
Background: Percutaneous adhesiolysis (PA) is considered to be a reasonable nonoperative 
treatment for herniation of intervertebral disc (HIVD), spinal stenosis, and post-lumbar-surgery 
syndrome (PLSS). The success of PA depends on the removal of epidural fibrosis and drug 
delivery to the target region. However, prognostic predictors of the effects of PA are not well 
known. 

Objective: The aim of this study was to evaluate prognostic predictors of PA using a Racz 
catheter for patients with PLSS or spinal stenosis. 

Study Design: Retrospective assessment.

Methods: PA using a Racz catheter was performed on 78 patients. We assessed the 
effectiveness of PA at pretreatment, 2 weeks, 3 months, and 6 months following the procedure. 
Effectiveness was defined as a 50% or more reduction of the Numeric Rating Scale (NRS) for 
back and leg pain or a 40% or more reduction of the Oswestry Disability Index (ODI) following 
the procedure. Data collected for each patient included age, gender, BMI, grade and location 
of stenosis in magnetic resonance imaging (MRI), symptom durations, and history of previous 
lumbar surgery. The adjusted odds ratios (OR) and 95% confidence intervals (CI) for each 
variable were analyzed by logistic regression.

Results: PA using a Racz catheter was more effective in patients with no previous lumbar 
surgery (OR, 7.426; 95% CI, 1.820–30.302; P = 0.005) or root compression with HIVD or 
foraminal stenosis (OR, 5.479; 95% CI, 1.137–26.391; P = 0.036). Other included factors were 
not related to PA effectiveness. 

Limitations: The number of patients examined in this study was relatively small.

Conclusion: Good prognostic predictors were identified as no previous lumbar surgery or root 
compression with HIVD or foraminal stenosis. These results are expected to contribute to the 
establishment of indications for PA. 

Key words: Percutaneous adhesiolysis, post lumbar surgery syndrome, spinal stenosis

Pain Physician 2013; 16:E531-E536

Retrospective Evaluation

Evaluation of Prognostic Predictors of 
Percutaneous Adhesiolysis Using a Racz 
Catheter for Post Lumbar Surgery Syndrome or 
Spinal Stenosis

From: Department of 
Anesthesiology and Pain 

Medicine, Seoul National 
University Bundang Hospital, 

Seongnam, Korea

Address Correspondence: 
Pyung-Bok Lee, MD, PhD

Assistant Professor
Department of Anesthesiology 

and Pain Medicine
Seoul National University 

Bundang Hospital
Seongnam, Korea

#166, Gumi-ro, Bundang-gu, 
Seongnam-si, Korea

463-707
Email: painfree@snubh.org 

Disclaimer: There was no 
external funding in the 

preparation of this manuscript.
Conflict of interest: Each author 

certifies that he or she, or a 
member of his or her immediate 

family, has no commercial 
association, (i.e., consultancies, 

stock ownership, equity interest, 
patent/licensing arrangements, 

etc.) that might post a conflict of 
interest in connection with the 

submitted manuscript.

Manuscript received: 02-13-2013
Revised manuscript received: 

04-05-2013  
Accepted for publication: 

04-18-2013

Free full manuscript:
www.painphysicianjournal.com

Eunjoo Choi MD, Francis Sahngun Nahm, MD, and Pyung-Bok Lee, MD

www.painphysicianjournal.com

The causes of persistent low back pain include 
degenerative lumbar spinal stenosis and 
herniation of intervertebral discs, post-lumbar-

surgery syndrome (PLSS), facet disease, and undefined  
causes (1-3). Many nonsurgical treatments, including 

medication and physical therapy, have been applied. 
One nonsurgical method, epidural steroid injection 
(ESI), is known to reduce pain and improve function 
in degenerative spinal stenosis and PLSS (1,3,4). 
Among the multiple approaches of epidural injection 
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confirmed. All patients had received standard treat-
ments before undergoing PA, which included physical 
therapy, medication, and caudal or transforaminal 
epidural injections. The inclusion criteria included 1) 
low back pain with/without radicular pain due to PLSS 
or spinal stenosis for at least 3 months; 2) persistent 
pain (absence or a 50% or more reduction compared to 
baseline pain) despite the standard 2 months of treat-
ment; and 3) if the patient had undergone surgery, it 
was performed more than 6 months prior to the PA. 
The final study group consisted of 78 patients.

