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! Abstract: Lumbosacral radicular pain is characterized by
a radiating pain in one or more lumbar or sacral der-
matomes; it may or may not be accompanied by other radicu-
lar irritation symptoms and/or symptoms of decreased
function. The annual prevalence in the general population,
described as low back pain with leg pain traveling below the
knee, varied from 9.9% to 25%, which means that it is pre-
sumably the most commonly occurring form of neuropathic
pain.

The patient’s history may give a suggestion of lumbosac-
ral radicular pain. The best known clinical investigation is the
straight-leg raising test. Final diagnosis is made based on a
combination of clinical examination and potentially addi-
tional tests. Medical imaging studies are indicated to exclude
possible serious pathologies and to confirm the affected level
in patients suffering lumbosacral radicular pain for longer
than 3 months. Magnetic resonance imaging is preferred.
Selective diagnostic blocks help confirming the affected
level.

There is controversy concerning the effectiveness of con-
servative management (physical therapy, exercise) and phar-
macological treatment.

When conservative treatment fails, in subacute lumbosac-
ral radicular pain under the level L3 as the result of a
contained herniation, transforaminal corticosteroid adminis-
tration is recommended (2 B+). In chronic lumbosacral radicu-
lar pain, (pulsed) radiofrequency treatment adjacent to the
spinal ganglion (DRG) can be considered (2 C+). For refractory
lumbosacral radicular pain, adhesiolysis and epiduroscopy
can be considered (2 B1), preferentially study-related.

In patients with a therapy-resistant radicular pain in the
context of a Failed Back Surgery Syndrome, spinal cord stimu-
lation is recommended (2 A+). This treatment should be per-
formed in specialized centers. !
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INTRODUCTION
This review on lumbosacral radicular pain is part of the
series “Evidence-based Interventional Pain Medicine
According to Clinical Diagnoses.” Recommendations
formulated in this article are based on “Grading
strength of recommendations and quality of evidence in
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clinical guidelines” described by Guyatt et al.,1 and
adapted by van Kleef et al.2 in the editorial accompany-
ing the first article of this series (Table 1).

The latest literature update was performed in Decem-
ber 2009.

A lumbosacral radicular syndrome (LSR) is charac-
terized by a radiating pain in one or more lumbar or
sacral dermatomes; it may or may not be accompanied
by other radicular irritation symptoms and/or symp-
toms of decreased function. In the literature, this disor-
der can also be referred to as sciatica, ischias, or nerve
root pain. A consensus approach toward standardiza-
tion of back pain definitions clearly highlights huge
differences in the description of low back pain, which
makes comparison of epidemiological data extremely
difficult.3 The terms radicular pain and radiculopathy
are also sometimes used interchangeably, although they
certainly are not synonyms. In the case of radicular pain,
only radiating pain is present, while in the case of
radiculopathy, sensory and/or motor loss that can be
objectified can be observed. Both syndromes frequently
occur together and radiculopathy can be a continuum
of radicular pain. In this review, lumbosacral radicu-
lar pain is considered as pain radiating into one or
more dermatomes caused by nerve root irritation/
inflammation and/or compression.

The annual prevalence in the general population,
described as low back pain with leg pain traveling below
the knee, varied from 9.9% to 25%. Also the point

prevalence (4.6% to 13.4%) and lifetime prevalence
(1.2% to 43%) are very high,4 which means that lum-
bosacral radicular pain is presumably the most com-
monly occurring form of neuropathic pain.5,6 The most
important risk factors are: being male, obesity, smoking,
history of lumbalgia, anxiety and depression, work
which requires lengthy periods of standing and bending
forward, heavy manual labor, lifting heavy objects, and
being exposed to vibration.7

Pain completely or partially resolves in 60% of the
patients within 12 weeks of onset.8 However, about
30% of the patients still have pain after 3 months to 1
year. Apparently, the female population with LRS has a
considerably worse outcome compared with the male
population. The estimated unadjusted odd for a long-
term poor outcome was 3.3 times higher for female
patients than for males.9

In patients under 50 years of age, a herniated disc is
the most frequent cause of an LSR. After the age of 50,
radicular pain is often caused by degenerative changes in
the spine (eg, stenosis of the foramen intervertebrale).10

I. DIAGNOSIS

I.A HISTORY

The patient may experience the radiating pain as sharp,
dull, piercing, throbbing, or burning. Pain caused by a
herniated disc classically increases by bending forward,
sitting, coughing, or (excessive) stress on the lumbar

Table 1. Summary of Evidence Scores and Implications for Recommendation

Score Description Implication

1 A+ Effectiveness demonstrated in various RCTs of good quality. The benefits clearly outweigh risk and burdens

Positive recommendation
1 B+ One RCT or more RCTs with methodologic weaknesses, demonstrate effectiveness. The benefits clearly

outweigh risk and burdens
2 B+ One or more RCTs with methodologic weaknesses, demonstrate effectiveness. Benefits closely balanced

with risk and burdens

2 B! Multiple RCTs, with methodologic weaknesses, yield contradictory results better or worse than the control
treatment. Benefits closely balanced with risk and burdens, or uncertainty in the estimates of benefits,
risk and burdens.

Considered, preferably
study-related

2 C+ Effectiveness only demonstrated in observational studies. Given that there is no conclusive evidence of the
effect, benefits closely balanced with risk and burdens

0 There is no literature or there are case reports available, but these are insufficient to suggest effectiveness
and/or safety. These treatments should only be applied in relation to studies.

Only study-related

2 C- Observational studies indicate no or too short-lived effectiveness. Given that there is no positive clinical
effect, risk and burdens outweigh the benefit

Negative recommendation
2 B- One or more RCTs with methodologic weaknesses, or large observational studies that do not indicate any

superiority to the control treatment. Given that there is no positive clinical effect, risk and burdens
outweigh the benefit

2 A- RCT of a good quality which does not exhibit any clinical effect. Given that there is no positive clinical
effect, risk and burdens outweigh the benefit

RCT, randomized controlled trial.
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discs and can be avoided by lying down or sometimes
by walking.7 Inversely, pain from a lumbar spinal
canal stenosis can typically increase when walking and
improve immediately upon bending forward.10 In
addition to the pain, the patients also often report par-
esthesia in the affected dermatome. The distribution of
pain along a dermatome can be indicative in the deter-
mination of the level involved; however, there is a large
variation in radiation pattern. The S1 dermatome seems
the most reliable.11 If present, the dermatomal distribu-
tion of paresthesia is more specific.10

I.B PHYSICAL EXAMINATION

The diagnostic value of anamnesis and physical exami-
nation has as yet been insufficiently studied. Only pain
distribution is considered to be a meaningful parameter
from anamnesis.12 The clinical test described most often
for the LSR is the Lasègue test. If radicular pain can be
elicited under 60°, there is a large chance that a lumbar
herniated disc is present. However, the sensitivity of this
test for the detection of LSR due to a herniated disc
varies sharply: the global sensitivity is 0.91 with a speci-
ficity of 0.26.9,13 This specificity drops even more when
the test is positive above 60°. The crossed Lasègue test is
the only examination with good specificity (0.88), but
this comes at the expense of the sensitivity (0.29).13 Both
tests are described in Table 2.

