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Since its first description by Mixter and Barr
in 1934 [1], lumbar disc herniation is one of the
few abnormalities in the lumbar spine, were a clear
relationship between the morphological alteration
and pain seems to exist. While pure mechanical
compression was considered previously as a source
of sciatica, there is increasing evidence that chem-
ical irritation of the nerve root plays an essential
and perhaps even more important role [2, 3]. Ol-
marker et al. [4] have shown in an experimental an-
imal model, that epidural application of autolo-
gous nucleus pulposus without compression of the
cauda equina leads to a significant drop in the
nerve conduction velocity of the cauda equina [4].
Autoimmune responses, microvascular changes
and inflammatory reactions are discussed as po-
tential causes of this phenomenon [4–7]. Nucleus
pulposus tissue has inflammatory properties,
which lead to an intraneural oedema, a very im-
portant factor in the pathogenesis of sciatic pain
[5]. The negative effect of nucleus pulposus on the

nerve root can be significantly reduced by the ap-
plication of methylprednisolone [8]. The compro-
mising of the nerve conduction velocity by nucleus
pulposus tissue seems to be self-limiting. Otani et
al. [9] have shown in an animal model, that this ef-
fect is most pronounced after seven days and spon-
taneously normalises within a two month period.
These experimental findings may explain, why sci-
atica has a favourable natural history [10]. Surgery
in patients presenting with a radiculopathy with or
without minor neurological sensory/motor deficit
is only required, if the initial pain cannot be well
controlled by non-operative means. Otherwise,
surgery is not required because spontaneous re-
covery can be expected [10, 11]. 

The aim of our study was to investigate
whether a selective nerve root block with local
application of bupivacaine and triamcinolone is 
an effective option for patients with radicular leg
pain.

The objective of this study was to investigate
the clinical effectiveness of nerve root blocks (i.e.,
periradicular injection of bupivacaine and triamci-
nolone) for lumbar monoradiculopathy in patients
with a mild neurological deficit. We have retro-
spectively analysed 30 patients (29–82 years) with
a minor sensory/motor deficit and an unequivocal
MRI finding (20 disc herniations, 10 foraminal
stenoses) treated with a selective nerve root block.
Based on the clinical and imaging findings, surgery
(decompression of the nerve root) was justifiable
in all cases. Twenty-six patients (87%) had rapid

(1–4 days) and substantial regression of pain, five
required a repeat injection. 60% of the patients
with disc herniation or foraminal stenosis had per-
manent resolution of pain, so that an operation was
avoided over an average of 16 months (6–23
months) follow-up. Nerve root blocks are very ef-
fective in the non-operative treatment of minor
monoradiculopathy and should be recommended
as the initial treatment of choice for this condition.
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Summary

Introduction



From January 1997 to December 1998, 78 patients
were treated with selective nerve root blocks at our insti-
tution. From this group of patients, we selected those in-
dividuals, who had an unequivocal morphological imag-
ing finding explaining the radiculopathy. 

The following inclusion criteria were required: (1)
monoradicular leg pain with minor sensory/motor deficit
(MRC grade >M3), (2) unequivocal morphological corre-
late at MRI, (3) duration of symptoms less then four
months. 

Exclusion criteria were: (1) relevant motor deficit
(MRC <M3) or cauda equina syndrome (necessitating im-
mediate surgical decompression), (2) limited knowledge of
German (on the part of the patient), preventing clear-cut
history-taking and (3) previous spinal surgery. These cri-
teria were defined by the senior author prior to the review
of the cases. 

The follow-up examination was performed by an in-
dependent observer (M.N.), who was not involved in
treatment of the patients. The senior author was not in-
volved in the review of the cases.

A total of 30 consecutive patients who fulfilled these
inclusion criteria were enrolled in the study. Mean age of

the 12 females and 18 males was 59 years (range 29–82
years). Based on MRI analysis by an independent radiolo-
gist (M.Z.), 20 patients had a disc herniation (protrusion,
extrusion or sequestration [12]) and in 10 patients a foram-
inal stenosis was diagnosed as a source of the leg pain
(Table 1). According to this analysis, all individuals had a
compromised nerve root at the target level explaining the
patients symptoms. The average duration of symptoms
was 8 weeks (range 3–18 weeks). All patients were referred
to our center after intial non-operative therapy (anal-
gesics, physiotherapy) had failed to result in a rapid reso-
lution of pain. According to guidelines in the literature
[13], surgery may be undertaken in cases with persistent
symptoms when more rapid pain relief and resolution of
the actual neurological deficits can be expected, compared
to non-operative treatment. The patients were informed
that the natural history of such minor sensory/motor
deficits is benign and that spontaneous recovery occurs in
the vast majority of individuals with time. We offered the
patients a selective nerve root block to support non-oper-
ative treatment. None of the individuals expressed a desire
to proceed with immediate surgery. The follow-up period
was a minimum of 6 months.

Technique

The nerve root block was performed under sterile
conditions with an image intensifier. We used the tech-
nique described by Bogduk et al. [14]. The target point
was a “safe triangle” i.e., above the exiting nerve root and
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Patients and methods

Table 1

Location of disc her-
niations and forami-
nal stenosis.

