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Shortwave Diathermy Units 
Diathermy is the application of high-frequency electro

magnetic energy to generate heat in body tissues. In sur
gical' diathermy (i.e., electrosurgery, electrocoagulation) 
the tissues are destroyed. In therapeutic diathermy the 
tissues are warmed but not damaged. Therapeutic dia
thermy is used to produce deep heating without excessive 
temperature elevation of the skin surface and subcutaneous 
fatty tissue. 

The effectiveness of therapeutic diathermy has been 
widely debated. Diathermy developed early in the 20th 
century during a time when many claimed that their quack, 
exotic machines could cure any ailment with electricity. 
Claims for diathermy were, and still are in some cases, 
either exaggerated or poorly supported by reliable clinical 
data. 

I"- Even_ today, diathermy treatment doses are not precisely 
'--' controlled. The amount of heating the patient receives 

cannot be accurately prescribed or directly measured. Ef
fectiveness depends on the therapist's ability to tailor the 
treatment to the patient's needs. This requires an evalua
tion of the patient's condition and a knowledge of the heat
ing patterns produced by various applicators and tech
niques. The amount of heating produced also varies with 
the location and positioning of the applicators on the 
patient. With so many variables, the fact that only experi
enced, knowledgeable users obtain the desired results is 
hardly surprising. 

Although the ability of diathermy to produce deep heat
ing has been demonstrated in many studies, the extent to 

SUMMARY 

The efficacy of shortwave diathermy units cannot be 
fully · described by objective laboratory tests. Much 
depends on the case load and the operator's experi
ence with particular techniques and applicators. There
fore, we rated all ten units evaluated as Acceptable, 
leaving the final decision to the therapist. We recom
mend prepurchase trial of any unit not previously used 
by the therapist. In general, units capable of higher 
output power have certain concomitant disadvantages. 

( • On the cover: The Siemens Ultratherm 608 with air-gap 
condenser applicators. 

which heating will aid the patient cannot be accurately 
predicted. One physiologic response to a temperature rise 
is increased blood flow to the area due to dilatation of the , 
blood vessels. Other possible responses include: increased 
filtration and diffusion through biologic membranes; in
creased tissue metabolic rate; changes in enzyme reac-
tions; alterations in the physical properties of fibrous 
tissues in tendons, joints, and scars; muscle relaxation; 
and heightened pain threshold of nerves. Why certain 
diseases respond to these and other physiologic effects 
produced by diathermy is poorly understood. 

The frequencies used in diathermy are higher than those 
which elicit a neuromuscular response. Two types of ther
apeutic diathermy have evolved which are often categor
ized according to frequency: shortwave diathermy (10-
100 MHz) and microwave diathermy (100-100,000 MHz). 
Ultrasonic therapy employs a transducer to convert elec
tromagnetic energy to high-frequency (0.2-10 MHz) me
chanical or acoustic vibrations which penetrate tissue. 
Although the therapeutic mechanism of ultrasonic therapy 
is not fully understood, many people consider it a form 
of diathermy. A thorough comparison of these three types 
of therapy would require a detailed discussion of their 
operational principles, but we can make several general
izations. 

Ultrasonic therapy is applied in a massage-like fashion 
with a transducer whose contact area with the skin is 
much smaller than the area being treated. The therapist 
must move the applicator continuously over the treatment 
area, and dose uniformity is uncertain. Nevertheless, the 
total dose is easier to regulate and reproduce than with 
other forms of diathermy. 

In microwave diathermy, a microwave beam is directed 
at the area to be treated. The diameter of the beam is 
large enough that movement is not required once the ther
apist has positioned the beam. The beam's greater area, 
combined with its tendency to spread as it penetrates the 
patient, provides a more uniform and diffuse treatment 
than does ultrasound. However, microwaves are reflected 
at the skin and at the fat-muscle interface, resulting in 
considerable uncertainty about the absorbed dose. 

Shortwave diathermy is applied by placing the appli- , 
cator(s) next to the treatment area. This method requires 
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less direct therapist involvement than ultrasouno. However, 

heat distribution is highly dependent on body geometry 

· and on the type and positioning of applicators. Shortwave 

diathermy dosage is difficult to reproduce because of this 

dependence on applicator positioning. 

In shortwave diathermy, heat may be produced by either 

of two techniques (See Treatment Techniques and Appli

cators, p. 177). When using the capacitive or condenser 

field technique, the therapist places two capacitor pads 

or air-spaced electrodes on or next to the area to be 

treated. The portion of the body between the applicators 

. acts as a dielectric material which is heated by the electric 

· field established between the applicators. Placement of the 

pads or air-spaced electrodes on the body completes the 

patient circuit, which is coupled to the diathermy generator. 

The applicators and patient form a part of the diathermy 

unit's output circuit, which must be tuned to compensate 

for differences in applicator site and spacing. When the 

patient circuit is suitably tuned, the patient receiv.es suffi

cient energy from the generator to produce heating. 

In the inductive field technique, energy is coupled to 

the patient by a coiled conductor placed on the treatment 

area or wrapped around an extremity. Although a heavy 

flexible cable can be used, a drum, contour, or other ap

plicator containing a preformed coiled conductor can also 

be used. In any event, the high-frequency current in the 

coiled cable or conductor sets up an alternating magnetic 

field around the cable. The field interacts with conductive 

body tissues to induce a current flow (eddy currents) in 

these tissues and produce heat. 
The heating pattern produced by shortwave diathermy 

depends on the shape of the electromagnetic field. The 

heat produced in a small volume of tissue is directly pro

portional to the square of the field strength ( electric or 

magnetic) in the tissue and depends on tissue characteris

tics, including electrical conductivity. The temperature rise 

in the tissue also depends on the rate at which the blood 

carries away the heat produced and, to a lesser extent, on 

thermal conduction through the tissue. 

Therapeutic benefits, as well as hazards associated with 

exposing body tissues. to high-frequency electromagnetic 

fields, are due primarily to temperature elevation. How

ever, localized temperatures above about 45°C (113°F), 

caused by generation of more heat than normal body 

functions can dissipate, can damage tissues. 

