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Abstract Several techniques have been described for
selective nerve root blocks. We describe a novel ‘two-nee-
dle technique’, performed through the postero-lateral route
with the patient in lateral position under C-arm guidance.
The aim of the current study is to highlight the effectiveness
and safety of cervical selective nerve root block for radic-
ulopathy using this technique. We present results of a
retrospective 2-year follow-up study of 33 injections carried
out on 33 patients with radiculopathy due to cervical disc
disease and or foraminal stenosis using this procedure.
Patients with myelopathy, gross motor weakness and any
other pathology were excluded. The outcome was measured
comparing ‘Visual Analogue Score’ (VAS) and ‘Neck
Disability Index’ (NDI) before the procedure with those at
6 weeks and 12 months after the procedure. Thirty patients
were included in the final analysis. Average pre-operative
VAS score was 7.4 (range 5-10), which improved to 2.2
(range 0-7) at 6 weeks and 2.0 (range 0—4) at 1 year and the
mean NDI score prior to intervention was 66.9 (range 44—
84), which improved to 31.7 (range 18-66) at 6 weeks and
31.1 (range 16-48) at 1 year. The improvements were sta-
tistically significant. Patients with involvement of C6 or C7
nerve roots responded slightly better at 6 weeks with
regards to VAS improvement. Mean duration of radiation
exposure during the procedure was 27.8 s (range 10-90 s).
Only minor complications were noted—transient dizziness
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in two and transient nystagmus in one patient. Our ‘two-
needle technique’ is a new, safe and effective non-surgical
treatment for cervical radiculopathy.
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Introduction

Cervical radiculopathy is a disabling condition frequently
encountered in spinal practice. Average annual age-adjus-
ted incidence is estimated to be about 83.2 per 100,000
population [1]. Cervical radiculopathy can be due to
degenerative conditions such as cervical disc prolapse
alone (20-25% of cases). It is more commonly due to a
combination of factors, which include disc herniation,
osteoarthritis of uncovertebral and facet joints, decreased
disc height and spondylolisthesis of cervical vertebrae -
collectively known as cervical spondylosis [1]. Rarer
causes include nerve root compression by tumour or due to
cervical trauma.

The natural course of radiculopathy due to degenerative
aetiologies is generally favourable, with a majority of
patients reporting spontaneous resolution of symptoms
over a period of time [1, 2]. In a study involving a cohort of
51 patients with cervical radiculopathy managed non-
operatively, review at 10 years revealed that 42% were
asymptomatic, 30% had mild symptoms and 28% moderate
symptoms [3]. Similar favourable natural resolution of
symptoms was also reported in a large population based
study from Rochester, Minnesota [l1]. A minority of
patients, in whom natural resolution of symptoms is not
seen, do have persistent disabling pain requiring some form



Eur Spine J (2008) 17:576-584

577

of intervention. Surgical treatment is generally reserved for
unremitting and severe pain in patients in whom nonop-
erative treatment has failed [4, 5]. One effective modality
of treatment for patients with unremitting pain is injection
of steroid and local anaesthetic in the nerve root foramen
into the peri-radicular space - cervical foraminal ‘selective
nerve root block’ (SNRB) [6-10]. Here we describe a
method of SNRB using a ‘two-needle technique’ with a 2-
year follow-up of 30 patients in our centre.

