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Introduction

Medium Frequency Contact Diathermy (0.5 to 1 MHz) is
increasingly used in Physical Therapy as well as in Aesthetical
Medicine. It consists in the application of an alternate current with
voltages in excess of a few hundred Volts at frequencies ranging
from 0.5 to some 1 MHz through contact electrodes one of which
can be either conductive (for a “resistive” application) or non-
conductive (for a “capacitive” treatment). While in the “resistive”
mode the main effects are depending on the current flow, in the
“capacitive” mode the main effects are depending on the applied
voltage. The return electrode, common to both modes, is a
conductive panel applied on the patient’s skin according to a
geometry that ensures the flow of the current through the tissues
that need the specific stimulation. Born at the turn of the 20th
century from the studies of N. Tesla ') and J.A. D’ Arsonval */ this
kind of therapy was defined diathermy by C.F. Nagelschmidt in
1906 because it was observed that the main effects of the alternate
current flow through human tissues were at first a neuromuscular
stimulation disappearing at frequencies of a few hundred Hz, then
re-appearing at frequencies around 0.5 MHz with a significant raise
of temperature in the inner part of the ex-posed tissues. Around
1930 preference was given to shorter waves (range 20-30 MHz) !
and in 1973 the U.S. Food and Drugs Administration decided to
recognize both
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e A Short-Wave Diathermy (27.1 MHz)
e A Microwave Diathermy working either at 915 MHz or
at 2450 MHz.

In spite of that, at the end of the 20th century the technique,
described also by H Hesse ! that underwent successfully to the
treatment of low-back-pain by that technique in 1924 at Baden-
Baden, reappeared in a patented upgraded model by J. Calbet ©*! of
INDIBA SA (Barcelona). The device has been gaining the
increasing favour of Physiotherapists to the point that in Italy alone
there is an estimated population of more than 20.000 units, known
under the generic name of TECAR (it stands for the Italian
Trasferimento Energetico CApacitivo e Resistivo, in English
CRET for Capacitive and Resistive Energy Transfer) of several
make. Common features are the working frequencies (in the range
from 200 KHz to 2 MHz), the application modes between two
contact electrodes one of which can be either conductive (Resistive
mode) or insulated (capacitive mode) and the power ranging up to
some 300 W. Power is generally controlled by regulating the
applied stimulation voltage under the assumption that the key
beneficial effects of MF Diathermy are depending on the thermal
effects produced by the current flow through the tissues. Among
Physiotherapists the TECAR application is generally defined as a-
thermic (for a low level of applied power that is not inducing
perceivable heat), omo-thermic (for medium level applied power
felt at the same temperature of the patients’ body), thermic (for a
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medium-to-high level of applied power inducing a perceivable heat
level felt comfortable and pleasant by the patient), hyper-thermic
(for a high level of applied power that the patient perceives as
almost unbearably hot). The application is performed by applying
the current through the electrodes in contact with the skin. A
conductive cream is used to ensure a steady homogeneous contact
while the electrode is moved by the therapist along the area to be
treated.

Among the effects of time-varying electric voltage
applications to biologic tissues a peculiar one, consisting in the
formation of pores across the lipidic layer under the skin when
stimuli in the range 100 thru 1500 V decaying in 1 thru 10,000
usec were applied. By the term “Electroporation” °! it was defined
that temporary perturbation of the twin layer lipidic membrane and
rather quickly in 1993 its exploitation for topical delivery of active
principles was proposed "1,

Transdermal active delivery principles

The transdermal delivery of active principles can offer significant
advantages in front of traditional assumption methods involving
either the gastrointestinal tracts (oral or rectal) or the vascular
system (intramuscular or intravenous infiltration) or else the
respiratory ducts (sprays, aerosols, etc) because it can reach a
specific target with marginal involvement of systemic metabolic
activities 9,

In spite of its advantages, it is not so easy to perform the
transdermal delivery. The most known, although discussed, is the
Mesotherapy, defined as follows: “Mesotherapy involves the use of
multiple intradermal or subcutaneous injections of a mixture of
compounds in minute doses, by means of very fine needles,
directly over/near the affected sites” %, It is by all evidence a
discrete distribution, by definition inhomogeneous both in space
and in time.

A different approach can be sought with electrical assistance by:

e Promoting the permeability of the skin through the
formation of pores on the twin layer lipidic membrane
(Poration) Y, or

e  Pushing active principles molecules through the skin
(iontophoresis) !

While the first one is mechanically opening channels through
which molecules can be absorbed, the second one requires the
molecule to be electrically polarized in order to be displaced by the
generally tiny electric field (a voltage under 10 V is generally
required).

Electroporation
Poration can be electrically promoted by electrical stimulation that,
probably by polarizing lipidic polymers open agueous channels ™**!
where molecules, even large ones, either electrically loaded or
inert, can pass through with a surprisingly quick effect *“! that do
suggest a remarkable potential of application in traumatology.