There is no consensus about the specificity of the
other neurological signs (paresis, sensory loss, or loss of

reflexes).12 In practice, the presence of signs that are
indicative of an L4 involvement (lessened patellar reflex,
foot inversion) or an L5-S1 hernia (Achilles tendon
reflex) are checked in a neurological examination. An
L5 motor paresis will probably be characterized clini-
cally by the “stomping foot,” decreased ankle dorsiflex-
ion and/or extension of the toes and an S1 paresis due to
a decrease in plantar flexion, among other things10

(Table 3).
In summary, a diagnosis of LSR appears to be justi-

fied if the patient reports radicular pain in one leg,
combined with one or more positive neurological signs
that indicate a nerve root irritation or neurological loss
of function.14

I.C ADDITIONAL TESTS

Imaging Studies

Given that the natural course of lumbosacral radicular
pain is favorable in 60% to 80% of patients and that the
pain improves spontaneously or even disappears com-
pletely after 6 to 12 weeks, additional examination has
little value in the acute phase.8,15 Medical imaging, pri-
marily magnetic resonance imaging (MRI), can confirm
the presence of a herniated disc; this technique is pre-
ferred because of the better visualization of soft tissues
and the lower radiation dose.14 The specificity of MRI
and computer tomography (CT) is very low given that
a herniated disc was identified by CT or MRI in 20% to

Table 2. Lasègue and Crossed Lasègue Test

The Lasègue test is performed by placing the patient in a supine position and having the patient lift up the affected leg (with a straight knee). The
test is positive if this maneuver reproduces the symptoms. Rotation, abduction and adduction in the hip should be avoided, since these movements
can have an effect on the result

The crossed Lasègue test is performed by a patient in the supine position lifting up the contralateral leg. The test is positive if lifting is accompanied
by a pain reaction in the affected leg which follows the same pattern that appeared in the regular Lasègue test.

Table 3. Neurological Examination of the Lumbosacral Radicular Syndrome

Level Pain Sensory Loss Paresthesia Motor Disturbances or Weakness Disturbances in Reflexes

L3 Front of the thigh to the knee medial portion thigh and knee quadriceps femoris, iliopsoas, hip
adductors

patellar reflex, adductor reflex

L4 Medial portion leg medial portion leg anterior tibialis, quadriceps, hip
adductors

patellar reflex

L5 Lateral portion thigh and leg,
dorsum of the foot

lateral portion leg, dorsum of foot,
first toe

toe extensors and flexors, ankle
dorsiflexors, eversion and
inversion of the ankle, hip
abductors

S1 Posterior portion thigh, calf and
heel

sole of the foot, lateral portion
foot and ankle, two most lateral
toes

gastrocnemius, biceps femoris,
gluteus maximus, toe flexors

Achilles reflexes

Adapted from: Tarulli AW, Raynor EM: Lumbosacral radiculopathy. Neurol Clin. 2007; 25 (2): 387–405.
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36% of the asymptomatic population,16 and there
is little correlation between the severity of a possible
radiculopathy and the magnitude of the spinal disc
herniation. Incidentally, the symptoms can disappear
after a conservative therapy without a corresponding
decrease in the volume of the herniated disc.17–19

In addition to this, a hernia could not be demon-
strated on the scans of some patients with clinical
symptoms of a radicular syndrome.20,21 In the event
of an unclear clinical picture or in the absence of
radiological arguments for radicular complaints, elec-
tromyography (EMG)/nerve conduction studies (NCS)
can be performed to differentiate lumbar radicular syn-
drome from peripheral neuropathy (sensitivity 0.45 to
0.65).22 Other common causes of lumbar radicular
pain, such as stenosis of the foramen intervertebrale,
may be revealed by MRI or CT. Entrapment of
the sciatic nerve such as piriformis syndrome is not
included in this chapter.

Selective Segmental Nerve Blocks

Although the diagnostic nerve root block is a commonly
used technique for determining the level of the radicular
pain, there is uncertainty concerning its sensitivity and
specificity. In a LSR without clear signs of a focal neu-
rological deficit, there appears to have been a variable
hypoesthesia already present in the majority of the
patients before the execution of a diagnostic nerve root
block.23 These changes in sensory function can also vary
in time and location.

With an intraforaminal block, there is also a real
chance of a simultaneous block of the nervus sinuverte-
bralis. This nerve is responsible for the afferent input of
the nearby disci intervertebrales (superficial annulus
fibrosus), ligamentum longitudinale posterius, and the
ventral dura mater and nerve root sleeve. In addition,
the sensory fibers of the ramus dorsalis of the segmental
nerve pass through the ganglion spinale (dorsal root
ganglion, DRG) which is also blocked. This nerve inner-
vates local back muscles and nearby facet joints. Fur-
thermore, it is known that if the etiology of the pain is
located proximally to a nerve block, this pain can be
reduced by a peripheral nerve block. As a result, pain
that originates from proximal spinal nerve root irrita-
tion with corresponding pain in the leg and back can in
fact be influenced by a more peripheral block.24 This
was confirmed in a study by North25 in which patients
with radicular pain as their chief complaint had, in a
randomized sequence, 4 different blocks with local

anesthetic. Paraspinal lumbosacral root blocks and
medial branch posterior primary ramus blocks (at the
same level or proximally) as well as nervus ischiadicus
(sciatic nerve) blocks (collaterally or distal to the pathol-
ogy) with 3 mL bupivacaine 0.5% provide a temporary
greater pain reduction in the majority of cases, in com-
parison with a lumbar subcutaneous administration of
the same product in an identical volume. The specificity
of a single-level diagnostic block is further influenced by
the injected volume, as 0.5 mL of contrast already
reaches the adjacent level in 30% of cases, and 1.0 mL
even in 67% of cases.26 As a result, it appears that the
specificity of diagnostic nerve root blocks is limited: a
negative block has a specific predictive value, but iso-
lated positive blocks are nonspecific.27

An example of the variability of the effect of
nerve root blocks in patients with LSR without
neurological deficit is the incidence, location,
and extent of the dermatomal areas with
a hypoesthesia. Namely, the total area in which
hypoesthesia can be found is very extensive, yet it is
exceptional that in some patients, absolutely no hypo-
esthesia develops even though the technique performed
is identical.27 This pattern of hypoesthesia and radicu-
lar pain usually surpasses the boundaries of standard
dermatomal charts, but is better understood if an
overlap with the adjacent dermatomes is taken into
account. The resulting adapted dermatomes are twice
as large as those in standard dermatomal charts, but as
a result, the sensory effects of diagnostic nerve root
blocks lie more within the limits of the (adapted) der-
matomal charts.27

Conversely, the variability of paresthesia as a result
of electro-stimulation appears to be much smaller; it
is usually registered in the central sections of the stan-
dard dermatomes. The reproducibility of paresthesia
by electro-stimulation also appears to be high: 80% of
the paresthesia can be traced to within the borders of the
standard dermatomal charts, and 98% to within the
borders of the adapted dermatomal charts. In spite of
this, the relationship to pain remains unclear. When pain
is reported in an “adapted” dermatome, in only 1/3 of
cases can a corresponding reduction in pain, paresthe-
sia, and hypoesthesia be induced by electro-stimulation
and nerve root blocks.

