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The Role of the Dorsal Root Ganglion in Cervical
Radicular Pain: Diagnosis, Pathophysiology, and

Rationale for Treatment
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Cervical radicular pain affects 83 per 100,000 adults annually. Diagnosis by means of physical examination,
imaging, and electrophysiological studies is characterized by high specificity but low sensitivity. In this review,
we focus on the role of the dorsal root ganglion and those treatment modalities that aim at pathophysiological
mechanisms occurring after injury to the dorsal root ganglion. Cervical nerve injury initiates multiple events
that lead to changes in nerve function and result in spontaneous firing at the dorsal root ganglion. Among these,
inflammation and changes in ion-channel function play a pivotal role. Although many treatment modalities are
described in the literature, the available evidence for efficacy does not allow us to formulate definitive
conclusions on the optimal therapy. A lack of evidence is reported for cervical spine surgery. Interlaminar
epidural steroid administration and radiofrequency techniques adjacent to the cervical dorsal root ganglion have
the highest, but still weak recommendations. Reg Anesth Pain Med 2006,31:152-167.
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ervical radicular pain is pain perceived in the
Cupper limb, is shooting or electric in quality,
and is caused by irritation and/or injury of a cervical
spinal nerve.!2 This condition was first described in
the literature by Parkinson in 1817, as a “rheumatic
disease of the deltoid muscle.”> Almost 1 century
later, Dejerine (1914) formulated the concept of
“cervical radiculitis.”* In the classification of the
International Association for the Study of Pain
(1994), cervical radicular pain is defined as pain
perceived as arising in the upper limb caused by
ectopic activation of nociceptive afferent fibers in a
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spinal nerve or its roots or other neuropathic mech-
anisms.> This is a problematic definition, as the
presence of ectopic activation has rarely, if ever,
been shown in the clinical setting. Cervical radicu-
lar pain should be distinguished from cervical ra-
diculopathy, a condition in which an objective loss
of sensory and/or motor function is present. Radic-
ular pain and radiculopathy are therefore not syn-
onymous, although they are frequently not differ-
entiated in the literature. The former is a symptom
caused by ectopic impulse generation. The latter
also includes neurologic signs. The 2 conditions
may nonetheless coexist and may be caused by the
same clinical entities (e.g., narrowing of the inter-
vertebral foramen; intervertebral disc herniation;
and radiculitis caused by arteritis, infection, or in-
flammatory exudates).> The 2 syndromes can be
part of a continuum, and radiculopathy may follow
radicular pain as the underlying disease progresses.

A variety of treatment modalities for cervical ra-
dicular pain are described, but the optimal treat-
ment approach remains unclear.! In clinical prac-
tice, treatment is often started conservatively,® but
an interventional or surgical treatment may be con-
sidered as part of a multidisciplinary approach in
the management of intractable pain. The apprecia-
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Fig 1. Percent occurrence of symptom provocation per bit for the C4 to C7 roots. (Reprinted with permission.®)
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tion of the potential effect of the different treatment
possibilities can only be made based on a good
understanding of the pathophysiology.

The aim of this review is to describe the clinical
picture and diagnosis of cervical radicular pain. We
will focus in particular on the role of the dorsal root
ganglion (DRG) and those treatment modalities that
aim at the underlying pathophysiological mechanisms
occurring after nerve injury in the DRG. Central sen-
sitization and changes in the dorsal horn will not be
discussed.

Clinical Picture and Epidemiology

In cervical radicular pain, the symptoms and
signs are related to dysfunction of cervical spinal
nerve roots and should be perceived along the dis-
tribution of the affected nerve root.27-¢ This distri-
bution was verified in clinical experiments in which
radicular pain was elicited in the characteristic dis-
tributions by mechanical stimulation of cervical spi-
nal nerves with a needle under fluoroscopic con-
trol. The distribution of the different patterns of the
cervical nerves is documented by Slipman et al.®
and shown in Figure 1. Bogduk? summarized the
distributions as follows: pain from C4 is restricted to
the neck and suprascapular regions. Pain from C5
extends into the upper arm, whereas pain from C6
and C7 extends from the neck and shoulder into the
forearm and hand. In both instances, the pain cov-
ers the lateral border of the upper limb but that of
C7 extends more onto the dorsal aspect. Pain from
successive spinal nerves overlaps considerably, and no
particular region of the upper limb is characteristic of
any particular segment.2 Somatic-referred pain from
the zygapophyseal joint or from the cervical interver-
tebral disc can have distributions similar to radicular
pain when the pain is perceived in the proximal upper
limb.10-11 However, when pain is distributed in the
forearm and or hand, it is far more likely to be radic-
ular in origin. Nevertheless, radicular pain should not
be restricted to a dermatome and might be perceived
in any of the structures innervated by the affected
nerve because cervical spinal nerves are also distrib-
uted to deep structures, such as muscles, joints, and
ligaments as well as skin.2

