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Introduction
Selective lumbar nerve root blocks (SLNRBs) were reported to be 

useful in the diagnosis of radiculopathy by Macnab and colleagues 
(1971) [1].  Furthermore, SLNRB has been found to be effective for 
the treatment of spinal pain and radiculopathy, and is commonly 
employed both in the diagnosis and treatment of spinal pain and 
radiculopathy [2-4].  However, an understanding of the mechanism 
by which SLNRB achieves analgesia in spinal pain and radiculopathy 
remains largely unclear. Pfirrmann and colleagues (2001) previously 
reported that there was no relationship among needle-tip positions, 
radiating pain, and analgesic effect after comparing the fluoroscopic 
contrast material distribution, radiating pain, and analgesic effect of 
SLNRB in combination with steroids. The authors proposed a “safe 
triangle,” composed of the inferior border of the pedicle, the lateral 
border of the vertebral body, and the superior border of the nerve root, 
as the best site for maximising the analgesic effect of SLNRB for the 
treatment of lumbosacral radicular pain. According to them, SLNRB 
at this site elicits sufficient analgesia without eliciting radiating pain 
[5].  This suggests that there is no relationship between the occurrence 
of radiating pain and the analgesic effect after SLNRB, and that it is 
not necessary to inject the local anaesthetic agent into the nerve fibres. 
However, in their study, it is questionable whether the analgesic effect 
is mainly due to the action of the SLNRB, because of inadequate time to 
measure the analgesia at 15 minutes and 2 weeks after the SLNRBs. The 
analgesic effects at 15 minutes and 2 weeks seem to be mainly due to a 
direct effect of the local anaesthetic agent and to an anti-inflammatory 
effect of the steroid administered concomitantly, respectively.

In the present study, we chose to measure analgesia at 3 ± 1 hours 
after SLNRB to exclude the possibility of a direct anaesthetic effect 
and/or anti-inflammatory effect. We sought to focus on the existence 

of any causative relationships among needle-tip position, radiating 
pain, and analgesic effect by comparing fluoroscopic contrast material 
distribution, radiating pain, and the analgesic effect of SLNRB during 
treatment for pain presumed to be arising from lumbar intervertebral 
displacement. 

Materials and Methods
Consent to ethical guidelines and license

The protocol of this study was approved by the ethical review 
committee of our hospital and registered in the UMIN Clinical Trials 
Registry (Registration No. UMIN000010558). Written informed 
consent was obtained from all patients prior to participation in the 
study. 

Materials

The study population consisted of adult patients who were 
diagnosed with lumbar intervertebral disc displacement on the 
basis of physical findings, symptoms, and imaging findings such as 
magnetic resonance imaging data during the period from February 
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Objectives: We aimed to determine the correlation of radiographic contrast material distribution with selective 

lumbosacral nerve root block (SLNRB)-induced radiating pain and pain reduction obtained 3 ± 1 hours after SLNRB. 
Patients were stratified according to the distribution of contrast material: those in whom nerve fibres were visualised 
(type 1), those in whom the nerve sheath was visualised (type 2), and those in whom contrast material was distributed 
around the nerves (type 3).

Materials and methods: The study population comprised 111 patients who had undergone fluoroscopic SLNRB 
for pain presumed to be arising from lumbar intervertebral disc displacement. Using a numerical rating scale (the scale 
is an 11 point scale 0=no pain, 10=worst pain possible), patients evaluated pain intensity before and immediately after 
SLNRB, 3 ± 1 hours after SLNRB, and SLNRB-induced radiating pain.

Results: Median pain score decreased by 2.5, 3.0, and 3.0 in types 1, 2, and 3, respectively, at 3 ± 1 hours after 
SLNRB, showing no significant intergroup differences. Median radiating pain scores at the time of SLNRB were 9.5, 
9.0, and 6.0 in types 1, 2, and 3, respectively, with significant intergroup differences. Most notably, the radiating pain 
score was significantly greater in types 1 and 2 than in type 3 (P=0.002 and P=0.01, respectively), though there was 
no significant difference between types 1 and 2.

