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Abstract: Short Wave and Microwave equipment are used
for treatment purpose in physiotherapy units. Such
equipments’ stray fields can affect around them in the near
field region. This fact has been stressed in current studies.
In this way, some “safe operating area™s or safe proximity
distances have been recommended. Effects on the health of
EM energy, nowadays, have been discussed topic
frequently. So, controlled Medical Aimed Radiofrequency
Energy gained more and more importance at the Hospitals.
In this study; leakage or stray fields of shortwave diathermy
(27.12 MHz) equipments are measured and evaluated in
terms of standards and safe proximity or approach
distances. Also, placement of various types of treatment
equipments is be evaluated in order to avoid over exposure
and  electromagnetic interference (EMI). A practical
measuring methode is for new or old equipment in medical
units.
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Introduction

In recent years the notable increase of the aplication of
generators of clectromagnetic fields at the radio frequency
(RF) in the field of industry, health and telecommunications
has been accompanied by the deepening of knowledge of
the biologicai effects due to exposure to such radiation. The
internal field is frequently described in terms of the specific
absorption rate (SAR) which expresses the rate of energy
absorption and is proportional to the square of the internal
electric field intensity [1].

Short-wave diathermy is used in medical therapy to produce
heating tissue by way of the conversion of electromagnetic
energy. This therapeutic modality has been in use since the
mid-thirties, and it has been almost exclusively conducted at
27 MHz since 1947, one of the frequency allocated for
industrial, scientific and medical uses [2].

Compherensive measurements of the intensities of stray

ficlds around short-wave diathermy devices indicated that
there is a potential for operator exposure in excess of the
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levels recommended by some organization. However we
think that these recommendations are not enough and clear.
Exposure such high intens radic frequency (RF) radiation
can cause adverse health effects.

Biological Effects of RF Exposure

Electromagnetic radiations at the operation frequency of
short-wave diathermy (27MHz) is known to have various
biological effects. The interactions of RF radiation with
living systems, including human beings, is a complex
function of many parameters. The electrical properties of
the living system and its geomeiry determine the amount of
radiations reflected, transmitted and absorbed for a given
exposure field. The exposure figld is characterized by the
frequency, intensity, polarization (direction) and type or, a
plane wave, leakage field, the near-field or far-fieldf3].

Quite apart from the interaction mechanisms invoived,
biological effects are the related to the intensities of the
fields within the living body, not to the external intensity of
an exposure field. The internal fields are complex functions
of exposure conditions and other parameters. The intemnal
fields are frequently described in terms of the specific
absorption rate (SAR) which expresses the rate of energy
absorbtion and is proportional to the square of the internal
electric field intensity,

The characteristics of a biological media which are
important in the determination of the interaction with
electromagnetic fields. These are the physical shape and
dimensions to be affected the medium dielectric constant €
is defined as € =g,(g'-€”), and the losses tangent is defined
as tand=¢"/¢’, where g, is the permitivity of vacuum, ¢ is
the relative dielectric constant, and € is the relative loss

factor. The conductivity G is expressed as 0 =2mfe,e" [4].

For human beings maximum energy absorption takes place
between 30 and 100 MHz, depending on the body size and
the environment. The SAR depends on the following: (a)
The incident field parameters; intensitiy, polarization and
source-object configuration (far-and near-field). (b) The
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characterstics of the exposed body; the size, external and
internal geometry, dielectric properties of the various tissue
layers in an inhomogeneous multi-layered object (such as a
human or animal body). (c) Ground effects and reflector
effects of other objects in the field, such as metal surface
near the exposed body.

Short Wave Diathermy Equipment

Short wave equipment operates at 27 MHz with two type
treatment arrangement. in the first, known as the capacitive
methode, the part of the body to be treated is placed
between two electrodes so that it forms the dielectric
material between the plates of a capacitor. In the second,
known as the inductive methode, a coil is positioned close
to the body so that the changing magnetic flux induces eddy
currents in the tissue. The applicator is connected to an
convenient RF power generator.

Stray RF Fields In the Vicinity of Diathermy Equipment

The stray field close to the aplicator, but outside the
treatment area, are relatively strong and highly
irregular[5,6]. High intensity fields are also produced near
the cables. The radiation field close to the short wave
diathermy aplicator is of the near field type, so that the
intensities of the eleciric and magnetic field are not at a
constant ratio of 377 as they are for the far field. There is no
simple formula to predict the intensity of stray field, except
that the higher the power setting the stronger they are, if all
other parameters (e.g., electrode placement) remain
unchanged(2].

RF Fields Close to the Diathermy Devices

The dominant source of fields at the operator’s position may
be the leads. Two major studies found similar values for the
fields at the operator’s eyes and waists[7]. The range of
value far from the operators was 2 to 135 (V/m) for electric
field strength and 0.05 to 0.95 (A/m) for the magnetic field
strength. In diathermy operation area many of studies show
that; operators, physiotherapists, and patients are under
threat because of exposing to unwanted stray fields[8].

In current study [9], stray electric and magnetic field close
to equipment were measured and compared with exposure
levels by the INIRCP and NRPB. Fields above the
recommended whole body levels extend to 0.5-1.0 m from
the electrodes and cables for continuous wave {cw) short-
wave equipment, and up to 0.5 m for microwave units and
pulsed shortwave models. Operators were exposed to local
fields above these values for 2-3 min. during cw short wave
treatments, but rarely they exceeded the recommended
exposure. Physiotherapists are advised to remain at least Im
away during cw treatments, and not to approach within
0.5m of the electrodes and cables even for a short period.

