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Background: Discogenic pain is an important cause of low back pain (LBP). We have developed a
pulsed radiofrequency (PRF) technique, using Diskit II® needles (NeuroTherm, Middleton, MA, USA)
placed centrally in the disk, for applying radiofrequency current in the disc (Intradiscal PRF method).

Objective: The purpose of this study was to investigate the effect of this intradiscal pulsed
radiofrequency method in patients with chronic discogenic LBP diagnosed by discoblock, in terms
of pain relief and reduction of disability.

Study Design: Prospective case series clinical outcome study.

Methods: The participants consisted of 23 patients with a mean age of 35.3 + 9.86 years with
chronic discogenic LBP that was not responsive to aggressive nonoperative care. A Diskit Il needle
(15-cm length, 20G needle with a 20-mm active tip) was placed centrally in the disc. PRF was
applied for 15 minutes at a setting of 5 x 5 ms/s and 60 V. Outcome measures included the pain
intensity score on a 0-10 numeric rating scale (NRS) and the Roland-Morris Disability Questionnaire
(RMDQ) at pre-treatment, one, 3, 6, and 12 months post-treatment.

Results: The mean pain severity scores (NRS) improved significantly from 7.47 + 0.85 pre-
treatment to 3.13 + 2.58 at the 12 month follow-up (P < 0.01). The RMDQ showed significant (P
< 0.01) improvement from 11.4 + 1.57 pre-treatment to 2.90 = 2.97 at the 12 month follow-up (P
< 0.01). Nineteen of 23 (82.6%) of the patients demonstrated NRS improvements of greater than
2, and 15 of 23 (65.2%) had > 50% pain reduction, 12 months after treatment.

Limitations: The number of patients was relatively low and secondary outcomes such as
medication requirement or psychological effects were not addressed.

Conclusions: This intradiscal PRF method with consecutive PRF 5/5/60V, 15 min (with Diskit
needle) appears to be a safe, minimally invasive treatment option for patients with chronic
discogenic LBP.

Key words: Pulsed radiofrequency, discogenic pain, intradiscal procedures, chronic low back
pain, Roland-Morris Disability Questionnaire
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ow back pain (LBP) is one of the most common
causes of disability (1). Although there are a
variety of etiologies, it has been estimated that
discogenic LBP occurs in approximately 28 — 40% of all
patients with low back pain (LBP) (2,3). Clinically the
patients complain of chronic LBP often radiating into

the buttock and the leg, uni- or bilaterally but without
significant radicular pain. The pain is often provoked
by cumulative loading. Patients also experience sitting
intolerance. Neurological examination does not show
severe neurological deficit, and the straight leg raising
(SLR) test often gives equivocal results (2,3).

www.painphysicianjournal.com



Pain Physician: July/August 2013; 16:E435-E442

Discogenic pain is attributed to degenerative
changes in the intervertebral disc due to aging or to
traumatic events. The healthy adult disc has few nerves,
and these are mainly restricted to the outer lamellae.
In degenerated discs, nerves, containinglnociceptive
neurotransmitters and introdicing cytokines, have been
found to penetrate into deeper intradiscal structures as
far as the inner third of the annulus and the nucleus
pulposus (4,5), creating nociceptive information from
within the disc (4,5). The high levels of proinflamma-
tory mediator has been found in disc tissue from LBP
patients undergoing fusion (6). The production of pro-
inflammatory mediators within the nucleus pulposus is
assumed to be a major factor in the genesis of a painful
lumbar disc (6-8).

Provocative discography has been considered a
reference technique for confirming the intervertebral
disc as a cause of the disogenic LBP (2,3). However, the
reliability of discography is considered controversial (9).
Ohtori et al (9) reported that pain relief after injection
of a small amount of local anesthetic into the painful
disc is a useful tool for the diagnosis of discogenic LBP
compared with provocative discography. We have been
considering whether it is important for the diagnosis of
discogenic pain that discography blocks pain by more
than 70% when injected with a small amount of local
anesthetic(9).