After a nerve root block, the average muscle force is
reduced within the corresponding myotome, but the
muscle force within the myotome is increased if the
block has reduced the pain.28 A possible explanation for
the increase in muscle force in patients with a chronic
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lumbar radicular syndrome is the finding that pain has
an inhibiting effect on the muscle force (diffuse noxious
inhibitory control or DNIC).29 After pain reduction, the
inhibition lessens which results in a normalization of the
muscle force.30

In practice, the most rational method used to confirm
the suspected level of radicular complaints is still the
use of one or more selective diagnostic blocks. These
selective infiltrations must occur with a limited amount
of local anesthetic (max. 1 mL) per level and in separate
sessions.

I.D DIFFERENTIAL DIAGNOSIS

In cases of acute low back pain, physical abnormalities,
which can account for the complaints, are ruled out first
on the basis of the so-called “red flags”; yet in cases of
chronic low back pain, we recommend also checking
whether there are signs which could indicate underly-
ing pathology such as tumors and infections, among
others (Table 4). When making a differential diagnosis,
inflammatory/metabolic causes (diabetes, ankylosing
spondylitis, Paget’s disease, arachnoiditis, sarcoidosis)
must also be taken into account; these must be ruled out
first.10

The acute cauda equina syndrome is usually the
result of a large, central disc herniation with compres-
sion of the low lumbar and sacral nerve roots, usually at
the L4-L5 level. As a result of the sacral polyradiculopa-
thy, a significant bowel and micturition dysfunction can
arise with a characteristic saddle anesthesia. If the
lumbar nerve roots are also involved, this leads to weak-
ness in the legs that can possibly lead to paraplegia.
Rapid recognition of these symptoms and referral for
emergency surgery is recommended.10

II. TREATMENT OPTIONS

II.A CONSERVATIVE MANAGEMENT

(Sub)Acute Radicular Complaints

Controversy exists concerning the conservative
approach to LSR since there is no strong evidence of the
effectiveness of most treatments.31 Providing adequate
information to the patient about the causes and prog-
nosis of LSR can be a logical step in the management of
this problem, but this has not yet been studied in ran-
domized, controlled studies.14

There is no difference between the advice for bed rest
when compared with the advice to remain active.32

The use of Non-Steroidal Anti-Inflammatory Drugs
or Cox-2 inhibitors can have a significant effect on acute
radicular pain compared with placebo.33,34 There are
however no long-term results on the evolution of LRS.

Exercise therapy can possibly have a beneficial effect.
For this reason, it is often considered a first-line treat-
ment. However, until now, evidential value for this is
lacking.12,31 A randomized study was able to demon-
strate a better outcome after 52 weeks in patients who
received physiotherapy in the form of exercise therapy
combined with a conservative therapy from the general
practitioner in comparison with patients who received
only the conservative therapy (79% versus 56% Global
Perceived Effect, respectively). However, this does not
appear to be cost-effective.35 For a selected population,
a surgical intervention results in a more rapid lessening
of the acute radicular complaints in comparison with a
conservative approach, but the outcomes after 1 to 2
years are equivalent.36–38 Furthermore, the effect of
surgery on the natural course of the herniated disc
disease is unclear and there are no proven arguments for
an optimal time period for surgery.39

For patients with a neurological loss of function due
to a herniated disc, immediate surgical treatment is
usually recommended. From the available studies, it
appears that this loss of function remains steady ini-
tially, but after surgery it can still regress (up to 50% of
the patients).40,41 It can therefore be stated that the
outcome in cases of herniated disc with regard to neu-
rological loss of function is determined by the severity of
the lesion at the outset and not by whether an interven-
tion occurs sooner or later.42

In patients with a spinal canal stenosis with second-
ary neurological loss of function on which surgery has
been performed, reflex disturbances and sensory and
motor deficits will be permanent or will only very slowly

Table 4. Red Flags

First appearance of back complaints before 20th or after the 55th year
Trauma
Constant progressive back pain
Malignant disorder in the medical history
Long-term use of corticosteroids
Drug use, immunosupression, HIV
(Frequent) general malaise
Unexplained weight loss
Structural deformities of the spinal column
Infectious disorders (eg, herpes zoster, epidural abscess, HIV, Lyme

disease)
Neurological loss of function (motor weakness, sensory disturbances,

and/or micturition disturbances)
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be partially restored. Up to 70% of the patients will
continue to have residual neurological abnormalities
after decompression43 and the risk of permanent neur-
opathy is larger in central spinal canal stenosis in com-
parison with lateral spinal canal stenosis.44

Chronic Radicular Complaints

The place of physiotherapy in these cases is also unclear,
since there are no randomized studies available.45 For
chronic LSR, a trial period with medication is indicated.
Classically, neuropathic pain is treated by prescribing
tricyclic antidepressants (TCAs) such as amitriptyline.46

Although a medicinal treatment policy is still in the
foreground, in practice, this is not always evident. Thus,
for these neurogenic conditions, less than 1/3 of the
patients will experience a reduction in pain that is better
than “moderate”.46 Furthermore, various reviews were
performed concerning the place of the TCAs47 and anti-
convulsants6,46 in the treatment of neuropathic pain. It is
striking that the included studies were mostly performed
in patients with diabetic neuropathy and postherpetic
neuralgia. The extension of these results to patients with
LRS, with a physiopathology based more on compres-
sion and inflammation of the nerve root and the ganglion
spinale (DRG) has not yet been scientifically proven.5

Anticonvulsants are a possible alternative for the
treatment of neuropathic pain if tricyclic antidepres-
sants cannot be tolerated or are contraindicated. Gaba-
pentin has been studied most often in this indication and
is supported by a randomized controlled trial (RCT).48

The results are variable and optimization of the dosage
is frequently hindered by side effects. The role of opioids
in the treatment of neuropathic pain has long been
considered controversial. Recent guidelines concerning
the treatment of neuropathic pain mention tramadol
and oxycodone as possible therapeutic options.6 In an
open-label trial using transdermal fentanyl in 18
patients with radicular pain, an average pain reduction
of 32% was achieved.49

II.B INTERVENTIONAL MANAGEMENT

Anesthesiological treatment techniques are indicated for
patients with radicular pain. Epidural administration of
corticosteroids is generally indicated in cases of sub-
acute radicular pain. In patients with chronic radicular
complaints, corticosteroids will not provide any
improvement in the outcome in comparison with local
anesthetics alone. This indicates that epidural corticos-
teroids are more effective for (sub)acute radicular pain

where a significant inflammatory pain component is
present.50 (Pulsed) radiofrequency (PRF) treatment is a
treatment option for chronic radicular pain.

