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Original Case Study

Intradiscal Electrothermal Therapy: A Preliminary Report
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Internal disc disruption is a common cause of disabling
low back pain in a substantial number of young, healthy
adults.  A clinical diagnosis of internal disruption, in ab-
sence of objective clinical findings, is convincingly estab-
lished only by means of provocation discography.
Intradiscal electrothermal therapy has been shown to be
effective in managing chronic disabling discogenic pain.

This prospective pilot outcome study was designed to in-
vestigate the effectiveness of intradiscal electrothermal
annuloplasty in a series of patients with chronic function-
ally disabling discogenic low back pain.  The results showed
greater than 50% pain relief in 67% of the patients.  In
addition, a significant decrease in visual analog pain scores
was also seen.  Further, the assessment of functional status

showed significant improvement with standing and walk-
ing, whereas sitting also demonstrated significant improve-
ment in 62% of the patients, though it was not statistically
significant.  No complications were noted in the
perioperative period or during the follow-up period.

In conclusion, intradiscal electrothermal therapy is a safe
and effective procedure in patients suffering with chronic
functionally limiting discogenic pain who fail to respond
to aggressive conservative modalities of treatments as well
as interventional therapy with injections.
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The costs for low back pain, including disability and liti-
gation, are estimated to be more than $100 billion a year
(1,2).  Low back pain is the second most common reason
people seek health care.  At some point in life, pain of
spinal origin will affect 80% of the population; 35% to
79% of those may end up suffering from chronic back
pain (1-3).  Low back pain and pain that originates from
disc disease can be especially difficult to diagnose and
treat (1, 3-10).  Several clinical studies have suggested
that as few as 1% to 30% of low back problems can be
attributed to nerve-root compression (4-6).  The symp-
toms of back pain (with or without referred pain) without
neurological symptomology strongly suggest a somatic
origin within the musculoskeletal tissues of the lumbar
spine (4).  Computed tomography (CT), myelography and
magnetic resonance imaging (MRI) may help to deter-
mine if there is an obvious disc injury; however, none of
these will rule out internal disc disruption with certainty.
Crock (10) reported a condition that is characterized by
internal disruption of the disc, discogenic lumbar pain in

the absence of disc abnormality, absence of nerve-root
compression, and no abnormality seen with CT, or myel-
ography.  Sachs and colleagues (11) and Vanharanta and
coworkers (12) reported strong correlations between outer
annulus disruption and pain reproduction on discogra-
phy.  According to their results, more than 70% of fis-
sures reaching the outer third of the annulus were associ-
ated closely with pain reproduction.  Thus, the interver-
tebral disc is felt to be a common source of chronic low
back pain by many investigators (6, 13-15).  In fact,
Schwarzer and colleagues (15) estimated the prevalence
of discogenic pain among patients with chronic low back
pain to be 39%.  Thus, a discogenic etiology of low back
pain exists in a subgroup of patients suffering with chronic
low back pain (6, 16, 17).  Nonoperative measures fre-
quently are unable to reduce their pain and improve the
functional status (5, 16-19).  In addition, surgical treat-
ment of these patients, including interbody fusion tech-
niques, has yielded only mixed results (19-26).  Saal and
Saal (16) and Derby and coworkers (17) reported signifi-
cant improvement in functional outcome in patients with
chronic discogenic low back pain treated thermally by
intradiscal catheter.  With this technique, thermal therapy
is targeted to the annulus of the disc using a navigable
intradiscal catheter at a temperature range that both modu-
lates the collagen properties of the disc and destroys no-
ciceptive nerve endings (17).
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Table 1.  Patient Characteristics
This article reports on a clinical prospective study de-
signed to determine the outcome in a group of patients
with chronic low back pain who failed to respond to con-
servative and invasive modalities of treatments in a ru-
ral/private practice setting.

METHODS

From June 1, 1999, thru August 31, 1999, 23 consecutive
patients undergoing the intradiscal electrothermal therapy
procedure were enrolled into a prospective pilot outcome
study.  Clinical inclusion criteria were back pain greater
than 6 months; lack of response to conservative treatment;
normal neurologic examination; absence of nerve-root
tension signs; absence of compressive lesion on MRI;
concordant pain reproduction of typical symptoms with
provocative discography at one or more levels; and inten-
sity of the pain limiting the function.  Exclusion criteria
included inflammatory arthritis, nonspinal conditions that
could mimic lumbar pain, and medical disorders that
would preclude appropriate follow-up evaluation and par-
ticipation.

All 23 patients who met the inclusion criteria were evalu-
ated by multiple physicians and underwent various types
of conservative modalities of treatments including non-
steroidal anti-inflammatory agents, opiates, physical
therapy, and fluoroscopically directed epidural injections.
There were no exclusions in enrollment.