Intradiscal electrothermal therapy (IDET), in which
the annulus is coagulated using flexible catheters, has
been used as a minimally invasive procedure for man-
aging chronic discogenic LBP in patients failing conser-
vative treatments (10-13). However, meta-analyses of
the available documented evidence of the efficacy of
IDET yields controversial conclusions (14-16).

In recent years, there has been a general trend in

Table 1. Patient demographics, levels treated and overall resulis

Total Patients n=23

Males n=15

Females n=8

Mean Age 35.3£9.86 years (Range 18-60)

Mean Symptom Duration 8 Months (Range 6-180)

Levels treated Frequency % total

L4-5 9/23 (39.1%)
L5-S1 10/23 (43.4%)
L5-6 1/23 (4.3%)
L4-5,15-S1 2/23 (8.6%)

L2-3,14-5 1/23 (4.3%)

interventional treatment away from radiofrequency
thermocoagulation toward pulsed radiofrequency (PRF)
as a less invasive treatment. The use of PRF in the disc
relies on the electric field generated, and the electric
field is assumed to induce changes in the tissue that may
explain changes in pain conduction and possibly induce
a healing process (17,18). Degenerated discs producing
discogenic back pain had nerves reportedly to be pres-
ent in the inner third of the annulus fibrosis and nucleus
pulposus (4,5). The electromagnetic field of the intradis-
cal PRF method was focused at the center of the target
disc rather than on the outer one third, a more sensitive
and essential area, in order to produce discogenic pain.

Teixeira and Sluijter (19) reported that high-voltage,
long-duration intradiscal PRF, achieved by means of an
electrode placed in the center of the nucleus pulposus, in
patients with discogenic LBP produced excellent to good
outcomes in 8 cases. Recently, minimally invasive intradis-
cal Diskit II® needles (NeuroTherm, Middleton, MA; USA),
which are able to provide PRF to the disc with the 20mm
active tip, have been developed (20). In the application
of PRF, the length of the active tip has been shown to be
an important element and the magnitude of the electric
field parallel to the uninsulated part of the needle has
been shown to be largest area (21).

We have developed a PRF technique, using one
electrode placed centrally in the disc, for applying radio-
frequency current in the disc (intradiscal PRF method).

The purpose of this study was to evaluate the ef-
ficacy of the intradiscal PRF of the intervertebral disc
in a procedure with Diskit 1I® needles (NeuroTherm) in
terms of pain relief and reduction of disability.

MEeTHODS

Study Design

Twenty-three patients who were diagnosed with
disogenic LBP by analgesic discblock were enrolled in
the study and underwent intradiscal PRF between Oc-
tober 2009 and January 2012.

All patients who met the criteria for the intradiscal
PRF had presented to the Pain Management Clinic of
Shiga University of Medical Science Hospital between
2009 and 2012. There were 23 patients (15 men, 8
women, 3 had 2 discs treated) and a total of 26 proce-
dures were performed. The mean age was 35.3 + 9.86
years (age 21 to 55 years). Of the total 23 discs treated,
9 were at L4-5, 10 were at L5-S1, one was at L5-6, 2 were
at L4-5, L5-S1, and one was at L2-3, L4-5 (Table 1).

All patients had continuous back pain without
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referral to the legs for a minimum of 6 months. All

patients had been taking a variety of medications, in-

cluding various nonsteroidal anti-inflammatory drugs

(NSAIDS) and cyclooxygenase (COX)-inhibitors.

No patients had been taking opioids.
The criteria for inclusion in our study of intradiscal

PRF were the following:

1. Chronic low back pain of at least 6 months continu-
ous duration.

2. Lack of satisfactory improvement with a compre-
hensively applied non-operative care program
including the following: epidural corticosteroid
injection, a trial of physical therapy, and oral anti-
inflammatory medication.

