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LUMBOSACRAL RADICULAR PAIN

Historical aspects
The first reports on lumbosacral radicular pain go back to Hippocrates. It was initially described as
sciatica in Greek (literally “hip pain”)1 and ischialgia in Latin.
The derived term “ischias” refers to the distribution according to the sciatic nerve (nervus ischiadicus),
for until the 19th century it was believed that this type of nerve pain was caused by an inflammatory
process at the sciatic nerve due to a rheumatic condition2 or according to Lasègue - Forst by a muscular
compression at the buttocks.3 It lasted until the 20th century before the intervertebral disc was considered as a possible cause of radicular pain.4, 5 Initially the pressure on the nerve roots was seen as the main
cause of pain and from animal and clinical research it is now generally accepted that a combination of
inflammation, ischemia6, 7 and probably to a lesser extent pressure 8 not only initiates but also maintains
radicular pain.
This historical overview explains the wide range in terminology currently used: sciatica, ischias, nerve
root entrapment, radicular pain, radiculopathy, pain that goes down the leg,…
Up till now no consensus has been reached,9 although it has been recommended to use the terms nerve
root pain, or lumbosacral radicular pain which is more accurate and explanatory of the presenting condition.10-12 Radiculopathy is frequently used in literature, although strictly speaking this can only be used
when there is an objective loss of sensory and/or motor function.13 In this thesis the term lumbosacral
radicular pain will be consistently used for pain radiating into the leg and originating from an inflammatory process at the nerve root.
The latter can lead to a state of neuropathic pain as described in basic science6 as well as in clinical data.7

Epidemiology of lumbosacral radicular pain
In the general population older than 30 years of age, up to 5% suffer from low back pain radiating
into the leg,14-16 making it probably the most commonly occurring form of neuropathic pain.17-19
Acute lumbosacral radicular pain, caused by disc herniation and/or nerve root entrapment, improves
considerably in the short-term. About three quarters of patients will recover after three months,12, 20-22
however a high recurrence rate is reported.23 Furthermore when pain persists after this recovery period of three months the prognosis of lumbosacral radicular pain is rather unfavorable, especially in
the female population.8, 12, 21, 24-26 Of all lumbosacral radicular pain patients referred for secondary
care and receiving conservative care or surgery if necessary, about 40% to 45% report unsuccessful
outcomes at respectively 1 and 2 years’ follow-up.25 Patients suffering from lumbosacral radicular pain
often experience a reduced functionality leading to an incapacity to work. A quarter of these patients
are still out of work 2 years after onset.27 These patients are characterized by lower levels of healthrelated quality of life as compared to patients suffering from other types of neuropathic pain, or other
chronic diseases like cancer, chronic pulmonary disease, type 2 diabetes, stroke and heart failure.28
The high prevalence of lumbosacral radicular pain in the general population combined with a
decreased quality of life therefore creates a major health care problem with great economic impact.

Available treatments for lumbosacral radicular pain
Because the prognosis of lumbosacral radicular pain during the first months is favorable for the
majority of patients an initial conservative approach with medication or physiotherapy is recommended.
Pharmacological treatment remains the first treatment option for the management of patients with
lumbosacral radicular pain. The neuropathic character of chronic lumbosacral radicular pain justifies
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the use of medication such as tricyclic antidepressants or anti-epileptics. The efficacy and tolerability
of these drugs for lumbosacral radicular pain in primary care is however unclear,29 as the majority of
clinical trials have been performed in patients with painful diabetic polyneuropathy or post herpetic
neuralgia. Based on the published randomized controlled trials in patients with chronic lumbosacral
radicular pain no superiority of pregabalin, morphine, nortryptiline or topiramate over placebo could
be noted.17, 30, 31
Exercise therapy seems to have a favorable influence33 but its value still has to be determined.34
Interventional pain management techniques are used when the pain proves to be refractory to
conservative treatment. Interventional therapies are mainly aimed at targeting the specific structures
thought to be causing the lumbosacral radicular pain. In the sub-acute phase of lumbosacral radicular
pain the inflammation of the spinal nerve is mostly treated by injecting corticosteroids around the
nerve. A systematic review on the effect of corticosteroid injection in lumbosacral radicular pain
included 25 published reports on 23 clinical trials. According to the GRADE classification the
overall quality of the included trials was rated as high. There was a significant effect of epidural
corticosteroids over placebo on leg pain and disability in the short-term, however in the long-term no
difference could be discerned.21
The effect of corticosteroid injections at the nerve root in patients with chronic lumbosacral radicular
pain still is unclear. It should be recognized that experimental work has shown that chronic lumbosacral radicular pain is characterized by an inflammatory process with a continuous nociceptive afferent
firing input leading to a chronic neuropathic state with a consequent and robust central sensitization
at the spinal pain gate.35, 36
As an alternative to reduce the continuous afferent nociceptive input in patients with chronic lumbosacral radicular pain, a small part of the ganglion spinale [dorsal root ganglion (DRG)] can be
coagulated by a selective heat lesion.37 The effect of this radiofrequency treatment (RF) adjacent to
the dorsal root ganglion in patients suffering from chronic lumbosacral radicular pain, was studied in
a well-designed randomized clinical trial.38 The active treatment did not show superiority over sham
intervention. Moreover the potential risk of inducing deafferentation pain by the heat lesion compromises the attractiveness of this treatment option.
On the other hand two RCT’s demonstrated the efficacy of RF adjacent to the cervical DRG in the
management of cervical radicular pain.37, 39
In order to minimize heat induced side-effects commonly reported after the use of RF a technique of
pulsed radiofrequency (PRF) was developed. With PRF, high frequency current is administered whereby pulses of current are followed by a silent period thus allowing the generated heat to be washed out.40
In this way PRF results in an increased output as compared to RF, due to a larger electromagnetic
fields which is capable of disrupting the neuronal membranes and thereby interfering with the generation of action potentials and ectopic firing.41
PRF for the management of cervical radicular pain was studied in both a clinical audit and in a RCT
and was reported to reduce the pain over a longer period of time.42, 43
Pulsed radiofrequency treatment for lumbar radicular pain was assessed in retrospective and prospective studies. In a retrospective study of 13 patients who were scheduled for surgery, PRF adjacent
to the DRG precluded the intervention in 11 patients.44 The effect of PRF adjacent to the DRG in
patients with herniated disc, spinal canal stenosis or failed back surgery syndrome (FBSS) was assessed
in a retrospective study of 54 patients. PRF resulted in a significant reduction in pain and in analgesic
consumption in the patients with a disc herniation or spinal canal stenosis, but not in those with
FBSS.45

A RCT aimed at identifying the potential additional effect of a conventional RF treatment
immediately after a PRF treatment adjacent to the lumbar DRG for patients with chronic lumbosacral
pain, demonstrated no additional pain reduction strongly suggesting that the additional RF intervention does not yield a better treatment outcome.46
Hence PRF treatment is a potential treatment option for patients with chronic lumbosacral radicular
pain, but evidence is still limited. In order to optimize treatment outcome, insights into the pathophysiology of lumbosacral radicular pain are necessary to maximally interfere with the underlying
mechanism including the continuous afferent nociceptive firing.35, 36
Nevertheless, although the role of the DRG in the pathophysiology of cervical radicular pain was
described earlier47 and a continuous afferent nociceptive firing is involved, the underlying pathophysiological mechanisms in lumbosacral radicular pain are still poorly understood.
As it is generally accepted that the understanding of the molecular, cellular and system’s mechanisms
of pain has important implications for its diagnosis and management,48 a mechanism based treatment
can only be achieved with a better understanding of the pathophysiology of lumbosacral radicular
pain. When interventional pain management techniques, such as PRF, are used, the optimal use
depends equally on the understanding of the mechanisms that are initiated and/or influenced by the
interventional procedure. The present insights into the mechanisms underlying lumbosacral radicular
pain are far from complete and this hinders optimal use and application of therapeutic interventions
including PRF. Therefore more research on the pathophysiology of lumbosacral radicular pain and
possible interference of this process with PRF treatment is justified.
Basic science, however, is not a substitute for well controlled clinical trials.49 Experience learns that
performing an interventional randomized controlled trial with patients who suffer severe pain with
high disability and low quality of life may be complicated by several factors such as patient selection,
comparator and rescue medication, and patient withdrawal/refusal to sign informed consent when
confronted with sham procedures in studies with long-term follow-up.50 This often leads to limited
study populations and consequently limited evidence of efficacy. Alternative study designs are therefore worth exploring in order to minimize these confounding factors.

AIM OF THE THESIS AND RESEARCH QUESTIONS
The aim of this thesis was to evaluate and understand the potential role of pulsed radiofrequency
treatment adjacent to the DRG in patients with chronic lumbosacral radicular pain. In view of this
aim we addressed the following research questions:
1. What is the current knowledge on epidemiology, diagnosis and management of lumbosacral 		
		 radicular pain?
2. Which pathophysiological processes underlie acute and chronic lumbosacral radicular pain and
		 how might pulsed radiofrequency modulate these processes?
3. Is it possible to further improve the design of clinical studies on interventional pain therapy and
		 how?
4. Does pulsed radiofrequency treatment adjacent to the DRG in patients with refractory
		 lumbosacral radicular pain result in pain relief ?
5. Is it possible to determine predictive factors for successful outcome of pulsed radiofrequency
		 treatment adjacent to the DRG in chronic lumbosacral radicular pain patients?
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In this thesis, the management of lumbosacral radicular pain is addressed in chapter II. Research
question 2 is addressed in chapter III. We reviewed the literature on the pathophysiology of
lumbosacral radicular pain and the research that was designed to elucidate the mechanism of action
of pulsed radiofrequency.
Research question 3 is addressed in chapter IV where problems with interventional clinical pain
research are formulated and an alternative clinical study design is proposed.
The results of our clinical studies on the effect of PRF in patients with lumbosacral radicular pain
deal with research question 4 and are presented in Chapters V, VI and VII. The findings of a clinical
audit (chapter V) led to the development of a study protocol whereby the inclusion criteria were such
that a strictly selected homogeneous patient population with refractory lumbosacral radicular pain
was included. The effect of PRF on pain relief in this selected patient population with lumbosacral
radicular pain is studied and details are presented in chapter VI.
In order to improve the treatment outcome of pulsed radiofrequency treatment adjacent to the DRG
in chronic lumbosacral radicular pain patients possible predictive factors for a positive treatment were
analyzed (chapter VII, research question 5).
The general discussion (chapter VIII) summarizes the major findings as related to our research
questions. Suggestions for improvement of patient selection and treatment parameters of PRF in
chronic lumbosacral radicular pain and future research are presented. The thesis ends with a summary
of the findings (chapter IX).
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ABSTRACT

Lumbosacral radicular pain is characterized 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
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
presumably the most commonly occurring form of neuropathic pain.
The patient’s history may give a suggestion of lumbosacral 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 additional 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 conservative management (physical therapy,
exercise) and pharmacological treatment.
When conservative treatment fails, in sub-acute lumbosacral radicular pain under the level L3 as the
result of a contained herniation, transforaminal corticosteroid administration is recommended (2 B+).
In chronic lumbosacral radicular pain, PRF treatment adjacent to the spinal ganglion (DRG) can be
considered (2 C+). For refractory lumbosacral radicular pain, adhesiolysis and epiduroscopy can be
considered (2 B±), preferentially study related.
In patients with a therapy-resistant radicular pain in the context of a Failed Back Surgery Syndrome,
spinal cord stimulation is recommended (2 A+). This treatment should be performed in specialized
centres.
Key words: Lumbosacral radicular pain, epidural corticosteroids, radiofrequency treatment, pulsed
radiofrequency treatment, Evidence-based Medicine
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INTRODUCTION

II

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 clinical guidelines” described by
Guyatt et al.1, and adapted by van Kleef et al. in the editorial accompanying the first article of this
series. 2 (Table 1)
The latest literature update was performed in December 2009.
Table 1: Summary of evidence scores and implications for recommendation:
Score

Description

1 A+

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

1 B+

One RCT or more RCTs with methodological weaknesses,
demonstrate effectiveness. The benefits clearly outweigh risk and
burdens

2 B+

One or more RCTs with methodological weaknesses, demonstrate effectiveness. Benefits closely balanced with risk and
burdens

2 B+
_

Multiple RCTs, with methodological 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.

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 prove effectiveness and/or safety. These
treatments should only be applied in relation to studies

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

2 B-

One or more RCTs with methodological 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

Implication

Positive
recommendation

Considered,
preferably studyrelated

A lumbosacral radicular syndrome (LSR) is characterized 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 symptoms of decreased function. In the literature, this disorder can also be referred to as sciatica,
ischias or nerve root pain. A consensus approach towards standardization 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 radicular 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 lumbosacral radicular pain is presumably
the most commonly 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
LSR has a considerably worse outcome compared to 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 a lumbosacral radicular
syndrome. After the age of 50, radicular pain is often caused by degenerative changes in the spine (e.g.,
stenosis of the foramen intervertebrale).10

I. DIAGNOSIS

Only study-related

Negative
recommendation

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 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 paresthesia in the
affected dermatome. The distribution of pain along a dermatome can be indicative in the determination of the level involved, there is however a large variation in radiation pattern. The S1 dermatome
seems the most reliable.11 If present, the dermatomal distribution of paresthesia is more specific.10

I.B. Physical Examination
The diagnostic value of anamnesis and physical examination 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 lumbosacral radicular syndrome 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 lumbosacral radicular syndrome due to a herniated disc
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varies sharply: the global sensitivity is 0.91 with a specificity of 0.26. 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.
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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.
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 (patellar reflex,
foot inversion) or a L5-S1 hernia (Achilles tendon reflex) are checked in a neurological examination.
A L5 motor paresis will probably be characterized clinically by the “stomping foot”, decreased ankle
dorsiflexion and/or extension of the toes and an S1 paresis due to a decrease in plantar flexion, among
other things.10 (Table 3)
In summary, a diagnosis of lumbosacral radicular syndrome appears to be justified 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

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.

I.C Additional tests
Imaging studies • Given that the natural course of lumbosacral radicular pain is favorable in
60-80% of patients and that the pain improves spontaneously or even disappears completely after
6-12 weeks, additional examination has little value in the acute phase.8,15 Medical imaging, primarily
magnetic resonance imaging (MRI), can confirm the presence of a herniated disc; this technique is
preferred 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 20-36% 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 demonstrated 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, electromyography (EMG)/nerve conduction studies
(NCS) can be performed to differentiate lumbar radicular syndrome 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 lumbosacral radicular syndrome without clear signs of a focal neurological 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 sinuvertebralis. 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 innervates local back muscles and nearby facet joints.
Furthermore, 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
irritation 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 pathology) with 3 ml bupivacaine 0.5% provide a temporary
greater pain reduction in the majority of cases, in comparison 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 0.5ml 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 isolated positive blocks are non-specific.27
An example of the variability of the effect of nerve root blocks in patients with lumbar radicular syndrome
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 hypoesthesia develops even though the technique performed is identical.27 This
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pattern of hypoesthesia and radicular 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) dermatomal 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 standard 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, paresthesia and hypoesthesia be induced by electrostimulation 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 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. 1ml) per level and in separate sessions.

II. TREATMENT OPTIONS

II.A Conservative management

Table 4: Red Flags

(Sub)acute radicular complaints • Controversy exists concerning the conservative approach to
lumbosacral radicular syndrome since there is no strong evidence of the effectiveness of most treatments. 31 Providing adequate information to the patient about the causes and prognosis of lumbosacral
radicular syndrome can be a logical step in the management of this problem, but this has not yet been
studied in randomized, controlled studies.14
There is no difference between the advice for bed rest when compared to the advice to remain active.32
The use of NSAIDs (Non-Steroidal Anti-Inflammatory Drugs) or Cox-2 inhibitors can have a
significant effect on acute radicular pain compared to placebo.33,34 There are however no long-term
results on the evolution of LSR.
Exercise therapy can possibly have a beneficial effect. For this reason, it is often considered a first-line
treatment. However, until now, evidential value for this is lacking.12,31 A randomized study was able to
demonstrate 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
to 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.8, 36, 37
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.38, 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
initially, 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 neurological loss of function is determined
by the severity of the lesion at the outset and not by whether an intervention occurs sooner or later.42
In patients with a spinal canal stenosis with secondary 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 be partially restored. Up to 70% of the patients will continue to have residual neurological
abnormalities after decompression,43 and the risk of permanent neuropathy is larger in central spinal
canal stenosis in comparison 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 lumbosacral radicular syndrome, 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 TCAs 47 and anticonvulsants6,47 in
the treatment of neuropathic pain. It is striking that the included studies were mostly performed
in patients with diabetic neuropathy and post-herpetic neuralgia. The extension of these results to
patients with LSR, with a physiopathology based more on compression and inflammation of the
nerve root and the ganglion spinale (DRG) has not yet been scientifically proven.5

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 underlying 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 compression of
the low lumbar and sacral nerve roots, usually at the L4-L5 level. As a result of the sacral polyradiculopathy, a
significant bowel and micturition dysfunction can arise with a characteristic saddle anesthesia. If the lumbar
nerve roots are also involved, this leads to weakness in the legs that can possibly lead to paraplegia. Rapid
recognition of these symptoms and referral for emergency surgery is recommended.10

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 (e.g., herpes zoster, epidural abscess, HIV, Lyme disease)
Neurological loss of function (motor weakness, sensory disturbances, and/or micturition
disturbances)
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Anticonvulsants are a possible alternative for the treatment of neuropathic pain if tricyclic antidepressants cannot be tolerated or are contraindicated. Gabapentin has been studied most often in this
indication and is supported by an 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
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controlled study of transforaminal epidural corticosteroids showed superiority of this procedure
over trigger-point injection in patients with disc herniation62. Karpinnen’s group60 carried out a
randomized, 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 injections 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
sub-analysis 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 contained 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
administration 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 efficacy 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

II.B Interventional management
Anesthesiological treatment techniques are indicated for patients with radicular pain. Epidural
administration of corticosteroids is generally indicated in cases of subacute radicular pain. In patients
with chronic radicular complaints, corticosteroids will not provide any improvement in the outcome
in comparison to local anesthetics alone. This indicates that epidural corticosteroids 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.

I.

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, transforaminal, 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 ligamentum interspinale (interspinous ligament) saline injection as control intervention. All three trials showed positive results for short term benefits (≤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
year59, one showed mixed short-term benefits 61, and one showed no benefit.50
In a double blind, randomized study, patients who were scheduled for a surgical intervention
received an epidural injection with local anesthetic only or local anesthetic with corticosteroid at
random. At the follow-up (13 to 28 months), 20/28 patients in the local anesthetic 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 A prospective

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
transforaminal administration route, the interlaminar and caudal approaches can also still be considered.

II.

(Pulsed) radiofrequency treatment
The application of conventional radiofrequency (RF) treatment (at 67°C) adjacent to the lumbar
ganglion spinale (DRG) has lost interest because no extra value could be shown in comparison with a
sham procedure in a randomized, double blind, sham-controlled study. 66
Pulsed radiofrequency (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 ganglion 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 consumption
was attained in the patients with a disc herniation and spinal canal stenosis, but not in those with FBSS.68
A randomized controlled trial aimed at identifying the potential additional effect of a conventional RF
treatment directly after a PRF treatment adjacent 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
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III. Adhesiolysis and epiduroscopy

II

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 RCT’s on fluoroscopic guided
adhesiolysis. Patients included in the RCT’s suffered chronic low back pain and sciatica and might
have undergone previous back surgery, furthermore 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 solution. 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 anesthetic 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 to 33% of the patients in the control
group showing improvement at one month and none thereafter.76 In a randomized controlled trial 60
patients with a 6-18 months 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 anesthetic and steroid treatment. No significant differences were found between the groups
for any of the measures at any time77. Observational studies showed good short and long-term pain
relief.75, 78-83

IV. Spinal cord stimulation in failed back surgery syndrome
Failed back surgery syndrome (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 randomized study that compared SCS with conventional treatment 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 frequent 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). 88 In a study examining side effects in 4722 infiltrations with betamethasone dipropionate and
betamethasone sodium phosphate, 14 (0.7%) serious side effects were reported (cardiovascular,
gastrointestinal, allergy), 7 of which were attributed to the product.88 More serious complications are
cases of aseptic meningitis, arachnoiditis and conus medullaris syndrome, but this typically occurs
after multiple accidental 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 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 L3-4
and L4-5 injection and finally 1 case after a S1 injection.
A retroperitoneal hematoma was reported in a patient having anticoagulant therapy who received
a transforaminal injection.60 Two cases of dural puncture 98, one disc entry 99, one case of cauda
equina100 and one case of transient blindness attributed to the temporarily intra-epidural pressure
increase101. Infectious complications such as epidural abscess caused by MRSA (1 case) 102, discitis (1
case) 103 and one case of vertebral osteomyelitis 104 are reported.
The recently reported cases of serious complication with the transforaminal approach warrant a
cautious policy. It is recommended to only perform transforaminal infiltrations under the L3 level
and to always administer 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 complications 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.89
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Side effects and complications of radiofrequency treatments
Conventional radiofrequency treatment (RF) • 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
Pulsed radiofrequency treatment (PRF) • In an extensive review of the literature on the use of
PRF covering over 1200 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 treatment adjacent to the lumbar ganglion spinale (DRG).
67-69, 108-112
In total information on 295 PRF procedures are listed and no side effects or complications
are mentioned.
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 complication. Complications can be
subdivided in: technical, biological (post-operative) and other. The majority (> 25%) of the complications are of technical order such as lead migration, lead breakage, hardware malfunction, 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.113
Side effects and complications of epidural adhesiolysis and epiduroscopy
Four studies look specifically into the complications of epidural adhesiolysis.114-117 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 pulmonary embolus, reaction to the steroids, hypertonic saline, or hyaluronidase, and
administration of high volumes of fluids potentially, resulting in excessive epidural hydrostatic pressures, brain damage and death.
Talu and Erdine114 reviewed percutaneous adhesiolysis 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.115
Unintended subarachnoid or subdural puncture with injection of local anesthetic or hypertonic saline
is one of the major complications of the procedure with catheter 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 continuous 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.

