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INTRODUCTION
Lumbar central spinal stenosis (LCSS) is the narrowing of 
the spinal canal with encroachment on the neural struc-

tures by surrounding bone and soft tissues. It is a multi-
factorial disorder prevalent in 27.2% of the population [1]. 
Clinical presentation can be variable with or without neu-
rogenic claudication (NC), manifested by pain in the but-
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Background: We aimed to compare interlaminar epidural steroid injections (ILESI) 
and bilateral transforaminal epidural steroid injections (TFESI) on pain intensity, 
functional status, depression, walking distance, and the neuropathic component in 
patients with lumbar central spinal stenosis (LCSS).
Methods: The patients were divided into either the ILESI or the bilateral TFESI 
groups. Prime outcome measures include the numerical rating scale (NRS), Oswes-
try disability index (ODI), Beck depression inventory (BDI), and pain-free walking dis-
tance. The douleur neuropathique en 4 questions score was used as a secondary 
outcome measure.
Results: A total of 72 patients were finally included. NRS, ODI, and BDI scores 
showed a significant decline in both groups in all follow-ups. Third-month NRS 
scores were significantly lower in the ILESI group (P = 0.047). The percentages of 
decrease in the ODI and BDI scores between the baseline and the third week and 
third month were significantly higher in the ILESI group (P = 0.017, P = 0.001 and 
P = 0.048, P = 0.030, respectively). Pain-free walking distance percentages from 
the baseline to the third week and third month were significantly higher in the ILESI 
group (P = 0.036, P < 0.001). The proportion of patients with neuropathic pain in 
the bilateral TFESI group significantly decreased in the third week compared to the 
baseline (P = 0.020). 
Conclusions: Both ILESI and TFESI are reliable treatment options for LCSS. ILESI 
might be preferred because of easier application and more effectiveness. However, 
TFESI might be a better option in patients with more prominent neuropathic pain. 

Key Words: Chronic Pain; Depression; Injections, Epidural; Low Back Pain; Lumbo-
sacral Region; Neuralgia; Pain Management; Patient Outcome Assessment; Spinal 
Stenosis. 
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tocks or legs when walking, which disappears with sitting 
or lumbar flexion [2]. Regardless of the etiology, LCSS can 
cause chronic pain and disability, as well as a dramatically 
reduced quality of life, mobility, and function [3].

Epidural steroid injections (ESI) are administered 
for pain management after other conservative modali-
ties, including analgesic medications, exercise, physical 
therapy, and/or chiropractic adjustments, have failed. 
They are performed by three different approaches, namely 
the caudal, lumbar interlaminar, and lumbosacral trans-
foraminal. Assessments of interlaminar ESI (ILESI) and 
transforaminal ESI (TFESI) have shown variable results 
in managing LCSS. Lee et al. [4] reported that bilateral 
TFESI is a more effective treatment method than ILESI in 
patients with spinal stenosis. In contrast, Smith et al. [5] 
reported that neither TFESI nor ILESI resulted in superior 
short-term pain improvement, or fewer long-term surgical 
interventions or repeated injections when compared with 
each other.

Chronic low back pain is characterized by a combina-
tion of neuropathic and nociceptive pain mechanisms 
[6]. People with neuropathic pain (NP) had higher lev-
els of functional impairment and psychopathology [7]. 
Therefore, it is important to identify effective treatment 
strategies for NP. Rados et al. [8] compared the efficacy of 
the two ESI methods for chronic radicular pain using the 
painDETECT questionnaire. They suggested that steroids 
are efficient; besides alleviating the overall pain, they also 
reduce the neuropathic component of chronic lumbar 
radicular pain, whether it is distributed epidurally by the 
interlaminar or transforaminal approach. To the best of 
our knowledge, there are no data investigating the effects 
of transforaminal and interlaminar ESI on the NP compo-
nent in patients with LCSS. 

In this study, our primary aim was to compare the ef-
fects of bilateral TFESI and ILESI on pain and walking 
distance, as well as functional and depression status in 
patients with NC due to LCSS. Our secondary aim was to 
compare the efficacy of bilateral TFESI and ILESI on the 
NP component of pain in these patients.