Discussion: The analgesic effect of SLNRB was similar regardless of radiographic findings and radiating pain 
intensity, suggesting that severe radiating pain at the time of SLNRB, or contrast distribution types 1 and 2, is not 
required for SLNRB.
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2011 to October 2012, and underwent SLNRB. The present study was 
restricted to subjects with intervertebral disc displacement, because 
the therapeutic efficacy of SLNRB varies by disease included [6-10].  
Patients in whom the nerve root causing pain was not clarified and 
patients of multiple radiculopathy were also included. Skin sensory 
perception was measured on the area supplied by each nerve root before 
and immediately after SLNRB. Patients with decreased skin sensation 
after SLNRB were selected as those in whom SLNRB was performed 
successfully. Patients in whom pain reduced immediately after SLNRB 
were selected as those in whom the SNLRB had been applied to the 
nerve root causing pain. From among the selected patients, only those 
who had received a 0.5 ml injection of the contrast material were 
selected. Finally 111 adult cases were selected for this study.

We excluded patients undergoing spinal surgery and those with 
communication difficulties, cauda equina syndrome, hypersensitivity 
to local anesthetic agents or steroids, and comorbidities such as 
systemic inflammatory disease, blood coagulation disorders, poorly 
controlled diabetes mellitus, psychiatric disorders, malignant disease, 
heart disease, and skin problems at the puncture site. 

Study implementation 

All SLNRBs were performed on an in-hospital basis by 
anesthesiologists and orthopedic surgeons (in total, 7) at the Sendai 
Pain Clinic Center. All the procedures were performed under X-ray 
fluoroscopic guidance, with the patient in an oblique or prone position. 
After skin disinfection, a local anesthetic agent (1% mepivacaine) was 
injected with a 25-gauge needle.

Oblique position: The end plate of the target vertebral body was 
aligned under X-ray fluoroscopy in a completely prone position. In 
the lumbar spine, the positional relation between the superior articular 
process of the caudal vertebral body and the target vertebral body was 
aligned while rotating an X-ray tube to obtain the fluoroscopic image 
(Figure 1a). The dorsal sacral foramen was localized in the sacral spine. 
A 12-cm, 22-gauge block needle was advanced incrementally anterior 
to the caudal superior articular process, caudal to the pedicle of the 
vertebral arch, cranial to the inferior border of the vertebral body in the 
lumbar spine, and toward the dorsal sacral foramen in the sacral spine. 

Prone position: The patient was placed in a completely prone 
position, so that the spinous processes would be at the centre of the 
superior vertebral body on the X-ray fluoroscopic image. The X-ray 
tube was rotated toward the cranial direction, so that the target end 
plate would be on the straight line joining the end plate (Figure 1b). 
A block needle was inserted in the direction of the transverse process 
base in the lumbar spine and in the direction of the inferior border of 
the dorsal sacral foramen in the sacral spine. Then, the block needle 
was slightly retracted and then advanced as if it was sliding along the 
inferior border of the transverse process in the lumbar spine. Assuming 
that there was another virtual pedicle of vertebral arch caudal to the 
actual pedicle of vertebral arch, the needle was inserted to the lateral 
half (Figure 1b). In the sacral spine, the needle was advanced to the 
central side of the dorsal sacral foramen. 

In both techniques, insertion of the needle was stopped when 
radiating pain was induced, a non-ionic contrast material (iohexol 
for the spinal cord) was injected at a dose of 0.5 ml, and the contrast-
enhanced nerve root was identified. 

Thereafter, 1 ml of 2% mepivacaine and 1 ml of dexamethasone 
3.3 mg (in total, 2 ml) were injected. In general, ≤0.5 ml of anaesthetic 
agent is injected for diagnostic SLNRB,6 11 and 1.5–2.5 ml is injected 

for therapeutic SLNRB.12 13 In the present study, we used a total 
of 2 ml of anaesthetic agents (1 ml of 2% mepivacaine and 1 ml of 
dexamethasone 3.3 mg). 

The distribution of radiographic contrast material was classified 
into one of three types according to Pfirrmann’s classification.5 

1) Type 1, intraneural pattern: The outer border of the nerve root 
was visualised in a tube form and the inner nerve fibres were 
visualised in a feather-like pattern. (Figure 2a, Right L5 nerve 
root)

2) Type 2, extraneural pattern: The nerve root was visualised as a 
filling defect. There was a clear border between the nerve root 
and the contrast material. (Figure 2b, Right S1 nerve root)

3) Type 3, paraneural pattern: The contrast material was distributed 
around the nerve root in a cloud-like appearance. The border 
between the nerve root and the contrast material was not 
clearly visualised. (Figure 2c, Left S1 nerve root) 

Using 0.5 ml or more contrast agent, the contrast agent will leak 
out of a nerve sheath, to become the imaging findings type 3 all, so the 
amount of contrast agent was adopted 0.5 ml.