II.D. Evidence for interventional management
The summary of the evidence for interventional management of lumbosacral radicular pain is given
in table 5.
		

Table 5: Summary of the evidence for interventional management
Technique

Assessment

Interlaminar corticosteroid administration

2 B+
_

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 B+
_

III RECOMMENDATIONS
Based on the evidence available regarding effects and complications, we recommend the following
techniques for the treatment of LSR:
• Since epidural corticosteroid injections have mainly short-term effects; these techniques are
recommended for patients with subacute radicular pain symptoms.
• In patients with pain at the lumbosacral level (L4, L5, S1) as a result of a “contained herniation”,
a transforaminal epidural injection with local anesthetic and corticosteroids is recommended.
A preference seems to exist for transforaminal epidural corticosteroid administration over caudal
and interlaminar corticosteroids below level L3.
• Radiofrequency treatment adjacent to the ganglion spinale (DRG) is not recommended. A pulsed
radiofrequency treatment adjacent to the ganglion spinale (DRG) can be considered.
• Spinal cord stimulation is recommended for patients with a therapy-resistant radicular syndrome,
but only in specialized centres.
• Epiduroscopy and adhesiolysis can be considered in the context of research and only in specialized
centres.
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III. A Clinical practice algorithm

III.B Techniques

Figure 1 represents the treatment algorithm based on the available evidence

Lumbosacral radicular pain

II

“Red flags” ruled out

Yes

Conservative treatment was adequately carried out without conclusive results

Yes
Subacute problem

Chronic problem

Confirm the suspected level by using
a diagnostic block

(Transforaminal) epidural
corticosteroid

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 centres

Figure 1: Treatment algorithm for lumbosacral radicular pain.

Practical recommendations epidural corticosteroid administration
There are 7 systematic reviews concerning epidural corticosteroid administration for the treatment of
LSR. With regard to short-term effectiveness, 6 of the 7 systematic reviews give a positive assessment
and 1 gives a negative assessment (conflicting evidence).87,119-122 There are no comparative studies
available for the effectiveness and/or complications of the various depot corticosteroids, which means
that a distinction between these products cannot be verified.
It is possible that the particle size of the depot corticosteroid is related to the reported neurological
complications, but the literature concerning this possibility is also inconclusive.123 Up till now, no
reported neurologic complications were noted with the non-particulate corticosteroid dexamethasone.
One abstract has prospectively 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.
Currently, 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 systematic implementation of 3 infiltrations would result in superior outcome.126 From the RCTs
available concerning the transforaminal administration of corticosteroids, one finds an average of 1
to 2 infiltrations. Considering 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 assessment 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
fluoroscopy. 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 interspinale and the ligamentum flavum, which both provide additional resistance. A false sensation of loss of resistance 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
composed of collagenous fibers. Breaking through this ligament 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 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
tendency to perform this procedure under fluoroscopy, yet thus far, no advantages of fluoroscopic control
have been demonstrated.128,129
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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 projection, the injection point is found by projecting a metal ruler
over the medial part of the foramen intervertebrale. If there is a superposition of the processus articularis 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 (Figure 2). Thereafter, the direction is
corrected such that the needle is projected as a point on the screen. 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 triangle). 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 towards
the ganglion spinale (DRG). The execution of this procedure during real-time imaging allows the
distinction to be made between an accidental intrathecal, intra-arterial or intravenous injection.

Pediculus
Processus transversus
‘Save’ triangle
Ganglion spinale (DRG)
Ramus ventralis

Figure 3: “Safe triangle” for the insertion of the needle in transforaminal epidural injection
After a correct visualization of the ramus anterior (spinal nerve), a test is carried out with 1 ml bupivacaine 0.5% or xylocaine, 1-2 minutes thereafter, the patient is asked to move the legs to rule out a
sudden paresthesia based on medullary ischemia. 92,98 The corticosteroid 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 infiltrations. Radiologically,
this foramen cannot be that clearly distinguished, but by reorienting the C-arm cephalo-caudally and
rotating it ipsilaterally, one can 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.
(Pulsed) radiofrequency 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 projecting 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 intervertebrale (Figure 5).

Figure 2: Lumbar transforaminal epidural injection: injection point (oblique insertion)
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Figure 4: Lumbar DRG: oblique insertion.
Figure 6: Lumbar DRG: Spread of contrast fluid along the segmental nerve
Lumbar percutaneous pulsed radiofrequency treatment • 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 ganglion spinale (DRG). The cannula is inserted
in the 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 radiofrequency probe. The impedance is checked, and
thereafter, stimulation 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 Ω. If it is higher, fluid injection can reduce this value.
There are reports that the injection of a contrast agent can paradoxically increase the impedance.
After repositioning, one can search for a lower stimulation threshold for additional treatment.

Figure 5: Lumbar DRG: lateral insertion.
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 20-30 minutes after
the intervention. The level that best satisfies the aforementioned criteria is chosen for PRF treatment.

Adhesiolysis 131 • Under fluoroscopic control the target level is identified. The C-arm is then rotated
15-20° 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 direction for 15 to 20°. A caudalcephalad rotation elongates 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 epidural
needle is advanced anteriorly until bone is contacted. A lateral fluoroscopic image is obtained before
further introduction of the needle. To facilitate passage of the needle past the articular process, the
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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 anterior 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 radiographic contrast is injected. The contrast injection
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
neurotoxocity should intrathecal spread occur.
After performing the lysis local anesthetic and corticosteroid 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
Epiduroscopy80 • Epiduroscopy is performed with the patient in the prone position on a translucent
table. Intravenous access, electrocardiographic, blood pressure, and oxygen saturation monitoring
must be established. 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 a 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 recommends 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 X 45) is introduced through one of two main access ports of a disposable
2.2 mm (outer diameter) steering catheter. 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 automatic 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 endoscope is slowly advanced to the target area. The epidural space is kept distended with
normal saline, but the pressure should be limited to minimize the risks of compromised 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
duration of the procedure to maximum 60 minutes.

IV SUMMARY
• There is no gold standard for the diagnosis of lumbosacral radicular pain.
• History and clinical examination are the cornerstones of the diagnostic process.
• In case red flags are present or if an interventional treatment is being considered, medical imaging
is recommended with a slight preference 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 considered (2 B±),
preferentially study related.
- In patients with a therapy-resistant radicular pain in the context of a FBSS, spinal cord
stimulation is recommended. Adhesiolysis and epiduroscopy can be considered in a study design.
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ABSTRACT

Radicular pain is an important health care problem, with only limited evidence-based treatments available.
Treatment selection should ideally target documented pathophysiological pathways. In herniated discs, a
sequence in the inflammatory cascade can be observed that initiates and maintains increased nociceptive signal
input. Inflammatory mediators including tumor necrosis factor α are released from the nucleus pulposus and the
degenerating peripheral nerve, which, in turn, induces production of neurotrophins like nerve growth factor
and brain-derived neurotrophic factor. Neurotrophins interfere not only with the generation of ectopic firing of
nociceptive neurons in the dorsal root ganglion but also with the excitability and sensitization of neuronal transmission
in the dorsal spinal horn. Radicular pain is further characterized by the electrophysiological spreading of the afferent
nociceptive input over different spinal nerve roots. Both the complex pathophysiological pathways involved and the
spreading of the nociceptive signal make radicular pain difficult to treat. Pulsed radiofrequency (PRF) is considered an
option in treatment of radicular pain. To understand and increase the efficiency of PRF interventional treatments
in radicular pain, both in vitro and in vivo studies aiming at elucidating part of the mechanism of action of PRF are
described. Potential factors that may improve the efficacy of PRF treatment in radicular pain are discussed.
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RADICULAR PAIN
Radicular pain is defined as “pain perceived as arising in a limb or the trunk wall caused by ectopic activation of
nociceptive afferent fibers in a spinal nerve or its roots or other neuropathic mechanisms” (International Association
for the Study of Pain).1 Although the pathophysiology is not fully understood, radicular pain is related to lesions that
either directly compromise the dorsal root ganglion (mechanically) or indirectly compromise the spinal nerve and
its roots by causing ischemia or inflammation of the axons.1 In radiculopathy, there is an objective loss of sensory
and/or motor function.1

III

Epidemiology of radicular pain
Cervical radicular pain affects approximately 1 of 1000 adults (0.1%).2 Lumbosacral radicular pain, described as
low back pain with leg pain extending below the knee, occurs at an annual prevalence in the general population of
9.9% to 25%.3 The point prevalence (4.6%–13.4%) and lifetime prevalence (1.2%–43%) are also very high,3 which
means that lumbosacral radicular pain is presumably the most commonly occurring form of neuropathic pain.4,5
The health burden for patients with painful radiculopathy/failed back surgery is higher relative not only to other
types of neuropathic pain but also to major diseases including diabetes, heart failure, and cancer.6 Lumbosacral
radicular pain completely or partially resolves in 60% of patients within 12 weeks of onset.7 However, 20% to 30%
of patients have ongoing pain 3 months to 1 year after onset.
Treatment of radicular pain
Although many treatment modalities have been described for radicular pain, the available evidence is insufficient to
allow recommendations about optimal therapy. At present, the conservative treatment of radicular pain combines
pharmacological management and physiotherapy.8-14
Interventional pain management techniques are commonly reserved for patients whose pain is refractory to
conservative treatment. Evidence strongly suggests that lumbar epidural corticosteroid injections provide short-term
relief of leg pain and disability following acute disc herniation.15 However, vascular complications are not uncommon
and the efficacy of epidural injections for providing long-term pain relief or relief of chronic lumbosacral radicular
pain is debated. Radiofrequency (RF) may provide a good treatment option.
Two small randomized controlled trials (RCTs) have demonstrated the efficacy of RF treatment
adjacent to the cervical dorsal root ganglion (DRG) for the management of cervical radicular pain.16,
17
From these studies, one can conclude that RF is superior to sham intervention and that RF at 67°C
results in similar pain relief as RF at 40°C.17
However, a well-designed RCT comparing RF adjacent with the lumbar DRG with a sham intervention did
not demonstrate significant pain reduction for the management of lumbosacral radicular pain.18 This lack of
efficacy of RF for lumbosacral radicular pain, combined with a potential risk for deafferentation pain at electrode tip temperatures above 42°C,19 helps explain the ongoing search for safer and more efficient techniques in
clinical practice. In order to enhance therapeutic treatment options in the management of chronic pain, including
radicular pain, pulsed radiofrequency (PRF) was developed.20

PRF in the management of radicular pain
The clinical pain-relieving effect of RF may arise from a number of different mechanisms,21 including heat
generation and generation of an electric field that may induce changes in the neuronal cells.20 The effect
of PRF might also be caused by the generation of a strong electro-magnetic field around the electrode tip.
During PRF treatment, current is delivered in short bursts at high voltage, and the generated heat dissipates between these bursts or “pulses” of treatment. In this way, PRF treatment allows for application of
the same high-voltage, fluctuating electrical fields as used during conventional RF treatment, but without
electrode tip temperatures exceeding the neurodestructive temperature level of 42°C.20
Since initial reports of PRF 15 years ago,20, 22 more than 120 publications have reported on the use of
this modality for the management of pain, including cervical and lumbar radicular pain. Unfortunately,
most of these reports are of poor methodologic quality. The use of PRF adjacent to the cervical DRG was
documented in a clinical audit, and an RCT.23 24 Both of these studies demonstrated pain reduction. In the
clinical audit, the mean duration of action was 9.2 months.23 In the RCT, 82% of patients in the active
treatment group reported more than 50% improvement of the global perceived effect at 3 months compared
with 33% of patients in the sham group. Similarly, a 20-point pain reduction was noted in 82% and
25% of active and sham patients respectively. At 6 months, the statistical significance between groups
was lost, but the need for pain medication remained significantly reduced in the active treatment group.24
Several retrospective and prospective clinical studies on the use of PRF applied adjacent to the lumbar
DRG suggest an effect on pain reduction.25 A recent clinical audit noted that a single PRF treatment
adjacent to a single lumbar DRG reduced both pain and the need for pain medication for 29.5% of all
the patients at 2 months. After 12 months 13.1% still reported > 50% pain reduction.25
In summary, despite the large number of publications on the use of PRF, the clinical evidence for the
use of PRF for the management of cervical and lumbosacral radicular pain remains limited. This is
due not only to the lack of large RCTs but also to an inadequate understanding of underlying pain
and treatment mechanisms. In order to improve existing treatments for radicular pain, it is of pivotal
importance to understand the mechanism of action of PRF. The cellular and molecular changes
induced by PRF and their relationship to the development of radicular pain should be investigated
and may, in turn, lead to more effective clinical use of PRF in the management of radicular pain.
Mechanistically, radicular pain is characterized by spreading of the afferent nociceptive input (see
Radicular Pain: Spreading of the Nociceptive afferent Signal section) combined with complex cellular
and molecular processes (see Radicular Pain: Cellular and Molecular Mechanisms section) that initiate
and maintain the increased nociceptive signal input.
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CELLULAR AND MOLECULAR CHANGES IN RADICULAR PAIN
Lissauer tract

Radicular Pain: Spreading of the
Nociceptive Afferent Signal

III

The spread of radicular pain to adjacent spinal segments has been demonstrated in human studies.26 Quantitative sensory testing
(QST) was performed in patients with
lumbar radiculopathy, using vibrametry
and thermal threshold detection. This
allowed study of sensory nerve function
in not only the compressed nerve root or
DRG but also in neighboring uncompressed nerve roots (Fig. 1). No significant
differences between the dermatome of
the involved nerve root and the ipsilateral
neighboring dermatome were noted, despite significant differences from a control
group.26 These findings suggest involvement of adjacent nerve roots in the pathophysiology of radicular pain in humans.
The complexity of lumbar radicular pain
signaling was further demonstrated based
on electrophysiological recordings of nociceptive specific neurons in Lamina I of
the dorsal horn and of neurons related to
the lateral spinal nucleus neurons (located
in the dorsolateral funiculus). At spinal
segments L3 and L4, both Lamina I and
lateral spinal nucleus neurons received
mixed excitatory Aδ-fiber and C-fiber nociceptive afferent input from up to 6 dorsal
roots, with less than one-third arising from
the corresponding segmental root.27
To summarize, both anatomical28, 29 and
electrophysiological studies27 suggest that
the spreading of radicular pain to involve adjacent spinal segments is a well-recognized
phenomenon (Fig. 1). This supports the
common clinical observation of involvement of multiple nerve roots, despite a
single level of pathology. The involvement of adjacent areas also has profound
implications for targeted therapies.
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Figure 1: Schematic representation of the electrophysiologic spreading of the pain signal from a nerve root.
Pain originating at L3 is also spread to L2 and L4 nerve
roots and to different levels of the spinal cord. Illustration: Rogier Trompert, Medical Art, www.medical-art.eu.

Radicular Pain: Cellular and Molecular Mechanisms
Peripheral injury to the sensory axons leads to major molecular and cellular changes, not only
at the level of the axon but also within cells of origin in the DRG. Using whole genome expression microarrays, researchers noted in an L5 spinal nerve ligation (SNL) model that differential
changes in gene expression in the L5 and L4 DRGs occurred.30 In this SNL mouse model of
neuropathic pain, a total of 2552 transcripts were significantly up-regulated in the axotomized
L5 DRG 3 days postoperatively. A few genes in the uninjured L4 DRG also showed altered expression. These genes may be associated with pain-related sprouting but also regeneration and
apoptosis. Further study is needed to determine which genes and proteins are associated with
pain behavior. Although the spreading of the radicular afferent signal is a complex phenomenon, a certain sequence in the inflammatory cascade is apparent (Fig. 2). Beginning with the
disc degenerating nerve, pro-inflammatory cytokines are released at the site of lesion and at a
distance through Wallerian Degeneration (WD) (See The Herniated Disc, the Degenerative
Nerve Root, and the Role of Tumor Necrosis Factor α and Neurotrophins section). This causes ectopic firing at the DRG (see At the DRG: Ectopic Firing section), leading to an increased
release of neurotrophins and ectopic firing at the dorsal horn, eventually leading to central sensitization (see In the Dorsal Horn: Central Sensitization and the Role of BDNF section).
The herniated disc, the degenerating nerve root, and the role of TNF-alpha and
neurotrophins • The cellular-molecular cascade may either start from the herniated disc (a), or the
degenerating peripheral nerve (b). (Fig. 2). In both cases, the inflammatory cascade is initiated by the
release of specific inflammatory mediators. Cytokines, in particular tumor necrosis factor-α (TNF-α),
are thought to play an important and initiating role, especially in the induction of neurotrophin
production and/or release. Increased local neurotrophin concentrations activate satellite glial cells
and attract adjoining immune modulating cells, which changes the local micro-environment of the
DRG neurons and those in the spinal dorsal horn but also directly interferes with the sensitization of
synaptic transmission (for review see 31, 32). Following disc herniation, the site of injury as related to
the DRG is also of significant importance (c).
Herniated disc, nucleus pulposus and TNF-α. • The extrusion of material from the nucleus
pulposus onto the spinal nerve leads to edema and ischemia. Experimental work has shown that exposure of nerve root (proximal to the DRG) to material from the nucleus pulposus material increased
endoneurial fluid pressure and decreased blood flow into the DRG with secondary edema.33 Clinical confirmation was lacking until further study examined the effect of intraoperative straight-legraising test (SLR) after lumbar disc herniation.34 A direct correlation was established between a
sharp decrease in S1 spinal nerve blood flow during SLR, and deterioration of compound muscle
action potential amplitudes from the gastrocnemicus muscle. Hence, mechanical compression or
stretching of affected spinal nerves clearly causes conduction disturbances.
A key mediator released after disc herniation, is the pro-inflammatory cytokine TNF-α. When TNF-α
reaches the nerve root, production of the neurotrophic factor Nerve Growth Factor (NGF) in the
surrounding inflamed tissue is initiated.32, 35, 36 This, in turn, induces the production of another
neurotrophin, brain-derived neurotrophic factor (BDNF), in the DRG.36, 37 Besides their
neurotrophic qualities, such as the induction of nerve sprouting, both NGF and BDNF are also
recognized as important factors in the development of central sensitization38 and may play an
important role in the pathophysiology of radicular pain. The release of cytokines may also directly
interfere with both activity and expression of various ion-channels in the DRG.39
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Degenerating peripheral nerve, Wallerian Degeneration and TNF-α • The development
of radicular pain may also involve the degenerating peripheral nerve. During degeneration of the
distal axon by Wallerian Degeneration,TNF- α is released by Schwann cells, endothelial cells, mast
cells, and resident macrophages at the site of nerve injury. TNF-α modulates NGF signaling,40
which can be transported retrogradely to ascending neurons and glia along the sensory pathway,
thereby sensitizing the nervous system.41 NGF has been proposed as an important “guidance” molecule for the sympathetic invasion and sprouting of sympathetic axons into the DRG. 42, 43 How this
sympathetic sprouting contributes to the clinical symptoms of radicular pain remains unknown.
Increased levels of cytokines including TNF-α and neurotrophins including BDNF within the
DRG, produce a state of increased excitability and ectopic firing. (See At the DRG: Ectopic Firing
section)
Site of injury as related to the DRG: transport of neurotrophins • The site of injury (or
compression) of the nerve root in relation to the DRG plays an important role in the pathophysiology of radicular pain. Lumbar disc herniation can be categorized as (para)central, sub-articular
(lateral recess), foraminal, or extraforaminal. Herniated discs in these regions, therefore, will mainly
interfere with nerve roots proximal to the DRG. To produce compression of the DRG against
the pedicle, the annulus fibrosus must be breached laterally in a location that allows migration of
extruded material upward from the disc level to the infrapedicular level (upper foraminal) level to
compress the ganglion; this does occur but is uncommon.44
As discussed, interference of NGF and/or BDNF with local sprouting42 and the neurotrophic
factor-induced modulation of synaptic transmission in the spinal cord is only possible through retrograde transport of these factors in uninjured sensory afferent axons.45-47 It is thus understandable
that a nerve root injury proximal to the DRG (a routine herniated disc) as compared with an injury
distal to the DRG may interfere with the retrograde and anterograde transport of neurotrophic factors. Experimental work has shown that neurotrophins and the transport of neurotrophins
significantly interferes with sprouting (formation of functional connections after damage to neighboring axons) of uninjured (sympathetic) fibers as well as the state of excitability of neurons in the
DRG47-51 (Fig. 2, also see At the DRG Ectopic Firing section).
In summary, in the common conditions that lead to radicular pain, inflammatory mediators like
TNF-α are released from the nucleus pulposus and the degenerating peripheral nerve. This induces
production of neurotrophins, including NGF and BDNF. The axonal transport of these neurotrophins is related to the site of injury of the nerve root in relation to the DRG. Neurotrophins
interfere with the excitability and sensitization of neuronal transmission in the dorsal spinal horn
and in the generation of ectopic firing of nociceptive neurons in the DRG.
At the DRG: ectopic firing
In radicular pain, ectopic discharges can be generated at different locations of the nervous system.
Based on a selected experimental lesion model, (modified spinal nerve ligation),52 the primary lesion (L5 spinal nerve section) resulted in generation of discharges originating not only at the site of
nerve injury but also in the somata of cell bodies of the axotomized DRG neurons.53 From electrophysiological analysis it was calculated that about 75% of the overall ectopic firing was generated at
the DRG and only 25% at the lesion or neuroma.54 This finding, currently only documented for the
SNL model, requires confirmation in other animal models before it can be generalized. Importantly,
if this concept is replicated, it may have important clinical ramifications for targeted interventional
pain treatment.

