
Background: Spinal stenosis is a narrowing of the spinal canal, which causes 
mechanical compression of spinal nerve roots. The compression of these nerve roots 
can cause low back pain and/or leg pain, as well as neurogenic claudication. 
Lumbar epidural steroid injections have commonly been used in patients with 
lumbar spinal stenosis (LSS). In cases that are refractory to epidural steroid injections, 
percutaneous epidural adhesiolysis has been used.  

Objective: The aim of our study is to determine the relationship between the severity 
of spinal stenosis and the participants’ response to adhesiolysis, and to evaluate the 
mid-term effectiveness of adhesiolysis.

Study Design: A prospective observational study.

Methods: Sixty-six patients with degenerative LSS were enrolled in this prospective 
study. All participants underwent lumbar spine magnetic resonance imaging (MRI). The 
cross-sectional area of the dural sac was measured on the transverse angled sections 
through the central part of the disc on conventional MR images. All percutaneous 
adhesiolyses were performed in the operating room. One hour following the procedure, 
6 mL of 8% sodium chloride solution was infused during 30 minutes in the recovery 
room while the patient underwent monitoring. Outcome measures were obtained 
using the 5-point patient satisfaction scale at 2 weeks and 6 months post-treatment. 
To evaluate outcome predictors, we divided the participants into 2 groups according to 
their response to treatment. 

Limitations: Secondary outcomes were not measured and the study did not include 
a long-term follow-up period.

Results: Improvement (including reports of slightly improved, much improved, and no 
pain) was observed in 49 participants (74.2%) at 2 weeks and 45 participants (66.7%) 
at 6 months after the procedure. The dural sac cross-sectional area (DSCSA) did not 
differ between participants who reported improvement and those who did not. There 
was no statistically significant correlation between pain relief and DSCSA, age, or 
participant sex. 

Conclusion: Percutaneous adhesiolysis was shown to be effective for the treatment 
of LSS, with mid-term result, without affecting DSCSA.

Key words: Low back pain, lumbar spinal stenosis, failed back surgery syndrome, 
dural sac, interventional techniques, epidural injection, percutaneous adhesiolysis. 
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sis (27). In this study, the authors reported that spinal 
canal dimension is not predictive of the success or fail-
ure of epidural steroid injection in patients with spinal 
stenosis (27).

To our knowledge, there has been no report re-
garding a correlation between response to percuta-
neous adhesiolysis and degree of spinal stenosis. The 
aim of the current study is to determine the relation-
ship between the severity of spinal stenosis and an 
individual’s response to adhesiolysis and mid-term 
outcome. 

METHODS

Study Design
Sixty-six patients with degenerative LSS were en-

rolled in this study. The diagnosis of LSS was made 
based on clinical symptoms, neurological examinations, 
and imaging studies that included plain radiography, as 
well as magnetic resonance imaging (MRI) of the lum-
bar spine. All participants obtained Institutional Review 
Board (IRB) approval and signed an informed consent 
form.

Participants
The inclusion criteria for the current study were as 

follows:  1) all participants had the typical symptoms 
of LSS; 2) had a diagnosis of lumbar central stenosis 
with back or leg pain; 3) had clear evidence of LSS (in 
particular central canal stenosis) on cross-sectional im-
ages from spinal MRI confirmed by radiologic reports. 
The exclusion criteria were: 1) an unclear description of 
symptoms; 2) foraminal or extraforaminal stenosis on 
cross-sectional images; 3) spondylolisthesis, previous 
back surgery; 4) multiple level LSS.

All participants underwent lumbar spine MRI 
(Achieva 1.5T, Philips, The Netherlands). T2 axial im-
ages were obtained. The image matrix was 296 X 188 
pixels, the field of view was 16 cm, the section thick-
ness was 4 mm, the intersection gap was 0.44 mm and 
the echo train lengths were 25 for T2 weighted im-
aging. The cross-sectional area of the dural sac was 
measured on the transverse angled sections through 
the central part of the disc on conventional MR images 
at the lesion level. The dural sac cross-sectional area 
(DSCSA) was calculated (total pixels per cross-section X 
scan correction factor).  Two radiologists blind to the 
participants’ clinical symptoms and radiologic reports 
scored the images. 