Patients and methods

The study was carried out on 33 consecutive patients who
underwent SNRB for cervical radiculopathy between Jan-
uary 2002 and January 2004. Majority of the patients at the
time of presentation to the senior author (NK) had been
managed initially with rest, analgesia and physiotherapy
for at least 2 months by their general practitioner. Patients
presenting with acute and severe symptoms resistant to
conservative management were considered for root block
earlier. Initial clinical assessment included detailed neu-
rological examination and plain radiographs of the cervical
spine. Magnetic resonance imaging (MRI) was performed
on all patients for confirmation of the clinical diagnosis.
Patients whose MRI findings were consistent with the
clinical diagnosis were offered SNRB. The nerve roots
involved in these patients were from C4 to C8. Patients
presenting with motor power less than Medical Research
Council (MRC) grade 4 and those in whom the pain pattern
did not correlate with the radiological findings were not
offered SNRB. Pregnant women and patients with cervical
myelopathy, malignancy, inflammatory disease, coagula-
tion disorder or sensitivity to corticosteroids were also
excluded. None of the patients who underwent the proce-
dure had any pending litigation related to the condition.
The outcome was measured using ‘neck disability index’
(NDI) and an 11—block ‘visual analogue scale’ (VAS)
ranging from 0 (no pain) to 10 (maximal pain). The neck
disability index is a negatively incremental score consisting
of ten questions related to patients’ activities of daily living
as well as work and recreational activities. These quantify
the pain and physical limitations due to cervical radiculop-
athy. This score has been used as an outcome measure
following non-operative [11, 12] as well as operative
treatments [13—-16] for cervical radiculopathy and has been
shown to be reliable and valid [17]. All the patients were
initially scored on the day of procedure using NDI ques-
tionnaire and VAS chart. Follow-up scores were done at
6 weeks and 1 year after the procedure at the time of their
clinical review. All the patients were asked if the pain relief
started within 24-48 h following the procedure. The degree
of pain relief was measured by reduction in VAS score and

the functional improvement by reduction in NDI. The final
follow up was 2 years after the procedure and the patients
were discharged if there was no deterioration in symptoms.

Technique

The selective nerve root block is done as a day case pro-
cedure by the senior author (NK). The procedure is
explained to the patient and informed consent is obtained.
This procedure is done in the operating theatre on an awake
patient. The patient is placed in the lateral position on the
operating table with the symptomatic side facing up. One or
two pillows are placed under the head to prevent lateral
flexion of the cervical spine. The neck is slightly extended
and the patient is requested to depress both shoulders. This
position helps to visualise the entire cervical spine in a
majority of patients. The image intensifier C-arm (Phillips
BV Libra) is centred on the relevant level and tilted by 20°—
30° in order to obtain oblique projections of the cervical
spine (Fig. 1a). This would show the neural foramen end-on
(Fig. 2a). A metallic ruler is placed transversely on the
patient’s neck, so that it projects at the upper border of the
nerve root foramen of the level to be injected and parallel to
the disc space. A horizontal line is drawn on the skin at this
level. A vertical line is drawn joining the posterior borders
of the lateral masses of the adjacent vertebrae. Intersection
of these lines gives us the entry point for the needle
(Fig. 1b), which overlies the bulk of the trapezius muscle
and falls in the posterior triangle of the neck.

The injection site is aseptically prepared and local
anaesthetic (2% lignocaine—Xylocaine® AstraZeneca, UK)
is infiltrated into skin and subcutaneous tissues. For the
‘two-needle technique’ we use a 0.9 mm x 125 mm nee-
dle as the ‘outer needle’ and 0.45 mm x 150 mm needle
as the ‘inner needle’ (Steriseal®—Unomedical, UK)
(Fig. 3). The outer needle is well suited to negotiate the
skin, deep fascia and muscle layers without bending. The
0.9 mm needle with stylet is introduced through the entry
point on the skin and directed using image guidance
through the bulk of the trapezius muscle, keeping it pos-
terior to the neurovascular bundle of the neck. The needle
is advanced under image guidance until the tip of the
needle is just antero-lateral to the posterior border of neural
foramen, without actually entering it (Fig. 4). An AP view
is also obtained at this stage. The stylet is removed and the
inner needle is inserted through the lumen of the outer
needle. The inner needle is advanced with caution, to enter
the nerve root canal under image guidance, observing the
patient’s response. In a majority of patients, radicular pain
is reproduced at this point, which usually matches their
clinical symptoms. Aspiration is attempted with a 5 mL
syringe to ensure that the needle tip is not in any blood
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Fig. 1 a Showing the position
of patient and image intensifier.
b Skin marking for the entry
point

Fig. 2 a End-on view of the
neural foramen seen on oblique
X-ray. Tip of the needle is in the
postero-superior quadrant of the
foramen. b AP view of the same
showing epidurogram

vessel. 0.2-0.5 mL of radio-opaque dye (Iopamidol-Nio-
pam 200® Bracco UK Ltd) is injected through the inner
needle to obtain an epidurogram, showing spread of the
contrast medium along the nerve root. A hard copy of the
epidurogram (Fig. 2b) is printed for record. A mixture of
1 mL of long acting steroid (40 mg Triamcinolone aceto-
nide—Kenalog®~Squibb UK) and 1.0-1.5 mL of long
acting local anaesthetic (0.25% Bupivacaine—Marcaine®,
AstraZeneca, UK) is injected through the needle into the
peri-radicular space. The radiation exposure time for each
procedure is recorded. The patient is observed for 4-6 h
following the procedure and then discharged.