Percutaneous Adhesiolysis with Racz 
Procedure

All procedures were performed by 2 pain special-
ists with > 3 years of experience. Before the procedure, 
intravenous access and antibiotic administration were 
conducted. PA using a Racz catheter was performed 
under sterile conditions using fluoroscopy with moni-
toring of vital signs (blood pressure, pulse oximeter, 
and electrocardiogram). Upon confirmation of the 
location of pathology by MRI, local anesthetics were 
injected around the sacral hiatus with the patient in 
the prone position. A 15-gauge RK needle (Epimed 
International, Inc., Gloversville, NY) was inserted into 
the epidural space and a 19-gauge Racz catheter was 
advanced through the needle up to 3rd sacral vertebra. 
An epidurogram was then obtained by injection of 5 
mL of Omnipaque 300 contrast media (iohexol, 300-
mg iodine per mL; GE Healthcare, Piscataway, NJ) and 
filling defects were identified. The needle was reposi-
tioned if intravascular or subarachnoid injection was 
detected. The tip of the Racz catheter was positioned 
at the pathologic change identified by MRI or by filling 
defects. Mechanical adhesiolysis was carried out with 
normal saline after confirmation of the location of the 
tip of the anterolateral epidural aspect of the verte-
bral foramen. When the mechanical adhesiolysis was 
performed in the area of the pathologic change, some 
patients expressed a feeling similar to that from which 
they had been suffering. After adhesiolysis, sufficient 
filling of the target nerve roots and epidural space was 
confirmed without intravascular, subarachnoid, or ex-
tra epidural injections. Thereafter, the final tip position 
was determined, and 5 mL of 0.25% ropivacaine con-
taining 1500 units of hyaluronidase was slowly injected. 
The catheter was fixed with bio-occlusive dressing. In 
the recovery room, patients were monitored for any 
potential complications, including motor weakness. Af-
ter confirmation of no complications, 6 mL of 10% so-

(caudal, interlaminar, and transforaminal), caudal ESI 
has been reported to offer long-term effectiveness in 
central canal stenosis (2,4). However, some controversy 
regarding the effectiveness of caudal ESI remains, 
and evidence of a treatment response in patients 
with spinal stenosis is moderate (5,6). The limitation 
of caudal injection is considered to be incorrect drug 
delivery in some patients due to epidural fibrosis. The 
primary purpose of percutaneous adhesiolysis (PA) is the 
removal of epidural fibrosis and the delivery of injected 
drugs (hypertonic saline, steroid, and local anesthetics) 
through placement of a catheter in the target lesion. 
Also, the effect of PA in patients with spinal stenosis 
was demonstrated to be superior to caudal steroid 
injection in a previous study (7). 

However, in recent systemic reviews, evaluations of 
PA were divided. In 2009, Epter et al (8) reported that 
PA showed strong evidence for the treatment of PLSS. 
That same year, Chou et al (9) pointed out insufficient 
evidence of PA. In 2011, Chou et al (10) commented 
that the quality of studies of nonsurgical interventional 
therapies had some problems. The latest systemic re-
view published in 2012 by the U.S. Preventative Services 
Task Force reported that the effectiveness of PA in PLSS 
and spinal stenosis was “fair” (11,12). The source of 
such controversies regarding the effectiveness of PA 
may be the lack of established guidelines. PLSS and 
spinal stenosis have multiple causes and patients have 
various conditions (i.e., location of stenosis or fibrosis, 
severity of disease, periods of morbidity). However, the 
indications for PA are nonspecific PLSS or spinal ste-
nosis. Therefore, identification of clinically significant 
prognostic predictors of PA will clarify the standard in-
dications. To our knowledge, no studies have reported 
the prognostic factors related to better long-term out-
comes of PA using a Racz catheter. The purpose of this 
study was to investigate potential prognostic predictors 
of the effectiveness of PA using a Racz catheter. 

