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Introduction

Lumbar central spinal stenosis (LCSS) is defined as a 
narrowing of the spinal canal with encroachment on 
the neural structures by the herniation or bulging of 
intervertebral discs, osteophytes, and hypertrophy of the 

ligamentum flavum. LCSS is one of the most common 
causes of lumbar radiculopathy, which induces claudication 
and reduces functional ability and quality of life (1,2). 
Symptomatic LCSS is reported to be prevalent in about 
27% of the general population (2).
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For the management of the pain induced by LCSS, 
several treatment modalities, including medication, 
exercise, interventions, and surgery, have been applied 
(3-6). Interlaminar epidural steroid injection (ESI) has 
commonly been used in patients with LCSS (7-13). 
Corticosteroids inhibit the synthesis of various pro-
inflammatory mediators (14). Accordingly, ESI can 
reduce nerve root inflammation induced by mechanical 
compression at the narrowed spinal canal. Several previous 
studies have demonstrated its safety and efficacy in 
alleviating pain due to LCSS (7-13). However, so far, little 
is known about the effects of ESI according to the severity 
of LCSS. Also, there has been no study that focused on the 
effectiveness of ESI in patients with moderate to severe 
LCSS.

Therefore, in the current study, we evaluated the 
outcome of interlaminar ESI in patients with chronic pain 
induced by moderate or severe LCSS, and compared the 
effects of interlaminar ESI between patients with moderate 
LCSS and patients with severe LCSS. 

Methods

Patients

This was a single-center prospective observational study. 
This study was conducted in outpatient pain clinic 
in a university hospital. We prospectively evaluated  
60 consecutive patients who had lower extremity pain due 

to LCSS according to the following inclusion criteria:  
(I) age between 20 and 79 years; (II) ≥6-month history 
of pain induced by LCSS, characterized by bilateral 
buttock and/or bilateral lower extremity pain in a diffuse 
distribution during walking or prolonged standing that is 
relieved by leaning forward or sitting; (III) pain intensity 
of at least 3 on a numeric rating scale (NRS; 0= no pain, 
10= the worst pain); (IV) LCSS with moderate or severe 
degree on cross-sectional magnetic resonance imaging 
(MRI). Exclusion criteria were as follows: (I) the presence 
of foraminal stenosis, herniation of the lumbar disc, 
myelopathy, or infection on the spine; (II) previous history 
of spinal surgery, such as lumbar fusion or laminectomy; 
and (III) coagulation disorder. The Institutional Review 
Board of our hospital approved the study and all patients 
provided a signed informed consent form.

The severity of LCSS was assessed based on the findings 
of lumbar axial MRI according to Lee et al.’s study (14) 
(Figure 1). Grade 0 indicates no LCSS. Grade 1 refers to 
mild stenosis with clear separation of each cauda equina 
nerve root. Grade 2 means moderate stenosis with some 
cauda equina aggregation. Grade 3 is severe stenosis 
with the entire cauda equina as a bundle. Patients having 
LCSS with grade 2 or 3 were recruited to our study. We 
reclassified grade 2 as group A, in which the degree of 
LCSS was moderate. Grade 3 was reclassified as group B, 
in which the degree of LCSS was severe (Figure 1). Thirty 
patients were classified into group A, and the other 30 
patients were classified into group B.

Figure 1 Grading system for lumbar central spinal stenosis based on T2-weight axial magnetic resonance imaging of the lumbar spine.
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Interlaminar ESI

All injections were performed by a single interventional 
physiatrist who specialized in central spinal injections. 
Strict aseptic technique was used during all interlaminar 
ESI procedures. Patients were placed in prone position, 
and C-arm fluoroscopy (Siemens, Erlangen, Germany) 
was used for level identification and needle guidance. 
Lidocaine 1% was administered at the needle insertion site, 
and a 21-G Tuohy needle was inserted and placed into the 
epidural space via interlaminar approach, using the loss-of-
resistance technique. The injection was performed at the 
level of LCSS. Adequate placement of the needle tip into 
the epidural space was confirmed with radiopaque contrast 
medium. After confirmation, 7.5 mg of dexamethasone with 
4 mL of normal saline was injected.

Outcome measures 

The assessments at pretreatment and follow-up periods 
were performed by one investigator; this investigator was 
blinded to the group allocation and did not participate 
in any treatments. Pain intensity was assessed using a 
numeric rating scale (NRS). The numeric rating scale 
is an 11-point scale (range score 0–10) for patient self-
reporting of pain. The NRS scores were measured 
before treatment and at 1, 2, and 3 months after ESI. 
Successful treatment was defined as more than 50% 
reduction in the NRS score at 3 months when compared 
to the pretreatment NRS score. To validate the change 
in pain reduction, NRS scores were evaluated by 
assessing the difference between the pretreatment and 
the 3-month post-treatment scores [change in NRS 
(%) = [pretreatment score − score at three months after 
treatment]/pretreatment score ×100]. 