Pain intensity was reported by patients using an 11-point numerical 
rating scale (NRS; 0 = no pain to 10 = worst possible pain). Pain was 
evaluated three times, namely, before and immediately after SLNRB and 
at 3 ± 1 hours after SLNRB. The degree of pain reduction was calculated 
by subtracting the NRS score at the time of 3 ± 1 hours after SLNRB 
from the baseline NRS score obtained before SLNRB. The intensity of 

Figure 1: llustrations of selective nerve root blocks (SLNRBs) in an oblique 
position (A) and in a prone position (B) (A) in the lumbar spine; the positional 
relation between the superior articular process of the caudal vertebral body and 
the target vertebral body is aligned. Because the nerve root is located anterior to 
the caudal superior articular process, caudal to the pedicle of the vertebral arch, 
and cranial to the inferior border of the vertebral body, the needle is advanced 
incrementally toward the nerve root. When radiating pain is induced, contrast 
material is injected and contrast enhancement is confirmed. The region of 
the safe triangle, which is composed of the inferior border of the pedicle, the 
anterior border of the nerve root, and the lateral border of the vertebral body, 
is widely used as the needle-tip injection site, where the analgesic effect of 
SLNRB without radiating pain is anticipated. (B) In the lumbar spine, a block 
needle is inserted toward the transverse process base. Thereafter, the block 
needle is retracted slightly, and the needle is advanced as if it is sliding along 
the inferior border of the transverse process. Assuming that there is another 
virtual pedicle of the vertebral arch caudal to the actual pedicle of the vertebral 
arch, the needle is advanced to the outer half. When radiating pain is induced, 
the contrast material is injected, and the nerve root is confirmed as contrast 
enhanced.
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radiating pain at the time of the SLNRB was also determined using an 
11-point NRS. 

To account for individual differences in dermatome distribution, 
14 skin sensory perception was measured on the area innervated by 
each nerve root immediately before and after SLNRB. Sensitivity was 
quantified using an 11-point NRS (0 = no sense of touch to 10 = normal 
sense of touch).

Statistical analysis

Background values were compared among groups by using the 
Kruskal-Wallis test. Pre-SLNRB and post-SLNRB pain intensity in 
all subjects were compared by using the Mann-Whitney U test. The 
intensity of radiating pain and the degree of pain reduction were 
compared among groups by using the Kruskal-Wallis test. A P value 
less than 0.05 was considered significant. When the Kruskal-Wallis test 
showed significant differences among the groups, Mann-Whitney U 
test was employed for comparison.

Results
Background 

Among 111 cases in total, according to the pattern of radiographic 
contrast material distribution, 39 patients (17 women, 22 men) were 
classified as type 1, 37 (19 women, 18 men) as type 2, and 35 (16 women, 
19 men) as type 3. Table 1 provides the background characteristics for 

this study population. There were no significant differences in age or 
sex distribution among the groups.

The effect

The effect of SLNRB was evaluated differently based on the 
radiographic contrast material distribution pattern by classifying the 
patients as type 1, 2, or 3. The degree of pain reduction was determined 
3 ± 1 hours after SLNRB. Overall, median NRS scores  decreased from 
5 before SLNRB to 1 after SLNRB, showing a significant reduction 
in pain after SLNRB (Figure 3). When examined according to the 
distribution of radiographic contrast material, median NRS scores 
decreased from 5 to 1 for type 1, 5 to 1 for type 2, and 4 to 0 for type 3, 
showing no significant intergroup differences before or after SLNRB. 
That is, pain associated with types 1, 2, and 3 decreased by 2.5, 3.0, 
and 3.0, respectively, after SLNRB, showing no significant intergroup 
differences (H value=0.144, P = 0.45, degrees of freedom=2) (Figure 3). 

