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Summary

Objectives: Radiofrequency (RF) has been used for many years for pain treatment. The effects of RF on nerves and the under-
lying mechanism of these effects are not clearly understood. The aim of this study is to show the effects of Pulsed (P-RF) and 
Continuous (C-RF) RF in light and electron microscopy, and to determine the differences between them.
Methods: In this study, a total of 60 Rattus norvegicus rats were used in 6 groups. No procedure was performed on the control 
group. In the Sham group, the electrodes were placed but no current was applied. P-RF for 120 seconds, P-RF for 240 seconds, 
C-RF for 120 seconds, and C-RF for 240 seconds at 42 °C were applied respectively to the other groups. Sections obtained from 
sciatic nerves were examined with light and electron microscopy.
Results: Examinations of the Sham, P120, and C120 groups were normal. In P240, some morphological changes were ob-
served, but when all samples were examined, these abnormalities were evaluated as negligible. In C240, severe deformation 
of both myelinated and non-myelinated nerve fibers was observed under an electron and light microscope. Dramatic struc-
tural deformities in Schwann cells were observed.
Conclusion: P120, P240, and C120 treatments did not produce any deformities in the sciatic nerve. The application of C-RF for 
240 seconds produced pathological alterations in the nerve structure.

Keywords: Continuous radiofrequency; histological effects; pulsed radiofrequency; sciatic nerve.

Özet

Amaç: Radyofrekans (RF) ağrı tedavisi için yıllardır kullanılmaktadır. RF’in sinirler üzerindeki etkisi ve etki mekanizması halen 
net olarak ortaya konulmamıştır. Bu çalışmanın amacı; Pulsed RF (P-RF) ve Devamlı RF (C-RF)’nin oluşturduğu etkiyi ışık ve 
elektron mikroskobisi aracılığıyla incelemek ve farklılıklarını ortaya koymaktır.
Gereç ve Yöntem: Bu çalışmada 60 adet Rattus Norvegicus cinsi rat 6 gruba ayrılarak kullanılmıştır. Kontrol grubu alınmamıştır. 
Sham grubunda elektrotlar yerleştirilmiş ancak akım uygulanmamıştır. P-RF 120 saniye (sn), P-RF 240 sn, C-RF 120 sn, C-RF 240 
sn, 42 ˚C’de diğer gruplara uygulanmıştır. Siyatik sinir kesitleri alınmış, ışık ve elektron mikroskopunda incelenmiştir.
Bulgular: Sham, P120 ve C120 grupları normal sınırlarda tespit edilmiştir. P240 grubunda bir takım morfolojik değişiklikler 
izlense de bütün örnekler incelendiğinde bu durumun ihmal edilebilir olduğu sonucuna varılmıştır. C240 grubunda ise hem 
miyelinli hem de miyelinsiz sinir liflerinde, ışık ve elektron mikroskopunda ağır deformasyon izlenmiştir. Schwann hücrelerinde 
dramatik yapısal bozukluklar gözlemlenmiştir.
Sonuç: P120, P240 ve C120 tedavileri siyatik sinirde herhangi bir deformiteye yol açmamıştır. C-RF 240 saniye uygulanması ise 
sinir yapısında patolojik değişikliklere yol açmaktadır.

Anahtar sözcükler: Devamlı radyofrekans; histolojik etkiler; pulsed radyofrekans; siyatik sinir.

Introduction
Pain is a subjective feeling of discomfort which is 
seen as a symptom of many diseases. According to 
the International Association for the Study of Pain 

(IASP), the definition of pain is “an unpleasant senso-
ry and emotional experience associated with actual 
or potential tissue damage or described in terms of 
such damage”.[1]

https://orcid.org/0000-0001-5713-821X
https://orcid.org/0000-0002-5689-5670
https://orcid.org/0000-0001-9003-7066
https://orcid.org/0000-0002-8166-5535
https://orcid.org/0000-0003-2487-9809


JANUARY 20242

PAINA RI

Pain management is complex and requires a multi-
disciplinary approach. There are different biomedi-
cal and biopsychosocial ways of preventing pain. 
Biomedical pathways can be classified as phar-
maceutical, electrical, and surgical or invasive and 
noninvasive methods.[2] Radiofrequency ablation 
(RF) is a safe and effective invasive method.[3,4] It has 
been successfully applied in different regions for a 
long time.[5–9] Nowadays, RFA is applied in two pro-
cedures, Conventional (C-RF) and Pulsed Radiofre-
quency (P-RF).

