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BACKGROUND AND PURPOSE: Cervical radiculopathy is a common entity that can become
unremitting, seriously disrupting the patient’s work and social activities. The purpose of our
study was to evaluate the feasibility, tolerance, and efficacy of transforaminal periganglionic
steroid infiltration under CT control.

METHODS: Thirty patients with cervical radiculopathy, despite at least 1 month of appro-
priate medical treatment, underwent percutaneous periradicular foraminal steroid infiltration
under CT control. Sixteen patients had foraminal degenerative stenosis, and 14 patients had
disk herniation. The intensity of radicular pain was scored on an analogic visual scale (AVS).
Pain relief was classified as excellent when the pain had diminished by 75% or more; good, by
50%–74%; fair by 25%–49%; or poor, by less than 25%. The patients were followed up at 2 weeks
and at 6 months.

RESULTS: No local complications occurred after the procedure. The mean AVS pain scores
were 6.5 points before the procedure and 3.3 points 2 weeks after, with significant pain relief
(P < .001). Pain relief was excellent in 11 patients (37%) and good in seven patients (23%).
There was no rebound of pain at the 6-month follow-up. The duration of symptoms before
infiltration and the intensity and cause of radiculalgia were not predictive of radicular pain
relief.

CONCLUSION: Intraforaminal cervical infiltration produced substantial sustained pain
relief, whatever the cause of the radiculalgia. The CT approach ensures the safety of vital
structures and allows the precise injection of a steroid specifically targeted to the ganglia.

Cervical radiculopathy is a common entity in clinical
practice that is frequently caused by disk herniation
or cervical spondylosis (1). Transient cervical radicu-
lopathy reportedly occurs in almost 40% of the pop-
ulation at some time during their lives (2). In most
patients, radicular symptoms resolve without any
treatment or with simple remedies consisting of rest
and use of cervical collars, oral corticosteroid dose-
packs, nonsteroidal anti-inflammatory drugs, and
nonspecific physical therapy measures. In about
10%–20% of patients (3), however, radiculopathy
may continue to develop and become unremitting,

seriously disrupting their work, social activities, and
recreation. These patients are thus referred to spe-
cialists for further evaluation and treatment (4). The
optimal care of such patients is then debated on the
basis of various parameters. While surgical interven-
tion may be recommended in cases of clear neuro-
logic deficit, associated myelopathic signs, or unbear-
able pain, epidural steroid injections have been
reported to benefit patients with pain who do not
improve with medical therapy (3, 5). This procedure
involves many nerve roots, with no possible selective
nerve block of radicular pain. Furthermore, because
of the proximity of the spinal cord, epidural infiltra-
tion requires extreme caution, otherwise inaccurate
needle placement (intrathecal, subdural, or intravas-
cular positioning) or placement within the fibrous
ring of an intervertebral disk is a potential source of
complications (6). Compared with lumbar foraminal
periradicular infiltration, which has been extensively
studied, cervical foraminal periradicular steroid infil-
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tration has been discussed in only a few published
reports (7–9).

Morvan et al (10) obtained poor results when using
an anterolateral fluoroscopic approach and did not
recommend this technique in view of their findings
and the relatively invasive nature of the procedure. By
contrast, Vallee et al (11) used a fluoroscopically
guided, lateral percutaneous approach and obtained
substantial sustained relief. As Murtagh (12) noted,
CT enables more precise anatomic location of perig-
anglionic nerve roots and easily depicts the position
of the needle tip in relationship to the nerve root
structure. Therefore, we performed foraminal steroid
injection under CT control. The purpose of our study
was to evaluate the feasibility, tolerance, and efficacy
of cervical transforaminal periganglionic steroid infil-
tration under CT control in patients with a radiculop-
athy resistant to conventional medical treatment.

Methods

Study Group
During a 2-year period, 30 patients (14 men and 16 women;

age range, 22–77 years; mean age, 49.9 years) underwent per-
cutaneous periradicular foraminal steroid infiltration under CT
control for cervical radiculopathy. In our institution, patients
are referred for foraminal infiltration on the basis of three
clinical criteria and one imaging criterion. The clinical criteria
were a diagnosis of cervical radiculopathy established by a
referring senior rheumatologist (E.T.); refractory persistent
pain despite at least 1 month of appropriate medical treatment
including a combination of analgesics, muscle relaxants, and
physical therapy techniques; a lack of muscular strength deficit
(test score �3), or cervical myelopathy findings. The imaging
criterion was the CT detection of an abnormal process involv-
ing a nerve root. The radiculopathy level was at C6 in 12
patients, C7 in 14 patients, and C8 in four patients. As deter-
mined with CT scanning, 16 patients had foraminal degenera-
tive stenosis due to disk bulging, hypertrophic osteoarthritis of
the zygapophyseal joint, or an osteophytic ridge of the poste-
rior vertebral body, and 14 patients had foraminal obstruction
due to disk herniation. The mean duration of radiculalgia
before infiltration was 2.7 months (1–8 months). During fol-

low-up, patients were evaluated at 2 weeks and at 6 months
after the procedure to score the intensity of their radicular
pain. According to the policies of our institutional review
board, approval was not required for this retrospective analysis.