In the literature, the natural history of cervical
radicular pain or radiculopathy is not described in
detail, and data on incidence and prevalence are
scarce. The most frequently used epidemiological
data are from Rochester, MN (1976-1990). In this
study, the incidence was calculated based on the
information from the computerized medical record-
linkage system from the Mayo Clinic and its 2 affil-
iated hospitals. The authors claim that their data-
base is essentially an enumeration of the population
of Rochester. They calculated in a population be-
tween 13 and 91 years an annual incidence of
cervical radiculopathy of 83 per 100,000.12 Al-
though the authors classified the patients as suffer-
ing from radiculopathy, we believe that the patient
population they describe also included cervical ra-
dicular pain because sensory changes were only
reported in 33% and weakness in 64%. The average
annual age-adjusted incidence rates per 100,000 peo-
ple were 107 for males and 64 for females. The high-
est incidence was found in the age group 50 to 54
years with an average of 203 per 100,000 people. In
15% of the patients, a history of physical exertion
or trauma preceded the onset of symptoms, and
41% of the patients had a previous history of lum-
bar radiculopathy. According to this study, the most
frequently involved level was C7 in 45% to 60% of
the cases. Level C6 represents approximately 20%
to 25% and levels C5 and C8 each represent ap-
proximately 10% of the cases.!> However, other
distributions were reported, with C5 being the most
frequently treated level.!> Considering the limited
information available, a high-quality population-
based epidemiologic study on incidence and natural
history of cervical radicular pain appears warranted.

Diagnosis

As with other types of spinal pain, if cervical
radicular pain does not resolve spontaneously
within 3 months, confirmation should be sought to
rule out vertebral column infections and cancer
(e.g., Pancoast tumor) before further symptomatic
treatment is offered. Somatic referred pain and
shoulder pathology should also be excluded be-
cause their clinical presentation may be similar to

Table 1. Diagnostic Test for Cervical Radicular Pain

Test

Description

Spurlings test

Spine extended with head rotated to affected shoulder while axially loaded. Reproduction of the

patient’s shoulder or arm pain indicates possible cervical nerve root compressions.16

Shoulder abduction test

The patient lifts a hand above his or her head. A positive result is the decrease or

disappearance of the radicular symptom.18

Axial manual traction test

In supine position an axial traction force corresponding to 10 to 15 kg is applied. A positive

finding is the decrease or disappearance of the radicular symptom.18




radicular pain.>!* Neurologic examination of pa-
tients with cervical radicular pain includes testing of
strength, muscle stretch reflexes, and sensation.!>
The following clinical tests have been reported as
useful for the diagnosis of cervical radicular pain:
the neck compression test or Spurling test,'¢ shoul-
der abduction test,!” and axial manual traction
test.'® These tests are described in Table 1. The
validity of 3 tests (Spurling, axial manual traction,
and shoulder abduction test) in the diagnosis of root
compression in cervical disc disease was investi-
gated regarding radicular pain, neurologic signs,
and root compression signs in myelography. All
tests had a high specificity (81%-100%) but a low
sensitivity (26%-50%) for the validity parame-
ters.'8 Spurling’s test has also been validated in a
controlled trial by using electromyography as a ref-
erence with comparable results (sensitivity of 30%
and specificity of 93%).'° Despite low sensitivity,
the 3 investigated tests are considered valuable aids
in the clinical diagnosis of a patient with neck and
arm pain.!'8

The most commonly used complementary diagnos-
tic tools to establish the etiology of cervical radicular
pain are imaging techniques and electrophysiological
studies. Imaging studies provide information relative
to anatomic abnormalities, whereas electrophysiolog-
ical studies allow detection of neurologic dysfunction.
The primary role of plain radiography is to diagnose
injuries of the cervical spine.2°2! Computed tomog-
raphy scanning is particularly useful for cortical
bony structures. It is more sensitive to changes in
bone than is magnetic resonance imaging (MRI) but
has limited ability to detect soft-tissue lesions.22-24
Magnetic resonance imaging is better suited to
identify changes of the disc, spinal cord, nerve root,
and surrounding soft-tissue structures.2> Some au-
thors state that MRI is the imaging modality of
choice in patients with cervical radicular pain, and
this appears to be consistent with current prac-
tice.20-2%> However, data on specificity and sensitivity
of various imaging techniques in this setting are
limited because a diagnostic gold standard for cer-
vical radicular pain does not exist. Moreover, pro-
spective studies showed abnormal MRI scans of the
cervical spine in 19% to 28% of asymptomatic sub-
jects, depending on their age.2>2¢ Therefore, inter-
pretation of any imaging finding must be done in
the context of a patient’s clinical presentation.2527

Electromyography is used to sample motor unit
behavior in selected limb muscles as well as the
cervical paravertebral muscles to detect neurophys-
iological pathology related to a cervical nerve root
or roots. Nerve conduction studies are also per-
formed in conjunction with electromyography to
rule out other causes of symptoms such as a periph-
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eral nerve involvement.?®¢ Several other electro-
physiological procedures, such as analysis of motor
unit action potentials and the evaluation of evoked
potential latencies, have been suggested to increase
the sensitivity,2° but until now electromyography
remains the most sensitive method.??>! An initial
report on the use of quantitative sensory testing
as a selection tool for appropriate treatment for
patients suffering lumbar radiculopathy caused
by disc herniation indicates potential value, but
there are no results on cervical radicular pain
available yet.?2 Diagnostic procedures such as
imaging techniques, electrophysiological testing,
and quantitative sensory testing provide useful
complementary data, but they cannot replace clin-
ical diagnosis.

Radiologic imaging provides excellent morpho-
logical detail of the pathology and its relation to the
neuraxis and so allows exclusion of other processes
such as cancer,>? infection, >+ and neurovascular pa-
thology.?> However, in patients with chronic radic-
ular pain, it is often not possible to determine with
any certainty which disc and/or nerve root is symp-
tomatic in the degenerative cervical spine.>¢ Before
deciding on any interventional treatment option,
attempts should be made to confirm that the level
as determined by clinical examination and ancillary
investigations is truly the one that causes the signs
and symptoms. Therefore, selective diagnostic nerve
root blocks may be recommended. This technique,
injecting a small volume (0.5-1 mL) of local anesthetic
adjacent to the DRG, controlled by prior injection of
nonionic contrast medium under direct real-time flu-
oroscopy, has been described by van Kleef et al.?”

