
Background: Our previous study demonstrated that selective nerve root block (SNRB) can 
influence decision-making in lumbar surgery by guiding the selection of nerve roots targeted 
for decompression in diagnostic doubt patients (DDPs). However, further studies were needed 
to determine whether this selective decompression (SD) procedure would result in similar clinical 
outcomes and reduce the perioperative parameters and postoperative complications as compared 
to the non-selective decompression (NSD) procedure.

Objective: The specific goal of this study is to compare clinical outcomes, perioperative 
parameters, and complications between SD and NSD procedures in DDPs.

Study Design: A retrospective control study.

Setting: Gaozhou People’s Hospital.

Methods: From January 2009 to January 2011, 57 lumbar surgery patients with diagnostic doubt 
were retrospectively reviewed. Basic patient parameters, as well as perioperative and postoperative 
data were compared between the selective and non-selective decompression groups. Clinical 
outcomes were evaluated using the visual analog scale (VAS), Oswestry Disability Index (ODI), 
Japanese Orthopaedic Association (JOA) scores, and JOA recovery rates. 

Results: Both groups showed significant improvement in VAS, ODI, and JOA scores between 
preoperative and postoperative measurements. The differences in VAS and ODI scores between 
groups were not significant at 3 and 60 months postoperatively (both P > 0.05). In addition, 
there was no significant difference in JOA recovery rate (P = 0.659) and survival rate (P = 0.586) 
during the 60 months following surgery. However, distinctly superior perioperative parameters 
(operation time and hospital stay, blood loss and drainage volume, laminectomy numbers, and 
fusion segment numbers) were observed in the SD group (P < 0.001 for each score). Moreover, 
the SD-treated group experienced significantly fewer adverse events postoperatively (P = 0.036).

Limitations: The limitations of this study lie in the size of the study and selection of patients and 
in the fact that it was not feasible to include all cases of diagnostic doubt.

Conclusions: On the basis of the 5-year follow-up data, we suggest that the SD procedure 
guided by SNRB is an effective and safe method for the surgical treatment of DDPs. This procedure 
produces superior perioperative parameters when compared with the conventional NSD procedure, 
but has a comparable clinical outcome. Moreover, the benefits of SD surgery include fewer 
perioperative and postoperative complications. 
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Lumbar degenerative disease (LDD) is a globally 
prevalent condition that affects nearly 80% 
of individuals during their lives; further, it is 

accompanied by drastic socio-economic consequences 
(1,2). The pathologic progression of degeneration often 
leads to bulging discs, infolding of the ligamentum 
flavum, and osteoarthritic thickening in the facet joints 
around the neurovascular structures of the spine (3,4). 
Hence, surgical decompression is a well-established 
treatment for patients in whom a more conservative 
treatment fails to provide adequate pain relief. For 
some patients, however, the source of radicular pain 
does not correspond to typical dermatomal patterns or 
the location of the compressed nerve root is ambiguous; 
these patients are classified as diagnostic doubt patients 
(DDPs). The clinical picture for these patients is similar 
to those of multiple lumbar spinal stenosis patients, 
whose pain source often does not correspond to typical 
dermatomal patterns and failed back surgery syndrome 
(FBSS) patients, for whom the target pathogenesis is 
changing. In cases where nerve root pain does not follow 
a specific dermatomal pattern, the pain distribution is 
generally not diagnostically useful in determining the 
cause of radicular pain (5). Moreover, there is significant 
dermatomal overlap between adjacent nerve roots in 
62% of patients, which may complicate the diagnostic 
process (6,7). Finally, the presence of mechanical 
compression cannot always be visualized using static 
imaging studies and is not always associated with 
painful radiculopathy (8).