Improper applicator position can cause overheating or 

burns. Fatty tissue is particularly susceptible to overheat

ing, in part because of the low blood circulation and con

sequent slow heat dissipation. The electric field formed by 

condenser applicators may also preferentially heat fatty 

tissue because of its higher electrical resistivity, compared 

to more vascular tissue. Therefore, placing condenser ap

plicators too close to the skin will produce a high field 

strength that can cause overheating or burning of the skin 

surface and/or the underlying high-resistance fatty tissue: 

A similar overheating or burning may occur with the in- . , 

ductive field technique if the applicator also has a slg- (]. 

nificant electric field or if sweating causes a high 

conductivity layer that is preferentially heated by the 

magnetic field. To minimize these risks, therapists should 

create at least a small gap between either type of applica-

tor and the skin surface by inserting several layers of 

absorbent towels. The towels will also help remove any 

perspiration. 
To achieve the proper dosage, and provide effective 

therapy without burning or overheating tissues; the oper

ator must adjust the diathermy output according to the 

patient's reported feelings of heating and comfort or dis-_ 

comfort. Where vascularization is poor or blood flow rate· 

is low due to disease, injury, or normal flow rate variations, .., 

the diathermy output must be correspondingly lower to 

prevent tissue damage. 
A metal object in the field of the diathermy radiation 

may act as a shunt upon which the field is concentrated. 

The metal does not necessarily become dangerously hot, 

but the concentrated field near the metal object may over-

heat and burn tissues. Metallic implants in the treatment 

area are generally considered a contraindication to dia

thermy. However, according to some reports, the heating 

effect is observed primarily when metal is located outside, 

rather than inside, the body. According to Scott (in Licht, 

1965) diathermy can be used without adverse effects in At;',. 
many instances of internal metal (such as shell fragments 'I/ 1 

or implants), depending upon the metal's shape and posi-

tion. The risk of overheating is usually minimized by 

removing all metal objects from patients, using noncon

ductive treatment tables (see Hazard Report, HEALTH 

DEVICES, Vol. 5, p. 277), and taking special precautions 

for patients with metal implants. 
Operation of cardiac pacemakers may be affected by 

diathermy treatment, even if the treatment is not directed 

toward the area of pacemaker implantation. The pace

maker may stop pacing, may revert to a preset fixed rate, 

or may pace rapidly and erratically. As a result, the pa

tient's cardiac rhythm may revert to asystole or ventricular 

fibrillation. 'fhe pacemaker will resume normal functioning 

after diathermy treatment ceases unless ultrasonic therapy 

applied directly over the pacemaker damages it. However, 

it may still be necessary to resuscitate the patient. 
We advise against diathermy treatment on patients with 

pacemakers. If the treatment is deemed necessary, take 

the following precautions: 
• Avoid areas where the pacemaker, electrodes, and 

interconnecting wires are located. 
• Monitor patient's pulse continuously and terminate 

treatment if any irregularities occur. 

• Have resuscitation equipment and trained personnel 1/J\ 
readily available. ~ 

The leads (or cables) connecting the applicators to 
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: Treatment Techniques and Applicators : 
• • • • • • • • 
: High-frequency electromagnetic energy can be coupled field around the conductor. When the conductor is placed I 
: to the body by several techniques. Direct contact was near the treatment area, the magnetic' field interacts : 

: used in the earliest therapeutic diathermy units and is with tissues to produce inductive heating. The following : 

• • : still used for surgical diathermy (electrosurgery). Cur- are inductive applicators: : 

: rent therapeutic diathermy applicators radiate an electro- • Induction cable-a heavily insulated conductor : 

: magnetic field. Although every electromagnetic field must . which can be shaped to any form and placed next to the : 

: have ari electric field component and a magnetic field treatment area or wrapped around an extremity. : 

: component, most applicators are intended to couple • Drum applicator-a container which houses a coiled : 

I energy to the patient through only one of these. Con- conductor. These units are often drum-shaped. : 

: denser applicators rely on the electric field, and inductive • Contour applicator-a container, similar in design : 

•: applicators rely on the magnetic field. to a drum applicator, but with hinged sections which ! 
• The condenser field technique utilizes two electrodes can be adjusted to conform roughly to the contour of • 

: placed near the treatment area. A high-frequency voltage the treatment area. : 

• between the electrodes produces an electric field which An electric field may be set up from an inductive : 

: causes heating in the intervening tissue. The following applicator, resulting in condenser-type heat_ing. Some : 

I are styles of condenser applicators: applicators incorporate design features, such as shield- ! 
• • Air-gap electrode-conductive plate surrounded by ing, to attempt to minimize the electric field. • I insulating material or an insulated spacer which prevents Advocates of the condenser field technique claim that I 
: the plate from touching the skin and maintains an air it provides more versatile treatment, including the ability : 

: gap between the plate and skin surface. Spacing between to warm deeper tissues or organs. Advocates of the ! 
I the conductive plate and skin is set by moving the ap- inductive field technique point out that it heats fatty : 

I) I plicator or, with some applicators, by adjusting a knob tissues (where heating is generally not desired) less : 

: or rod which moves the plate within the applicator case. than muscular or more vascular tissues due to differ- : 

: • Pad electrode-flexible conductive plate completely ences in electrical resistivity. This allows a greater : I enclosed in flexible insulating material which permits energy transfer to deeper tissues, where heating is •: 

• .the electrode to be adjusted to the contour of the treat- desired, without overheating or burning the skin or • 

=:. ment surface. fatty layer (if the applicator design successfully elimi- •i 
• Cuff electrode-similar to pad electrode, used for nates electric field heating). 

treating extremities. Documentation to support the superiority of either 

• • : Combinations of different sizes and types of condenser technique is inadequate. While some therapists have a. I 
• applicators can be used to achieve various heating definite preference, others like the versatility afforded • 
• • • patterns. by having both techniques available, and still others • 
• • • In the inductive field technique, a high-frequency believe that most treatments can be performed success- • 
• • : current flowing through a conductor produces a magnetic fully with either technique. : 

• • 8 =,--~~~"=•~" ~••~••==•=- ~==,•w•~••~~.we, • : : 
: ~_I_V!~1~ -'~~,, : 

i t c;:- \_,_,, .. ",= -:' "., ' ''"'"''''·'"""·· i 
I • . .Ii ··.,' ·· .. · l · . ' : 

1- 'CJ( .. ;1•,..:;,.;c,: •• ,"·••>·;"'-' • • ,,... ,,•J'.c 1. . - . 
• Typical diathermy applicators are (from left) the air-gap • 

: and pad con-denser types, and the contour and drum : 
• . · inductive types. • 

f... l ..................................................................................... l 
Duplication of HEALTH DEVICEs®, in whole ot in parl, by any means for any purpos& is illegal. 