Epidural Corticosteroid Administration

The logic of epidural corticosteroid administration rests
on the anti-inflammatory effect of the corticosteroids,
which are administered directly onto the inflamed nerve
root. There are three approaches: interlaminar, transfo-
raminal, and caudal.

Interlaminar Corticosteroids. The available evidence
concerning interlaminar corticosteroid administration
has been studied in systematic reviews. The conclusions
of these reviews are divergent depending on the chosen
evaluation parameters. McQuay and Moore calculated
the Number Needed to Treat (NNT). To achieve 50%
pain reduction in the short term (1 day to 3 months), an
NNT of 3 is obtained and an NNT of 13 for long-term
pain relief (3 months to 1 year).51 A systematic review of
RCTs concluded that there is insufficient proof of the
efficacy of this technique. If there are benefits, then they
are of short duration.52 A recent systematic review of
RCTs showed that among the 11 RCTs of interlaminar
steroid injection for radiculopathy, four trials are rated
high quality.53 Three of the four trials used ligamantum
interspinale (interspinous ligament) saline injection as
control intervention. All three trials showed positive
results for short-term benefits (2 1 months).54–56 The
other trial used epidural saline injection as control and
did not show any benefit.57

Transforaminal Corticosteroids. The variable results
of corticosteroids administered interlaminarly are
ascribed to the fact that there is no certainty that the
needle reaches the epidural space and even if it did,
there is no certainty that the medication reaches the
ventral section of the epidural space.58 Transforaminal
administration allows a more precise application of the
corticosteroids at the level of the inflamed nerve root.
Three high quality, placebo controlled trials evaluating
transforaminal approach reported mixed results.53 One
showed long-term benefits in one year,59 one showed
mixed short-term benefits,60 and one showed no
benefit.50

In a double-blind, randomized study, patients who
were scheduled for surgical intervention received an epi-
dural injection with local anesthetic only or local anes-
thetic with corticosteroid at random. By the follow-up
(13 to 28 months), 20/28 patients in the local anesthetic
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with corticosteroid group had decided not to undergo
surgery, while in the local anesthetic only group, 9/27
decided to forego a surgical intervention.59 The majority
(81%) of the patients who had not yet had surgery 1
year after infiltration were able to avoid the operation
after 5 years.61 There was no statistical difference
between the treatment groups.

A prospective controlled study of transforaminal epi-
dural corticosteroids showed superiority of this proce-
dure over trigger-point injection in patients with disc
herniation.62 Karpinnen’s group60 carried out a random-
ized, controlled study in patients with radicular pain
and disc herniation documented by MRI, in which the
transforaminal administration of local anesthetic with
corticosteroid was compared with transforaminal injec-
tions of normal saline solution. Two weeks after the
treatment, the clinical result in the corticosteroid group
was better than that of the group treated with normal
saline solution. After 3 to 6 months, on the other hand,
patients in the group with normal saline were in better
condition owing to a rebound effect that was noted in
the corticosteroid group. A subanalysis in which the
results of patients with a “contained” herniation were
compared with those of patients with an “extruded”
herniation showed that in the first group, corticosteroid
injections were superior to placebo while in the group
with “extruded” herniation, the opposite was found.63

In this study, “contained herniation” was defined
as a herniation with a broad base, which is still con-
tained within the ligamentum longitudinale posterius.
“Extruded herniation” is a herniation that breaks
through the ligamentum longitudinale posterius.

In a comparative study, the effectiveness of caudal,
interlaminar, and transforaminal corticosteroid admin-
istration in the epidural space was compared in patients
with radicular pain as a result of disc herniation. The
transforaminal approach gave the best clinical results.64

A double-blind, randomized study compared the effi-
cacy of interlaminar and transforaminal corticosteroid
administration in patients with lumbar radicular pain as
a result of CT- or MRI-confirmed herniated disc that
lasted less than 30 days. Six months after the treatment,
the results in the transforaminal-treatment group was
significantly better than that of the group that was
treated interlaminarly in the areas of pain reduction,
daily activity, free-time and work activities, and anxiety
and depression.65

Caudal Corticosteroids. Four placebo-controlled
trials were conducted, but none were rated high quality.53

The results are mixed and no definitive conclusions can
be drawn from these studies.

In summary, one can state that the transforaminal
epidural corticosteroid administration is preferable. In
practice, due to the not-yet-completely elucidated, rare
neurological complications associated with the transfo-
raminal administration route, the interlaminar and
caudal approaches can also still be considered.

PRF

The application of conventional RF treatment (at 67°C)
adjacent to the lumbar ganglion spinale (DRG) has lost
interest because no extra value could be shown in com-
parison with a sham procedure in a randomized,
double-blind, sham-controlled study.66

PRF treatment adjacent to the lumbar ganglion
spinale (DRG) was studied in a retrospective study. In a
group of 13 patients for which a surgical intervention
was planned, the PRF treatment adjacent to the gan-
glion spinale (DRG) of the nerve involved precluded the
intervention in 11 patients. One patient had a disc
operation and 1 underwent a spinal fusion 1 year after
the treatment without having radicular pain at the time
of the operation.67 In another retrospective study, PRF
treatments were carried out in patients with a radicular
syndrome as a result of disc herniation, spinal canal
stenosis, or failed back surgery syndrome (FBSS). A
significant reduction in pain and in analgesic consump-
tion was attained in the patients with a disc herniation
(NNT: 1.38) and spinal canal stenosis (NNT: 1.19), but
not in those with FBSS (NNT: 6.5).68 An RCT aimed at
identifying the potential additional effect of a conven-
tional RF treatment directly after a PRF treatment adja-
cent to the lumbar ganglion spinale (DRG). Thirty-seven
patients were treated with PRF and 39 patients with
PRF and RF. A marked decrease in VAS pain score was
observed in both groups, but no significant difference
between groups in pain reduction and duration of action
could be identified.69

Adhesiolysis and Epiduroscopy

The goal of lysis of epidural adhesions is to remove
barriers in the epidural space that may contribute to
pain generation and prevent delivery of pain relieving
drugs to target sites.

