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RADIOFREQUENCY STIMULATION OF INTERVERTEBRAL Discs

Steven Rosen, MD, and Frank Falco, MD

The etiology of discogenic pain is poorly
understood. The most accepted theory has been
that nociceptors in the outer one-third of the an-
nulus fibrosis are responsible for transmitting
pain secondary to internal disc disruptions. The
concept of “neoneuralization” after disc injury
has been disseminated. It has been noted that
disc degeneration and injury are associated with

ingrowth of neural fibers into the disc annulus.
One mechanism of Intradiscal Electrodothermal
Therapy (IDET) has been thought to be lesioning
of these nociceptors. Five consecutive patients
were studied using an intraannular electrode.
The Radionics,,, discTRODE™ was used. It was
found impossible to selectively stimulate axial
pain fibers using this system. Radicular stimu-

lation was noted in all patients at all levels stud-
ied. The implication of these findings concerning
the concept of neoneuralization, mechanism of
IDET, and possible strategies to decrease disco-
genic pain are discussed.
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Intervertebral

The mechanism of pain from inter-
nal disc disruption is poorly understood.
Previous studies have shown sensory nerve
endings confined to the outer one-third of
the annulus fibrosis. The theory of “neo-
neuralization” has been suggested to de-
scribe the etiology of internal disc disrup-
tions. Abnormal nerve ingrowth and ex-
pression of painful nociceptors have been
thought to be the primary factor in pain-
ful internal disc disruptions. Numerous
studies have implicated the outer annulus
as a source of axial back pain (1,2). Recent-
ly thermal lesioning has been advocated as
a means of decreasing pain secondary to
internal disc disruptions (3). Thermal le-
sioning has been advocated first using the
Spinecath manufactured by Oratech and
now also using the discTRODE manufac-
tured by Radionics (4, 5). Published studies
have been performed using the Spinecath
and have shown a positive effect from ther-
mal lesioning. However, the mechanism
of thermal disc lesioning is unclear. It has
been assumed that deafferentation of the
outer annulus has been an important goal.
Another proposed mechanism has been
collagen modification. If deafferentation of
the outer annulus was the primary mech-
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anism, one would assume that pain relief
would occur in the short-term as soon as
the temperature of the outer annulus was
over 42 degrees. However this does not
correlate with the clinical finding that pa-
tients can have severely increased pain after
the procedure lasting up to six weeks. The
fact that patients slowly improve with time
implies that collagen modification and re-
modeling may be the primary mechanism
in successful Intradiscal Electrodothermal
Therapy (IDET). Thermal lesioning with
the IDET Spinecath was first described
by the Saal brothers (6). Most studies have

shown success rates between 50 and 70% in
decreasing discogenic pain.

This study was performed with the
discTRODE™ manufactured by Radion-
ics. The discTRODE is an electrode placed
in the outer annulus (Fig.1). The presumed
advantage over the Spinecath is placement
of the heat source closer to or into the out-
er annulus. Recent studies by Kleinstueck
have shown that the temperatures required
to ablate nerves or induce collagen shrink-
age were not observed except in a very lim-
ited margin surrounding the Spinecath
(7,8). During the discTRODE procedure
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Fig 1. Placement of Spinecath and discTRODE
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Fig 2. Anterior and Posterior Views of Introducer, disc-