Statistical analysis 

Data were analyzed using the Statistical Package for Social 
Sciences (SPSS; v. 22.0, IBM Corporation, Armonk, 
NY). Demographic data and successful pain relief rate 
were compared between the two groups using the Mann-
Whitney U test and chi-square test. Changes in NRS scores 
in all recruited patients as well as in the patients in each 
group were evaluated using repeated measure one-factor 
analysis. Repeated measure two-factor analysis was used 
to compare changes between groups over time. Multiple 
comparisons were obtained following a contrast using the 
Bonferroni correction. The level of statistical significance 
was set at P<0.05. 

Results

Thirty patients in each group were included and received 
interlaminar ESI. Two patients in group B were lost to 
follow-up. Accordingly, 30 patients in group A and 28 
patients in group B were followed for 3 months after 
interlaminar ESI. No adverse events were observed in either 
group. No significant intergroup differences were observed 
for demographic data (P>0.05; Table 1).

Overall, in all the recruited patients, the mean pain 
intensity decreased significantly over time (P<0.001; 
Figure 2A). The mean pain intensity was 4.6±1.3, 3.1±1.5, 
3.4±1.6, and 3.6±1.5 before treatment and at 1, 2, and  
3 months after treatment, respectively. Pain intensity was 
significantly lower at each evaluation time point compared 
to pretreatment values (P<0.001). Fourteen patients (24.1%) 
experienced successful pain relief (pain relief of ≥50%) after 
interlaminar ESI.

 Intragroup analysis revealed that in group A, the mean 
pain intensity decreased from 4.7±1.5 before treatment to 

Table 1 Demographic characteristics of patients in groups A and B 

Patients’ characteristics Group A Group B P value

Number (n) 30 28

Age (years) 65.2±10.2 67.6±7.7 0.503

Male: female 18:12 12:16 0.064

NRS (pre-treatment) 4.7±1.5 4.5±1.1 0.747

Pain duration (months) 15.9±14.4 19.0±16.7 0.825

Stenosis level (L2-3/L3-4/L4-5/L5-S1) 2/7/21/0 1/8/16/3

Values are presented as numbers or means ± standard deviations. NRS, numeric rating scale. 
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2.9±1.5, 3.2±1.6, and 3.4±1.6 at 1, 2, and 3 months after 
treatment, respectively (Figure 2B). In group B, the mean 
pain intensity decreased from 4.5±1.1 before treatment 
to 3.4±1.5, 3.7±1.6, and 3.9±1.5 at 1, 2, and 3 months 
after treatment, respectively (Figure 2B). The mean pain 
intensity for each group was significantly different over 
time (P<0.001) (Figure 2B). In both groups, pain intensity 
was significantly lower at 1, 2, and 3 months compared to 
pretreatment values (P<0.001). Decreases in pain intensity 
over time were significantly larger in group A (P=0.025). 
In addition, decreases in pain intensity from pretreatment 
to each evaluation time point were significantly larger 
in group A compared to group B (1 month: P=0.027,  
2 months: P=0.032, 3 months: P=0.029). Three months 
after treatment, 9 patients (30.0%) in group A and 5 

patients (17.9%) in group B reported successful pain relief 
(pain relief of ≥50%). The rate of successful pain relief at 
3 months after treatment was not significantly different 
between the two groups (P=0.109).

Discussion

In the current study, we evaluated the outcome of 
interlaminar ESI in patients with pain induced by moderate 
or severe LCSS. We also compared the effects of ESI 
between patients with moderate LCSS and patients with 
severe LCSS. 

Although the symptoms of LCSS were significantly 
reduced after interlaminar ESI, the treatment was not 
sufficient to fully control pain in moderate or severe LCSS. 
About 25% of the patients in the current study reported 
successful pain relief (pain relief of ≥50%) at 3 months 
after treatment. In addition, the degree of pain relief after 
treatment was significantly lower in patients with severe 
LCSS than in patients with moderate LCSS. Only 18% of 
patients with severe LCSS showed successful response to 
interlaminar ESI, whereas 30% of patients with moderate 
LCSS showed successful pain relief. 