MATERIALS AND METHODS
This study was conducted in the Division of Pain Medi-
cine, Department of Physical Medicine and Rehabilitation 
in the Marmara University Pendik Education and Re-
search Hospital between September 2018 and April 2019. 
The study was approved by the Ethics Committee of Mar-
mara University (No.: 09.2018.590; approval date: January 
13, 2019). All patients were informed about the study and 
their verbal and written consent were obtained.

Study participants were recruited from consecutive pa-
tients between the ages of 40 and 75 years with a diagnosis 
of multilevel degenerative LCSS and a history of chronic 
NC, including bilateral buttocks and/or bilateral lower 
extremity aching/heaviness/tiredness in a diffuse distri-
bution, with or without low back pain during prolonged 
standing or walking, and relieved by leaning forward or 
sitting. The multilevel degenerative LCSS clinical diag-
nosis was confirmed by evidence on magnetic resonance 
imaging (MRI) at least moderate and two-level central 
canal stenosis as documented by neuroradiologists who 
had no knowledge of this study. A simple and frequently 
used method for quantifying central stenosis is the cross-
section area of the dural sac. When this area is 100 mm2, 
the stenosis is considered moderate; when it is 75 mm2, the 
stenosis is considered severe [9]. The patients were ran-
domized into two groups with a randomization software 
package. The first group underwent bilateral TFESI and 
the second group underwent ILESI. The level below the 
most stenotic level was chosen, because we did not want to 
create increased pressure by injecting at the most stenotic 
level, and we found that contrast medium spread to the 
epidural area is more cephalad than caudad. 

Exclusion criteria were as follows: (1) Radiologic spinal 
stenosis without NC; (2) patients with unilateral lancinat-
ing pain in the pattern of a single nerve root distribution; 
(3) vascular claudication; (4) history of previous lumbosa-
cral surgery; (5) history of polyneuropathy or entrapment 
neuropathy; (6) presence of systemic or local infection, 
systemic diseases such as ankylosing spondylitis, rheu-
matoid arthritis or diabetes mellitus; (7) receipt of lumbar 
ESI within the past 6 months; (8) dynamic/postural ra-
diculopathy attributable to foraminal and/or lateral recess 
stenosis.

1. Assessment scales

Demographic and clinical characteristics including age, 
sex, body mass index, symptom duration, most painful 
side, most stenotic level, stenosis degree, and medication 
were recorded for all patients. Besides, the pain intensity 
was evaluated using the numerical rating scale (NRS) be-
fore the intervention and in the first hour, third week, and 
third month after the intervention. The functional charac-
teristics were evaluated with the Oswestry disability index 
(ODI) before the intervention and in the third week and 
third month following intervention. At the same follow-up 
examinations, depressive mood assessment was done with 
the Beck depression inventory (BDI). In addition, patients 
were permitted to walk on the walking track before the in-
tervention and in the third week and third month after the 
intervention, and the distance they could walk before the 
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emergence of pain related to NC was recorded. The pres-
ence of NP was evaluated with douleur neuropathique en 
4 questions (DN4) before the intervention and at the third 
week and third month after the intervention. A DN4 score 
equal to or greater than 4 was accepted as indicating the 
presence of NP. The number of patients who had NP ac-
cording to the DN4 score has been considered. 

The post-intervention follow-up assessments were done 
by a physiatrist, who was blind to the initial examinations 
and performed procedures. Patients were not informed 
about the injection type they were receiving in order to 
make them blind to the treatments. The injections were 
made by a pain specialist with 10 years of experience un-
der fluoroscopy. Throughout the study, patients did not 
receive any medication for nociceptive or NP and the ex-
isting drugs of patients were not changed.

2. Interventions

All patients were placed in the prone position and sup-
ported with a pillow under the abdomen to reduce lumbar 
lordosis. The injection site was cleaned thrice with povi-
done iodine 10% solution, and covered with sterile drapes. 
For TFESI, the fluoroscopy device was positioned with a 
10-30 degree oblique and 0-15 degree craniocaudal angle, 
and the neural foramen was visualized. The injection site 
and subcutaneous tissue were infiltrated with a local an-
esthetic (3 mL 2% prilocaine). A 22 G 8.89 cm spinal needle 
was inserted to the subpedicular area under intermittent 
f luoroscopic visualization with the co-axial technique 
(directed to the 6 o’clock position). While approaching the 
epidural area, the position of the needle was confirmed 
with lateral imaging. For ILESI, the optimal visualization 
of the interlaminar space was obtained by adjusting the 
cranio-caudal angle of the fluoroscopic beam to align the 
endplates of the targeted vertebrae. Afterwards, the epi-
dural space was accessed via the parasagittal approach, 
using the loss-of-resistance technique. 

