
Background: Percutaneous disc decompression utilizing Nucleoplasty has emerged as one 
of the minimally invasive techniques for treatment of low back pain and lower extremity pain 
due to contained herniated discs. Only 1 study to date has examined its effect on function-
al activity and pain medication use; however, results were not analyzed over time, and recall 
bias was a limitation.

Objective: Evaluation of the effect of Nucleoplasty on pain and opioid use in improving 
functional activity in patients with radicular or axial low back pain secondary to contained 
herniated discs.

Design: Retrospective, non-randomized case series.

Methods: Twenty-two patients who had undergone Nucleoplasty were included in the anal-
ysis. Patients were evaluated at 1, 3, 6, and 12 months postoperatively, and were asked to 
quantify their pain using a visual analog scale ranging from 0 to 10. Patients were also sur-
veyed in regards to their pain medication use, and functional status was quantified by a phys-
ical therapist who also used patient reports of ability to perform activities of daily living to 
assess status. Data were compared between baseline and at 1, 3, 6, and 12 months post-
treatment.

Results: Reported pain and medication use were significantly decreased and functional sta-
tus was improved at 1, 3, 6, and 12 months following Nucleoplasty (P values ≤ 0.0010 for all 
outcome measures at all time periods). There were no complications associated with the pro-
cedure and we found continued improvements over time.

Conclusion: Nucleoplasty appears to be safe and effective. Randomized, controlled studies 
are required to further evaluate its long-term efficacy.

Key words: Discectomy, disc herniation, low back pain, minimally invasive, Nucleoplasty, 
percutaneous disc decompression.
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Over the past 4 decades, there has been 
increased interest in developing minimally 
invasive techniques for the treatment of 

disc herniations and chronic discogenic pain (1,2). 
This trend may be related to concerns relative to 
surgical trauma, potential complications of operative 
interventions including death (3-5), and questionable 
efficacy in relieving discogenic pain (6).

Historically, percutaneous disc decompression 
began in 1963 with the development of chemonucle-
olysis (7). Thereafter, several other minimally invasive 
procedures followed, including percutaneous decom-
pression of the nucleus pulposis developed in 1975 by 
Hijikata (8), automated percutaneous lumbar discec-
tomy reported by Onik in 1985 (9), and laser discec-
tomy in 1987 (10). Collectively, all these percutaneous 
decompression approaches are associated with poten-
tial complications, limitations, or poor outcomes.

Percutaneous lumbar discectomy violates the an-
nular integrity due to the sizable incision required 
to reach the nucleus. This may accelerate future disc 
degeneration, and the outcome may be equivocal 
(11). Laser discectomy is lengthy, requires bulky and 
expensive equipment, may inflict endplate damage, 
and may result in significant intraoperative and post-
operative pain and spasm (12). Chemonucleolysis us-
ing chymopapain may lead to over-decompression 
due to difficulty in predicting the amount of nucleus 
that would be digested and can cause paralysis due to 
transverse myelitis, anaphylaxis, bleeding, or endplate 
injury (13,14).

Recently, percutaneous disc decompression using 
Nucleoplasty has emerged as an effective, minimally 
invasive, percutaneous technique for the treatment of 
low back pain due to contained herniated discs (15-
18). This procedure is attractive because it does not 
require expensive equipment, takes minimal time to 
perform, does not cause significant intraoperative or 
postoperative pain, is safe, and allows for quick reha-
bilitation. The Nucleoplasty procedure utilizes Cobla-
tiom technology which allows for decompression of 
the disc using radiofrequency energy in a less damag-
ing, low-temperature environment for the surround-
ing tissues (19).

Currently, there are few studies supporting the 
efficacy of percutaneous disc decompression utilizing 
Nucleoplasty for the treatment of chronic discogenic 
pain. Several studies have shown that Nucleoplasty 
does effectively reduce pain in patients with con-
tained herniated discs (15-18). Only one study to date 

has examined the effect Nucleoplasty has on function-
al activity, pain relief, and pain medication use (18). 
However, this study did not analyze results over time 
and recall bias was a major limitation of the study. In 
the present report, outcomes of 22 non-randomized 
patients treated with percutaneous disc decompres-
sion utilizing Nucleoplasty were examined relative to 
the following endpoints: reduction of pain, improve-
ment in functional activity, and reduction of opioid 
use longitudinally over 1 year in patients with radicu-
lar or axial low back pain secondary to contained her-
niated discs.