Methods

Patients
This study was approved by the Institutional Re-

view Board (IRB). Among the patients diagnosed with 
lumbar spinal stenosis or PLSS from August 2010 to 
December 2011, we identified those over the age of 
18 years who underwent PA using a Racz catheter. All 
patients underwent magnetic resonance imaging (MRI) 
prior to PA. In the MRI, pathology suspected as the 
source of persistent pain of the low back or leg was 
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dium chloride solution was injected at a rate of one mL 
every 30 minutes for 2.5 hours. Next, a mixture of 2 mL 
of 0.9% sodium chloride solution containing 40 mg of 
triamcinolone was injected. Following the last injection, 
the patient was monitored closely in the recovery room 
for any complications. The catheter was then removed 
and the patient was discharged. 

Clinical Effectiveness
The 78 patients were categorized into effective and 

noneffective PA groups. The standards for effective-
ness evaluation were pain reduction and functional 
improvement. Back and leg pain were measured using 
the Numeric Rating Scale (NRS, ranging from 0 = no 
pain to 10 = absolutely intolerable pain) and functional 
improvement was measured using the Korean version 
of the Oswestry Disability Index (KODI, ranging from 
0 to 50) (13) at pretreatment, 2 weeks, 3 months, and 
6 months following the procedure. Effectiveness was 
defined as a 50% or more reduction in the NRS for back 
and leg pain, or a 40% or more reduction in the KODI 
following the procedure (14). Also, the “effective PA 
group” was defined as those showing effectiveness at 6 
months after the procedure.  

Data Collection and Statistical Analysis
We collected the following data for logistic regres-

sion analysis: age, gender, BMI, grade and location (cen-
tral, foraminal) of stenosis in MRI, history of previous 
lumbar surgery, and symptom durations. The grade of 
central stenosis was based on a recent grading system 
(15). Mild central canal stenosis was characterized 
by obliteration of the cerebrospinal fluid (CSF) space 
in front of the cauda equina, but clear separation of 
all intrathecal nerve roots; moderate stenosis showed 
aggregation of some of the cauda equina; and severe 
stenosis showed no separation of the cauda equina. The 
grade of foraminal stenosis was also based on a 3-stage 
system (16). Mild foraminal stenosis showed perineural 
fat obliteration around the nerve root in either the 
transverse or vertical direction; moderate grade showed 
obliteration in both directions; and severe grade showed 
nerve root collapse or deformity. Root compression with 
herniation of intervertebral disc (HIVD) or foraminal 
stenosis was defined as displacement or compression of 
the nerve root. 

The adjusted odds ratios (OR) and 95% confidence 
intervals (CI) were estimated using logistic regression 
analysis. The history of previous lumbar surgery was 
used as the primary independent variable (X), and the 

effectiveness of PA was the primary outcome (Y). The 
sample size was calculated as described previously (17), 
using the G*power version 3.1.0 software with the 
following conditions: 1) expected OR for the primary 
outcome = 3.5; 2) R2 (squared multiple correlation coef-
ficient when the predictor of interest was regressed on 
the other predictors) = 0; 3) probability (Y = 1 X = 1) 
under the null hypothesis = 0.3, and 4) the binomial 
distribution of X (central stenosis versus central and fo-
raminal stenosis) with a probability 0.5, α = 0.05, β = 0.2 
for a one-tailed test. The sample size was 69 patients. 
The PASW version 18.0 software (SPSS, Chicago, IL) was 
used for statistical analyses. Results are expressed as 
means ± SD. A value of P < 0.05 was taken to indicate 
statistical significance.