Current diagnosis of pain generation relies heavily 
on the patients’ clinical symptoms, signs, or imaging 
findings (9,10). For DDPs, diagnosis of radiative pain 

may be complicated by confounding conditions, such as 
equivocal, multilevel, or extraforaminal pathology and 
nerve root anomalies, spinal inflammation, or compres-
sion of nerve roots (8,11). Consequently, the clinical 
reoperation rate for spinal nerve root decompression 
surgery was estimated to range from 5% to 50%, 
emphasizing the importance of having a preoperative 
diagnosis of the target nerve roots (8,12,13). Since 
spine surgery is considered “elective” in the context 
of overall medical care, surgical strategy should follow 
the principle of minimal trauma. It is critical, there-
fore, to optimize the surgical strategy by establishing 
an accurate diagnosis of the number and location of 
involved nerve roots in DDPs in order to help clinicians 
make reasonable individual treatment decisions (14). 
Furthermore, for patients over 65 years, the risks and 
benefits of lumbar spinal decompression with or with-
out fusion may be different from younger adults due 
to age-related changes in the spine and the prevalence 
of comorbid conditions with age (15). Thus, precision 
and minimized decompression and fusion procedures in 
the treatment of compression or inflammation of spinal 
nerve roots is of great importance and probable benefit 
to DDPs.

It is of paramount significance to precisely deter-
mine the location of the involved compressed nerve 
roots or pain generators preoperatively. In this respect, 
a selective nerve root block (SNRB) is increasingly re-
ported to be capable of predicting the involved com-
pressed nerve roots (9,16-19). However, the extent to 
which the SNRB procedure can guide the surgery and 
reduce perioperative parameters and postoperative 
complications needs to be further studied. Hence, in 
this case, we retrospectively assessed DDPs using strict 
inclusion criteria, and then compared the clinically 
relevant parameters between SD and NSD procedures 
with a minimum follow-up period of 5 years. The spe-
cific goal of this study is to compare clinical outcomes, 
perioperative parameters, and complications between 
SD and NSD procedures in DDPs.

Methods 

Patient Data
From January 2009 to January 2011, 84 DDPs were 

retrospectively reviewed and 57 DDPs were included 
in the study, according to the inclusion and exclusion 
criteria listed in Table 1. The patients were classified ac-
cording to surgical procedure as part of the SD group 
(24 patients) or the NSD group (33 patients). The hu-

Table 1. The inclusion and exclusion criteria.

Inclusion criteria:
a.  Patients suffering from LDD with radicular pain.
b.  �Neither clinical findings nor radiological imaging have 

demonstrated diagnostic accuracy.
c.  �The patient underwent lumbar spinal decompression surgery 

with a follow-up of no less than 5 years. 
d.   �All tests of VAS (0 – 10 points), ODI, and JOA score (0 – 29 

points) were available.

Exclusion criteria:
a.  �The patient had low back pain caused by spondylolisthesis, 

tumor, deformity, osteoporosis, and infection.
b.  �The involved nerve roots of patients were injected on more than 

2 occasions (multiple injection).
c.  The patient’s radicular pain was bilateral. 
d.  �The patient had a history of allergy to the injection (dye, steroid, 

anesthetic agent, etc.)

LDD, Lumbar degenerative disease; SNRB, Selective nerve root block.
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compression, with or without fusion, was performed 
as previously described (21-23). DDPs who underwent 
NSD surgery served as controls and all surgical proce-
dures were conducted by the same experienced spinal 
surgery team.

Outcome Evaluation
Perioperative parameters (operation time, blood 

loss, drainage volume, laminectomy numbers, fusion 

man research protocol for this study has been reviewed 
and approved by the Gaozhou People’s Hospital Ethics 
Committee.

Patient Selection Process and SNRB Procedure
The positive identification of the compressed nerve 

root is defined by both symptom reproduction dur-
ing nerve root stimulation and VAS improvement rate 
of pain relief ≥ 75%, where VAS improvement rate is 
defined as (VAS score after SNRB − VAS score before 
SNRB)/ VAS score before SNRB×100%. The flow diagram 
for inclusion of patients in the study is shown in Fig. 1. 
The SNRB was performed as previously described (8,20). 
Briefly, at one or 2 days preoperatively, patients were 
placed in the prone position and the skin was anes-
thetized with 1% lidocaine. A 12-cm, 22-gauge spinal 
needle was used in the approach to the suspected nerve 
root. The needle tip was directed to the anterosuperior 
aspect of the neuroforamen from a posteroinferior and 
paramedian approach (Fig. 2). After the needle position 
was checked by biplanar fluoroscopy, the patient was 
closely monitored for nerve root irritation to avoid im-
palement damage. The incidence of nerve provocation 
was recorded and compared with the patient’s usual 
symptoms of pain. On the basis of the response elicited, 
1 mL of 1% lidocaine was injected and the change in 
VAS was assessed for pain relief. If the implicated nerve 
root was identified, the SD surgery plan was formulated 
according to the positive SNRB test. Lumbar spinal de-

