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ments1,7,14,17,25).
In contrast, many spine surgeons claim that early surgery 

should be considered an appropriate approach for those pa-
tients who have lower thresholds for pain, those who demon-
strate lower compliance with multiple nerve blocks for several 
months, and those who are more likely to fail with long-term 
pain control. They argue that early surgery in carefully selected 
patients with radicular pain can achieve more rapid pain relief 
than prolonged non-operative treatment14,17,20,28). In addition, 
there is some evidence that time loss due to delayed surgery fol-
lowing the failure of conservative treatment can lead to unwant-
ed results, such as development of the neuropathic pain, which 
can be refractory to usual or conventional treatments.

There are numerous studies comparing the clinical results be-
tween surgery and nerve blocks, but hardly any studies have 

INTRODUCTION

It is generally recommended to perform surgical treatment in 
lumbar disc herniation (LDH) for patients who suffer from cau-
da equina syndrome or intractable radicular pain, with or with-
out neurological sensory/motor deficit21). However, in numer-
ous non-fatal cases, conservative treatment such as a nerve 
block could be effective9,20,24). In patients with LDH, a nerve block 
is generally performed before considering surgery for radicular 
pain as well3,10,13,20). Recent randomized clinical trials show some 
evidence that the nerve block is cost-effective in the majority of 
cases compared to other operative interventions22,23). Further-
more, potential complications associated with surgery such as 
revision, cerebrospinal fluid leakage, hematoma, and infection 
make spine physicians and patients prefer conservative treat-
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suggested decision algorithm and none of them analyzed radio-
graphic data as predicting factors20,22,23,29). Selecting appropriate 
treatment modalities for LDH requires thorough considerations 
of all aspects in order to make balanced decisions which are 
based on cost-effectiveness as well as possible side effects and 
complications. Thus, establishing radiological criteria as the 
prognostic factor for success of treatment between surgery and 
nerve blocks would be helpful in choosing an optimal treatment 
option. Authors in this paper have performed a quantitative anal-
ysis of radiological factors to determine the correlation of mul-
tiple factors with successful outcomes.

MATERIALS AND METHODS

Patient population
A retrospective review was performed to 64 adult patients who 

were treated with surgery or nerve blocks for single level LDH 
at our institution from January 2012 to December 2014, and they 
were followed up for at least a year. All of the patients were con-
sidered to be surgical candidates by two spine surgeons with 
more than 15 years of experience, and all of them had initially 
been recommended for surgery. The surgery group (SG) includ-
ed 34 patients, and the nerve blocks group (NG) included 30 
patients who initially refused the surgery.

The inclusion criteria of this study were as follows : Patients 
with 1) unilateral or bilateral intractable radicular leg pain and 
back pain with or without sensory/motor deficit after conserva-
tive treatment; 2) L4–5 level LDH confirmed by magnetic reso-
nance imaging (MRI), and 3) organized medical records in-
cluding both clinical and MRI data (pre- and post-treatment). 
A single level was selected to reduce the variables among multi-
ple factors. In contrast, the following patients were excluded : 1) 
those with cauda equina syndrome; 2) those with progressive 
motor deficit; 3) those with previous histories of lumbar sur-
gery; 4) those with histories of psychological disorder; and 5) 
those with radiological evidence of other pathologies correlated 
with symptoms such as spinal stenosis.

Clinical analysis
The clinical outcomes were investigated in the medical records 

of patients using a visual analogue scale (VAS) score for leg pain 
and back pain. Motor deficit was graded according to the Medi-
cal Research Council (MRC) scale8). These clinical factors were 
evaluated pre-procedurally and were repeated at 1 month, 6 
months, and 12 months in the outpatient clinic. A successful 
outcome was defined as excellent or good based on the MacNab 
classification18). The data of the patients’ baseline demographic 
characteristics, comorbidities, and clinical factors are summa-
rized in Table 1.