Results 
All 78 patients were treated with PA using a Racz 

catheter without complications. Demographic data of 
the patients are listed in Table 1. Of the 78 patients, 27 
(34.6 %) had undergone lumbar surgery. The number 
of patients with central canal and foraminal stenosis 
(30 patients, 39.5%) was greater than the number 
of patients with central canal stenosis (21 patients, 
27.6%). Moderate spinal stenosis represented the high-
est number of patients (42 patients, 53.8%), followed 

Table 1. Patient demographics.

Characteristic Value

Age (years) 61.97 ± 9.42

Gender (male/female) 35/43

Body mass index (kg/m2) 24.43 ± 3.00

Previous lumbar surgery 

 Yes, n (%) 27 (34.6)

 No, n (%) 51 (65.4)

Location of spinal stenosis

Central, n (%) 21 (27.6)

Foraminal, n (%) 25 (32.9)

Central and foraminal, n (%) 30 (39.5)

Grade spinal stenosis

Mild, n (%) 26 (33.3)

Moderate, n (%) 42 (53.8)

Severe, n (%) 10 (12.8)

Root compression 

 Yes, n (%) 36 (46.2)

 No, n (%) 42 (53.8)

Symptom duration (month) 17.37 ± 14.65
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by mild (26 patients, 33.3%) and severe (10 patients, 
12.8%) stenosis. The proportions of patients in the ef-
fective and noneffective PA groups at each measure-
ment time (2 weeks, 3 months, and 6 months) are 
listed in Table 2. Of the 51 patients who had effect at 
2 weeks, 18 (35%) patients had undergone lumbar sur-
gery. Among the 51 patients in the effective PA group 
at 2 weeks, 13 (25.4%) changed to the noneffective 
PA group at 6 months. Table 3 presents the adjusted 
ORs with 95% CIs of each variable for the effective PA 

Table 2. Changes in patient pain and function following PA

Group Frequency, n (%)

2 week 3 month 6 month

Effective PAa 51 (65.4%) 45 (51.1%) 38 (48.7%)

Noneffective PA 27 (34.6%) 33 (37.5%) 40 (51.3%)
a Effective PA was defined as a 50% or more reduction in VNRS or a 40% 
or more reduction in the KODI

Table 3. Odds ratios (OR) and 95% confidence intervals (CI) 
for each variable.

Variable P value OR 95% CI

Age (years)

 > 60 - 1.00 -

 ≤ 60 0.737 0.082 0.222–2.899

Body mass index (kg/m2)

 > 23 - 1.00 -

 ≤ 23 0.182 0.392 0.099–1.550

Previous lumbar surgery

 Yes - 1.00 -

 No 0.005 7.426 1.820–30.302

Location of stenosis

 Central - 1.00 -

Foraminal 0.353 0.478 0.101–2.266

 Central and foraminal 0.523 0.625 0.148–2.644

Grade of stenosis

 Mild - 1.00 -

 Moderate 0.058 5.474 0.946–31.665

 Severe 0.567 1.531 0.356–6.582

Root compression

 No - 1.00 -

 Yes 0.036 5.479 1.137–26.391

Symptom duration (month)

> 12 - 1.00 -

≤ 12 0.989 1.009 0.296–3.436

group at 6 months. PA using a Racz catheter was more 
effective in patients with the following factors: 1) no 
history of previous lumbar surgery (OR, 7.426; 95% CI, 
1.820–30.302; P = 0.005), or 2) root compression with 
HIVD (OR, 5.479; 95% CI, 1.137–26.391; P = 0.036). Of 
the 51 patients with no history of lumbar surgery, 31 
(60.7%) were included in the effective PA group at 6 
months. In addition, of the 36 patients who showed 
root compression on MRI, 23 (63.8%) were in the effec-
tive PA group at 6 months. Patient age, BMI, location 
of stenosis, and symptom duration were not correlated 
with effective PA at 6 months.