All percutaneous adhesiolysis procedures were 

LLumbar spinal stenosis (LSS) is a common 
degenerative disease. Spinal stenosis can be 
defined as a narrowing of the spinal canal by 

a combination of bone and soft tissues, which causes 
mechanical compression of spinal nerve roots. The 
compression of these nerve roots can be asymptomatic, 
but it can also become symptomatic, resulting in 
weakness, reflex alterations, gait disturbances, bowel 
or bladder dysfunction, motor and sensory changes, 
radicular pain or atypical leg pain, and neurogenic 
claudication (1,2). Stenosis may occur in any spinal canal 
region including the central, lateral recess, foraminal, 
and extraforaminal regions (1,3-6). 

Treatment modalities for LSS vary and include 
medication, exercise, interventional techniques, and 
surgery (6-25). Lumbar epidural steroid injections have 
commonly been used in patients with LSS (2,6,8-11,15-
17,21-25,8-10). However, the effects of this treatment 
are variable (6,8-10,23). One study reported that fluo-
roscopically guided caudal epidural steroid injection is 
effective for the management of LSS for up to 2 years 
(24). Botwin et al (25) reported that 75% of patients 
had a successful long-term outcome, reporting at least 
a > 50% reduction between preinjection and postinjec-
tion pain scores, with an average of 1.9 injections per 
patient. Manchikanti et al (9,10) reported, in a random-
ized, double-blind study, active long-term improve-
ment in approximately 50% of participants receiving 
local anesthetic with or without steroids. 

Percutaneous epidural adhesiolysis has been used 
in conditions of refractory chronic low back pain 
or following failed back surgery syndrome (6,8,12-
14,18,19). The goal of adhesiolysis is to ameliorate 
aberrant adhesion and to deliver medication to the 
targeted site. In patients with spinal stenosis, percuta-
neous adhesiolysis provides the combined advantages 
of local anesthetics delivery, steroids administration, 
and hypertonic sodium chloride solutions injection by 
means of targeted delivery (18,19). Manchikanti et al 
(18) reported significant pain relief (≥ 50%) in 76% 
of the patients with LSS at one-year follow-up after 
adhesiolysis. 

The correlation between the degree of LSS and 
clinical symptoms has been reported (26,27). The de-
gree of radiographic LSS has not been found to cor-
relate with clinical symptoms or Oswestry Disability 
Index (ODI) percentage scores (3,26). In searching the 
PubMed database, we found only one article that ad-
dressed the correlation of spinal canal dimensions with 
the efficacy of epidural steroid injection in spinal steno-
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performed in the operating room. With the patient 
in the prone position, the needle insertion site was 
prepared with Betadine and draped. An RK epidural 
needle was introduced into the caudal epidural space 
under fluoroscopic guidance. Once the needle place-
ment was confirmed to be in the epidural space, a 
lumbar epidurogram was performed using approxi-
mately 5 mL of contrast agent (Omnipaque 300, GE 
Healthcare, UK). The identification of the filling de-
fects was attained by examining the contrast agent 
flow. We confirmed that there was no intravascular or 
subarachnoid placement of the needle; if such malpo-
sitioning occurred, the needle was repositioned. Af-
ter the appropriate confirmation of epidurography, 
a Racz catheter was advanced through the RK needle 
to the area of the filling defect or the site of pathol-
ogy, as determined by MRI. Adhesiolysis was then car-
ried out, and the final positioning was achieved in 
the epidural space and into the lateral and ventral 
epidural space. Following the satisfactory positioning 
of the catheter, at least 3 mL of contrast agent was 
injected. If there was no subarachnoid, intravascular, 
or other extra-epidural filling and satisfactory filling 
was obtained with the epidural and targeted regions, 
5 mL of 0.2% preservative free ropivacaine (Naropine, 
Astrazeneca, UK) containing 1500 units of hyaluroni-
dase (H-rase, Kuhnil, South Korea) and 40 mg of tri-
amcinolone was injected. 