Radiological analysis
We analyzed pre-treatment and post-12 months MRI data. The 

disc herniation length, disc herniation area, canal cross-section 

length, canal cross-section area, canal length-occupying ratio, 
and canal area-occupying ratio were measured with ImageJ 
software, version 1.49 (NIH, Bethesda, MD, USA), obtained 
from an axial plane scan at the foraminal level pre-procedurally 
(Fig. 1). Post-procedure radiological factors were also measured 
after 12 months. Carlisle et al.4) published predictive values of 
the need for surgical intervention by MRI analysis, and we used 
this model for radiological analysis. Canal area boundary trac-

Table 1. Patients’ baseline demographics comparing the surgery and 
nerve blocks groups

Surgery group
(n=30)

Nerve blocks 
group (n=34) p

Age, mean±SD, years 44.9±14.4 46.1±11.4 0.62
Female sex, n (%) 13 (43) 14 (41) 0.86
BMI,* mean±SD 23.9±3.20 23.9±4.20 0.65
Smoking, n (%) 08 (26.7) 10 (29.4) 0.81
Hypertension, n (%) 15 (50) 12 (35.3) 0.24
Diabetes, n (%) 03 (10.0) 03 (8.8) 0.87
Duration, mean±SD, 

months
6.2±9.7 3.8±4.7 0.07

SLR, mean±SD, ° 55.3±24.2 55.7±21.4 0.90
VAS leg,† mean±SD 4.5±1.0 4.3±1.0 0.61
VAS back,† mean±SD 2.9±1.3 2.6±1.4 0.42
MRC grade,‡ mean±SD 4.4±1.4 4.7±0.5 0.76
*The BMI is the weight in kilograms divided by the square of the height in meters, 
†The VAS ranges from 0 to 10, with lower scores indicating less severe symp-
toms, ‡The MRC grade ranges from 0 to 5, with a lower grade indicating severe 
motor deficit. BMI : body mass index, SLR : straight leg raising test, VAS : visual 
analogue scale, MRC : Medical Research Council

Fig. 1. The method of measurement of disc herniation and spinal canal 
length and area taken from an axial image at the L4–5 foraminal level. A : 
disc herniation length, B : canal cross-section length, C : disc herniation 
area, D : canal cross-section area. The canal length-occupying ratio of 
the herniated disc to the spinal canal, A/B, and the canal area-occupying 
ratio, C/D, were calculated.
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ing was performed from neural arch posteriorly, 4 mm from 
the anterior surface of the superior facet on both sides anterior-
ly. The 4-mm antero-posterior (AP) distance in the foramen 
was estimated as sufficient to allow for normal nerve root func-
tion. The measured interpedicular distance was used as the ca-
nal width on the foraminal axial image of the same vertebra. 
Baseline radiological characteristics were summarized (Table 2). 

Nerve blocks technique
We performed a transforaminal epidural steroid injection 

(TFESI) to relieve radicular pain with or without a nerve block 
of medial branch of posterior ramus (so called medial branch 
block : MBB) to relieve additional low back pain. In particular, 
the TFESI solution consisted of 1% lidocaine, dexamethasone 
(10 mg), and hyaluronidase (1500 IU) as an adjunct. Triamcin-
olone acetonide (40 mg) was used instead of dexamethasone for 
the MBB. Each patient received two nerve blocks at one week 
interval. A 23-gauge spinal needle was introduced to the target 
point, which was a so-called “safe triangle,” i.e., above the nerve 
root and below the pedicle until bony contact was encountered. 
After verifying the correct needle positioning under AP fluoro-
scopic control, contrast solution was injected to confirm that the 
material was passing the selected nerve root and was not ad-
ministered intravascularly. The finally image was verified and 
recorded. Then, 3 mL of mixed solution was injected into each 
targeted point. Following the procedure, the needle was with-
drawn, the site was sealed with a sterile dressing, and the pa-
tients were monitored for 30 minutes for any untoward side ef-
fects. Each patient was evaluated 1, 6, and 12 months after the 
second nerve block. For patients with associated low back pain, 
additional MBBs were given above and below the involved level 
as described above. It was done in usual fashion with injection 
of additional 2 mL of mixed solution (without hyaluronidase) 
to each site.