3. Normal neurologic examination findings.

4. Negative SLR results.

5. A magnetic resonance scan that did not demonstrate
a neural compression lesion.

6. Concordant pain at low pressurization (low volume <
1.25 mL contrast medium) during discography of the
concerned disc. Intradiscal administration of 1 mL
of lidocaine 2% diminished pain more than 70% (9).

The criteria of exclusion were
1. Disc extrusion or a sequestered fragment.

2. Severe spinal canal narrowing.

3. Segmental instability or psychological issues.

4. Systemic infection or localized infection at the
anticipated needle entry sites.

5. Previous lumbar surgery.

6. Chronic lower extremity radiculopathy.

7. History of opioid abuse (22).

The study protocol was approved by the Human
Ethics Committee of Shiga University of Medical Sci-
ence Hospital. The procedure and associated potential
complications such as nerve root injuries, epidural space
bleeding, and discitis were explained to the patients,
and informed consent was obtained before treatment.

The intradiscal PRF technique was performed with
the patients who were lying on a fluoroscopy table in
the prone position. The discs treated were selected on
clinical grounds according to the level of provocative
discography and discoblock.

Under fluoroscopic guidance, by a posterior oblique
approach, the Diskit [I® needle (NeuroTherm,20G,
15cm length, 20mm active tip, with radiopaque marker
active tip) was percutaneously advanced and placed
central of the disc that was responsible for the symp-
toms (Fig. 1).

i i
il e,

Fig. 1. Intradiscal pulsed radiofrequency (PRF') procedures. Lateral view and anteroposterior ( AP) view showing that the
Diskit II® needle is positioned in the L4/5 and the active part of the Diskit needle is totally inside the disc

www.painphysicianjournal.com

E437



Pain Physician: July/August 2013; 16:E435-E442

Proper placement of the introducer needle was
confirmed with anteroposterior, oblique, and lateral
fluoroscopic projections. The proximal end of the tip
was equipped with a radiopaque marker, the active
tip was advanced to a position that was totally placed
within the disc.

We applied intradiscal PRF at a frequency of 5Hz,
pulse width of 5 ms, amplitude of 60V, and a maximum
temperature of 40°C, for a duration of 15 minutes, by
the NT1100 generator (NeuroTherm, Middleton, MA,
USA).

Intradiscal PRF was performed on an outpatient
basis. Prophylactic intravenous antibiotics were admin-
istered 15 — 40 minutes prior to beginning the proce-
dure. After an hour of bed rest, patients were allowed
to leave the outpatient room.

Outcome Measures
The intensity of the pain was assessed using the
pain intensity score on a 0 — 10 numeric rating scale
(NRS) at pre-procedure, after one, 3, 6, and 12 months.
In addition, the Roland-Morris Disability Question-
naire (RMDQ) score (23) was measured pre-procedure,
and at one, 3, 6, and 12 months.

A successful clinical outcome was described as
moderate when there was over a 2 point reduction in
NRS to below 50% pain reduction, and good when 50%
or more pain reduction was reported.

Stastical Analysis

Wilcoxon signed-rank test was applied to evaluate
the improvement in NRS and RMDQ scores before and
after the procedure. P values < 0.01 were considered
statistically significant.

REesuLTs

The mean pre-operative NRS score was 7.47 + 0.85
(range 6 — 9). Mean NRS decreased significantly, from
7.47 at pre-treatment to 3.87 + 2.23 (range 0 — 8) at
one month post-treatment, 3.47 + 2.52 (range 0 - 8)
at 3 months post-treatment, 3.21 + 2.48 (range 0 — 8)
at 6 months post-treatment, and 3.13 + 2.58 (range 0
— 7) at 12 months post-treatment (Fig. 2). There were
statistically significant decreases in NRS scores (P < 0.01,
Wilcoxon signed-rank test) when compared to the pre-
operative values (Fig. 2).

