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Application of Pulsed Radio Frequency to the Dorsal

Horn and Dorsal Roots

Omar Omar-Pasha MD

Abstract In the world of neuromodulation for pain manage-
ment, the new multifunctional electrode presented in this
article, together with the associated procedure described,
considerably extends the range of therapeutic options in
the hands of pain physicians. Besides the definite therapeutic
effect, the lower rate of complications and side effects,
further factors also make this new procedure and device
appear an attractive diagnostic and therapeutic modality.

Keywords Dorsal horn stimulation - Functional DREZect-
omy - Multifunctional electrode - PASHA-electrode™ - PRF
spinal cord modulation

Introduction

The treatment of chronic pain remains a challenge in modern
medicine. Whenever pharmacologic and other conservative
treatments of chronic pain fail, ablative and interventional
methods are attempted on the assumption that interrupting
nerve conduction prevents central pain cognition [21].
Chemical procedures such as injecting phenol or alcohol
[8] have been almost completely replaced by cryosurgical
and especially thermosurgical interventions because of their
superior dosability and placement accuracy [17, 25]. High-
end therapies such as spinal cord stimulation or intrathecal
drug infusions are expensive and not free of complications
[22]. There is still a large gap between the standard therapies
and these high-end methods [2].
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When using the thermosurgical approach, radiofrequency
thermocoagulation (RFTC) is the method of choice. The
temperatures applied usually reach 70-85°C [7, 15].

Since pulsed radiofrequency (PRF) technology has been
shown to be effective in the management of chronic pain, it
is an interesting option for the invasive treatment of chronic
pain and has a much lower rate of side effects compared to
other techniques [1, 10, 18]. The temperature in the treated
tissue does never rise above 42-43°C and there is thus no
tissue destruction (Fig. 1).

Histochemical investigations have shown enzyme-like
protein induction in PRF-treated nerve cells which is not
observed in cells treated with continuous RF [6]. Moreover,
histological analyses have not revealed any significant tissue
damage to the treated nerve cells [3]. Maintaining a safety
distance from the treated nerves is no longer necessary, on
the contrary, distance diminishes the outcome.

Since only rigid electrodes and the thin electrodes (SMK-
electrode) developed in the 1980s were available interven-
tions had to be restricted to stimulating the nerves in or
peripheral to the intervertebral foramina. A closer approach
to the roots or treatment of (sacral or thoracic) ganglia in the
spinal canal was only achievable by drilling burr holes, an
intervention eschewed by many pain specialists [19].

In 2003, the flexible multifunctional electrode (PASHA-
electrode™) was developed.

The multifunctional electrode is a flexible probe which
allows us to apply PRF without restriction to almost any-
target. This flexible electrode is a combination of a catheter
with two electrodes located at the tip.

The rationale underlying this approach is that the
dorsal horn plays a central role in modulating all
nociceptive inputs on their way to the central nervous
system.
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MCS=motor cortex stim.

DBS=deep brain stim.

Pooocsp

SCS=spinal cord stim.

§° DREZ=dorsal root entry zone stim.(PRF)
:i%w Dorsal root stim.(PRF)

«nwi@ + spinal ganglia stim.(PRF/RF)

‘ %Qorsal branch denervation (RF)
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PNS=peripheral nerve stim.

PF <42°C

Stimulation of nervous tissues

Fig. 1 Targets for neuromodulation. PNS peripher nerve stimulation;
PRF pulsed radiofrequency stimulation of the DREZ region; SCS spinal
cord stimulation; DBS deep brain stimulation

With this Device We Can Perform the
Following Procedures

« Stimulate any nerve or spinal nerve root at any frequency,
e.g. 80 Hz test stimulus for sensory stimulation, in order
to determine the exact level

o Apply PRF at the dorsal root entry zone, the dorsal roots
and conus medullaris peripheral nerves and any other
structures

 Injection of medications and agents

¢ Online measurement of the temperature at the tip to avoid
damage to surrounding tissues

o Accurate placement without the need for radiopaque con-
trast materials, due to the visibility of the device in
radiography and test stimulations

e SCS trial stimulation

 The multifunction device can be left in place for repeated
PRF or injections

This paper summarizes these results and presents technical
conclusions. After the treatment of more than 2500 patients,
new algorithms have been developed for the management of
chronic pain patients.