Wolff et al.?8 studied the accuracy of selective
diagnostic nerve root blocks in the lumbar region by
using standard dermatomal maps. They found that
interpretation of an adequately performed segmen-
tal nerve block in the presumed dermatome is more
reliable when the overlap of neighboring der-
matomes is taken into account. In an extensive
review on the value of neural blockade for diagnos-
tic and prognostic purposes, no data were obtained
on cervical spinal nerve blocks.?* The authors con-
clude that the confusion and complexity that typi-
fies diagnosis in chronic spinal pain may justify
selective use of diagnostic blocks that make ana-
tomic and physiologic sense, even if their validity is
incompletely proved.3®

In conclusion, diagnosis of cervical radicular pain
and radiculopathy requires a complete medical his-
tory, clinical diagnosis using standardized test
methods of physical examination, imaging tech-
niques, electrophysiological investigation, and de-
termination of the symptomatic level by means of
diagnostic selective nerve root blocks. Nevertheless,
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Fig 2. Known changes at the dorsal root ganglion after nerve injury at the dorsal root ganglion somata include an
inflammatory cascade (A) with release of inflammatory cytokines and prostaglandins ultimately leading to the release of
nerve growth factor (NGF). NGF has a simultaneous effect via direct activation of nociceptors “fast-effect” binding to the
MAPK-kinase receptor tyrosine-kinase-A (TrkA) or vanilloid receptors (VR1) and heat-sensitive vanilloid like receptors
(VR-L1). These results in multiple signaling events, which then cause massive release of brain-derived neurotrophic
factor (BDNF) and increased c-Fos expression. In addition, NGF initiates an indirect activation “slow effect” via mast cells
and degranulation product release; the latter results in a further release of NGF. In parallel, there are changes in the ion
channels (B) whereby Na+ and Ca2+ channels become tonically active. As a result of ion channel modification ectopic
discharge, hyperexcitability and spontaneous firing occurs at the DRG. This spontaneous firing together with the
increased BDNF expression is the primary mechanism underlying radicular pain.

the discrepancy found in clinical practice between
symptoms and pathology identified with imaging
techniques and electrophysiological testing often
remains striking. Moreover, recent research on ge-
netically determined differences in sensitivity to
pain highlight the problem of interindividual vari-
ability, which is often observed in clinical practice
in which pain symptoms and treatment effects vary
among patients with similar clinical conditions.40-4!

Pathophysiology

Despite the fact that the exact pathophysiological
mechanisms underlying radicular pain in humans
are not yet fully understood, fundamental research
in various animal models has provided important
insights. In line with the literature on the patho-
physiology of lumbar radicular pain, 2 major mech-
anisms in the nerve are thought to induce cervical
radicular pain: (1) nucleus pulposus material leak-
ing onto the nerve root and/or (2) compression of
the nerve root by anatomic abnormalities. Either of
these pathogenic mechanisms will induce 2 pro-

cesses in the nerve: (1) an inflammatory reaction,
and, related to this, (2) changes in ion-channel
functioning. Eventually, these effects cause a pat-
tern of hyperexcitability and spontaneous ectopic
activity in the DRG, which is interpreted as pain. In
addition, discharges enter the spinal cord and in-
duce central sensitization at the synapses located in
the dorsal horn.#2> Howe et al.*> in a classic paper in
1977 recognized that repetitive spontaneous firing
took place after minimal compression of the normal
DRG. It was this article that provided the stimulus
for further research into the pathophysiological
changes in the DRG as a driving mechanism for
pain after an injury to a nerve.*+45 In this section,
we will discuss nerve and DRG inflammation and
changes in ion-channel functioning as possible
causes of cervical radicular pain** (Fig 2).

Inflammatory Process

Inflammation of a cervical DRG and/or nerve
root can be caused by injury or exposure to nucleus
pulposus material of the cervical disc, leading to the



release of many trophic molecules and cytokines
that play a role in the development of pain.*s
Among these molecules, prostaglandins (PGs) and
nerve growth factor (NGF) are the most important.

Arachidonic acid, the most abundant precursor of
PG in mammals, is released from cell membrane
phospholipids by the action of phospholipase present
in nucleus pulposus material.#” PGs are generated
from arachidonic acid by the enzyme cyclo-oxygenase
(COX), of which there are 2 isoforms.#®¢ COX-1 is a
constitutive enzyme present in platelets, stomach,
intestines, and kidneys. In these tissues, it performs
a “housekeeping” function to synthesize PGs that
regulate normal-cell activities. COX-2 is the form
induced at inflammatory sites in various cell types
(i.e., macrophages, synoviocytes, fibroblasts, and so
on). Although it has been shown that COX-2 is
induced in dorsal root neurons after peripheral in-
jury in rats,# its role in DRG and/or nerve root
injury remains unproven. Several findings, how-
ever, suggest that it may play a causative role in the
development of radicular pain. COX-2 mediates
central PG synthesis, which may be important in
the generation of pain.° Basal release of PGs occurs
in the spinal cord and dorsal root ganglia. Acute and
chronic inflammation increases the expression of
COX-2 and the release of PGE2 and PGI2.47 Inflam-
matory cytokines (e.g., tumor necrosis factor-a
[TNF-«]) and interleukins are involved in the initi-
ation of intracellular changes through activation of
different mitogen-activated protein kinase (MAPK)
pathways.>! In a rat model of experimental disc
herniation, an increased expression of TNF-« in the
DRG was described.>2