discussion

Approximately 49% of our patients showed pain 
reduction and improvement of function for up to 6 
months. Also, no previous history of lumbar surgery 
and root compression were correlated with the effec-
tiveness of PA using a Racz catheter after 6 months. 
Many studies have reported the clinical advantages 
of PA compared with other nonsurgical methods (es-
pecially caudal epidural steroids injection) for spinal 
stenosis and PLSS. Among the several randomized con-
trolled trials (RCT) comparing the effectiveness of PA 
with caudal epidural steroids injection (ESI), one dealt 
with PLSS (14) and the other with spinal stenosis (7). 
These 2 studies demonstrated that PA was superior to 
caudal ESI during follow-up periods of up to 12 months; 
however, they did not report prognostic factors of PA 
using a Racz catheter.

The key to successful PA is considered to be effective 
drug delivery to the target area after the removal of fi-
brosis. If removal of fibrosis failed, good results of PA are 
unlikely. Of the multiple causes of PLSS, epidural fibrosis 
can explain 20 to 36% of all cases (8). The most com-
mon cause of epidural fibrosis in PLSS is accepted to be 
post-operative scar tissue. One previous study reported 
that more extensive epidural scarring provoked 3.2-fold 
more radicular pain (18). Also, PA or epiduroscopic adhe-
siolysis for the removal of epidural fibrosis demonstrate 
superior symptom and function improvement compared 
to conservative therapy (11,19). However, in the current 
study, a lack of previous lumbar surgery was correlated 
with good effectiveness of PA using a Racz catheter. This 
result was shown in the regression analysis and does 
not indicate that PA was ineffective for PLSS. Of the 27 
patients who had a history of lumbar surgery, 13 (48%) 
were included in the effective PA group at 3 months. 
Takeshima and colleagues (20) reported re-adhesion in 
patients with PLSS following epiduroscopic adhesiolysis. 
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They suspected that the cause of re-adhesion might in-
volve the removal of ligament around the dura during 
previous lumbar surgery. Removal of ligament around 
the dura is made more difficult by adhesion onto ad-
jacent tissue. Therefore, re-adhesion can be a cause of 
remaining or worsened pain in some patients with PLSS 
following PA. In addition, the pathophysiology of PLSS 
not only varies, but also overlaps (i.e., recurrent disc her-
niation, facet or sacroiliac joint pain, degenerative disc, 
neuropathic pain). Because each patient with PLSS could 
have several causes of pain, the present analysis may not 
be sufficient, although PA was shown to be effective for 
PLSS.  

Caudal or transforaminal ESIs are reported to be 
effective nonsurgical treatments for spinal stenosis or 
HIVD (2,21). The steroid effect of ESI is known to reduce 
the local inflammatory reaction of compressed nerve 
roots by inhibiting the synthesis of pro-inflammatory 
mediators (prostaglandin) (21,22). In the current study, 
although all 78 patients had caudal or transforaminal 
ESIs performed prior to PA, these procedures did not re-
sult in improvements in symptoms. On the other hand, 
the compression of nerve roots with HIVD or foraminal 
stenosis was correlated with good results after PA. This 
implies that PA has significant clinical value. Intermit-
tent or continuous compression of nerve roots caused 
by HIVD or foraminal stenosis could lead to edema, 
hyperemia, and leakage of inflammatory mediators 
around nerve roots (2), which could lead to perineural 
fibrosis (23). The effectiveness of PA in patients whose 
response to caudal or transforaminal ESI treatment was 
unsatisfactory could be explained by the successful re-
moval of perineural fibrosis. Hypertonic saline and hyal-
uronidase play a role in disruption of epidural fibrosis. 
In particular, hyaluronidase destroys proteoglycans, ac-
celerating epidural adhesiolysis (24). Therefore, PA may 
be accepted as the next step following ESI not only for 
nonresponsive patients receiving conservative therapy, 
but also for those at high-risk for spinal surgery or pa-
tients who refuse surgery.

