endothelial cells with relatively few chondrocytes.
Cytokines are expressed by these cells and there is no ap-
parent difference in the groups of cytokines produced when
comparing disc protrusion, extrusion, or sequestration.
Betamethasone added to the cell cultures of disc materials
inhibited cytokine and Prostaglandin E2 production.  In a
study by Doita et al (9), disc samples obtained from surgi-
cal patients with an extrusion or sequestration showed in-
creased granulation tissue and increased monocytes ex-
pressing interleukin-1.  Interleukin-1 is known to stimu-
late inflammatory mediators and proteolytic enzymes in-
cluding plasminogen activator, collagenase, and
stromelysis.  Kang and associates (10) assayed and com-
pared disc tissue from patients being operated on for scolio-
sis and a herniated disc.  They observed elevated levels of
matrix metalloproteinase, nitric oxide, prostaglandin E2,
and interleukin-6 in the herniated disc group. Concentra-
tions of interleukin-1, tumor necrosis factor and interleukin-
1 receptor antagonist protein were not appreciably in-
creased or different in either group (10).  Matrix
metalloproteinase-3, inhibitor of matrix metalloproteinase-
1, calcitonin gene-related peptide, vasoactive intestinal
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peptide, and substance P have all been associated with disc
degeneration (11-15).  It has been postulated that these
inflammatory mediators play a role in radicular low back
pain.  Immune responses to nucleus pulposus in the vascu-
lar space has been theorized to be a mechanism of chronic
inflammation.  Work by Gertzbein (91) demonstrated sig-
nificant elevation in the lymphocyte transformation test, a
measure of the cellular immune response.  IgM titers are
also increased in two of three patients with discogenic back
pain or sciatica (92).

The pathophysiology of neurogenic claudication is not
known.  Impairment of vascular and/or CSF flow has been
hypothesized.  Porter (93) proposed that neurogenic clau-
dication arises from venous pooling, with a resultant de-
creased blood flow.  Impaired flow leads to a metabolite
buildup and nutrient-deficient state, creating nerve dysfunc-
tion (93).  Ambulation increases venous return to the pel-
vic veins, with subsequent engorgement in Batson’s plexus,
and increases arterial perfusion; and the erect posture in-
creases epidural pressure.  In a study by Olmarker et al
(94), methylglucose was injected into the CSF and its up-
take into the cauda equina at various degrees of compres-
sion was studied.  They found that, when compared to sham
compression, even low pressures decreased transport of
methylglucose to the nerve root.  In another study, Olmarker
et al (95) looked at venous flow impairment and compres-
sive pressures.  They found that two levels needed to be
involved for a reduction in venous blood flow.  These stud-
ies do not account for asymptomatic individuals with ana-
tomic abnormalities, or the clinical response to selective
nerve root blocks or epidural corticosteroids (96).  Further
delineation of biochemical mechanisms is needed to gain
further understanding of this process.

The suppression of neuronal transmission is a key mecha-
nism by which local anesthetics achieve their clinical ef-
fect.  The axoplasmic membrane is a phospholipid bilayer,
interspersed with glycolipids and cholesterol, with a hy-
drophobic outer layer and a hydrophilic inner layer.  Nu-
merous proteins are interspersed along the bilayer, which
form pores that allow the preferential transport of sodium
or potassium.  While potassium is the main electrolyte re-
sponsible for the resting membrane potential of -70 mV,
sodium influx with depolarization is responsible for the
action potential.  In myelinated neurons, myelin is formed
by Schwann cells that envelope and insulate the nerve fi-
bers.  Nodes of Ranvier are interruptions in the myelina-
tion, which facilitate saltatory conduction by having an
increased concentration of sodium channels, while potas-
sium channels are interspersed between nodes along the

axon.  In unmyelinated axons, there is an equal distribu-
tion of sodium and potassium channels.  Pain is transmit-
ted via thinly myelinated A delta fibers as well as unmyeli-
nated C fibers.  A delta fibers conduct at 5 to 30 meters per
second, are commonly found in the skin, and are activated
by sharp pricking pain, noxious heat, and mechanical
stimuli.  In contrast, C fibers conduct at 0.5-2 meters per
second and are stimulated by high-intensity mechanical,
chemical, and thermal stimuli.  Pain is found in both pe-
ripheral and deep tissue.  The propagation of the action
potential is responsible for impulse transmission.