Among the active principles that were tested in
electroporation there are also compounds with a molecular weight
between 18 and 38,000 Dalton. Worth signalling TETRACAINE
(local anaesthetic) ™, FENTANYL Y1 NONIVAMIDE,
Salmon CALCITONIN "% DEXTRAN SULPHATE 01
HEPARIN 1 Cc WVITA-MIN ! LIDOCAINE I,
OLIGONUCLEOTIDES !,

More recent publications dealing with evidences in
oncologic applications [“*?" suggest the wide field of
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investigations opening up to the research along this specific line.
The transdermal behaviour appears to be affected by the intensity,
the duration, the shape and the repetition frequency of the electric
pulses (see Figure 1). In general terms a key factor is the pulse
width that should be consistently in the order of magnitude of 1
Hsec [28,29]
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Figure 1
Salmon Calcitonin absorption through the human skin
a) innormal diffusion
b) in 4 h iontophoresis at 0,5 mA/cm?
c) with 6 x 120 V pulses lasting 10 ms and iontophoresis as
above from Chang [**/

Radiofrequency electroporation even devoid of thermal effects has
been demonstrated °°. However, some comments, more specific
with regard to the MF radiofrequency, should be added.

MF Diathermy exposes the patient’s tissues to the
stimulation with an alternate current at high voltage (Vpp ~1000 V)
and frequencies between 100 and 1,000 KHz (Wave period
between 20 and 2 psec) with an half-wave duration ranging from
10 to 1 psec similar to the typical diadynamic pulse used to
electrically create pores in the human skin (see Figure 2).

V=+600V 1usec lusec

Vpp =600V

DIADYNAMIC PULSES

Vpp = 1200V

V =-600V
MF DIATHERMY AC 500 KHz

Figure 2: Diadinamic pulses

To start the phenomenon a voltage of at least 200 Vpp has to be
applied.

The majority of MF Diathermy devices nowadays available
on the market do control the output power in the most traditional
way: i.e., through the output voltage control. The higher the
voltage, the higher the power to the patient’s tissues. It can be
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reasonably expected that to achieve the required voltage an output
power of some 150 W should be applied.

On the other hand, the diadynamic pulses should be applied
in bursts of a few ones and not in a continuous mode. This is an
intrinsic feature for MF Diathermy devices whose power is
modulated with Pulse Width Modulation (PWM).

The concept, widely applied in many electrically operated
systems, is basically consisting in the rhythmical On-Off switching

of the applied current and regulate the average current applied to
the mechanism through the variation of the emission duration.
Under these conditions the mean applied power is proportional to
the ratio between the active time and the intervals between the
pulses that is normally referred to as Duty Cycle (See Figure 3).
Duty Cycle that can vary between 0 and 1 is generally expressed in
% value.
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Figure 3: Pulse Width Power Mpdulation

The main advantage of PWM in Diathermy is the possibility to
exploit the stimulating effects of the applied voltage selecting the
quantity of energy as appropriate to the pathology.

With a classical Voltage control, the Voltage value
required for electroporation will probably correspond to a level of
power too high to be applied to a patient in acute or inflamed
conditions. In fact, the instantaneous absorbed energy is
proportional to the applied voltage according to the law (Equation
1)

VZ
E=Pxt=—xt ... @

Where E stands for energy, P stands for power, t stands for time, V
stands for applied voltage, and Z, a vector, stands for impedance.
That energy is converted to heat that, in turn, promotes vasodilation
effects that might be undesirable under — for example — acute
inflamed conditions. (See Figure 4).

VOLTAGE MODULATION

78 Vg P =13% Of Prax H A

Ton=0.39ms P =13% of Pmax Ton=0.39ms P =13% of Pmax

PULSE WIDTH MODULATION

Il

ANANAANANANNNNNNNTUR

A AVAAVATAVATATAVAVAVAVAVATAVAYS 2

600 Vpp 3 msec
156 Vpp P = 26% Of Pmax T (T
Ton=0.78ms P =26%0f Pmax | TON=0.78Ms P =26% Of Pmax
ARAANAAAAAAANNNTE ‘
VUVVVUVVVVVVVVTR

318 Vpy P =53% of Prax T fATRARAEAnn

Il

AR | Wit ot fi i =er
T

il

Wl

kﬁ M m M:MT Am) hﬂ h | H TMUJMM n Q’UJ"UMP‘M Ton=2.37ms P =79% of Prax

LEELLLEREERRRARRRA]

11 L

IACAEEARERRRARAERARRRRRARERARARANEARERRRRRAR D

Ton=3ms P =100% of Pmax Ton=3ms P =100% of Pmax

Uil

U

IUXX

FTETe LLLILLL il ettt L)
"UI"IIU\NX .ﬂxnxruar ”‘U”bxx\ulnxx Tt

600 Vpp P =100% Of Pmax
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Besides the advantage of having the same Voltage at any selected
mean power level thus exploiting the best voltage related effects of
the stimulation (to be in the range 50-100 V/cm between the two
electrodes) Y, the known effects of the pulsed stimulation
resulting from the pulse repetition frequency of the PWM control
are also available.