The C-RF technique is older and causes more heat 
complications. In the C-RF technique, the cannula is 
placed parallel to the nerve, and the current is con-
tinuous. The produced current leads to generating 
heat and an electromagnetic field. Application time 
and heat differ according to nerves and procedures. 
C-RF causes coagulation necrosis in nerves. It has 
very destructive effects on the nerves. C-RF is a pain-
ful procedure, so it is practiced with anesthesia. In 
the P-RF technique, the cannula is placed perpendic-
ular to the nerve, and the current is not continuous. 
The produced current gives rise to an electrical field. 
Thus, heat complications are reduced. And since 
P-RF is a painless procedure, there is no need for an-
esthesia.[10–12] On the other hand, RF can cause neu-
rodegenerative effects on the nerve. Erdine et al.[13] 
investigated the effect of RF in rabbits. They found 
RF can cause ultrastructural changes and P-RF is less 
destructive than C-RF. For rats, few studies compare 
the morphological effects of P-RF and C-RF. In these 
studies, researchers determined that P-RF was less 
destructive than C-RF. According to this study, both 
P-RF and C-RF can cause morphological changes in 
nerve tissue in rats.[14–16]

Pain management must be harmless and effective. 
The P-RF technique comes forward in pain treat-
ment because it has fewer side effects and does not 
require anesthesia. However, there is no consensus 
on the morphological effects of P-RF and C-RF treat-
ment. In addition, no studies are comparing the ef-
fects of RF application time on nerve morphology.

This study aimed to determine the ultrastructural 
changes of P-RF/CRF therapy and to determine 
whether different application times would cause 
different ultrastructural changes in the sciatic 
nerves of rats.

Material and Methods
Groups of the Animal and RF Procedure
This study was carried out in cooperation with the 
Department of Anesthesiology and Reanimation 
and the Department of Histology and Embryology at 
Akdeniz University. The study was approved by the 
Animal Studies Ethics Committee of Akdeniz Univer-
sity (TTU-2016-1672).

60 female Rattus Norvegicus rats were used for 
this study. All rats were healthy before the experi-
ment. For general anesthesia, 0.15 mg/kg bw (body 
weight) ketamine hydrochloride and 0.02 mg/kg bw 
2% Xylazine hydrochloride were injected intraperito-
neally into the rats. Then the rats were placed in a 
prone position, shaved in the abdominal and gluteal 
regions, and these regions were sterilized using a 
povidone-iodine solution. A neutral electrode of the 
radiofrequency device was placed in the abdominal 
region. The sciatic nerve was exposed by a surgical 
incision using 22 G, 5 mm RF electrodes. These elec-
trodes were placed without damaging the nerves. 
When the impedance level was measured between 
300–700 ohm, electrical stimulation was given and 
motor activity was observed. Rats were divided into 
six groups (Table 1) according to the duration and 
methods of electrical stimulation:

1. Control (n:10) - Only dissection was made, no oth-
er process

2. Sham (n:10) - RF electrode was placed on the sci-
atic nerve, no other process

3. P120 (n:10) - RF electrode was placed on the sci-
atic nerve and P-RF was applied for 120 seconds 
(sec)/42 °C

4. P240 (n:10) - RF electrode was placed on the sci-

Table 1. Groups of rats

Group N Process Tem. Time  
    (sec)

Control 10 – – –
Sham 10 Just electrode, – – 
  no radiofrequency
P120 10 P-RF 42 °C 120
P240 10 P-RF 42 °C 240
C120 10 C-RF 42 °C 120
C240 10 C-RF 42 °C 240

N: Number; Tem: Temperature.
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atic nerve and P-RF was applied for 240 sec/42 °C
5. C120 (n:10) - RF electrode was placed on the sci-

atic nerve and C-RF was applied for 120 sec/42 °C
6. C240 (n:10) - RF electrode was placed on the sci-

atic nerve and C-RF was applied for 240 sec/42 °C

Rats were kept alive for 48 hours after the experi-
ment. None of them had wound infections or 
complications for 48 hours. After 48 hours, the sci-
atic nerves were dissected and 1 cm long samples 
were taken.

