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Abstract Background: PRF treatment has recently been described as minimally neurodestructive alternative
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to radiofrequency heat lesions. Patients with some pain syndromes in whom the pain could not be
controlled by alternative techniques may be treated using PRF. In the present study, our main goal
was to evaluate and compare the ultrastructure of peripheral nerve tissue that was heated by PRF,
CRF with 42°C, and CRF with 70°C.
Methods: Forty-fivemale rats were divided into 5 groups. In PRF group andCRFwith 42°C group, the
sciatic nervewas heated at a temperature of 42°C for 120 seconds. As a positive control, some rat sciatic
nerves were treated with CRF lesions at 70°C. The rats were kept alive for 21 days and then killed.
Tissue was evaluated with transmission electron microscope, and grading was done to the groups.
Results: The unmyelinated nerve fibers were ultrastructurally normal in all groups. The results of
myelinated axons indicated that PRF group had better grades, and CRF with 70°C group had the
worst grade. Especially, comparison of the group of PRF and CRF with 42°C revealed significant
difference. In PRF group, none of the myelinated axons showed severe degeneration findings, and
most of the damaged myelinated axons showed only separation in myelin configuration.
Conclusions: PRF treatment may cause separation in myelinated axons. However, it seems that all
changes were reversible. The present study supports the hypothesis that pulsed RF treatment does not
rely on thermal injury of neurologic tissue to achieve its effect.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

RF treatments have been used for more than 30 years for a
variety of pain syndromes as follows: occipital neuralgia [7],
F, conventional radiofrequency; DRG, dorsal root
cardiogram; EMF, electromagnetic field; PRF, pulsed
diofrequency.
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cervical radicular pain [18,25], intercostal neuralgia [26],
lumbar radicular pain [10], mechanical low back pain
because of the zygapophyseal joints dysfunction [6], and
discogenic pain [8]. In addition, the CRF is used for
computed tomography-guided percutaneous cordotomy,
extralemniscal myelotomy, and trigeminal tractotomy [12].
In the application of CRF, heat is produced in the tissues
surrounding the RF electrode tip [21]. The result is a
coagulative necrosis of the targeted tissue that is not
conceptually different from other neurolytic procedures
designed to destruct sensory pathways for pain relief [16].
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Fig. 1. Transmission electron micrograph showing the ultrastructurally
normal myelinated axons (original magnification ×6000).
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The PRF is a newly defined energy type, in which a
relatively high voltage is applied intermittently to the neural
tissue. Sluijter et al [20] proposed that the effect of PRF is
due to the EMF produced during the application. PRF has
recently been introduced as an alternative method of pain
intervention and is rapidly gaining acceptance because it is
an apparently effective therapy that does not cause extensive
tissue injury. It has been suggested that PRF might be
suitable for use in patients with neuropathic pain in whom
the pain could not be controlled by invasive techniques and
oral medication [20]. However, the mechanism of therapeu-
tic effect PRF is still controversial.

The purpose of this study was to investigate the effects of
PRF on neuronal histopathologic condition and ultrastruc-
ture in rat sciatic nerve and to compare with the effects of
CRF and low-temperature CRF.
2. Materials and methods

2.1. Surgical procedure

Twenty-five male Wistar rats, weighing between 180 and
220 g were used. The rats were anesthetized with ketamine
hydrochloride, 100 mg/kg (Ketalar, Eczacıbası, Istanbul,
Turkey), and xylazine, 5 mg/kg (Rompun; Bayer, Leverku-
sen, Germany). All surgical procedures were performed by
the same surgeon with the aid of an operating microscope.
The right sciatic nerve was used for the surgical procedures.
An ECG pad was used as a return electrode for the RF
generator and placed on the rat's chest. A specially designed
RF generator system (Radionics RFG 3C Plus, Radionics,
Burlington, Mass) and straight electrodes with a diameter of
0.4 mm and a tip length of 2 mm (KCTE Kanpolat CT
Electrode kit system, Radionics, Burlington, Mass) were
used to make standard lesions [12].