Radiating pain

The intensity of SLNRB-induced radiating pain was also compared 
among the three groups. The median intensity of radiating pain 

Figure 2: Radiographic frontal images (left) and schemas (right) in types 1 to 
3 (A) Type 1 (intraneural pattern) (Right L5 nerve root): The needle-tip is in 
the caudal side of the transverse process base; the outer border of the nerve 
root is visualised in a tube form and the inner nerve fibres are visualised in a 
feather-like pattern. (B) Type 2 (extraneural pattern) (Right S1 nerve root): The 
needle-tip is in the dorsal sacral foramen and the nerve root is visualised as a 
filling defect. There is a clear border between the nerve root and the contrast 
material. (C) Type 3 (paraneural pattern) (Left S1 nerve root): The needle tip 
is in the dorsal sacral foramen and the contrast material is distributed around 
the nerve root in a cloud-like formation. The border between the nerve root and 
contrast media is not clearly visualised.

Figure 3: Pre-selective nerve root blocks (SLNRB) and post-SLNRB numerical 
rating scale (NRS) median scores for type 1 (open column), type 2 (filled 
column), and type 3 (hatched column) and the degree of pain reduction (median 
NRS score) at the time of release from rest (3±1 hours or later after SLNRB). 
NRS values are expressed as box-and-whisker plots. Post-SLNRB NRS scores 
were significantly lower than pre-SLNRB scores (*: P < 0.0001). There were 
no significant differences in pre-and post-SLNRB median NRS scores or the 
degree of pain reduction among the groups.

Type 1 (intra, 
n=39)

Type 2 (extra, 
n=37) Type 3 (para, n=35)

Age
(Mean ± standard error)

48.6 ± 16.1 48.0 ± 14.8 46.8 ± 14.8
(20-81 yrs) (29-81 yrs) (27-80 yrs)

Gender 
(cases)

Male
Female

22
17

18
19

19
16

L2 0 0 2
L3 2 2 4
L4 4 2 4
L5 13 24 12
S1 20 9 13

There were no significant differences in background patient characteristics or 
the male-to-female ratio among the three groups. The most common levels of 
SLNRB  were L5 and S1 in all groups. 

S
ite (N

um
ber 

of patients)

Table 1: Background patient characteristics and injection level.
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in types 1, 2, and 3 was 9.5, 9.0, and 6.0, respectively, showing a 
significant intergroup difference (H value=10.65, P = 0.005, degrees 
of freedom=2). Radiating pain was significantly more severe in types 
1 and 2 as compared with type 3 (U value=407.0, P = 0.002 and U 
value=433.0, P = 0.01, respectively) (Figure 4), though pain intensity 
did not differ between types 1 and 2 (U value=658.5, P = 0.5). 

Discussion
Pfirrmann et al. performed SLNRB in combination with steroids 

[5] We utilise this approach at our clinic because steroids with SLNRB 
has been reported to be useful in medium term [11-19] As for the 
analgesic mechanism of SLNRB in combination with steroids, local 
anaesthetic agents improve blood flow19 and steroids have an anti-
inflammatory effect [20-22].  In general, the duration of action of 
local anaesthetic agents is short. The duration of action of conduction 
anesthesia with mepivacaine to the little finger has been reported to be 
46.6 minutes [23] Furthermore, the duration of action of the epidural 
anesthesia with mepivacaine reported to be 149 minutes even though 
in the presence of epinephrine, [24] which is well known for extent 
the duration of action of the epidural anesthesia. Therefore, the effect 
of mepivacaine used to SLNRB would disappear within about 2 hours 
in the absence of epinephrine. On the other hand, the clinical effect 
of steroids appears to be 1–7 days after administration [25] It is well 
known that steroid exerts anti-inflammatory effects regardless of the 
route of administration [18,22,26]. As Pfirrmann et al. evaluated the 
analgesic effect at 15 minutes and 2 weeks after SLNRB,5 it is highly 
likely that a direct analgesic effect of a local anesthetic agent may 
have been maintained until 15 minutes after SLNRB,  while the anti-
inflammatory action of steroids may have appeared in 2 weeks after 
SLNRB. Moreover, 2 weeks may have been sufficient time for patients 
to have responded well to other treatment modalities such as oral 
medications and physical therapy. The analgesic effect of SLNRB itself 
should be elucidated by evaluating the reduction in pain during the 
period when neither local anesthetic agents nor steroids, regardless 
of the route of administration, [18,22,26] are effective. The analgesic 
effect at 3 ± 1 hours after SLNRB, appears to be independent of the 
direct analgesic effect of the anaesthetic agent mepivacaine and the 

anti-inflammatory effects of steroids. Therefore, we estimated the pain 
3 ± 1 hours after SLNRB. 