(a)

(c)

(b)

(d)

Figure 1. Light microscopic view of the control group’s sciatic nerve 
fibers: (a) Epineurium (arrowhead) and perineurium (arrows). 
(b) Myelinated axons (M) and intraneural capillaries (white arrows) 
(Toluidine blue). (c) Electron microscopic views of myelinated (M) 
and unmyelinated (uM) fibers of the control group’s sciatic nerves. 
The neurotubules (black arrow) and neurofilaments (black arrow-
head) in both types of fibers. The integrity of myelin sheaths is pre-
served. Normal collagen fibers (empty star) in the endoneurial con-
nective tissue. Schwann cell extensions surrounding unmyelinated 
fibers, their cytoplasm (black star), and membranes (white arrows), 
axolemma are clearly distinguished. Schwann cell’s uninterrupted 
basal laminas are observed in both types of fibers. (d) Myelinated 
axon (M) surrounded by endoneurial collagen fibers (empty star). 
Mitochondria in its axoplasm (arrowheads). Schwann cell with its 
heterochromatic nucleus, Golgi complex (rings), wide cistern of the 
granular endoplasmic reticulum (GER) (empty arrow), cytoplasmic 
vesicles (black arrow), and lipid droplet (black star). (e) Electron 
microscopic views of the intraneural capillary in the control group. 
Endothelium (star), and its basal lamina (arrows). Pericyte with het-
erochromatic nucleus (P). Erythrocyte in the lumen of the vessel (E).

(e)
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Light and Electron Microscopy
After the cardiac perfusion, tissues from the sciatic 
nerve were fixed in 4% glutaraldehyde solution (pre-
pared with 0.1 M phosphate buffer - PBS) at +4 °C 
overnight. Tissues were rinsed with 0.1 M PBS and 
post-fixed with 1% osmium tetroxide (prepared with 
0.1 M PBS) solution at +4 °C for 1 hour. Tissues were 
rinsed again with 0.1 M PBS and dehydrated with a 
graded series of ethyl alcohol (30%, 50%, 70%, 80%, 
90%, 99%). Then, propylene oxide was applied. The 
tissues embedded in the Araldite mixture (Araldite CY 
212 20 ml, DDSA 22 ml, BDMA 1.1 ml, Dibutyl phthal-
ate 0.5 ml) were held at 60 °C for 48 hours for polym-
erization. Blocks were cut into semi-thin sections and 
observed under light microscopy with toluidine blue. 
Additionally, the blocks were cut into semi-thin and ul-
tra-thin sections using an ultramicrotome. These sec-
tions were contrasted with uranyl acetate/lead citrate 
and observed in a Transmission Electron Microscope 
(TEM-Zeiss). Myelin damage and degenerative chang-
es were examined in both TEM and light microscopy.

RESULTS
The tissue samples were examined in TEM and light 
microscopy. In light microscopy, connective tissue 
sheaths of nerves and leukocyte infiltration into 
sheaths/nerves were evaluated. Myelinated and 
unmyelinated axons, Schwann cells, and vessels of 
nerves were assessed in TEM.

Histological Evidence
Control
No process was applied to the control groups. In 
light microscopy, there was no change in the his-
tology of nerve fibers (Fig. 1a, b). Nerve fibers and 
myelin sheaths exhibited normal morphology. Neu-
rotubules and neurofilaments, which are located in 
axoplasm, were observed to have a normal struc-
ture in electron microscopy. The integrity of myelin 
sheaths and collagens in the endoneurial connective 
tissues appeared normal. Schwann cell extensions 
surrounding unmyelinated fibers, as well as their 
cytoplasm and membranes, axolemma, were distin-
guishable. Schwann cells’ uninterrupted basal lami-
nas were observed in both types of fibers (Fig. 1c, d).

In the investigation of intraneural vessel structure, 
the unity of endothelial cells and pericytes, the in-
tegrity of their basal lamina, and tight junctions were 

observed to be normal. No leukocytes were observed 
around the vessels or in the endoneurium (Fig. 1e).

Sham
An RF electrode was placed on the sciatic nerve of 
sham rats, but no other process was done. The Sham 
group was compared to the control group. In the 
sham group, sciatic nerve structures were observed 
to be similar to the control group. Neurotubules, 
neurofilaments, mitochondria, and vesicles exhibited 
similar morphology in both types of fibers (Fig. 2a–d). 
Evaluations of endoneurial vessel structures were the 
same as the control group as well (Fig. 2e).