Figure 2: Schematic representation of the inflammatory cascade starting from herniated disc and/or
degenerating nerve. Illustration: Rogier Trompert, Medical Art, www.medical-art.eu.
Correspondingly, the failure of L5 dorsal rhizotomy to prevent or reverse the hyperalgesia associated
with a L5 spinal nerve ligation indicates that ectopic discharges from uninjured DRG neurons and not
those of injured ones are possibly important in the development of neuropathic pain.53
Cytokines and neurotrophins can initiate modulation and phosphorylation of ion channels, which
forms the basis for generation of ectopic action potentials or ectopic firing,55,56 and this, in turn, is
causally related to the pain-related behavioral changes in the operated animals.56 Since repetitive firing
of the pain afferents forms the physiological reason for central sensitization57 (see section 2.2.3), this
clearly contributes to the clinical syndrome of radicular pain.
In summary, trauma to nerve roots and the DRG lead to significant changes in ion-channels at both
injured and adjacent uninjured DRGs, leading to ectopic firing and evidence of central sensitization.
In the dorsal horn: central sensitization and the role of BDNF • Ectopic discharges that reach
the dorsal horn can activate postsynaptic pain neurons due to an increase in synaptic efficacy58 via
modulation of the neurotransmitter glutamate and the neuromodulators substance-P and BDNF.45
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Furthermore, ectopic firing induces microglia activation, leading to the production of spinal microglial-derived BDNF. Hence, increased levels of BDNF at the nociceptive synapse in the spinal dorsal
horn are due to both direct release of neuronal BDNF and additional release of microglial BDNF.
Mechanistically, the binding of BDNF with its receptor, tyrosine kinase receptor B (trkB),46 results in
interference with the opening of the NMDA channels important for the process of central sensitization,45,57,59-61 and, furthermore, regulates neuronal survival, differentiation, dendritic morphology, and
synaptic plasticity.62
After experimental compression of the nerve root, electrophysiological changes are found in the spinal dorsal horn, with edema formation noted in the upper spinal dorsal horn laminae. The latter
phenomenon, in conjunction with damage to the spinal cord-blood barrier, leads to shrinkage of the
axon terminals in these dorsal horn laminae.47 This degenerative process is characterized by ongoing
ectopic firing and enhanced excitatory synaptic transmission in neurons in these dorsal horn laminae
at each segmental level63 and has been shown to contribute to further spreading of the incoming afferent nociceptive signal.
In summary, ectopic firing from the DRG and increased neurotrophin (eg, BDNF) in the spinal dorsal
horn induce a cascade of mechanisms that sensitize the transmission of afferent nociceptive input.
Radicular pain: distinctive features?
Although medical evidence supports the routine use of medications including tricyclic antidepressants and gabapentin/pregabalin for peripheral neuropathy,64 the evidence is far less clear for
radicular pain.8, 65 Different hypotheses can be formulated to address the question of why (lumbosacral) radicular pain is relatively refractory to existing first- and second-line neuropathic pain medications.14 First, the anatomic location of the DRG relative to a herniated disc is likely crucial, with
secondary inflammation, localized compression, and/or ischemia of the DRG. The DRG may be
particularly vulnerable to mechanical compression, due to specific leakage of inflammatory material
from the disc (see Herniated disc, nucleus pulposus, and TNF-α section) and abundant blood vessels
nourishing the nerve cells.66, 67
As mentioned, the foraminal localization of a herniated disc, with inhibition of retrograde transport
of neurotrophins (see Site of injury as related to the DRG: transport of neurotrophins section) can
influence a “normal” evolution of neuropathic pain. The exact site of pathology relative to the DRG
further affects the type of sympathetic basket formation43 (abnormal sympathetic terminal arborizations around some DRG neurons) and the intensity of ectopic firing54 (see Degenerating peripheral
nerve, WD, And TNF-α section), although it must be noted that the latter has been demonstrated only
in a spinal nerve injury model. In what way the type of sympathetic basket formation influences the
clinical picture of radicular pain is not known. The intensity of ectopic firing may explain the clinical
picture, since an axotomy close to the DRG creates more intense firing of the DRG compared with
an axotomy along the sciatic nerve. From a clinical perspective, this could explain the heavier health
burden of painful radiculopathy/failed back surgery patients compared with other types of neuropathic pain.6 Conversely, the potential for ectopic firing in the presence of an external stimulus is larger
after a distal lesion than a proximal injury. This may explain the clinical observation that in cases of
peripheral neuropathy, allodynia and hyperalgesia are common but are less frequently documented in
cases of lumbosacral radicular pain.68, 69
Collectively, factors including: the specific location of the lesion relative to the DRG and/or herniated
disc; interference with neurotrophin transport; and differences in expression of ion channels create a
distinctive pathophysiology that may explain why treatment focusing on a single inflammatory process
may fail.65 To improve pharmacological and interventional treatments in radicular pain, we must

improve our knowledge of the underlying mechanisms in relation to the spreading of the signal and
how these treatments may interfere with the nociceptive afferent signal. PRF is an interventional
treatment that creates a stronger electro-magnetic field than conventional RF, potentially disrupting
the pathophysiological processes underlying radicular pain in a large area. In the following section, the
scientific studies that partly elucidate the mechanism of action of PRF in experimental radicular and
neuropathic pain models are discussed and suggestions for future studies are presented.

MECHANISM OF ACTION OF PRF AND RADICULAR PAIN
PRF was developed to reduce or even avoid neuronal damage, making it potentially suitable for
patients with neuropathic pain.20 A computer modeling study based on data obtained in ex vivo
tissue showed that PRF does, however, produce heat bursts with temperature peaks that may induce
neurodestruction. Furthermore, PRF produces strong electro-magnetic fields that may be capable of
disrupting the neuronal membranes, thereby interfering with the generation of action potentials and
ectopic firing.70 The mechanisms underlying PRF therapy in neuropathic pain have been determined
in both in vitro and in vivo studies. The in vivo studies are either anatomical or behavioral in origin.

In vitro studies
Studies on hippocampal slice cultures compared conventional RF at 42°C with PRF. PRF was found
to be less neurodestructive than conventional RF with a limited and temporary effect on impulse
propagation in the nerve tissue.71

In vivo studies
Anatomical • Increased expression of c-Fos, an immediate early gene used as a marker for neuronal
activity, was detected in the dorsal horn 3 hours after PRF treatment adjacent to the DRG, but not after
RF.72 This differential response in c-Fos expression after PRF treatment adjacent to the DRG as compared
with RF-treatment disappeared after 7 days.73 These findings suggest that early-phase, but not late-phase,
effects of RF and PRF on neuronal activation in the spinal cord differ. It should be noted that c-Fos is a
limited marker of neuronal activity and does not differentiate the possible effects of RF and/or PRF on
afferent pain signaling.
Application of PRF adjacent to the DRG but not at the sciatic nerve resulted in an up-regulation of activating transcription factor 3 (ATF-3), a marker of cellular stress, in both small and medium caliber neurons
of the DRG.74 Immunochemical observations suggest that the application of PRF adjacent to the DRG is
related to a short- and a long-term increase in neuronal markers in the DRG and the dorsal horn.
Electron microscopic studies demonstrated only small histological changes after use of PRF adjacent
to the DRG: the changes included enlarged endoplasmic reticulum cisterns or increased cytoplasm
vacuoles. Conversely, RF at 67°C resulted in significant changes, e.g. mitochondrial degeneration and a loss of
nuclear membrane integrity. 75 76
An effect was seen on myelinated nerve fibers after the application of RF or PRF on the sciatic nerve. RF
resulted in severe Wallerian degeneration of the distal peripheral nerve, in contrast to the PRF group,
where only changes in myelin configuration were observed.77 Nevertheless, small electron microscopic
changes have also been observed after application of PRF on the sciatic nerve, although mainly restricted
to the unmyelinated C-fibers and the thinly myelinated A-δ fibers.78 This preferential effect of PRF on the
nociceptive C- and A-δ fibers might explain differential analgesic effects without greatly interfering with
the tactile sensory input.

Control group

20ms, 2Hz,
500kHz (Voltage?)

PRF parameters

MH

MH and TH
Motor Function

Measurement

Sign. Effect 2 min PRF to sham
2 min better effect than 6 min.

Sign. effect compared to sham and to baseline
Moderate-to-strong effect PRF treatment at
D8-10 and beyond D32

Best result on MH
-PRF 1 week post-lesion
-6 min better than 2 min
No effect on TH or motor function

Outcome

SD rats

Wistar rats

Table 1 : Behavioral animal research performed on PRF

none

20ms, 2 Hz, 2 min,
25V

MH

Sign. effect PRF 42°C to sham and RF
NA and 5HT involvement

SD rats

PRF Location

Sham PRF

1ms pulse width ,
50ms, 2Hz, 50V

TH

Sign effect to sham PRF for both MH and TH
2 weeks after treatment

Lesion

DRG L5 (D14-15)
(after removal articular
processes)

Sham SNL
Sham PRF 2
Sham PRF 6 min

20ms, 2Hz, 3min
(voltage until 37°C or
42°C

MH and TH

Animal type

SNL L5

Hindpaw (D14)
2 and 6 minutes

Sham PRF
PRF 37°C and 42°C
RF 42°C

20ms, 2 Hz, 4x2min,
40-60V

Sign. effect to sham PRF during 3 days afterwards return to baseline

Author

SNL L5 and L6

Sciatic nerve 4h after FCA
injection

Sham surgery
Sham PRF

? ms, 2 Hz, 2 min, 45V MH

Resiniferatoxin
I.P.

FCA in hindpaw

L5 en L6 dorsal roots
(D10)

Sham surgery
Sham PRF

SD rats

tight ligation
sciaticus nerve
(Seltzer)

DRG L4+L5+L6 (D10)

Tanaka
2010 88

New Zealand
rabbits

CCI N. Sciaticus

Sciatic nerve
a. 2 min PRF at 1, 3 or 5
weeks after lesion
b 4 or 6 min PRF at week 1

SD rats

No surgery
Sham PRF

Perret
201181

Aksu et al
2010 80

Male SD rats
L5 DRG after removal of
articular process on day 7
after SNI

Sham PRF

Özsoylar
2008 79

Laboureyras
et al.
2012 89

Axotomy and
ligation of tibial
and common
peroneal nerves

L5 DRG after laminectomy on day 10 after SNL

Hagiwara
2009 85

Wu et al;
2012 83

Female SD rats
Unilateral L5 spinal nerve ligation
and transection

Park et al.
2012 82

SD rats
Sham surgery
Sham PRF

Sign. increase in mechanical threshold at 2 hrs
and 24 hrs post PRF in the PRF group
Sign. increase of M-ENK at the dorsal horn
after PRF compared to sham

MH

20ms, 2Hz 300Khz
pulses, 50 V max temp
42°C during 10 min

Sign. reduction of MH days 1-12 compared to
sham PRF , not for TH
Attenuation of increase of microglia in PRF
group compared to sham in DH

MH

2 bursts of 20 ms, 45 V MH and TH
max temp 42° during
180 sec

2Hz, 2 min, 45 V
Sign reduction of MH from 8h to 40 d after
PRF. Also attenuation of increase of microglia
and pERK after PRF compared to sham PRF

Although our understanding of the pathophysiology and mechanisms of radicular pain have improved,
(see Cellular and molecular changes in radicular pain section), further study is needed to evaluate
potential interference and modulation from PRF interventional techniques. Limited data suggest that PRF
results in behaviorally detectable pain relief in experimental radicular and neuropathic pain models, which
is accompanied by cellular changes at the DRG and spinal horn. However, the precise interference of
PRF with:1) inflammatory responses induced by a herniated disc and WD (seeThe Herniated Disc, the
Degenerating Nerve Root and the Role of Tumor Necrosis Factor α and Neurotrophins section); 2)
enhanced ectopic firing at the DRG (see At the DRG: Ectopic Firing section); 3) central sensitization and
release of BDNF in the spinal dorsal horn (see In the dorsal Horn: Central sensitization and the Role of
BDNF section) and other mechanisms of radicular neuropathic pain are not clear. Future research should
systematically analyze the experimental effects of PRF on these distinct cellular-molecular processes underlying radicular pain. Currently, most experimental studies on PRF in radicular and neuropathic pain
have focused on optimization of the behavioral pain-relieving effect of PRF based on finite and discrete
anatomic locations, on temporal features, and on the use of different pulse stimulation-parameters.82, 88, 89

L5 DRG after laminectomy (D10)

Summary conclusions: mechanism of action of PRF and radicular pain

NP on L5 nerve
root
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Behavioral studies • Various experimental neuropathic pain models show the pain-relieving effect of
PRF on mechanical hypersensitivity, and sometimes on thermal allodynia79,80-84 (Table 1).
There are indications that these behavioral responses are accompanied by a glial response at the dorsal
horn, since a reduction of OX42, a microglial marker, was reported.82, 84 Additionally, the level of MetEnkephalin in the dorsal horn was significantly increased in the spinal cord in the first 24 hours after PRF
application, suggesting a possible role for endogenous opioids.83
PRF effects on thermal allodynia have been shown to be attenuated through not only the intrathecal
administration of an alpha2-adrenoceptor antagonist, but also application of a selective 5-HT3 serotonin
receptor antagonist and a nonselective serotonin receptor antagonist. These observations suggest that the
analgesic effect of PRF may involve descending noradrenergic and serotonergic inhibitory pathways.85 The
latter pathways are known to be involved in the modulation of neuropathic pain.82, 85, 86
A critical factor in behavioral pain assessment in these experimental animal studies and their use for clinical
translation is the problem of evoked and reflexive assessments. This method of assessment clearly differs
from clinical assessment of pain sensitivity in humans and may partially explain the relatively limited translation of experimental animal findings into clinical breakthroughs. It must be stressed that effects on pain
sensitivity analyzed in animal models based on cortically dependent operant testing may well become the
new gold-standard and finally result in increased translation of results from the laboratory into the clinic.87
In summary, the number of publications on PRF in animal models is limited, with a large variability in
location and timing of PRF and similar variability in outcomes. Behavioral studies demonstrate reduction
in pain behavior after PRF treatment in chronic neuropathic pain animal studies. The magnitude and
duration of effect is equally variable in these models and remains unclear.

Cho et al.
2013 84

In summary, the histological data suggest that PRF is less neurodestructive than RF. PRF targets primarily
the nociceptive C and A-δ axons, and immunochemistry reveals short- and long-term changes in neuronal
markers in the dorsal horn and DRG.

SD : Sprague Dawley rats; IP: intra peritoneal, SNL: Spinal Nerve Ligation; DRG: Dorsal Root Ganglion; FCA: Freund’s complete adjuvant; CCI: Chronic Constriction Injury, MH : Mechanical Hypersensitivity, TH : Thermal Hypersensitivity, M-ENK : Met-Enkephalin e , DH : Dorsal Horn; PRF: Pulsed Radio Frequency, NP : Nucleus Pulposus; pERK : phosphorylated extracellular signal-regulated kinases
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IMPROVEMENT OF PRF TREATMENT EFFICACY IN RADICULAR PAIN:
EXTRAPOLATION OF BASIC SCIENCE INTO CLINICALLY MEANINGFUL RESULTS

Given the heterogeneity of the published PRF studies, advancing the field will require improving our
research efficiency. Toward that goal, let us critically look at the newly presented evidence, specifically
the issues of location, timing, and optimal parameters of PRF.

III

Location • The spreading of the signal to adjacent segments challenges the concept of PRF applied at
a single level, as a selective treatment for radicular pain. The rationale of performing a PRF treatment
adjacent to the DRG at the involved level, is based on conventional radiofrequency treatment with the
reduction of nociceptive input of the primary sensory neuron by coagulation and WD of a small part
of the DRG.18 From animal experiments however, this approach is questionable since a selective L5
dorsal rhizotomy does not prevent or reverse neuropathic behavior after a L5 Spinal Nerve Ligation.90
This implies that reducing the nociceptive input at the concerned level is not enough, probably due to
the spreading of the afferent nociceptive signal over different adjacent levels. Therefore, performing
(pulsed) radiofrequency treatment at multiple adjacent levels might be required to improve efficacy.
The precise way in which PRF interacts with the afferent nociceptive signaling in lumbosacral
radicular pain remains unclear. On the basis of the cellular and molecular mechanism underlying
radicular pain as discussed in Radicular Pain: Cellular and Molecular Mechanisms section (see also
Fig. 2) it can be hypothesized that PRF, even if applied at 1 defined location, may act at various levels
in the system, including 1) the direct activation of cells in the DRG or spinal cord; 2) interference
with retrograde transport of neurotrophins at the level of the dorsal root secondary to edema; and 3)
interference with processes in the dorsal spinal horn that minimize microglial activity/stimulation and
enhancement of endogenous opioids which inhibit the nociceptive incoming signal. Consequently,
the optimal location for PRF treatment (percutaneous, sciatic nerve, DRG) is not yet established.79, 85
Timing • Experimental and clinical data regarding the timing of the effect of PRF in the treatment
of neuropathic and radicular pain are not conclusive but strongly suggest that this effect is temporary.
In view of this, the added value of a repeated PRF intervention is worth exploring, considering the
persistent inflammation in radicular pain.
Parameters • PRF parameters such as voltage, frequency, and duration of treatment have been
empirically selected. Information on the effect of various parameters can, as yet, not be derived from
the published animal studies because the treatment protocols vary without exception, hindering both
interpretation of the data and verification. Moreover, some results seem contradictory. Hence, it is
recommended to analyze the effect of PRF treatment parameters through mechanism-based experimental study. Standardization among the various animal models used in PRF studies would
greatly benefit the interpretation.