Statistical methods
The demographic data, duration of symptoms at presenta-

tion, nerve root involved, radiation exposure time for
procedure and the improvement in outcome measures (NDI
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and VAS) at 6 weeks and 1 year were analysed using SPSS
software package (SPSS v14.0 for windows, SPSS inc.,
Chicago, IL, USA).

Paired sample ¢ test was used to analyse the improve-
ment in VAS and NDI scores. The influence of underlying
diagnosis, side of involvement and gender was studied
using independent sample ¢ test and one way ANOVA was
used to correlate the effect of level of nerve root involved
to the improvement in outcome measures. Pearson’s cor-
relation coefficient was used to study the influence of
duration of symptoms at presentation, duration of radiation
exposure and age of the patient on the improvement in
outcome indicators.

Results

During the 24-month period, 33 patients underwent cervi-
cal foraminal selective nerve root block (SNRB) with the
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Fig. 3 The two needles used in our technique. The fop two pictures show the needles with stylets in situ. The bottom picture shows the long
0.45 mm diameter needle being passed through the lumen of shorter 0.9 mm needle

Fig. 4 The safe zone—schematic diagram showing relationship
between the tip of needle, the nerve root and the vertebral artery at
the nerve root foramen. The safe zone refers to postero-superior

‘two-needle technique’. Two patients were lost to follow-
up and another patient had dual pathology of cervical disc
prolapse and cervical rib on the same side, which left us
with 30 patients for evaluation with a minimum 2-year
follow-up. The patient with dual pathology underwent
excision of cervical rib and hence was excluded from this
study. Two patients underwent surgical intervention due to
poor response after 6 weeks; hence outcome scores at
6 weeks are for 30 patients, whereas those at 1 year are for
28 patients.

There were 14 males and 16 females, with an average
age of 44.7 years (range 25-67). Mean duration of symp-
toms before the procedure was 26 weeks (range 5-87).
Seventeen patients had left sided symptoms and thirteen
had symptoms on the right (Table 1). C6-C7 was the
commonest level to be involved, with 11 patients (36%)
showing narrowing of C7 neural foramen. C6 nerve root
was affected in 10 patients (33%); C5 in 5 patients; C4 and
C8 in two patients each (Table 2). Out of 30 patients, 12
were symptomatic from acute cervical disc disease, while
the rest had symptoms due to acute exacerbation of cervical
spondylosis.

quadrant of nerve root foramen as seen on oblique view. Note that
only the 0.45 mm diameter needle is used to negotiate the nerve root
foramen in the bony confines

Table 1 Demographics of patients included in the study

Age (years) mean (range) 44.7 (25-67)
Gender (%)

Male 14 (47)
Female 16 (53)

Side of involvement (%)

Right 13 (43)

Left 17 (57)

Duration of symptoms at presentation in weeks (range) 26.77 (5-87)

Average pre-operative VAS score was 7.4 (range 5-10),
which improved to 2.2 (range 0-7) at 6 weeks and 2.0
(range 0-4) at 1 year. All patients reported that they
experienced pain relief within 24-48 h following the pro-
cedure and that it sustained at 6 weeks. NDI scores also
showed similar improvement. The average score prior to
intervention was 66.9 (range 44-84), which improved to
31.7 (range 18-66) at 6 weeks and 31.1 (range 16-48) at
1 year. The reduction at 6 weeks in both VAS scores (95%
CI 4.5-5.8) and the improvement in NDI (95% CI 30.4—
40.0) were highly significant (Table 2). This improvement
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Table 2 Improvement in outcome scores (VAS and NDI) at 6 weeks and 1 year after the procedure at different levels