The development of a navigable, radio-opaque, kink-
resistant, soft-tipped catheter has allowed placement at
or near this target site in most patients. In the literature,
adhesiolysis with or without endoscopic control is
sometimes assessed together. There are 2 RCTs on
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fluoroscopic-guided adhesiolysis. Patients included in
the RCTs suffered chronic low back pain and sciatica
and might have undergone previous back surgery, fur-
thermore the treatment protocols differed. Heavner
et al.70 compared the effect of mechanical adhesiolysis
with (1) a combination of hyaluronidase and hypertonic
saline; (2) hypertonic saline solution; (3) isotonic saline
solution; and (4) hyaluronidase and isotonic saline solu-
tion. The treatment consisted of a 3-day procedure
where the catheter was inserted and the drugs were
injected on three consecutive days. Manchikanti et al.71

assessed a one-day procedure in 3 patient groups: a
control group treated with injection of local anesthetic
corticosteroid and normal saline without adhesiolysis;
the second group consisting of patients undergoing
adhesiolysis, with injection of local anesthetic, steroid,
and normal saline; and the third group consisting of
patients undergoing adhesiolysis, with an injection of
10% sodium chloride solution, in addition to local anes-
thetic and steroid. The third trial compared the effect of
adhesiolysis and injection of corticosteroid and local
anesthetic followed, 30 minutes later, by an injection of
hypertonic saline (10%) with conservative treatment.72

These trials and all the observational trials but one
found positive short- and long-term outcome. The trial
on the effect of adhesiolysis with hypertonic saline
found only short-term positive outcome.73

Epiduroscopy, which is also called spinal endoscopy,
is an alternative way to perform adhesiolysis under
visual control. It couples the possibility of diagnostic
and therapeutic interventions in one session. This
technique was evaluated in 2 systematic reviews.74,75

A prospective randomized trial showed significant
improvement without adverse effects in 80% of the
patients receiving epiduroscopy at 3 months, 56% at 6
months, and 48% at 12 months, compared with 33% of
the patients in the control group showing improvement
at one month and none thereafter.76 In an RCT, 60
patients with a 6-to-18-month history of sciatica
received either targeted epidural local anesthetic and
steroid placement with manipulation of the adhesions
using a spinal endoscope or caudal epidural local anes-
thetic and steroid treatment. No significant differences
were found between the groups for any of the measures
at any time.77 Observational studies showed good short-
and long-term pain relief.78–83

Spinal Cord Stimulation in FBSS

FBSS is a persistent back pain that may or may not
include pain radiating to the leg after one or more back

operations. Spinal cord stimulation (SCS) consists of the
percutaneous application of electrodes at the level of the
spinal cord segment involved. These electrodes are then
connected to a generator that delivers electrical pulses to
stimulate the painful dermatome and to induce altered
pain conductivity, transmissibility, and perception. A
systematic review of the effectiveness of SCS for the
treatment of chronic low back and leg pain in patients
with FBSS included an RCT, a cohort study and 72 case
reports. The RCT demonstrated clear advantage of SCS
in comparison with repeat surgery. However, the results
of the case reports are very heterogeneous.84 A random-
ized study that compared SCS with conventional treat-
ment in FBSS patients showed that fewer patients from
the SCS group switched over to conventional treatment
than did patients who initially received a conventional
treatment and then switched over to SCS. The number
of patients satisfied with the treatment was higher in the
SCS group.85

II.C COMPLICATIONS OF INTERVENTIONAL
MANAGEMENT

Complications and Side Effects of
Epidural Corticosteroids

Interlaminar Epidural Corticosteroids. The most fre-
quent side effect is a dural puncture (2.5%) with or
without a transient headache (2.3%).86 Minor side
effects, such as transient increase in complaints or the
appearance of new neurological symptoms more than
24 hours after the infiltration, occur in 4% of the
patients; the median duration of the complaints was 3
days (1–20 days).87 In a study examining side effects in
4,722 infiltrations with betamethasone dipropionate
and betamethasone sodium phosphate, 14 (0.7%)
serious side effects were reported (cardiovascular, gas-
trointestinal, allergy), 7 of which were attributed to the
product.88 More serious complications are cases of
aseptic meningitis, arachnoiditis, and conus medullaris
syndrome, but these typically occur after multiple acci-
dental subarachnoidal injections. Two cases of epidural
abscess, 1 case of bacterial meningitis, and 1 case of
aseptic meningitis were also reported.89

Transforaminal Epidural Corticosteroids. At the time
of preparing this manuscript, 7 publications report 9
cases of neurological complications such as paraplegia
following lumbar transforaminal epidural corticosteroid
administration.90–96 The probable mechanism is an
injury to an unusually low dominant radiculomedullary
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artery.90 The largest radicular artery is the arteria
radicularis magna (artery of Adamkiewicz); in 80% of
the population, this artery is present in the spinal canal
between T9 and L1. However, in a minority of cases, it
can occur between T7 and L4, which results in the
possibility that the artery is in the vicinity of the end
position of the needle in a transforaminal infiltration.
Depot injections can then mimic an embolism; if this
occurs in a critical artery which supplies the anterior
spinal artery, spinal cord ischemia may result.97 Of the
reported cases of neurologic complications, 1 occurred
after Th12-L1, 1 case at L1-L2, 2 cases at L2-L3, 3 cases
at L3-L4, 1 after simultaneous L3-L4 and L4-L5 injec-
tion, and finally, 1 case after an S1 injection.

A retroperitoneal hematoma was reported in a
patient having anticoagulant therapy who received a
transforaminal injection.60 Two cases of dural punc-
ture,98 one disc entry,99 one case of cauda equina100 and
one case of transient blindness attributed to the tempo-
rarily intra-epidural pressure increase.101 Infectious
complications such as epidural abscess caused by MRSA
(1 case),102 discitis (1 case)103 and one case of vertebral
osteomyelitis104 are reported.

The recently reported cases of serious complication
with the transforaminal approach warrant a cautious
policy. It is recommended to only perform transforami-
nal infiltrations under the L3 level and to always admin-
ister the injection fluid during real-time imaging, the
additional use of digital subtraction angiography may
be of value. It is also recommended to first administer a
test dosage of local anesthetic before infiltrating the
depot corticosteroid after waiting 1 to 2 minutes to
observe potential neurologic signs.105 Neurological com-
plications rarely occur when using the correct technique
and when sedation is avoided. If a significant increase in
pain is reported during the injection of contrast agent,
local anesthetic and/or corticosteroids, the procedure
must be immediately stopped in order to ascertain the
cause of the pain.