Surgical technique
Under general anesthesia, the patient was placed prone on the 

operating table, and the thorax was supported on a Wilson frame 
(MDT Corp., Torrance, CA, USA). A 2–2.5 cm linear midline 
skin incision was performed at the targeted disc level. The uni-
lateral fascia and paraspinal muscles were detached from the 
spinous process. A tubular retractor was inserted over the inter-
laminar area with the blade of the retractor medially. Following 

partial laminectomy under the microscope, the ligamentum fla-
vum was detached from the lamina and removed. After identi-
fying the disc material compressing the nerve root and dural 
sac, the disc fragment was then removed. We removed disc ma-
terial from the disc space when the disc was poorly hydrated. In 
well-hydrated discs, the non-herniated disc was preserved be-
cause it was beneficial for the preservation of the vitality of the 
motion segment in well-hydrated discs2). A nerve hook was used 
to explore the remnant disc material and to check for foraminal 
clearance. After meticulous hemostasis, saline irrigation was 
performed. Fascia and skin closure was obtained tightly with 
drains. Patients were discharged on the 1-week postoperative 
day, and the clinical outcome measurements were performed 1 
month after surgery.

Statistical analysis
The Mann-Whitney U test was used for an analysis of the dif-

ferences between the clinical and radiological factors of the SG 
and NG. Data are presented as mean±SD. A receiver operating 
characteristic (ROC) curve was obtained to determine the opti-
mal cutoff values of radiological factors by plotting every possi-
ble cutoff value’s sensitivity on the y axis against 1-specificity on 
the x axis26). Sensitivity was defined as the proportion of patients 
who were correctly classified in the successful outcome group, 
whereas specificity was defined as the proportion of patients 
who were correctly classified in the non-successful outcome 
group. The area under the ROC curve (AUC), which reflects the 
overall performance of diagnostic accuracy, was also analyzed 
with MedCalc software, version 16.4 (MedCalc Software, Mar-
iakerke, Belgium). The values ranged from 0 to 1. General guide-
lines have been suggested for interpreting the AUC : 0.5–0.7 
represents no to low discriminatory power; 0.7–0.9 represents 
moderate discriminatory power; and >0.9 represents high dis-
criminatory power11,12,27). With these cutoff values of radiologi-
cal factors, multivariate logistic regression analysis was performed 
using the multiple clinical and radiological factors as indepen-
dent variables and the successful outcome of the procedure as 
the dependent variable. p<0.05 was considered to be significant. 
Statistical calculations were performed using SPSS software, 
version 23.0 (IBM Corporation, Armonk, NY, USA). 

Table 2. Baseline radiological characteristics in both groups

Surgery group Nerve blocks group p
Disc herniation length, mm 07.27±1.83 06.72±2.45 0.07
Canal cross-section length, mm 20.03±1.66 19.77±1.82 0.48
Disc herniation area, mm2 120.02±33.92 110.06±34.09 0.10
Canal cross-section area, mm2 356.60±60.12 366.81±73.71 0.54
Canal length-occupying ratio, % 36.43±9.13 034.20±12.29 0.14
Canal area-occupying ratio, % 33.66±7.74 30.29±7.55 0.11

Values are presented as the mean±SD



481

Radiological Factors for Successful Outcomes in Lumbar Disc Herniation Treatments | J Kim, et al.

RESULTS

Baseline characteristics
There were no significant differences between the SG and NG 

in any of the clinical characteristics, including age, sex, comor-
bidities, duration and neurologic symptoms (Table 1). In addi-
tion, no significant differences in radiological characteristics were 
found. The baseline radiographic measurements for the SG and 
NG are provided in Table 2.