NDI-mean (range)

VAS-mean (range)

N (%)

Level

Improvement  Post (1 year)  Improvement Pre Post (6 weeks)  Improvement  Post (1 year) Improvement

Post (6 weeks)

Pre

38
4

22 (16-28)
31 (24-36)
33 (26-46)

40

20 (18-22)

60 (44-76)

4

2.5 (2-3)

2.5 (2-3) 4
2.6 (1-7)

6.5 (5-8)

2 (1.7)

c4

0.2

32.8

38.4 (26-66)
31.4 (22-46)
28.5 (20-64)
35 (24—46)

71.2 (58-84)
68.6 (60-82)
65.3 (48-76)
61 (54—68)

59
54
5.6

1.5 (0-3)
1.8 (0-3)
2.2 (1-4)

4.8

7.4 (6-9)
7.2 (6-8)
7.8 (6-10)

6.5

517.7)

C5

35.6

37.2

5.7
5.5
2.5

1.5 (0-3)
2.3 (1-4)

4 (2-6)

10 (33.3)
11 (36.7)
2(1.7)

Co6
Cc7

339
42

31.4 (20—48)

26

36.8

C8

in symptoms was sustained at 1 year - reduction in VAS
scores (95% CI 4.96-5.89) and the improvement in NDI
(95% CI 32.04-39.67). Comparing the VAS and NDI
scores at 6 weeks to those at 1 year, no significant differ-
ences were noted.

Patients with radiculopathy secondary to acute exacer-
bation of spondylosis showed better improvement in their
NDI score at 6 weeks, when compared to those with disc
prolapse (P = 0.021). However, the improvement in VAS
scores at 6 weeks, NDI and VAS scores at 1 year did not
show similar trend (Table 3).

Neither the side of involvement nor the sex of patient
had any effect (two sample ¢ test) on the improvement in
outcome scores after the procedure. The study of outcomes
at different levels, using one-way ANOVA, suggested that
the patients with involvement of C6 or C7 nerve roots
responded slightly better at 6 weeks as the mean
improvement of VAS was 5.7 for C6 (range 4-7) and 5.5
for C7 (range 4-7). For the other levels the means varied
between 3.2 and 4.8 (P = 0.082).

There was a statistically significant trend (Pearson’s
r = 0.383, P = 0.037) that older patients showed better
improvement in VAS scores at 6 weeks. No significant
correlation was shown between duration of symptoms
before procedure and improvement in either outcome
measure following the procedure.

Mean duration of radiation exposure during the proce-
dure was 27.8 s (range 10-90 s). The median exposure
times for the nerve roots under consideration are high-
lighted in the box plot (Fig. 5).

Discussion

It is known that nerve roots and their nutrient vessels are
vulnerable to mechanical and chemical injury due to lack
of perineurium and a poorly developed epineurium [18]. In
animal models of radiculopathy, inflammatory changes and
increased levels of PLA2 have been demonstrated within
nerve roots and dorsal root ganglion [19]. Studies also
identify reduced PLA2 activity in the injured nerves with
administration of epidural betamethasone [19], which
forms the basis for using anti-inflammatory agents in the
treatment of radiculopathy [20]. Additionally, corticoste-
roids may have a direct anaesthetic effect on small
unmyelinated nociceptive C fibres within irritated neural
tissue [21].

The role of selective nerve root blocks (SNRB) in
treating cervical radiculopathy has been explored by vari-
ous investigators [9, 10, 22, 23] as has been summarised in
Table 4. Delivery of steroids around the nerve root near the
site of its compression is achieved through percutaneous
injection technique using fluoroscopy or CT guidance. The
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Table 3 Improvement in outcome scores (VAS and NDI) at 6 weeks and 1 year after the procedure according to the underlying diagnosis