Mean RMDQ score improved from 11.4 + 1.57
(range 8 - 14) t0 5.00 + 2.73 (range 1 - 12) at one month

3N post= G post= 12M poat-

treatment treatment treatment

Fig. 2. Mean numeric rating scale (INRS) scores at pre-procedure, one, 3, 6, and 12 months post-procedure. Data are presented as

NES ww
10 I [ . ‘
E]
8
4
L]
i
1
0
pre=treatment IM post=
freatment
median and lower limit, 25th, 75th and upper limit percentiles. Wilcoxon signed-rank test **P < 0.01.
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Fig. 3. Mean Roland- Morris Disability Questionnaire (RMDQ) scores at pre-procedure, one, 3, 6, and 12 months post-treatment.
Data are presented as median and lower limit, 25th, 75th and upper limit percentiles. Wilcoxon signed-rank test **P<0.01

post-treatment, 4.05 = 2.79 (range 1 — 12) at 3 months
post-treatment, 3.30 = 2.83 (range 1 — 12) at 6 months
post-treatment, and 2.90 + 2.97 (range 1 - 12) at 12
months post-treatment (Fig. 3).

These decreases in RMDQ scores were statistically
significant (P < 0.01, Wilcoxon signed-rank test) when
compare to pre-operative values (Fig. 3).

Fifteen of 23 (65.2%) patients had good ratings
and 4 of 23 (17.4%) patients had moderate ratings at
the 12-months follow-up (Table 2).

After the intradiscal PRF treatment, none of the
patients increased the amount of medication and none
increased the types of medication taken. No patients
complained of flare-up pain after the intradiscal PRF
procedures. All procedures were considered technically
successful. There were no complications of nerve root
injuries, epidural space bleeding, discitis, or infection
related to procedures. There were no cases of worsen-
ing motor or sensory status.

Discussion

The exact mechanism by which intradiscal PRF re-
duces discogenic pain is uncertain; however, intradiscal
PRF is thought to decrease discogenic pain by 2 differ-

Table 2. Clinical successful outcome at each follow-up period
after intradiscal pulsed radiofrequency.

Outcome 3 months 6 months | 12 months
Good 4 (17.4%) 5(21.8 %) 4 (17.4%)
Moderate 15 (65.2%) 14 (60.9%) | 15 (65.2%)
No improvement 4 (17.4 %) 4 (17.4 %) 4 (17.4 %)

No improvement: there was no outcome over the 2 point NRS score
improvement compared to the pre-teratment state.

ent mechanisms. First, high voltage PRF current applied
intradiscally by means of Diskit needles may cause very
strong electric fields and these could potentially have
a biological effect on the nerve endings (21,24,25)
that have been sprouting into the nucleus in the disc
(4,5). The electric field generated is assumed to induce
changes in the tissue that may explain changes in pain
conduction (21,24). Exposure of PRF to the dorsal root
ganglion can affect cellular function in the dorsal horn
of the spinal cord, independently of thermal effects
(26). Apparently, the electromagnetic field of PRF may
enhance descending inhibitory pathways, specifically
involving the noradrenergic and serotonergic systems
(27). In addition, the nerve damage appears to be more

www.painphysicianjournal.com
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pronounced for C-fibers, known as principle sensory no-
ciceptors, than for A-§ and A-p fibers (28). The second
effect could possibly reflect an action of the electric
field on immune cells, thus influencing the production
of anti-inflammatory cytokines, resulting in decreased
levels of pro-inflammatory cytokines such as interleukin
(IL)-1b, tumor necrosis factor (TNF)-a, and IL-6 (29-33).
The electric field of PRF have demonstrated effects on
immune modulation, as there are studies that show
proinflammatory cytokines, such as IL- 1 b, TNF-¢, and
IL-6 are attenuated by the electric field (32-34).

Chronicdiscogenic pain may result from mechanical
stimulation of annulus fissures, or from delamination,
in which the annular lamellae repeatedly stimulate
nociceptors that may have been presensitized (5). Peng
et al (35) reported that the natural history of discogenic
LBP was chronic but persistent, and that the pain and
disability in most patients did not improve over time.