Clinical outcomes after procedure
There were no severe complications, including nerve root in-

juries, infections, or bleeding events, in both groups. VAS scores 
were decreased in both groups during the follow-up period. 
VAS leg at 1 month (SG : 1.50±0.68, NG : 2.18±0.83, p<0.01), 6 
months (SG : 0.93±0.64, NG : 1.71±1.00, p<0.01) and 12 months 
(SG : 0.67±0.66, NG : 1.24±0.74, p<0.01) showed significant dif-
ferences between two groups (Fig. 2A). VAS back at 1 month 
(SG : 0.67±0.71, NG : 1.29±1.12, p=0.02) also showed significant 
differences between two groups (Fig. 2B). However, VAS back 
at 6 months (SG : 0.53±0.63, NG : 0.88±0.81, p=0.08) and 12 
months (SG : 0.37±0.49, NG : 0.71±0.72, p=0.06) showed no sig-
nificant differences. MRC grade was also improved; however 
no significant differences were identified between the two groups 
at 1 month (SG : 4.57±0.97, NG : 4.79±0.41, p=0.65) and 6 months 
(SG : 4.67±0.84, NG : 4.85±0.36, p=0.51) (Fig. 2C). MRC grade 
at 12 months was significantly higher in the NG than in the SG 
(SG : 4.67±0.84, NG : 4.97±0.17, p=0.03).

Changes in radiological factors after procedure
Changes in radiological factors before and 12 months after the 

procedure were calculated (Table 3). The disc herniation length 
and canal length-occupying ratio were significantly decreased in 
the SG compare to the NG after 12 months from baseline (p=0.01). 
Changes in the disc herniation area and in the canal area-occu-
pying ratio were also larger in the SG than in the NG; however, 
the results were not statistically significant.

Cutoff values for successful outcomes
The ROC curve for successful leg pain relief at 12 months 

showed an AUC (95% CI) for the disc herniation length of the 
SG of 0.66 (0.46–0.82) and that of the NG of 0.64 (0.46–0.80) 
(Fig. 3). The cutoff values (sensitivity, specificity) to distinguish 
between success and failure with the disc herniation length at 
12 months were 6.31 mm (0.82, 0.54) for the SG and 6.23 mm 
(0.68, 0.58) for the NG.

 
Multivariate logistic regression analysis for successful 
outcomes

Clinical outcomes was evaluated according to the MacNab 
classification. In the SG, the 22 patients (94%) at 1 month, 29 
patients (97%) at 6 months and 29 patients (97%) at 12 months 
experienced excellent or good leg pain relief (Fig. 4A). In the 

Fig. 2. Changes in the VAS scores and MRC grade before the procedure 
and repeated at 1 month, 6 months, and 12 months in both groups. A : 
Changes of VAS leg scores. B : Changes of VAS back scores. C : Changes 
of MRC grade. Values are presented as the mean±SD. VAS : visual ana-
logue scale, MRC : Medical Research Council.
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NG, the 23 patients (68%) at 1 month, 30 patients (88%) at 6 
months and 32 patients (94%) at 12 months experienced excel-
lent or good leg pain relief (Fig. 4B). Among the patients in SG, 
the 25 patients (83%) at 1 month, 26 patients (87%) at 6 months 

and 27 patients (90%) at 12 months responded that they have 
experienced excellent or good back pain relief (Fig. 4C). Among 
the patients in NG, the 24 patients (70%) at 1 month, 29 patients 
(85%) at 6 months and 32 patients (94%) at 12 months respond-

Table 3. Changes in radiological factors between pre-procedure and 12 months after the procedure

Surgery group Nerve blocks group p
∆Disc herniation length, mm 3.75±0.520 0.19±0.58 0.01*
∆Canal cross-section length, mm -0.11±0.760 0.31±0.67 0.61
∆Disc herniation area, mm2 35.75±18.84 11.90±18.78 0.11
∆Canal cross-section area, mm2 0.30±2.430 3.81±7.57 0.26
∆Canal length-occupying ratio, % 19.09±4.100 0.53±2.37 0.01*
∆Canal area-occupying ratio, % 9.86±5.920 3.04±4.79 0.26

Values are presented as the mean±SD. Δ : Baseline values-Values at 12 months after the procedure. *A statistical significant difference was observed between groups 
(p<0.05)
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ed that they have experienced excellent or good back pain relief 
(Fig. 4D).