Improvement in outcome scores Acute disc prolapse (12/30) Cervical spondylosis (18/30) P value
At 6 weeks VAS mean (SD) 4.66 (2.18) 54 (1.3) 0.25
NDI mean (SD) 28.67 (15.14) 39.5 (9.24) 0.02
At 1 year VAS mean (SD) 5.7 (0.95) 5.2 (1.35) 0.3
NDI mean (SD) 32.6 (11.3) 37.4 (8.3) 0.2
the steroid with a 21G spinal needle under fluoroscopy
100 4 control and did not use the contrast to confirm needle tip
position [9]. Larkin et al. described a technique in which a
catheter is entered into the posterior epidural space via a
804 more caudal route and advanced up the spinal canal and
§ turned into the target foramen essentially performing an
% “inside-out” injection [25].
_::;s 60 Cyteval et al. have described a technique in which the
§ patient is supine on CT table, and a 22G spinal needle was
s used through anterolateral or lateral approach along with
E 40 contrast confirmation of needle tip position [7]. Good to
% ‘|’ excellent results were noted in 60% of 30 patients in their
5 series. In another technical note by Wagner, similar CT
e 20 = guided procedure was described, but using 25G needle and
+ J_ with contrast medium. He stated that more than 200 injec-
tions were performed with 100% success in blocking the
0 nerve roots. No serious complications were reported [23].
. . . . . We have used a ‘two-needle technique’ to achieve the
4 5 6 7 8

Level

Fig. 5 Box plot showing the duration of procedure against different
levels

techniques previously described in the literature used sin-
gle needles ranging in size from 21G to 25G [6, 7, 9, 10,
23]. Morvan et al. described an antero-lateral approach
similar to a cervical discographic approach. Of the 71
injections performed in 51 patients, satisfactory results
were obtained in 14% of cases. They performed the
injection under radiographic control using a 21G needle but
without contrast confirmation [24]. Bush et al. in their
series of 68 patients have stated that 81% had complete
relief from arm and neck pain. They have used a variety of
techniques including a cervical plexus block done without
radiographic control with 21G needle, a radiographic
controlled foraminal injection with 22G needle and cervi-
cal epidural injection [6]. Slipman et al. have used a single
22G needle with contrast confirmation of needle position.
In their series of 20 patients at a mean of 21.2 month
follow-up, 60% had good to excellent results and a third
required surgical intervention [8]. Vallee et al. reported
significant reduction in pain in 62% of 32 patients with
cervical radiculopathy treated with SNRBs. They injected

same. The use of a larger diameter (0.9 mm) needle
equivalent to 20 gauge allows easier penetration through
the skin and soft tissues, until it reaches the nerve root
foramen, enabling us to pass the thinner diameter
(0.45 mm) needle equivalent to 26 gauge in the desired
direction in the peri-radicular space, avoiding the possi-
bility of thinner needle being bent. This reduces the risk of
needle breakage when compared to techniques, which use
only single thin needle. Moreover, we believe that entering
the foramen with smallest possible diameter needle mini-
mises the risk of vascular injury or dural injury leading to
leakage of CSF.

SNRB is an effective modality of treatment in a selected
group of patients i.e. those with symptomatic radicular arm
and neck pain without significant motor weakness in upper
limbs. In our series of 30 patients, 28 showed good to
excellent clinical response to SNRBs. Patients with acute
exacerbation of spondylosis have shown better improve-
ment in early stages, which favours trial of SNRB over
surgery in this subset of patients. Two patients who did not
respond to injections and underwent surgical interventions
for symptom relief had prolapsed cervical discs. In patients
with true radiculopathy secondary to prolapsed disc,
response to SNRB is less favourable and hence need for
further surgical intervention is more likely.

@ Springer
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Table 4 Summary of the literature of the techniques for SNRB’s

Author Number Position of Approach Radiographic modality Needle size/contrast Outcome
patients/injections  the patient

Morvan (1988) 51/71 Sitting Anterolateral ~ X-ray 21G Satisfactory in 14%
no contrast

Bush (1996) 68/170 Not mentioned Lateral X-ray in some 21G/22G 81% complete relief

patients mixed

Slipman (2000) 20/44 Supine Lateral X-ray 22 G 60% good to excellent
Contrast

Vallee (2001) 32/41 Sitting Anterolateral  X-ray 21G 62% significant relief
No contrast