CONCLUSION
Afferent signaling in radicular pain is complex, but important events in the inflammatory cascade
can be noted. The specific location of the lesion relative to the DRG and/or herniated disc, interference with neurotrophin transport and differences in expression of ion channels create a distinctive
pathophysiology. Furthermore, there are strong indications that adjacent levels contribute to pain
conduction. Findings in basic science provide a basis for investigating the value of treatment at
different levels in future clinical research. This finding is important when target-specific interventional
treatment approaches, such as PRF, are used.
The potential effect on multiple levels of afferent pain signaling, together with its lack of reported
side effects, creates opportunities for PRF in treating radicular pain. With respect to the underlying
mechanism of action of PRF in relation to the cellular and molecular changes in radicular pain,
future research is needed. Determining the exact impact of PRF on radicular pain signaling requires
systematic analysis and use of standardized PRF parameters in order to document the effects of
stimulation intensity, frequency, and duration in treatment of radicular pain. Well-designed
randomized controlled trials are required to identify the beneficial effect of PRF adjacent to the DRG
for radicular pain.
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I. INTRODUCTION
Interventional pain management techniques consisting of minimal invasive percutaneous interventions
such as: spinal injection therapy, (pulsed) radiofrequency [(P)RF] treatment, neurolytic techniques and
spinal cord stimulation as part of a multidisciplinary approach for the management of chronic (spinal)
pain, have gained more interest. The most important indications are chronic radicular pain, chronic
pain due to degenerative disease of the facet joints and cancer pain. Scientific evidence is necessary
to identify and substantiate the specific role of these techniques.1 According to the Evidence Based
Medicine (EBM) guidelines, randomized controlled trials (RCTs) have the highest scientific value.2
However, RCTs on interventional pain management techniques face methodological problems often
leading to power problems because inadequate number of subjects can be recruited. Unfortunately
the results of those underpowered studies are included in systematic reviews and meta-analyses and
they may negatively influence the general recommendations. This subject was also described in a
recent review on methodological issues in non-pharmacological trials for chronic pain.3
Clinical trials in interventional pain management techniques may encounter problems related to;
patient selection, comparator and rescue medication, and patient withdrawal/refusal to sign informed
consent.
Alternative study designs will be discussed.
Table 1: Factors influencing research on interventional pain management techniques
Patient selection:
• Better diagnosis leads to more homogeneous patient population and improves treatment outcome
Comparator and escape/rescue treatment
• Sham intervention does not reflect natural history of disease
• Sham intervention is ethically not justifiable
• Current best medical management is the preferred comparator
• Use of escape/rescue treatment should be considered a secondary outcome parameter
Patient refusal to sign informed consent or withdrawal from study
• A substantial part of the patients receiving ineffective treatment hinders obtaining informed consent
and keeping patients in the study for the entire follow-up period
• Slow inclusion and withdrawal may influence statistical significance significantly
Pre-randomization or Zelen design (see fig. 1)
• Patients are randomized prior to asking informed consent
• Patients in investigational group receive full information and informed consent is asked
• No informed consent in the comparative group and consequently no drop out
• Effect measurement using medical registration or informed consent at the end of the study
• Comparison of treatment under investigation with best medical practice
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Lack of a diagnostic gold standard for chronic (spinal) pain will lead to inclusion of patients who may not
benefit from the treatment. Patient groups will be heterogeneous, which prohibits the comparison of outcome
between studies. The importance of patient selection on the study outcome became evident when comparing
the results of 5 RCTs on percutaneous RF thermo-coagulation of the innervations of the lumbar facet joint.4-8
In clinical practice the diagnosis of lumbar facet joint pain is based on history and clinical examinations and
sometimes medical imaging is required. Additionally, selective diagnostic blocks can confirm the working
diagnosis before offering a RF technique to the patient. In the above mentioned RCTs the diagnostic blocks
were performed in different ways, which resulted in a prevalence of ‘facet joint pain’ ranging from 10% to
90%. In earlier epidemiological studies, however, the prevalence was reported to be approximately 20%. 9
Closer examination of two studies clearly illustrates the impact of patient selection on the treatment outcome.
In one study the diagnosis was confirmed with 1 diagnostic block of a very limited amount of local anesthetic
at the innervations the facet joint. The diagnosis was judged positive when the patient, with the assistance
of an independent data manager, scored pain relief to be at least 50% during the first hour after the block.
By this criterion, 31% of the referred patients were judged to suffer facet joint pain and be eligible to enter
the study. The number needed to treat (NNT) for a significant pain reduction in the RF group was 1.6.7 In
another study the effect of an intra-articular injection of local anesthetic was judged positive when the patient
and the physiatrist reported significant relief of low back pain at least of 24 hrs duration during the week
after infiltration. Approximately 90% of the referred patients were included in the study. The NNT for RF
was 11 and consequently it was concluded that RF was not effective.5 The wide variations in NNT for RF in
the different RCT’s are the reason why the conclusions of systematic reviews differ. 10, 11

III. COMPARATOR AND ESCAPE/RESCUE INTERVENTION
An RCT is an experiment designed to determine the influence of an intervention on the natural history
of the disease2. In interventional trials patients in the control group receive a sham intervention, this is
equivalent to the placebo in pharmacological trials, therefore most often the needle is placed on the same
target structure as in the active group but no active treatment is offered. A major question regarding the use
of sham intervention in pain management RCTs is raised: “Does sham intervention correctly represent the
natural history of the disease?” 12 It was advocated that placebo surgery or sham intervention is a medical
act, hence compromising the researched natural course of the disease.13 The intervention generates an expectation that can induce placebo analgesia or even nocebo hyperalgesia (worsening of symptoms after an inert
intervention).14 Moreover a systematic review reported that placebo had a significant effect as compared
to no treatment on pain or phobia measured on continuous scales.15-18 Also many ethical concerns were
raised offering placebo.19 Ethical guidelines on the use of placebo in drug trials have been formulated. The
use of sham surgery is intuitively considered questionable. Therefore this comparator encountered much
opposition.20, 21 The ethics on sham surgery or sham intervention are described to focus around two issues:
does a sham intervention represents a minimal risk for the patient and is a sham intervention justifiable in
relation to the potential value of the scientific knowledge?21
For ethical reasons every study design should foresee an escape/rescue treatment for patients suffering
intractable pain. The selection of the rescue treatment may pose a problem and interfere with the outcome.
This may lead to incongruous situations as is illustrated by Wong et al.22 who compared neurolytic celiac
plexus block with optimized systemic analgesic therapy alone for patients with unresectable pancreatic cancer.
All patients received analgesic treatment, including opioids, prior to inclusion. They were randomly assigned

to neurolytic or sham celiac plexus block. The control group received best medical treatment available: an
analgesic regimen, but for ethical reasons escape treatment was offered with additional pain medication
according to the WHO pain ladder in both groups. Moreover, for ethical reasons a neurolytic celiac plexus
block could be used as rescue treatment in both groups although this was the procedure under investigation.
In the results section the need for escape/rescue treatment was not mentioned as an outcome parameter. It is
unclear what is measured in this RCT and how the conclusions can be supported.

IV. PATIENT WITHDRAWAL/REFUSAL TO SIGN INFORMED CONSENT
The information provided to potential participants in a randomized sham controlled trial also describes the
substantial chance of receiving an ineffective treatment. This results in a proportion of alerted patients, who
do not agree to provide consent. Or even worse, some patients who signed the informed consent will leave
the trial and go for “shopping” in other pain centres.
The effect of RF treatment at the lumbar dorsal root ganglion (DRG) for lumbar radicular pain was studied
in a well-designed RCT. 23 From the 1001 patients referred with low back pain, only 201 were eligible for
a diagnostic block and 32 patients refused to give the informed consent. Finally only 83 out of the 1001
screened patients (8%) could be enrolled and randomized to either active treatment or to sham intervention.
A similar observation was made in an RCT evaluating the efficacy of PRF treatment at the cervical DRG
for cervical radicular pain. 24 Of the 256 patients referred, 114 were considered candidates for participation
in the study and received a diagnostic block, but 63 refused signing the informed consent. Twenty three out
of the 256 screened patients (9%) were randomized to PRF or sham treatment. These data clearly indicate
the patients’ reluctance to signing consent with the risk of receiving a sham intervention, certainly because
they have severe refractory symptoms. Also the referring physician, often a believer in interventional pain
treatment, may negatively advice the patient.25

V. CAN WE OPTIMIZE THE STUDY DESIGN OF CLINICAL TRIALS IN
INTERVENTIONAL PAIN MANAGEMENT?
As discussed above, conducting randomized controlled trials in interventional pain management is hindered
by several factors. Patient inclusion in a RCT can be hindered by the reluctance for signing informed consent.
The selected comparative treatment may not be appealing to patients.
Several alternative trial designs have been proposed. Well-conducted, prospective studies do not assign
patients randomly to a treatment group. High-quality observational studies tend to overestimate treatment
effect. Expertise-based or centre randomization have been proposed to overcome the impact of the
operator’s expertise on the outcome. These designs require a high patients’ mobility to attend the centre they
are assigned to.26
The pre-randomization design (or Zelen or post-consent design) is a way of avoiding contamination by
blinding the control group and may offer an alternative that may be worth testing in interventional pain
management. It implies that randomization takes place prior to seeking informed consent.27 All patients
are told that efforts are made to find the optimal treatment, which requires close monitoring of the results.
They are asked to sign a consent to attend the clinic at regular time points for evaluation. Patients assigned
to the experimental / interventional treatment group receive full verbal and written information about the
study, and written informed consent is obtained. It is assumed that the great majority of patients referred
to a pain clinic for interventional pain management technique will accept to sign the informed consent
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because of the attractiveness of the treatment option. Patients in the control/ standard treatment group
will receive the best available standard treatment and are blinded for the experimental treatment. They will
be informed at the end of the study that their results will be compared to those obtained from patients who
received another (interventional) treatment. Consent to use their data will be asked. Patients in the control/
standard treatment group with the best medical treatment available regularly consult the pain physician
who will adjust the treatment to optimize pain control and mobility, without, however using interventional
pain management. Patients in the experimental/interventional group had optimized medical management
prior to signing informed consent. The interventional pain management technique is performed and patients
consult with the pain physician for adjustment of the conservative treatment. Besides, all patients consult
with the blinded evaluator at the pre-defined evaluation points for collecting the information for the standardized evaluation (See Figure 1). Several modifications on the design are possible.28 Although the design
is still controversial in many countries it is now accepted by most medical ethical committees in the UK and
the Netherlands.29 It may be more challenging to accept the prerandomization design in the USA given the
more strict regulatory control over human subject research. In October 2006 the Dutch State Secretary of
health, Welfare and Sport announced that the application of pre-randomisation in study designs is admissible and not in conflict with the Medical Research Involving Human Subjects Act.30 Methodologically the
pre-randomization design reduces the chance of withdrawal in the control/ standard treatment group after
inclusion and therefore seems preferable when an attractive experimental treatment is involved, the reference
is the standard treatment and a sham procedure or placebo cannot be used.28 Successful use of the prerandomization design may be limited to studies concerning minimal invasive interventional pain management
techniques, that may already routinely be used in pain centers. Outcome assessment should be possible by
means of non-invasive tests that are easy to perform, and do not require invasive tests for data collection.
In a recent review of randomized trials using the pre-randomization design it was concluded that this design
if carefully used can avoid ‘resentful demoralization’ and other negative effects biasing trials.31

Conventional study design

Pre-randomization design
Patients screened for diagnosis
Informed consent asked

no

yes

Potential refusal to participate

not applicable

yes

Randomization
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standard/control treatment
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treatment
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experimental/
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standard/
control treatment
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effect measurement
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consent to analyse data
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Figure 1: Schematic diagrams showing the difference between the conventional design and the
pre-randomization design with an attractive experimental treatment.
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Improvement of research in interventional pain medicine has the ultimate goal to provide Evidence-Based Medicine supported recommendations for accurate pain-patient care in daily practice,
considering the balance between benefits, risks and burdens.32 In research and in clinical practice
patient selection influences the outcome of the intervention. Therefore evidence based practice guidelines for interventional pain management techniques should be based on specific clinical
diagnoses. 33 The pre-randomization design could be an alternative in future trials on interventional pain
management techniques to increase the number of participating patients and dealing with issues of
the comparator group.
In conclusion: the pre-randomization can be considered in clinical trials on interventional pain
management for techniques that are minimal invasive and mostly routinely used. The tools used for
assessing efficacy and safety of the treatment should be easy to handle and may not be invasive, thus
allowing compliance with good clinical practice.
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ABSTRACT

Introduction
Lumbosacral radicular syndrome (LSR) is probably the most frequent neuropathic pain syndrome. Three
months to 1 year after onset, 30% of the patients still experience ongoing pain. The management of those
patients is complex and treatment success rates are rather low. The beneficial effect of pulsed radiofrequency
therapy (PRF) has been described for the treatment of LSR in case reports and in retrospective and prospective studies. Up till now, no neurological complications have been reported after PRF treatment. The current
clinical audit has been performed to assess the amount of pain relief after a single PRF treatment.

Methods
Sixty consecutive patients who received a PRF treatment adjacent to the lumbar dorsal root
ganglion for the management of lumbosacral radicular syndrome in the period 2007-2009 were included.
The main study objective was to measure the reduction of pain after the pulsed radiofrequency treatment by
using the Global Perceived Effect. The primary endpoint was defined as at least 50% pain relief for a period
of 2 months or longer.

Results
The primary endpoint was achieved in 29.5% of all the PRF-interventions. After 6 months 50% pain relief
was still present in 22.9% of the cases and after 12 months in 13.1% of the cases. The need for pain medication was significantly lower after pulsed radiofrequency treatment in the success group compared to the
non-success group.

Conclusions
PRF treatment can be considered for the management of LSR patients. These results need to be confirmed
in a randomized clinical trial.
Key words: pulsed radiofrequency, dorsal root ganglion, lumbosacral radicular syndrome, effect
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INTRODUCTION

V

A lumbosacral radicular syndrome (LSR) is characterized 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 symptoms of decreased function. The annual prevalence in the general population, described
as low back pain with leg pain traveling below the knee, lies between 9.9% to 25%. 1 Also, the point
prevalence (4.6 to 13.4%) and lifetime prevalence (1.2 to 43%) are very high 1, which means that
lumbosacral radicular pain is presumably the most commonly occurring form of neuropathic pain. 2, 3
Acute lumbosacral radicular pain completely or partially resolves in 60% of the patients within 12
weeks of onset. 4 However, about 30% of the patients are still suffering from pain after 3 months to
1 year.
Although the prevalence of lumbosacral radicular pain is very high, there are only few pharmacological
studies performed in this specific patient population. Recent trials suggest that lumbosacral radiculopathy might not be responsive to nortriptyline and morphine, pregabalin and topiramate drug
regimen. For exercise or physical treatment a better outcome compared to conservative therapy
could only be noted after 52 weeks. 5 When conservative treatment fails to provide satisfactory pain
relief and/or restoration of functional capacity, interventional pain management techniques may be
considered.
Pulsed radiofrequency (PRF) treatment uses intermittent administration of high frequency current,
thus avoiding temperature rise above the critical level of 42°C, described as the temperature that causes
neuronal damage. 6,7 Therefore PRF is assumed to be safer than conventional RF where the temperature at the
electrode tip rises above 67°C. The safety of PRF can be derived from the fact that since its introduction in 19988
no neurological complications were reported 9, even in the numerous reports of PRF adjacent to the
dorsal root ganglion (DRG) only minor post-procedural discomfort was mentioned 8, 10-16 (See table 1).
The beneficial effect of PRF adjacent to the lumbar DRG has been described for the treatment of
LSR in case reports and in retrospective and prospective studies. 8, 10-16 These studies include a limited
number of patients in some cases with various clinical subdiagnoses. Moreover the treatment could be
repeated at the same or an adjacent level in most of the trials, making it difficult to draw conclusions
(See also table 1).
We report here the results of the first clinical audit on the long-term effect of 1 single PRF treatment
adjacent to 1 level lumbar DRG in 60 consecutive patients .

METHODS

into the leg below the knee. If back pain is present it should be less intensive than leg pain. Pain should
be radiating under the knee, with a dermatomere distribution L5 (lateral part of the lower leg up to
the big toe) or S1 (calf up to lateral side of the foot).17, 18 The assumed causative level identified by the
clinical diagnosis was confirmed in all patients by means of a selective diagnostic segmental block. The
clinical picture should be concordant with the observation on CT-scan or MRI. Patients experiencing
at least 50% pain reduction in the leg for the duration of action of the administered local anesthetic,
received PRF treatment. Eventually, 60 patients were treated with PRF adjacent to the lumbar DRG
at level L4, L5 or S1.
Patients were eligible for the study if they were 18 years or older and could speak, read and understand
the Dutch language properly. Patients were excluded if they had malignant disorders or previous
lumbar fractures.
The 60 patients, identified through the record card, and who underwent PRF at level L4, L5 or S1 were
sent an information letter about this study. Two weeks later they were contacted by phone by a medical
student (JvB), independent evaluator who was not involved in diagnosis or treatment of the patients.
According to the recommendations of the Medical Ethical guidelines of the MUMC informed
consent was first obtained. Thereafter the medical student conducted a structured interview.
Outcome Measures
The primary outcome measure was the degree of pain reduction as assessed by the Global Perceived
Effect (GPE) for pain, measured on a 7-point Likert scale (table 2).19 Success was defined as at least
50% improvement on the GPE (score 6 or 7).20
Another outcome measure was the change in need of pain medication according to the Medication
Quantification Scale III (MQS) after treatment.21
Demographic factors and the influence on treatment outcome were separately analyzed.
Table 2. Likert scale 7-point scoring system: global perceived effect
Score

% Change

Description

7

75% improvement

Very good

6

50–74% improvement

Good

5

25–49% improvement

Fairly good

4

0–24% improvement or worse

Same as before

3

25–49 % worse

Fairly bad

2

50–74% worse

Bad

1

75% worse

Very bad

The primary objective of this study was to test the hypothesis that PRF produces satisfactory pain
relief. As a secondary objective the predictive outcome value of gender and FBSS patients were
analyzed.

The Procedure

Patients
Between 2007 and 2009 more than 200 patients clinically diagnosed with a chronic lumbosacral
radicular syndrome were treated in the multidisciplinary pain centre of the Maastricht University Hospital.
Before treatment with PRF, the patients received medical therapy to manage their pain, minimally
consisting of physical therapy and the use of NSAID’s if not contra-indicated. In case of insufficient
pain relief (NRS score > 5 on an 11- point scale), patients were judged eligible for PRF treatment.
Diagnosis in our centre was made based on the patient’s pain description. Pain should be radiating

Diagnostic Block • For the 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
insertion point is found by projecting 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. 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 intervertebrale. In an AP view, the course of a small amount

Table 1: Study details on PRF adjacent to the lumbar DRG
Study

V

Type

Number of patients

Indication

Diagnosis

Treatment

Follow-Up

Outcome

Side Effects

RF 42°C 60 s
vs PRF 120 s

If after 6 weeks not
effective RF heat lesion

6 weeks
GPE > 50%
RF 12 %
PRF 86 %

Post-operative discomfort not
uncommon but no neuritis like
reaction

Best responding level
PRF 120 s
5 pts not treated negative diagnostic block

After 6 weeks if unsatisfactory result PRF
at different segmental
level

Pain reduction ≥2
points (VAS)
6 months 53%
12 months 40%

None

Sluijter 1998
part 1 [8]

P

RF = 24
PRF= 36

Lumbar radicular
pain

Sluijter 1998
part 2 [8]

P

15

FBSS

Teixeira 2005
[11]

R

13

Subacute or chronic CT or MRI confirmation
radicular pain :
of involved level(s)
disc herniation
pts scheduled for
surgery

PRF DRG 180s at
involved level
if two levels involved
both are treated

Regular visits during
mean period of 15.8
months NRS

Significant decrease
in NRS at 4 weeks,
continuous decrease
until end of follow-up.
1 pt disc surgery at
week 9

There were no residual
neurological signs, except in
one patient who had residual
decreased sensibility in an area
of about 12 cm2 in the L3
dermatome

Pevzner 2005
[16]

P

28 pts

Radicular pain

PRF DRG after
corticosteroid and LA
injection

3,6 and 12 months
GPE

≥50% pain relief
3 months 50%
6 months 32%
12 months 29%

No complications. Post procedure discomfort in 21 % (no
differentiation between cervical
and lumbar)

Shabat 2006
[15]

P

28 pts

Neuropathic spinal
pain
20 pt lumbar region

PRF after corticosteroid and LA injection

1, 3; 6 and 12 months
GPE and VAS

≥50% pain relief
3 months 50%
6 months 32%
12 months 29%

No complications. Post procedure discomfort in 21 % which
resolved spontaneously within
3 weeks (no differentiation
between cervical and lumbar)

Abejon 2007
[12]

R

54 pts – 75 procedures

SS= 12,
FBSS= 13
HD = 29

Selective nerve block

PRF at 1 or more
adjacent levels 120 s

PRF repeated in pts
who at 60 d had NRS
> 5 if > 50 % pain
reduction at 30 d
NRS and GPE at 1,2,3
and 6 months

GPE ≥ 50%
at 3 months 52%
(HD), 58% (SS),
15% (FBSS)

None

Simopoulos
2008
[13]

P

76 pts
37 PRF
39 PRF + CRF

Segmental pain of
lumbar or sacral
origin

Clinical examination,
complete but temporary
relief radicular pain after
3 diagnostic/ therapeutic
blocks (LA + corticosteroid)

PRF 120 s
or PRF 120 s followed
by CRF at max tolerated temp (mean 54°C)
for 60s .
Resp 32% and 26%
of patients treated at
2 levels.