One hour following the procedure, 6 mL of 8% so-
dium chloride solution was intravenously infused over 
30 minutes in the recovery room under monitoring. The 
intravenous line and epidural catheter were removed 
and the patient was discharged if all parameters were 
satisfactory. The first follow-up was performed 2 weeks 
following the procedure. During these two weeks, all 
participants received nonsteroidal anti-inflammatory 
drugs (NSAIDs) and muscle relaxants. In addition, par-
ticipants who were nonresponsive to this therapy were 
given opioid or non-opioid analgesics after the first 
follow-up. Only nonresponsive patients received addi-
tional procedures that included caudal, interlaminar, or 
transforaminal epidural steroid injections.

Outcome measurements were obtained using the 
5-point patient satisfaction scale (no pain, much im-
proved, slightly improved, no change, aggravated pain) 
to assess the response to the procedure after 2 weeks 
and 6 months. To evaluate correlations between pain 
reduction and age, sex, and DSCSA, we divided the 
participants into 2 groups according to their response 
to the procedure: these groups reported improvement 

Table 1 Patients characteristics 

Frequency %

Levels

L3/4 1 1.5

L4/5 55 83.4

L5/S1 10 15.2

Site

Right 27 40.9

Left 18 27.3

Bilateral 21 31.8

DSCSA (mm2)

> 100 25 37.9

76 – 100 15 22.7

< 76 26 39.4

DSCSA : dural sac cross sectional area 

(slightly improved, much improved, no pain) or not 
(pain not improved or aggravated).

Statistical Analysis
Age and DSCSA differences were evaluated by 

independent 2 sample t-test, and differences due to 
sex were evaluated using the Chi-square test. Cor-
relations between pain relief and DSCSA, age, and 
sex were evaluated by the Spearman rank correlation 
test.

RESULTS

The 66 participants in this study diagnosed with 
LSS ranged in age from 34 to 85 years of age, with 
a mean age of 64.2 and consisted of 32 men and 34 
women. The levels and site of the affected regions are 
shown in Table 1. L4/5 was the most frequently impli-
cated region. In 26 of 66 patients (39%), DSCSA mea-
sured less than 76 mm2.

Improvement (including no pain, much im-
proved, and slightly improved) was observed in 49 
patients (74.2%) and 45 patients (66.7%) at 2 weeks 
and 6 months following the procedure, respectively 
(Table 2). Two patients had operations due to severe 
pain during the follow-up period. 

The mean DSCSA was 90.8 mm2. The DSCSA of im-
proved and unimproved patients were 91.1 mm2 and 
90.0 mm2, respectively. The minimum DSCSA measured 
in the improvement participants was 38.0 mm2. No sig-
nificant differences were found between the improved 
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and unimproved groups in age, sex, and DSCSA (Table 
3). In addition, there were no statistically significant 
correlations between pain relief and DSCSA, age, sex, 
or the severity of stenosis (Table 4).

DISCUSSION

The current report demonstrated a reduction in 
pain of 66% of LSS participants at 6 months following 

percutaneous adhesiolysis. We found, however, that 
there was no correlation between pain relief and DSC-
SA in participants with central LSS. 

LSS typically manifested as a dynamic mechanical 
compression of the dura and nerve root sheaths of the 
cauda equina. This can result in hyperemia, venous con-
gestion, and nerve root edema (1). Percutaneous epi-
dural adhesiolysis has been reported to be an effective 
method in the treatment of degenerative central lum-
bar stenosis (12,18,28). Manchikanti et al (18) showed 
pain relief (≥ 50%) in 76% of participants at one year 
following the procedure. A systematic review found 
evidence of Level 1 to Level II-1 to support the effec-
tiveness of percutaneous adhesiolysis in the manage-
ment of chronic low back pain in post-lumbar surgery 
syndrome (13). The pain relief achieved by percutane-
ous adhesiolysis may result from the dissolution of the 
aberrant adhesion, as well as the targeted delivery into 
the affected site of local anesthetics, steroids, and hy-
pertonic sodium chloride solution injection, although 
current knowledge is limited regarding the manage-
ment of back and/or lower extremity pain secondary to 
spinal stenosis (6). Despite no observable filling defects 
following the procedure in our study, 17 of 66 partici-
pants had no pain relief. We must acknowledge that 
the pathophysiology of lumbar stenosis is complex, and 