During both interventions, 1 to 2 mL contrast dye was 
given to confirm that the needle was in the epidural space 
in the posteroanterior and lateral images. After the confir-
mation of the presence of the epidural distribution without 
vascular distribution, a mixture of 80 mg methylpredniso-
lone acetate, 2 mL saline solution, and 2 mL (0.5%) bupi-
vacaine solution was injected (ILESI). For TFESI, the same 
mixture was divided into two equal doses and injected 
into the right and left foramina at the related level. After 
the intervention, patients were referred to the observa-
tion room and followed for one hour. Patients, in whom no 
complications developed, were discharged following their 
first-hour examination with recommendations.

3. Statistical analysis

The descriptive data were expressed in numbers and per-
centages, and continuous data were expressed in median 
interquartile range (25th-75th percentiles). A chi-square 
test was used to compare categorical data. The obtained 
data were tested for the normal distribution with the 
Kolmogorov–Smirnov test. The non-normal distributed 
data were compared with the Mann–Whitney U-test and 
Friedman’s test where appropriate. For all analyses, P < 
0.05 was considered statistically significant. The analyses 
were done with SPSS ver. 21.0 (IBM Corp., Armonk, NY). 
Power and Sample Size Program (PS ver. 3.1.2) were used 
for the analysis of the patient number. As the change in the 
NRS scale was predicted as 50%, a minimum of 62 patients 
were needed for an α = 0.05 and power = 0.80 in the final 
analysis. For this patient number analysis, we referred to 
the study conducted by Manchikanti et al. [10].

RESULTS
Seventy-two patients were included in the study. Two 
patients in the ILESI group and 3 patients in the bilateral 
TFESI group were excluded from the study, as they did not 
follow the control schedule after the injection. A total of 
67 patients (ILESI group = 34 [50.7%], the bilateral TFESI 
group = 33 [49.3%]) completed the study. The median 
age was 63 and 62 years in the ILESI and TFESI groups, 
respectively. The median duration of symptoms was 29 
and 24 months in the ILESI and bilateral TFESI groups, 
respectively. There was no statistically significant differ-
ence between the groups for the demographic and clinical 
characteristics (Table 1). The MRI examination showed 
that the most stenotic level was between L3 and L4 in 23 
patients (ILESI: 13; TFESI: 10), and between L4 and L5 in 
44 patients (ILESI: 21; TFESI: 23). Both groups were similar 
according to the degree of stenosis (Table 1).

The evaluation of NRS scores showed that a significant 
decline was achieved in both groups in all follow-up ex-
aminations (P < 0.001). The third-month scores were sig-
nificantly lower in the ILESI group compared to the bilat-
eral TFESI group (P = 0.047). Besides, the percentage of the 
decrease in the pain score between the baseline and the 
third month was significantly higher in the ILESI group 
than the bilateral TFESI group (P = 0.019, Table 2).

The evaluation of the intergroup changes of ODI and 
BDI scores revealed that there was a significant decline in 
the scores of both groups in all follow-up examinations (P 
< 0.001). Furthermore, the percentages of decrease in the 
ODI and BDI scores between the baseline and the third 
week and third month were significantly higher in the 
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Table 1. The Evaluation of the Demographic and Clinical Characteristics in the Study Groups 

Characteristic ILESI TFESI P value

Sex   M 8 (23.5) 10 (30.3) 0.532
  F 26 (76.5) 23 (69.7)

Age (yr) 63.0 (62.0-65.0) 62.0 (54.0-65.0) 0.080
BMI (kg/m2) 24.6 (23.0-31.2) 26.1 (24.7-29.8) 0.404
Symptom duration (mo) 29.0 (24.0-36.0) 24.0 (12.0-36.0) 0.664
Most painful side  (right/left)  14/9a 12/10a 
Most stenotic level L3-L4 13 (38.2) 10 (30.3) 0.125

L4-L5 21 (61.8) 23 (69.7) 0.241
Stenosis degree Moderate 21 (61.8) 22 (66.7) 0.487