P120
An RF electrode was placed onto the sciatic nerve 
and P-RF was applied for 120 sec. No change was 
observed in the P120 group’s sciatic nerve morphol-
ogy. Structures were similar to the control. Neurotu-
bules and neurofilaments, mitochondria, and vesi-
cles were normal, as in the control. Myelin sheaths 
maintained their integrity. There was no swelling 
or impairment in the inner and outer mesaxons. In 
Schwann cells, organelles, the heterochromatic nu-
cleus, cisterns of GER, and vesicles of SER, as well as 
Golgi complexes, were observed as normal in both 
myelinated and unmyelinated fibers (Fig. 3a–d). In 
the intraneural vessel structure investigations, en-
dothelial cells and pericyte, the unity of their basal 
lamina, and tight junctions were observed as nor-
mal. No leukocyte was observed around the vessel 
or in the endoneurium (Fig. 3e).

P240
An RF electrode was placed onto the sciatic nerve 
and P-RF was applied for 240 sec. Myelin sheath de-
formations, axoplasm lysis, and electron-dense ma-
terial deposits were rarely observed in this group. 
When all samples were examined, these abnormali-
ties were evaluated as negligible abnormalities (Fig. 
4a–e). In the intraneural vessel structure investiga-
tions, endothelial cells and pericyte, the unity of their 
basal lamina, and tight junctions were observed as 
normal. No leukocyte was observed around the ves-
sel or in the endoneurium (Fig. 4f ).

C120
An RF electrode was placed onto the sciatic nerve 
and C-RF was applied for 120 sec. In the C120 
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group, there were no structural abnormalities ob-
served in both TEM and light microscopy. Views 
were similar to the control group (Fig. 5a–d). 
Neurotubules and neurofilaments, mitochon-
dria, and vesicles were normal, as in the control. 
The integrity of myelin sheaths was maintained. 
There was no swelling or impairment in the inner 
and outer mesaxons. In Schwann cells, organelles 
such as the heterochromatic nucleus, cisterns of 

GER, vesicles of SER, and Golgi complexes were 
observed to be normal in both myelinated and 
unmyelinated fibers.

In the intraneural vessel structure investigations, 
endothelial cells and pericytes, the integrity of their 
basal lamina, and tight junctions were observed as 
normal. No leukocytes were observed around the 
vessel or in the endoneurium (Fig. 5e).

Figure 2. Light microscopic view of the sham group’s sciatic 
nerve fibers: (a) low magnification. (b) high magnification 
(Toluidine blue). Electron microscopic views of the Sham group: 
(c) Myelinated fibers (M). (d) Unmyelinated (uM) fibers. Nor-
mal axoplasm: neurotubules (black arrowhead), neurofila-
ments (empty arrowhead), and mitochondria (empty arrow). 
Schwann cells observed similar to the control with uninter-
rupted basal lamina (black arrow) and heterochromatic nu-
cleus (N). (e) Electron microscopic views of the sham group. 
Uninterrupted endothelial basal lamina (empty arrow) and 
intact junction complexes (black arrow) are similar to the 
control. Erythrocyte (E).

(a)

(c)

(e)

(b)

(d)
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C240
An RF electrode was placed onto the sciatic nerve 
and C-RF was applied for 240 sec. Intense defor-
mations were observed in both myelinated and 
unmyelinated axons. These deformations were 
characterized as myelin sheath lysis, separation 

in layers, axoplasmic lysis, loss of axoplasm, loss 
of mesaxons, and residues of myelin. Many axons 
showed loss of neurotubules and neurofilaments, 
loss of mitochondrial cristae, or shrinkage. Dramat-
ic structural disruptions were observed in Schwann 
cells, including loss of basal lamina, disruption of 

Figure 3. Light microscopic views of the P120 group’s sciatic nerve 
fibers: (a) low magnification. (b) high magnification. Perineurium 
(empty arrowhead), myelinated axons (black arrows), intraneu-
ral capillaries (empty arrows). No leukocyte infiltration to endo-
neurial connective tissue (Toluidine blue). Electron microscopic 
views of the P120 group: (c) Myelinated (M) and unmyelinated 
(uM) fibers showing similar features to the control. Mitochondria 
(empty arrows) and vesicles (black arrows) appear normal. (d) 
Myelinated fibers and Schwann cells display a normal structure 
with their heterochromatic nucleus. (e) Electron microscopic 
view of P120: The intraneural endothelial capillary cell is ob-
served normally with its tight junctions (empty arrows), uninter-
rupted basal lamina (black arrows), and organelles. Pericyte (P) 
and erythrocyte (E) are similar to the control.