Monthly evaluation, up
to 1 year,
Successful outcome :
VAS reduction of 2
points or more

Similar successful
outcome in both
groups at 2 months
(resp. 70% and
82%) and similar
average duration of
action (resp. 3.18
and 4.39 months)

None though screened for

Chao 2008
[14]

R

116 pts at lumbar
level

Lumbar radicular
pain

Clinical examination nerve
root compromise to mild or
moderate bulging disk

PRF 120s ,2 to 4 levels, 1wk, 1, 3,6, 9 mo 1
repeat procedure
year
allowed

> 50% pain reduction 3 mo: 45%
1 year: 23 %

None

3 segmental nerve blocks
at L4–S2

Medical history and clinical examination

PRF = pulsed radiofrequency; DRG = dorsal root ganglion; RF = radiofrequency; FBSS = failed back surgery syndrome;
CT = computed tomography; MRI = magnetic resonance imaging; LA = local anesthetic; NRS = Numeric Rating Scale;

GPE = global perceived effect; VAS = Visual Analog Scale; SS = spinal stenosis; HD = herniated disc;
CRF = conventional radiofrequency.
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of contrast agent is followed with “real-time imaging”; it spreads out laterocaudally along the spinal
nerve. 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 aforementioned 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 ganglion spinale (DRG). The cannula is inserted in the 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 (Cotop Amsterdam, Netherlands) 22G 100mm probe with a 5 mm
active tip. The probe is connected to the radiofrequency generator (Neurotherm NT1100, Massachusetts, USA). The impedance is checked, and thereafter, the sensory threshold. 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.

V

Statistical analysis
Data were analyzed using SPSS 15.0. Baseline characteristics (age, gender, duration of pain, level and
side of PRF) were assessed. Inferences about means from continuous data were based on standard
parametric statistics. Success was defined by the GPE and VAS score (a score of 6 or 7 or +
_ 50% pain
relief). Success rates for pain relief with a 95%-confidence interval were determined and differences
in proportion were tested.
Influence of age on success rate was examined using the t-test. For the influence of sex, level treated
(L4, L5 or S1), side, duration of pain (<6 months, 6-24 months and >24 months) and FBSS status the
Chi-square test was used.
Change in need of pain medication was tested by the paired sample test. A p-value of ≤ 0.05 was
considered statistically significant.
A Kaplan-Meier curve was constructed to determine the time-dependent success rate.22

RESULTS
Two out of the 60 included patients received a second PRF treatment in the period 2007-2009. In
one case, the time elapsed between the 2 interventions was 1 year, which justified considering it as two
separate cases. In another case a repeat intervention was carried out after 3 months because of lack
of success. This patient finally had a positive result after a year. Because of the initial negative result,
this patient was regarded as a failure and the second treatment was excluded.
Information on 61 PRF treatments adjacent to the lumbar DRG in 29 men and 31 women was retrieved. The mean age of the study population was 58 years and the mean duration of complaints was
8.9 months (SD 8). (Table 3)
Table 3 : Baseline characteristics in patients with successful treatment and in patients with unsuccessful treatment
N = 61

Pain reduction successful
N= 18

Pain reduction not successful
N=43

P value

Age (mean)

58 ( SD 12.9)

58 ( SD 12)

0.93

Gender
Male

9

30%

Female

9

29%

2.4 (SD3.6)
(Mean) Change in
Medication ( MQS)

21

70%

22

71%

0.7 ( SD 2,1)

0.003
0.63

PRF level
L4

5

33%

10

66%

L5

11

27%

30

73%

S1

2

40%

3

60%

right

8

24%

25

76%

left

10

36%

18

64%

0.34

Side

0.76

Duration of Pain
0-5

9

30%

21

68%

6 - 24

7

28%

18

72%

> 25

2

33%

4

67%

yes

6

35%

11

65%

no

12

27%

32

73%

0.55

FBSS

Two-tailed test. SD: standard deviation, PRF: pulsed radiofrequency, FBSS: failed back surgery syndrome

The evolution of the GPE for the total patient population is shown in figure 1. The primary endpoint
defined as at least 50% pain relief for a period of 2 months or more, was achieved in 18 cases (29.5%)
of all the PRF-interventions. After 6 months pain relief was still present in 14 cases (22.9%) and after
12 months in 8 cases (13.1%).
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DISCUSSION

Figure 1: Evolution of the Global Perceived Effect

V

No significant differences in outcome were found when analyzed by age, sex, and level or side of PRF
treatment. The group of patients without previous surgery did not show a significant difference in
treatment outcome compared to the FBSS patients. In the group having successful PRF treatment,
the duration of pain relief ranged from 2 to 22 months, with a mean of 9.89 months. Furthermore,
the need for analgesic medication after the PRF intervention according to the MQS was significantly
more reduced in the success-group compared to the non-success-group (resp. 2.4 and 0.7) (p=0.003)
(table 3).
A Kaplan-Meier curve was constructed to examine the duration of satisfactory pain relief in the
patients who had initial treatment success at 2 months (figure 2).22 At 6 months, there were 14 cases
with significant pain reduction left ( 77.8 % survival rate ), and 8 cases (44.4%) at one year.
No complications were observed.

Figure 2: Kaplan–Meier curve estimating the duration of effect in patients with successful treatment at 2 months.

Our study indicates that 29.5% of the patients experience at least 50% pain reduction for minimally
2 months after a single PRF treatment adjacent to one level lumbar DRG There is a significant lesser
need for pain medication in the group of patients having a successful treatment compared to those
who are not successfully treated with PRF. Although in the general population the long-term outcome
for radicular pain is much worse for the female population 23, gender apparently does not influence
the outcome of a PRF treatment.
In our study the duration of the beneficial effect of PRF in the success group varies from 2 to more than
22 months with a mean of 9.89 months. According to the Kaplan-Meier curve of our study, 44.4%
of the patients who responded still have beneficial effect after one year.
The Medication Quantification Scale was used to evaluate the change in need of pain medication
after the PRF treatment. Normally, the medication dosage is also used for calculating a particular
MQS-score.21 Because of difficulties in collecting exact medication dosages in many patients, scoring
of the medication was based upon the class. Despite this limitation the MQS seems to be the best
option to estimate the change in need for medication. A significant reduction in MQS represents a
reduced need for medication and consequently a potential reduction in side effects, which may
represent an improvement in the patient’s quality of life.
Side effects are often the reason for stopping the pharmacological treatment but also the in the
literature published success rates regarding LSR are relatively low. A randomized controlled trial
published in a non-PubMed indexed journal suggests a positive effect for the management of LSR for
gabapentin, an anti-epileptic drug.24 Other studies were negative, showed only short term results or
reported considerable side effects compared to the limited results.2, 25-28
The success rate obtained in our study is slightly lower than those of previously published reports on
PRF adjacent to the lumbar DRG.8, 11-14 There are, however, factors that may explain those differences
such as repeat procedures in patients with unsatisfactory pain relief8, 14 and the concomitant treatment
of two adjacent levels.11-13 (see table 1)
These clinical observations suggest that performing a repeat procedure at the same or an adjacent level
might increase the likelihood of success. Also findings from animal experiments provide justification
for a repeat intervention.
The dorsal root ganglion has a pivotal role in the pathophysiology of radicular pain.29, 30 Animal
experiments illustrated early and late induction of c-Fos expression in the dorsal horn after PRF
application adjacent to the DRG.31, 32 Furthermore PRF application was shown to induce cell stress
as indicated by an increase in ATF3 in the DRG.33 These processes are likely to be temporary after a
single treatment.
Not only the repetition of treatments at a single spinal level is possibly important, also animal research
on afferent signaling suggests involvement of multiple spinal segments, obscuring the result of a single
level treatment. Due to the Lissauer tract signals from propriospinal axons which arise from cells in the
substantia gelatinosa can project to the substantia of neighboring spinal segments.34 In rat studies A
delta fibres can project rostrally for 2 to up to 7 spinal segments (L2-S2) 35, causing a possible multilevel
excitation. There is evidence that some C-fibres may also have long-range projections in this tract.
The central effects of sustained activation of nociceptive neurons in the compressed DRG might
produce a centrally mediated chronic abnormal nerve impulse activity in the adjacent noncompressed
DRG. 36 Nociceptive input to the spinal cord that is peripherally generated via one dorsal root can elicit
dorsal root reflexes, i.e. centrally mediated antidromic action potentials in an adjacent dorsal root.37
In a chronic compression model of the DRG L4 and L5, chronic inflammation responses by chemo-
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kines were monitored by the beta chemokine receptor 2 (CCR2). A significant up-regulation of CCR2
was noted in both compressed DRG’s and non-compressed (“uninjured”) adjacent DRG’s.36 This is
confirmed by another paper where lumbosacral DRG’s at some distance from a thoracic spinal cord
injury exhibit a persistent inflammatory response involving macrophages and T lymphocytes.38
In an animal model of spinal nerve transection, a spontaneous activity in neighboring, intact C-fiber
nociceptors of adjacent spinal nerves was noted. 39, 40 It is possible that this C-fiber spontaneous activity
produces a central sensitization. 41
In summary, anatomical information and animal data suggest that performing a repeat procedure at
the same and/or other spinal levels would potentially have a more profound effect on this complex
pathophysiology.
PRF is considered a safe procedure. In our study no complications were reported, also in the other
studies on PRF adjacent to the DRG there was no mention of neurological complications (see table 1).
In this study very basic inclusion and exclusion criteria were used for patient selection, resulting in a
study population comparable to common medical practice. Stricter inclusion and exclusion criteria
are recommended when selecting patients for a randomized controlled trial in order to be certain that
the right group is being treated and evaluated and to make sure outcome is not confounded by other
factors.

V

CONCLUSIONS
The results of this retrospective study suggest that a single PRF treatment adjacent to the lumbar DRG
of patients suffering lumbosacral radicular pain reduces pain and the need for analgesic medication
in approximately 1 out of 3 patients during a mean period of more than 9 months. The better results
reported in other studies may be attributed to the fact that the intervention was repeated at the same
or an adjacent level. Therefore a prospective randomized trial that has the objective of confirming our
results should allow the possibility for a repeat intervention. Future studies may additionally to pain
reduction capture more detailed information on medication use and functional outcome.
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ABSTRACT

Background and objectives
There is little evidence concerning the medical management of lumbosacral radicular pain. The
prognosis for patients suffering pain for more than 3 months is poor. Pulsed radiofrequency treatment
of the dorsal root ganglion has been suggested as a minimally invasive treatment. We studied the effect
on pain and quality of life of pulsed radiofrequency treatment of the dorsal root ganglion in patients
with chronic, severe lumbosacral radicular pain.

Methods
Patients with lumbosacral radicular pain were screened to select a homogeneous population. Pulsed
radiofrequency treatment of the dorsal root ganglion was performed at L5 or S1. Evaluation was
carried out at 6 weeks, 3 and 6 months. Pain reduction and “fully recovered” or “much improvement”
in terms of the global perceived effect were the primary outcomes. Quality of life (RAND-36),
disability (Oswestry Disability Index), and the neuropathic pain scales LANSS and DN4 were registered
at each time point. Medication use was scored with the Medication Quantification Scale (MQSIII).

Results
Out of 461 screened patients, 65 were included. According to the intention to treat analysis, clinical
success was achieved in 56.9%, 52.3% and 55.4% of the patients at respectively 6 weeks, 3 and 6
months. DN4, Oswestry Disability Index and physical component for the RAND-36 quality of life
improved significantly while the mental component remained unchanged. The number of patients on
opioids was reduced.

Conclusions
Pulsed radiofrequency treatment of the dorsal root ganglion may be considered for patients with
chronic, severe lumbosacral radicular pain refractory to conventional medical management.
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INTRODUCTION
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Lumbosacral radicular pain is an important healthcare problem. In the general population older than 30
years of age, up to 5% suffer low back pain radiating into the leg, making it probably the most commonly
occurring form of neuropathic pain.1 Acute lumbosacral radicular pain, caused by disc herniation and/
or nerve root entrapment, improves considerably in the short-term. About three quarters of patients
will have symptoms of recovery after three months, however there is a high recurrence rate, and when
pain persists after this period the prognosis is rather unfavorable, especially in the female population.2
Of all patients referred for secondary care and receiving conservative care or surgery if necessary, about
45% to 40% report unsuccessful outcomes at respectively 1 and 2 years’ follow-up.3 Patients suffering
lumbosacral radicular pain often experience a reduced functionality leading to incapacity to work. A
quarter of patients are still out of work 2 years after onset.4 They have lower levels of health-related
quality of life (HRQoL) than patients suffering other types of neuropathic pain, or other chronic diseases
like cancer, chronic pulmonary disease, type 2 diabetes, stroke and heart failure.5
Despite its high prevalence and significant impact on quality of life, the optimal conservative treatment
for patients with radicular pain is not known. Considering the moderate quality of published evidence,
the efficacy and tolerability of pharmacological treatment in primary care for patients with lumbosacral
radicular pain is unclear. Pulsed radiofrequency (PRF) treatment uses high-frequency current intermittently and its use adjacent to the dorsal root ganglion (DRG) has been suggested for the treatment of
radicular pain.6-12 The optimal settings for PRF (parameters, location, number of treatments…) have not
been fully elucidated. In several studies a repeat procedure was performed when the pain reduction of
the first intervention was not clinically satisfactory.6, 9, 13
We performed this observational study to determine the effect of PRF adjacent to the DRG on pain
and quality of life, in a strictly selected population of patients suffering chronic and severe lumbosacral
radicular pain at 6 weeks, at 3 and 6 months’ follow-up.

imaginable).
The patients’ pain had to be therapy-resistant despite the conventional medical management (CMM)
that was optimized (e.g. acetaminophen, tramadol, amitryptiline, gabapentin, pregabalin). In patients
with a degree of pain reduction that was not satisfactory, however, the medical management was maintained. The treating physician could adapt the dose and type of medical management based on the
patient’s report on pain relief.
Exclusion criteria were: younger than 18 and older than 80, an atypical radiation pattern, bilateral
symptoms or involvement of more than 1 segment (L5 and S1 radiation), a history of cancer, fractures of the lumbar vertebrae, myelopathy, systemic diseases or connective tissue diseases, diabetes
mellitus type I, coagulation disorders and use of anticoagulants, multiple sclerosis, pregnancy, the
presence of a cardiac pacemaker or spinal cord stimulator and RF or PRF treatment of the lumbar
dorsal root ganglion (DRG) in the last year. When the patient had a score higher than 45 on the Pain
Catastrophizing Scale, he/she was first referred to a psychologist for further evaluation. Referred leg
pain due to localized hip, knee or back pain pathology was excluded during the standardized physical
and neurological examination.
Patients first received a nerve root block at L5 or S1, depending on the typical radiation pattern and
consisting of 0.7mL of 2% lidocaine. Independent of the result of this block, a PRF treatment at the
same level concordant with clinical symptoms and adjacent to the DRG was performed within a week.
At 6 weeks, 3 months and 6 months after the procedure the outcome was evaluated.
If patients at the 6-week evaluation reported clinically insufficient pain relief, defined as less than 50%
pain relief and less than 2 points reduction on the NRS, an additional single repeat PRF procedure
was proposed at the same or an adjacent level according to clinical symptoms. A single repeat PRF
procedure was also performed if the patient considered the effect of the first PRF intervention was
not sufficient. Conventional medical management (e.g. acetaminophen, tramadol, amitryptiline,
gabapentin or pregabalin) was further allowed if pain was not adequately controlled. All medication
use was recorded.

Intervention technique
MATERIALS AND METHODS
Participants
All consecutive patients with lumbosacral radicular pain were screened in the multidisciplinary pain
centres of the Maastricht University Medical Centre, the Netherlands; Sint-Jozefkliniek, Bornem,
Belgium; Ziekenhuis Oost-Limburg, Genk/Lanaken, Belgium; and Klinieken Noord-Antwerpen,
Brasschaat, Belgium. The pain physicians in each centre have at least 5 years’ experience (KVB, JVZ,
MvK, Koen Lauwers). Most of the patients were referred by medical specialists (neurologists, neurosurgeons, orthopedic surgeons, and rehabilitation physicians).
The institutional Ethics Review Board of each of the participating centres approved the trial and all
patients signed an informed consent form. The trial was registered as NCT00991237 (ClinicalTrials.
gov).
Patients were eligible for the study if they reported a unilateral and monosegmental radiating pain
down the leg, into the foot to the hallux (L5) or lateral side of the foot (S1), suggesting involvement of
the lumbar spinal nerve along the affected nerve root concordant with the MRI or CT scan findings.
The radicular syndrome should have been present for at least 3 months, despite conservative treatment
consisting of medication and physical therapy. The leg pain should be the primary complaint with an
average pain score of at least 5 on the Numerical Rating Scale (NRS, 0=no pain and 10=the worst pain

The technique used has been described previously.1 The procedures were performed by experienced
pain specialists (MvK, JVZ, KVB, KL).
In short: the patient is placed in a prone position on the translucent operation table. The C-arm is
adjusted to parallel the X-rays with the end plates of the relevant level. The C-arm is then rotated until
the processus spinosus projects over the contralateral facet column. The injection point is found by
projecting a metal ruler over the medial part of the intervertebral foramen in order to maximally reach
the DRG. In this tunnel view the cannula (10 cm long, 22 G straight RF cannula with 5 mm active
tip ,SMK, Neurotherm Inc. USA) is carefully inserted further until the point is located in the middle
of the intervertebral foramen in lateral view. The stylet is removed and exchanged for the RF probe.
Stimulation at 50 Hz should produce a tingling sensation at a voltage of less than 0.5 V. In case of a
threshold above 0.5 V, the cannula is carefully advanced further until a correct sensory stimulation is
found. The target was an impedance of less than 500 Ω; this was achieved by injecting 0.5 mL to 1 mL
of saline (0.9% NaCl) through the needle into each patient prior to PRF treatment. The PRF treatment
was performed with an RF generator (Neurotherm NT1100, Neurotherm Inc. USA) with a 20 ms
current, 2 Hz, 45 V, 2 times for 2 minutes with a small interval in between. During the treatment the
temperature at the electrode did not surpass 42 °C.

98

99
Outcome measurements
Evaluations were performed by an independent research nurse not involved in the treatment of the
patients at 4 time points: after inclusion, at 6 weeks, at 3 months, and at 6 months. Pain intensity was
assessed by measuring the pain in the leg according to the Numerical Rating Scale (NRS 11-point scale)
3 times a day, at predefined time points, for 4 consecutive days during the week prior to the control visits.
Global perceived effect (GPE) was scored on a 7-point Likert Scale (Table 1). The primary outcome was
the success or failure of the treatment at 6 weeks and 3 and 6 months. Success was defined as a reduction
in NRS of at least 2 points, or a GPE of 1 or 2 (fully recovered or much improvement).
Table 1 Likert scale 7-point scoring system: global perceived effect
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Score

Description

1

fully recovered

2

much improvement

3

little improvement

4

unchanged

5

little worse

6

much worse

7

very bad

The quality of life was measured by RAND-36 and disability was assessed with the Oswestry Disability
Index (ODI).
The neuropathic pain scales LANSS and DN4 (threshold resp. 12 and 4) were registered at each time point.
Conventional medical management was continued for all patients; when necessary the dose of analgesics
was adapted or switched to other medications for treating neuropathic pain (e.g. tramadol, opioids, amitryptiline, gabapentin, pregabalin). The use of medication was scored with the Medication Quantification
Scale (MQSIII) using weights determined by surveying physician members of the American Pain Society.
Medication that is considered as well tolerated is given a low weight (e.g. acetaminophen and tramadol:
2.4) while medication with more side effects is given a higher weight (e.g. tricyclic antidepressants: 2.7,
anticonvulsants-sodium channel blockers: 2.8; NSAIDs: 4; and corticosteroids: 4.9).