Severe 13 (38.2) 11 (33.3) 0.125
Medicationb NSAID 12 (35.3) 10 (30.3) 0.307

Paracetamol 14 (41.2) 15 (45.5) 0.310
Pregabalin/gabapentin 16 (47.1) 17 (51.5) 0.499

Values are presented as number (%), median (range), or number only.
Categorical data were analyzed by the chi-square test, and continuous data were analyzed by the Mann–Whitney U-test. 
ILESI: interlaminar epidural steroid injection, TFESI: transforaminal epidural steroid injection, BMI: body mass index, NSAID: non-steroid anti-inflammatory 
drug.
aThe other patients have middle or bilateral side pain. bThe sum of the percentages does not equal 100% because of multiple responses.

ILESI group compared to the bilateral TFESI group (P = 
0.017, P = 0.001 and P = 0.048, P = 0.030, respectively; Table 
2). 

The walking distance increased significantly in both 
groups in the third week (P < 0.001). The intergroup com-
parison showed that the distance in the third month was 

significantly longer in the ILESI group (P = 0.048). Besides, 
the percentage of the increase in the walking distance 
from the baseline to the third week and third month were 
significantly higher in the ILESI group (P = 0.036, P < 0.001) 
(Table 2).

NP was encountered in 58.2% of total patients, 69.7% in 

Table 2. Comparison of the Changes in the NRS, ODI, BDI, and Walking Distance in the Study Groups

Clinical parameter

Group

P valuea P valuebILESI TFESI

Median  Range % Median  Range  %

NRS
Baseline 9.0 8.0-10.0 - 9.0 8.0-10.0 - 0.906 -
After the injection 2.0 0.0-3.0 80.0 0.0 0.0-2.0 100 0.114 0.135
Third wk 3.0 0.0-5.0 66.7 4.0 0.0-5.0 50.0 0.278 0.145
Third mo 4.0 1.0-5.0 55.6 5.0 3.5-9.0 50.0 0.047 0.019
P valuec < 0.001 < 0.001

ODI
Baseline 26.5 18.0-34.0 - 24.0 14.0-29.0 - 0.309 -
Third wk 18.0 12.0-23.0 36.2 19.0 12.0-23.0 20.8 0.925 0.017
Third mo 18.5 11.0-26.0 34.8 19.5 12.0-27.5 9.6 0.649 0.001
P valuec < 0.001 < 0.001

BDI
Baseline 16.5 12.0-23.0 - 19.0 15.0-27.0 - 0.101 -
Third wk 12.0 8.0-17.0 21.8 17.0 12.0-19.0 13.0 0.048 0.064
Third mo 13.0 7.0-19.0 21.4 17.5 11.0-23.0 12.4 0.030 0.138
P valuec < 0.001 < 0.001

WD (m)
Baseline 75 50-100 - 100 50-100 - 0.640 -
Third wk 175 100-300 100 150 100-200 50 0.232 0.036
Third mo 150 75-250 100 100 50-150 0 0.048 < 0.001
P valuec < 0.001 < 0.001

ILESI: interlaminar epidural steroid injection, TFESI: transforaminal epidural steroid injection, NRS: numerical rating scale, ODI: Oswestry disability index, 
BDI: Beck depression inventory, WD: walking distance, -: not available.
aMann–Whitney U-test (for comparison of median values between groups). bMann–Whitney U-test (for comparison of median percentage of changes be-
tween groups). cFriedman’s test (for comparison of intragroup median values during follow-up periods).



230

https://doi.org/10.3344/kjp.2020.33.3.226Korean J Pain 2020;33(3):226-233

Sencan, et al

the bilateral TFESI group, and 47.1% in the ILESI group. 
However, there was no statistically significant difference 
between the groups. While no significant change occurred 
in the number of patients with NP in the ILESI group, the 
proportion of patients with NP decreased significantly in 
the bilateral TFESI group in the third week compared to 
the baseline (P = 0.020, Fig. 1).

After the intervention, hypotension due to vasovagal 
reactions emerged in 2 patients in the bilateral TFESI 
group and one patient complained of pain at the injection 
site in the ILESI group. Additionally, lower extremity mo-
tor blocks were seen in 3 patients in the bilateral TFESI 
group due to selective nerve blockage. After the short-term 
follow-up, all patients, whose symptoms were relieved and 
findings improved, were discharged with recommenda-
tions. 

