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Abstract

Objective: This study was performed to review the current evidence for the efficacy of short-
wave and microwave diathermy in promoting nerve regeneration after peripheral nerve injuries in
both animal models and human patients.

Methods: An extensive literature search was conducted without publication data restrictions.
Studies including the intervention and outcome in animal or human models were selected. Non-
English studies, reviews, letters, and case reports were excluded.

Results: Eleven articles were included in this study. Shortwave diathermy at the frequency of
27.12 or 40.68 MHz was used in six of seven animal studies, while only one study utilized
microwave diathermy at 915 MHz. Seven animal experiments demonstrated that shortwave or
microwave diathermy produces an increased myelinated nerve fiber number, myelin sheath thick-
ness, and axon diameter as well as improved electrophysiological parameters and locomotion.
A total of 128 patients (207 wrists) were enrolled in four clinical studies. The clinical use of
diathermy in human patients with carpal tunnel syndrome showed positive effects on pain, hand
function, and electrophysiological findings.

Conclusions: Shortwave or microwave diathermy can improve the electrophysiological param-
eters, myelinated fiber number, and axon diameter of the injured nerve.
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List of abbreviations

BDNF = brain-derived neurotrophic factor
VEGF = vascular endothelial growth factor
CTS = carpal tunnel syndrome

Introduction

Peripheral nerve injury is a commonly
encountered clinical problem. Patients may
benefit from surgical interventions such as
nerve grafting, but these are delicate proce-
dures and sometimes unsatisfactory in the
case of severe injury.' Although pharmaco-
therapeutics have also been used, functional
recovery is often poor.” Physical agents that
influence healing of the injured nerve may be
used to complement or supplement the
aforementioned interventions.  Physical
agents can be categorized as thermal (e.g.,
deep heat, superficial heat, and cold),
mechanical (e.g., traction, compression,
water, and sound), or electromagnetic (e.g.,
electromagnetic fields and electrical cur-
rents).> Some physical agents such as water
and ultrasound can also have thermal and
mechanical effects. Deep-heating agents,
also called diathermies, include ultrasound,
shortwave, and microwave. Therapeutic
ultrasound is a method of stimulating the
tissue beneath the skin’s surface using very
high-frequency sound waves. Shortwave and
microwave diathermy uses high-frequency
electromagnetic energy to generate heat.
The application of shortwave diathermy
can reportedly accelerate peripheral nerve
regeneration in rats and cats.* ” The present
study was performed to explore the current
evidence for the efficacy of shortwave and
microwave diathermy in promoting nerve
regeneration after different nerve injuries in
both animal models and human patients.

Materials and methods

We performed an online search through
OVID (including EMBASE, MEDLINE,

and BIOSIS Previews), PubMed, and Web
of Science for English-language articles
using the terms “diathermy/microwave dia-
thermy/shortwave diathermy,” “pulsed
electromagnetic field/pulsed magnetic field/
pulsing electromagnetic field/pulsing mag-
netic field,” and “peripheral nerve/peripheral
nerve injury/peripheral nervous system
disease/nerve regeneration.” The inclusion
criteria for articles were publication in the
English language, an animal or human
study, and reporting of detailed data,
including the intervention and the outcome.
Non-English studies, reviews, letters, and
case repots were excluded. The full text
was obtained for further study when neces-
sary. Our search was last performed on
5 April 2019. Because this study was a lit-
erature review, the need for ethics approval
was waived.

Results

In total, 236 articles were identified through
the search of PubMed. Studies including the
use of shortwave or microwave diathermy
for nerve injuries in animal models or
human patients were selected. In the screen-
ing phase, articles not written in English
(n=060), irrelevant studies (n=133),
review articles (n=7), comments (n=2),
case reports (n=4), and duplicate articles
(n=1) were excluded based only on the
title. The abstracts of the remaining articles
were screened, and veterinary articles
(n=1) and ultrasound studies (n=21)
were excluded. The reference lists of the
included articles were then manually
searched to identify additional articles of
interest, and four articles were included.
Finally, 11 articles were enrolled in the
review (Figure 1).