Through an oblique gluteal incision, the muscles were
split to expose the sciatic nerve from the sciatic notch to its
bifurcation of the tibial and peroneal nerves. After this step,
the sciatic nerve was skeletonized from the sciatic notch to
the point of bifurcation, and the electrode was placed within
the sciatic nerve before its bifurcation.

The animals were separated into 5 groups as follows:

In group 1, the control group (n = 5), the sciatic nerve
was skeletonized from the sciatic notch to the point
of bifurcation, and no additional manipulation was
performed.
Table 1
Ultrastructural grading system of myelinated axons

Grade 0 Normal
Grade 1 Separation in myelin configuration
Grade 2 Interruption in myelin configuration
Grade 3 Honeycomb appearance
Grade 4 Collapsed myelin forming ovoids
In group 2, the sham group (n = 5), the electrode was
placed within the sciatic nerve for 120 seconds, but no
current was passed through the electrode.
In group 3, the test group (n = 5), the electrode was placed
within the sciatic nerve. Subsequently, the PRF (500 kHz)
was delivered at a rate of 2 Hz and 20 milliseconds
duration at a temperature of 42°C for120 seconds.
In group 4, the test group (n = 5), the sciatic nerve was
heated by CRF current and maintained at a temperature of
42°C for 120 seconds.
In group 5, the test group (n = 5), the sciatic nerve was
heated by CRF current and maintained at a temperature of
70°C for 60 seconds.

At the end of the procedure, the skin incision was closed
with sutures, and the animal was allowed to recover from
anesthesia. Rats were kept alive for 21 days. The exposed
sciatic nerve areas were removed in all groups of animals at
the 21st day after the procedures for ultrastructural evaluation.

2.2. Ultrastructural investigation

For transmission electron microscopic examination, the
tissue samples were fixed in 2.5% gluteraldehyde for 6
hours, washed in phosphate buffer (pH 7.4), postfixed in 1%
osmium tetroxide in phosphate buffer (pH 7.4) for 2 hours,
and dehydrated in increasing concentrations of alcohol.
Then, the tissues were washed with propylene oxide and
embedded in epoxy-resin embedding media. Semi-thin
sections about 2 μm in thickness and ultrathin sections
about 60 nm in thickness were cut with a glass knife on a
LKB-Nova (LKB-Produkter AB, Bromma, Sweden) ultro-
tome. The semi-thin sections were stained with methylene
blue and examined by a Nikon Optiphot (Nikon Corporation,
Tokyo, Japan) light microscope. After this examination, the
tissue blocks were trimmed, their ultrathin sections were
taken by the same ultrotome, and they were stained with
uranyl acetate and lead citrate. After staining, all the ultrathin
sections were examined by Jeol JEM 1200 EX and Jeol 1400



Fig. 2. Transmission electron micrograph of the sham group. A few of the
myelinated axons shows separation in myelin configuration, and unmyeli-
nated axons are normal ultrastructurally. White arrow indicates separation of
myelin; black arrow, unmyelinated axon (original magnification ×6000).

ig. 4. Transmission electron micrograph of the CRF, 42°C, 120-second
roup. In one third of myelinated axons, myelins form ovoids, and the
ytoskeleton is floccular or absent. In addition, the mitochondria are swollen
r absent. White arrow indicates ovoid myelin; black arrow, swollen

mitochondria (original magnification ×6000).
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(Jeol Ltd, Tokyo, Japan) transmission electron microscopes.
The electron micrographs were taken by the Orius SC 1000
CCD camera of Jeol 1400 transmission electron microscope.
The grading was done to 5 samples from each of the groups.
During the grading procedure, 50 myelinated axons from
each sample were examined ultrastructurally (Table 1) [14].

2.3. Statistical analysis

The ultrastructural grades of myelinated axons were
statistically analyzed using a standard χ2 test (test), and P b
.05 was accepted as statistically significant.
3. Results

During the experiment, all rats were alive. None of them
developed wound infections and autotomy. In the transmis-
sion electron microscopic examination of the unmyelinated
Fig. 3. Transmission electron micrograph of the PRF group. Most of the
myelinated axons show separation in myelin configuration. White arrow,
separation of myelin; black arrow, unmyelinated axon (original magnifica-
tion ×6000).
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axons, they were found to be normal ultrastructurally, in all
of the groups (Figs. 2, 3).