L2/3 L3/4 L4/5 L5/S1

Disc protrusion 1 2 13 4

Foraminal stenosis 1 2 5 2

Figure 1

Schematic description of the technique of a
selective nerve root block at the level L1-L5 (A).
Correct radiculogram of the L5 nerve root after
periradicular injection of contrast medium (B).

A B

Figure 2

Schematic description of the technique of se-
lective nerve root block at the level S1 (A). Cor-
rect radiculogram of the S1 nerve root after
periradicular injection of contrast medium (B).

A B



below the corresponding pedicle. The skin was anaes-
thetised with 2–3 ml mepivacaine 2%. A spinal needle
(22G) was inserted paramedian through the skin and mus-
cles in a cranio-medial direction until a bony contact was
encountered. This method allows advancing the needle in
a safe triangle without contact to the nerve root. After ver-
ification of a correct needle positioning under biplanar
image intensifier control, 1 ml iopamidol 300 mg was in-
jected until a radiculogram was obtained. Subsequently, 
2 ml bupivacaine 0,5% and 1 ml triamcinolone (40 mg)
were injected. It should be stressed that this was a peri-
radicular and not an intraneural injection. With this tech-
nique the nerve roots L1-L5 could be targeted (Fig. 1). 

To perform a selective nerve root block at the level of
S1, a different technique is required. First the image in-

tensifier is positioned perpendicular to the foramen S1. A
spinal needle is inserted perpendicular to the surface of the
sacrum into the foramen. The correct needle positioning
is checked by image intensifier in two planes. After ob-
taining a correct periradiculogram, 2 ml bupivacaine 0,5%
and 1 ml triamcinolone (40 mg) is injected (Fig. 2). 

The patients had a clinical surveillance on the ward
for about 30 minutes to account for any unexpected side
effects. Patients were routinely asked to report the pain re-
duction on a visual analogue scale 30 minutes after injec-
tion. The clinical follow-up was at 2–3, 6 and 12 weeks and
6 months after injection. A successful nerve root block was
defined as reduction of the leg pain of more than 60%
within the first 4 days. This time interval was chosen be-
cause the effect of the steroids is not immediate. 
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Figure 3

Thirty-five-year-old patient with acute onset of severe radic-
ular leg pain with a mild sensory motor deficit of L5 (MRC
grade M4). MRI (A and B) shows a disc herniation at the
level of L4/5 with sequestration and compression of the
nerve root L5. A selective nerve root block of L5 (C) results
in a rapid and permanent resolution of the pain within 
3 days. At one-year follow-up, the patient is pain-free and 
has made a full neurological recovery.

A

B C



The average follow-up was 16 months (range,
6–23 months). At 2 to 3 weeks’ follow-up, 26 of 30
patients reported successful pain reduction (Fig.
3). In 18 patients, this pain reduction was obtained
immediately and in a further 8 patients within 4
days (2 of these patients had a temporary pain in-
crease). In 4 patients, the nerve root block did not
show a sufficient pain reduction despite a correct
periradiculogram. In 5 of the patients with initial
pain relief (n = 26), the nerve root block had to be
repeated, since the first nerve root block did not
have the expected success (n = 2) or because the ef-
fect was only short-term (less than 1 week, n = 3).
Three of the latter 5 patients had a subsequent per-
manent pain reduction. In total, 18 of the 26 pa-
tients with pain relief after the first and/or second

injection had a permanent and substantial (>60%)
pain reduction and did not require surgery, 12 had
disc herniation and the remaining 6 had foraminal
stenosis. 8 patients with insufficient pain resolu-
tion and 3 patients without postinjectional pain re-
lief underwent surgery (7 discectomies, 3 forami-
nal decompressions, and 1 decompression and in-
strumented fusion). The remaining patient with-
out postinjectional pain relief decided to proceed
with physiotherapy resulting in a slow (within 6
months) resolution of leg pain. All individuals who
had an immediate pain relief after the injection but
recurrent symptoms had successful surgery with
complete relief of the leg pain. There were no
complications, in particular no infections, nerve
root injuries or bleeding events. 
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Discussion

Macnab first described selective nerve root
blocks in 1971 [15]. This infiltration performed
with contrast agent and lidocaine aimed to differ-
entiate different sources of leg pain in an equivo-
cal clinical situation [15]. Frequently, it is not pos-
sible to exactly localise the compromised nerve
root either by clinical neurological examination or
by imaging studies. This is particularly true for
multilevel nerve root compromise as shown by
MRI. There is increasing evidence that there is no
close correlation between imaging findings and
clinical symptoms [16]. The high incidence of
asymptomatic disc herniations recently reported
in the literature raises questions about the validity
of our morphologically based understanding of
pain pathogenesis in this condition [17–20]. These
findings stress the importance of an unequivocal
concordance of the clinical symptoms and imaging
findings as a prerequisite for a successful disc sur-
gery. Numerous studies [21–26] have shown that a
nerve root block is helpful in cases were this close
correlation is lacking. In the event of a positive re-
sponse (i.e., resolution of leg pain), the nerve root
block allows the diagnosis of the affected nerve
root with a sensitivity of 100% in cases with disc
protrusions and with a positive predictive value of
75 to 95% in cases of a foraminal stenosis [21, 26].
So far, the diagnostic aspect has been the predom-
inant reason for a nerve root block.