The Multifunctional Electrode

The flexible multifunctional electrode is a combination of a
catheter and two electrodes placed at its very soft distal end
(each 3 mm long and 4 mm apart). The distal opening of the

Fig. 2 Multifunctional electrode (PASHA-electrode)

catheter is situated between the two electrodes. The catheter
is 60 cm long and has a maximum outer diameter of 1.38 mm
(4 F), the stylet diameter is 0.35 mm (Fig. 2).

Stimulation Parameters

The generator power output is in the 0,1-5 Watt range (in a
few cases above 10 W). The conductivity of electrical cur-
rent in epidural fat is very low (0.04 Q 'm™") compared to
1.4 Q"' m~! in the CSF. The duration of the active phase is
20 ms and the pause between active phases lasts 480 ms,
resulting in two active phases per second. The voltage
usually is less than 45V (Fig. 3).

Practical Implementation

The epidural space is accessed using the loss-of-resistance
technique. X-ray visualization is recommended. The nar-
rowness of the epidural space should be considered and
only small amounts of NaCl injected. In the cervico-thoracic
region, the ligamentum flavum is thin and may even be non-
existent, in which case the loss-of-resistance technique is
inaccurate and even dangerous. For that reason, we prefer to
penetrate the epidural space at the T3/4/5 level or even lower
when treating the cervical spine (Fig. 4).
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Standard Radio frequency

e

electrode

Fig. 4 The paramedian access from the contra-lateral side

Our standard approach for lumbar, sacral and radicular
pain in the legs is the paramedian access L3/4 from the
contra-lateral side. We use introducing cannulae familiar to
us from introducing spinal cord stimulation (SCS) electrodes
[13, 14]. The introducer should not be less than 14 G to avoid
difficulties in handling the electrode or prevent damage to
the multifunctional electrode (Fig. 5).

Approximately 1.5 cm proximal to the tip, we bend the
electrode slightly to make navigation easier (approximately
20-30°). This curvature must not be excessive as this would
complicate the reinsertion of the mandrins (Figs. 5-8). We
do not place the multifunctional electrode over the dorsal
column as in SCS. When treating the lumbar and sacral
area, our target is the dorso-lateral parts of the spinal cord
(Fig. 9).

Fig. 5 14G Introducer

Targets When Treating the Spinal Cord
and Its Nerve Roots

o By introducing the electrode using a paramedian ap-
proach and entering the epidural space between the third
and fourth lumbar intervertebral space, we can treat all
the lumbar roots and the upper sacral roots (Figs. 9-12).

Using this approach we are also able to treat the conus.
The electrode can be advanced, if required, to the thoracic
and even cervical parts of the spinal cord. Usually, if our
target is the thoracic region, we prefer to enter between the
second and third vertebra. When treating the cervical spine,
we usually introduce the electrode between the third and
fourth thoracic vertebra.

o Treating the DREZ region at the conus medullaris or at
the levels of the lower thoracic spine appears to have a
similar outcome as treating the nerve roots directly. The
specific indications for the different targets in the future
will have to be determined by further research (Fig. 13).

o The electrode can be introduced via the sacral hiatussa-
cral hiatus. This method was adapted from our experience
in performing adhesiolysis. The primary indication for
this method is treatment of the sacral nerves, which are
difficult to approach in the lumbar spine because they are
concealed ventral to the lumbar roots. For the manage-
ment of mononeuropathy, e.g. affecting the pudendal or
obturator nerves, we chose the sacral approach. Treating
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Fig. 6 Tip of the electrode.
Notice the slight bending of the

tip
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Fig. 7 Fixing the end of the electrode by the third and fourth digit

Fig. 9 Possible targets for PRF-stimulation at different spinal cord
levels

the distal parts of the sacral roots therefore modulates the
dorsal root entry zone (Fig. 14).

If the requirement is to treat an oligo or monoradiculo-
) Fig. 8 Steering the mandrin by forefinger and thumb pathy or use the technique for “educational” purposes, it is
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Mfa@ Dorsal root

'Ventral root
Spinal -

%Mmﬁ:

Spinal nerve
Du
Epidural space

" Multifunct.electrode

Fig. 10 View of the lumbar spine showing the position of the multi-
functional electrode

Fig. 11 PRF stimulation of the
conus medullaris and dorsal roots

preferable to stimulate the dorsal nerve roots directly. The
technique can best be demonstrated in this region. Clearly,
stimulating the roots one by one is the most time consum-
ing of all techniques. For the patients, however, this tech-
nique is the most impressive because it allows them to
identify each root exactly, thereby making it easier to
distinguish the different painful areas. This can be psycho-
logically significant.