The intradiscal electrothermal therapy procedure was
performed at up to two symptomatic levels utilizing a
navigable intradiscal catheter with a thermal-resistive coil
that raises disc temperatures in the posterior annular wall
in order to modify collagen and coagulate nociceptors.
Using standard discography technique, under conscious
sedation, an ORATEC Interventions 30-cm
SpineCATH (Oratec Interventions, Inc, Menlo Park,
CA), with a 6-cm active electrothermal tip is inserted into
the annulus or nucleus by a 17-gauge introducer.  Fol-
lowing catheter positioning, electrothermal heat is gen-
erated along the active portion of the catheter.  Our heat-
ing protocol included 16.5 minutes in automode, with the
final temperature reached being 80 to 90 degrees.  A single
heating treatment was administered at each level.  After
heating, antibiotic was administered intradiscally for pro-
phylaxis against disc infection.

All patients were followed postprocedure at 1, 2, 3, and 6
months.  The patients also underwent appropriate reha-
bilitation.

Data were gathered using customized data-recording
sheets.  Data were collected at baseline, as well as at each
follow-up.  All data were recorded numerically and sub-
sequently analyzed.  Paired tests were for pre-and
postprocedure visual analog scale (VAS) scores for pain
and functional status; P values less than 0.05 were con-
sidered significant.

RESULTS

A total of 23 patients underwent the intradiscal electro-
thermal therapy procedure from June 1, 1999, to August
31, 1999.  Of the 23 patients, follow-up data were re-
corded for 21 at various intervals.  Follow-up informa-
tion was not available on two patients, as one patient died
due to a cardiovascular event approximately 5 months
postprocedure and one patient moved out of the area with-
out a forwarding address.  The one patient who died due
to a cardiovascular event reported 100% relief at her 4-
month follow-up visit.  However, she was not included in
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the statistical analysis.

Patient Characteristics

There were 21 patients, 9 men and 12 women, (Table 1),
ages ranging from 24 to 60 years, with a duration of pain
ranging from 6 to 384 months.  Nine patients underwent
electrothermal therapy at one level and 12 patients un-
derwent multiple levels.  Of the 21 patients seen, 9 were
working and 12 were not working.  Four of those patients
reported that they could not work due to their pain.  Of
those four, one patient was receiving long-term disability
and Workers’ Compensation, one was receiving Work-
ers’ Compensation, and the other two were not receiving
either Workers’ Compensation or long-term disability.
The remaining eight were not working for reasons unre-
lated to functional limitations secondary to low back pain.
Among the nine patients working, one patient was re-
ceiving Workers’ Compensation; however, this patient
continued to work on a limited basis prior to the proce-
dure.  None of the patients were involved in litigation,
and 17 of 21 patients were using narcotic analgesics for
pain control.

Pain Relief

All of the patients reported significant pain relief follow-

ing the intradiscal electrothermal therapy procedure,
(Table 2).  Visual analog scores were analyzed using cur-
rent scores, best scores, and worst scores.  Statistically
significant difference was noted with all pain scales, with
a P value of 0.000 for current VAS, 0.001 for best VAS,
and 0.000 for worst VAS.

The pain relief was also analyzed using patient percep-
tions:  relief less than 50%, 50% to 74%, and 75% or
greater relief.  Seven patients, or 33%, reported pain re-
lief less than 50%; whereas 14 patients, or 67%, reported
relief greater than 50%; with 57%, or 12 patients, report-
ing relief of 75% or greater (Table 3).

Narcotic use also decreased by 29%.  However, this failed
to achieve statistical significance (P=0.063).

Functional Status

Functional status was evaluated by means of tolerance to
sitting, standing, and walking (Table 4).  Prior to the
intradiscal electrothermal therapy procedure, 33% of the
patients were able to sit for more than 30 minutes, 29%
were able to stand for more than 30 minutes, and 19%
were able to walk for more than 30 minutes.  Following
the intradiscal electrothermal therapy procedure, sitting,
standing and walking tolerance improved.  However, sta-
tistically significant differences were noted only with
standing and walking; whereas, even though sitting ca-
pacity improved to greater than 30 minutes in 57% of the
patients, from 33%, it was statistically not significant.

Gross evaluation of change in functional status following
the intradiscal electrothermal therapy procedure (Table
5) showed improvement in 62% of patients in terms of
sitting and standing, whereas it was seen in 71% of the
patients with walking.
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DISCUSSION

The intervertebral disc is composed of two distinct parts,
the annulus fibrosus and the nucleus pulposus.  The ma-
trix of the nucleus pulposus is rich in proteoglycans,
whereas the annulus fibrosus is comprised predominantly
of collagenous tissue.  The third component of the disc is
vertebral endplate comprised of two cartilaginous layers
that line the top and bottom of each disc and separate it
from the vertebral bodies.  The annulus has two distinct
layers:  the outer annulus, which is composed of Type I
collagen (as is found in tendon) and the inner annulus,
which is composed of Type II collagen (as in hyaline car-
tilage).  The collagen fibers are arranged in sheets called
lamellae.

The nucleus pulposus is 70% to 90% water, makes up
two thirds of the surface area of the disc and is respon-
sible for bearing 72% of the compressive load borne by
the disc.  The nucleus’s proteoglycan matrix is respon-
sible for this support.  Proteoglycan units are made up of
several proteoglycans linked to a polypeptide chain.
Proteoglycan aggregates are made up of several
proteoglycan units bound to a hyaluronic acid that is sta-
bilized by a small mass of protein known as the link pro-
tein.  They can absorb enough water to increase their
weight by approximately 250%.  Proteoglycans are syn-
thesized by chondrocytes within the nucleus and are slowly
turned over by the low-grade metabolic process of the disc.
They are localized to the matrix of the nucleus and may
be capable of inciting an inflammatory response when
exposed to mucosal surfaces.