TRODE and SMK Electrode

Electrode

Fig 3. Lateral View of Introducer, discTRODE and SMK

a conducting wire is passed thru the outer
annulus using an extrapedicular approach.
A contralateral thermocouple is placed
through another extrapedicular approach
to monitor temperature changes during
the procedure. Outer annular tempera-
tures during the procedure are measured
using the contralateral thermocouple. The
discTRODE is heated to at least 60 degrees
to ensure collagen remodeling and that the
outer annulus is at least 42 degrees to en-
sure denervation of annular nociceptors.
The theory that intervertebral disc
stimulation is secondary to pressurization
and sensitization of the outer annular no-
ciceptors has been largely accepted dur-
ing the last decade. The dorsal ganglion
has been largely overlooked as a pain pro-
ducing structure. A recent study showed
that disc stimulation during thermal le-
sioning with the Spinecath reproduces the
patient’s pain as noted during discogra-
phy and is concordant with patient’s usu-
al pain syndrome (9). However, it is not-
ed that most complications from thermal
lesioning are neuropathic in origin. While
there have been reports of vertebral body
osteonecrosis and accelerated disc de-
generation (10), the majority of compli-
cations are neuropathic in origin. These
have included cauda equina syndromes
(11). A recent article describing complica-
tions of Intradiscal Electrothermal Ther-
apy describes the most common compli-
cations as new paresthesias in a non-der-
matomal distribution (12). These com-
plications have been generally self-limit-
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ed. The original goal of this study was to
electrically stimulate the outer annulus.
It was felt that if electrical stimulation of
the outer annulus was possible then neu-
romodulatory techniques could decrease
pain in patients with internal disc disrup-
tions recalcitrant to standard therapies.

METHODS

Patients were chosen in a standard
manner. The age of the patients ranged
from 23 to 56. The sex distribution was
2 male and 3 female. All patients had in-
ternal disc disruption with pain repro-
duced by discography. All discTRODE

procedures were performed in either
one or two adjacent discs. All patients
had a negative control level and all levels
showed low-pressure concordant provo-
cation of the disc annulus. A subsequent
CT scan showed radial tears. A Radion-
ics RFG-3C+ lesion generator was used.
A 17 gauge insulated introducer needle
was used. A contralateral approach to
the most painful side was used. The dis-
cTRODE was placed through the outer
annulus to the painful side without dif-
ficulty in all cases (Fig.2 and Fig.3). The
annulus was identified using a combi-
nation of impedance and fluoroscopic

Fig 4. discTRODE and SMK Electrode
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monitoring. The measured impedance
would decrease dramatically as the an-
nulus was entered. The impedance of the
discTRODE was 100 ohms. Stimulation
was performed at 2 hertz and 50 hertz
to predominantly stimulate first motor
and then sensory fibers. If only contra-
lateral stimulation to the side of inser-
tion was noted the introducer needle
was pulled back until bilateral stimula-
tion was noted. A contralateral thermo-
couple was used at all levels and inserted
just into the outer annular fibers as de-
termined by impedance monitoring and
fluoroscopy (Fig.4). All patients were se-
dated during introduction of the intro-
ducer needle, discTRODE, and contra-
lateral thermocouple but were alert and
awake during disc stimulation and heat-
ing. Thermal lesioning was begun at 50
degrees and then increased by a maxi-
mum of 5 degrees every three minutes
until the discTRODE temperature was at
least 60 degrees to ensure collagen modi-
fication. Temperature was then increased
until the outer annular temperature was
noted to be at least 42 degrees. If painful
paresthesias were noted the temperature
was decreased until they disappeared.

ResuLTs

Results are summarized in Table 1.
Five patients were studied. However sub-
sequent patients were noted to have sim-

ilar and entirely reproducible findings.
Stimulation thresholds were between 0.8
and 1.5 volts. There was no difference
between motor and sensory stimulation
thresholds. The patients all described a
burning uncomfortable sensation in their
legs. Two patients described axial back
stimulation but only after stimulation of
the lower extremities was noted and only
at voltages that were extremely painful. If
stimulation was only on the side contra-
lateral to the insertion of the discTRODE,
the introducer needle was then pulled
back until bilateral stimulation was not-
ed. Six discs were studied. One patient
had both L4-5 and L5-S1 studied. All
findings were reproduced at least twice
before thermal lesioning was performed.
No discs were noted to produce comfort-
able stimulation. All stimulation was non-
dermatomal. Results were tabulated after
six weeks. Four lesions were performed at
15-S1, one at L4-5, and one at L3-4. One
patient noted no change in pain at three-
month follow up. Four patients noted de-
creased leg pain after six weeks. Two pa-
tients noted decreased back and leg pain
after six weeks. At all levels radicular stim-
ulation was primarily obtained. All pa-
tients are still being followed for chronic
pain control. So far 4 out of the 5 patients
obtained at least 6 months of partial ben-
efit and one patient had no benefit. No in-
traoperative complications were noted.