Animal models

Seven animal studies showed that the appli-
cation of shortwave diathermy and
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database searching
(n=236)

Records identified through

l

236 Records screened

229 Records excluded
Non-English:60
Unrelated study:133
Review article:7
Comment:2

l

7 full-text records
reviewed for eligibility

Case report:4
Veterinary article:1
Duplicated study: 1
Ultrasound study: 21

4 Records identified

1.

literature review

11 Records included in this

through manual search

Figure |. Flow diagram of the identification and selection of the studies included in the analysis.

microwave diathermy after peripheral nerve
injury increased the myelinated nerve fiber
number, myelin sheath thickness, and axon
diameter. Moreover, eclectrophysiological
parameters and locomotion were also
improved, indicating that shortwave or
microwave diathermy may accelerate nerve
regeneration (Table 1). In detail, Wilson
and Jagadeesh® and Wilson et al.” divided
the median and ulnar nerves in a rat model.
The nerves were treated using a Diapulse
machine  (Diapulse  Corporation  of
American, Great Neck, NY, USA) at a fre-
quency of 27.12 MHz for 15 minutes begin-
ning 2 hours after surgery and then daily
for 15 minutes. At 30 days, the nerves in
the treated animals had progressed further
toward recovery than the nerves of the
untreated animals at 60 days. Nerve con-
duction studies indicated that function
was restored to normal after 45 days in
the treated group; in contrast, the untreated
nerves required 60 days to recover. Raji*
and Bowden® designed experiments with
standardized operative, histological, cyto-
logical, and morphometric techniques to
assess the effect of diathermy (Diapulse

machine at a frequency of 27.12 MHz) on
lesions of the common peroneal nerve in
rats. The animals underwent 15 minutes of
diathermy daily for periods ranging from
3.5 days to 8 weeks after injury. Wallerian
degeneration was more rapid in animals
treated with diathermy. Compared with
untreated group, the diameter of the mye-
linated fibers and axons at and below the
level of the lesions was significantly larger in
the diathermy-treated than untreated
group (P < 0.05).

Two of the seven studies used an acellu-
lar nerve allograft model in Wistar rats.
Leitgeb et al.,® Zhang et al..’ and Pang
et al.'” repaired the sciatic nerve of rats
with acellular nerve allografts, followed by
a 7-minute treatment with shortwave dia-
thermy at 40.68 MHz within 24 hours of
the operation and then daily for up to
12 weeks. The authors demonstrated that
the myelinated fiber number, myelin sheath
thickness, and axon diameter were signifi-
cantly higher in the shortwave diathermy-
treated than untreated group (P <0.05).
Electrophysiological analysis showed that
the shortwave diathermy-treated group
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had a faster conduction velocity, shorter
latent period, and higher wave amplitude
than the untreated group. The sciatic func-
tion index was used for the functional eval-
uation of sciatic nerve regeneration.'':'?
Pang et al.'” reported that the sciatic func-
tion index was significantly higher in the
shortwave diathermy-treated group than
in the untreated group at 2, 4, 8, and
12 weeks (P < 0.05).

One of the seven studies used a nerve
compression model in Sprague-Dawley
rats. Zhao et al.'* demonstrated that micro-
wave diathermy at 915 MHz could effec-
tively inhibit the inflammatory reaction
after injury as well as improve the local cir-
culation of the injured nerve and conse-
quently reduce adhesion between the
injured nerves. They also reported that
microwave diathermy was effective in pro-
moting the proliferation of Schwann cells.

Human patients

Our literature search revealed limited evi-
dence from four studies focusing on the
clinical use of shortwave or microwave dia-
thermy for peripheral nerve injury in
human patients with carpal tunnel syn-
drome (CTS) (Table 2). Shortwave or
microwave diathermy produced pain relief
and function improvement in patients with
CTS. In addition, the median distal motor
latency, distal sensory latency, and sensory
nerve conduction velocity were improved
after application of shortwave diathermy.
Boyaci et al.'* reported the effects of
27.12-MHz  shortwave diathermy in
humans with mild or moderate idiopathic
CTS. Patients with CTS were treated for
20 minutes per day, 5 days/week, for
3 weeks and showed significant improve-
ments in terms of pain, median nerve
distal motor latency, median nerve distal
sensory latency, and median sensory nerve
conduction velocity. In contrast, the place-
bo group showed improvements only in