A systematic analysis of the therapeutic effect
of nerve root blocks has so far not been extensively
studied. In a prospective study, Weiner and Fraser
[23] investigated the success of nerve root blocks
in 30 patients with foraminal and extraforaminal
disc herniation. They found an immediate pain re-
duction in 27 patients, of whom only 3 required
surgery because of recurrent leg pain, whilst 2 in-
dividuals were lost to follow-up. In total, 22 of 28
patients (79%) had a substantial and permanent
pain reduction during a 1–10 year follow-up.

In our study disc protrusions and foraminal
stenosis were included as diagnostic groups. Al-
though we anticipated that the therapeutic effect
of nerve root blocks would be more pronounced in
cases with a discogenic nerve root compression
compared to a foraminal (bony) stenosis, we did
not find a difference between the 2 groups. While
a chemical irritation of the nerve root by disc
material is well documented experimentally [4],
mechanical compression appears to be the major
source in foraminal stenosis. However, foraminal
stenosis in elderly patients often persists for a long
time before suddenly becoming symptomatic. It
remains unclear whether an acute inflammation is
the reason for this sudden pain onset. Our results
support the hypothesis of an inflammatory mech-
anism because 60% of our patients had a rapid and
permanent resolution of their leg pain after steroid
injections. A more conclusive statement is not pos-
sible due to the small numbers and short follow-
up but this deserves further exploration.

Since the study by Henrik Weber in 1982 [27],
it is well-known, that non-operative (in-hospital
bed-rest and subsequent physiotherapy) and oper-
ative treatment of disc herniations are equally ef-
fective after 4 to 10 years. Weber [27] has also
shown, that the functional recovery of the nerve
root is not superior in the operative group, in those
patients presenting with a minor neurological
deficit. The main drawback of the non-operative
treatment (medication and physiotherapy) is the
slow recovery and patients are disabled for a pro-
longed time period [27]. The effect of epidural
steroid injections is still controversial in the liter-
ature [28]. Overall, 6 studies indicated that the
epidural steroid injection was more effective than
the reference treatment and 6 reported it to be no
better or worse than the reference treatment [28].
Cuckler et al. [29] treated 73 patients with radicu-
lar leg pain either with methylprednisolone acetate
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and procaine or with physiological saline and did
not observe an effect of the steroids after an aver-
age of 20 months between both groups. In a more
recent study, Carette et al. [30] analysed 158 disc
herniation patients with a prospective, placebo-
controlled trial (methylprednisolone vs. saline) in
terms of outcome. After six weeks, the authors ob-
served a significant improvement in terms of leg
pain and sensory deficits but this difference did not
achieve statistical significance at three months.
The authors concluded that epidural injections of
methylprednisolone result in a short-term im-
provement in leg pain and sensory deficits. How-
ever, this treatment offers no significant functional
benefits at 12 months, nor does it reduce the need
for surgery. The drawback of epidural injections is
the verification of the correct epidural application
of the steroids unless the injection is performed
with contrast medium under image intensifier
control. On the contrary, a selective nerve root
block is always performed under image intensifier
control and the correct application to the target
nerve root is documented by the injection of con-
trast medium. Although the steroids applied by the
foraminal route can in theory diffuse and involve
more than a single nerve root, we did not observe
any case reporting a temporary sensory deficit of
an adjacent nerve root. This demonstrates the rel-
ative selectiveness of the block. With regard to the
lack of clinical effectiveness of epidural injections
it is important to stress, that the key issue of the
local steroid injection is a short-term relief and not
a long-term effect because of the benign natural
history of this disease [10, 27]. In our study, 26 of
30 patients with a minor neurological deficit and
with an unequivocal MRI finding had rapid pain
resolution, which was permanent in 18 patients.

With regard to an average pain duration of 8 weeks
and the presence of a neurological deficit, surgical
interventions would have been justifiable in all of
these cases. In 60% of the patients a rapid perma-
nent pain resolution occurred, obviating the need
for surgery.

Our study is a retrospective analysis of patients
with radicular leg pain treated by selective nerve
root blocks. We clearly acknowledge the limita-
tions of our study because of its retrospective study
design. The assessment of pain relief on a retro-
spective basis is questionable and no prospective
outcome variables could be defined, which sub-
stantially limits the conclusions drawn. Despite
these limitations, there is circumstantial evidence,
that selective nerve root blocks are an effective and
less invasive intervention, and serve as an adjunct
to non-operative treatment. In the majority of in-
dividuals, a surgical intervention could be pre-
vented because of a rapid pain resolution, despite
there being a clear indication for surgery. Because
a positive treatment effect could be demonstrated
by our retrospective analysis, the therapeutic effi-
cacy of a nerve root block deserves further explo-
ration by prospective, randomised double-blind
studies.
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