Procedure
Before therapy, all patients were completely informed about

the anticipated benefits and potential risks of the procedure,
including the possibility of recurrence of radicular symptoms
during injection and/or transient exacerbation after treatment.
The patients were placed comfortably in a supine position on
the CT table with their arms at their sides. Two-millimeter,
axial, contiguous scans were obtained to locate the root gan-
glion in the intervertebral foramen. A 22-gauge spinal needle
was introduced by an anterolateral or lateral approach (with
the vertebral artery located to avoid it) and gently pushed to
reach the lateral portion of the foramen. Contrast medium (0.3
mL iopanidol) was injected to outline the root ganglion, to
verify that the needle tip was not intravascular, and to confirm
the correct intraforaminal position of the needle (Fig 1). A
corticosteroid (15 mg/3 mL dexamethasone) was then injected
slowly. The entire procedure, including patient positioning,
lasted about 15 minutes and was performed in an outpatient
setting with patients discharged home immediately afterward.

Data Analysis
Patients scored the intensity of radicular pain on an analogic

visual scale (AVS) ranging from 0 (no pain) to 10 (maximal
intensity). Based on the pain score before the procedure, per-
centages of pain relief assessed at 2 weeks and at 6 months after
infiltration were calculated. These percentages were classified
as excellent when the pain was completely resolved or had
diminished by 75% or more, good for a diminution of 50%–
74%, fair for a diminution of 25%–49%, or poor for a dimi-
nution of less than 25% or an increase in pain.

Statistical Analysis
Scores before and after the procedure were compared by

using the Wilcoxon signed-rank test for paired values. To iden-
tify predictive factors of procedural efficacy, we tested the
relationship between radicular pain relief categorized in four
classes (excellent, good, fair, or poor) and the following param-
eters: duration of symptoms before infiltration, intensity of
pain according to the AVS score before infiltration by using the

FIG 1. Images in a patient with a left C6 radicular pain due to posterolateral disk herniation. Pain was completely relieved after
infiltration and sustained at clinical follow-up 6 months.

A, Postcontrast CT image at the C5-C6 level shows the vertebral artery (arrowhead) in front of the spinal ganglion (white arrow) and
the soft posterolateral disk herniation (black arrow).

B, Needle in contact with the foraminal site of the nerve root (arrow).
C, Control CT scan after foraminal contrast injection shows contrast medium around the spinal ganglion (arrow).
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nonparametric Kruskal-Wallis test for these quantitative vari-
ables, cause of the foraminal disorder (ie, disk herniation or
degenerative stenosis), spinal level of radiculopathy. The
Fisher exact test was used for these qualitative variables.

Results
The mean AVS scores were 6.5 points before and

3.3 points at 2 weeks after the procedure, with signif-
icant pain relief (P � .001). Two weeks after the
procedure, pain relief was graded as excellent in 11
patients (37%), nine of whom had no residual pain in
nine patients. Pain relief was good in seven patients
(23%), fair in two patients (6%) and poor in 10
patients (34%). No local complications occurred after
the procedure in this series.

Among the 18 patients for whom pain relief was
excellent or good 2 weeks after the procedure, the
mean pain score decreased from 6.3 (standard devi-
ation [SD], 1.9) to 1.2 (SD, 1.4), with a mean decrease
of 5.1 (SD, 1.6). In these patients, the mean pain
score was 0.7 after 6 months of follow-up, and pain
relief was classified as still good or excellent for all of
these patients. All of these patients discontinued their
medical treatment at least 2 weeks after the perira-
dicular injection.

Among the 12 patients for whom pain relief was
fair or poor 2 weeks after the procedure, the main
pain score decreased from 6.6 (SD, 2.8) to 6.4 (DS,
2.7), with a mean decrease of only 0.2. All of these
patients had to resume medical treatment 2 weeks
after the procedure. Three had a new infiltration that
produced excellent (n � 2) or poor (n � 1) pain relief
2 weeks after the second infiltration. In these pa-
tients, the mean AVS score at 6 months was 3.9 and
decreased to less than to 2 points in four patients who
were able to discontinue their medical treatment.