The pathophysiology of chronic low back pain in general
and chronic discogenic pain in particular is complex.  The
disc is a nociceptively innervated structure capable of pain
generation (6, 13, 27-35).  Multiple investigators have
shown that granulation tissue and ingrowth of small un-
myelinated neural fibers occur in degenerative and dis-

rupted discs (13).  Increased shear stress across the annu-
lar wall can lead to pain generation by mechanical stimu-
lation of annular nociceptors (6, 13, 27, 36-41);
nociceptors exposed to inflammatory substances have been
shown to sustain a lower threshold of firing (42-46); and
chronic discogenic pain may result from mechanical
stimulation of annular fissures, or from delamination, in
which annular lamellae repetitively stimulate nociceptors
that may have been presensitized by the intradiscal bio-
chemical milieu, including phospholipase A2 (PLA2) (47),
nitrous oxide (48), a lowered pH (42), or metalloprotinase
activity (16).

The current study was designed to determine the outcome
in a group of patients with functionally limiting chronic
low back pain who failed to respond to conservative and
invasive modalities of treatments.  The only treatment
left for these individuals was interbody fusion surgery.
However, interbody fusion surgery yielded mixed results,
with a 40% to 90% success rate (16, 17, 22-26).  The
intradiscal catheter thermal therapy has been shown to
yield impressive preliminary results (16, 17).  The pa-
tients in this study group suffered with chronic disabling
pain an average of 6 to 7.5 years.  They also failed to
respond to all aggressive modalities of treatments except
surgery.  Following the intradiscal thermal treatment, a
significant proportion of these patients achieved clinical,
meaningful and statistically significant improvement in
pain and functional level.

Even though the follow-up period in this study may be
criticized for being too short for assessing the efficiency
of a major spinal procedure, the length of the follow-up
period is appropriate for this type of therapy.  Intradiscal
therapy is associated with minimal morbidity, even though
considered invasive, and it is much less invasive than
surgical interventions such as interbody fusion.  In addi-
tion, Saal and Saal (16) also showed that there was no
statistical difference between patient outcomes assessed
at 6 months and those evaluated at longer follow-up in-
tervals, which essentially suggested that there is no dete-
rioration in improvement between 6 months and 12
months, which is also confirmed by our personal experi-
ence.  Further, the short-term morbidity of the intradiscal
thermal procedure is extremely minimal; and, conse-
quently, the long-term complications are also minimal,
and none have been reported.  No complications were
observed in the 23 patients included in this study.

Further criticism may be directed at the lack of present
evidence with regards to the long-term effect of intradiscal
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therapy on the disc.  However, degenerative discs have
been shown to have a natural history of progression (36,
37, 39).  Hence, one can assume that it is unlikely that the
long-term effect produced by thermal treatment of the disc
at the temperatures used in this study would harm the
treated segment beyond the known consequences of the
degenerative cascade (16).  This is in contrast to docu-
mented short- as well as long-term negative consequences
of fusion surgery (16, 17, 22-26).

Finally, criticism may be directed at the nonrandomized
nature of the study.  However, once again, the issues of
ethics, feasibility, cost, and reliability pose challenges to
the randomized trial, which theoretically represents the
“gold standard” (49-56).  In a recent analysis, Concato et
al (57) analyzed five clinical topics in 99 reports, which
included both randomized studies as well as observational
studies.  The results of this analysis (57) showed that the
well-designed observational studies (with either a cohort
or a case-control design) do not systematically overesti-
mate the magnitude of the effects of treatments as com-
pared with those in randomized, controlled trials on the
same topic.  This essentially challenged the current con-
sensus about the hierarchy of study designs in clinical
research.  However, this is not to say that we do not need
randomized, controlled studies, as Pocock and Elbourne
(58) observed:  a systematic review of evidence on a thera-
peutic topic needs to take into account the quality of the
evidence, as these authors stated; any study, randomized
or observational, may have flaws in design or analysis.

CONCLUSION

Based on the results of the present study, it is concluded
that intradiscal thermal therapy is a safe and effective
procedure in patients suffering with chronic functionally
limiting pain with positive discs who fail to respond to
aggressive conservative modalities of treatment, as well
as interventional management with fluoroscopically di-
rected epidural injections.  This appears to be a promis-
ing, minimally invasive treatment for chronic discogenic
low back pain, which also appears to be cost effective.
However, issues requiring further clarification include
exact mechanism of action, reasons for failures, optimal
treatment parameters, long-term results and possibility
of disc deterioration beyond the natural progression of
disc degeneration.  Finally, considering the only option
available for these patients, namely interbody fusion, re-
sults of this study and other studies (16-17), justify its
continued use while awaiting further studies, specifically,
controlled, prospective, randomized ones.
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