Local anesthetics are used for their ability to inhibit the
propagation of the action potential.  They alter the func-
tion of the sodium channels.  These alterations result in a
higher threshold for depolarization and a decrease in am-
plitude of the action potential and the rate of rise, as well
as conduction velocity is diminished (97).  Numerous other
factors affect the onset and duration of effect of local an-
esthetics.  There is a direct correlation between the onset
of action and the lipid solubility of the local anesthetic.
An anesthetic that is lipophilic and nonionic at the neural
pH of 7.4 will most easily enter the axon.  Increased pro-
tein-binding capacity of the anesthetic prolongs the dura-
tion of its action.

Researchers have reported on the anti-inflammatory prop-
erties of anesthetic agents.  Possible mechanisms include
inhibiting phagocytosis, decreasing phagocyte oxygen con-
sumption, reducing polymorphonucleocyte lysosomal en-
zyme release, decreasing superoxide anion production, and
reversibly inhibiting granulocyte adherence (98-107).
Another theorized mechanism for the therapeutic effect of
local anesthetic is the restoration of blood flow.  Yabuki et
al (108), using an animal model, found that anesthetic
agents impeded normal radicular blood flow, while simul-
taneously increasing intraradicular flow.  If the basis of the
pain is diminished blood flow, as has been hypothesized in
spinal stenosis and herniated nucleus pulposus, then di-
rected injection of local anesthetics may be therapeutic
(109-111).  Indeed, some investigators have suggested that
the therapeutic effect may be mediated by the inhibition of
sympathetic output (112, 113).

Central processing theories have also been postulated to
explain the therapeutic effect of local anesthetics.  This
theory suggests that a painful engram has been established
in the brain, or repetitively firing nerves of the wide dy-
namic type have been triggered in the spinal cord (114).
Anesthetic agents may cause a temporary block of this pain
cycle.  Finally, the response may be unrelated to physi-
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ologic effects of local anesthetic agents, as it has been dem-
onstrated that a third of patients will respond to placebo
alone (115, 116).

RATIONALE

Diagnostic injections are performed to confirm or exclude
a clinically suspected pain generator.  According to
Steindler and Luck (73), if a structure is the etiology of the
pain, stimulating it will provoke the pain while anesthetiz-
ing it will alleviate the pain.  For this approach to have
sufficient specificity, one must be able to selectively anes-
thetize a given structure, while not affecting nearby struc-
tures.  With diagnostic selective nerve root block , there
are numerous structures in close proximity that could re-
sult in a high false-positive block rate if improper tech-
nique is used.  The value of using precise technique cannot
be overemphasized since the sensitivity and specificity of
diagnostic selective nerve root blocks will dramatically alter
the quality of information obtained.  Diagnostic selective
nerve root block is typically performed in a patient with
persistent pain when history, examination, imaging, and
electrophysiologic testing do not clarify the pain genera-
tor.  In other words, prior to employing this technique, it is
a requirement that the information obtained will alter the
treatment plan.  Diagnostic selective nerve root block may
be done as part of a diagnostic and therapeutic algorithm
in the course of a patient’s nonsurgical care.  Alternatively,
it may be performed presurgically to define the anatomic
lesion that is contributing to a patient’s pain.

CLINICAL  UTILITY

The sensitivity of diagnostic selective nerve root block
ranges from 87% to 100% (75, 76).  In 1973 Schutz et al
(75) reported finding a corroborative lesion at the time of
surgery in 87% of patients with a positive diagnostic block.
Krempen et al (76) reported 100% surgical confirmation
following a positive block.  The specificity of diagnostic
selective nerve root block ranges from 94% to 100% (81,
84, 87).  Dooley et al (81) reported 3 out of 51 blocks to be
false-positive, providing a specificity of 94%.  In 1990,
Stanley et al reported 95% specificity.  VanAkkerveeken’s
prospective study (87) in 1993, conducted on patients with
single-level root pathology, found the specificity of selec-
tive nerve root block to be 95%.