Nerve growth factor is released after injury at the
DRG somata and acts via both a fast and a slow
effect.>3-5> The fast effect of NGF is an activity on
nociceptors such as vanilloid receptors and heat-
sensitive receptors such as vanilloid-like receptors.
Vanilloid receptors are present in tyrosine kinase
A-positive C-fibers; no expression is observed in
cells with myelinated axons.>¢ Slow effects of NGF
include the upregulation of various molecules, in-
cluding c-Fos, within the neuron. Az and As-fibers
are involved in the NGF-mediated slow effect but
C-fibers are not.5” After nerve injury at the DRG,
only some fibers may be directly damaged; how-
ever, a degree of modulation takes place in all neu-
rons.>® Nerve injury exposes noninjured afferents
to an inflammatory environment that affects their
function and activity. Signals generated during
Wallerian degeneration may affect neighboring in-
tact afferents. Nerve growth factor, for example,
regulates the expression of neuropeptide genes in
adult sensory neurons.>® NGF expression in the DRG
has previously been linked to increased expression
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of brain-derived neurotrophic factor (BDNF).60-63
Recently, Obata et al.¢* described extracellular sig-
nal-regulated protein kinase signaling in the DRG
after injury in the DRG somata as a link between
NGF and BDNF expression and proposed this as a
mechanism for radicular pain. There is also evi-
dence that the increase in BDNF, which is consti-
tutively expressed in sensory neurons and trans-
ported from DRG to terminals in the spinal cord,®>
may be a major inducer of the central mechanisms
of inflammatory-induced hyperalgesia.s6-68

In summary, although few studies have ad-
dressed this issue directly, indirect data suggest that
inflammation may well be a major mechanism in
the pathophysiology of cervical radicular pain,
mainly as a result of injury or exposure of nervous
tissue to nucleus pulposus material. This induces a
cascade of events. Importantly, after nerve injury,
both injured and noninjured fibers are involved in
this inflammatory process in which NGF and BDNF
are key players.

Ion-Channel Modulation

Nerve injury initiates membrane changes whereby
the functioning of voltage-gated Na, K, and Ca ion
channels is modified. Although neurophysiologic
doctrine has traditionally referred to the voltage-
gated Na channel, it is now clear that there are at
least 9 genes that encode molecularly and physio-
logically distinct Na channels. Plasticity in Na chan-
nel gene expression is accompanied by electrophys-
iological changes that prime these cells to fire
spontaneously or at inappropriately high frequen-
cies.®® Many workers have identified increased ex-
pression of voltage-dependent Na channels in the
DRG after injury.”’>7! Cummins et al.”? recognized
Na, 1.3 channels as responsible for abnormal hy-
perexcitability of DRG neurons. Furthermore, Na,
1.9 channels and possibly also Na, 1.3 channels are
dramatically reduced both in radicular pain and in
neuropathic pain.”?> The result is a shift in resting
membrane potential, which could relieve resting
inactivation. This implies that neurons both injured
and noninjured are primed and in a hyperexcitable
state and can fire repetitively, leading to cervical
radicular pain.

The reduction of K currents in DRG cells has been
illustrated after peripheral nerve axotomy.”* Potas-
sium channels play an important role in the gener-
ation of ectopic discharges and the reduction in K
currents after peripheral injury contributes to neu-
ronal excitability.”> However, the exact function of
K currents in ectopic discharge generation mecha-
nisms is not yet clear. To further elucidate the role
of Na, Ca, and K ion channels, Liu et al.7¢ examined



158 Regional Anesthesia and Pain Medicine Vol. 31 No. 2 March—April 2006

the effect of Na, Ca, and K ion channel blockers in
a model of neuropathic pain (spinal nerve ligation
7-14 days prior). It was shown that ectopic dis-
charges from DRG were inhibited in the presence of
Na channel blockers, suggesting that Na channels
are critical for the ability of damaged nerves to
generate repetitive firing of action potentials. Non-
specific Ca channel blockers (Cd*, Co?*, Ni?*) also
were effective in reducing the rate of ectopic dis-
charges when applied to the DRG,7¢ as were a spe-
cific L-type blocker (verapamil) and N-type blocker
(omega-conotoxin). Blockade with omega-cono-
toxin is an irreversible blockade producing long-
lasting inhibition of ectopic discharges.”?-78

In addition to dysregulated channel expression,
altered channel trafficking also might play a role in
the pathophysiological process after nerve injury.
For correct physiological functioning, ion transport
proteins must be targeted to the appropriate do-
mains of cell membranes as shown in several fun-
damental studies.”®-80 In conclusion, after nerve in-
jury, Na ion channels are primarily involved in
hyperexcitability of the neuron fibers, whereas Na,
K, and Ca ion channels are focal points in the
generation of ectopic neuronal discharge.