Methods

Patient Selection
This retrospective study of a case series of non-

randomized patients was conducted in the Depart-
ment of Interventional Pain Management at Marsh-
field Clinic, a large, multispecialty, private outpatient 
clinic in central Wisconsin. Patients (n=22) who had 
undergone percutaneous disc decompression using 
Nucleoplasty between February 2004 and August 2005 
in the course of clinical care were selected for inclu-
sion (54.5% male, 45.5% female; mean age 39 years; 
range 22– 51 years). Patients’ medical charts were re-
viewed, and pertinent data such as age, gender, smok-
ing history, involvement in litigation processes, history 
of drug and alcohol abuse, location of pain, levels of 
performed procedure, duration of the procedure, pre- 
and post-procedural visual analog scale (VAS) pain 
scores, functional status, and medication intake were 
abstracted.

Percutaneous Disc Decompression Utilizing 
Nucleoplasty

Inclusion criteria to select patients for percutane-
ous disc decompression using Nucleoplasty included 
1) Duration of radicular or axial low back pain of 6 or 

more months with failed conservative treatment 
including fluoroscopically-directed injection tech-
niques (e.g. lumbar epidural steroid blocks, selec-
tive nerve root blocks, facet and sacroiliac joint 
injections) which were performed as part of each 
patient’s diagnostic and therapeutic algorithm (20) 

2) no history of neurological deficit
3) preserved disc height (e.g. <50% loss)
4) discography confirming concordant pain at each 

suspected level and ruling out involvement at 
other levels 
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5) contained disc protrusion on magnetic resonance 
imaging study. 
Exclusion criteria which ruled patients out as can-

didates for percutaneous disc decompression using 
Nucleoplasty included 
1) infection
2) spinal tumor or fracture
3) more than 2 symptomatic levels
4) disc sequestration or spinal stenosis on magnetic 

resonance imaging study
5) history of open disk surgery at suspected levels
6) prominent coexisting psychological disorders.

All patients were treated on an outpatient basis 
in the operating room of the ambulatory surgery cen-
ter. Percutaneous disc decompression using Nucleo-
plasty was performed under monitored anesthesia 
care in the usual sterile fashion. Under fluoroscopic 
guidance with the patient in the prone position, a 
17-gauge, 6-inch Crawford needle was advanced via 
a left or right posterolateral discography approach 
to the junction of the annulus and nucleus. The Spine 
wand (ArthroCare Spine, Inc., Sunnyvale, CA) was in-
serted into the disc through the needle. The proxi-
mal and distal limits for intradiscal movement of the 
wand were identified, and disc decompression was 
started. At each level, 6 channels were made circum-
ferentially at the 12, 2, 4, 6, 8, and 10 o’clock posi-
tions. Every channel was created by advancement of 
the wand in ablation mode and by its retraction in 
coagulation mode. After withdrawal of the wand, 2 
mL of 0.25% bupivacaine with 40 mg cefazolin was 
injected, and the needle was removed. There were no 
complications and there were no instances in which 
the intrathecal space was violated or increased resis-
tance was noted.

outcoMe Measures

Patients were evaluated by an independent evalu-
ator preoperatively and at 1, 3, 6, and 12 months post-
operatively. Data collected included VAS pain scores, 
pain medication intake, and functional abilities, in-
cluding changes in performance levels of activities of 
daily living.

Pain. At each evaluation, patients were asked 
to quantify their overall pain using a VAS pain score 
ranging from 0 to 10. Justification for use of the VAS 
includes ease of use, previous validation and wide-
spread use for measuring sensitivity to treatment 
effects, and its allowance for quantifiable statistical 
evaluations of significance (21, 22).

Opioid intake. Patients were also surveyed in re-
gards to their use of opioids. For the purposes of this 
study, opioid use was considered to be reduced if a 
patient reported complete cessation of opioids or a 
daily reduction of 50% or more.