Since the advent of MRI, with its highly sensitive imaging
technology, adding specificity to the diagnostic workup has
been paramount.  Diagnostic selective nerve root block
can be an effective technique in evaluating patients with

multilevel pathology to ascertain which is the pain genera-
tor.  Similarly it useful when the location of symptoms
seems to conflict with abnormalities identified with imag-
ing findings.  White (117), in 1983, supported the use of
diagnostic selective nerve root block as a pre-surgical test
in patients with equivocal anatomic findings.  He pointed
out that it is more diagnostically precise than a caudal or
interlaminar epidural.  Herron (83), in 1989, reviewed his
experience with diagnostic SNRB.  He found the proce-
dure useful in identifying previously undocumented disc
herniations, the symptomatic level in multidisc herniation,
the primary pain generator in the “spine hip syndrome,”
previously undocumented root irritation in spondylolisthe-
sis, the symptomatic level in multilevel stenosis, and the
symptomatic root in patients with documented postopera-
tive fibrosis.

OUTCOMES

The diagnostic selective nerve root block adds efficiency
and accuracy to the diagnostic and treatment algorithm.
As stated previously, the ultimate goal of the diagnostic
selective nerve root block is to identify a definitive pain
generator.  Uncovering the exact diagnosis will necessar-
ily allow for diagnosis and specific treatment.  Whether
the treatment regimen consists of physical therapy, thera-
peutic injections, surgery or spinal cord stimulator place-
ment, defining the diagnosis is the “rate-limiting step.”
Another, albeit not well recognized, benefit of obtaining a
specific diagnosis is that it allows the patient to glean an
understanding of the basis of his/her pain complaints.  Such
information can be comforting, thereby adding to the
clinician’s therapeutic intervention.  When used as part of
presurgical management, the diagnostic selective nerve root
block may be able to focus the location of the operative
procedure and minimize the number of levels operated
upon.  In those instances, there is a tremendous cost sav-
ings in terms of surgical cost, length of acute-care hospi-
talization and rehabilitation, and time before return to work.
To date, there are no prospective, controlled trials with
inclusion of a cost analysis to document outcomes.

COMPLICATIONS

Major complications of epidural and selective nerve root
blocks have been reported in the literature.  These include
cardiac arrest, seizure, infection, nerve root trauma with
permanent injury, intravascular injection, perforation of
viscus or vascular structures, broken needle, and death.
Spinal headache associated with dural puncture is possible
with the transforaminal technique, but is less likely to oc-
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cur when compared with the interlaminar approach.  While
performing a selective nerve root block, it is important for
the needle tip not to pass the interpedicular column on the
posterior anterior view.  At this level, the dorsal root gan-
glion and termination of the dural sleeve occur.  Injections
in the cervical region pose a hazard of spinal cord injury
or vertebral artery trauma.  In the thoracic region, the pos-
sibility of pneumothorax exists.  A prospective analysis of
the complication rate demonstrated no major complica-
tions following the performance of 350 consecutive cervi-
cal, thoracic, and lumbosacral selective nerve root blocks
(118, 119).  These researchers did observe that minor com-
plications such as temporary aggravation of patient symp-
toms, soreness at the site of injection, headache, and vas-
ovagal response to injection were more common than com-
pared to a control group.  However, accidental dural punc-
ture, subdural injection, neural trauma, injection to the
spinal cord, and hematoma formation have been described
following epidural injections.  Spinal cord trauma or spi-
nal cord or epidural hematoma formation is a catastrophic
complication rarely seen following interventional proce-
dures in the cervical spine, thoracic spine, or upper lumbar
spine (120-128).  Thus, it has been suggested that inter-
ventional pain procedures be performed with placement
of a needle only in an awake patient (121-125).  However,
unfortunately, it has been reported that even an awake pa-
tient may not be able to detect spinal cord puncture (129).
Infectious complications include epidural abscess and bac-
terial meningitis, even though no such complications have
been reported following selective nerve root blocks.  Other
complications include inadvertent subdural injection of
local anesthetic and steroids (130, 131), development of
complex regional pain syndrome (132) and retinal hemor-
rhages (133), and subdural intracranial air (134, 135) re-
ported following epidural injections; however, these are
unlikely following selective nerve root blocks.  Intravas-
cular injection, intraneural injection, and neural trauma are
described as potential complications following selective
nerve root blocks (38,136, 137).  Incidence of intravascu-
lar penetration and placement of the needle with transfo-
raminal epidural injections have been described as signifi-
cant.