median nerve distal motor latency. The
shortwave diathermy group showed signifi-
cant improvements in median nerve distal
sensory latency and median sensory nerve
conduction velocity compared with the pla-
cebo group. Improvements in median nerve
sensory velocity were also reported by
Ozcete et al.'® after application of short-
wave diathermy for 20 minutes per day,
5 days a week, for 2 weeks versus sham
therapy in patients with mild to moderate
CTS. A subsequent study by Incebiyik
et al.'® using the same shortwave apparatus
confirmed significant improvements in pain
and hand function in the shortwave diather-
my group following treatment; in contrast,
no significant improvement was seen in the
placebo group. Frasca et al.'” reported the
benefits of a superficial cooling system and
a deep heating source with a microwave
power generator at 434 MHz on CTS
after administration of 20-minute treat-
ments at two sessions per week for
3 weeks. The microwave diathermy group
experienced a significant improvement in
pain and functional status relative to base-
line, while no improvements in pain inten-
sity or functionality were observed in the
sham-treated group. The changes in pain
severity between baseline and the end
of treatment were larger in the microwave
diathermy group than in the sham-treated
group. However, no intra-group or
between-group differences were observed
in the median nerve distal motor latency
or median sensory nerve conduc-
tion velocity.

Discussion

Diathermy and nerve regeneration

Diathermy, from the Greek words dia
meaning “through” and therma meaning
“heating,”'® is the application of shortwave
(frequency of about 3-300 MHz) or micro-
wave (frequency of 300 MHz to 300 GHz)
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Table 3. Classification of diathermy.

Microwave diathermy

Centimeter Millimeter

Ultrasound ~ Shortwave diathermy Decimeter wave wave wave
Wavelength / 22,12 m 11.06 m 737 m 0.69 m 033 m 0.1225 m 0.008 m
Frequency  0.8-3.0 MHz 13.56 MHz 27.12 MHz 40.68 MHz 433.92 MHz 915 MHz 2450 MHz 37.5 GHz

electromagnetic energy and ultrasound
(acoustic vibration with a frequency of
0.8-3.0 MHz) to produce heat and other
physiological changes within  tissues
(Table 3). Both shortwave and microwave
radiation are nonionizing. Shortwave dia-
thermy devices have been allocated the
three frequency bands centered on 13.56,
27.12, and 40.68 MHz"’ of which the
27.12-MHz band is the most commonly
used modality. Microwave diathermy devi-
ces operate at three frequencies: 433.92,
915, and 2045 MHz.%'" 2!

Despite the ability of peripheral axons to
regenerate and form functional connec-
tions, the recovery of function is frequently
disappointing after primary surgical repair.
This is especially true in patients with trau-
matic peripheral nerve injuries because
axon regeneration often must extend over
much longer distances in humans than in
mice.”> The major reasons for the poor
functional recovery are the restricted time-
frame of opportunity for nerve regeneration
and the slow growth of regenerating
axons.” Four studies in this review demon-
strated that shortwave diathermy at the fre-
quency of 27.12 MHz induced regeneration
of myelinated axons histologically and
functionally, whether in crushed nerve
models or nerve transection models.*”’
Moreover, microwave diathermy at 915
MHz facilitated neural regeneration with
inhibition of the inflammatory reaction
and improvement of local blood circula-
tion. Both shortwave and microwave dia-
thermy can be delivered in a continuous

or pulsed mode and, when delivered at a
sufficient intensity, can generate heat in
the treated area.”* 2 Heat is generated by
eddy currents induced within the body and
by the movement of ions and distortion of
molecules and crystal lattices within the
field.?” The physiological effects of increas-
ing tissue temperature include amelioration
of local blood flow, alteration of the senso-
ry nerve response, an increased rate of
nerve conduction, and elevation of the
pain threshold, which may be related to
faster nerve regeneration. Furthermore,
the thermal effects produce an increase in
the nutrients and oxygen in the treated
region. Both nutrients and oxygen have a
pivotal role in all of the anabolic processes
that take place in an organism, and they are
necessary for nerve repair.”®

Molecular basis of promotion of nerve
regeneration by diathermy

After an injury occurs in the peripheral
nerve system, Schwann cells proliferate,
transdifferentiate, and become repair
cells.”> Regeneration-associated genes are
expressed, including those encoding neuro-
trophic factors such as brain-derived neuro-
trophic factor (BDNF), nerve growth
factors, glial-derived neurotrophic factor,
and pleiotrophin. BNDF can promote
axon regeneration and functional recovery
after nerve injury,”” playing an important
role in the formation of synapses and charg-
ing of motor function for the motor neu-
rons of the spinal anterior horn.