Fig. 1. Flow diagram design to select the SD and NSD 
patients in the study.

Fig. 2. The anteroposterior and lateral view of  SNRB procedure in DDPs of  lumbar spine.
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segment numbers, and length of hospital stay) were 
collected. Oswestry disability index (ODI) was used 
to evaluate patients’ daily life activities. Neurological 
status was evaluated by the Japanese Orthopedic As-
sociation (JOA) disability scale. The visual analog scale 
(VAS) was used to assess leg pain intensity. All patients 
were followed at least 5 years postoperatively. The 
JOA recovery rate was calculated using the Hirabayashi 
method (24): (postoperative score − preoperative score)/
(29−preoperative score)×100%. Recovery rates were 
graded as follows: greater than 75%, excellent; 50% to 
74%, good; 25% to 49%, fair; and less than 25%, poor. 
The first 2 results were considered as effective clinical 
outcomes. The incidence of both intraoperative and 
postoperative complications was also recorded.

Statistical Analysis
A Pearson χ2 test or Fisher exact test was applied 

for qualitative data. A Wilcoxon test was used to assess 
changes between postoperative and preoperative pa-
rameters. Statistical comparisons between groups were 

performed using the Mann-Whitney U test. All statisti-
cal tests were completed using the Statistical Package 
for Social Sciences software for Windows (Version 19.0; 
SPSS Inc, Chicago, IL). The difference was considered to 
be statistically significant at P < 0.05.       

Results

Demographic Summary
The clinical characteristics of patients in the SD and 

NSD groups were recorded in Table 2, including aver-
age age, men-to-women ratio, course of the disease, 
pain changes, levels of involved nerves, mean number 
of follow-up years, and VAS, ODI, and JOA scores be-
fore the operation. Comparison of results between the 
2 groups showed no statistical differences (P > 0.05 for 
all items). 

Diagnostic Difference between MRI and SNRB 
in the SD group

When comparing the diagnostic identification of 

Characteristics
Group

Statistical Value P
SD (n = 24) NSD (n = 33)

Mean agea 57.8 ± 9.3 61.4 ± 7.6 310.0 0.164

Male/Femaleb 9/15 14/19 0.140 0.708

Course of the disease (years)a 2.6 ± 1.6 3.2 ± 2.1 331.0 0.292

Self-assessment of radicular painc 1.250 0.577

   Staying about the same 12 19

   Getting worse 9 8

   Other 3 6

Stenosis level (MRI)b

  L1-L2c 1 3 0.516 0.613

  L2-L3b 7 5 1.642 0.324

  L3-L4b 12 20 0.635 0.589

  L4-L5c 20 26 0.184 0.745

  L5-S1b 15 24 0.673 0.565

Total number of stenoses(MRI)c 1.898 0.426

  Two 3 7

  Three 15 22

  More than 3 6 4

VASa 6.8 ± 1.1 6.5 ± 1.2 331.0 0.278

ODIa 36.1 ± 4.97 37.2 ± 5.05 343.0 0.390

JOAa 11.8 ± 2.23 11.2 ± 2.54 359.5 0.551

Mean follow-up (years)a 5.7 ± 0.9 5.8 ± 0.9 325.6 0.496

Table 2. Patient characteristics.

SD = Selective decompression, NSD = Non-selective decompression; aMann-Whitney U test, bPearson χ2 test, cFisher exact test.
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targeted positive nerve roots using magnetic 
resonance imaging (MRI) or SNRB, the SNRB 
may provide a more precise diagnosis of com-
pressed nerve roots, leading to less invasive sur-
gical decompression. The difference between 
the 2 groups was significant (P < 0.001, Table 3).