Endocrine Side Effects. Cushing’s syndrome was
reported in the prospective study of the side effects of
epidurally administered betamethasone dipropionate
and betamethasone sodium phosphate.88

Side Effects and Complications of
RF Treatments

Conventional RF Treatment. A burning pain was
found to occur in 60% of RF-treated patients, and a
hyposensitivity in the associated dermatome in 35% of

RF-treated patients.106 These side effects disappeared
spontaneously after 6 weeks. However, in a later study,
there was no difference in side effects and complications
between a classic RF group and a sham group.66

PRF Treatment. In an extensive review of the litera-
ture on the use of PRF covering over 1,200 patients no
neurological complication was identified.107 Twelve
publications are currently available regarding PRF
treatment adjacent to the ganglion spinale (DRG).
Eight of those publications specifically report PRF treat-
ment adjacent to the lumbar ganglion spinale
(DRG).67–69,108–112 In total information on 295 PRF pro-
cedures is listed and no side-effects or complications are
mentioned.

Side Effects and Complications of Epidural
Adhesiolysis and Epiduroscopy

Four studies look specifically into the complications
of epidural adhesiolysis.113–116 The most commonly
reported complications of percutaneous adhesiolysis
are dural puncture, catheter shearing, and infection.
Other potential complications include intravascular
injection, vascular injury, cerebral vascular or pulmo-
nary embolus, reaction to the steroids, hypertonic
saline, or hyaluronidase, and administration of high
volumes of fluids potentially, resulting in excessive epi-
dural hydrostatic pressures, brain damage, and death.

Talu and Erdine113 reviewed percutaneous adhesioly-
sis complications in 250 patients. Three patients (1.2%)
developed epidural abscesses, and 1 patient developed a
severe headache. Retained sheared adhesiolysis catheter
was described in a patient who underwent percutaneous
adhesiolysis to treat persistent back and leg pain after 2
previous lumbar surgeries.114

Unintended subarachnoid or subdural puncture with
injection of local anesthetic or hypertonic saline is one
of the major complications of the procedure with cath-
eter adhesiolysis.

For epiduroscopy, side effects and complications are
comparable to those of adhesiolysis without endoscopic
control. There is however an additional potential of
increased pressure in the epidural space due to the con-
tinuous pressurized liquid injection, necessary to obtain
a clear image. Up till now, only one report of visual
disturbances due to increased liquor pressure has been
reported. Careful monitoring of pressure fluctuations is
warranted to reduce the risk of prolonged increased
liquor pressure and the duration of the procedure
should be limited to maximum 60 minutes.
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Side Effects and Complications of SCS

In a review of the complications of SCS, 18 studies on
112 patients receiving SCS for FBSS were identified.
Forty-eight patients (42%) reported a side effect or com-
plication. Complications can be subdivided in: techni-
cal, biological (postoperative), and others. The majority
(> 25%) of the complications are of technical order such
as lead migration, lead breakage, hardware malfunc-
tion, battery failure, and loose connection. Postsurgical
complications can be infection, cerebrospinal fluid
leakage, and hematoma. Undesirable stimulation, pain
over the implant, skin erosion, and allergy have also
been reported.117

II.D EVIDENCE FOR
INTERVENTIONAL MANAGEMENT

The summary of the evidence for interventional man-
agement of lumbosacral radicular pain is given in
Table 5.

III. RECOMMENDATIONS
Based on the evidence available regarding effects and
complications, we recommend the following techniques
for the treatment of LRS:

• Since epidural corticosteroid injections have
mainly short-term effects; these techniques are
recommended for patients with subacute radicu-
lar pain symptoms.

• In patients with pain at the lumbosacral level
(L4, L5, S1) as a result of a “contained hernia-
tion,” a transforaminal epidural injection with
local anesthetic and corticosteroids is recom-
mended. A preference seems to exist for transfo-

raminal epidural corticosteroid administration
over caudal and interlaminar corticosteroids
below level L3.

• RF treatment adjacent to the ganglion spinale
(DRG) is not recommended. A PRF treatment
adjacent to the ganglion spinale (DRG) can be
considered.

• Spinal cord stimulation is recommended for
patients with a therapy-resistant radicular syn-
drome, but only in specialized centers.

• Epiduroscopy and adhesiolysis can be considered
in the context of research and only in specialized
centers.

III.A CLINICAL PRACTICE ALGORITHM

Figure 1 represents the treatment algorithm based on
the available evidence.

III.B TECHNIQUES

Practical Recommendations Epidural
Corticosteroid Administration

There are 7 systematic reviews concerning epidural cor-
ticosteroid administration for the treatment of LRS.
With regard to short-term effectiveness, 6 of the 7 sys-
tematic reviews give a positive assessment and 1 gives a
negative assessment (conflicting evidence).86,118–122 There
are no comparative studies available for the effective-
ness and/or complications of the various depot corticos-
teroids, which means that a distinction between these
products cannot be verified.

It is possible that the particle size of the depot corti-
costeroid is related to the reported neurological compli-
cations, but the literature concerning this possibility is
also inconclusive.123 Up till now, no reported neurologic
complications were noted with the nonparticulate cor-
ticosteroid dexamethasone. One abstract has prospec-
tively compared the transforaminal use of triamcinolone
with dexamethasone in 50 patients.124 A significant
greater reduction in pain was noted after 2 weeks in
patients treated with triamcinolone, so this far evidence
about its efficacy at the lumbar level is lacking. Cur-
rently, there is no evidence that a higher corticosteroid
dosage produces a better clinical effect,125 yet the risk of
endocrine side effects is substantially higher. It is for this
reason that the lowest dosage of depot corticosteroid is
currently recommended.

With regard to the number of infiltrations, there are
no comparative studies that have shown that the sys-
tematic implementation of 3 infiltrations would result in

Table 5. Summary of the Evidence for Interventional
Management

Technique Assessment

Interlaminar corticosteroid administration 2 B1
Transforaminal corticosteroid administration in “contained

herniation”
2 B+

Transforaminal corticosteroid administration in “extruded
herniation”

2 B-

Radiofrequency lesioning at the level of the spinal
ganglion (DRG)

2 A-

Pulsed radiofrequency treatment at the level of the spinal
ganglion

2 C+

Spinal cord stimulation (FBSS only) 2 A+
Adhesiolysis—epiduroscopy 2 B1
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superior outcome.126 From the RCTs available concern-
ing the transforaminal administration of corticosteroids,
one finds an average of 1 to 2 infiltrations. Consider-
ing the potential endocrine side effects, adhering to an
interval of at least 2 weeks between two infiltrations is
recommended.