In group 1 (control group), nearly all of the myelinated
axons were found to be normal, ultrastructurally (Fig. 1).

In group 2 (sham group), most of the myelinated axons
were found to be normal; however, in a few of the
myelinated axons, separation in myelin configuration was
observed (Fig. 2). The reason of this damage may be the lack
of perfusion during the study.

In group 3 (PRF: 42°C, 120 seconds), none of the
myelinated axons showed severe degeneration findings.
The most of the damaged myelinated axons showed only
separation in myelin configuration. In addition, newly
formed myelinated axons were also observed in this
group (Fig. 3).
ig. 5. Transmission electron micrograph of the CRF, 70°C, 60-second
roup. None of the myelinated axons are normal ultrastructurally. In
yelinated axons, myelins form ovoids, and the cytoskeleton is floccular or
bsent. In addition, the mitochondria are swollen or absent. White arrow
dicates ovoid myelin; black arrow, swollen mitochondria (original
agnification ×6000).
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Table 2
Ultrastructural grading scores for the experimental groups

Groups Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Control 231 19 0 0 0
Sham-operated 200 50 0 0 0
PRF: 42°C, 120 s 87 113 45 5 0
CRF: 42°C, 120 s 77 29 27 32 85
CRF: 70°C, 60 s 0 43 45 38 124
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In group 4 (CRF: 42°C, 120 seconds), nearly one third of
the myelinated axons showed severe degeneration findings
(Wallerian degeneration). In these axons, myelin collapsed to
form ovoids, the cytoskeleton was floccular or absent, and
the mitochondria were swollen or absent. In addition, the
axonal damage was present in focal areas, and distal to these
areas ultrastructurally normal myelinated axons were
present. Newly formed myelinated axons were also observed
in this group (Fig. 4).

In group 5 (CRF: 70°C, 60 seconds), many of the
myelinated axons showed severe degeneration findings
(Wallerian degeneration). In these axons, myelin collapsed
to form ovoids, the cytoskeleton was floccular or absent, and
the mitochondria were swollen or absent. None of the
myelinated axons were normal ultrastructurally in this group.
In this group, the pathologic changes were present in all of
the areas examined under the microscope (Fig. 5).

Ultrastructural grades of the animals in each group are
given in Table 2. Grade 2, grade 3, and grade 4 degenerative
properties were not observed on both control group and sham
group. The results of ultrastructural grades of myelinated
axons indicated that PRF groups had better grades. The
group of treated with CRF with 70°C showed the worst
grade. There were statistically significant differences
between the experimental groups and control groups (P b
.05). Similarly, statistically significant difference was found
between group 3, group 4, and group 5 (P b .05). Especially,
comparison of the group of treated with PRF and the group
of treated with CRF with 42°C revealed statistically
significant difference (P b .05).
4. Discussion

PRF has recently been introduced as a nonneurodestruc-
tive or minimally neurodestructive alternative to radio-
frequency for the management of chronic pain [2,20]. In
particular, recent manuscripts by Van Zundert et al [28,29]
report no side effects in a series of patients treated with
percutaneous PRF for chronic cervical and trigeminal pain
syndromes. An editorial reviewing the current literature
concludes that PRF stimulation of the DRGs is a valid
neuromodulation technique that is not neuroablative [1]. The
scientific foundations of the technique in the understanding
of the mechanisms of action have not been revealed. It has
been suggested that the possible mechanism of the effect of
PRF was the formation of an EMF in neural tissue, which
may cause configurational changes, such as destruction of
membranes and molecular chains that could have major
effects on cell function [20]. Recently, Higuchi et al [11]
reported that exposure of the DRG in rats to PRF currents
activates dorsal horn lamina I and II neurons, and this effect
is not mediated with tissue heating.