As said Diathermy can be applied either through one
insulated electrode (Capacitive Mode) or through a conductive
electrode (Resistive Mode). While in the Resistive Mode the main
effect is bound to the current flow through the tissues with higher
resistance such as bones, tendons and ligaments, in the Capacitive
Mode the main effect is the ionic movement in the less resistive
tissues and especially under the insulated contact electrode where
tissue become the second armature of a capacitor (see Figure 5).

1
,l RESISTIVE MODE

Figure 5: The energy transfer to tissues
The darker area is the one where energy concentrates in the
specific application mode

The Capacitive Mode is affording a stimulating effect that is
promoting a local vasoactive effect that promotes the absorption of
the delivered active principle.

The particular range of frequency chosen for MF contact
Diathermy is affording a further advantage: as demonstrated, for
example, by the body mass bioimpedance analysers %, while
under 500 KHz the cell membrane impedance prevents the current
flow in the intracellular space, above that frequency the current
flows also within the intracellular spaces. Therefore, by choosing
the treatment frequency it is possible, to some extent, to target the
delivery either to the tissues’ cells or to the extracellular space.

Although also drugs could be locally delivered by MF
PWM Diathermy it is to remark that only drugs approved for local
treatment in mesotherapy should be considered, because of the
specific pharmaco-dynamics involved. A sound clinical indication
can be derived from “Table 1 — Daily dose ranges and physical-
chemical and pharmacokinetic properties of currently approved
transdermal delivered drugs” of an already mentioned brilliant
review by Wiedersberg and Guy (2014) !,

It is however to underline that while the “classical” MF
Diathermy, heating the tissues, should not be applied in acute
conditions or on inflamed tissues, the PWM based MF Diathermy
could be applied and, by exploiting its characteristics, even at
negligible mean power levels could be used for transdermal
delivery of antalgic and myorelaxant drugs for an effective pain
killing action.

Less critical appears the use of active principles not
officially classified as drugs.

A specific reference should be made to several active
principles that could be mixed with the conductive cream for local
application to enhance the physiotherapy treatment 34,

Among them there are all the herbal principles such as
Arnica (Arnica Montana), Aloe (Aloe barbadensis Mille), Aescin,
Allantoin (Consolida major Symphytum officinale), Horsetail
(Equisetum arvense), Mallow (Malva sylvestris), Bergamot (Citrus
bergamia), Cedar wood (Cedrus atlantica), Juniper (Juniperus
communis), Lavender (Lavandula hybrida), as well as some
chemicals as ETDA (etilendiamminotetraacetic acid) and the
proposed mix known as Bach or Australian Flowers.

Figure 5: Phytotherapeutics

Homeopathic and Homotoxicology remedies can be as well
administered through this method enjoying the benefit of a topical
application

Worth mentioning that nowadays, besides the diluted active
principles, there are available also MF Diathermy creams
embodying also active principles to be applied on specific
conditions.

Multifrequency MF PWM Diathermy Electroporation -
Application guidelines

In general terms, the following criteria should be followed:
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1) The “return” electrode should be positioned to
concentrate the mesotherapy effect on the desired target:
the distance between active and return electrode should
be reduced as far as possible avoiding, whenever
feasible, to involve between the electrodes lymphnode
stations that could drain away the principle;

2) A thin layer of conductive cream should be laid on the
skin both on the area where the return electrode is
applied and, on the area where the active, manual,
electrode will be made slide during the treatment;
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3) Add some drops of the hydro soluble active principle
over the area on the thin layer of cream;

4) Apply diathermy at low or very low power (<20 W) in
Capacitive mode to exploit the ionic transport for 5-10
min sliding the active electrode over the skin to promote
the local absorption: the treatment will effectively cause
the opening of the skin layer pores and the natural
diffusion of the principle under the skin;

5) Increase slowly the applied power up to 100 W sliding
the electrode to promote the local absorption of the active
principle as the increase of temperature — always within
limits pleasant to the patient — will promote the local
vasodilation. Worth stressing the fact that vasodilation
should be avoided in acute conditions although bio-
stimulation effects are not dependent on temperature
increase that should be avoided in acute conditions: in
those conditions, longer lasting applications at lower
power levels might be recommended.

The choice of the applied frequency, whenever applicable, offers a
specific opportunity: a frequency under 500 KHz would promote
the diffusion of the principle primarily in the Extracellular Soft
Tissue Matrix while a higher frequency might involve also the
cells.

Conclusions

MF Diathermy can be used to promote absorption of active
principles by the treated tissues. The Diathermy emission power
should be controlled through PWM technique in order to exploit
the highest de-vice Voltage capable to promote the pores opening
even at very low mean power setting and with the possibility of at
least two carrier frequencies across the 500 KHz value to afford
both the capability of extracellular and intracellular diffusion of the
active principles. Studies to deepen the understanding of specific
pharmacodynamics can open up further mesotherapy opportunities.
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