Interlaminar Epidural Corticosteroid Administration

This technique can be carried out with the patient in a
prone position, lying on the side or sitting; in the two
latter postures, place the patient in flexion or in the
“fetal” position.127 The sitting posture is considered to
be the most comfortable for the patient as well as for the
pain physician. This position allows a correct assess-
ment of the midline and avoids the rotation of a lateral
decubitus position.

Determination of the correct level can occur with
reference to the cresta illiaca (iliac crest) or via fluoros-
copy. In the medial approach, first a local anesthetic will

be infiltrated in the middle of the processus spinosi,
thereafter, the subcutaneous tissue and the ligamentum
supraspinosi are approached with an epidural needle.
The latter offers enough resistance that the epidural
needle remains in position when the needle is released.
Subsequently, the needle enters the ligamentum interspi-
nale and the ligamentum flavum, which both provide
additional resistance. A false sensation of loss of resis-
tance may occur upon entering the space between the
ligamentum interspinale and the ligamentum flavum.
The ligamentum flavum provides the greatest resistance
to the epidural needle since it is almost entirely com-
posed of collagenous fibers. Breaking through this liga-
ment to the epidural space is accompanied by a
significant loss of resistance. When injecting medication
into the epidural space, normally no resistance should
be felt since it is filled with fat, blood vessels, lymph
tissue and connective tissue. The epidural space is 5 to
6 mm wide at the L2-L3 level in a patient in a flexion

Figure 1. Practice algorithm for the
treatment of lumbosacral radicular
syndrome.

Lumbosacral radicular pain 

“Red flags” ruled out 

Conservative treatment was adequately carried out 
without conclusive results (VAS≥4)

Yes

(Transforaminal) epidural 
corticosteroid administration 

Chronic problem 

Confirm the suspected level by using a 
diagnostic block 

Consider pulsed radiofrequency 
treatment adjacent to the ganglion spinale 

(DRG) 

Insufficient result 

SCS recommended for FBSS 

Consider epiduroscopy/adhesiolysis in a 
study context in specialized centers 

Yes

Subacute problem 
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position. In addition, the injection of contrast agent can
verify the correct positioning in the epidural space.

In the case of aspiration of blood, the needle must be
reoriented; in the case of aspiration of cerebrospinal
fluid, the procedure must be repeated at another level. In
the latter case, an overflow to the cerebrospinal fluid is
possible; therefore, this procedure must be carried out
with caution.

Classically, an infiltration consists of an injection of a
local anesthetic with a corticosteroid. There is a ten-
dency to perform this procedure under fluoroscopy, yet
thus far, no advantages of fluoroscopic control have
been demonstrated.128,129

Transforaminal Epidural
Corticosteroid Administration

In a transforaminal approach, the C-arm is adjusted in
such a way that the X-rays run parallel to the cover
plates of the relevant level. Thereafter, the C-arm is
rotated until the processus spinosus projects over the
contralateral facet column. With the C-arm in this pro-
jection, the injection point is found by projecting a metal
ruler over the medial part of the foramen interverte-
brale. If there is a superposition of the processus articu-
laris superius (superior articular process) of the
underlying joint, the C-arm must be rotated cranially.

A 10-cm long, 25-G or 22-G needle with connection
tubing that is first flushed with contrast medium is
inserted here locally in the direction of the radiation
beam. Thereafter, the direction is corrected such that the
needle is projected as a point on the screen (Figure 2).
Then, in a lateral view, the depth of the needle tip is
checked. A classical approach is in the dorsocranial
quadrant, care should be taken that no arterial/venous
flow is noticed during real time imaging of contrast
injection. We recommend avoiding that the needle elicits
paresthesia in the patient. Paresthesia is considered
unpleasant by the patient and, in addition, segmental
medullary blood vessels may be hit.91,130 Therefore, the
“safe triangle” should be taken into account (Figure 3).
This triangle is formed cranially by the underside of the
upper pediculus, laterally by a line between the lateral
edges of the upper and lower pediculus and medially by
the spinal nerve root (as the tangential base of the tri-
angle). This is considered to be a safe zone; if a radiating
pain still occurs during the procedure, the needle must
be pulled back several millimeters.

The direction of the radiation beam is now modified
to forward-backward (A-P view); as a result, the point
of the needle should be located between the lateral edge

and the middle of the facet column. After the injection
of a small quantity of contrast agent during real-time
imaging, the course of the ramus anterior (spinal nerve),
in the epidural or laterocaudal direction becomes
visible. If this image is not attained due to a position that
is too lateral, the needle must be more deeply inserted
toward the ganglion spinale (DRG). The execution of
this procedure during real-time imaging allows the dis-
tinction to be made between an accidental intrathecal,
intra-arterial or intravenous injection.

After a correct visualization of the ramus anterior
(spinal nerve), a test is carried out with 1 mL bupiv-
acaine 0.5% or xylocaine, 1 to 2 minutes thereafter, the
patient is asked to move the legs to rule out a sudden
paresthesia based on medullary ischemia.91,97 The corti-
costeroid dosage can then be injected.

S1 Transforaminal Epidural Procedure

The technique used at the S1 level is analogous with that
used for the lumbar levels; however, this time the needle
is positioned through the foramen sacrale dorsale of S1
on the S1 pedicle. For this, the target lies on the caudal
edge of the S1 pediculus on a location homologous to
that in the case of the lumbar transforaminal infiltra-
tions. Radiologically, this foramen cannot be that
clearly distinguished, but by reorienting the C-arm
cephalo-caudally and rotating it ipsilaterally, one can

Figure 2. Lumbar transforaminal epidural injection: injection
point (oblique insertion).
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cause the foramen sacrale ventrale and the foramen
sacrale dorsale of S1 to overlap. The puncture point is
chosen at the level of the lateral edge of the dorsal sacral
foramen of S1. In an optimal position, the needle point
is positioned at 5 mm from the floor of the canalis
sacralis in a lateral view.

PRF Treatment

Diagnostic Block. In a diagnostic block, the C-arm is
adjusted in such a way that the X-rays run parallel to
the end plates of the relevant level. Thereafter, the
C-arm is rotated until the processus spinosus projects
over the contralateral facet column. With the C-arm in
this projection, the injection point is found by project-
ing a metal ruler over the lateral part of the foramen
intervertebrale. A 10-cm long, 22-G needle is inserted
here locally in the direction of the rays. Thereafter, the
direction is corrected such that the needle is projected
as a point on the screen (Figure 4). The direction of
the radiation beam is now modified to a profile
(lateral) view, and the needle inserted until the point is
located in the craniodorsal part of the foramen inter-
vertebrale (Figure 5).

In an AP view, the course of a small amount of
contrast agent is followed with “real-time imaging”; it
spreads out laterocaudally along the spinal nerve
(Figure 6). Finally, a maximum of 1 mL lidocaine 2% or
bupivacaine 0.5% is injected.