The odds ratio (OR) of the clinical and radiological factors 
for the successful outcomes of procedures were analyzed by 
multivariate logistic regression analysis. Multiple predictors of 
successful leg pain relief were identified (Table 4). The disc her-
niation length [OR 2.35; confidence interval (CI) 1.21–3.98] was 
a predictor for successful outcomes in the SG at 12 months, and 
the results in the NG revealed 2 independent predictors : disc 
herniation length (OR 0.05; CI 0.003–0.89) and baseline VAS 
leg (OR 12.63; CI 1.64–97.45). No significant radiological pre-
dictors were found of successful back pain relief in the two 
groups. However, high baseline VAS back predicted successful 
outcomes in the NG at 12 months (OR 11.13; CI 1.94–63.80).

DISCUSSION

We found that leg and back pain improvement was better in 
the SG during the follow-up period initially; however, the dif-
ferences in the VAS leg between the two groups decreased from 
6 months to 12 months, and VAS back at 12 months showed no 
significant difference. Based on these results, it is possible to as-
sume that these differences could be further reduced over a lon-
ger-term follow-up period, although recurrence of disc hernia-
tion with the return of pain is also possible.

Surgery showed significant reductions in the disc herniation 
length and in the canal length-occupying ratio at 12 months af-
ter the procedure. However, nerve blocks also showed a decreas-
ing tendency in radiological factors subsequent to the procedure. 
Matsubara et al.19) reported that more degenerated discs and 
larger initial herniation had larger sizes of herniated fragments, 
which decreased in 32 patients treated conservatively with LDH. 
In this study, there is no evidence of nerve block effect for natu-
ral regression of disc herniation neither in positive nor negative 
ways.

In studies evaluating the efficacy of surgery versus conserva-
tive treatment for LDH, radiological predictors have been sug-
gested5,6,16,30). Carlisle et al.4) also showed a trend for patients 
treated with surgery toward having larger disc herniation area, 
corresponding to a larger percentage canal compromise than 
the conservatively treated group. However, the nerve block was 
not included in conservatively treated group on the above-men-
tioned studies. Therefore, authors have performed a compara-

tive analysis between surgery and nerve blocks focusing on the 
radiological data which was not proposed elsewhere. From our 
study results, the patients with disc herniation length of L4–5 
larger than 6.31 mm could be considered as candidates for sur-
gical treatment, whereas those with disc herniation length less 
than 6.23 mm could be treated with nerve blocks. The radiologi-
cal factors as cutoff values at 12 months had close to moderate 
discriminatory power.

While the study is still promising, it has limitations as well. It 
was performed retrospectively and the number of patients in-
volved in this study was relatively small especially in the elderly 
population. Thus, further investigations with a greater number 
of patients will be needed for the general application of suggest-
ed cutoff values. A regression of the disc herniation could be im-
portant in correlation with improvement of symptoms and this 
could be also examined as a predictor. Single level LDH, which 
does not represent the entire level of LDH, was selected for the 
study, although L4–5 was the most common prolapsed level15). 
In addition, the patients sample were not randomly selected 
and rather patients chose the preferred treatment modality.

Despite these limitations, to the best to our knowledge, this is 
the first report to demonstrate the radiological criteria for the 
LDH treatment options between surgery and nerve block. Large 
scale randomized control study should be performed in future.

 
CONCLUSION

Clinical and radiological factors of LDH patients were ana-
lyzed with quantitative methods. Disc herniation length was a 
good predictor for clinical outcome and could be considered as 
radiological criteria for choosing optimal treatment options for 
LDH.
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