Table 2. Response after percutaneous adhesiolysis depend on the 5-point patient satisfaction scale

Response 2 weeks after procedure 6 months after procedure

No pain 8 (12.1%) 8 (12.1%)

Much improved 28 (42.4%) 27 (39.4)

Slightly improved 13 (19.7%) 10 (15.2%)

No changed 16 (24.2%) 17 (25.8%)

Aggravated 1 (1.5%) 3 (4.5%)

Surgery 2 (3%)

Total 66 (100%) 66 (100%)

Table 3. Comparison of  Age, DSCSA, and Gender between patients with improvement and no improvement at 2 weeks follow-up

Improvement (n=49) No improvement (n=17) P

Age (yr) 65.4 ± 14.0 60.9 ± 13.7 0.256

DSCSA (mm2) 91.1 ± 33.4 90.0 ± 33.0  0.898

Gender

male 25 (78.1%) 7 (21.9%)

female 24 (70.6%) 10 (29.4% 0.484

Values are means ± SD. DSCSA: Dural sac cross sectional area

Table 4. Correlation between pain relief  and DSCSA, age, 
gender at 2 weeks and 6 months follow up

DSCSA: Dural sac cross sectional area

2 weeks (n=66) 6 months (n=64)

DSCSA

Coefficientient (r) -0.07 -0.09

P 0.574 0.431

Age

 Coefficientient(r) -0.041 -0.009

P 0.747 0.942

Sex

Coefficientient(r) 0.130 0.216

P 0.672 0.082
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the mechanical compression of nerve root or inflam-
matory effect is a major factor, but not the only factor 
involved (4). 

The current study found no correlations between 
pain relief and age, sex, and DSCSA. Our expectation 
was that the degree of severe LSS would correlate with 
lower pain relief following the procedure. However, we 
did not find any difference in DSCSA between partici-
pants who experienced improvement and those who 
did not.  

A previous study found no significant difference 
in the spinal canal dimension between the surgical and 
the epidural steroid injection group in those who im-
prove after epidural steroid injection versus those that 
require a decompression after epidural steroid injec-
tion (27). Our findings are consistent with this report, 
indicating that spinal canal dimension is not predictive 
of the success or failure of epidural steroid injection 
in patients with spinal stenosis. Thus, uniplanar spinal 
canal dimensions may not be fully reflective of the pa-
thology of spinal stenosis (27). Another factor underly-
ing inconsistencies between symptoms and the degree 
of spinal canal stenosis is the use of static images of 
spinal canal dimensions in what is a dynamic process 
(3). Likewise, Uden et al (29) found that myelographic 
stenosis in elderly patients is not always equivalent to a 

clinical diagnosis of spinal stenosis. Sirvanci et al (3) also 
demonstrated that patients with severe central stenosis 
and moderate lateral stenosis show only minimal dis-
ability on ODI scores. Consistent with the current work, 
previous studies have also failed to find a correlation 
between age, sex, and pain relief (24). Additionally, 
complex factors including the presence of multiple sites 
of compression and/or the cephalad/caudad extension 
of the compression may contribute to whether spinal 
stenosis is symptomatic (27).  

There were several limitations to the present study. 
Procedure outcome was measured only by the partici-
pants’ pain scores. There was not a functional outcome 
measurement or measurement of psychological im-
provement, medication reduction, the proportion of 
participants with 50% pain relief, or improvement in 
disability status. In addition, multiple level LSS was ex-
cluded, although a majority of patients do have more 
than one level of stenosis. Further studies in patients 
with multiple level LSS are therefore indicated for the 
evaluation of percutaneous adhesiolysis in the treat-
ment of LSS.

In conclusion, percutaneous adhesiolysis was effec-
tive for the treatment of LSS at a 6-month follow-up 
period, but participant outcome did not correlate with 
DSCSA.
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