Absolute contraindications for the procedure include spi-
nal infection, bacteremia, local cellulitis or ulceration at
the injection site, and uncontrolled coagulopathy.  Rela-
tive contraindications include anticoagulant therapy and
contrast allergy.  For patients on warfarin, if permitted by
the patient’s internist, the patient is withdrawn from war-
farin at least 3 days prior to the procedure.  Warfarin can
be safely resumed the day after the procedure.  Patients

with contrast allergies are premedicated with a regimen
involving administration of 50 mg of prednisone 24 hours,
12 hours, and 1 hour prior to the procedure; 50 mg of
diphenhydramine is also given 1 hour prior to the proce-
dure.

INDICATIONS

The diagnostic selective nerve root block is indicated in a
patient with persistent radicular pain of unknown etiology.
Several scenarios exist in which it may be helpful diagnos-
tically:

♦ In identifying an inflamed nerve root in a patient
with a history of radicular pain when results of
visual anatomic studies and neurophysiologic
studies are not corroborative; and

♦ In identifying the pain generator when patients
have multiple abnormalities on visual anatomic
studies.

TECHNICAL  CONSIDERATIONS

A structured process should be implemented for the per-
formance of diagnostic blocks, with delineation of the pur-
pose and the process of the procedure.  Immediate assess-
ment is important because, as time passes, patient memory
of pain intensity is unreliable (119).  More importantly,
patients have to frequently perform provocative maneu-
vers to definitely judge the outcome of the diagnostic se-
lective nerve root block.  Patients are not equipped to do
this without the aide of trained medical professionals.
Patients also need to be reinformed about what to expect
postprocedure.  For example, patients may experience
postinjection pain from the intramuscular course of the
needle.  If they obtain pain relief, they may also begin to
increase their activity, which may exacerbate radicular
symptoms after the local anesthetic effect has dissipated.
Greater than 80% reduction on the pre- and postinjection
visual analogue or verbal pain-rating scale is considered
as a positive response.  However, thresholds as low as 50%
(86) or as high as 90% have been reported(17).

Lumbosacral Diagnostic Selective Nerve Root Block

The patient is positioned prone on the fluoroscopy table.
The fluoroscopy tube is rotated to achieve an oblique view
of the vertebral column, hence allowing visualization of
the intervertebral foramen.  The pedicle is a key anatomic
landmark.  At the proper degree of rotation, the pedicle
will appear elongated and its outline will blend with the
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transverse process.  The medial margin of the superior ar-
ticular facet joint of the vertebral body below will align
with the medial lateral to mid of the inferior aspect of the
superior pedicle.  In this position, the intervertebral fora-
men can be seen clearly bounded anteriorly by the verte-
bral body, superiorly by the pedicle, and posteriorly by the
facet joint.  A metal surgical clamp is then laid on the skin
to identify the target point for needle advancement, the
six-o’clock position just inferior to the pedicle.  A skin
wheal is made with local anesthetic at this location, and a
3.5-inch, 20- to 22-gauge spinal needle is inserted parallel
to the fluoroscopy beam.  The needle tip is advanced un-
der fluoroscopic guidance to the target site.  Ideally, the
needle and tip are not visible since they are viewed on end.
The hub with its radiopaque center is visible overlying the
target site during advancement.  The needle is advanced
until its tip is beneath the pedicle.  Novices may intention-
ally contact the inferior border of the pedicle to identify
proper depth before redirecting the needle tip to lie be-
neath the pedicle.  At this point the needle is released, and
the fluoroscopy tube is rotated back to the posterior-ante-
rior (PA) position, where the needle tip should appear im-
mediately lateral to the midline of the spherically shaped
pedicle.  The tip is advanced under fluoroscopic guidance
to the six-o’ clock position on this PA view.  A palpable
loss of resistance is felt by the clinician as the needle tip
pierces the epiradicular membrane.  Contrast is injected to
confirm position, and no more than 1.0 mL of local anes-
thetic is used to avoid anesthetizing the sinuvertebral nerve
or adjacent structures.