DISCUSSION
In our study, we compared the effects of bilateral TFESI 
and ILESI on the walking distance, functional status, and 
depression, along with pain intensity and the neuropathic 
component of pain mechanisms in patients with NC due 
to LCSS. In both injection groups, a significant decrease 
in pain intensity, BDI and ODI scores, and a significant 
increase in the walking distance were observed during all 
follow-up periods. Furthermore, the decrease in pain in-
tensity, ODI and BDI scores and the increase in the walk-
ing distance were significantly greater in the third month 
compared to the baseline in the ILESI group in contrast to 
the bilateral TFESI group. While 69.7% of patients, who un-

derwent bilateral TFESI, had NP before the treatment, the 
same rate was 47.1% in the ILESI group. The number of pa-
tients, whose NP was relieved after the injection decreased 
only in the bilateral TFESI group in the third week. 

TFESI provide important advantages, like a higher 
amount of distribution in the anterior epidural area, and 
injection of a maximum amount of the injectate directly 
to the targeted area [11]. Therefore, many authors are rec-
ommending the TFESI method for ESI in patients with 
CSS [12,13]. Farooque et al. [12] published the results of 
a 6-month follow-up of 22 patients, who had lumbar de-
generative CSS and were treated with bilateral TFESI and 
reported that this approach provided a moderate improve-
ment in pain and functional status. In our study, although 
patients were followed for a shorter period, as in the 
above-mentioned study, we observed a decrease in pain, 
improvement in functional status and depression in all 
follow-up periods in the bilateral TFESI group along with 
improvement in the walking distance, which had been de-
creased due to the NC. Bilateral TFESI is recommended in 
patients with LCSS, who have NC and axial pain, as the in-
jectate accumulates in this area due to the barrier formed 
by the meningovertebral ligaments [14]. Therefore, we pre-
ferred bilateral injections in the TFESI group. 

Manchikanti et al. [10] divided 120 patients with CSS into 
two groups and performed repeated ILESI with a mixture 
of steroid and local anesthetic in one group and only local 
anesthetic in the other group. After a 2-year follow-up, they 
reported significant improvement in pain and functional 
status in both groups. Although our study differs from this 
study, as we had a shorter follow-up, used only a combi-
nation of local anesthetic and a steroid, and preferred a 
single ILESI, we achieved, similar to the mentioned study, 
a significant relief in pain intensity and improvement in 
the functional status in all follow-up examinations in the 
ILESI group. In addition, in these patients, we observed 
improvement in the depression scores and an increase in 
the walking distance, which had been impaired due to the 
NC. We believe that these positive results depended on the 
preference of ILESI with parasagittal technique directed 
to the site, where the complaints of the patient were more 
prominent [15].

Lee et al. [4] compared TFESI and ILESI in patients 
with spinal stenosis and disc herniation. TFESI provided 
a greater decrease in pain and Roland 5-point scores, 
and improved NRS scores (≥ 50% decrease in the fourth 
month) in spinal stenosis patients, although there was 
no statistically significant difference between these two 
techniques in patients with disc herniation. Smith et al. 
[5] conducted a retrospective case-control study compris-
ing 19 patients treated with TFESI and 19 patients treated 
with ILESI. They compared the results of TFESI and ILESI 
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in patients with radicular pain and CSS, but they could not 
observe any significant difference between the groups, 
although pain scores decreased significantly just after the 
injection, and in the third and sixth-month follow-up. Un-
like the results of these studies, we found that all follow-up 
parameters showed more improvement in the ILESI group 
compared to the bilateral TFESI group. This result might 
depend on there being only axial pain in our patients. 
Although the short-term efficacy of the TFESI on the ra-
dicular pain has been reported, the efficacy on axial pain 
is still under debate [16].

In contrary to the opinion of many physicians that in 
lumbar ILESI there is a distribution towards the cranial 
side and no significant distribution towards the caudal 
side, Weil et al. [17] suggested that in 76% of cases, the 
contrast agent was distributed to more than one vertebral 
level independent of the needle location. Therefore, com-
pared to TFESI, ILESI may be more beneficial in patients 
with CSS, as a higher volume of the injectate can be ad-
ministered, and the injectate is distributed to a broader 
area. This might also be the reason for the better results we 
obtained in the ILESI group compared to the TFESI group. 
In addition, taking into consideration the easier applica-
tion of ILESI from the point of the methodological view, 
and life-threatening complications reported for TFESI, we 
believe ILESI is a better therapeutic alternative in LCSS 
patients [18].