June 1979 177 



.the diathermy generator can also radiate radio frequency 
energy, even if the leads are insulated. If near or· touching 
a person, the leads may act as a capacitive applicator and 
produce heating, possibly even burns. Heating of nearby 
metal objects can also occur. Shielded leads ( coaxial 
cables) may be used to reduce or eliminate these unde
sirable effects. 

Insulation on the applicator leads may degrade with 
age and use. Since the leads usually operate at a high 
voltage, this degradation presents a hazard to operators 
and patients who contact the leads, especially unshielded 
ones. Therefore, leads that are damaged or have cracked 
insulation must be replaced. 

Most U.S. manufacturers of microwave diathermy units 
have either disco_ntinued production or are considering 
doing so. We evaluated shortwave diathermy units, rather 
than ultrasonic units, because of the greater number of 
requests for information we have received. Both shortwave 
diathermy and ultrasonic therapy are commonly used, 
however. Hospitals should determine which type of unit 
suits their needs before considering specific models. 

Description of Units 

We evaluated 10 shortwave diathermy units from 8 
manufacturers: 

Manufacturer 

Birtcher Corp. 

Burdick Corp. 

Elmed, Inc. 

Enraf Nonius (distributed by 
General Physiotherapy, 
Inc.) 

International Medical 
Electronics 

Martin ( distributed by 
Elmed, Inc.) 

Mettler Electronics 

Siemens ( distributed by 
Elmed, Inc.) 

Siemens ( distributed by 
Elmed, Inc.) 

Model (name in text) 

Crusader 875 

D-900 (Burdick} 

Thermopuls 

Curamed 401 
Curapuls 418 

Magnatherm 1000 

Super Automatic 
(Martin) 

Autotherm 300 
(Mettler) 

Ultratherm 608 
(Siemens 608) 

Ultratherm 708 
(Siemens 708} 

Most of the units in our evaluation were new; we ob
tained them from either the manufacturer or an authorized 
distributor. We borrowed the Mettler and Burdick from 
other sources; the latter was used, but in good operating 
condition. 

The Curamed, Curapuls, and Siemens 708 were not 
available in the U.S. prior to this evaluation. These units 
have since been type-approved by the FCC and registered 
with the FDA. The Curamed and Curapuls are now being 

Birtcher Crusader 875 

marketed; the Siemens 708 will be available later this year. 
The Curamed and Curapuls are nearly identical in design 
except that the Curapuls offers a pulsed mode of opera
tion which the Curamed lacks. The Siemens 708 will 
eventually replace the Siemens 608, which is being dis
continued. Burdick states that it will discontinue produc-
tion of all diathermy units September 1. · 

A shortwave diathermy unit consists of a radio-frequency 0) / 
(RF) generator and an applicator used to apply RF energy 
to the patient to produce heating. In its simplest form, the 
generator consists of oscillator circuit, tuned to one of 
the FCC-specified frequencies, which drives a power 
amplifier circuit. Other additions to the generator may in
clude power output controls and meters, timers, switches, 
power-line filters, and additional safety features, such as 

Burdick D-900 
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Elmed Thermopuls 700 

circuit breakers and current-limiting circuits. While out
put meters provide an indication that the unit is func
tioning and some information on relative output, at best, 
they indicate generator output-not the amount of heating 
produced in the patient. 

For maximum energy transfer, the patient circuit is 
~ tuned to the generator frequency by a tuning capacitor. 
V; If the patient moves during treatment, a change in capaci

tance may occur, subsequently changing the resonant 
frequency of the output circuit. This will reduce the energy 
transferred to the output circuit, and the patient circuit 
will need to be retuned. 

To eliminate power level fluctuations due to patient 
movements during treatment, an automatic tuning circuit 

Enraf Nonius Curamed 401 

Enraf Nonius Curapuls 418 

is used on most units equipped for capacitive heating. 
The automatic tuning circuit drives a motor attached to the 
shaft of the parallel plate tuning capacitor. When patient 
movements change the output-circuit capacitance, the 
motor rotates the movable plates of the tuning capacitor 
to keep the output circuit tuned to the oscillator frequency 
and to maintain constant power transfer from the generator 
to the output circuit. 

The circuits are simpler with inductive-type applicators. 
The applicator may either be integral to or inductively 
coupled to the oscillator circuit. In either case, patient 
movements cause less detuning in the circuits than with 
condenser applicators, and retuning is usually unneces
sary. However, the energy inductively coupled to the 

Magnatherm 1000 
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Martin Super Automatic 

patient depends on the relative position of the patient and 
applicator; heating can vary with patient movements 
when drum or contour applicators are used. 

The Crusader is not available with air-gap condenser 
applicators, and the Magnatherm and Mettler units come 
equipped only with one style and type (inductive) of ap
plicator. The Mettler unit has a single inductive applicator 
integral to the generator. The entire assembly is mounted 
on a stand. The Magnatherm unit has two identical induc
tive applicators, supported by adjustable arms on the 
generator body. Two applicators may be used to increase 
the therapy applied to a large area or to treat two separate 
areas with similar problems. 

The other units also have applicators separate from 
the generator and are available with at least one style of 

Mettler Autotherm 300 

Siemens Ultratherm 608 

condenser and one style of inductive applicator. Except 
for condenser pad and inductive cable applicators, the 
applicators are supported by adjustable arms. The user 
can attach the selected applicators to the generator. The 
Characteristics table includes a partial listing of available 
applicators and also indicates which applicators we 
evaluated. All condenser applicators evaluated were ap
proximately 13 cm in diameter. Some applicators are 
usable with more than one unit. The Thermopuls and 
Martin units use the same applicators. The Curamed, 
Curapuls, and both Siemens units are available with some 
of the same applicators, such as the Diplode, but ,with 
modifications for mounting and connecting to the appropri
ate generator. 

The Burdick, Curamed, Curapuls, both Siemens, and 

Siemens Ultratherm 708 
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(t 
,ThermGpuls units have two sets of output connectors for 
different applicators. Only on the Burdick unit are the 
connectors labeled by type of applicator and differentiated 
by different pin sizes. The remaining units use identical 
connectors and are not labeled (though numbered on the 
Siemens and Thermopuls units). The two connection sets 
are in parallel on the Thermopuls unit; therefore, either 
set may be used for most applications. Both sets are used 
for the dual applicator (not evaluated). 

Several manufacturers offer applicators designed for 
special treatments. For example, Elmed sells a Lumbopad 
which has a large surface area and is used primarily for 
back treatments. We did not test these special applicators. 