The degree of severity in radiologic findings of 
spinal stenosis is known to not be proportional to symp-
tom severity (25,26). Park and colleagues (27) reported 
no correlation between the dural sac cross-sectional 
area (DSCSA) and efficacy of PA in spinal stenosis pa-
tients. These results are similar to the current findings, 
in which the grade of spinal stenosis was not correlated 

with the effectiveness of PA. 
We expected to find a significant correlation 

between the location of spinal stenosis and the effec-
tiveness of PA. Caudal ESI is used to treat central canal 
stenosis patients at the low lumbar level because the 
drug tends to be delivered to the ventral aspect of 
the epidural space (28); in contrast, the transforaminal 
approach offers drug delivery into the ventrolateral 
epidural space (29). Therefore, PA with a Racz catheter 
through a caudal approach was expected to show bet-
ter clinical effectiveness in patients with central spinal 
stenosis compared with those with foraminal stenosis, 
but the location of the spinal stenosis was not a sig-
nificant factor in the prognosis of PA. In a recent study, 
percutaneous transforaminal adhesiolysis in patients 
with lumbar neuroforaminal spinal stenosis was report-
edly an effective treatment (30). If both caudal and 
transforaminal approaches are used for PA, the results 
regarding the correlation between the location of spi-
nal stenosis and the effectiveness may change.       

A previous study reported prognostic factors for 
a poor outcome after PA using NaviCath for HIVD pa-
tients (23). The factors prognostic for a poor outcome 
of PA using Navicath were previous lumbar surgery and 
the co-existence of spinal stenosis or spondylolisthesis. 
However, no studies of the prognosis of PA using a Racz 
catheter in patients with spinal stenosis or PLSS have 
been conducted. Thus, this is the first report of prog-
nostic factors for the success of PA using a Racz catheter 
in patients with spinal stenosis or PLSS. 

This study has some limitations. First, the popula-
tion was relatively small. No previous history of lumbar 
surgery and root compression showed good correla-
tions with PA effectiveness after 6 months. However, 
moderate-grade spinal stenosis showed an OR of 5.474 
(95% CI, 0.946–31.665), which is considered to indicate 
a tendency to effective PA. Because the sample size was 
small, the 95% CI was wide. Second, the follow-up pe-
riod was 6 months, whereas other RCTs of PA included 
12-month follow-ups (7,14). 

conclusion

No previous history of lumbar surgery and root 
compression were identified to be good prognostic pre-
dictors of the results of PA using a Racz catheter. These 
results are expected to facilitate the establishment of 
indications for PA.



Pain Physician: September/October 2013; 16:E531-E536

E536  www.painphysicianjournal.com

RefeRences

1. Benyamin RM, Manchikanti L, Parr AT, 
Diwan S, Singh V, Falco FJ, Datta S, Abdi 
S, Hirsch JA. The effectiveness of lum-
bar interlaminar epidural injections in 
managing chronic low back and low-
er extremity pain. Pain Physician 2012; 
15:E363-404.

2. Botwin K, Brown LA, Fishman M, Rao S. 
Fluoroscopically guided caudal epidural 
steroid injections in degenerative lum-
bar spine stenosis. Pain Physician 2007; 
10:547-558.

3. Cooper G, Lutz GE, Boachie-Adjei O, Lin 
J. Effectiveness of transforaminal epi-
dural steroid injections in patients with 
degenerative lumbar scoliotic stenosis 
and radiculopathy. Pain Physician 2004; 
7:311-317.