Statistics
Sample size • Based on literature we assumed that the success rate of PRF is 45%.6,13 To exclude with
a power of 80% and 95% certainty that the success rate is lower than 25%, 38 patients were needed. To
take into account a loss at follow-up of 15%, a total of 45 patients were planned to be included.
Analysis • Data were analyzed using SPSS 20.0 (IBM SPSS statistics). Analysis of the primary outcome
measurement was by intention to treat, in which drop-outs were classified as failures.
Interval scaled variables were described with mean and standard deviation and nominal variables as
percentages. For each patient it was determined whether the treatment was successful according to the
definition above. Patients lost at follow-up were defined as a failure. The GPE was dichotomized (1-2 vs
3-7), and based on the RAND parameters a Mental and a Physical Component Scale were calculated.
The differences in the baseline values and outcome measurement were analyzed, using the Student’s
t-test. Changes over time of the outcome measures NRS, ODI, DN4, and MQSIII were analyzed using
a linear multilevel mixed model analysis. The same methodology was used for missing values at specific
time points. Significance was reached if P was less than 0.05.

RESULTS
Between January 2010 and September 2012, all consecutive patients referred to the participating
pain centres with presumed chronic lumbosacral radicular pain were screened for participation. All
patients were referred by specialists in physical medicine and rehabilitation, neurologists, orthopedic
surgeons and neurosurgeons. Sixty-five patients out of a total of 461 screened were included in the
study. Thirteen patients withdrew from the study before the 6 months evaluation point, of which 7
because of referral to back surgery, 4 received another treatment, such as surgery for another problem,
during the trial period and were therefore excluded. Two patients were lost-to-follow up: one moved
to another country and despite several trials to contact the 2nd patients could no longer be localized.
They were all considered as failures, and intention-to-treat analysis was performed on 65 patients. The
patient baseline characteristics are shown in Table 2.
Table 2: Baseline patient characteristics (SD)
Patient characteristics		
100 % (n=65)
Age ≥ 55				
43.1 (28)
Gender
		 male				
27.7 (18)
		 female				
72.3 (47)
Duration of pain
		 3-6 months			
27.7 (18)
		 6-12 months			
29.2 (19)
		 >1 year				
43.1 (28)
Dermatome
		 L5				
60.0 (39)
		 S1				
40.0 (26)
Side
		 Left				
55.4 (36)
		 Right				
45.0 (29)
FBSS				
23.1 (15)		
Age							
NRS						
Physical component scale (RAND-36)			
Mental component scale (RAND-36)			
ODI						
LANSS						
DN4						
MQSIII						

mean (SD)

51.80 (14.3)
7.06 ( 1.3)
33.40 ( 6.7)
45.00 (12.2)
43.11 (14.0)
8.80 ( 5.0)
4.50 ( 2.0)
20.50 (22.0)

SD: standard deviation; FBSS: failed back surgery syndrome; NRS: numerical rating scale; RAND-36: quality of life
measurement tool; ODI : Oswestry Disability Index; MQSIII: medication quantification scale version III

Primary outcome
At the different time points respectively 56.9%, 52.3%, and 55.4% of a total of 65 included patients
had clinical success on the GPE or NRS (intention-to-treat analysis). Thirteen patients had incomplete data, as already mentioned missing data were calculated with the linear multilevel mixed model
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analysis. To allow a graphical representation in time of the subpopulation with a NRS of 5 or more
(Fig.1), patients with incomplete data were all considered as having an NRS of at least 7 (worst-case
scenario). At the 6-month evaluation 31 patients experienced a clinically relevant pain reduction
according to the NRS (NRS below 5). A significant reduction in NRS compared to baseline (p<0.001,
mean 7.06 at baseline, 3.94 at 6 months) was observed (Fig. 2).

Figure 1: Evolution over time of percentage
of patients with NRS of at least 5

VI

Figure 2: Evolution over time of the mean
Numerical Rating Scale (NRS) with standard
deviation. The linear line represents linear
regression after multilevel analysis

Secondary outcome
At 6 weeks 4 patients had withdrawn and 24 patients had no clinical success according to the primary
outcome parameter (GPS and NRS). Five patients agreed with a second PRF and only one of these
5 patients was successful at 6 months.
The proportion of patients with a GPE reporting “fully recovered” or “much improved” of the total of
65 included patients was 35.4%, 33.8%, and 47.7% (resp. 6 weeks, 3 months, and 6 months).
A significant change for the DN4 was observed with a reduction from 4.5 at baseline to 3.2 at 6 months
(p<0.001, Fig. 3). The proportion of patients with a high probability of having neuropathic pain on
the DN4 diminished from 73.8% at baseline to 53.0% at 6 months (p=0.09, worst-case scenario: all
missing data considered as having neuropathic pain on DN4). The LANSS registered 30.8% as having
neuropathic pain at baseline.

A significant change for the RAND-36 quality of life could be seen in the Physical Component Scale
at 3 and 6 months (resp. p=0.008 and p<0.001). The Mental Component Scale remained unchanged
(p=0.23) (Fig. 4).
There was a significant reduction in the Oswestry Disability Index (p<0.05, mean 43.11 at baseline,
35.06 at 6 months), although an 8 point reduction is considered as not clinically significant.

Figure 4: Evolution of different parameters of RAND-36 at baseline, 6, 12 and 24 weeks after PRF
treatment
No significant reduction in medication use could be seen, although a trend towards less consumption
was shown (p=0.112). The number of patients on opioids was reduced from 10 at baseline to 2 at final
evaluation. A decrease in the number of patients on tramadol and NSAIDs was also noted (Table 3).
Table 3: Number of patients on medication, divided into categories
N=65

0

6w

12w

24w

No medication

15

31

31

26

Antidepressants/anticonvulsants

23

16

10

9

acetaminophen/NSAIDs

43

23

23

17

Opioids

10

5

4

2

Other

15

11

6

8

No neurological side effects were noted, but 26.1% of the patients at 6 months’ evaluation rated their
pain as worse on GPE (worst-case scenario, including missing data and patients who received surgical
intervention during the study period).

Figure 3: Evolution over time of the mean DN4 with standard deviation. The linear line represents
linear regression after multilevel analysis.
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DISCUSSION
Principal findings
This study shows that PRF for patients with chronic lumbosacral radicular pain results in clinical
success in 55.4% of patients at 6 months using an intention-to-treat analysis. A significant reduction
compared to baseline was noted in NRS and ODI. The DN4 showed a significant improvement,
which is indicative of the fact that the neuropathic pain component disappears in some patients after
PRF treatment. The RAND-36 showed significant improvement on the Physical Component Scale
at 3 and 6 months. The MQSIII showed no significant reduction in medication use; however, the
number of patients who needed additional opioids was reduced at 6 months. A second PRF showed
only in one out of five patients a success.

Strengths of the study
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This is the first study on PRF for lumbosacral radicular pain with strict clinical inclusion criteria,
chronic pain radiating into the foot in a dermatomal distribution with high pain scores in the leg,
concordant with the observations of medical imaging (MRI or CT scan) in order to select a homogenous patient population. This is important since it has been observed that more accurate patient
selection improves the outcome of interventional studies.14 More than 70% of this population suffered
severe lumbosacral radicular pain for more than 6 months and 43% even suffered pain for more than
1 year. Over 70% of the patients were women. It has been documented that female gender and
duration of the lumbosacral pain are two factors that are predictive of a negative natural evolution.2
Moreover, the prognosis for patients with lumbosacral radicular pain for more than 3 months, and
high pain scores in the leg, was reported to be unfavorable15 and with a high recurrence rate.16
Both the DN4 and LANSS pain questionnaires were used to assess the presence of neuropathic pain.
According to the LANSS, only 30.8% of the included patients suffered neuropathic pain. The DN4,
however, showed that 73.8% of the patients were considered as having neuropathic pain at baseline.
This is in line with the 80% prevalence of a positive DN4 in patients with pain radiating towards
the foot in a dermatomal distribution, if neurological signs are present (sensory deficits, muscular
weakness, absent or reduced reflexes).17 The low incidence of neuropathic pain, according to the
LANSS, is possibly due to the higher weight of autonomic clinical symptoms in its calculation. These
signs seldom occur in clinical practice in patients with LSR; perhaps the LANSS is less suited to
discriminating neuropathic pain in this specific population.
The use of DN4 as outcome measure for interventional pain therapy in patients with neuropathic pain
may be considered in the future.

Weaknesses/limitations of the study
As is inherent with all nonrandomized prospective studies, there is no control group to eliminate
the bias of a placebo or spontaneous resolution of symptoms. Two excellent studies demonstrated,
however, that in patients with lumbosacral radicular pain lasting more than 3 months, there is little
improvement.2, 18 Performing a sham controlled randomized trial is difficult in interventional studies
for patients with severe refractory symptoms like radicular pain. This is, amongst other reasons, due
to the patients’ reluctance to sign an informed consent when confronted with the risk of receiving a
sham intervention.19
The low success rate after a second PRF could be due to selection mechanisms as only 5 of the 24
patents who did not experienced a success, agreed with a second PRF. A proportion of this subgroup
were satisfied with a moderate clinical improvement and refused a repeat treatment.

The inclusion criteria were very specific to increase the likelihood of selecting patients with a clear
chronic inflammation of the DRG. This is also the reason why only a L5 or S1 radicular pain distribution was included, because the L4 radiation is less specific. This resulted in a selection of patients
highly refractory to conservative treatments and with a referral rate to back surgery of 11% because
of insufficient pain relief during the 6 month follow-up period. Patients with lumbosacral radicular
pain randomized to surgery or conservative therapy have in general a high rate of nonadherence to
the assigned treatment group.4 About 40 to 45% of patients randomized to a conservative group will
receive surgery within a 2 years follow-up period,20 so this explains the proportion of patients withdrawn from the study protocol due to surgery.

Working mechanism
The mechanism of action of PRF adjacent to the DRG is far from being elucidated.21 In vivo studies
on nerve tissue showed that PRF induces a long-lasting inhibition of evoked synaptic activity.
PRF induces changes in myelin configuration in animal experiments. After PRF, small electron
microscopic changes were also observed in the sciatic nerve, although this was mainly restricted to
the unmyelinated C-fibers and the thinly myelinated A-δ fibers.
Electron microscopic studies revealed that only small histological changes were present after use of
PRF adjacent to the DRG. The expression of early gene c-Fos, a marker for neuronal activity, was
rapidly increased (3hrs) at the dorsal horn after application of PRF adjacent to the DRG, but not
after conventional radiofrequency.
Recent papers on the mechanism of action of PRF suggest further interference with the opioid
system, noradrenaline and serotonin pathways, and microglia, all with behaviorally detectable pain
relief in experimental radicular and neuropathic pain models.
The results show a relatively high proportion of females included in this study (72.3%), which has
not been observed in larger studies.22 The female population with lumbosacral radicular syndrome
has a considerably worse outcome than the male population. The estimated unadjusted odds for a
poor outcome after 1 year were 3.3 times higher for female patients than for males.2 Since 43% of
the included patients had radicular symptoms for more than a year, the high proportion of females
included in the study could possibly be explained by the less favorable spontaneous evolution.

Meaning of the study: implications for clinicians
Finding selection criteria to create homogenous study populations is particularly a challenge for
studies on lumbosacral radicular pain. Anamnesis, clinical examination, imaging, electrophysiological testing or several combinations may help in clinical decision-making for the diagnosis of
radicular pain, but each of these items lacks specificity to be considered as gold standard.23 Since
somatic referred pain is hardly reported to radiate to the hallux or to the lateral side of the foot,24
this specific feature was used to improve accuracy of inclusion.17 This is confirmed by the baseline
patient characteristics: almost half of the patients had pain for more than a year, with a major
disability (mean ODI 43.11), which is in line with a previous review on “sciatica” reporting a mean
ODI of 44.65. A second item that improved homogenous patient inclusion was the presence of high
pain scores in the leg at baseline (mean NRS at baseline 7.06). The latter is the only prognostic factor
with strong evidence that predicts subsequent surgery,25 suggesting a clear radicular involvement. To
improve accuracy of inclusion for future studies on lumbosacral radicular pain, we suggest incorporating the inclusion criteria radiation into the hallux (L5) or lateral side of the foot (S1), together with
high pain scores in the leg.
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CONCLUSION

1.

This prospective study in patients with a chronic severe lumbosacral radicular syndrome reports a
significant reduction in pain scores at 6 months after a PRF treatment. A significant effect on disability
and on the physical component scale of quality of life was also observed. Radiation into the hallux
(L5) or lateral side of the foot (S1), together with high pain scores in the leg, are inclusion criteria that
could improve homogenous patient populations and are suggested for consideration in future studies
on lumbosacral radicular pain.
These results will have to be confirmed in a prospective randomized trial.
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ABSTRACT

Background
In a previous prospective study on pulsed radiofrequency (PRF) treatment adjacent to the lumbar
dorsal root ganglion (DRG) for patients with chronic lumbosacral radicular pain, we reported success
in 55.4 % of the patients at 6 months. Identification of predictors for success after PRF may improve
outcome. We assessed the predictors of PRF in patients with chronic intractable lumbosacral radicular
pain.

Methods
Patients with monosegmental chronic lumbosacral radicular pain of L5 or S1, first received a nerve
root block at the corresponding level. Independent of the result of this block a PRF treatment at the
same level was performed. At 6 weeks, 3 months and 6 months after the procedure the outcome was
evaluated.

Results
Age ≥ 55 was a predictive factor for successful outcome at 6 months while disability was a negative
predictor.
The use of failed back surgery syndrome, gender, duration of pain, Numerical Rating Scale, level and
side of treatment, DN4 and RAND-36 as predictor for success was not supported.

Conclusions
Successful outcome after PRF adjacent to the DRG, in patients with intractable chronic lumbosacral
radicular pain is more likely in patients’ ≥ 55 years, whereas younger patients and those with a high
disability probably will have a lower success rate. The diagnostic nerve root block has a limited
predictive value. Combination of all these factors creates a fair predictive value.
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INTRODUCTION
Lumbosacral radicular pain can be considered as an important health care problem with the lowest
quality of life compared to other types of neuropathic pain, or compared to other major chronic
diseases.1 It is probably the most commonly occurring form of neuropathic pain2, 3, thereby creating
an important socio-economic problem. Although the majority of patients initially have a spontaneous recovery of symptoms, if severe pain persists after 3 months of onset, the long-term recovery is
unfavorable.4-8 Two years after onset of lumbosacral radicular pain 25% of the patients are still unable
to resume the professional activities.9 This high prevalence of chronic severe lumbosacral radicular
pain may be attributed to 2 main factors. First the recurrence rate after an initial recovery within 3
months of onset is high.7 Second, treatment frequently fails as illustrated by the fact that 45% and
40% of all patients referred for secondary care who were treated conservatively and/or were operated,
report non-successful outcome at respectively 1 and 2 years follow-up.10
Pulsed radiofrequency (PRF) treatment uses high frequency current intermittently and its use adjacent
to the dorsal root ganglion (DRG) has been suggested for the treatment of radicular pain.11-17 This
target specific treatment obviously requires optimal identification of the causative level. Therefore
a diagnostic block of the presumed causative dorsal root ganglion (DRG) has been suggested to
determine the exact level of PRF treatment.
In a retrospective study at least 50% pain relief after PRF of the lumbar DRG was achieved in 41%
of the patients at 6 months.11 In patients with failed back surgery syndrome (FBSS) the use of PRF did
not result in an improvement of pain. We conducted an outcome study to measure the effect of PRF,
a treatment option that can be considered in patients suffering chronic lumbosacral radicular pain
refractory to conservative treatment. A good clinical outcome at 6 months was reported by 55.4% of
the patients. In order to optimize treatment outcome by improving patient selection, there is a need
to identify those factors that may be predictive for the outcome of a PRF treatment. As part of the
prospective outcome study, we assessed the parameters that could predict successful outcome of PRF
adjacent to the DRG in patients with chronic intractable lumbosacral radicular pain.
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METHODS
Participants
All consecutive patients with lumbosacral radicular pain were screened in the multidisciplinary pain
centres of the University Hospital Maastricht, Maastricht the Netherlands, Sint-Jozefkliniek, Bornem
Belgium, Ziekenhuis Oost-Limburg, Genk/Lanaken Belgium and Klinieken Noord-Antwerpen,
Brasschaat Belgium. The pain physicians in each centre have at least 5 years’ experience (KVB, JVZ,
MvK, KL). Most of the patients were referred by medical specialists (neurologists, neurosurgeons,
orthopedic surgeons and rehabilitation physicians).
The institutional Ethics Review Board of each of the participating centres approved the trial and all
patients signed an informed consent form. The trial was registered as NCT00991237 (ClinicalTrials.gov).
Patients were eligible for the study if they reported a unilateral and monosegmental radiating pain
down the leg, into the foot to the hallux (L5) or lateral side of the foot (S1), suggesting involvement
of the lumbar spinal nerve along the affected nerve root concordant with the MRI or CT-scan
findings.18-21 The radicular syndrome should have been present for at least 3 months, despite conservative treatment consisting of medication and physical therapy.4, 22 The leg pain should be the primary
complaint with an average pain score of at least 5 on the Numerical Rating Scale (NRS – 11 point

scale, 0= no pain and 10= the worst pain imaginable).
Exclusion criteria were: younger than 18 and older than 80, an atypical radiation pattern, bilateral
symptoms or involvement of more than 1 segment (L5 and S1 radiation). A history of cancer, fractures
of the lumbar vertebrae, myelopathy, systemic diseases or connective tissue diseases, diabetes mellitus
type I, coagulation disorders and use of anticoagulants, multiple sclerosis, pregnancy, the presence
of a cardiac pacemaker or spinal cord stimulator and RF or PRF treatment of DRG in the last year.
When the patient had a score higher than 45 on the Pain Catastrophizing Scale (PCS), he/she was first
referred to a psychologist for further evaluation.23
Patients first received a nerve root block at L5 or S1, depending on the typical radiation pattern and
consisting of lidocaine 2% 0.7 mL. Before performing the diagnostic block patients were asked to
indicate the pain intensity in the leg on a NRS-11 point scale. Thirty minutes after the diagnostic
block the patients were asked to rate again the pain intensity on the NRS. A reduction on the NRS of
at least 2 points was considered a positive result. The patients’ global perceived effect (GPE) was also
assessed with a 7-point Likert scale.24 Patients reporting “full recovery” or “much improvement” were
considered to have a positive result.
To allow assessment of the predictive value all patients, independent of the result of this block,
received a PRF treatment at the same level concordant with clinical symptoms and adjacent to the
L5 or S1 DRG within a week. At 6 weeks, 3 months and 6 months after the procedure the outcome
was evaluated. If patients at the 6-week evaluation reported clinically insufficient pain relief, defined
as less than 50% pain relief and less than 2 points reduction on the NRS, an additional single repeat
PRF procedure was proposed at the same or an adjacent level according to clinical symptoms. A
single repeat PRF procedure was also performed if the patient considered the effect of the first PRF
intervention was not sufficient. Conventional medical management (e.g. acetaminophen, tramadol,
amitryptiline, gabapentin or pregabalin) was further allowed if pain was not adequately controlled.

Intervention technique
Diagnostic block • For the 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 insertion
point is found by projecting a metal ruler over the lateral part of the neuroforamen. This lateral
approach reduces excessive overflow to adjacent levels. 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. 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 neuroforamen. In an antero posterior (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. If a correct imaging is
not obtained, the needle is carefully advanced a little further. Finally, a small amount of contrast agent
shows the course of the spinal nerve in an AP view. Lidocaine 2% 0.7 mL was then injected (0.2mL
stayed in the needle, 0.5mL effectively injected).
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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 DRG. The cannula (22G 100 mm probe with a 5 mm active tip, Cotop Amsterdam,
The Netherlands) is inserted in the 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 neuroforamen in lateral view. The stylet is removed and exchanged for the RF probe. The probe
is connected to the radiofrequency generator (Neurotherm NT1100, Massachusetts, MA, USA). The
impedance is checked, and thereafter, the sensory threshold. The patient should now feel tingling at a
voltage of <0.5 V. In case of a threshold above 0.5V, the cannula is carefully advanced further until a
correct sensory stimulation is found. Thereafter, a pulsed current (20 ms current, 2 Hz) is applied for
2 times 120 seconds with an output of 45V, with a short interval between both treatments. During this
procedure, the temperature at the tip of the electrode may not surpass 42°C.
Outcome measurements
Patients’ baseline characteristics: age, gender, duration of pain, and prior back surgery were noted.
The affected side, level of pathology , pain intensity in the leg (NRS) measured according to the
Jensen method 25; quality of life (RAND 36)26 and disability (Oswestry Disability index)27 were noted
at baseline. The neuropathic character of pain was judged with DN-4 20, 28 and LANSS. 29
The use of medication at inclusion was scored with the Medication Quantification Scale (MQSIII) 30.
The primary aim of the analysis was to identify baseline variables that were indicators of success after
PRF treatment.
Based on the RAND parameters a Mental and a Physical Component Scale were calculated.31
Success or failure of the PRF treatment was evaluated at 6 weeks and 6 months. Success was defined
as a reduction in NRS of at least 2 points and a GPE of 1 or 2 (fully recovered or much improvement).
Drop-outs were classified as failures.