For obese patients, a two-needle technique is used because
the 3.5-inch needle will not have sufficient length to reach
the target.  The first needle used is a 3.5-inch, 18- or 20-
gauge needle advanced until the needle hub reaches the
skin.  After the stylet is removed, a 5- to 8-inch, 22- or 25-
gauge spinal needle is inserted using the first needle as a
guide.  The second needle is advanced until an increase in
tissue resistance is perceived, usually 2 to 4 mm lateral to
the respective pedicle.

Difficulty reaching the target area arises from starting too
superior or inferior to the transverse process.  If the en-
trance point is too cephalad, the needle tip will strike the
transverse process before reaching the foramen.  If the skin
is entered too caudally, the flare of the inferior aspect of
the vertebral body will be encountered before reaching the
foramen.  In either of these scenarios, the needle must be
withdrawn and repositioned.  Attempting to redirect the
needle will result in repeated bony obstruction.

Unique technical difficulties may arise in the performance
of an L5 selective nerve root block.  Technical difficulties
may arise in patients with a high and wide iliac crest, a
wide or downsloping transverse process, hypertrophied L5
S1 facet joint, collapsed disc space, L5 S1 fusion, or
spondylolisthesis.  Modified techniques may be necessary
to enter the foramen in these instances.  A single needle
technique using a PA or only slightly oblique projection
can be used.  The skin wheal is raised just lateral to the
medial border of the iliac crest and just inferior to the L5
transverse process.  The needle is inserted at an oblique
angle until it contacts the most medial edge of the iliac
crest.  The iliac crest is anesthetized with a small amount
of anesthetic, and the needle is advanced ventrally using
the crest to deflect the needle medially toward the fora-
men.

A two-needle technique can be used if the superior articu-
lar process blocks entry into the foramen.  A gentle curve
is created to the second needle prior to introducing it into
the guide needle.  The guide is slightly withdrawn and the
second needle is advanced just beyond the level of the
guide.  While holding the second needle stationary, the
guide needle is withdrawn.  The second needle is advanced
to the target location.  With this technique, the clinician
should be careful not to advance the needle too far in a
ventral direction, or risk iliac artery or peritoneal entry.

S1 selective nerve root block is done with the patient in
the prone position and a PA projection of the fluoroscopy
tube.  The needle enters the foramen parallel to the fo-
raminal canal.  The needle tip is advanced parallel to the
x-ray beam, targeting the lateral edge of the foramen, until
the periosteum is contacted.  The needle is slightly with-
drawn and then advanced into the foramen.  After a pal-
pable loss of resistance is felt as the needle tip pierces the
epiradicular membrane, contrast is injected to confirm epi-
dural flow and to rule out intravascular injection. One mil-
liliter of local anesthetic is injected.

Thoracic Diagnostic Selective Nerve Root Block

The patient is positioned prone with the arms either raised
above the head and crossed or at the side.  The latter is
used if a c-arm is used, the former if using a myelography
table or if the patient is particularly muscular.  An oblique
view is obtained such that the pedicle never crosses the
midpoint of its respective vertebral body.  Local anesthetic
is injected and a skin wheal is made inferior to the pedicle.
A 22- or 25-gauge, 3.5-inch needle is advanced until the
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inferior aspect of the rib is reached.  The needle is then
repositioned in a 10-20 degree cephalocaudal direction.  It
can then be advanced to the neural foramen under fluoro-
scopic guidance in the PA view.  Specific guidelines for
diagnostic injections at the thoracic level have not been
published.  In general, we use 1 mL of 2% lidocaine unless
epidural flow is observed, in which case 0.5 mL of lidocaine
is instilled.  This is done to minimize the likelihood that
adjacent structures will be anesthetized.

Two major technical issues must be raised.  If the needle is
inserted too laterally, the needle will enter the pleural cav-
ity, so it is best to err on too medial a starting point.  Sec-
ondly, if performing a left upper thoracic selective nerve
root block, if the needle is advanced too ventrally the aorta
could be entered.  If one is uncertain that the needle will
stay in the safe zone while advancing toward the pedicle, a
diagnostic medial intercostal nerve block will provide the
same information.