4. Lee JW, Myung JS, Park KW, Yeom JS, 
Kim KJ, Kim HJ, Kang HS. Fluoroscopi-
cally guided caudal epidural steroid in-
jection for management of degenerative 
lumbar spinal stenosis: Short-term and 
long-term results. Skeletal Radiol 2010; 
39:691-699.

5. Abdi S, Datta S, Lucas LF. Role of epidural 
steroids in the management of chronic 
spinal pain: A systematic review of effec-
tiveness and complications. Pain Physi-
cian 2005; 8:127-143.

6. Boswell MV, Trescot AM, Datta S, Schultz 
DM, Hansen HC, Abdi S, Sehgal N, Shah 
RV, Singh V, Benyamin RM, Patel VB, 
Buenaventura RM, Colson JD, Cordner 
HJ, Epter RS, Jasper JF, Dunbar EE, Atluri 
SL, Bowman RC, Deer TR, Swicegood JR, 
Staats PS, Smith HS, Burton AW, Kloth 
DS, Giordano J, Manchikanti L. Interven-
tional techniques: Evidence-based prac-
tice guidelines in the management of 
chronic spinal pain. Pain Physician 2007; 
10:7-111.

7. Manchikanti L, Cash KA, McManus CD, 
Pampati V, Singh V, Benyamin R. The 
preliminary results of a comparative ef-
fectiveness evaluation of adhesiolysis and 
caudal epidural injections in managing 
chronic low back pain secondary to spi-
nal stenosis: A randomized, equivalence-
controlled trial. Pain Physician 2009; 
12:E341-354.

8. Epter RS, Helm S, 2nd, Hayek SM, Be-
nyamin RM, Smith HS, Abdi S. System-
atic review of percutaneous adhesiolysis 
and management of chronic low back 
pain in post lumbar surgery syndrome. 
Pain Physician 2009; 12:361-378.

9. Chou R, Atlas SJ, Stanos SP, Rosenquist 
RW. Nonsurgical interventional thera-
pies for low back pain: A review of the 

evidence for an American Pain Society 
clinical practice guideline. Spine (Phila Pa 
1976) 2009; 34:1078-1093.

10. Chou R, Atlas SJ, Loeser JD, Rosenquist 
RW, Stanos SP. Guideline warfare over in-
terventional therapies for low back pain: 
Can we raise the level of discourse? The 
Journal of Pain 2011; 12:833-839.

11. Helm II S, Benyamin RM, Chopra P, Deer 
TR, Justiz R. Percutaneous adhesiolysis 
in the management of chronic low back 
pain in post lumbar surgery syndrome 
and spinal stenosis: A systematic review. 
Pain Physician 2012; 15:E435-462.

12. Harris RP, Helfand M, Woolf SH, Lohr 
KN, Mulrow CD, Teutsch SM, Atkins D. 
Current methods of the US Preventive 
Services Task Force: A review of the pro-
cess. Am J Prev Med 2001; 20:21-35.

13. Jeon CH, Kim DJ, Kim SK, Lee HM, Park 
HJ. Validation in the cross-cultural adap-
tation of the Korean version of the Os-
westry Disability Index. J Korean Med Sci 
2006; 21:1092-1097.

14. Manchikanti L, Singh V, Cash KA, Pampa-
ti V, Datta S. A comparative effectiveness 
evaluation of percutaneous adhesiolysis 
and epidural steroid injections in man-
aging lumbar post surgery syndrome: A 
randomized, equivalence controlled trial. 
Pain Physician 2009; 12:E355-368.

15. Lee GY, Lee JW, Choi HS, Oh KJ, Kang 
HS. A new grading system of lumbar 
central canal stenosis on MRI: An easy 
and reliable method. Skeletal Radiol 2011; 
40:1033-1039.

16. Lee S, Lee JW, Yeom JS, Kim KJ, Kim HJ, 
Chung SK, Kang HS. A practical MRI grad-
ing system for lumbar foraminal stenosis. 
AJR Am J Roentgenol 2010; 194:1095-1098.