The Mettler and Magnatherm have no user tuning con
trols.· The Crusader has a manual tuning control, used in 
conjunction with the output meter to adjust output power. 
This unit has only inductive and condenser pad applicators, 
but no air-gap condenser applicators, which are most 
susceptible to detuning. The remaining units have front 
panel controls to adjust output power, plus automatic tun
ing to keep the output power constant, especially with 
air-gap condenser applicators. 
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; Pulsed vs. Continuous ~ 
i ~ 1.11& ~ Treatments ~ 

\_w,f, I *-f Manufacturers and researchers have made a ~ ! wide range of claims about the virtues of short- ~ 
~ wave diathermy; one of the more controversial ❖ ~ ~ ! involves pulsed treatments. This technique uses ~ 
~ pulses of high power and short duration to ex- ~ 
1' pose the tissue to strong electromagnetic fields ~ ~ ~ I without creating a significant temperature rise. ~ 
:i- Some claim that such nonthermal treatments ~ ~ ~ J significantly benefit a variety of conditions. ~ 
~ Some nonthermal effects have been clearly $ 
1 demonstrated; however, there is no consensus ~ 
~. h ~ in the medical community concerning t eir ~ * therapeutic value. The only generally agreed- ~ f upon benefits of shortwave diathermy are re- ~ 
~ * ... lated to tissue heating. "' ~ ~ $ In the United States, pulsed treatments are ~ 
~ considered effective only if they produce deep ~ ~ ❖ i heating. The FDA does not currently recognize ~ 
"' h I d t ; claims for nont erma treatments, nor oes it ~ * permit such claims to be included in advertis- ~ 
~ ing. Thus far, insufficient clinical evidence has ~ ! been accumulated to show that pulsed short- ;t. 
~ wave treatments are clinically superior to con- * 
• t ..!, {18 * tinuous wave treatmen s. t 
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Evaluation Criteria and Test Methods 
Existing performance standards for shortwave diathermy 

units cover only the operating frequencies, and are en
forced by the Federal Communications Commission (FCC}. 

The following criteria are based on· the use of shortwave 
diathermy to generate deep heating in body tissues. Such 
heating is intended to cause a temperature rise to produce 
circulatory changes in the tissues without harming them 
in any way. While nonthermal field-induced bioeffects may 
be produced by shortwave diathermy, their usefulness is 
much more controversial than the thermal effects pro
duced under the same conditions. Therefore, we do not 
consider these bioeffects. 

Test methods appear in smaller type following the relevant; 
criteria. 

Power output 

Unfortunately, little information is available on the 
amount of heating required for optimum therapeutic effect. 
Often, the intent of diathermy treatment is alleviation of 
pain. Since pain is a subjective symptom, affected by 
many factors, a valid study of pain relief from delivered 
diathermy power is difficult and perhaps impossible. Fur
ther, no simple, reliable method exists for measuring either 
diathermy output power during treatment or the power 
absorbed by the patient. Therefore, no output power cri
teria for optimum therapeutic effectiveness can be set. 
Based on the human body's normal caloric uptake, com
bined with its heat regulating mechanisms, the estimated 
applied power flux from diathermy should be at least 0.05 
W/cm2 at the body surface to be therapeutically effective. 

In 1947, the Council on Physical Medicine of the Ameri
can Medical Association proposed the "thigh" and "phan
tom" methods for determining the therapeutic effectiveness 
of diathermy units. In the thigh method, a thermocouple is 
used to measure tissue temperature about two inches 
below the surface of the thigh after diathermy is applied. 
An acceptable unit will produce a temperature of at least 
40°C (104°F). In the phantom method, a saline-filled vessel 
is substituted for the patient, and its temperature rise is 
measured. Th.e saline phantom does not account for many 
factors that affect temperature rise. in clinical use. How
ever, because of its greater simplicity and reproducibility 
of test results, this method is preferred, especially for com
parative testing. To measure output even more rapidly, the 
light emitted from one or more incandescent bulbs, ca
pacitively or inductively coupled to the applicator, can 
also be measured. 

We used the last two methods to measure power output. These 
measurements provide a comparison of output capabilities, but 
they do not necessarily reflect what would be delivered to a 
patient. For units equipped with air-spaced condenser applica
tors, we measured the power dissipated through a lamp-load 
consisting of four 100-W incandescent bulbs connected electri
cally in parallel. This allowed measurement of power somewhat 
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in excess of 400 W. Output was measured as a function of air
gap spacing distance and output power setting. We also used the 
lamp-load to measure the output power of the Mettler unit by 
coupling the load to the unit with a wire coil. 

Because we could not obtain effective coupling between the 
Magnatherm applicator and the lamp-load, we used the heat rise 
over a 20-minute period in 3500 ml of 0.9% saline solution to 
approximate power output. The plexiglass container used was 
2.5 cm x 30 cm x 51 cm. Although the solution was not stirred, 
we used the average of temperature readings at two sites in the 
solution as the average temperature. In order to achieve effec
tive coupling to this load, we had to retune the output circuit. 
All remaining tests were conducted in this retuned state. The 
effects of heating of the plexiglass container and heat losses 
from the saline solution were not included in this approximation. 

We used a similar phantom, but with only one thermometer, to 
obtain comparative temperature rises over 30 minutes for those 
units for which we had an inductive contour or drum applicator. 
To minimize the effects of changes in solution conductivity with 
temperature, we made all measurements with an initial tempera
ture of 18-24°C (64-75°F). Where a choice between contin
uous and pulsed modes of operation was available, we used the 
continuous mode to provide maximum output. We followed manu
facturers' recommendations for maximum output setting for use 
with inductive applicators. 

Power delivery variability 

Shortwave diathermy units should deliver constant 
power to the patient and, under similar treatment condi
tions, should deliver similar power at each treatment 
interval. Servo-controlled automatic tuning to minimize 
dose fluctuations due to patient movement during treat
ment with air-gap applicators is useful. On units that have 
dual applicators that can be used independently, the out
put of one applicator should not be affected by the loading 
on the other. 

The units should maintain normal safety and perform
ance characteristics when operated at line voltages rang
ing from 105 to 130 volts rms. 

We measured the output power delivered to the lamp-load 
( described in Power output) for each .unit at one or more output 
settings at line voltages of 105, 115, and 130 volts. The measure
ments were made with condenser applicators for those units so 
equipped. We measure~ the output of the Mettler unit with a 
pickup coil attached to the lamp-load and positioned flat against 
the applicator. To determine the Magnatherm unit's output, we 
measured the increase in temperature of a saline solution over 
10 minutes. 