Functional status. Patients’ functional status was 
quantified by a physical therapy assessment and by 
patients’ self-reports of ability to perform activities 
of daily living such as bathing, functional mobility, 
dressing, etc. The physical therapy assessment con-
sisted of objective evaluations of each patient’s qual-
ity of movement, including his/her ability to transfer 
without compensations, ability to ambulate without 
compensations, and other measures of mobility such 
as rolling from side to side, reaching over head, bend-
ing at the waist, etc. For the purposes of this study, 
any noted improvement in the physical therapy as-
sessment or patients’ reports of an increased ability 
to perform activities of daily living was recorded as 
improved functional status.

statistical analyses

Outcome measure data at baseline was compared 
longitudinally to evaluations taken at 1, 3, 6, and 12 
months during the post-treatment period. The sign 
test was used to determine the changes for physical 
function and medication intake, while the Wilcoxon 
matched-pairs signed-ranks test was used for VAS pain 
score analysis. Furthermore, Fisher’s exact test and the 
Wilcoxon ranks sum test were used to identify the 
significant factors in association with the changes. All 
statistical tests were two-sided, and P values < 0.05 
were considered to be statistically significant.

results

Patient Demographics
Analysis of outcomes of percutaneous disc decom-

pression utilizing Nucleoplasty was performed on 22 
patients. Patient gender distribution was 54.5% male, 
45.5% female with a mean age of 39 years, ranging 
from 22 to 51 years. Axial back pain was reported by 
18% of the patients, while 82% reported back and 
leg pain. Most patients (81.8%) had pain for over a 
12-month duration. Smoking was reported in 54.5% 
of the patients, while 9% were involved in active liti-
gation, and 22.7% had a history of drug and alcohol 
abuse. Mean procedure duration was 7.9 minutes per 
disc. Baseline and post-procedure data for each pa-
tient are included in Table 1.
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Pain Reduction
VAS pain scores significantly decreased for 54.5%, 

72.7%, 72.7%, and 72.7% of patients at 1, 3, 6, and 12 
months, respectively with a mean decrease of 2.41 (P 
= 0.0005), 3.55 (P < 0.0001), 3.63 (P < 0.0001), and 3.98 
(P < 0.0001) noted, respectively (Table 2; Fig. 1).

A total of 36.4% of patients indicated pain relief 
of 50% or more at 1 month, 54.5% at 3 months, 54.5% 
at 6 months, and 68.2% at 12 months (Fig. 2).

Functional Improvement
Physical function significantly improved at 1, 3, 

6, and 12 months with P values of 0.0005, < 0.0001, 

Subject Baseline 
VAS 

(meds)

VAS score Medicine Physical Return to work

M1 M3 M6 M12 M1 M3 M6 M12 M1 M3 M6 M12 M1 M3 M6 M12

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

9 (yes)
8 (yes)
8 (yes)
5 (yes)

10 (yes)
8.5 (yes)
5 (yes)
8 (yes)
7 (yes)
8 (yes)
7 (yes)
8 (yes)
8 (yes)
7 (yes)
7 (yes)
7 (yes)
9 (yes)
7 (yes)
6 (yes)
7 (yes)
8 (yes)
9 (yes)