The patient is placed in the prone position with a cushion
under the abdomen to reduce the lordosis.

The return electrode (ground plate) is positioned cranially to
the area we intend to modulate or ventrally over the abdomen.

Local anaesthesia is administered which already provides
important information about the tissue to be passed. If the
intervertebral space is too bony, the approach can be changed
at this stage.

A small incision is made and the introducing cannula is
advanced to the intervertebral ligaments.

The epidural space is accessed using the loss-of-
resistance technique. Since many patients suffering from
chronic pain have already undergone several operations,
the procedure is sometimes not easy. If the dura is uninten-
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Targets for
tumbar nerve

root stim.

Fig. 12 PRF stimulation of the lumbar spinal roots

A
W
Targets for

Conus stim.

Fig. 13 PRF stimulation of the conus medullaris

tionally punctured, the introducer is not retracted, and the
procedure is continued. The following steps are even easier
if performed intrathecally and PRF appears to be even more
effective. The intrathecal approach is not the preferred meth-
od because of the likelihood of dural headache and other
possible — if rare — complications.

The electrode is introduced through the cannula and
advanced smoothly towards craniolateral. The soft curved
tip acts as a guiding mechanism facilitating advancement to
the levels above the area to be treated.

It should be attempted to produce perceptible stimulation
in the patient with voltages <0.8 V to ensure that the tip
of the electrode is close enough to the nerve roots, which
considerably enhances the effect of the PRF. If the electrode

Sacral hiatus

Fig. 14 PRF stimulation of the sacral and lumbar roots via hiatus
sacralis

is accidentally or intentionally positioned intraspinally,
the stimulation is perceived at considerably lower currents
— sometimes as low as 0.1 V. However, the currents required
vary depending on where the electrode is positioned in the
spinal canal. If the dura is thick or calcified, higher currents
may be required. If there is severe nerve root damage and
deafferentation, the patient often has no sensation. In this
case, it is necessary to rely on the fluoroscopic position of the
electrode.

In this way the roots can be located and treated in
succession.

The duration of the active phase is 20 ms and the pause
between active phases lasts 480 ms, resulting in two
active phases per second.

Each nerve root is stimulated for 240 s. The tem-
perature at the electrode tip measured online does not
exceed 42°C.

The goal is to achieve the closest possible proximity to
nervous structures.

The dorsal roots are stimulated with 70 Hz and the
electrode tip is moved until the stimulation is sensed
by the patient at its lowest voltage threshold.

The identified nerve roots are then treated with PRF.
The electrode is gently withdrawn applying continu-
ous stimulation until the following caudal root is loca-
lized, which is identified in the same manner by test
stimulation and treated with PRF.
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Results

Pain Reduction

95 of the first 101 treated patients, post-treatment pain rat-
ings were obtained after 3 months

Mean age 59.7 years (maximum 94, minimum 32).
Females 71, males 27

88 patients lumbar pain — 1 patient thoracic pain — 11
patients cervical pain.

75 patients had back pain — 55 patients leg pain — 15-patients
had neuropathic pain.

The mean VAS score before treatment was 8.5+1.3 U
with a minimum 5 U and a maximum 10 U, indicating severe
pain.

The mean post treatment pain score was 4.3+2.8 U,
with a minimum 0 U and a maximum 10 U, indicating that
some patients did not benefit from the treatment. Never-
theless, the pain reduction in the pre-post comparison is
highly significant (p <0.0001). Mean pain reduction was
48.3%.

Dividing the group according to the duration of PRF
stimulation (60, 120, and 240 s), the pre-post comparison
for pain reduction in each subgroup is still highly significant
(60 s, N=21, p=0.0002; 120 s, N=28, p<0.0001; 240 s,
N=46, p<0.0001). Pain reduction in the subgroup with a
240-s stimulation period was mean 54.7+33.0%.

Besides the mean pain reduction, it was to be ascertained
how many patients benefited substantially (more than 70%
pain reduction) from the treatment. With a stimulation peri-
od of 60 s, 3 of 21 patients (14.3%) had a pain reduction of
more than 70%. With a stimulation period of 120 s, 9 of 28
patients (32.1%) experienced this degree of pain reduction
and with a stimulation period of 240 s, 22 of 46 patients
(47.8%) experienced 70% pain reduction. These differences

in frequency distribution were statistically significant (chi-
square=7.29, p=0.0262) (Fig. 15).
PRF treatment of 101 patients was found to provide

- definite pain reducing effects without evidence of neuronal

lesions. The only side effects were headache in four patients
due to accidental intrathecal puncture.