Perioperative Parameters
The average operation time, blood loss, 

drainage volume, laminectomy numbers, fusion 
segment numbers, and length of hospital stay 
were analyzed (Table 4). The results of the SD 
group showed significantly lower parameters 
than those of the NSD group (P < 0.001 for all 
items, Table 4). 

VAS Scores
The mean VAS scores over time showed that 

both SD and NSD groups exhibited a significant 
VAS recovery at the 60-month follow-up (both 
groups P < 0.01, Fig. 3). However, there were no 
significant differences between the 2 groups at 
the 3- and 60-month follow-ups, respectively (P 
= 0.101 and P = 0.63, Fig. 3).

ODI Scores
As compared with preoperative data, 

SD and NSD groups showed significant ODI 
improvements at the 60-month follow-up (P 
= 0.009 and P = 0.005, Fig. 4). However, there 
were no significant differences between the SD 
and NSD groups in ODI score improvement at 3 
and 60 months postoperatively, as depicted in 
Fig. 4 (P = 0.61 and 0.49, respectively).

JOA Recovery Rate
At the 60-month follow-up, the SD group 

shared similarly effective clinical outcomes with 
the NSD group (P = 0.659, Table 5). When com-
paring the 60-month survival data, both groups 
showed similarly effective clinical outcomes and 
excellent JOA recovery rates, with no significant 
difference between the 2 groups (clinical out-
comes, P = 0.586; excellent JOA recovery rate P 
= 0.789, Fig. 5).

Complications
Fewer perioperative complications were 

identified in the SD group than in the NSD 

MRI 
(n = 24)

SNRB 
(n = 24)

Statistical 
Value

P

Number of nerve roots * 37.515 < 0.001

  1 0 16

  2 4 5

  3 10 0

  4 7 0

Table 3. Comparing compressive nerve roots between SNRB and MRI.   

SNRB = Selective nerve root block * Fisher exact test. 

Characteristics
Group Statistical 

Value
P

SD (n = 24) NSD (n = 33)

Mean operation 
timea 95.7 ± 39.1 245.4 ± 75.8 25.5 < 0.001

Laminectomy 
numbersa 1.129 ± 0.227 2.217 ± 0.299 21 < 0.001

Fusion segments 
numbersa 1.495 ± 0.289 2.704 ± 0.359 8.5 < 0.001

Mean blood lossa 204.8 ± 171.7 682.6 ± 558.9 64.5 < 0.001

Mean drainage 
volumea 130.5 ± 110.5 372.2 ± 292.4 93 < 0.001

Mean hospital 
staya 12.2 ± 4.71 17.5 ± 5.04 87 < 0.001

Table 4. Perioperative and postoperative parameters.

SD = Selective decompression, NSD = Non-Selective decompression; aMann-
Whitney U test.

Fig. 3. Comparison of  VAS scores in both SD and NSD groups at 
pre-operation, 3 months, and 60 months post operation.
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group: One patient with pedicle burst in 
the SD group compared to 2 patients with 
pedicle burst, 2 patients with CSF leakage, 
2 with dural tears, one with epidural hema-
toma, and 2 with infection in the NSD group 
(Table 6). Postoperative complications in the 
SD group consisted of one reoperation pro-
cedure, as compared to 3 in the NSD group. 
Additional postoperative complications in 
the NSD surgical group included one broken 
screw, 2 cases of nerve root irritation, one 
nonunion, and 2 cases of screw loosening 
(Table 6). In summary, as compared to the 
NSD group, the SD group showed a slightly 
lower incidence of perioperative complica-
tions (P = 0.121, Table 6) and significantly 
fewer postoperative events (P = 0.034, Table 
6). 