9
4
0
4

10
8.5
5
4
5
8
0
8
1
4
7
4
9
7
3
0
4
9

5
4
0
3

10
8.5
4
4
0
4
0
4
0
4
7
3
9
7
0
0
3
9

5
4
0
3

10
8.5
4
4
0
4
0
4
0
4
7
3
9
7
0
0
1
9

4
4
0
2

10
8
3
4
0
4
0
4
0
2
6
3
9
7
0
0
0
9

D
S
D
D
S
S
S
S
S
D
N
S
N
D
S
D
S
S
N
D
D
S

D
S
N
D
S
S
S
S
D
D
N
S
N
D
S
D
S
S
N
N
D
S

D
S
N
D
S
S
D
D
N
D
N
S
N
D
S
D
S
S
N
N
N
S

D
S
N
D
S
D
D
D
N
D
N
S
N
D
D
D
S
S
N
N
N
S

I
I
I
I
S
S
S
I
S
S
I
S
I
I
S
I
S
S
I
I
I
S

I
I
I
I
S
S
S
I
I
I
I
I
I
I
S
I
S
S
I
I
I
S

I
I
I
I
S
S
I
I
I
I
I
I
I
I
S
I
S
S
I
I
I
S

I
I
I
I
S
I
I
I
I
I
I
I
I
I
I
I
S
S
I
I
I
S

Ny
Ny
Y

Ny
Ny
Ny
Ny
Ny
Y

Ny
Y

Ny
Y

Ny
Ny
Ny
Ny
Ny
Ny
Y

Ny
Ny

Ny
Ny
Y
Y

Ny
Ny
Y

Ny
Y
Y
Y

Ny
Y

Ny
Ny
Y

Ny
Ny
Y
Y

Ny
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Y
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Y
Y

Ny
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Y
Y
Y
Y
Y

Ny
Y
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Y
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Y
Y

Ny
Ny

Y
Ny
Y
Y

Ny
Ny
Y
Y
Y
Y
Y
Y
Y

Ny
Ny
Y

Ny
Ny
Y
Y
Y

Ny

Where D=decrease, S=same, N=none, I=improvement, Y=yes, and Ny=not yet.
Meds=medicine, M1=month 1, M3=month 3, M6=month 6, and M12=month 12.

VAS=visual analog scale.

Table 1. Baseline and post-procedure data for all 22 patients

Difference from baseline 1 month 3 months 6 months 12 months

Mean -2.41 -3.55 -3.63 -3.98

Median -1.5 -4.0 -4.0 -4.0

Range (-8.0, 1) (-8.0, 0) (-8.0, 0) (-8.0, 0)

Signed-ranks test P value 0.0005 < 0.0001 < 0.0001 < 0.0001

Table 2. Change in post-procedure VAS pain scores over time

< 0.0001, and < 0.0001, respectively (Table 2). Overall 
54.5%, 68.2%, 72.7%, and 81.8% of patients indicat-
ed improvement of functional status at 1, 3, 6, and 12 
months, respectively (Fig. 3).

One month after the procedure, 22.7% of pa-
tients returned to work, 45.5% at 3 months, 54.5% at 
6 months, and 63.6% at 12 months (Fig. 4).

Pain Medication Use
The percentages of patients reporting a reduction in 

opioid intake were 50% at 1 month (P = 0.0010), 55.5% 
at 3 months (P = 0.0005), 63.6% at 6 months (P = 0.0001), 
and 72.7% at 12 months (P < 0.0001) (Fig. 5).
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Fig. 2. Percentages of  patients reporting 50% or more pain relief  post-percutaneous disc decompression.

Fig. 1. Mean pain VAS scores post-percutaneous disc decompression.

M e a n (+S E ) V A S P a in S c o re

3.6
4 3.9

5.2

7.6

0

1

2

3

4

5

6

7

8

9

10

B as eline Month 1 Month 3 Month 6 Month 12

Follow-up P e riod

36.4

54.5 54.5
68.2

0
10
20
30
40
50
60
70
80
90

100

Month 1 Month 3 Month 6 Month 12

Follow-up Period

P a tie n ts R e p o rtin g 5 0 % o r M o re P a in R e lie f



Pain Physician: March 2007:10:319-327

324  www.painphysicianjournal.com

Fig. 4. Percentages of  patients returned to work.

Fig. 3. Percentages of  patients reporting an increase in physical function after Nucleoplasty.
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Among the patients in our study, a history of drug 
and alcohol abuse was significantly associated with 
poor outcomes. History of alcohol and drug abuse, 
psychological distress, and depression has previously 
been associated with poorer outcomes in patients fol-
lowing minimally invasive discectomy (24). Therefore, 
based on these findings, we have modified our prac-
tice in the terms of the patient selection; all patients 
eligible for Nucleoplasty are sent for psychological as-
sessment.