The duration of symptoms and the AVS score be-
fore the procedure in the study population and in the
four groups classified according to the response to

procedure are shown in Table 1. The duration of
symptoms before infiltration and the pain intensity
graded by using the AVS were not predictive of ra-
dicular pain relief. The group of patients with degen-
erative stenosis had a mean preoperative AVS score
of 6.7 and a mean symptom duration of 2.7 months,
whereas the group with herniated disks had a mean
AVS of 6.2 and a mean symptom duration of 2.6
months. AVS scores and duration of symptoms did
not significantly differ between the two groups. The
cause of radiculalgia was not correlated with pain-
relief outcome (Table 2).

Discussion

Cervical radiculopathy is a pathologic process in-
volving nerve roots that generally arises from cervical
disk herniation or spondylosis. Numerous hypotheses
have been proposed to explain the mechanisms by
which these diseases induce radicular pain, including
increased discharge by dorsal root ganglia whose ax-
ons have undergone neurotmesis, mechanosensitivity
or chemosensitivity of the nerve root itself, and direct
pressure on axons or dorsal root ganglia (3, 13).
However, it is now well established that dorsal root
ganglia play a major role in radiculalgia. Since sensi-
tive afferent C fibers conduct stimuli from the dorsal
root ganglion to the spinal cord and since steroids are
known to block C-fiber activity (14, 15), corticosteroid
injection close to the dorsal root ganglion could ex-
plain the efficacy of transforaminal periradicular in-
filtration. CT scanning facilitates and enhances the
efficacy of these procedures by enabling accurate an-
atomic positioning and precise viewing of the position
of the needle tip in relationship to the nerve root
structure. This seems particularly important in cervi-
cal infiltration because of the small size of the cervical
foramina and because of serious potential complica-
tions due to inaccurate cervical needle placement.

TABLE 1: Comparison of patients in terms of pain relief

Measure Pain Relief

Total Excellent Good Fair Poor

No. of patients 30 11 7 2 10
Mean symptom duration, mo 2.7 3.2 2.1 2.1 1.9
Mean AVS score before the procedure 6.5 6 7 8.5 6

TABLE 2: Comparison of symptom duration, AVS score, and pain relief in terms of cause of the radiculalgia

Measure All Patients
Patients with

Degenerative Stenosis
Patients with a
Herniated Disk

No. of patients 30 16 14
Mean symptom duration, mo 2.7 2.7 2.6
Mean AVS score before the procedure 6.5 6.7 6.2
Pain relief, no. of patients (%)

Excellent 11 (37) 5 (31) 6 (43)
Good 7 (23) 3 (19) 4 (29)
Fair 2 (6) 2 (12) 0 (0)
Poor 10 (34) 6 (37) 4 (29)
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For Murtagh (12), the ease of performance and the
decreased X-ray procedural times during spinal inter-
vention afforded by CT (as opposed to conventional
fluoroscopy) makes it most desirable to perform this
procedure under CT guidance. In comparison, Vallee
et al (11) reported that a fluoroscopically guided,
lateral percutaneous approach is easy to perform and
safe for periradicular corticosteroid injection. These
authors highlighted its potential advantages: 1) the
procedure can be performed with patients in a sitting
position, which may be helpful to gain access to the
inferior cervical intervertebral foramen. 2) It avoids
intraforaminal contrast injection, which can trigger
radicular pain. 3) It is faster and less expensive than
other procedures. We decided to perform the proce-
dure under CT guidance because it allows direct iden-
tification of nerve root and ganglia in the foramina
despite the small size of the nerves and the small
amount of surrounding epidural fat at the cervical
stage (16), and it enables precise periganglionic posi-
tioning of the needle tip. For the procedure we used
a contrast-agent injection to document its transfo-
raminal diffusion and avoid subsequent injection of
anesthetic and necrolytic agents into undesirable
spaces. We agree with Murtagh (12) in that CT im-
ages of the exact location of the needle tip and of
contrast-agent diffusion must be included in the pa-
tient’s record. The procedure was safe, with all injec-
tions performed in an outpatient setting and with
good tolerance. No technical complications occurred.

We positioned the needle tip within 1–3 mm of the
ganglia without attempting to pierce them. As some
authors note (12, 17), intraneural needle placemen
may induce acute radiculopathy, which constitutes a
diagnostic test, but there are no data demonstrating
that intraneural injection is therapeutically more ef-
fective than closely monitored perineural injection.