Statistics
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Possible predictors were the result of the diagnostic block, Failed Back Surgery Syndrome (FBSS),
gender, age (dichotomized: <55 vs ≥ 55 years), duration of complaints, level of PRF, side of PRF,
DN4 (dichotomized : <4 vs ≥ 4), Oswestry Disability Index (ODI), MQSIII, Physical Component
Scale (CS) and Mental Component Scale of RAND-36 and use of opioids. Using a univariate logistic
regression model the Odds Ratios and their Confidence Intervals were calculated. Those baseline
characteristics were identified as predictors if the P- value was 0.1 or less.32 In a second step all selected
predictors were entered backward stepwise (P =0.1) in a multivariate logistic regression model.
Receiver Operating Characteristics (ROC) curves were constructed and Area Under the Curve (AUC)
were calculated of the selected predictors and the outcome of the multivariate regression model. To
determine the influence of a second PRF on the performance of the diagnostic block, we also calculated the diagnostic Odds Ratio of the diagnostic block after one PRF treatment at 6 weeks. Data were
analyzed using SPSS 20.0 (IBM SPSS statistics).

RESULTS
Between January 2010 and September 2012 all patients referred to the participating pain centres with
presumed chronic lumbosacral radicular pain were screened for participation. From a total of 461
patients screened, 65 were included. Seven patients had to be referred for back surgery during the
study period, 4 received another treatment such as surgery for another problem during the trial period
and were therefore excluded. Two patients were lost-to-follow up at the 6 months evaluation. They
were all considered as failures. Table 1 represents the baseline characteristics. None of the patients had
to be excluded because of a score of more than 45 on PCS.
Twenty-four persons were not successful at 6 weeks and five of them received a second PRF.
The univariate analysis selected the results of the diagnostic block, age, MQSIII and ODI as predictors.
The stepwise multivariate analysis with these predictors selected the diagnostic block, age and ODI
as final predictors for a successful outcome at 6 months. The combination of all these final predictors
gives an odds ratio of 83.2 (p=0.02, 95% CI 4.76-1454) for a successful outcome at 6 months. In table
2 the Diagnostic Odds Ratios (OR) and the OR of the stepwise multivariate regression analysis with
their p-values and Confidence Interval are described.
Table 1. Baseline patient characteristics
Patient characteristics
100 % (n=65)
Age ≥ 55			
43.1 (28)
		 Gender
		 male			
27.7 (18)
female			
72.3 (47)
Duration of pain
		 3-6 months		
27.7 (18)
		 6-12 months		
29.2 (19)
		 >1 year			
43.1 (28)
Dermatome
		 L5			
60.0 (39)
		 S1			
40.0 (26)
Side
Left				
55.4 (36)
Right			
45.0 (29)
Failed Back Surgery		
23.1 (15)
Age						
NRS					
Physical CS (RAND-36)				
Mental CS (RAND-36)				
ODI					
LANSS					
DN4					
MQSIII					

mean (SD)

51.80 (14.3)
7.06 ( 1.3)
33.40 ( 6.7)
45.00 (12.2)
43.11 (14.0)
8.80 ( 5.0)
4.50 ( 2.0)
20.50 (22.0)

SD: standard deviation; FBSS: failed back surgery syndrome; NRS: numerical rating scale; RAND-36:
quality of life measurement tool; ODI : Oswestry Disability Index; MQSIII: medication quantification
scale version III; CS : Component Scale of RAND-36
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Table 2. The diagnostic Odds Ratios (OR) of all predictors as the results of the univariate regression
analysis and the OR of the result of the stepwise multivariate regression analysis
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OR
P		

95% C.I.
Lower -Upper

Univariate model
Gender				
Duration of symptoms in months		
Level diagnostic block			
Level PRF				
Side					
FBSS				
NRS				
DN4				
DN4 ≥ 4				
LANSS				
MQSIII				
Opioid				
Physical CS (RAND-36)			
Mental CS (RAND-36)			
Age ≥55 				
Diagnostic block			
ODI				

0.52
0.72
0.61
0.70
0.94
0.90
0.82
0.91
1.14
1.30
0.97
0.48
1.00
1.01
3.28
3.26
-0.97

0.26		
0.29		
0.33		
0.48		
0.90		
0.86		
0.32		
0.44		
0.81		
0.62		
0.04		
0.29		
0.91		
0.77		
0.03		
0.06		
0.08		

0.17 - 1.62
0.40 - 1.32		
0.22 - 1.64
0.26 - 1.89
0.35 - 2.54
0.28 - 2.86
0.56 - 1.21
0.71 - 1.16
0.38 - 3.47
0.45 - 3.82
0.96 - 1.00
0.12 - 1.89
0.92 - 1.08
0.96 - 1.05
1.15 - 9.34
0.97 - 11.00
0.93 - 1.00

Multivariate model
Predicted probability based on		
Age ≥55				
Diagnostic block			
ODI			

83.2
3.78
3.51
-0.96

0.02		
0.02		
0.07		
0.07		

4.76 – 1454
1.22 - 11.63
0.92 - 13.48
0.92 - 1.00

In fig 1 the ROC curves of these predictors are shown and Area Under the Curve is calculated. One
possible cut-off would lead to a sensitivity of all predictors of 69% with a specificity of 59%. The
Odds Ratio of a positive diagnostic block in predicting the success at 6 weeks after one PRF treatment,
is 3.2 (p=0.072, CI 0.9-11.375).

Figure 1: Receiver Operator Characteristic curves
AUC= Aera Under the Curve; MQSIII = Medication Quantification Scale ,
ODI=Oswestry Disability Index

DISCUSSION
Principal findings
A positive diagnostic block of the corresponding nerve root is a predictor for success at 6 weeks and 6
months after PRF treatment adjacent to the DRG in chronic intractable lumbosacral radicular pain.
Odds Ratios for a diagnostic block at 6 weeks and 6 months is similar, indicating the number of PRF
treatments has no influence on the predictive value of the diagnostic block.
Older age (more than 55 years old) is also a predictor for clinical success at 6 months. A high disability
acts as a negative predictor for a successful outcome. Each of these parameters have limited predictive
value, combination of these predictors has a fair predictive value (AUC = 0.73) for the 6 months
outcome.
These results do not support the use of FBSS, gender, duration of pain, NRS, level and side of
treatment, DN4 and RAND-36 as predictor for success.
Strength study
This is the first prospective study to evaluate potential factors that may predict the outcome of PRF
adjacent to the lumbar DRG for the management of chronic intractable lumbosacral radicular pain.
All patients were included according to strict selection criteria and treated regardless of the outcome
of the selective diagnostic block, which allows judging the value of the block as predictive factor in a
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homogeneous patient population with dominant radicular symptoms in only one dermatome.
The standardized inclusion and management also allows assessing other factors that may influence
the treatment outcome.
Relation with other studies
Up till now only two studies assessed the influence of prior surgery on the outcome of PRF adjacent
to the lumbar DRG. A retrospective analysis found that patients with FBSS had no beneficial effect of
PRF treatment adjacent to the lumbar DRG. 11 This observation was not confirmed in a clinical audit16
nor in the current study.
How accurate is one single diagnostic block?
There is a growing debate on the physiologic and anatomic selectivity of diagnostic “selective” nerve
root blocks. According to the anatomy of the spinal nerve in the foramen, 7 µL of local anesthetic
should suffice for a nociceptive blockade.33 In practice 0.5 to 1mL is used, with a risk of spreading
to other structures like the nervus sinuvertebralis (innervation of nearby disci intervertebralis, ligamentum longitudinale posterius, ventral dura mater and nerve root sleeve) and sensory fibers of ramus
dorsalis (local back muscles and facet joints).34 This interferes strongly with the anatomic selectivity
of this diagnostic procedure. Furthermore the position of the needle tip during this procedure is
normally located distal to the inflammatory process in case of a herniated disc (e.g. diagnostic block of
nerve root L5 for a L4-5 herniated disc). Peripheral nerve blocks have the potential to induce adequate
pain reduction even when the etiology is located more proximal.35, 36
Ectopic firing and Wallerian degeneration potentiates afferent signaling in radicular pain,37, 38 so it is
possible that these distal secondary neurological events are interrupted by a diagnostic block.33 The
extent of the specificity of a nociceptive blockade of the nerve root distal to the etiology for the diagnosis of radicular pain is therefore unknown.
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Limitations
The analysis of the predictive factors for clinical outcome was part of a prospective trial that also
aimed at evaluating the effect of pulsed radiofrequency treatment adjacent to the dorsal root ganglion.
Since the evidence for PRF in radicular pain is limited and ideal parameters for treatment not known,
the objective was to first evaluate the effect of PRF at a single level. Moreover it is difficult to evaluate
the diagnostic value of a single diagnostic nerve root block, if more than 1 nerve root is affected.
For this reason patients with only one affected nerve root were selected. Since a large portion of the
screened patients presented two or more affected nerve roots, this reduced significantly the inclusion
rate. This is supported by electromyographical data where many patients have more than one affected
nerve root39, so it is unclear how the information from our study can be extrapolated to situations were
more than 1 nerve root is involved. The final position of the needle tip for PRF is based on sensory
testing, and uses a threshold below 0.5V as a benchmark. Due to the variability in the location of the
DRG, the exact position of the needle-tip relative to the DRG is however uncertain. How this can
influence the clinical result is unclear.
Psychosocial factors were used as exclusion criteria, but not as predictors for the outcome of PRF
treatment adjacent to the DRG, this is another limitation of this study.
From the wide confidence intervals in table 2 it can be seen that a non-significant result does not mean
that this variable has no predictive value especially when the distribution of that potential predictor is
unbalanced. This may hold for the variable of FBSS. This is in agreement with another study where
FBSS showed no significant influence on the outcome.16

Unanswered questions and future research
We noted that when the GPE was used to evaluate the diagnostic block, 14 patients with a negative
result still had a good clinical outcome (false negative). This number of patients was reduced to 3 when
using the NRS as evaluation measure. The combination NRS and GPE resulted in 5 patients having
a false negative block. This observation suggests that for future research preferable the NRS is used as
an outcome parameter, or the combination of NRS and GPE.
It is possible that the number of false negative results can further be reduced by increasing the sensitivity of the diagnostic blockade. Targeting only one level of the spinal nerve may generate false
negative results of the diagnostic block. Because of the described divergence and convergence of
afferent radicular pain signaling different segmental levels are involved.40-43
Therefore the value of blocking more than 1 nerve root to predict more accurately outcome after PRF
treatment is worth exploring.

CONCLUSION
Successful outcome after PRF adjacent to the DRG, in patients with intractable chronic lumbosacral
radicular pain is more likely in patients ≥ 55 years, whereas younger patients and those with a high
disability probably have a lower success rate. The diagnostic nerve root block has a limited predictive
value. Combination of all these factors creates a fair predictive value.
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In the 19th century Fuller stated “the history of sciatica is, it must be confessed, the record of pathological
ignorance and therapeutic failure”.1 From an evidence-based point of view this statement related to efficacy
and treatment of lumbosacral radicular pain (LSR) has not lost impact and validity even in the twenty-first
century. Lumbosacral radicular pain is the most frequently occurring form of neuropathic pain,2-4 and the
reported efficacy of treatments is limited. Only surgery has an evidence-based value compared to conservative treatments, but its efficacy is limited to the first year following discectomy5 and is therefore considered
a last resort. This means there is a large population with refractory complaints and low quality of life who
receive treatments with uncertain efficacy. 6
The aim of this thesis was to evaluate the potential role of pulsed radiofrequency (PRF) treatment adjacent
to the dorsal root ganglion (DRG) in patients with chronic lumbosacral radicular pain (LSR). Research
Question 1 focused on the inventory of the current knowledge, diagnosis and management of LSR and
the present evidence for PRF treatment. As the role of PRF in treatment of patients with chronic LSR is
based on insights into the underlying mechanisms, basic research on PRF and LSR is reviewed (see Research
Question 2). In view of clinical application of interventional treatments of chronic pain patients often
problems are encountered in the design of the study, an issue which is addressed under Research Question
3. Finally clinical studies were performed in order to answer Research Questions 4: Does PRF treatment
adjacent to the DRG in patients with refractory lumbosacral radicular pain result in pain relief ? In addition
to this Research Question 5: Is it possible to determine predictive factors for successful outcome of PRF
treatment adjacent to the DRG in chronic LSR patients ?

RESEARCH QUESTION 1:
What is the current knowledge on epidemiology, diagnosis and management of lumbosacral
radicular pain?
A review was presented on the current knowledge on epidemiology, diagnosis and management of
lumbosacral radicular pain (chapter II). The diagnosis of lumbosacral radicular pain relies in the first place
on a thorough history taking to determine the radiation pattern of pain and paresthesia.7 Unfortunately
current evidence indicates poor diagnostic performance of most physical tests (paresis, sensory loss or loss
of reflexes) if used to identify lumbar disc herniation. Better performance may be obtained when various
physical tests are combined.8
Medical imaging can confirm the presence of a herniated disc or nerve root compression. 9 The link between
documented disc herniation and lumbosacral radicular pain can, however not be made, nor can the presence
of a nerve root compression or disc extrusion predict treatment outcome.10 A diagnostic nerve root block is
a commonly used technique for determining the level of the radicular pain, there is, however, uncertainty
concerning its sensitivity and specificity. The scientific support for the conservative treatment, consisting of
exercise therapy and pharmacologic treatment, is limited. 11
Clearly a general complication in clinical studies on sciatica, ischias, radicular pain, radiculopathy or
lumbosacral radicular pain is still related to a lack of consensus on the terminology of radiating pain
emerging from the DRG.12 In this thesis the term “lumbosacral radicular pain” was consistently used as it is
more accurate and explanatory of the presenting condition.13-15 The lack of a gold standard for diagnosing
LSR pain can lead to a heterogeneous patient inclusion, with negative impact on the outcome in clinical
studies.
Hence, future research should be related to not only standardize the terminology for radicular pain but also
to a fine tuning of diagnostic criteria for LSR pain. This will eventually result in an inclusion of more homogenous populations which then increases the possibility to compare outcomes between individual studies.
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RESEARCH QUESTION 2:

VIII

Which pathophysiological processes underlie acute and chronic LSR pain and how might
pulsed radiofrequency modulate these processes?
An in depth literature review on the cellular and molecular changes in radicular pain and the
mechanism of PRF is presented in Chapter III. Basically radicular pain is characterized by a divergent
pain transmission and spinal segmental spreading of the afferent nociceptive input combined with
complex cellular and molecular processes that initiate and maintain the increased nociceptive signal
input. The spread of radicular pain to adjacent spinal segments has been demonstrated (figure 1 page
52).16,17 Trauma to nerve roots and the DRG lead to significant changes in ion-channels at both injured
and adjacent uninjured DRGs and this leads to ectopic firing. Ectopic discharges that reach the dorsal
horn can activate postsynaptic pain neurons due to an increase in synaptic efficacy, also referred to as
central sensitization.17 The mode of action of key molecules and cells involved in radicular pain, like
glutamate, BDNF and microglial cells, in relation to their timing and localization is shown in figure
2 (page 55).
As PRF is an interventional treatment that creates a stronger electro-magnetic field than conventional
RF, it might potentially affect the pathophysiological processes underlying radicular pain in a larger
area. Limited data suggest that PRF results in behaviorally detectable pain relief in experimental
animal models of radicular and neuropathic pain, which is accompanied by cellular changes at the
DRG and spinal horn. The precise interference of PRF with the cellular and molecular changes as
noted in radicular pain is still unknown. Future research should be aimed at the further elucidation
of this interference with special emphasis at the modulation of PRF on 1) inflammatory responses
induced by a herniated disc and Wallerian degeneration; 2) enhanced ectopic firing at the DRG; 3)
central sensitization and release of BDNF in the spinal dorsal horn.
Knowledge on how PRF modulates the pain signal is limited and slowly progressing as the exact mechanism is not yet established. The major research question at the moment is, if and how PRF-induced
modulation of the cellular and molecular changes in radicular pain affects the divergent pain transmission and spinal segmental spreading? In line with this, the question remains if we use the optimal
settings and approach for PRF to ensure a maximal interference with the complex cellular and
molecular processes of pain transmission and spreading of the signal?
In view of these major research questions a first prerequisite would be the availability of good animal
models. Unfortunately at present still many experimental studies on radicular pain are using chronic
neuropathic pain models instead of a set-up which mimics the typical features and characteristics of
lumbosacral radicular pain. The chronic compression of the dorsal root ganglion (CCD) model, best
mimics disc herniation and lateral foraminal stenosis. With CCD a metal rod is introduced into the
intervertebral foramen18, which induces both nerve root compression and secondary inflammation
19,20
, thereby mimicking a herniated lumbar disc or foraminal stenosis. The CCD model has been
shown to produce electrophysiological and behavioral changes indicative of radicular pain. This
makes it an attractive model for evaluating effects of treatment modalities. A first pilot study in our
laboratory revealed that this CCD model might result in behavioral pain responses as assessed with
von Frey /Catwalk. However, the low reproducibility of the lesion and thus the high variability on the
various pain parameters significantly complicate the correct interpretation of the results of this pilot
study. Future studies with this CCD model should focus on the optimization of the reproducibility of
the lesion and its effect on pain parameters in this model.

It needs no further comment that a better understanding of the cellular and molecular changes as
presented in radicular pain and unraveling the mechanism induced by PRF to reverse these changes,
may lead to a more optimal use of PRF. Here both localization of the PRF treatment, which could be
at the DRG, at the peripheral nerve or transcutaneous, but also the PRF-stimulation parameters like
frequency, and duration should be taken into consideration and thus become future subject of investigation. Standardization of those PRF-parameters in an experimental model for lumbosacral radicular
pain would greatly benefit the interpretation.