As shown in Figure 3, the reduction in pain obtained by SLNRB 
did not differ among the three groups, that is, it did not vary depending 
on the distribution of radiographic contrast material. However, 
radiating pain was significantly more severe in types 1 and 2 than in 
type 3 (Figure 4). Nerve fibres were visualised in type 1 (Figure 2a), the 
pattern considered to be closest to the nerve root. The inner side of the 
nerve sheath was visualised in type 2 (Figure 2b), suggesting distance 
to the nerve root just greater than that of type 1. In type 3, the outer 
side of the nerve sheath was visualised (Figure 2c), which did not allow 
for conclusions regarding distance to the nerve root. Notably, radiating 
pain grows more severe as distance to the nerve root decreases. In 
the type 1 distribution, as well as in the type 2, intensity of radiating 
pain was significantly more severe than in the type 3. Remarkably, the 
degree of pain reduction was similar regardless of contrast material 
distribution, suggesting that therapeutic SLNRB can be performed 
without intense radiating pain. 

SLNRB can be effective without inducing radiating pain, when 
performed by advancing the needle-tip to the region of the safe triangle 
(Figure 1a) [27,28] , because a SLNRB pointed toward the region of 
the safe triangle induces no radiating pain, the burden imposed on 
patients is reduced. However, it is difficult to confirm whether the 
needle-tip has been advanced to the target site; in addition, radiating 
pain can occur even when the needle-tip has been advanced toward 
the region of the safe triangle. In the present study, the SLNRB was not 
targeted toward the safe triangle, but rather demarcated by inducing 
conventional radiating pain. When radiating pain is induced by 
SLNRB, complications such as nerve damage may occur in very low 
case [29]. Recently, paraplegia and other problems have been reported 
to result from SLNRB targeted toward the region of the safe triangle 
[30-32] A new site has recently been proposed for needle-tip insertion, 
so as to replace the safe triangle without inducing radiating pain [33,34 
]The ability to achieve SLNRB without inducing radiating pain would 
offer great benefits to patients. Further studies are necessary to identify 
alternative injection sites to replace the use of the safe triangle. 

This study has several limitations. First, there was no threshold 
of NRS scores before SLNRB. Lower NRS scores before SLNRB were 
associated with less pain reduction; this may have led to data bias 
and discrepancies. In the present study, however, median NRS values 
before SLNRB did not differ significantly among the three groups; 
we therefore consider that the analysis was not affected. Second, the 
duration of intervertebral disk herniation was not investigated. When 
patients suffer over longer periods of time, physiopathologic changes 
can occur, which in turn affects the manifestation of SLNRB [35].  In 
the present study, there were no significant differences in the degree 
of pain reduction among the three groups. This may imply that the 
duration of disease did not vary among the groups. Further research 
is required to determine the relationship between disease duration and 
the therapeutic effect of SLNRB. Third, SLNRB was performed with 
the patient in either an oblique or prone position. There are minimal 
differences in needle-tip position and needle angle on X-ray frontal 
and lateral views between the two patient positions. Thus, the analgesic 
effect of SLNRB is likely to be independent of patient position. 

In conclusion, the results of this study verified the analgesic effect 
of SLNRB for three typical patterns of radiographic contrast material 
distribution. There was no significant difference in analgesia among the 
three groups, but the intensity of radiating pain at the time of SLNRB 
was more severe in types 1 and 2 than in type 3. It is presumed that 
the analgesic effect of therapeutic SLNRB would be similar regardless 

Figure 4: The intensity of radiating pain (median NRS score) for type 1 (open 
column), type 2 (filled column), and type 3 (hatched column) patients at the time 
of SLNRB.25 the scores are expressed as box-and-whisker plots. Radiating 
pain was significantly more severe for types 1 and 2 vs. type 3 (**, P = 0.002; ***, 
P = 0.01), though no significant difference was noted between types 1 and 2.
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of contrast material distribution type and the intensity of radiating 
pain, indicating that neither severe radiating pain, nor contrast 
material distribution type 1 or 2, is required for the implementation of 
therapeutic SLNRB.
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