Spontaneously Firing DRG

As indicated previously, it has been difficult to
pinpoint the causative dysfunction in the DRG that
is responsible for radicular pain. Part of the reason
for this difficulty is that effects at various molecular
targets are tightly interlinked. A modulation of the
ion channels in the membrane of the DRG neurons
has been reported. There is concurrent increased
expression of BDNF, which has recently been
shown to directly and rapidly gate Na channels.
This BDNF-induced gating of ion channels causes
membrane depolarization of neurons and eventu-
ally results in the firing of action potentials.8!.82
Finally, both pathways can result in repetitive spon-
taneous firing after a transient nerve injury. It has
been shown that many ion channels may be mod-
ulated in a nerve injury. The real crux of the patho-
physiology is to elucidate which modulated ion
channels have functional significance in causing
pain.*>74.83 The application of new techniques such
as gene arrays, a methodological approach to ana-
lyze gene expression (messenger RNA) profiles in
neuropathological conditions, and proteomic tech-
nologies used to determine the genome sequences
and the interpretation of the corresponding pro-
teins that are encoded therein, may help to speed
up the process of identifying a more complete list of
proteins that are components in a pathophysiolog-
ical process of ongoing radicular pain.

Rationale and Level of Evidence for
Treatment Modalities Targeting the
Cervical DRG and/or Nerve Root

Chronic cervical radicular pain is a complex syn-
drome that has a high impact on patients’ quality of
life.84 An integrated approach involving psycholog-
ical counseling, physical therapy, cognitive behav-
ioral treatment, and symptomatic management of
the pain is recommended.®> The multidisciplinary
evaluation also aims at providing guidance for the
selection of any treatment.2°-8¢ In a later section, we
limit our discussion to treatment modalities, which,
at least in theory, have a mode of action that inter-
feres with the pathophysiological mechanisms de-
scribed earlier at the level of cervical DRG or nerve
root.

Methods

Literature was identified by a search in electronic
databases, including Cochrane Controlled Trials
Register (Issue 2, 2005), OLDMEDLINE from 1960
to 1966, MEDLINE from 1966, and EMBASE from
1974 to December 2004. We conducted literature
searches specifically for the treatment of cervical
radicular pain using for MEDLINE the exploded
Mesh headings “radiculopathy” combined with the
key word “cervical” and another combining the
Mesh headings “pain,” “neck,” and “radiculopathy
or spinal nerve roots”; additionally, a search using
the abstract words “radicular,” “pain,” and “cervical”
was conducted. For EMBASE, we used the following
EMTREES: “radicular pain,” “neck,” “chronic pain,”
“cervical neuralgia,” and “therapy” and limited the
search to “human.” Combining the results of those
searches with “drug” and/or “pharmacological ther-
apy” vielded no references. The publications were
screened based on the abstract. The reference lists
from identified articles and relevant textbooks were
manually searched for additional papers. Pharma-
ceutical companies were contacted to obtain un-
published information or data presented at con-
gresses or in nonindexed journals.

Application of the level of evidence and the grade
of recommendation was done by an experienced
epidemiologist (MP) (methodological quality of the
evidence) and 2 clinicians (MVK and JVZ) (clarity
of the risk/benefit balance) according to the author-
itative and recently published evidence-based
guidelines by Guyatt for the American College of
Chest Physicians.87 This proposed grading provides
information on the clarity of the risk/benefit bal-
ance and about the methodological quality of the
evidence resulting in strength of recommendation
from strong to very weak as shown in Table 2. We
looked for the publications with the highest level of
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Table 2. Grade of Recommendations According to The American College of Chest Physicians
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Grade of Clarity of Methodological Strength of
Recommendation Risk/Benefit Supporting Evidence Implications
1A Clear RCTs without important limitations Strong recommendation can apply to most
patients in most circumstances without
reservation
1C+ Clear No RCTs but strong RCT results can be Strong recommendation; can apply to
unequivocally extrapolated, or most patients in most circumstances
overwhelming evidence from
observational studies
1B Clear RCTs with important limitations (inconsistent Strong recommendations; likely to apply to
results, methodological flaws) most patients
1C Clear Observational studies Intermediate-strength recommendation;
may change when stronger evidence is
available
2A Unclear RCTs without important limitations Intermediate-strength recommendation;
best action may differ depending on
circumstances or patients’ or societal
values
2C+ Unclear No RCTs but strong RCT results can be Weak recommendation; best action may
unequivocally extrapolated, or differ depending on circumstances or
overwhelming evidence from patients’ or societal values
observational studies
2B Unclear RCTs with important limitations (inconsistent Weak recommendation; alternative
results, methodological flaws) approaches likely to be better for some
patients under some circumstances
2C Unclear Observational studies Very weak recommendations; other

alternatives may be equally reasonable

NOTE. Method used for evaluating the methodological strength of the available evidence and the clarity of the risk/benefit balance
reprinted with permission of the American College of Chest Physicians.8¢

Abbreviation: RCT, randomized clinical trial.

evidence for the different treatment modalities of
cervical radicular pain targeting the cervical DRG
and/or nerve root; the summary is listed in Table 3.

Therapies Targeting the Inflammatory
Changes (NGF and BDNF Modulation)

Pharmacological anti-inflammatory treatment re-
lies mainly on the use of nonsteroidal anti-inflam-
matory (NSAIDs) drugs, corticosteroids, and per-
haps in the future TNF-« inhibitors.