Since the Magnatherm unit has two applicators, we tested the 
effect of loading one applicator on the output of the. other. We 
set the unit to maximum output and placed one applicator ap
proximately 3 cm from the saline load so that 84 watts was de
livered to this load (as determined by temperature rise over 30 
minutes). After this load returned to room temperature, we mea
sured the output power from this applicator at the same 
applicator-to-load spacing, but with the second applicator now 
spaced the same distance from a second saline load. We then 
recorded the change in output power to the first load. 

Deep heating 

Shortwave diathermy units should be able to produce 
deep heating in tissues without excessive surface heating. 

A comprehensive comparison of depth of heating of the con-

denser and inductor applicators would require consideration, of 
numerous variables, including applicator position, type of tissue 
being treated, and tissue layer _thicknesses. Instead, a prelimin- 6. 
ary study was performed to verify the differences in penetration ,rii 
patterns between the inductive and condenser applicators. 

To examine the depth of heating with each contour and. drum 
applicator, we placed four plexiglass containers (described in 
Power output) adjacent to each other at increasing distance from 
the applicator to give a total solution depth of 10 cm, with three 
0.6-cm thicknesses of plexiglass between layers. To simulate the 
conductivity of the skin and underlying fatty tissue, we filled the 
cell closest to the applicator with a 0.09% saline solution and 
the remaining three cells with a 0.9% solution. We measured the 
temperature rise in each cell during a 30-minute application and 
calculated the percentage of total heating that occurred in each 
cell. This test was not intended to closely simulate actual treat
ment conditions (which requires consideration of different treat
ment geometries and tissue properties). Rather, we hoped t'o 
learn whether different applicator designs might produce signi-
ficantly different heating patterns. · 

We then performed the depth-of-heating test with two air-gap 
condenser applicators placed side by side, both 2.5 cm from the 
first (diluted} saline cell, with the applicators' centers 30 cm 
apart. Next, we placed the condenser applicators on opposite 
sides of the saline layers, facing each other, with each again 
spaced 2.5 cm from the phantom. For this test, we used a diluted 
saline solution in both outer cells. Because the results of the 
condenser applicator tests should not vary with the generator 
used, we conducted these tests with only one unit (Siemens 708). 

Finally, to further differentiate between electric and magnetic 
field heating effects, we repeated our tests with a second 
phantom, similar to the first but with all cells containing a 
0.9% saline solution. 

Because the Circuplode applicator felt hot during some of our A· 
tests, we measured the temperature rise of the applicator sur- • 
face to determine whether this would present any risk to the 
patient. The applicator was placed against a single saline-filled 
cell, and the Curamed generator, to which it was connected, was 
set at the maximum recommended output setting for this applica-
tor. After 30 min, we turned the generator off, moved the ap
plicator away from the cell, and measured the temperature with 
a Tektronix Model OM 502 digital meter and temperature probe. 

Controls and indicators 

Diathermy units should have timers to turn them off 
after the preset elapsed time. It should be impossible to 
energize the patient circuit without engaging the timer. 
The timer should be adjustable; it should require resetting 
at least onGe every 30 minutes, even if a longer treatment 
period is desired, to assure that the patient is not left un
attended for an excessive period of time with the unit 
energized. [Good practice dictates that patients never be 
left unattended during diathermy treatment.] 

The diathermy unit should have a power switch. A 
patient-controlled switch to turn off RF output is also de
sirable. This may be either a second switch or simply a 
power switch which the patient can reach while undergo
ing treatment. Other controls and indicators which should 
be provided include: a visual indicator of when the RF out
put circuit is energized; an output control to vary RF power 
to the applicators; and a relative power output indicator to f 
show that the unit is operating properly. -
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We examined each unit to determine whether any combination 
of control settings could produce an indication of output power 

( (A from the_ applicators without engaging the ~imer. We also m~a
, 9 sured with a stopwatch the maximum continuous treatment in

terval available and timer accuracy for a 15-minute setting. 
During the course of our testing, we observed the units for 

any serious deficiencies in the criteria for indicators. 

RF conducted and radiated interference 
Shortwave diathermy units should not produce un

necessarily high levels of RF interference in any mode of 
operation. Diathermy units should be equipped with power
line filters to minimize conducted emissions on the power 
leads. Radiated emissions should also be minimized to 
reduce the likelihood of interference with other medical 
devices. The third draft of the proposed EMC (Electro
magnetic Compatibility) Standard for Medical Devices, 
prepared by McDonnell Douglas for the FDA, sets a nar
rowband conducted emission limit at 27 MHz of 70 db 
above 1 µ.A. [This document, once approved, is intended 
to be a recommended guideline rather than a standard.] 

To determine the amount of RF interference, we adjusted the 
output of each unit to deliver about 100 watts to a container of 
saline, as determined by the rate of temperature rise between 
21.1 and 26.7°C (70 and 80°F). 

We measured conducted interference with a Systron Donner 
Model 750 VHF spectrum analyzer, using a Solar Electronics Co. 
type 6741-1 RF current probe. High-frequency currents on the 
power line were measured approximately 6 meters (20 ft) from 
the diathermy unit to reduce the effects of radiated interference. 
We measured RF currents at the operating frequency (27.12 MHz) 
under standby and operating conditions in both the hot and 
ground conductors of the power line. We used 10-µf feed
through capacitors between the hot (also neutral) and ground 
conductors on the power distribution system for these measure
ments. Test results reflect the extent to which the conducted 
emissions exceeded the proposed FDA criterion. 

We tested for radiated interference in two ways: by operating 
an lVAC Model 530 infusion pump approximately 1 meter (3 ft) 
from the saline load, and a Physio-Control battery-powered ECG 
monitor approximately 1.2 meters ( 4 ft.) from the diathermy unit. 
The ECG leads were connected to 5-kilohm carbon resistors and 
positioned to approximate a monitoring configuration. We re
corded any malfunction of the infusion pump or visible interfer
ence on the ECG display during the tests. 

FCC Requirements for Shortwave Diathermy Equipment 
Existing performance standards for shortwave dia

thermy equipment specify only the operational fre
quencies which are enforced by the Federal Com
munications Commission (FCC). The FCC issues a 
type-approval number to equipment that meets its 
standards of operations. The standards are intended 
to prevent or minimize interference to nearby com
munications and other radio-frequency receiving de
vices; they do not deal with safety and efficacy. The 
FCC requirements for shortwave diathermy units are 
contained in Part 18, Industrial, Scientific, and Medical 
Equipment, of the FCC Rules and Regulations. 