Discussion

This is a retrospective clinical trial, 
comparing the effectiveness and safety of 
SD and NSD procedures in the surgical treat-
ment of DDPs. In this study, we analyzed a 
total of 57 DDP surgeries with 24 patients 
treated by SD and 33 patients treated using 
a NSD procedure. To the best of our knowl-
edge, this is the first study that compared 
SD treatment with NSD in DDPs. Although 
the sample size was small, our study used 

Fig. 4. Comparison of  ODI scores in both SD and NSD groups at pre-
operation, 3 months, and 60 months post operation.

SD
(n = 24)

NSD
(n = 33)

Statistical 
Value

P

Neurological recovery grade* 1.966 0.659

Excellent (≥ 75%) 10 15

Good (50% – 74%) 9 13

Fair (25% – 49%) 3 1

Poor (< 25%) 2 4

Table 5. Japanese Orthopedic Association Recovery Rate.   

SD = Selective decompression, NSD = Non- selective decompression; * 
Fisher exact test. 

Fig. 5. The survival analysis of  effective clinical outcomes and JOA recovery rate in both SD and NSD groups.
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objective patient selection and a strict process pro-
cedure, which highlights the credibility of our find-
ings. In our experience, SD treatment under the 
guidance of SNRB is a safe alternative to NSD and 
shows similar clinical effectiveness in VAS score, 
ODI score, and JOA recovery rate, but resulted in 
lower perioperative parameters and fewer postop-
erative complications. 

SNRB has been used since the 1930s to confirm 
radicular pain prior to surgery (25). It has been 
proven as a safe procedure for distinguishing clini-
cal radicular pain (7,26-28). Our study found that 
complications of SNRB are minor and temporary 
without showing progression to serious adverse 
events, which is in accordance with other previ-
ously published research (8,29-31). Hence, we con-
cluded that diagnostic SNRB can safely discern the 
presence of lumbar radiculopathy.

SNRB has been used reliably to predict the 
pain-generating nerve roots with a reporting accu-
racy of 31% to 100% (7,9,20,32). In clinical studies, 
a higher cutoff value may improve the diagnostic 
accuracy by increasing true-negatives and false-
negatives (20). Hence, in our SNRB procedure, the 
positive target nerve roots were strictly defined as 
both reproducing symptoms and producing a VAS 
score improvement of pain relief ≥ 75% following 
anesthetic infusion. Surgical procedures, including 
volumes and kind of anesthetic used in the injec-
tion, were as described previously, based on our 
clinical experience and literature reviews of stud-
ies within the Chinese population (18,19,33). This 
ensures consistency in the evaluation of SD proce-
dures guided by the SNRB process, in comparison 
with NSD procedures in lumbar spinal nerve root 
decompression surgery. 

When comparing SNRB with MRI, we found 
that SNRB decreased the number of nerve roots 
identified (P < 0.001). However, this should not 
be interpreted to mean that SNRB can be used in 
isolation, without MRI. The results shown in Table 
3 reflect only cases of diagnostic doubt, where 
previous MRI findings were considered equivocal, 
multilevel, or were inconsistent with the patient’s 
symptoms. MRI is still important in understanding 
the pathologic process that causes radiculopathy 
(8). Thus, we found that SNRB increased accuracy, 
and that it should be considered as a pivotal preop-
erative test for determining the target nerve roots 
in DDPs. This important finding could potentially 

reduce the number of levels included in the operation in 
DDPs when spinal surgery is planned.

It is widely accepted that current trends in spine sur-
gery require that decompression procedures be precise 
and minimally invasive (34-36). Traditional NSD treatment, 
directed by imaging information, surgeon judgement, or 
both, can, to some extent, lead to extravagant or preven-
tive decompressions of nerve roots in some cases (19,37,38). 
Furthermore, this may destroy the stability of the spine and 
result in unnecessary surgical trauma, muscular atrophy, 
and increased risk of infection (39,40). When considering 
the clinical results of this study, using well-selected patients 
and a strict surgical process, SNRB could routinely provide 
a high predictive accuracy validated by the significant im-
provements in pre- and post-surgery VAS score (P < 0.01) 
and ODI score (P = 0.009). As compared with the NSD group, 
SD guided by SNRB showed equivalent ODI, VAS, and JOA 
score improvements at the 60-month follow-up (P = 0.63, P 
= 0.49, and P = 0.659, respectively). In addition, the 5-year 
survival data showed no statistical difference between the 
2 groups in terms of clinically effective outcome and JOA 
recovery rate (P = 0.586 and P = 0.789, Fig. 5). The SD group 
was superior in terms of operation time and hospital stay, 
blood loss and drainage volume, laminectomy numbers, 
and fusion segments numbers; these parameters were sig-
nificantly decreased as compared to the NSD group (P < 
0.001 in each group). The difficulties of identifying the re-
sponsible nerve roots in DDPs present a complex diagnostic 