Occupational Safety Standards

Terms such as “safety satandards™ and “exposure standards”
are gencrally applied to, and frequently used
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interchangeably, specifications or guidelines for permisible
occupational and/or nonoccupational exposure of human to
electromagnetic fields. According to IRPA standards,
exposure limit for 6min at 27 MHz is 02 mW/cm? for the
public and ImW/cm® for occupational personnel[10]. We
have to consider occupational exposure limit,

For a whole or partial body exposure (including extremities)
for periods longer than 1 minute, but shorter than lhour, the
maximum time, t (min.), that a person can be exposed to the
field must not exceed t=60/W, where S (mW/cm’) is the
equivalent plane-wave power density[2].

The equivalent plane-wave power density S is related to E
and H as follows:

S=E*/3770, S=37.7H° n
Where E is electric field (rms, V/m); H is magnetic ficld
(rms, A/m), and S is power density (mW/em?).

Table 1. Occupational Exposure Limits To RF EM Fields For
Short-Wave Diathermy Devices [1].

Exposure situation E H g
(Vim) _(Aim) _(mWicm’)

For-whole-or partial body
exposure average over 1 min
period (including extremities)
For-whole-or partial body
exposure (including 60
extremities) average over
Thour period.

For exposure of the
extremities averaged overa 200 0.5 10
lhour period.

300 0.8 25

0.16 1

RF Radiation Instrumentation

The need to measure stray RF fields around a short-wave
diathermy devices may arise when new electrodes or even
complete devices are introduced, especially when the device
operates at high power settings (above 500W}. For instance,
some RF diathermy devices used for cancer treatment
operate at such high powers, and the design of the
applicators may be such that intense stray fields are
produced even at greater distance [3,11].

Several steps are necessary for the accurate assessment of
RF exposure. The source and exposure situation must be
characterized, so that the most appropriate measurement
techpique and instrumentation can be selected[8]. The
correct use of the instrumentation requires knowledge of the
quantity to be measured and the limitations of the
instrument used. A knowledge of relevant exposure
standards is essential. The following general
recommendations on RF radiation surveys should be
followed:

1.The electrode should be positioned over a test treatment
area of an appropriate patient receiving a prescribed
treatment. 2.When an RF survey is performed, the electric
field, magnetic field and power density should be measured
and their intensities compared to the standards. 3.The
measurement should be done in the plane of the applicator

825



and the plane of the cables. 4. If an output power indicator
is provided, low power setting should be used and the
measurement results extrapolated to higher power settings
assuming the power setting control operates linearly. For
instance, if for a power setting of 100W the electric field
intensity at Im from the applicator is 15V/m, then the
clectric field intensity at Im for a power setting of 400W
will be 30 V/m [(400/100)°x15=30]. This level should be
compared with the recommended exposure standards[1].

For our survey, we has used a spectrum analyzer and a
small loop sensor. Instrumentation of signal level
measurement have been carried out by Promax labelled,
AE-566 Model spectrum analyzer has 1 GHz frequency
range and 15-130 dBUV input sensitivity. Loop probe has
been made as 15 turns of 1.3 mm diameter Cu wire. This
wire is not ordinary enameled wire. It has very thick and
special insulations (Submersible pump wire). So the stray
capacitance of 15 turns is very low. Radius of this ioop
probe is 2.95 ecm and wire radius is 0.065 cm.

The near-field measurement setup is shown Figure 1.

Spectrum Analyzer
Short Wave E oo
. Diathermy
Devices @ ©
(27.12MHz) & o
ICable plane @_
Loop Probe
Electrede plane
Electrodes
Figure 1. Near-field measurement setup
Feature of Short Wave Diatermy Devices:
Operating frequency :27.12 MHz +0.6Hz
Power :400W (continious, 500),
Pulsed power :28W(con., 50chms).
Repeating frequency :20-180H=
3 —&—Hk
= 2.5
: i
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R
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Figure 2. Variation of magnetic field from cable and electrode
planes

Measurements have been taken for 100W power setting at

various distances on the planes of RF cable and electrodes
in order te simulate the position of the operator. Signal
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levels read in dBuUV’s have been converted into power
densities in mW/em®, To obtain results corresponding to
400W power the interpolation of factor (400/100)"2=2 has
been used. Variation of magnetic field from cable and
electrode plane have been calculated by using equation(1)
are shown Figure 2. and variation of power densities around
diathermy equipment is shown in Figure 3.
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Figure 3. Variations of power densities (mW/cm?) around
diathermy equipment

As seen from Figure 3., during operation, when the
operators is standing up, near the cable and electrode
especially on the knee and foot is over exposure risk my
occurs.

Conclusion

Obtained stray fields values may exceed the recommended
limits for 1-meter distance in physiotherapy units.
Commonly, there are some other equipments in the same
units. ‘All physiotherapy equipments’ placement have been
carried out without any EMI importance considered at
planning stage. For this unit, measurement has been taken
by us with obtained value of 56.3 V/m maximaily around
the other devices. That is over the Medical Electronic
Devices EMI Standard (IEC) recommends 3 (V/m).
Treatment periods longer than 15 minutes would carry over
exposure risk for patients and operators, respectively.

We think that the location desing and periodic nonionizing
radiation measurements have to be taken of such type of
devices. It’s important br training and giving occupational
knowledge to operators. A simple loop probe and spectrum
analyzer configurations can be used by clinical engineers
such these measurements. Further studies in this area will
be very interesting, using different configurations and
methods.
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