The FCC requires that operation of shortwave dia
thermy units, without regard to the type or power of 
emission, be confined to the following frequencies 
and within the specified frequency tolerance: 

13.560 -+- 0.00678 MHz 
27.120 -+- 0.160 MHz 
40.680 -+- 0.020 MHz 

All of the evaluated units operate at 27.120 MHz. 
Spurious or harmonic output at other frequencies 

(except at 915, 2450, 5800, and 24,125 MHz) should 
not exceed a strength of 25 µVim at 1000 ft or more 
from the diathermy unit. 

Affixed to each unit or posted in the treatment area 
of FCC type-approved equipment should be the FCC 
type-approval number, general conditions for opera
tion and notification that the unit must meet all FCC I 

requirements of operation for a period of three years. 
Shortwave diathermy units which have not received 

FCC type-approval, but which are manufactured for 
operation without a license and are designed to meet 
FCC requirements, should contain certification or 
other identification as defined in the FCC rules and 
regulations. 

Renewal of certification for FCC type-approved 
shortwave diathermy units is not routinely required 
unless specifically requested by the FCC. Certification 
of non-type-approved equipment should be renewed 
every three years. 

Part 18 of the FCC Rules and Regulations also con
tains conditions for operation on unassigned fre
quencies. 

Modifications_ to the FCC regulations have been 
proposed which would require, among other things, 
lower-level emissions from diathermy units at fre
quencies other than the operating frequency. A limit 
would also be placed on the level of RF signals con
ducted from the unit through the line cord. These 
proposed changes are still being reviewed. If adopted 
in their present form, the changes would take effect 
18 months after adoption and would apply to newly 
purchased equipment. Equipment manufactured be
fore a specific date (yet to be specified) can be used 
for 10 years after the effective date of the new regu
lations. 
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Electromagnetic field strength 

Extraneous radiated emissions should not exceed an 

· average power density of 10 mW/cm2 around the diathermy 

unit or in areas likely to be occupied by personnel. The 

degree of hazard to personnel at shortwave diathermy 

frequencies is uncertain. In lieu of better information, the 

value of 10 mW/cm2 is adopted from ANSI Standard 

C95.1 (197 4), Safety Level of Electromagnetic Radiation 

with Respect to Personnel. The approximate free-space 

electric and magnetic field strengths equivalent to 10 

mW/cm2 are 200 V/m and 0.5 Alm rms, respectively. Be

cause it is difficult to measure power density accurately 

near the source at shortwave diathermy frequencies, the 

field strengths are used instead. 

We measured electromagnetic field strength around the dia

thermy applicator cables with an Instruments for Industry Model 

EFS-1 field sensor to measure E-field intensity and a Narda 

Microwave Corp. Model 8616 broadband radiation monitor (with 

Model 8633 isotropic probe) to measure H-field intensity. With 

the diathermy unit delivering about 100 watts of power to the 

saline load, we noted the increase in field strength as each field 

probe was moved toward the cables from several directions. We 

MANUFACTURER BIRTCHER BURDICK 
MODEL CRUSADER D-900 

WEIGHT, lb 89 153 
(applicator type, (Inductive (Inductive 
if interchangeable) contour) contour) 

CONSOLE DIMENSIONS, cm 84 X 50 X 39 86 X 51 X 41 

CASTER DIAMETER, in (cm) 4 (10) 5 (12) 

CASTER LOCK? No No 

APPLICATORS 
Air-Gap? No Yes 

Contour? Yes Yes 
Pads? Yes No 
Induction Cable? Yes Yes 

Drum? No No 

APPLICATORS SUPPLIED Pads, Contour 
FOR TESTING Contour 

OUTPUT CONTROL Continuous 10-step 
Push-button 

TIMER Electrical Mechanical 

LINE CORD STORAGE? Yes Yes 

TUNING Manual Auto 

PATIENT-CONTROLLED SWITCH? No Yes 

GAP ADJUSTMENT ON NA Yes 
CONDENSER PLATE? 

ACCESSORIES DRAWER? No No 

recorded the distance at which the E-field alone and the H-field 

alone represented a power density equal to the ANSI limit. 

Mechanical design, tipover resistance 

The mechanical design of diathermy units should incor

porate safety features to protect patients, therapists, and 

service personnel. Cabinets or stands should not have 

sharp or protruding corners, and should be constructed 

of durable materials. They should be easy to move and 

have heavy-duty swiveHype casters with rollers at least 

3 inches in diameter. [While larger casters are recom

mended for other mobile devices, diathermy units are 

typically used in a single location, so that a roller size 

large enough for good mobility over a level floor and oc

casional transport across various thresholds (i.e., to a re-' 

mote service location) is adequate.} The diathermy unit 

should resist tipover. 

During the course of our other tests, we inspected the units 

for any serious deficiencies in mechanical design. 

To test for tipover resistance, we chocked the casters on one 

side and applied an increasing force to the opposite side, parallel 

to the floor at a height that caused the largest moment at the 

base. We applied the force until either an angle of 10° from 

ELMED 
THERMOPULS 

188 
(Condenser) 

89 X 51 X 41 

4 (10) 

No 

3 sizes 
Yes 
Yes 
Yes 
Dual 

Air-gap 

8-step 
Rocker Bar 

Mechanical 

:j: 

Auto 

No 

Available 

No 

Characteristics of 

CURAMED 

167 
(Condenser) 

4 (10) 

Yes 

ENRAF 

89 X 56 X 40 

3 sizes 
Yes 

3 sizes 
Yes 

Single 

CURAPULS 

171 
(Condenser) 

4 (10) 

Yes 

Air-gap, 
contour (Diplode), 
drum (Circuplode) 

Continuous 

Mechanical 

Yes 

Auto 

Yes 

Yes 

No 

Continuous 

e 

• Larger casters available as option. 
t Diplode supplied with Enraf units also used on Siemens units. f 
t Elmed reports line cord bracket is normally shipped with units, wrapped separately. Our unit did not have a bracket; it may have been lost in shipping or 

unpacking. 
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'vertical or a force of 98 newtons (22 lbs) was attained, which

ever occurred first. If the unit did not tip over, it passed the test. 

./(!(f 
· · Maximum line current 

~(e.· 

fQt \~- '. .. 