In LCSS, narrowing of the spinal canal causes it to 
press against the spinal nerve roots, and also leads to 
compression of the vascular structures. Pinched nerve 
roots become inflamed and cause radicular pain (15). 
The compression of vascular structures produces arterial 
insufficiency and venous engorgement, leading to ischemic 
neuritis of nerve roots, which is correlated to neurological 
claudication (15). Corticosteroids injected into the 
epidural space can reduce inflammation in spinal nerve 
roots or tissues around the nerve roots via inhibition of 
various inflammatory mediators, such as cytokines, nitric 
oxide, lactate, phospholipase A2, proteoglycans, and 
immune response cells (16,17). Furthermore, decreased 
inflammation reduces edema, which can increase space in 
the lumbar spinal canal, thereby reducing the degree of 
compression in the spinal nerve roots and relieving arterial 
insufficiency and venous engorgement (15). In addition to 
an anti-inflammatory effect, corticosteroids inhibit neural 
transmission within the nociceptive C-fibers (17,18). 
These actions of corticosteroids are thought to reduce pain 
following ESI. However, in our patients, interlaminar ESI 
was not effective in most patients (75%), and the effect was 
less pronounced in patients with severe LCSS compared to 
patients with moderate LCSS. The effect of ESI in LCSS 
is still debatable. The poor response observed in our study 

Figure 2 Change in pain intensity as evaluated using numeric 
rating scale (NRS) scores. (A) NRS scores in all recruited patients. 
The NRS scores at 1, 2, and 3 months after interlaminar epidural 
steroid injection (ESI) were significantly decreased as compared 
to before treatment. (B) NRS scores in the patients in group A 
(moderate stenosis) and group B (severe stenosis). Both groups 
showed a significant decrease in the NRS scores at 1, 2, and  
3 months after interlaminar ESI as compared to before treatment. 
The reduction in NRS scores from pretreatment to each evaluation 
time point was significantly more pronounced in group A than 
in group B. *P<0.05: intragroup comparison between 1, 2, and  
3 months post-treatment and pre-treatment (repeated measures 
one-factor analysis). †P<0.05: intergroup comparison at each time 
point (repeated measures two-factor analysis).
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is compatible with the results of some previous studies in 
which the pain associated with LCSS was not sufficiently 
reduced after ESI (12,19-21). We think that the increment 
of space in spinal canal and reduction of inflammation 
around the nerve roots after ESI might not have been 
sufficient to revert the moderate or severe narrowing 
of the spinal canal. In contrast, there have been several 
studies reporting a positive response of ESI on pain relief 
in patients with LCSS (7-11,13). However, the authors of 
those studies recruited patients with LCSS regardless of 
the degree of spinal stenosis, i.e., they recruited patients 
with mild, moderate, and severe LCSS. It is possible that 
the different treatment outcomes are due to the different 
degrees of stenosis included in each study.

Regarding the effect of ESI according to the severity of 
LCSS, to the best of our knowledge, only two studies have 
been reported (8,13). In 2014, Park et al. (8) reported that 
the grade of LCSS was not associated with the degree of 
pain relief after ESI. They graded LCSS using the same 
classification method as that used in our study. However, in 
their study, the number of patients with severe LCSS was 
only six, which was insufficient to arrive at a conclusion 
regarding the correlation between severity of LCSS and 
ESI. In 2015, Turner et al. (13) recruited 400 patients with 
LCSS, but they also reported that the severity of LCSS 
was not correlated with the treatment outcome after ESI. 
However, in their study, stenosis was classified subjectively 
into mild, moderate, and severe, and an objective 
measure was not used. Therefore, our study is the first to 
demonstrate the difference in treatment outcome after 
ESI according to the degree of LCSS based on objective 
classification methods. Moreover, our study is different 
from previous studies in that we recruited patients with 
moderate to severe LCSS, thus excluding those with mild 
LCSS.

In the current study, despite of only 24.1% of successful 
pain relief, pain intensity after interlaminar ESI was 
significantly decreased in patients with moderate to 
severe LCSS. Although the effect of interlaminar ESI in 
moderate to severe LCSS is relatively limited, it might be 
considerable option for alleviating pain. In addition, patients 
with severe LCSS showed worse treatment outcome, 
compared with those with moderate LCSS. The rate of 
successful pain relief in the patients with severe LCSS 
was 17.9%. In our opinion, this rate might be insufficient 
for application in patients with severe LCSS. Therefore, 
when treating patients with severe LCSS, clinicians should 
consider other techniques, such as bilateral transforaminal 

ESI (22), as alternatives; clinicians should also keep in mind 
the possibility of surgery. Before making a clear decision on 
the clinical applicability of interlaminar ESI for moderate 
to severe LCSS, some limitations of this study should be 
considered. First, our study is limited by its small sample 
size. Second, the functional outcome after ESI was not 
investigated. Further studies addressing these limitations 
are recommended. 
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