A prognostic block is considered positive if there is a
50% reduction in symptoms 20 to 30 minutes after the

intervention. The level that best satisfies the aforemen-
tioned criteria is chosen for PRF treatment.

Lumbar Percutaneous PRF. The insertion point for
PRF treatment is determined in the same way as for the
diagnostic block; this time, the projection is kept as
medial as possible in order to maximally reach the gan-
glion spinale (DRG). The cannula is inserted in the

Figure 4. Lumbar DRG: oblique insertion.

Figure 3. “Safe triangle” for the inser-
tion of the needle in transfor-
aminal epidural injection (illustration:
Rogier Trompert Medical Art. http://
www.medical-art.nl).
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direction of the radiation beam. While the cannula is
still located in the superficial layers, the direction is
corrected so that the cannula is projected as a point on
the screen. Thereafter, the cannula is carefully inserted

further until the point is located in the middle on the
foramen intervertebrale in lateral view.

The stylet is removed and exchanged for the RF
probe. The impedance is checked, and thereafter, stimu-
lation at 50 Hz is done. The patient should now feel
tingling at a voltage of < 0.5 V.

If these criteria are met, the position of the cannula is
recorded in two directions on a video printer. Thereafter,
a pulsed current (routinely 20 ms current and 480 ms
without current) is applied for 120 s with an output of
45 V; during this procedure, the temperature at the tip
of the electrode may not surpass 42°C. The output may
need to be reduced.

The target is an impedance of less than 500 W. If it is
higher, fluid injection can reduce this value. There are
reports that the injection of a contrast agent can para-
doxically increase the impedance. After repositioning,
one can search for a lower stimulation threshold for
additional treatment.

Adhesiolysis.131 Under fluoroscopic control the target
level is identified. The C-arm is then rotated 15 to 20°
oblique to the ipsilateral side of the targeted foramen
intervertebrale. Once a “Scotty dog” image is obtained,
the fluoroscope is rotated in a caudal-cephalad direc-
tion for 15 to 20°. A caudal-cephalad rotation elon-
gates the superior articular process (“ear of the Scotty
dog”). The tip of the ear, or superior articular process,
in the “gun barrel” technique is marked on the skin as
entry point. An 18-G needle is used to make a puncture
wound. Through this wound, a 16-G Epimed R-K epi-
dural needle is advanced anteriorly until bone is con-
tacted. A lateral fluoroscopic image is obtained before
further introduction of the needle. To facilitate passage
of the needle past the articular process, the epidural
needle is turned laterally to slide past the bone and stop
just after a “pop” is felt. The needle tip on a lateral
view should be in the posterior aspect of the foramen.
An Epimed Tun-L-XL epidural catheter is then inserted
through the epidural needle. Occasionally, the epidural
needle must be tilted at the hub laterally to aid entry
of the epidural catheter into the anterior epidural
space. The catheter is advanced medial to the pedicle.
After catheter placement is confirmed to be in the ante-
rior epidural space under anteroposterior and lateral
views, the stylet is removed from the catheter and a
connector is placed on the proximal end of the epidural
catheter.

Aspiration should be negative before 3 mL radio-
graphic contrast is injected. The contrast injection

Figure 5. Lumbar DRG lateral insertion.

Figure 6. Lumbar DRG: spread of contrast fluid along the seg-
mental nerve.
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should show opening of the entered neuroforamen, with
contrast exiting along the path of the nerve root.

Lysis is commonly performed with hypertonic saline
but remains controversial due to its potential neuro-
toxocity should intrathecal spread occur.

After performing the lysis, local anesthetic and corti-
costeroid is injected.

When performing adhesiolysis according to the Racz
procedure, the catheter is kept in place and lysis is
repeated on 3 consecutive days.132 Manchikanti on the
other hand advocates a one-day procedure.133

Epiduroscopy.79 Epiduroscopy is performed with the
patient in the prone position on a translucent table.
Intravenous access, electrocardiographic, blood pres-
sure, and oxygen saturation monitoring must be estab-
lished. The patient is lightly sedated, making sure that
communication is possible throughout the procedure.

The sacral cornua are identified. When this proves to
be difficult, internal rotation of the feet will widen the
gluteal cleft, thus facilitating the identification of the
sacral hiatus. After anesthesia of the skin and underlying
tissues, an 18-G Tuohy needle is advanced 2 to 3 cm
into the sacral canal. Care must be taken not to exceed
the level of S3 to prevent intradural placement of the
needle and subsequent equipment. Through the Tuohy
needle a guide-wire is directed cranially, as close as
possible to the target area. The Manchikanti group rec-
ommends not to position the guidewire beyond the S3
level. In this case, however, there is an increased risk of
dislocation when placing the introducer and performing
dilation. A small incision is made at the introduction site
and after removal of the Tuohy needle, a dilator is
passed over the guide wire followed by the introducer
sheath. The side arm of the introducer sheath is left open
to allow drainage of excess saline. A flexible 0.9 mm
(outer diameter) fiberoptic endocscope (magnification
¥45) is introduced through one of two main access ports
of a disposable 2.2 mm (outer diameter) steering cath-
eter. The steering catheter also contains 2 side channels
for fluid instillation. One side channel of the steering
catheter is used for the intermittent flush of normal
saline. The other side channel is connected to an auto-
matic monitoring system by means of a standard arterial
pressure monitoring system, to allow for continuous
monitoring of epidural/saline delivery pressure. After
distention of the sacral epidural space with normal
saline, the steering catheter with the fiberoptic endo-
scope is slowly advanced to the target area. The epidural
space is kept distended with normal saline, but the pres-

sure should be limited to minimize the risks of compro-
mised perfusion. Total saline volume ranges between 50
and 250 mL. When fibrosis or adhesions become visible
during epiduroscopy, these can be mobilized with the tip
of the endoscope. It is recommended to limit the dura-
tion of the procedure to maximum 60 minutes

IV. SUMMARY
There is no gold standard for the diagnosis of lumbosac-
ral radicular pain.

• History and clinical examination are the cor-
nerstones of the diagnostic process.

• In case red flags are present or if an interven-
tional treatment is being considered, medical
imaging is recommended with a slight prefer-
ence for MRI.

• When conservative treatment fails:
• in (sub)acute lumbosacral radicular pain

under the L3 level as a result of a contained
herniation, transforaminal corticosteroid
administration is recommended.

• In chronic lumbosacral radicular pain, PRF
treatment at the level of the spinal ganglion
can be considered.

• For refractory lumbosacral radicular pain,
adhesiolysis and epiduroscopy can be consid-
ered, preferentially study-related.

• In patients with a therapy-resistant radicular
pain in the context of an FBSS, spinal cord
stimulation is recommended in a study
design.
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