(a)

(c)

(b)

(d)

(e)
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(a)

(c)

(e) (f)

(b)

(d)

Figure 4. Light microscopic views of the P240 group: (a) At low magnification, the perineurium (black arrows) appears normal, while 
the epineurium outside the perineurium appears divided due to a technical error. (b) At high magnification, intraneural vessels and 
myelinated axons seem to be in a normal structure. Also, instances of axonal shrinkage are observed (arrowhead). Neutrophil infiltra-
tion is not observed in the endoneurial connective tissue (Toluidine blue). Electron microscopic view of P240: (c) Myelinated (M) and 
unmyelinated (uM) axons, and mitochondria (empty arrow) are observed normally. (d, e) Structural deformations are observed in 
some myelinated axons (stars). In these fibers, the myelin sheath is normal, but axoplasm has abnormal morphology. (d) Neurofila-
ment and neurotubule structures of some axons are lost, and in some fibers, axoplasmic vesicles swell abnormally and their struc-
ture is disrupted (arrow). (f) In an axon, axoplasm is full of compact ingredients and has undefined electron-dense material. Electron 
microscopic view of P240: Capillary endothelium (E), tight junction complexes (empty arrows), basal lamina of the endothelium (black 
arrows), and pericyte appear normal.
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membrane integrity, disintegration of cytoplasm 
into the endoneurium, and loss of heterochromat-
ic appearance due to increased electron density in 
the nucleoplasm (Fig. 6a–f ).

In the intraneural vessel structure investigations, 

endothelial cells and pericytes, the integrity of their 
basal lamina, and tight junctions were observed to 
be normal. Only mitochondrial crista lysis was ob-
served in these two types of cells. No leukocytes 
were observed around the vessel or in the endo-
neurium (Fig. 6g).

Figure 5. Light microscopic views of the C120 group: (a) At low 
magnification, perineurium (arrowheads) and intraneural cap-
illaries (black arrows). (b) At high magnification, intraneural 
vessels (black arrows), myelinated axons with normal structure 
(empty arrows) and abnormal myelinated axons (arrowheads). 
No neutrophil infiltration in endoneurial connective tissue (To-
luidine blue). Electron microscopic views of the C120 group: (c) 
Myelinated (M) and unmyelinated (uM) axons and Schwann cells 
with their heterochromatic nucleus (N) appear normal, similar to 
the control group. (d) At high magnification, axoplasm of myelin-
ated axons, and in Schwann cells, mitochondria (empty arrows), 
SER (stars), and cisterns of GER (black arrows), Golgi complexes 
(ring) are observed as normal. (e) Electron microscopic view of 
the C120 group. Endothelium (E), basal lamina of the endothe-
lium (black arrows), and tight junction complexes are observed 
as similar to the control. Myelinated axon (M) and Pericyte (P).

(a)

(c)

(b)

(d)

(e)



Effects of continuous and pulsed RF in sciatic nerve

JANUARY 2024 9

Discussion
Most people develop severe pain due to various 
nervous or musculoskeletal pathologies. Pain con-
trol is very important as it significantly impacts 
the quality of life of patients. Corticosteroids, fre-
quently used for pain control, have various side ef-
fects. Electrical stimulation is known to have a pain-
reducing effect similar to corticosteroid injections. 
C-RF and P-RF are electrical stimulations often used 
to alleviate pain.[17]

RF technology has been used for many years to inter-
rupt pain conduction. Initially, the pain-relieving ef-
fects of RF were attributed solely to thermocoagula-
tion due to blocking C and small delta fibers. However, 

subsequent research suggested another pain-reliev-
ing mechanism. RF can generate an electromagnetic 
field, which can alleviate pain. Additionally, an elec-
tromagnetic field is thought to cause fewer side ef-
fects compared to thermocoagulation. In the older 
technique (C-RF), RF cannot create a sufficient elec-
tromagnetic field and has many different side effects. 
Therefore, a new technique, P-RF, was introduced.[18] 
P-RF is a painless and nondestructive technique with 
fewer side effects. It can create biological effects due 
to rapidly changing electrical fields.[19]

Nerve tissue can be damaged in various ways, such 
as mechanical, thermal, electromagnetic fields, 
electrical, etc. In different studies, researchers have 