The DN4 is widely used in the studies published in the 
literature, which were focused on the evaluation of several 
treatment methods performed for chronic low back pain 
associated with NP [19,20]. It is a suitable tool with a very 
good sensitivity (83%) and specificity (90%) to evaluate the 
presence of NP in chronic back pain [21]. Therefore, in our 
study, we preferred the DN4 to evaluate the presence of NP 
and the efficacy of the injection methods on NP. However, 
although the DN4 is a good alternative to evaluate NP, 
there is the possibility of missing 20%-30% of patients. In 
addition, although the DN4 can assess the presence of NP, 
it cannot provide any insight considering its severity [22]. 

Comprehensive epidemiological studies demonstrated 
that 12%-55% of chronic low back pain patients had also 
NP components. In our study, we determined NP in 58.2% 
of patients with chronic low back pain caused by LCSS 
with the DN4 before the treatment [23]. This result was 
consistent with the literature. In addition, in the pretreat-
ment period, NP was observed in 69.7% and 47.1% of pa-
tients that had undergone TFESI and ILESI, respectively. 
The better results in all post-treatment follow-up param-
eters in the ILESI group, compared to the TFESI group, 
might be related to the higher rate of the neuropathic com-
ponent in the TFESI group. The possible negative effects 
of the neuropathic component on therapeutic responses 

might be a result of the structural changes in the synapses 
of the spinal conus, interneurons, and glial cells, and cen-
tral sensitization mechanisms related to the glial activa-
tion [24]. 

In our study, although we did not observe any significant 
change in the number of NP patients in the ILESI group, 
there was a significant decrease in the TFESI group in the 
short-term (3 wk) follow-up. Rados et al. [8] evaluated the 
efficacy of TFESI and ILESI in chronic radiculopathy, and 
reported that the NP component decreased significantly 
during the 6-month follow-up, and there was no statisti-
cally significant difference, although the decrease was 
more prominent in the TFESI group. These different re-
sults might depend on the heterogeneous study population 
(different etiological factors), evaluation of the presence of 
NP evaluated with the PD-Q, and repeated epidural injec-
tions. However, the outstanding effect of TFESI on NP in 
these studies might be explained with the applicability 
and efficacy of the injection around the dorsal root gan-
glion and nerve roots, which play an important role in the 
pain development mechanisms [25]. 

Finally, one of the points to be considered is the use of a 
particulate steroid. Because of the risk of accidental intra-
vascular injection and consequent neurological injuries, 
non-particulate steroids have been recommended, instead 
of a particulate steroid, in recent years. Clements et al. [26] 
designed a cross-sectional survey study composed of 314 
physicians, who were members of the Spine Interventional 
Society, and approximately 41% reported using particulate 
steroids for lumbar TFESI, and 74% for lumbar ILESI, indi-
cating the variability in clinical practice. Chatterjee et al. 
[27] reported that using methylprednisolone, a particulate 
steroid, provides significantly longer pain relief than dexa-
methasone, a non-particulate steroid. So, it can be said 
that there is great variability in clinical practice regarding 
steroid type, according to the risk of complications and 
duration of pain relief. 

There are some limitations in our study, such as the 
short follow-up time, single-center design, and absence 
of a placebo group, due to ethical reasons. On the other 
hand, taking into consideration the prospective design 
and multidimensional evaluation of the treatment results, 
our study still makes a significant contribution to the lit-
erature. Furthermore, it is a remarkable study as it is—as 
far as we know—the only study comparing the effects of 
TFESI and ILESI on the neuropathic component of pain in 
patients with LCSS. 

In conclusion, ILESI and TFESI are reliable treatment 
options in the management of patients with LCSS, and 
provide pain relief, functional improvement, increased 
walking distance, and positive effects on a depressive 
mood. The comparison of these two epidural injection 
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techniques shows that ILESI might be preferred in patients 
with LCSS because of its easier application and greater ef-
fectiveness. However, TFESI might be a better option in 
patients with more prominent NP. 
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