With a stimulation period of 60 s, which is also used in
RFTC, 3 of 21 patients (14.3%) had a pain reduction of more
than 70%, and when the stimulation period was increased to
240 s, 22 of 46 patients (47.8%) responded with a pain
reduction of more than 70% (Figs. 16—18).

The analysis showed a highly significant treatment
effect. Using a 240 s stimulation period, 47.8% of
the patients experienced a pain reduction of 70%.

The main parameter influencing the pain reducing
effect was the stimulation period.

Long-Term Follow-Up

Post-treatment pain ratings were obtained of the first 101
treated patients after 3 years. Sixty-four patients answered
the questionnaire:

The mean VAS score before treatment was 8.85. The mean
VAS score after >3 years was 3.12.

The comparison for pain reduction: Post-operative pain re-
duction after 4 weeks was 80.71%. After >3 years the pain
reduction was still 64.79%.

The team of V.Vadokas in Heilbronn had the following results
N=44. The mean VAS score before treatment was 9.55.

Cell Bar Chart
Grouping Variable(s): stimulation duration
Error Bars: + 1 Standard Error(s)
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Post-operative pain reduction after 4 weeks was 77.95%.
After 12 months the pain reduction was 70.30% (personal
information 2007).

Indications

The indications established to date for pulse radiofrequency
(PRF) treatment and/or infiltration by means of the multi-
function electrode are:

 Neuropathic pain

e CRPS 1 and CRPS 2

e “Failed back surgery syndrome”

 Cervical and thoracic spinal pain syndromes. Here this
approach is safer and avoids the complications of the
conventional needle puncture techniques

» Mixed pain: back and radicular pain

» All indications suitable for facet joint denervation (spe-
cifically thoracic and cervical)

» Multi-level spinal stenosis

» Restless leg syndrome

» Cervicogenic headache

* Visceral pain?

The varying origin of chronic pain sometimes makes it
necessary to combine different procedures and apply them
successively. The multifunction electrode allows multiple
procedures to be completed in a single step, minimizing
possible complications, treatment time and costs.

The new approach is not intended to replace SCS, but is
merely a step in the therapeutic algorithm, and may help
patients without implanting expensive devices or attempting
other invasive techniques.

In addition to the benefits described above, there is no
longer any need for all the test infiltrations usually per-
formed to identify pain pathways. The levels can be mapped
more accurately with the electrode — and with fewer com-
plications.

In fact, there are no complications except those also
observed with any other catheter or electrode.

Since we are treating the transmission and translation
of pain and are modulating the dorsal horn entry zone,
the origin of the nociceptive input is not a primary
consideration.

Causal treatment should self-evidently be the goal of
every treatment, but where it fails, multifunctional elec-

trode PRF can be used to modulate the input of the
spinal cord at the dorsal root entry zone before consid-
ering the use of destructive techniques, SCS, intrathecal
drugs or even initiating the use of morphine.

Topics of Interest for Future Research

* The optimal stimulation parameters have to be deter-
mined. It is not known whether a stimulation period
longer than 240 s might provide even more effective
pain relief.

» The long-term effect of the procedure also has to be
evaluated. Good results have been reported in 2-year
follow-up studies for radiofrequency thermocoagulation
[9, 12, 15], but not yet for the relatively novel pulsed
radiofrequency technology.

+ In addition to stimulation of the spinal nerves, blockades
of sympathetic ganglions are a common approach to
treatment of chronic pain. Koenig et al [7] reported the
effect of radiofrequency thermocoagulation on the supe-
rior cervical sympathetic ganglion in non-traumatic neck
pain. Applying PRF to sympathetic structures can yield
comparable results [11].

e We used PRF stimulation of the dorsal roots in patients
with neuropathic bladder dysfunction with extremely
promising results. However, it is still too early to draw
statistically significant conclusions.

It is not yet possible to predict the treatment outcome. There
still is a lack of knowledge as to how the pain processing
system functions and what physical and psychological para-
meters may alter the effect of the treatment. But is there an
understanding of how spinal cord stimulation works, even
though this procedure has been performed for decades?