Although this study was retrospective, it included a
homogeneous group of patients. Patients referred for
the procedure had a refractory radiculalgia despite at
least 1 month of adequate treatment. Vallee et al (11)
included patients with at least 2 months of appropri-
ate medical therapy, whereas Zennaro et al (18) fo-
cused on lumbar infiltration and most of the patients
had sustained pain for more than 3 months. As noted
by Saal et al (19), the decision to proceed with sec-
ond-intention treatment modalities, including infiltra-
tion or surgery, in cases of cervical radiculalgia is
made when symptoms persist beyond an arbitrary
conservative treatment period of 2–8 weeks. Since
pain was judged severe (AVS score �6 in 73% of
patients) and poorly tolerated in most of our patients,
our rheumatologist referred patients after a minimum
of 1 month of adequate medical treatment. We eval-
uated the efficacy of infiltration on radiculalgia and
not on neck pain, first because radicular pain is more
common and more intense than neck pain in patients
with cervical radiculopathy, though both are usually
present (3, 20, 21), and secondly because we hypoth-
esized that infiltration in contact with a nerve root
would have a direct impact on radicular pain. In a
study evaluating the outcome of conservative and

surgical treatment of cervical radiculopathy due to
disk herniation (contrary to radicular pain), neck pain
improved in a minority of patients, irrespective of the
treatment used (22). However, Vallee et al (11) re-
ported a good correlation between radicular and neck
pain relief after periradicular infiltration and sug-
gested that the nerve root causing radicular pain
might also be responsible for neck pain; it would be
interesting to confirm these data.

We assessed the efficacy of the treatment on the
main outcome parameters, ie, the pain severity
graded by means of the AVS and the need for med-
ical treatment. This was done without focusing on
other parameters commonly considered in outcome
epidemiologic studies (4), such as patient satisfaction
or functional status measures, including the ability to
perform job-related tasks and participate in social
activities. We found that the procedure was sustain-
ably effective, with pain relief classified as good or
excellent in 60% of patients. Vallee et al reported
similar results, with excellent or good pain relief in
50% of patients at 6 months, whereas Morvan et al
(10) noted long-lasting relief in only 14% of treated
patients in whom a fluoroscopically anterolateral ap-
proach was used. Neither the duration of symptoms
before infiltration nor the intensity of pain or cause of
the radiculalgia were found to be predictive of radic-
ular pain relief. Some studies have demonstrated that
a short duration of pain before treatment was an
efficacy factor in the treatment of radicular pain.
However, regarding infiltration (11) or surgery (22),
other studies (18) did not show any significant differ-
ence between chronic and acute pain in terms of
treatment success. The fact that the treatment gives
the same results whatever the cause of the radiculal-
gia (spondylosis or hernia) was not expected. Zen-
naro et al (18) found that lumbar periganglionic,
foraminal steroid injection was more successful when
pain was due to degenerative disorders than when it
was due to nerve involvement resulting from a herni-
ated disk. These authors suggested that this differ-
ence in outcome could be attributed to different
mechanisms of pain production in disk hernia and in
spondylosis. Our data at the cervical stage did not
provide any evidence to support this hypothesis.

This study had several limitations, including the
fact that it was uncontrolled. Since it is well known
that medical treatment may need time to be effective
in cervical radiculalgia, it would be important to de-
sign randomized controlled trials to compare the ef-
ficacy of medical treatment and infiltration. However,
prospective studies comparing treatment regimens
are bound to fail because a double-blind study design
would be hard to apply (22–24). The small patient
population did not permit us to evaluate the effi-
ciency of a second infiltration in patients for whom
the first procedure did not improve radicular pain.
The group undergoing second infiltration consisted of
only three patients, an inadequate group size from
which to draw any meaningful conclusions. Lastly, our
follow-up period was only 6 months, which hindered
long-term assessment of periradicular corticosteroid
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injections in cervical radiculopathy. A recent study on
periradicular infiltration for sciatica showed that the
effect of infiltration was transitory with a rebound
phenomenon at 3 and 6 months (9). This result con-
trasted with our finding that pain relief was sustained
for 6 months.

Conclusion
The results of this study showed that, in 60% of

patients who were not responsive to at least 1 month
of medical therapy, intraforaminal cervical infiltra-
tion produced substantial and sustained pain relief,
whatever the cause of the radiculalgia. The CT ap-
proach ensures the safety of vital structures and al-
lows the precise injection of a steroid specifically
targeted to the ganglia.
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