CRF technique is effective to destroy selectively nervous
tissue. Most RF lesions have been induced at probe
temperatures of between 60°C and 80°C in clinical
procedures [4,17,22,24,26,27], and this produces a coagu-
lative necrosis of the targeted tissue [5]. CRF lesions into the
peripheral nerves result in hypoesthesia in related derma-
tomes with long-term pain relief [26].

In the present study, our main goal was to evaluate and
compare the ultrastructure of peripheral nerve tissue that was
heated by PRF, CRF with 42°C, and CRF with 70°C. Only
one report that was about ultrastructured features of PRF-
heated peripheral nerve could be found in the literature [9].
In addition, ultrastructure features of PRF-treated peripheral
nerve tissues have not been evaluated quantitatively yet.

Previously, it was concluded that application of CRF
caused some structural damage on myelinated and
unmyelinated nerve fibers. In an electrophysiologic study,
Letcher et al [15] found that RF current preferentially
affects small unmyelinated nerve fibers. In contrast, Smith
[13] described that nerve destruction due to CRF current
involves both myelinated and unmyelinated nerve fibers.
Our data show that the unmyelinated axons were found to
be normal ultrastructurally in all of the groups. Analyzing
of the ultrastructural grades of the present study shows that
CRF with 70°C group has the worst grades. None of the
myelinated axons were normal ultrastructurally in this
group. Similarly, CRF with 42°C group has bad grades, and
its grades were worse than that of the PRF group. Nearly
one third of the myelinated axons of the CRF with 42°C
group showed severe degeneration. Comparison of PRF
group with both CRF with 42°C and CRF with 70°C
groups shows that there was a mild degree of axonal
damage in PRF group.

When the myelinated nerve fibers ultrastructurally
evaluated, statistically significant difference was found
between PRF group, CRF with 42°C group, and CRF with
70°C group. The electron microscopic analysis of CRF with
70°C group showed severe degeneration findings of the
myelinated axons, and none of the myelinated axons were
normal ultrastructurally. In these axons, myelin collapsed to
form ovoids, the cytoskeleton was floccular or absent, and
the mitochondria were swollen or absent. Previously, Tun
et al [23] reported that the mitochondrial edema had been
observed in both PRF and CRF groups. However, Erdine
et al [9] has found giant cytoplasmic vacuoles, extremely
enlarged endoplasmic reticulum cisterns, degenerated mito-
chondria, and loss of nuclear membrane within the ganglion
cells only in CRF treated group. In our study, the
mitochondrial changing was found in both CRF groups.
Our findings are consistent with the report by Erdine [9]. The
differences in the CRF group may be a result of heat.
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Published clinical studies have claimed that PRF is
nondestructive on the grounds that no sensory deficiency
was observed with the application of PRF [3,19,20]. Our
morphological analysis supports the clinical findings as we
did not observe any visible cell loss attributable to the RF
application in the PRF group, and ultrastructural damage was
modest. There was statistically significant difference
between the groups of treated with PRF and the CRF with
42°C. Thus, we can discount the effect of heating and the
surgical procedure on the differences of degeneration grades
of PRF group. In present study, the damaged myelinated
axons of PRF group showed only separation in myelin
configuration. It is possible that separation in myelin
configuration may result in blockage or interruption of the
nerve signal through that nerve pathway that may be
responsible for reversible neuronal depression. In addition,
newly formed myelinated axons were also observed. The
observed change in the nerve may be related to the
interaction between electromagnetic field and cell mem-
brane. The present findings are consistent with previous
reports that tissue heating does not mediate the therapeutic
effect of PRF treatment [20].
5. Conclusion

This is the first experimental study showing the ultra-
structural effects of PRF on peripheral nerve tissue quantita-
tively. Ultrastructural analysis was showed significant
differences between the PRF and CRF groups. We think
that separation inmyelin configurationmay result in blockage
or interruption of the nerve signal through that nerve pathway
that may be responsible for reversible neuronal depression.
PRF may be used as a test method to decide to make
permanent RF lesions if it works. Further investigations are
needed to explain possible mechanisms of effect of PRF on
neuronal tissue. Before making certain judgments, more
experimental and clinical studies should be planned.
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