Cervical Diagnostic Selective Nerve Root Block

The patient lies supine on the fluoroscopy table.  The
patient’s entire trunk is rotated as a unit, creating an ob-
lique view to the anterior-posterior (AP)-oriented x-ray
beam.  Supportive bolsters and cushions are placed under
the shoulders and upper back to maintain proper position-
ing.  The orientation of the cervical nerve roots and the
transverse processes upon which they travel are more an-
terior in the upper cervical vertebrae and more lateral in
the lower cervical vertebrae.  Hence, the upper cervical
vertebrae require a body position closer to AP, while a more
lateral position is necessary for performing lower cervical
root blocks.  The patient’s head is rotated toward the con-
tralateral shoulder and supportive pillows are placed un-
der the occiput.  To ensure proper positioning, the supe-
rior articular process should be distinctly visible at the most
lateral portion of the neural foramen.  The patient is anes-
thetized with local anesthetic, and the skin wheal should
be just lateral to the base of the superior articular process.
A 1.5-inch, 22-gauge spinal needle is incrementally ad-
vanced under fluoroscopic guidance until the base of the
articular process is reached.  The nerve roots exit at the
caudal portion of the foramen, so this location is targeted
by the needle tip.  Three steps are subsequently performed:
the needle is slightly withdrawn; the needle tip is oriented
to a more medial location by directing the hub dorsally;
and, finally, the needle tip is advanced 1 to 2 mm.  Dural
puncture can be avoided by limiting advancement to 2 mm,
except for the C3 selective nerve root block in women,
where neural foraminal depth can be as little as 1 mm (138).

Contrast is injected to confirm position.  In general, we
use 0.8 to 1.0 mL of 2% lidocaine hydrochloride
(Xylocaine) for the cervical selective nerve root block;
however specific guidelines regarding injection volumes
have not been established.

Selective nerve root block in the cervical spine may also
be performed in the prone position rotating the head to the
opposite side with positioning of the c-arm appropriately
to open the foramen; however, the authors prefer the su-
pine position.

CONTROVERSIES

Because of the proximity of the nerve root to other key
structures, there exists the possibility of anesthetizing struc-
tures other than what the clinician believes he or she is
anesthetizing.  The furcal nerve, sinuvertebral nerve, adja-
cent nerve roots, or medial branch of the dorsal primary
ramus or the facet joint may be anesthetized inadvertently.
We use a maximum of 1.0 mL of anesthetic solution for
the lumbar spine, 0.5 mL to 1.0 mL for the thoracic spine
and 0.5 mL to 1.0 mL for the cervical spine.  If too much
solution is used, an increased false positive rate and de-
creased specificity will occur.  North et al (139) found the
diagnostic selective nerve root block to lack specificity;
however they used a 3.0-mL injectate, which may have
contributed to their high false-positive rate.  If too little
anesthetic is used, one may not block impulse transmis-
sion and diagnostic block may not be achieved, thus in-
creasing the false-negative rate and decreasing the sensi-
tivity.  Prospective studies to determine the ideal quanti-
ties of solution that should be used are necessary.

The diagnostic selective nerve root block is a key part of a
diagnostic algorithm in the workup of a patient with radicu-
lar pain.  It can define the target of subsequent therapeutic
injections. In the pre-surgical patient it may be able to limit
the extent of surgery that a patient requires and also in-
crease the success of surgical outcome by better identify-
ing the painful lesion.  This however, is controversial be-
cause no prospective, controlled, randomized trial has been
performed to assess the overall beneficial effects on out-
come.

CONCLUSION

The diagnostic selective nerve root block, when performed
by experienced spine physicians, is a safe and effective
diagnostic tool.  It can be used as a part of the diagnostic
algorithm in the management of radicular pain when
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noninvasive measures have failed to provide a diagnosis.
It can be used in conjunction with therapeutic selective
nerve root blocks with a goal of lasting pain relief or as
part of presurgical evaluation in the patient with multiple
abnormalities on imaging or noncorroborative imaging.
More research is needed on the impact of diagnostic se-
lective nerve root blocks on clinical outcomes.
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