The results of this study are similar to those re-
ported by Alo et al in 2004 (25). In his study, Alo used 
a Dekompressor 1.5 mm percutaneous discectomy 
probe to mechanically debulk the disc material allow-
ing for a reduction in intradiscal pressure. Although 
Alo et al utilized different technology, they achieved 
the same goal as we did in our study using Nucleo-
plasty. The mechanisms underlying the successes of 
both procedures are postulated to be related to disc 
remodeling, which results in volume reduction with 
a subsequent decrease in intradiscal pressure and 
concomitant reduction in release of inflammatory 
mediators.

Fig. 5. The percentages of  patients reporting reduction or discontinuation of  medication intake.

Failure of Treatment and Complications
Failure of treatment was associated with a history 

of drug and alcohol abuse and showed no relation to 
duration of pain, levels of performed procedure, gen-
der, current or past involvement in litigation process-
es, or history of smoking. A previous report by Boswell 
and Wolfe (23) suggested a potential risk with intra-
discal injection of the antibiotic cefazolin; however, in 
our study, there were no intraoperative or postopera-
tive complications associated with Nucleoplasty.

discussion

This retrospective study demonstrated a statisti-
cally significant improvement in VAS pain scores and 
functional status and a reduction in medication intake 
in a group of patients with radicular or axial low back 
pain who failed conservative treatment, had derived 
no benefit from various injection techniques, and were 
not candidates for spine surgery. Moreover, we did not 
offer this procedure to patients with a history of open 
disk surgery at suspected levels, as these patients are 
considered poor surgical candidates and have histori-
cally been a challenging population to treat.
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Although other studies have also shown an over-
all reduction in pain scores following percutaneous 
disc decompression using Nucleoplasty (15-18), these 
studies have shown a general decline in pain relief 
over time. Interestingly, pain scores and medication 
use continued to decrease and functional status con-
tinued to improve in our patients over the 12-month 
follow-up period.

Whereas injection of 2 mL of 0.25% bupivacaine 
with 40 mg of cefazolin was the usual practice applied 
to our patients and has been uneventful, at least 1 
report suggests a risk associated with the introduction 
of a large volume of potentially toxic intradiscal an-
tibiotic (23). In their report, however, the antibiotics 
gained access to the intrathecal space, whereas in our 
application, this was systematically avoided. Pre-pro-
cedural discography provided additional assurance 
that no extravasations of contrast material were not-
ed before proceeding with the intervention. While we 
believe the risk to be small, it should be taken under 
advisement while evaluating patient eligibility.

references

1.  Welch WC, Gerszten PC. Alternative 
strategies for lumbar discectomy:intra-
discal electrothermy and nucleoplasty. 
Neurosurg Focus 2002; 13:E7.

2.  Rozen D, Grass G. Interventional pain 
medicine approaches to nonradicu-
lar low back pain of internal disc dis-
ruption origin. Pain Physician 2005; 
8:399-409.

3.  Stolke D, Sollmann WP, Seifert V. In-
tra- and postoperative complications in 
lumbar disc surgery. Spine 1989; 14:56-
59.

4.  Ramirez LF, Thisted R. Using a national 
health care data base to determine sur-
gical complications in community hos-
pitals:lumbar discectomy as an exam-
ple. Neurosurgery 1989; 25:218-225.

5.  Ramirez LF, Thisted R. Complications 
and demographic characteristics of pa-
tients undergoing lumbar discectomy 
in community hospitals. Neurosurgery 
1989; 25:226-230.

6. Lee CK, Vessa P, Lee JK. Chronic dis-
abling low back pain syndrome caused 
by internal disc derangements. The re-
sults of disc excision and posterior 
lumbar interbody fusion. Spine 1995; 
20:356-361.

7.  Smith LW. Enzyme dissolution of the 

nucleus pulposus in humans. JAMA 
1964; 187:137-140.

8.  Hijikata S. Percutaneous nucleotomy. 
A new concept technique and 12 years’ 
experience. Clin Orthop Relat Res 1989; 
(238):9-23.

9.  Onik G. Percutaneous lumbar diskecto-
my using a new aspiration probe. Am J 
Neuroradiol 1985; 6:290-296.

10.  Choy DS, Case RB, Fielding W, Hughes 
J, Liebler W, Ascher P. Percutaneous la-
ser nucleolysis of lumbar disks. N Engl J 
Med 1987; 317:771-772.