DiscussioN

All patients noted stimulation in the
lower extremities. There was no differ-
ence between motor and sensory thresh-
olds. Surprisingly only two patients not-
ed back stimulation and these were at
high voltages and were painful. Stimula-
tion was always radicular rather than ax-
ial. While possible that these stimulation
patterns were specific to the Radionics
discTRODE, this is unlikely.

The results imply that while neoneu-
ralization may be noted on histological
specimens it may not be the etiology of low
back pain. The results noted are more con-
sistent with stimulation of the dorsal gan-
glion. Ipsilateral stimulation of the contra-
lateral dorsal ganglion was noted and then
bilateral ganglion stimulation was noted
after the introducer was pulled back. This
correlates with recent studies showing that
while not common, neuropathic and radic-
ular complications occur after thermal le-
sioning. These results are also similar to pa-
tients who have had radiofrequency partial
percutaneous ganglionotomies. Typically
the patients can have a substantial neuritis
lasting up to six weeks before the pain de-
creases. They can note benefit lasting up to
one year. This also correlates with the fact
that denervation of outer annular nerve fi-
bers would be expected to give more im-
mediate relief. The implication is that long-

Table 1. Disc Stimuulation

Patient Level Sensory Motor Quality Max Result
DOS Threshold Threshold Temperature Time
L.D. L3-4 0.85 Volts 67 degrees for Decreased
12/05/02 back, buttocks, bilateral Same Burning 2 minutes then 65 back and
lower extremities degrees for 6 minutes leg pain at
2 months
C.B. L4-5 0.8 Volts Same Uncomfortable 62 degrees for No change
12/17/02 lower extremity > back 3 minutes in pain
1.2 Volts at three
lower extremity > 65 degrees for months
L5-S1 back Same Uncomfortable 3 minutes
D.B. L5-S1 0.85 Volts
12/19/02 buttocks, then Same Painful 65 degrees for Decreased
ipsilateral 4 minutes leg pain at
1.1 Volts bilateral 6 weeks
buttocks and lower
extremities
A.F. L5-S1 1.2 Volts Decreased
01/02/03 right lower extremity Same Painful 68 degrees for back and
1.5 Volts 3 minutes leg pain at
left lower extremity 10 weeks
E.S. L5-S1 1.1Volts Decreased
. . 60 degrees for .
02/20/03 bilateral lower Same Painful > leg pain at
s 6 minutes
extremities 6 weeks
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term benefit from an IDET procedure may
be either secondary to collagen remodel-
ing, a partial percutaneous ganglionoto-
my, or to an unknown mechanism. Four of
the five patients in this study obtained six
months of partial relief.

These findings stimulate much
cause for discussion. The original
thought was that if stimulation of the
axial back pain fibers was possible then
stimulation with commercially available
neuromodulatory leads would be appro-
priate to decrease pain in patients with
recalcitrant internal disc disruptions. If
the painful structure truly is the dorsal
ganglion, attempts to neuromodulate the
dorsal ganglion may be more successful
in decreasing discogenic pain. The mech-
anism of discography may not be sensi-
tization of nociceptors in outer annulus.
It may be irritation of nociceptors in the
dorsal ganglion after pressurization of
the intervertebral disc.

CoNCLUSION

To summarize, disc stimulation us-
ing the Radionics discTRODE was per-
formed on five consecutive patients. Ra-
dicular stimulation was noted in all pa-
tients with no change between motor and
sensory thresholds. Axial back stimulation
occurred only in two patients at high am-
plitudes. The theory of neoneuralization
and sensitization of nociceptors in the
outer annulus may not apply to pain from
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internal disc disruptions. The mechanism
of IDET lesioning remains unknown. It
may well be secondary to collagen mod-
ification of the outer annulus. It may be
secondary to partial denervation of the
dorsal ganglion. It may be from a mecha-
nism still unknown. Hopefully this article
will stimulate further investigations into
the etiology of painful internal disc dis-
ruptions and allow us to find a technique
to better treat this unfortunate and large
subset of chronic pain patients.
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