IDET has been used as a procedure for managing
chronic discogenic LBP in patients failing conservative
treatments (10-13). However, meta-analyses and sys-
tematic reviews of the data on IDET produce contra-
dictory results (14). Furthermore, most patients who
underwent IDET suffer long-lasting (up to 2 months)
post-procedure flare-up pain (36).

Teixeira and Sluijter (19) first reported on PRF treat-
ment for discogenic pain. However, there has been only
one investigation of intradiscal PRF with Diskit needles
in patients with discogenic pain (20).

In the present study, the pain intensity scores (NRS)
and RMDQ scores showed significant (P < 0.01) improve-
ment at one, 3, 6, and 12 months after intradiscal PRF
treatment. Intradiscal PRF resulted in 82.6% of patients
reporting a successful clinical outcome after 12 months.
Based upon our results, intradiscal PRF appears to be an
effective and promising non-operative treatment for
discogenic LBP.

A major advantage of intradiscal PRF with Diskit
II® needles are that when used in discectomized discs
it is relatively easy to place the Diskit needle, elimi-
nating the need to thread a long heating portion of
an IDET catheter. The Diskit needles are thin (20G)
allowing treatment of discs with a residual height
as low as 10-25% of the original height, while IDET
electrodes are up to 17G and treatment can only be
performed in discs that still have at least 50% of their
original height. Intradical PRF is also an outpatient
procedure, only local anesthesia is needed, and the
procedure takes a very short amount of time. Fur-
thermore, intradical PRF could eliminate the long-

lasting (up to 2 months) flare-up pain linked to other
techniques using radiofrequency thermocoagulation,
such as IDET (36).

Intradiscal PRF appears to be a good alternative
minimally invasive treatment to IDET (10-13) for dis-
cogenic pain which was resistant to other conservative
therapies.

Teixeira and Sluijter (19) reported the effect of in-
tradiscal PRF treatment in 8 patients via a numeric rat-
ing scale, and all patients had a drop of at least 4 points
at the 3-month follow-up. The parameters applied for
PRF were 60 V for 20 minutes, frequency 2 and 20 mil-
liseconds pulse width, with a 15-mm active tip. Another
study by Rohof (20) reported that 70.9% patients had
a drop of at least 2 points at the 12-month follow-up
and 56.5% of the patients had > 50% pain reduction at
12 months. The parameters applied for PRF were 60 V
for 15 minutes, frequency 2 and 10 milliseconds pulse
width, with a 20-mm active tip.

The clinical outcome of our study was apparently
better than that of previous studies. It might have been
attributed to the differences in the diagnostic method
of discoblock (9).

Contrary to previous studies (20,37) using au-
tomated pressure-controlled discography (38) or
manually controlled discography (39), we utilized
discoblock as the inclusion criteria (9). This appar-
ently may have led to the reliability of our dignostic
method and the improvement in the quality of the
data. Carefully selected patients with discogenic LBP,
nonresponsive to conservative care, with definitive
imaging and provocative discography and discoblock
(9) seem to benefit clinically from intradiscal PRF in
terms of pain reduction, functional, and quality-of-
life improvement.

To achieve the optimal outcome through intradis-
cal PRF, further research is needed about the proper
setting conditions of pulse width, pulse frequency,
voltage, and stimulation time for applying PRF current,
which is yet to be established.

LiMITATIONS

The limitations of this study were that it was not
controlled and the number of patients was small. How-
ever, to lessen the possibility of natural improvement
without PRF treatment in this study, patients who had
shown no interval change of their pain intensity de-
spite conservative treatment for at least 6 months were
chosen.
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ConcLusION

Patients who underwent intradiscal PRF for chronic
discogenic LBP showed significant improvements in
terms of pain relief and reduction of disability. In-
tradiscal PRF appears to be a safe, minimally invasive
treatment option for carefully selected patients with
chronic discogenic LBP who have not responded to

aggressive non-operative care. Further randomized
placebo-controlled studies with longer follow-up peri-
ods or randomized studies of different pulse width or
frequency are needed to elucidate the effects, as well
as to explore the action mechanisms to reduce disco-
genic pain.
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