(a)

(d) (f)(e)

(b) (c)

Figure 6. Light microscopic views of the C240 group: (a, b) Defor-
mations in myelinated axon cells are visible. Normally myelin-
ated axons (empty arrows), severely deformed myelinated axons 
(black arrows). Normal perineurium (arrowheads). No leukocyte 
infiltration (Toluidine blue). Electron microscopic views of C240: 
Severe deformative changes are seen in the myelinated and 
unmyelinated nerves. (c) Shredded myelin sheaths (arrows), my-
elin lysis (empty star), deformed axoplasm and its membranous 
structures formed by remains of deformed myelin (black stars). 
(d) In myelinated axons, shredded myelin unity (white arrows), 
loss of axoplasm filled with electron-dense material and pieces of 
myelin (black arrows). (e) Remains of myelin in endoneurial con-
nective tissue (white star), cytoplasm of a deformed Schwann cell 
(black star), and deformed myelinated axons (duM). (f) Normal 
(uM) and deformed unmyelinated axons and their Schwann cell 
(duM), and normal myelinated axon (M). (g) Electron microscopic 
views of C240: In the intraneural capillary, endothelium (E), and 
pericyte (P). Mitochondrial crista lysis is observed (black arrows).

(g)
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emphasized the importance of avoiding damage 
from sources other than electromagnetic fields to 
understand the real effects of the electromagnetic 
field on nerve tissue. Uematsu and Smith et al.[20] 
found that RF can damage both small and large 
nerves, with both myelinated and unmyelinated 
nerves being damaged at different temperatures.[7] 
However, de Louw et al.[21] observed no changes in 
light microscopy due to C-RF in goats and suggest-
ed that Smith and Lecher’s results might be due to 
the placement of electrodes in neural tissue and 
the use of large electrodes. It is crucial to differenti-
ate between mechanical damage and RF damage. 
For this purpose, we used modern small electrodes 
and created both sham and control groups. Ad-
ditionally, we placed electrodes beside the sciatic 
nerve to minimize mechanical damage. The lack of 
morphological changes between the control and 
sham groups indicates that we managed to reduce 
mechanical damage to a minimum.

C-RF Groups
C-RF exposes target nerves or tissues to continuous 
electrical stimulation, increasing the temperature 
and thereby damaging the structures.[22] Both short-
term and long-term conventional radiofrequency 
applied to patients with lumbar facet joint pain for 
medial branch neurolysis have been shown to posi-
tively affect the quality of life and daily activities of 
the patients.[23]

In a study, dorsal root ganglia and sciatic nerves of 
rats were exposed to C-RF at 42 °C for 120 sec. Re-
searchers found no significant histopathological 
effects, except for edema, due to this application. 
However, at 80 °C, the C-RF application process 
led to necrosis.[16] For rabbits, C-RF was applied to 
dorsal root ganglia for 60 sec at 67 °C, resulting 
in some mitochondrial, nuclear membranal, and 
neurolemmal changes.[13] de Louw et al.[21] applied 
C-RF to goat dorsal root ganglia for 60 sec at 67 
°C. They did not examine electron microscopy and 
found no histological changes in light microsco-
py, but they did observe increased MIB-1 activity, 
an indirect marker of damage, in the RF group. In 
Choi et al.’s[24] study, P-RF was applied to rats’ sci-
atic nerves for 60 sec at 80 °C, showing severely 
degenerated and stunted myelinated axons in the 
C-RF group.

Vatansever et al.[14] applied C-RF at 40 °C and 80 °C for 
90 sec to rats, observing endoneurial and perineural 
edema in light microscopy and some morphological 
changes in electron microscopy in the 40 °C group, 
with these effects intensifying in the 80 °C group. 
Tun et al.[15] applied RF to rats at 42 °C for 120 sec 
and 70 °C for 60 sec, noting significant damage, loss 
of cytoskeleton, Wallerian degeneration, and mito-
chondrial swelling. Unmyelinated fibers were evalu-
ated as normal.