17. Faul F, Erdfelder E, Buchner A, Lang AG. 
Statistical power analyses using G*Power 
3.1: Tests for correlation and regres-
sion analyses. Behav Res Methods 2009; 
41:1149-1160.

18. Ross JS, Robertson JT, Frederickson RC, 
Petrie JL, Obuchowski N, Modic MT, de-
Tribolet N. Association between peridural 
scar and recurrent radicular pain after 
lumbar discectomy: Magnetic resonance 
evaluation. ADCON-L European Study 
Group. Neurosurgery 1996; 38:855-861; dis-
cussion 61-63.

19. Hayek SM, Helm S, Benyamin RM, Singh 
V, Bryce DA, Smith HS. Effectiveness of 
spinal endoscopic adhesiolysis in post 
lumbar surgery syndrome: A systematic 
review. Pain Physician 2009; 12:419-435.

20. Takeshima N, Miyakawa H, Okuda K, 
Hattori S, Hagiwara S, Takatani J, Nogu-

chi T. Evaluation of the therapeutic re-
sults of epiduroscopic adhesiolysis for 
failed back surgery syndrome. Br J An-
aesth 2009; 102:400-407.

21. Vad VB, Bhat AL, Lutz GE, Cammisa F. 
Transforaminal epidural steroid injec-
tions in lumbosacral radiculopathy: A 
prospective randomized study. Spine (Ph-
ila Pa 1976) 2002; 27:11-16.

22. Hayashi N, Weinstein JN, Meller ST, Lee 
HM, Spratt KF, Gebhart GF. The effect 
of epidural injection of betamethasone 
or bupivacaine in a rat model of lumbar 
radiculopathy. Spine (Phila Pa 1976) 1998; 
23:877-885.

23. Lee JH, Lee SH. Clinical effectiveness of 
percutaneous adhesiolysis using Navi-
cath for the management of chronic pain 
due to lumbosacral disc herniation. Pain 
Physician 2012; 15:213-221.

24.   Yousef AA, EL-Deen AS, Al-Deeb AE. The 
role of adding hyaluronidase to fluoro-
scopically guided caudal steroid and hy-
pertonic saline injection in patients with 
failed back surgery syndrome: A prospec-
tive, double-blinded, randomized study. 
Pain Pract 2010; 10:548-553.

25. Amundsen T, Weber H, Lilleas F, Nor-
dal HJ, Abdelnoor M, Magnaes B. Lum-
bar spinal stenosis. Clinical and radio-
logic features. Spine (Phila. PA 1976) 1995; 
20:1178-1186.

26. Boden SD, McCowin PR, Davis DO, 
Dina TS, Mark AS, Wiesel S. Abnormal 
magnetic-resonance scans of the cervical 
spine in asymptomatic subjects. A pro-
spective investigation. J Bone Joint Surg 
Am 1990; 72:1178-1184.

27. Park CH, Lee SH, Jung JY. Dural sac 
cross-sectional area does not correlate 
with efficacy of percutaneous adhesioly-
sis in single level lumbar spinal stenosis. 
Pain Physician 2011; 14:377-382.

28. Barre L, Lutz GE, Southern D, Cooper 
G. Fluoroscopically guided caudal epi-
dural steroid injections for lumbar spinal 
stenosis: A retrospective evaluation of 
long term efficacy. Pain Physician 2004; 
7:187-193.

29. Lee JH, Moon J, Lee SH. Comparison of 
effectiveness according to different ap-
proaches of epidural steroid injection 
in lumbosacral herniated disk and spi-
nal stenosis. J Back Musculoskelet Rehabil 
2009; 22:83-89.

30. Park CH, Lee SH. Effectiveness of per-
cutaneous transforaminal adhesiolysis 
in patients with lumbar neuroforami-
nal spinal stenosis. Pain Physician 2013; 
16:E37-43.