11.  Postacchini F. Management of herni-
ation of the lumbar disc. J Bone Joint 
Surg Br 1999; 81:567-576.

12.  Sherk HH, Black JD, Prodoehl JA, Cum-
mings RS. Laser diskectomy. Orthope-
dics 1993; 16:573-576.

13.  Nordby EJ, Wright PH, Schofield SR. 
Safety of chemonucleolysis. Adverse 
effects reported in the United States, 
1982-1991. Clin Orthop Relat Res 1993; 
(293):122-134.

14.  Melrose J, Taylor TK, Ghosh P, Holbert 
C, Macpherson C, Bellenger CR. Inter-
vertebral disc reconstitution after che-
monucleolysis with chymopapain is de-
pendent on dosage. Spine 1996; 21:9-
17.

15.  Sharps LS, Isaac Z. Percutaneous disc 
decompression using nucleoplasty(r). 
Pain Physician 2002; 5:121-126.

16.  Singh V, Piryani C, Liao K, Nieschulz S. 
Percutaneous disc decompression us-
ing coblation (Nucleoplasty™) in the 
treatment of chronic discogenic pain. 
Pain Physician 2002; 5:250-259.

17.  Singh V, Piryani C, Liao K. Evaluation of 
percutaneous disc decompression us-
ing coblation in chronic back pain with 
or without leg pain. Pain Physician 
2003; 6:273-280.

18.  Reddy AS, Loh S, Cutts J, Rachlin J, 
Hirsch JA. New approach to the man-
agement of acute disc herniation. Pain 
Physician 2005; 8:385-390.

19.  Chen YC, Lee SH, Saenz Y, Lehman NL. 
Histologic findings of disc, end plate 
and neural elements after coblation of 
nucleus pulposus:an experimental nu-
cleoplasty study. Spine J 2003; 3:466-
470.

20.  Boswell MV, Shah RV, Everett CR, Seh-
gal N, Brown AM, Abdi S, Bowman RC 
2nd, Deer TR, Datta S, Colson JD, Spill-
ane WF, Smith HS, Lucas LF, Burton 
AW, Chopra P, Staats PS, Wasserman 
RA, Manchikanti L. Interventional tech-
niques in the management of chron-

This study has inherent limitations. The sample size 
is small and results may not be generalizable to all pa-
tient populations. Moreover, the retrospective nature is 
an obvious weakness. Although this study is retrospec-
tive and has a small sample size, it does help to provide 
a preliminary framework for the planning of future 
prospective, randomized, controlled studies comparing 
Nucleoplasty with other conservative, non-surgical in-
terventions and other minimally invasive interventional 
techniques such as percutaneous laser discectomy or 
disc decompression using the Dekompressor.

conclusions

The findings of this retrospective study suggest that 
Nucleoplasty can be a safe and effective procedure for 
patients with radicular and axial low back pain secondary 
to contained herniated discs. Prospective, randomized, 
controlled studies are needed to further evaluate the 
long-term efficacy of percutaneous disc decompression 
using Nucleoplasty and to determine the patient charac-
teristics for whom this procedure is most beneficial.



Percutaneous Disc Decompression Outcomes

www.painphysicianjournal.com  327

ic spinal pain:evidence-based practice 
guidelines. Pain Physician 2005; 8:1-
47.

21.  Todd KH. Clinical versus statistical sig-
nificance in the assessment of pain re-
lief. Ann Emerg Med 1996; 27:439–441.

22.  Philip BK. Parametric statistics for eval-
uation of the visual analog scale. [Let-

219.

25.  Alo KM, Wright RE, Sutcliffe J, Brandt 
SA. Percutaneous lumbar discectomy:
clinical response in an initial cohort of 
fifty consecutive patients with chronic 
radicular pain. Pain Pract 2004; 4:19-
29.

ter]. Anesth Analg 1990; 71:710.

23.  Boswell MV, Wolfe JR. Intrathecal ce-
fazolin-induced seizures following at-
tempted discography. Pain Physician 
2004; 7:103-106.

24.  Carragee EJ. Psychological screening in 
the surgical treatment of lumbar disc 
herniation. Clin J Pain 2001; 17:215-