Maximum load current from the 115-V power line during 

use at any output setting should be no more than 15 am

peres (unless the unit is equipped with a plug appropriate 

for higher load currents). This requirement is intended to 

ensure efficient operation and reduce the chance of over

current tripping of branch circuit breakers. 

We measured line currents drawn by each diathermy unit at 

its maximum output setting with an AC ammeter. We recorded 

current values for the lamp-load and saline-load tests described 

in Power output. 

Grounding resistance, leakage current 

Power supply cords for diathermy equipment should be 

a durable three-conductor type, with a minimum length of 

3 m (10 ft) and a current rating not less than that of the 

unit. The cord should be equipped with a Hospital Grade 

plug and have adequate strain relief at both the plug and 

chassis ends. The resistance between the diathermy chas-

Shortwave Diathermy Units 

INTERNATIONAL MEDICAL 
ELECTRONICS MARTIN 
MAG NATH ERM SUPER AUTOMATIC 

144 125 
weights=35 (Condenser) 

(NA) 

100 X 48 X 42 85 X 48 X 44 

2 (5)"' 4 (10) 

No No 

No 3 sizes 

No Yes 

No Yes 
No Yes 

Dual Single 

Drum Air-gap 

12-step output 8-step 
12-step pulse Push-button · 

Rate 

Electrical Mechanical 

Yes Yes 

None Auto 

No No 

NA Available 

Yes No 

sis and the plug's ground pin should not exceed 0.15 

ohms. Leakage currents between exposed conductiv~ sur

faces and ground should be less than 100 µA in any mode 

of wiring and operation. 

We measured grounding resistance with a Triplett Model 801 

VOM and electrical leakage current with a Bio-Tek Instruments 

Model 200M Med-Safe meter. During operation, direct radiation 

from many of the diathermy units caused interference with the 

meter movement of the Med-Safe, resulting in false readings. We 

therefore restricted leakage current tests to the off and standby 

(or lowest power setting) modes for grounded, ungrounded, and 

ungrounded with reversed polarity wiring conditions. 

Electrical safety of generator 

Diathermy units should incorporate a number of electri

cal safety features. Access to internal components should 

be through panels that cannot be removed without tools. 

Such access panels should contain a warning label suitable 

to the hazard involved . and/or an electrical interlock. 

Fuses or circuit breakers should be easily accessible. 

Panel controls should be designed to protect the therapist 

from electrically live parts, even if plastic knobs or con-

SIEMENS 
METTLER 

AUTOTHERM 608 708 

33 186 174 
(NA) (Condenser) (Condenser) 

100 X 46 X 46 87x54x48 85 X 57 X 42 

2¾ (7) 4 (10) 2¾ (7) 

Yes No No 

No 4 sizes 
No Yes 
No Yes 
No Yes 

Single Single 

Drum Air-gap 
t 

Continuous 8-step 8-step 
Push-button Push-button 

Mechanical Mechanical 

Handle Yes 

None Manual & auto 

No Yes 

NA Yes 

No No 
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trols break. 
Components or circuits whose adjustment or. replace

ment could affect the unit's frequency calibration or re

quirements for interference suppression should be suitably 

inaccessible and identified on the unit and in the mainten

ance instructions. 

During the course of our other tests, we observed the units 

for any serious deficiencies in electrical safety features. 

Applicators, cables, and attachment fixtures 

Attachment fixtures for different support arms should be 

secure and easy to use. The applicator support arms 

should have well-designed movable joints for adjusting 

applicators to various angles. The adJustment mechanisms 

should be properly frictioned or counterbalanced for easy 

and safe use. 
Applicators should be constructed of a suitable dielec

tric material to ensure reliable isolation between the 

patient and current-carrying components even after pro

longed use. Interchangeable applicators should be easy 

to attach and connect without special tools. Cables should 

be sufficiently tong to reach the patient easily. It should be 

possible to securely fix condenser applicators at an adjust

able distance from the skin. Contour applicators should 

have at least two hinged sections to help them conform 

to the area of application. Condenser pad and induction 

cable applicators should be flexible and should not de

teriorate with repeated flexing or use. 

Cables used to attach applicators to the generator or 

patient circuit should be adequately insulated. To reduce 

the risk of burns, shielded cables that limit the energy 

that can radiate to close objects or people are preferred. RF 

cables should have jack plug connectors to which the in

sulated cable cover is securely attached. Cable plugs and 

corresponding terminals should connect securely with 

sufficient contact tension, but not so much as to hinder 

plug removal if the unit is designed for interchangeable 

· applicators. The terminals .should be insulated and/or 

recessed to prevent accidental contact with the therapist's 

hands. Units for which multiple applicators may be used 

should be appropriately labeled; or, connector designs 

should ensure proper attachment. 

Insulating RF cable spacers or separators should be 

provided where necessary to maintain proper cable 

separation. 

During the course of our other tests, we noted any deficiencies 

in applicator, cable, or fixture design. 

Operator's and service manuals 

Operator's and service manuals should be provided with 

each diathermy unit. Operator's manuals should illustrate 

the location and explain the function of each control. 

Operating instructions should show proper connection to 

the patient and give step-by-step procedures for proper 

use. Manuals should cover application and servicing 

safety, including difficulties that may be encounte-~ed and 

special precautions for treating patients with metal im

plants or pacemakers. The effects of probable misapplica- e 
tion should also be discussed. Service manuals should 

include principles of operation and a functional descrip-

tion of the circuitry. Information about the means by which 

the output of the unit was calibrated at the time of manu

facture and a procedure for checking this calibration 

should also be included. 

We evaluated the manuals for compliance with these criteria. 

Other criteria 

Controls should allow the therapist to select reproduc

ible settings. The controls should provide a suitable range-. 

of adjustment. They should be conveniently located and 

easily readable. 

The top surface of the diathermy unit should be designed 

to prevent spilled liquids from entering the unit. Ventila

tion openings should be designed to prevent dust ac

cumulations and the entry of spilled liquids or foreign 

objects. The finish on the unit should resist rust, corrosion, 

and stains by common hospital fluids; it should also be 

easy to clean. 
Diathermy units normally equipped with more than one 

type or set of applicators should have extra cabinet space, 

fitted with drawers or other dividers for accessory storage. 

A slot for storing operating manuals is desirable. 

During the course of our other tests, we noted any deficiencies & 
related to these criteria. .. 

Results 

The Characteristics and Performance tables list many 

. of our test results. Additional data is reported here. 