As mentioned above, there are varied results re-
garding C-RF’s effects on nerve fibers. These studies 
were conducted on different animals and tissues, 
with different application periods and techniques. 
In our study, C-RF was applied for 120 and 240 
sec at 42 °C. We found that nerve damage in C-RF 
groups is related to the duration of application. In 
the C240 group, intense deformation in myelinated 
and unmyelinated fibers was observed. However, 
in the C120 group, myelinated and unmyelinated 
fibers appeared normal, similar to Podhajski’s study, 
except for reversible edema.[16] Erdine et al.[13] and 
de Louw applied higher temperatures and shorter 
durations on different animals than in our study, so 
their results may be related to the different applica-
tion temperatures and the use of different animals.
[21] In human peripheral nerves, it has been shown 
that C-RF can cause mitochondrial changes and 
lead to apoptosis.[25] We did not detect significant 
changes in light microscopy or electron microsco-
py in the C120 group. Thus, our study differs from 
Vatansever’s study, and we only observed similar 
results to Tun’s study in the C240 group, not in the 
C120 group.

P-RF Groups
P-RF, known for its pain-reducing effect similar to 
corticosteroids but without serious side effects, is 
preferred in the treatment of various types of pain.
[17] P-RF treatment applied to elderly patients with 
postherpetic neuralgia has been shown to be safe 
and effective.[26] It has also been reported that intra-
discal P-RF application can be an effective and safe 
technique in the treatment of chronic discogenic 
neck pain.[27]

Erdine et al.[13] applied P-RF to rabbit dorsal root gan-
glia for 120 sec at 42 °C. They observed enlargement 
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of ER cisterns and vacuole groups, with no patholog-
ical changes in cell membranes or nerve fibers’ mor-
phology. Another study found that P-RF could cause 
more damage than control groups and that C fibers 
were particularly affected.[28]

In a study with rats exposed to P-RF for 120 sec at 42 
°C, cytoplasmic vacuoles, expansion of ER cisterns, 
mitochondrial damage, nuclear and plasma mem-
brane damage, and some changes in Schwann 
cells were observed in myelinated fibers.[29] Choi et 
al.[24] also applied P-RF to rats’ sciatic nerves for 120 
sec at 42 °C, finding some myelinated axon dam-
age and swelling. Vatansever et al.,[14] applying 
P-RF for 240 sec at 42 °C, determined some nerve 
damage. These results differ from our study. In our 
study, no significant morphological or pathologi-
cal changes were observed in both P-RF groups, 
except for some negligible abnormalities in the 
240 sec P-RF group, such as myelin sheath defor-
mations, axoplasmic lysis, and electron-dense ma-
terial deposits.

Another research observed normal morphology 
in both myelinated and unmyelinated nerves, ex-
cept for a few axons where myelin separated, and 
newly formed myelin sheaths were noticed.[15] Pod-
hanjski et al.,[16] applying P-RF for 120 sec at 42 °C 
to rats, observed reversible edema in dorsal root 
cells and sciatic nerves, with no other abnormali-
ties. It has been shown that P-RF does not cause 
morphological changes in mitochondria or induce 
apoptosis in human peripheral nerves.[25] Several 
studies demonstrate that P-RF can have a positive 
histological effect on damaged nerves. Zhu et al.[30] 
demonstrated that P-RF can promote nerve repair 
by increasing the level of GDNF and decreasing 
the level of GFAP. P-RF can be applied at different 
voltage levels, causing different morphological 
changes in nerves. High voltage P-RF in rat’s sciatic 
nerves can down-regulate Nav 1.7, induce histo-
logical changes, and improve pain more effectively 
than other levels.[31] Preliminary research suggests 
that P-RF can lead to nerve regrowth and decrease 
nerve damage.[32]

These results align with our findings in the P120 
group, but we did not observe newly formed myelin 
sheaths or edema.

Conclusion

In our study, we demonstrated that the application 
of P-RF for both 120 sec and 240 sec, as well as C-RF 
for 120 sec at 42 °C, did not induce any deforma-
tions in rats’ sciatic nerves. However, the application 
of C-RF for 240 sec at the same temperature caused 
pathological changes in the nerves. Thus, it can be 
inferred that damage may increase with the exten-
sion of the duration of the experiment. While some 
studies support our findings, numerous other stud-
ies have reported contradictory results. Addition-
ally, it has been suggested that P-RF can promote 
nerve repair.

It is evident that there is no consensus on the mor-
phological and pathological effects of RF on nerves. 
Despite the frequent use of these treatment modali-
ties in daily clinical practice, the underlying mecha-
nisms of PRF and CRF are not yet fully understood. 
Further research is necessary to comprehend these 
mechanisms and ascertain their specific morpho-
logical effects.
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