Discussion and Outlook

An important factor in the pathogenesis of chronic pain
appears to be the conditioning of central nervous structures
by persisting sensory input of A-delta- and c-fibres of the
peripheral nerve [14, 23]. The use of radiofrequency currents
to interrupt this sensory input (radiofrequency thermocoagu-
lation, RFTC) is effective in treating patients with chronic
back pain syndrome [5, 25], although the idea that noxious
heat is the main effect is doubted [16, 20]. Especially when
using the radiofrequency current in pulsed mode (pulsed
radiofrequency, PRF) the temperature in the tissue surround-
ing the electrode tip does not exceed 42°C, so that the
electric field itself is thought to be effective in modulating
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the sensory input to the spinal cord [10, 11, 16, 18, 20]. The
main advantage of the PRF technology is thus the low risk of
damaging the neuronal structures and causing sensory or
motor impairment [2, 10].

In the treatment of 101 patients with PRF reported above,
clear-cut pain reducing effects were observed without evi-
dence of neuronal lesions. The only side effect was headache
in four patients due to accidental intrathecal puncture. The
main parameter influencing the pain reducing effect was the
stimulation period. With a stimulation period of 60 s, which
is often used in RFTC [15], 3 of 21 patients (14.3%) had a
pain reduction of more than 70%, and when the stimulation
period was increased to 240 s, 22 of 46 patients (47.8%)
responded with a pain reduction of more than 70%. These
results are very promising compared to those of RFTC
technology [4, 12, 24].

Although PRF treatment shows good efficacy and is very
safe, its use continues to present technical challenges. As
mentioned above, PRF treatment produces the best results
when the patient feels the sensation in the same arca as the
pain during diagnostic low frequency stimulation. This
requires a scarch procedure to find the optimal stimulation
position in the area of the dorsal root entry zone (DREZ).

With relatively rigid equipment like SMK-electrodes, this
scarch procedure often requires multiple punctures at differ-
ent sites. This can damage blood vessels or spinal nerve roots
and can be very unpleasant for the patient. Especially in the
cervical region, there is the risk of injuring the vertcbral
artery. In the thoracic region, the conventional needle ap-
proach can result in pleural puncture. The thoracic and sacral
ganglia cannot even be treated without drilling holes.

The multifunctional clectrode solves many of the tech-
nical problems associated with the use of PRF. The
technique is comparable to that of an SCS electrode or
an epidural catheter. The electrode can replace perira-
dicular and paravertebral injections as well as facet
joint denervations, since these interventions can be
completed in a single-step procedure.

Conclusions

The new multifunctional clectrode presented in this article,
together with the associated procedure described above. con-
siderably extends the range of therapeutic options for the
management of chronic pain. In addition to the definite thera-
peutic elfect, the lower rate of complications and side effects
also make this new procedure and device appear an attractive
diagnostic and therapeutic modality.

The 2,500 patients we have treated so far had undergone
several other treatments that failed, meaning that a selection

effect for “untreatable cases” may have been present. Very
promising results were achieved in this sample and the
outcome may be even better in “standard” chronic pain
patients.

It is planned to modify the technique, optimize the para-
meters and define the indications and outcomes with greater
accuracy in the future. PRF application to the dorsal horn
entry zone and the dorsal roots could play a major role in the
management of pain.

Conflicts of Interest Statement We declare that we have no conflict
of interest.

Since this procedure has only minimal side effects (if
any). its use can be considered where conservative
treatments have failed and before performing ablative
procedures or surgery, or even before considering long
term opiate medication.

References

1. Alo K. Yland MJ. Redko V. et al. (1999) Lumbar and sacral nerve
root stimulation (NRS) in the treatment of chronic pain: a novel
anatomic approach and neuro stimulation technique. Neuromodu-
lation: 2:23-31.

. Cahana A, Mavrocordatos P, Geurts JIWM, Groen GJ. (2004) Do
minimally invasive procedures have a place in the treatment of
chronic low back pain? Expert Reviews in Neurotherapeutics:
4:89-100.

3. Cahana A, Vutskits L. Muller D. (2003) Acute differential modu-
lation of synaptic transmission and cell survival during exposure to
pulsed and continuous radiofrequency energy. Journal of Pain;
4:179-202.