3576

Journal of International Medical Research 47(8)

Therefore, the BDNF level is regarded as
an index of the nerve regeneration status.
Shortwave diathermy upregulates the
expression of BDNF in the spinal cord
and muscles,'’ suggesting that BDNF
expression may be involved in the process
of nerve regeneration treated by shortwave
diathermy. Zhang et al.” and Pang et al."
also found that shortwave diathermy can
promote peripheral nerve regeneration by
upregulating vascular endothelial growth
factor (VEGF) mRNA expression in the
spinal cord and muscle at the operated
site. VEGF reportedly stimulates neurogen-
ic, protective, and neurotrophic activities,
including proliferation of astrocytes and
Schwann cells.** 3> Hobson et al.** found
that VEGF increased angiogenesis in a sil-
icone sciatic nerve chamber, enhanced
Schwann cell proliferation and migration,
and played a significant role in peripheral
nerve regeneration. Therefore, VEGF upre-
gulation in the spinal cord can be anterog-
radely transported to the injured nerve to
promote nerve regeneration by direct
action. However, VEGF upregulation in
the muscle can improve the nutrition of
the target tissue, lighten muscle atrophy,
and be retrogradely transported to the
injury site to accelerate nerve regenera-
tion.*® Previous studies showed that S-100
protein expression was limited in Schwann
cells in the peripheral nervous system and
that its expression was absent in axons.>’ **
Therefore, high levels of S-100 protein indi-
cate active proliferation of Schwann cells,
which has been shown to promote nerve
regeneration.***” Using S-100 protein as a
Schwann cell marker, Zhao et al.'* found
that microwave diathermy induced S-100
protein expression in the regenerated
nerves. In conclusion, the mechanism by
which diathermy promotes nerve regenera-
tion may involve upregulation the BNDF
and VEGF expression in the spinal cord
and muscle and S-100 protein expression
in the injured nerve.

Application of diathermy in
clinical practice

During the last few years, shortwave and
microwave diathermy has been proven effec-
tive in the management of skeletal muscle
injuries.”®** However, only a few random-
ized controlled studies have focused on dia-
thermy in the treatment of peripheral nerve
injuries, primarily CTS. The efficacy of dia-
thermy is related to the increase in heat in
the deep tissue. The effect includes an
increase in vasodilatation and soft tissue
elasticity, amelioration of local blood flow,
and reduction of muscle spasms. This mech-
anism might be relevant in the treatment of
CTS, given that the positive effect of diather-
my on local ischemia plays a pivotal role in
the pathogenesis of CTS. Although all four
studies'*!” were double-blind, randomized,
and sham-controlled trials, their small
sample sizes (n=22, 45, 30, and 31) and
short-term follow-ups might be limitations.
Moreover, diathermy at 27.12 MHz
improved the distal motor and sensory laten-
cy'*!® and nerve conduction velocity of the
median nerve in patients with CTS, while
diathermy at 434 MHz caused no change
in these electrodiagnostic parameters.'’
These conflicting findings deserve further
investigation. Notably, most cases of CTS
are idiopathic; however, various etiologies
have been reported, such as diabetes melli-
tus, rheumatoid arthritis, hypothyroidism,
pregnancy, and tenosynovitis.'® The patho-
physiology of CTS is different from that of
traumatic peripheral nerve injury. Despite
the encouraging initial results in patients
with compressive pathology following CTS,
much more evidence is needed to support the
widespread use of diathermy for peripheral
nerve injury in humans.

Limitations

A limitation of this review is the absence of
blinding to the origins of the articles.
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In addition, because studies of the applica-
tion of shortwave or microwave diathermy
in nerve regeneration are insufficient, four
animal studies performed in the 1970s and
1980s were included in the current review.*”’
Finally, only one animal study'® demon-
strated an increase in S-100 protein and
two studies™® showed increased VEGF
after shortwave or microwave diathermy;
therefore, the underlying molecular mecha-
nisms remain incompletely understood.

Conclusions

The positive efficacy of shortwave and
microwave diathermy in promoting nerve
regeneration in animal models has been ver-
ified in several independent studies.” 71013
The mechanisms responsible for diathermy
have yet to be fully elucidated and ade-
quately reported. Clinical interest in the
use of diathermy for peripheral nerve
injury in humans has primarily involved
CTS. The preliminary studies performed
with a shortwave device working at 27.12
MHz or a microwave device working at
434 MHz have shown encouraging results.
However, at the time of this writing, we
were unaware of any studies examining
the effects of diathermy in humans after
peripheral nerve transection or more exten-
sive studies of compressive nerve pathology.
More large-scale randomized controlled
trials with longer follow-ups are needed to
investigate the efficacy of shortwave or
microwave diathermy in improving regener-
ative outcomes.
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