NSAIDs

NSAIDs, the most commonly used analgesics,
are potent agents for the treatment of inflamma-
tory pain. Their analgesic action (inhibiting PG
synthesis) is postulated to be primarily at periph-
eral sites of inflammation, 88 but evidence is accu-
mulating that PGs are also produced in the DRG
and the spinal cord.47-8° NSAIDs inhibit PG syn-
thesis through inhibition of COX enzymes, which
is responsible for both therapeutic and unwanted
effects. Unfortunately, serious cardiovascular ad-
verse events have been described recently after
long-term use of selective COX-2 inhibitors.?0-92
Nonsteroidal anti-inflammatory drugs are effica-
cious in a variety of pain syndromes,®3°4 but
none of the different NSAIDs have been investi-

gated in the management of cervical radicular
pain. Hence, no evidence is available to support
or refute efficacy in this setting.

Corticosteroids

The anti-inflammatory effect of corticosteroids is
achieved by the inhibition of the phospholipase
A2-initiated arachidonic acid cascade.?> Also, a lo-
cal anesthetic-like effect is postulated.®¢ The epi-
dural administration of corticosteroids, either by
the interlaminar or transforaminal route, aims at
delivering the medication in the surroundings of
the inflamed nerve root. We did not find published
studies comparing intralaminar versus transforami-
nal approaches. A clinical trial comparing intramus-
cular steroid with cervical epidural steroid admin-
istration indicates good pain relief in 68% of the
patients receiving epidural steroid 1 year after the
last injection compared with 11.8% of the patients
treated intramuscularly (level 2B recommenda-
tion).?7” The Cochrane review indicates limited evi-
dence for effectiveness of interlaminar epidural in-
jection of steroids for cervical radicular pain.®® In a
retrospective cohort study on the complications of
fluoroscopic-guided interlaminar cervical epidural
injections, only minor complications were men-
tioned (in 17% of the patients). These complica-
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Table 3. Evidence for Treatment of Cervical Radicular Pain

Clarity of
Study Risk/Benefit Level of
Treatment Publication Type Characteristics Balance  Evidence Results
Interlaminar (Stav A, et al, Prospective, randomized, Blinded evaluator ~ Unclear : 2 B Good pain relief in 68%
steroid 1993)%8 epidural (n = 25) vs concealment of epidural group vs
intramuscular (n = 17) 12% in intramuscular
group
Transforaminal (Vallee JN, et al, Non-comparative 2 evaluators Unclear : 2 C 53% success rate at 6
steroid 2001)105 prospective (n = 32)  Well-defined months
(fluoroscopy endpoints
guided)
Transforaminal (Cyteval C, et al, Non-comparative Evaluator not Unclear : 2 C 60% success rate at 6
steroid (CT 2004)106 prospective (n = 30) blinded months
guided) Well-defined
endpoints
RF cervical (van Kleef M, et  Prospective, randomized, Independent Unclear : 2 B Significant more pain
DRG al, 1996)38 double-blind RF (n = evaluator reduction in RF
9) vs sham (n = 11) Concealment of group vs sham at 8
allocation weeks
RF cervical (Slappendel R, Prospective, randomized, Independent Unclear : 2 B Significant pain
DRG et al, 1997)1%2 double-blind RF 40°C evaluator reduction equal in
(n =29) vs RF 67°C  Concealment of both groups at 3
(n = 32) allocation months
Pulsed RF (Van Zundert J, Non-comparative Independent Unclear : 2 C 72% success rate at 8
cervical et al, 2003)'%7 prospective (n = 18) evaluator weeks and 33% at 1
DRG Well-defined year
endpoints
Neck surgery  (Persson L, et Prospective, randomized, Evaluator not Unclear : 2 B Surgery not more

al, 1997)1% surgery (n = 27) vs
physiotherapy (n = 27)
or cervical collar

(n =27)

involved in study

but not blinded
Allocation

concealment

effective as cervical
collar or
physiotherapy after 3
and 12 months

NOTE. Publications with the highest level of evidence for the specific management of cervical radicular pain.
Abbreviations: CT, computed tomography; RF, radiofrequency; DRG, dorsal root ganglion.

tions resolved without morbidity.®® However, case
reports mention nerve injury or spinal cord damage
after cervical epidural steroid injections.100-101 Intrin-
sic spinal cord damage was reported in 2 patients
receiving intravenous sedation, which is now gener-
ally considered as contraindicated.'?® The transfo-
raminal route has gained in popularity over the last
decade because it is supposed to deliver the drug as
close as possible to the inflammatory nerve
root.1.102.103 Vallee et al.1°* performed a prospective
noncomparative study using fluoroscopy as control
for the needle placement. After 6 months, 53% of
the patients experienced excellent or good pain re-
lief (level C evidence). Also, good pain relief was
reported in 60% of the patients after computed
tomography—guided cervical periradicular forami-
nal steroid infiltrations in an open prospective study
with 6 months follow-up (level C evidence).!°> Re-
cently, several case reports indicate the possibility
of serious adverse events such as spinal cord in-
jury after cervical transforaminal injections,
which are hypothesized to be related to intra-
arterial injection of particulate steroid occluding
critical vessels that supply the spinal cord.106-109
Hence, some doubt the suitability of this ap-

proach!'© and even suggest to temporarily aban-
don the technique above the L3 level until more
scientific data are available.!1!

At this moment, the debate regarding efficacy
and safety of cervical transforaminal versus inter-
laminar injection of corticosteroids is ongoing.
Therefore, both techniques should be handled
with caution and only after the patient has been
fully informed of the risks. Based on the unclear
risk/benefit balance, the use of transforaminal
epidural steroids yields a very weak (2C) recom-
mendation.