4. Cho I, Park YG. Chung SS. (1997) Percutancous radiofrequency
lumbar facet rhizotomy in mechanical low back pain syndrome.
Stereotactic Functional Neurosurgery: 68:212-217

5. Geutrs JW, Roclof MyW. Stolker RJ. Groen GJ. (2001) Efficacy of
radiofrequency procedures for the treatment of spinal pain: a sys-
temic review of randomized clinical trials. Register of Anaesthesi-
ology and Pain Med; 26:394-400

6. Higuchi Y. Nashold BS. Sluijter ME. Cosman E. Pearlstcin RD.
(2002) Exposure ol dorsal root ganglion in rats to pulsed radio-
frequency activates dorsal horn lamina 1 and 11 neurons. Neuro-
surgery; 50:850-856

7. Koning HM. Koning AJ, Bruinen TCM, Koster HG. (2000)
Percutancous radiofrequency Iesions of the superior cervical
sympathetic ganglion in non-traumatic neck pain. Pain Clinic:
12:271-279

8. Koning HM. Koning AJ, Bruinen TCM. Koster HG, Heybrock E.
(2002) Sympathetic ganglion blockade with phenol in paticnts with
low-back-syndromes. Pain Clinic: 14:129-138

9. Lord SM. Barnsley L., Wallis BJ. McDonald GJ. Bogduk N. (1996)
Percutaneous  radio-frequency neurotomy for chronic cervical
zygapophyscal joint pain. The New England Journal of Medicine;
335:1721-1726

10. Munglani R. (1999) The longer-term effect of pulsed radiofre-

quency for neuropathic pain. Pain; 80:437-439

L. Munglani R. Stauffer KA. (2003) Pulsed radiofrequency treat-

ment of chronic neck, back, sympathic, and peripheral neuron-

19




Application of Pulsed Radio Frequency to the Dorsal Horn and Dorsal Roots

95

derived pain. In: Bountra C, Munglani R, Schmidt WK, Eds. In.'

Pain: Current understanding, emerging therapies, and novel
approaches to drug discovery. New York: Marcel Dekker Inc,
pp- 213-221

. North RB, Han M, Zahurak M, Kidd DH. (1994) Radiofrequency .

lumbar facet denervation: analysis if prognostic factors. Pain;
57:77-83

. Oakley John C. (2004) Spinal cord stimulation for the treatment of

chronic pain. In: Kenneth Follett A, Ed. Neurosurgical Pain Man-
agement. Elsevier Saunders, Amsterdam, pp. 131-143

. Randiae M, Jiang MC, Cerne R. (1993) Long term potentiation and

long term depression of primary afferent neurotransmission in the
rat spinal cord. Journal of Neuroscience; 13:5228-5241

. Royal MA, Bhakta B, Gunyea I, Jenson M, Tagi D, Ward S.

(2002) Radiofrequency neurolysis for facet arthropathy: a retro-
spective case series and review of the literature. Pain Practice;
2:47-52

. Slappendel R, Crul BJ Braak GJ, Geurts JW, Booji LH, Voerman

VF, De Boo T. (1997) The efficacy of radiofrequency lesioning of
the cervical dorsal root ganglion in a double blind randomized
study: no difference between 40°C and 67°C treatments. Pain;
73:159-163

7

20.

21.

22

24,

25.

. Sluijter ME. (1988) The use of radiofrequency lesions for pain relief
in failed back patients. International Disability Studies; 10:37-43

. Sluijter ME, Cosman E, Rittman W, van Kleef M. (1998) The
effect of pulsed radiofrequency fields applied to the dorsal root
ganglion: a preliminary report. Pain Clinic; 11:109-117

. Sluijter ME, Racz GB. (2002) Technical aspects of radiofrequency.

Pain Practice; 2:195-200 .

Sluijter ME, van Kleef M. (1998) Characteristics and mode of action

of radiofrequency lesions. Current Reviews on Pain; 2:143-150

Stolker RJ, Vervest ACM, Groen GJ. (1994) The management of

chronic spinal pain by blockades: a review. Pain; 58:1-20

Talu GK, Erdine S. (2003) Complications of epidural neuroplasty.

A retrospective evaluation. Neuromodulation; 6:237-247

. Treede RD, Meyer RA, Raja SN, Campbell JN. (1992) Peripheral

and central mechanisms of cutaneous hyperalgesia. Progress in

Neurobiology; 38:397-421

Van Kleef M, Barendse GA, Kessels A. (1999) Randomized trial of

radiofrequency lumbar facet denervation for chronic low back

pain. Spine; 24:1937-1942

Van Kleef M, Barendse GAM, Wilmink JT. (1996) Percutaneous

intradiscal radiofrequency thermocoagulation in chronic non-spe-

cific low back pain. Pain Clinic; 9:259-268