RESEARCH QUESTION 3:
Is it possible to further improve the design of clinical studies on interventional pain therapy
and how?
Conducting randomized controlled trials on interventional pain management techniques may be
complicated by several factors, as described in chapter IV. RCTs on interventional pain management
techniques face methodological problems often leading to power problems because an inadequate
number of subjects can be recruited. Unfortunately the results of those underpowered studies are
included in systematic reviews and meta-analyses and they may negatively influence the general
recommendations.
An additional problem related to RCT’s in interventional pain management techniques is the lack
of a diagnostic gold standard for chronic (spinal) pain, which might lead to inclusion of patients who
may not benefit from the treatment. Obviously heterogeneous patient groups limit the comparison of
outcome between studies.
The information provided to potential participants in a randomized sham controlled trial also
describes a substantial chance of receiving an ineffective treatment. The latter results in a proportion
of alerted patients, who do not agree to provide consent. The selected comparative treatment may not
be appealing to patients.
Several alternative trial designs have been proposed to deal with this inclusion problem. The prerandomization design (or Zelen or post-consent design) is a way of avoiding contamination by
blinding the control group and may offer an alternative that may be worth testing in interventional pain
management. Within the Zelen-design randomization takes place prior to seeking informed consent. 21
Then all patients are asked permission to prospectively collect their data for research purposes and
an informed consent is obtained. After randomization, patients assigned to the experimental group
will immediately receive all information related to the experimental treatment, followed by a second
informed consent. Patients assigned to conservative standard treatment will receive full information,
including the information on the experimental treatment, only after completing the trial period and
informed consent is then once again asked in order to finally use the collected information. After
completing the study they also will be given the opportunity to receive the experimental treatment.
This design is especially interesting when the experimental treatment seems very attractive, leading to
non-adherence in the control group.22
Although the pre-randomization- or Zelen-design is still controversial it is now accepted by most
medical ethical committees in the UK and the Netherlands, and this resulted in an adaptation of legal
regulations in these countries.23 In Belgium this design was not approved by the ethical committee due
to unadapted regulations.
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RESEARCH QUESTION 4:

VIII

Does PRF treatment adjacent to the DRG in patients with refractory lumbosacral radicular
pain result in pain relief ?
We studied the effect of PRF adjacent to the lumbar DRG for the management of refractory
lumbosacral radicular pain both in a clinical audit (Chapter V) as well as in a prospective trial (Chapter
VI) .
The inclusion of patients into the clinical audit was based on the presence of LSR at one single level,
concordant with the MRI or CT findings and responding to a selective diagnostic nerve root block.
Treatment was restricted to a single intervention at a single level. The results of the clinical audit
demonstrated a 50% pain relief in 22.9% of cases after 6 months. Furthermore the PRF-treatment
significantly reduced pain medication in the success group compared to the non-success group. These
findings let us suggest that PRF treatment adjacent to the lumbar DRG may be considered a treatment
option for lumbosacral radicular pain although the outcome in this clinical audit was less significant
than previously reported.24-27 This discrepancy may be related to the fact that in this clinical audit
basically only a single intervention at one level was performed as compared to other studies with repeat
interventions or treatments on more than one level.
Although clinical audits provide some level of evidence and can be used in recommendation for
a treatment in clinical practice Randomized Clinical Trials (RCT) are still needed. It is generally
acknowledged that RCT’s provide the highest quality evidence also in the treatment of LSR. In view
of a treatment for LSR the selection of a comparator poses a problem. The only evidence based
therapy available is surgery.5 It was documented that early surgery as compared to prolonged conservative care with possible surgery provides a more rapid pain relief and improvement of functionality.
At 1 year follow-up, however no significant difference between groups was noted anymore.5 As PRF
may potentially produce a long-term pain reduction this intervention may avoid the need for surgery.
However the use of surgery as comparator necessitates a follow-up period of at least 1 year. On the
other hand, as the efficacy of PRF is not yet clear and optimal modalities are not known, the use of
surgery as comparator was not feasible.
We performed a prospective trial (Chapter VI) which was initially planned to be a randomized
controlled trial to test the added value of PRF to conventional medical management as compared to
conventional medical management alone. The multicenter trial in hospitals in The Netherlands and
Belgium was initially set up following the pre-randomization design, which, although accepted in The
Netherlands was refused in Belgium by the ethical committee. Therefore this multicenter study had to
be changed into a non-randomized prospective outcome study.
In absence of a gold standard for the diagnosis of LSR, patients are mainly selected when MRI or CT
findings correlate with clinical symptoms and radiation pattern.5, 28 The specificity of the combination
of imaging results and clinical symptoms is unknown. We handled stringent patient inclusion criteria
to compensate for the lack of a diagnostic tool with a high specificity, in order to select patients with
a “pure” lumbosacral radicular pain. Patients had to report unilateral and mono-segmental radiating
pain down the leg, into the foot to the hallux (L5) or lateral side of the foot (S1), suggesting involvement
of the lumbar spinal nerve along the affected nerve root concordant with the MRI or CT scan
findings.29-32 This pain distribution had to be present for at least 3 months.33,34 The working hypothesis
was that in this population the likelihood of dealing with a chronic inflammation of the DRG is very
high, consequently forming an ideal population to study LSR. These selection criteria, together with
a mono-segmental distribution significantly slowed down the inclusion rate of the clinical trial. In our

non-randomized prospective outcome study a PRF treatment at the level concordant with clinical
symptoms was performed independent of the result of a selective nerve root block. If a clinically
insufficient pain relief was reported at the 6-week evaluation a single repeat PRF procedure was
proposed at the same or an adjacent level according to clinical symptoms. Based on an intention to
treat analysis, 56.9%, 52.3%, and 55.4% of a total of 65 included patients had clinical success on the
global perceived effect (GPE) or numerical rating scale (NRS) at 6 weeks, 3 and 6 months follow-up
respectively. The DN4, the Oswestry Disability Index and the physical component for the RAND-36
quality of life improved significantly while the mental component remained unchanged.
In view of future research in interventional pain management it is obvious that there is a need for an
alternative study design, allowing the comparison of PRF treatment with standard care. The concept
of pre-randomization is worth exploring, but then Belgian law has to be adapted to allow implementation if Belgian Hospitals are involved. A possible alternative is the use of more pragmatic trials.35
To further improve the quality and impact of clinical research on the effect of PRF in LSR patients
standardized strict selection criteria should be used to include a more homogenous patient population
and allow more accurate evaluation of the treatment effects.
The value of a repeat PRF treatment is worth exploring. A repeat intervention at the same or at an
adjacent level may consolidate an early effect. This can be supported by findings of animal studies and
anatomical observations. The changes in the dorsal root ganglion and dorsal horn observed in animal
studies36 may indeed be transient after a single treatment. Moreover, a spreading of the radicular
signal (see RQ2/Chapter III) occurs in electrophysiological studies, obscuring the efficacy of a single
treatment at a single segmental level.
Because of this phenomenon, the simultaneous administration of PRF at multiple levels should be
studied with regard to potential improvement of the efficacy due to coverage of a larger part of the
afferent incoming signal. Hence, a randomized trial is necessary to evaluate the added value of PRF
relative to a control group in LSR patients.

RESEARCH QUESTION 5:
Is it possible to determine predictive factors for successful outcome of PRF treatment
adjacent to the DRG in chronic LSR patients ?
Our study revealed that a successful outcome after PRF adjacent to the DRG in intractable LSR is
more likely to occur in patients ≥ 55 years (Chapter VII). A diagnostic nerve root block has a limited
predictive value as the specificity of a nociceptive blockade of the nerve root distal to the etiology for
the diagnosis of radicular pain is unknown.
In order to increase the value of the diagnostic block as a predictive factor of successful outcome of
PRF in LSR and the fact that a diagnostic block at one level evaluated by the global perceived effect
results in a fairly high number of false negatives, two suggestions for future research can be made. The
first is to use a NRS as evaluation of the diagnostic block, because the number of false negatives was
much lower than with the GPE. The second suggestion is to assess the accuracy of a diagnostic block
at multiple levels to increase sensitivity.
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GENERAL CONCLUSION

1.

The aim of this thesis was to evaluate the potential role of pulsed radiofrequency treatment adjacent
to the DRG in patients with chronic LSR.
Although the spreading of the radicular afferent signal is a complex phenomenon, a certain sequence
in the inflammatory cascade is apparent. Beginning with the disc degenerating nerve, pro-inflammatory cytokines are released at the site of lesion which causes ectopic firing at the DRG, leading to
an increased release of neurotrophins and continuous firing at the dorsal horn, potentially leading to
central sensitization. The spread of radicular pain to adjacent spinal segments has implications for
future research on interventional pain treatments.
A clinical audit demonstrated clinical success at 6 months after a single PRF adjacent to the DRG
in patients with chronic LSR in 29.5%. A prospective trial in patients with refractory symptoms of
LSR and strict inclusion criteria, demonstrated clinical success in 55.4% at 6 months. The DN4, the
Oswestry Disability Index and the physical component for the RAND-36 quality of life also improved
significantly. Younger patients and those with a high disability at baseline probably will have a lower
success rate. The diagnostic nerve root block has a limited predictive value.
Although the studies presented in this thesis demonstrate clinical success, RCTs are needed to further
confirm and provide solid scientific evidence for PRF treatment adjacent to the DRG in patients with
chronic LSR
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SUMMARY
The aim of this thesis was to evaluate the role of pulsed radiofrequency (PRF) treatment adjacent to
the dorsal root ganglion (DRG) for the management of refractory lumbosacral radicular pain (LSR).
The first chapter of this thesis aimed at defining lumbosacral radicular pain. Furthermore this
introductory chapter provides the reader with a description of the epidemiology as well as a summary of available treatments for lumbosacral radicular pain. The latter with special emphasis to
interventional techniques including radiofrequency (RF) and Pulsed Radiofrequency.
In chapter II the diagnostic process, the use and value of additional examinations and the potential
treatment options for lumbosacral radicular pain are described. It is concluded that the present
diagnostic procedure of lumbosacral radicular pain is troubled by a lack of consensus on the definition and by the lack of a gold standard.
To further optimize the use of PRF for the management of (cervical and lumbosacral) radicular pain
a better translation between basic science and clinical experience is needed (chapter III). As radicular pain is a complex phenomenon with an important divergence and spreading of the afferent nociceptive signal, leading to the sensitization of the neurotransmission at DRG and in the spinal dorsal
horn at various levels, the development of a good experimental model is obviously not that easy.
The pathophysiology and the underlying mechanism of action of radicular pain are described in detail in chapter III. It is mentioned that in radicular pain ectopic discharges reach the dorsal horn and
are able to activate postsynaptic pain neurons. Then increased neurotrophin release (e.g. BDNF) in
the spinal dorsal horn induces a cascade of mechanisms that sensitize the transmission of afferent
nociceptive input.
PRF is an interventional treatment and a good candidate for the management of radicular pain,
and has been reported to generate a stronger electro-magnetic field than conventional RF, thereby
potentially disrupting the pathophysiological processes underlying radicular pain in a much larger
area. Limited data suggest that PRF results in behaviorally detectable pain relief in experimental
animal models of radicular and neuropathic pain models, which is accompanied by cellular changes
at the DRG and spinal horn.
The efficacy of a treatment is best assessed by means of a randomized, placebo controlled trial
where patient and care giver are blinded to the treatment given. In chapter IV the problems and
pitfalls of research on interventional pain management techniques are discussed. The pre-randomization or Zelen design is suggested as a way of avoiding contamination by blinding the control
group that may offer an alternative that may be worth testing in interventional pain management.
Chapter V describes the result of a clinical audit on the use of PRF adjacent to the DRG for patients
with LSR. Here 50% pain relief was still present in 22.9% of the cases after 6 months. The success
rate of 22.9% as obtained in this series, compared to earlier studies where repeated RF or PRF
procedures have been executed, suggest that performing a repeated procedure at the same or an
adjacent level might increase the likelihood of success. Therefore the possibility of performing a
repeat intervention was included into the protocol of the cohort study that is reported in
chapter VI.
In a prospective trial consecutive patients with refractory unilateral lumbosacral radicular pain of L5
or S1 received a PRF treatment adjacent to the DRG (Chapter VI). Fifty five point four percent of
a total of 65 patients included showed clinical success on the GPE or NRS. The DN4, the Oswestry
Disability Index and the physical component for the RAND-36 quality of life significantly improved
in this population of PRF treated LSR patients, while the mental component remained unchanged.
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The success rate of 55.4% in PRF treated LSR patients as noted in our prospective trial may be
improved if predictive factors for success or failure are identified. This urged us to further analyze
the data of the prospective trial in order to test if predictors of success could be identified (chapter
VII).
Then, successful outcome after PRF adjacent to the DRG, in patients with intractable chronic
lumbosacral radicular pain was shown to be more likely in patients ≥ 55 years, whereas younger
patients and those with a high disability showed a lower success rate. Furthermore, from this detailed analysis it was concluded that a diagnostic nerve root block has a limited predictive value.
Combination of various factors (positive diagnostic block, age ≥ 55 years are positive predictors and
high degree of disability is a negative predictor) resulted in a fair predictive value of success in PRF
treatment of LSR patients.
It is suggested that based on the positive findings as reported in this thesis on the clinical success
of PRF adjacent to the DRG in treatment of chronic LSR, RCT’s are needed to provide further
scientific evidence.

SAMENVATTING
Deze thesis heeft als objectief een evaluatie te maken van de rol van gepulseerde radiofrequente (PRF)
behandeling ter hoogte van het ganglion spinale, beter gekend als dorsaal wortel ganglion [dorsal root
ganglion (DRG)], voor de behandeling van refractair lumbosacraal radiculair lijden (LSR).
Het eerste hoofdstuk van dit proefschrift heeft als doel lumbosacraal radiculair lijden te definiëren.
Dit inleidend hoofdstuk geeft de lezer een overzicht van de epidemiologie van LSR en de beschikbare
behandelingen. Hierbij wordt speciaal aandacht besteed aan interventionele technieken zoals radiofrequente en PRF behandelingen.
In hoofdstuk II worden het diagnostische proces, het gebruik en de waarde van bijkomende onderzoeken en de mogelijke behandelopties beschreven. De diagnostische procedure voor LSR wordt
gehinderd door het gebrek aan een consensus omtrent de definitie en het gemis aan een gouden
diagnostisch standaard.
Om de toepassing van PRF bij patiënten met (cervicaal en lumbosacraal) radiculair lijden te optimaliseren
is een betere correlatie tussen basis wetenschappelijk onderzoek en klinische ervaring nodig (hoofdstuk III). Radiculaire pijn is een complex fenomeen met belangrijke afwijkingen en spreiding van het
afferent nociceptief signaal, dat aanleiding geeft tot sensitisatie van de neurotransmissie ter hoogte van
het DRG en in de spinale dorsale hoorn op verschillende niveaus. De ontwikkeling van een goed diermodel om dit probleem te bestuderen is niet vanzelfsprekend. Er zijn aanwijzingen dat bij radiculaire
pijn ectopische ontladingen ontstaan die de dorsale hoorn bereiken en de post-synaptische neuronen
kunnen activeren. De toegenomen vrijstelling van neurotrofines (b.v. BDNF) in de spinale dorsale
hoorn induceert een cascade van mechanismen die de transmissie van de afferente nociceptieve input
sensitiseren.
PRF is een interventionele behandeling en een mogelijke optie voor de behandeling van radiculaire
pijn. PRF genereert een sterker elektromagnetisch veld dan conventionele RF, waardoor de onderliggende pathofysiologische mechanismen van radiculaire pijn in een groter gebied kunnen beïnvloed
worden. Er zijn beperkte gegevens die aantonen dat PRF een vermindering geeft van het pijngedrag in
experimentele diermodellen voor radiculaire en neuropathische pijn. Dit gaat gepaard met cellulaire
veranderingen in het DRG en de spinale hoorn.
De doeltreffendheid van een behandeling wordt het best geëvalueerd door een gerandomiseerde
placebo gecontroleerde studie, waarin de patiënt en de zorgverlener niet weten welke behandeling
gegeven wordt. In hoofdstuk IV werden de problemen en valkuilen van het onderzoek naar interventionele pijn behandelingstechnieken besproken. De pre-randomisatie of Zelen design wordt voorgesteld als een manier om problemen te voorkomen door de controle groep initieel niet te informeren
over een alternatieve behandeling die het proberen waard kan zijn.
In hoofdstuk V worden de resultaten van een klinische audit over het gebruik van PRF ter hoogte van
het DRG bij patiënten met LSR beschreven. In deze groep werd in 22.9 % van de gevallen nog steeds
50 % pijnvermindering genoteerd na 6 maanden. Dit succes ratio van 22.9% is minder gunstig dan
deze gerapporteerd in vroegere studies waar een herhalingsbehandeling van RF of PRF uitgevoerd
werd. Deze bevinding suggereert dat een herhalingsbehandeling op hetzelfde of een aanpalend niveau
de kans op succes zou kunnen verhogen. Daarom werd de mogelijkheid om een herhalingsbehandeling uit te voeren opgenomen in het protocol van de cohort studie die besproken wordt in hoofdstuk
VI.

In een prospectieve studie werden opeenvolgende patiënten met refractair unilateraal lumbosacraal
lijden van L5 of S1 behandeld met een PRF interventie ter hoogte van het DRG (hoofdstuk VI).
Vijfenvijftig komma vier percent van een totaal aantal van 65 patiënten die in de studie opgenomen werden hadden een klinisch succes na 6 maanden, bepaald met het GPE of de NRS. De
DN4, de Oswestry Disability Index en de fysische component van de RAND-36 levenskwaliteit
verbeterden significant in deze populatie van LSR patiënten die met PRF werden
behandeld. De mentale component van de RAND-36 bleef onveranderd.
De 55.4% succes ratio bij LSR patiënten die met PRF werden behandeld, zoals in onze prospectieve studie werd gevonden, zou kunnen verbeteren indien de predictieve factoren voor succes
of falen kunnen bepaald worden. Daarom hebben wij de gegevens van de prospectieve studie
verder geanalyseerd om na te gaan of er predictoren voor succes kunnen bepaald worden. De
resultaten werden in hoofdstuk VII weergegeven. De kans op een goed resultaat na PRF
ter hoogte van het DRG, bij patiënten met chronisch lumbosacraal lijden was groter
bij patiënten ≥ 55 jaar, terwijl bij jongere patiënten en personen met sterke beperkingen een
kleinere kans hadden op succes. Verder bleek uit deze gedetailleerde analyse dat een diagnostisch
wortel block een beperkte predictieve waarde heeft. De combinatie van verschillende factoren
heeft (positief diagnostisch block en ouder dan 55 jaar zijn positieve predictieve factoren, een
sterke beperking is een negatieve predictor) een vrij goede predictieve waarde voor succes van
een PRF behandeling bij patiënten met LSR.
De positieve bevindingen voor klinisch succes van PRF ter hoogte van het DRG bij
patiënten met chronisch LSR lijden die in dit proefschrift werden gerapporteerd, suggereren dat gerandomiseerde, gecontroleerde studies nodig zijn om meer wetenschappelijk
bewijs te genereren.
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AP view		

Antero-Posterior

ATF-3		

Activating Transcription Factor

AUC		

Area Under the Curve

BDNF		

Brain-Derived Neurotrophic Factor

C-arm		

Image intensifyer in the form of a C

CCD		

Chronic Compression of the Dorsal Root Ganglion

CCI			

Chronic Constriction Injury

c-Fos		

An immediate early gene

CMM		

Conventional Medical Management

COX-2		

Cyclo-oxygenase-2

CRF		

Conventional radiofrequency

CT			

Computed Tomography

DH			

Dorsal Horn

DN4		

Douleur Neuropathique 4 questions

DRG		

Dorsal Root Ganglion (ganglion spinale)

EBM		

Evidence-Based Medicine

EMG		

Electromyography

FBSS		

Failed Back Surgery Syndrome

FCA		

Freund’s complete adjuvant

GPE		

Global Perceived Effect

GRADE		

Grading of Recommendations Assessment, Development and Evaluation

HD			

Herniated Disc

HIV		

Human Immunodeficiency Virus
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HRQoL		

Health-Related Quality of Life

RCT		

Randomized controlled trial

IASP		

International Association for the Study of Pain

RF			

Radiofrequency

IP				

Intra Peritoneal

RQ			

Research question

LA 			

Local Anesthetic

s 				

second

LANSS		

Leeds assessment of neuropathic symptoms and signs

SCS			

Spinal Cord Stimulation

LSR		

Lumbosacral Radicular pain or syndrome

SD rats		

Sprague Dawley rats

M-ENK		

Met-Enkephalin

SD			

Standard Deviation

MH			

Mechanical Hypersensitivity

SLR		

Straight-Leg-Raising test

MQS		

Medication Quantification Scale III

SNL		

Spinal Nerve Ligation

MRI		

Magnetic Resonance Imaging

SS			

Spinal Stenosis

ms			

millisecond

TCA		

Tricyclic antidepressant

NCS		

Nerve Conduction Studies

TH 			

Thermal Hypersensitivity

NGF		

Nerve Growth Factor

TNF-α		

Tumor Necrosis Factor-α

NMDA		

N-methyl-D-aspartate

trkB			

tyrosine kinase receptor B

NP			

Nucleus Pulposus

V				

Volt

NRS		

Numeric Rating Scale

VAS			

Visual Analogue Scale

NSAID		

Non-Steroidal Anti-Inflammatory Drug

VAVP		

Vlaamse Anesthesiologische Vereniging voor Pijnbestrijding

NNT		

Number Needed to Treat

WD			

Wallerian Degeneration

ODI		

Oswestry Disability Index

WHO		

World Health Organization

pERK		

phosphorylated Extracellular signal-Regulated Kinases

X-ray		

Imaging technique

PRF			

Pulsed Radiofrequency

ZOL		

Ziekenhuis Oost-Limburg

QST		

Quantitative sensory testing

Ω				

Ohm

RAND-36

Measure of Health Related Quality of Life
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THE PLANTIN-MORETUS MUSEUM
UNESCO WORLD HERITAGE
www.museumplantinmoretus.be

The Plantin-Moretus Museum is the former residential house of the Plantin-Moretus family. The
oldest printing presses in the world are there. They bear witness to the first industrial distribution
of knowledge and image. The rich art collection is located in the historical residence, including
paintings from family friend Peter Paul Rubens. The residence as well as the printing establishment is on
UNESCO’s prestigious World Heritage list.
Christoffel Plantin published Vivae imagines corporis humani by the Spanish physician Juan Valverda. This
work was first published by Plantin in 1566 and is illustrated with engravings based on wood-cuts from
the anatomical work by Andreas Vesalius (°1514-†1564). The book is still fascinating today, particularly
as the museum is now presenting it in Analysing anatomy. Plantin as a publisher of medical work from the
perspective of several questions.

Illustrations
All the anatomical illustrations used in this publication were etched by the brothers Huys for Plantin
in 1564 and were published in the Dutch edition: Juan Valverde de Amusco, Anatomie, oft levende beelden
vande deelen des menschelicken lichaems, Antwerpen: Christoffel Plantijn, 1568, 2° (MPM R 44.12). Plantin
printed this Dutch translation mainly for barbers and surgeons who didn’t understand Latin. The
original “Anatomie” is digitalized and can be freely consulted online.
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