TNF-« Inhibitors

Basic research shows that TNF-« is involved in
the development of nucleus pulposus-induced
nerve injuries,!'? and TNF-« inhibitors can provide
pain relief. This is in accordance with recent find-
ings indicating that TNF-« inhibitors attenuate the
elevated BDNF levels induced by nucleus pulposus
application to the nerve root.!''> Open-label trials
using systemically injected TNF-a inhibitors in the
management of lumbar radicular pain indicate a
potential benefit of this treatment option.!'3-116



There, are, however, no data on the treatment of
cervical radicular pain.

Therapies Targeting Ion Channel
Modulation

Sodium Channel Blockers

Sodium channel blockers such as the anticonvul-
sant drugs carbamazepine and oxcarbazepine have
been widely used for the treatment of central and
peripheral neurogenic pain.!'!'” Valproic acid is used
also for the treatment of neuropathic pain, although a
randomized clinical trial indicated that valproic acid is
not superior to placebo for the management of poly-
neuropathy.!'® Mexiletine has been reported to be
effective in a variety of neuropathic pain syndromes.
More recent reports, however, question the efficacy of
oral mexiletine in neuropathic pain, making it diffi-
cult to draw definitive conclusions.!19-121

Calcium Channel Antagonists

Modulation of calcium channels may have an
additional role to play in the management of cervi-
cal radicular pain. Gabapentin is known to bind to
the «,6 unit of voltage-gated—dependent calcium
channels.122 Several randomized, large-scale stud-
ies are now available.!2> The efficacy of gabapentin
was shown in patients with postherpetic neuralgia
and painful diabetic neuropathy in 2 placebo-con-
trolled trials.'24125 A report of 10 cancer patients
with neuropathic pain in head or neck shows
pain relief with gabapentin.'2¢ Recently, Saba-
towski et al.’2” have shown that pregabalin, an-
other drug modulating the calcium channels, is
also effective in treating neuropathic pain.

In conclusion, ion channel antagonists are com-
monly used as coanalgesics for the treatment of neu-
ropathic pain,'28 but their value has never been in-
vestigated in the management of cervical radicular
pain. It should be stressed that for most of the phar-
macological agents a more complex mode of action is
described, working via several ion channels.

Other Treatments Targeting the Cervical
DRG and/or Nerve Root

Radiofrequency/Pulsed Radiofrequency

Radiofrequency (RF) treatment has been used in
a variety of pain syndromes because of its ability to
interrupt the pain conducting pathways.85129.130
However, the mode of action is not yet clear. The
efficacy of RF treatment adjacent to the cervical
DRG has been shown in 2 randomized clinical
trials.37-131 Van Kleef et al.3” showed a significant
reduction in pain 8 weeks after RF at 67°C com-
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pared with sham treatment (level B evidence). Ad-
ditionally, Slappendel et al.’! found that treatment
with RF at 40°C was equally effective as treatment
at 67°C (level B evidence). According to 2 system-
atic reviews, there is currently limited evidence that
radiofrequency treatment of the dorsal root gan-
glion is more effective than placebo in chronic cer-
vical radicular pain.130.132

Recently, pulsed radiofrequency (PRF) was intro-
duced in clinical practice as a non- or minimally neu-
rodestructive modification of conventional RF heat
lesions.!>> A potential mechanism of action of radio-
frequency/PRF treatment may be via an NGF-initi-
ated intracellular pathway with downstream modifi-
cation of intracellular signaling. Higuchi et al.1>*+
showed that PRF treatment adjacent to the DRG in-
duced c-Fos expression (as an indicator of neuronal
activation) in the dorsal horn 3 hours after the in-
tervention. Furthermore, 7 days after RF and PRF
treatment adjacent to the rat cervical DRG, c-Fos is
expressed in pain-modulating zones of the dorsal
horn.?> A first clinical audit'*>¢ on the use of PRF
treatment adjacent to the cervical DRG of patients
suffering chronic pain in the cervical region radiat-
ing into the arm or the head showed a positive
outcome in 72% of the patients after 8 weeks and
in 33% after 1 year (level C evidence). No side
effects or neurologic complications were reported.
The available literature on RF and PRF adjacent to
the cervical DRG vyields a weak (2B) recommenda-
tion for RF and a very weak (2C) recommendation
for PRF. Considering the potential better risk/ben-
efit balance of PRF, further research is justified.

Neck Surgery

Cervical spondylosis and/or disc herniation can
cause cervical radicular pain by compressing the
roots or the spinal cord. Surgical techniques for
decompression with or without anterior interbody
fusion are often performed to reduce the pain and
disability but are associated with a small but definite
risk.’3? A randomized clinical trial from Person
et al.’*® in patients with long-lasting cervical radic-
ular pain indicates that 3 different treatment mo-
dalities, (cervical collar, physiotherapy, or surgery)
appear to be equally effective in the long term, and
a multidisciplinary rehabilitation with cognitive be-
havioral therapy is recommended, indicating a level
B evidence that surgery is not more effective than
conservative therapy in the long term.!2$ These
data are summarized in a systematic review of
Cochrane group from Fouyas et al. who con-
cluded that it is not clear whether the short-term
risks of surgery are offset by any long-term ben-
efits.’?7 In 2004, another systematic review by
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Jacobs et al.’?? appeared in the Cochrane data-
base, aiming at evaluating different anterior inter-
body fusion techniques for cervical degenerative
disc disease. Although this review was not specific
for cervical radicular pain or radiculopathy, some of
the referred studies were dealing with it. This re-
view could not formulate definitive conclusions re-
garding the different cervical anterior body fusion
techniques because of the low quality of the trials.