Cyteval (2004)  30/30 Supine Anterolateral CT 22G 60% good to excellent
Contrast

Wagner (2005) ~200 Supine Anterolateral CT 25G Not mentioned
Contrast

There was no significant difference noted between
improvement at 6 weeks and 1 year. This suggests that, if
the benefit of injection was not seen at 6 weeks, it is
advisable to carry out another trial of injection soon or
consider operative intervention depending on patients’
preference, rather than waiting for a delayed improvement.
The observed superior improvement in patients with C6
and C7 involvement, compared to other levels could be
partly explained by the difficulty in performing injection at
more proximal or distal levels. Although the numbers were
not large to produce a statistically significant difference,
the results suggest that higher levels of involvement are
more likely to get a poor response and consequently may

be considered for surgical intervention sooner, if there is no
adequate response after first injection.

Furman et al. in a prospective study of 504 cervical
SNRBs reported that fluoroscopically confirmed intravas-
cular uptake of contrast medium was noted in 19% of
procedures. However, none of the patients in their series
developed any serious complications of procedure [26].
Serious complications such as arterial [27] and spinal cord
[28] injuries have also been reported. SNRB in the cervical
spine is believed to have a relatively low risk of compli-
cations, but we feel that a complication rate of 1% [29] is
difficult to reproduce. Although this procedure is deemed
to be safe, there are potential and some times serious

'

'

Steroid
sludging

Vertebral
arteries

Carotid
arteries

Epidural
venous
Plexus injury

Injury by Injection into Local Steroid
needle nerve sheath anaesthetic burn
problems
Transient Permanent
(common) (rare)

Fig. 6 Flow chart showing possible complications associated with percutaneous needle techniques in the cervical spine. The described ‘two
needle technique’ minimises the risk of most of the complications associated with vascular or dural sheath injury
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complications that can occur with SNRB (Fig. 6); hence
meticulous care should be taken while performing it. The
importance of using a safer and reproducible technique can
not be overemphasised. We encountered no major com-
plications in our series. One patient developed transient
nystagmus that lasted for 2 min and resolved spontane-
ously. Detailed neurological examination in that patient did
not reveal any other deficit. Two patients had transient
dizziness following the procedure.

We would like to introduce the concept of ‘safe zone’
for needle placement in SNRB. Immediately lateral to the
external opening of the nerve root foramen, the vertebral
artery passes closely in front of the zygoapophyseal joint.
The spinal nerve, in its dural sleeve, lies in the lower half
of the foramen. The upper half is occupied by epiradicular
veins. We define the ‘safe zone’ as the space in the postero-
superior aspect of root canal, limited on the medial aspect
by an imaginary line joining the midpoints of articular
processes. Hence, on the AP view, the needle tip should not
pass beyond the line connecting sagittal midpoints of
articular processes to avoid puncturing dura [30] On the
oblique projection, the needle tip should be placed in the
postero-superior quadrant of nerve root foramen (Figs. 2a,
4). The placement of needle in this ‘safe zone’ minimises
the risk of injury to dura or blood vessels. In combination
with other safeguards such as using contrast media, with-
drawing the syringe plunger before administering the
injectate to make sure that there is no intravascular
placement of needle tip and by using smallest possible
diameter needle beyond the bony confines of nerve root
foramen; our technique demonstrates a safer and repro-
ducible way of performing the procedure.

Conclusions

This study reports the results of cervical SNRBs done in
one institution by single surgeon using ‘two needle tech-
nique’. The technique used has not been described for
cervical root blocks in the past. Majority of patients
experienced significant early relief from their symptoms,
which was sustained until 2 years after the procedure. Only
two of the 30 patients available for follow-up at 2 years
required surgery for their condition. We did not encounter
any serious complications with our technique. We believe
that, using a 20G needle to reach the nerve root foramen
and entering the foramen with a 26G needle under fluo-
roscopic control makes this procedure safe. Observing the
recommendations highlighted in our discussion may further
improve the safety of the procedure. The patient number is
not large to make universal recommendations, however the
noted clinical improvement and absence of serious com-
plications in our group prompt us to conclude that in well

selected group of patients, SNRB with ‘two needle tech-
nique’ gives consistent, reproducible results and is safe to
perform.
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