SD
(n = 24)

NSD
(n = 33)

Statistical 
Value

P

Perioperative complications

Pedicle burst 0 2/33

Dural tearing 1/24 2/33

Cerebral fluid leakage 0 1/33

Epidural hematoma 0 1/33

Infection 0 1/33

Total * 1/24 7/33 3.346 0.121

Postoperative complications 

Broken screw 0 1/33

Nerve root irritation 0 2/33

Screw loosening 0 2/33

Nonunion 0 1/33

Reoperation 1/24 3/33

Total * 1/24 9/33 5.128 0.034

Table 6. Complications.

SD = Selective decompression, NSD = Non-selective decompression; * 
Fisher exact test.
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problem (19). Nevertheless, we recommended the SD 
procedure because it can be greatly beneficial to the 
patient, especially for older patients, particularly when 
strictly selecting patients and for preparing a compre-
hensive preoperative analysis. 

Furthermore, when evaluating complications, the 
SD-treated group had fewer complication events both 
perioperatively (1/24 in SD group compared to 7/33 
in NSD group) and long-term postoperatively (1/24 in 
SD group compared to 9/33 in NSD group; Table 6). 
The most common perioperative complications were 
pedicle burst and dural tearing, epidural hematoma, 
infection, and cerebral fluid leakage. The most com-
mon postoperative complications were screw loosen-
ing or breakage, nerve root irritation, nonunion, and 
reoperation. The data indicate that the SD procedure 
decreased the incidence of complications both periop-
eratively (P = 0.121) and postoperatively (P = 0.034). 
Although the difference in perioperative complications 
was not significant, this may have been due to the small 
sample size. One explanation for the greater number of 
complications in the NSD-treated group is the greater 
risk associated with extensive dissection, decortication 
of bone, longer operation times, and placement of im-
plants in some cases (41-43). Considering the additional 
complications of NSD, and the rapid development of 
minimally invasive surgery procedures, SD shows con-
siderable promise to greatly improve clinical effective-
ness and reduce operative injury. 

The limitations of this study lie in the size of the 
study and selection of patients. Since this is a retro-

spective clinical controlled trial, there is a potential 
for bias in the patients that were selected for surgery. 
Another limitation is the small population of patients 
that include a 5-year follow-up, which suggests that the 
results should be interpreted with caution. The more 
important limitation lies in the fact that it was not 
feasible to include all cases of diagnostic doubt. Con-
founding factors were determined and patients were 
excluded from the analysis if they had bilaterally pres-
ent radicular pain, lower back pain was due to other 
causes, and other complications with the SNRB (allergy 
or multiple injections were necessary). Furthermore, 
the SNRB procedure itself incurs some risk of nerve root 
injury and exposure to x-rays; however, these seem to 
be outweighed by the benefits of additional diagnostic 
information. Further studies analyzing a larger popula-
tion of patients could confirm the advantages of the SD 
procedure in cases of diagnostic doubt.

Conclusions

On the basis of the 5-year follow-up data, we sug-
gest that SD guided by preoperative SNRB to determine 
the nerve roots responsible for radicular pain is an ef-
fective and safe procedure for the surgical treatment 
of DDPs. This procedure is associated with superior 
perioperative parameters when compared with the 
conventional NSD procedure, and has comparable clini-
cal outcomes. Moreover, SD surgery is advantageous in 
being associated with fewer perioperative and postop-
erative complications.
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