Based on the available evidence of efficacy and
the risk/benefit ratio, there is weak (2B) recom-
mendation against the use of neck surgery for cer-
vical radicular pain. Furthermore, after an addi-
tional analysis of the patients from Persson’s
randomized clinical trial on pain, coping, emotional
state, and physical function, a multidisciplinary
treatment with cognitive behavioral therapy and
psychological interventions was recommended.!4°

Potential Future Treatment Modalities
MAPK Pathways

Future therapies in the management of cervical
radicular pain originating at the DRG may include
drugs such as mast cell stabilizers, which could poten-
tially abate some of the effects of NGF. Because the
p38 MAPK pathway is involved in multiple normal
physiological processes, inhibiting the pathway as an-
ti-inflammatory therapy might not be best achieved
by inhibiting p38 MAPK itself, but rather by targeting
upstream or downstream signal transduction.!#! Spe-
cific downstream targets of p38 MAPK could include
tyrosine kinase inhibitors such as an inhibitor of extra
signal-regulated protein kinase signaling protein.

Vanilloid Receptors

Other emergent therapies include vanilloid re-
ceptor blockers; a trial of resinferatoxin (a ultrapo-
tent capsaicin analog) has been used in the man-
agement of patients with hypersensitive disorders
of the lower urinary tract.!42

Long-acting Local Anesthetics

Local anesthetics act through inhibition of the Na
channels and play a major role in the identification
of the causative nerve structure. The duration of
action is, however, relatively short, which makes
these drugs not suited for the management of
chronic pain syndromes. Recent reports of animal
experiments with long-acting local anesthetics such
as butamben suspension, which was administered
epidurally to rats with nerve injury-induced allo-
dynia indicate that multiple doses were required for
several days to provide prolonged analgesia.!#> Ton-
icaine was injected intrathecally in rats. The prod-

uct produced sensory blockade of duration signifi-
cantly longer than that elicited by bupivacaine. It
has, however, a narrow therapeutic index, with
substantial neurotoxicity in rats, which may limit its
clinical value.’#* Those reports indicate that this
type of molecule may be an alternative treatment
option. This must be confirmed in human subjects.

Tricyclic Antidepressants

The mode of action of these compounds is classi-
cally attributed to serotonin and norepinephrine
reuptake blockade.'4>14¢ It was suggested that am-
itryptiline may also be a potent blocker of neuronal
sodium channels, 47 and recent literature shows the
possible role of tricyclic antidepressants as long-
acting local anesthetics.!48-150 Preliminary studies of
amitryptiline showed no better nerve blockade
properties than current local anesthetic and risks for
neurotoxicity have to be considered.!>!

Gene Therapy

Gene therapy has made advances where a number
of specific disease entities are now being treated, in-
cluding severe combined immunodeficiency in chil-
dren. Vectors constructed from recombinant herpes
simplex virus have special utility for gene transfer to
the nervous system. Subcutaneous inoculation of the
herpes simplex virus vectors can be used to transduce
neurons of the dorsal root ganglion to provide a ther-
apeutic effect in models of polyneuropathy and
chronic regional pain. In human trials, direct injection
of replication-competent herpes simplex virus into
brain tumors has proven safe, and herpes simplex
virus gene transfer by subcutaneous inoculation for
the treatment of chronic intractable pain is the next
trial about to commence.!52

Conclusions

Chronic cervical radicular pain and radiculopathy
affects approximately 1 in 1,000 adults, with a high
impact on the patient’s quality of life. These patients
require a multidisciplinary approach and are therefore
frequently referred to pain centers. The most fre-
quently recognized etiology is root injury by disc her-
niation and stenosis of the intervertebral foramen.
Pathophysiological changes in the DRG after nerve
injury are hypothesized to play an important role in
cervical radicular pain. We focus in this review in
particular on currently available and emerging treat-
ment modalities that aim at pathophysiological
changes occurring after nerve injury at the cervical
DRG. This nerve injury induces inflammatory pro-
cesses and membrane changes leading to spontane-
ously firing DRG. The inflammatory process that is



initiated by the release of many trophic molecules and
cytokines results in the release of NGF, which acts via
a “fast effect” and a “slow effect.” The fast effect is
obtained via direct activation of nociceptors leading to
the expression of BDNF by multiple phosphorylation
signaling events. The slow effect or indirect activation
occurs via mast cells and degranulation product re-
lease. Nerve injury also initiates membrane changes
whereby sodium and calcium channels become
overly active. As a result of ion channel modification,
there is ectopic discharge, hyperexcitability, and spon-
taneous firing DRG, which may cause radicular pain.

The available pharmacological therapies interfer-
ing with the previously described pathophysiologi-
cal mechanisms such as NSAIDs, TNF-« inhibitors,
and the different ion channel antagonists have doc-
umented efficacy for the management of a variety
of pain syndromes, although controlled trials eval-
uating their efficacy for the treatment of cervical
radicular pain are largely lacking.

Interventional treatments targeting the cervical
DRG and/or nerve root have been studied in more
detail. Although spine surgery for relieving cervical
radicular pain is often performed, there is lack of
evidence to support its effectiveness. The less invasive
percutaneous interventional pain management tech-
niques are somewhat better documented, although
direct comparisons between techniques such as in-
tralaminar and transforaminal epidural steroid ad-
ministration are lacking. Further research in this area
is necessary to enable more definitive conclusions. In
addition, newer therapies currently under develop-
ment might offer alternative treatment options in the
future.
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