Our measurements of power output showed a wide 

range of maximum output. Because no standard exists 

for maximum output, manufacturers design and calibrate 

their units based in part on applicator type and on their 

estimates of the power ranges required for different 

treatment situations. In some cases, the measured maxi

mum output differed significantly from the rated output 

power of the unit. This is due in part to coupling the 

output of the diathermy to the load, whose impedance 

may not be optimally matched to the diathermy output 

impedance. The Thermopuls, Curamed, Curapuls, Martin, 

Siemens 608, and Siemens 708, have rated outputs in 

excess of 300 W; all except the Martin showed measur

able outputs in excess of 250 W. The other four units are 

not rated for maximum output; we measured less than 

250 W for each. 
Because the Martin unit's rated output was much 

higher than our measured levels, v;e varied the load 

impedance to see if this would affect output. With the new 

load impedance, the Martin unit delivered up to 250 W. 

In the output versus gap spacing test, the Thermoputs, f 
Curamed, Curapuls, Martin, and both Siemens units 
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- showed a sharp drop in output when gaps between ap
plicators and simulated body surface were less than 1 cm. 
This feature reduces the chance of excessive surface 
heating when the air-spaced condenser applicators are 
placed too close to the skin. Generally, output is greatest 
at a distance of several centimeters and drops with in
creasing or decreasing distance. Each of the above units 
had a satisfactory output versus spacing characteristic. 

Our measurements of power output into a saline load 
with inductive applicators also showed a wide range in 
the maximum heating rate. In this test, some low-output 
units produced heating rates comparable to those of 
high-output units, the reason being that manufacturers of 
high-output units recommend limiting output settings for 
inductive applicators to prevent damage to the applicators 
and generators. Of all the inductive applicators, only the 
Burdick contour applicator, which has a raised center 
section, could not be placed flush against the flat side 
of our saline container. However, this did not seem to 
affect the applicator's heating ability. 

Our depth-of-heating test results clearly differentiated 
between capacitive and inductive applicators. With a 
phantom containing a high-resistivity (dilute) saline solu
tion in the cell closest to the applicator, the inductive 
applicators produced much less heating in the first cell 
(and correspondingly greater heating in the deeper cells) 
than the condenser air-spaced applicators. This is con-

. sislent with the theory that the magnetic field set up by (~(f an inductive applicator will heat conductive tissues more 
than fatty tissues, which are less conductive. 

Test results with the second phantom, in which the 
outer cell conductivity was increased, further corrobo
rated this difference between applicator types. The in
creased conductivity resulted in a marked increase in 
heating in the outer cell with the inductive applicators, 
but a much smaller change with the condenser applica
tors. 

This depth-of-heating test demonstrates that the mag
netic field set up by an inductive applicator will heat 
conductive deeper tissues more than fatty tissues, and 
that tissue conductivity has much less effect on the heat
ing produced by the electric field of a condenser appli
cator. However, the heating pattern produced in clinical 
use will depend greatly on the field strength (electric or 
magnetic) in each tissue layer. In turn, field strength 
depends on a number of variables, including applicator 
spacing and positioning, which were not tested in our 
model. Although this data suggests that inductive heating 
may be preferred, further testing would be required before 
a firm conclusion could be drawn. Therefore, using ap
propriate techniques, a therapist may be able to obtain 
similar results with either type of applicator. 

Our tests did not reveal sufficient differences between 
the inductive applicators to enable us to determine their 
relative effectiveness and make recommendations for use. 

Applicator 
Type 

Inductive 

Condenser 

Depth of Heating 

Heat Reaching Second Layer 

Less Conductive 
Outer Layer 

47-60% 

23-33% 

Homogeneous 
Layers 

9-29% 

17% 

Varying the conductivity of the cells in our phantom demonstrated the 
significantly greater ability of inductive applicators to heat deep tissues 
where the outer layers are less conductive. 

----------------------- .. 
The Circuplode applicator surface temperature rose to 

47.9°C (118°F) after 30 minutes of use at the maximum 
recommended generator output setting. Although most 
patients would move away or tell the therapist if the 
surface reached this temperature, irreversible tissue dam
age could result if, for some reason, contact continued 
for 15 minutes. 

In none of the units was output to the applicators pos
sible without engaging the timer. The maximum treatment 
interval for most units was in the range of 25-35 minutes. 
With the Magnatherm, however, treatment could be con
tinued for up to 60 minutes. The Thermopuls timer failed 
to meet our accuracy criterion of 1 minute in a 15-minute 
period, but by only a slight margin (less than 20 seconds.) 

The fluctuations in output power with variations in line 
voltage were quite large for afl units. At line voltages of 
105 to 130 volts AC, output power variation ranged from 
23% for the Burdick unit to 75% or more for the 
Thermopuls and Mettler units. 

The power delivered to a saline load by one Magna
therm applicator decreased 17% when the second appli
cator was loaded. We do not consider this a significant 
disadvantage in clinical use. 

In our measurements of conducted interference, we 
found high-frequency currents (27 MHz) in the range of 
3-30 mA on the line cords of all units. This equals or 
slightly exceeds the suggested limit_ for medical devices. 
Whether such currents will cause interference depends 
on the design of the power distribution system, as well 
as the sensitivities of individual medical devices. For the 
Thermopuls and Magnatherm units, we observed high
frequency currents not only during operation but also 
during power-on standby conditions. However, the high
frequency standby currents were about one-tenth of 
those observed during operation. 

Our tests for radiated interference produced some 
adverse effects on the infusion pump and/ or the ECG 
monitor with all except the Curapuls (or Curamed) with 
the Enraf Circuplode applicator, Magnatherm, and Mettler 
units. Coaxial cables between the generator and appli-
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cators and a Faraday shield on the Magnatherm and the 

Curapuls Circuplode applicators greatly reduces stray 

radiated fields from these units. The Mettler oscillator, 

located inside the applicator, also produces a relatively 

radiation-free environment. 
Much of the radiated interference around the diathermy 

units comes from the cables, with highest field strengths 

occurring · when condenser applicators are used. With 

these applicators, the E-field equalled or exceeded 200 

V /m to a distance of about 45 cm (1811 ) from the cables; 

the H-field equalled or exceeded 0.5 Alm to about 30 cm 

MANUFACTURER 
MODEL 

POWER OUTPUT-SALINE PHANTOM, 
Max. at 115 VAC, 

. temp. rise in single 
cell, °C 
{Applicator) 

POWER INTO LAMP-LOAD, 
Watts 
(Applicator) 

TIMER ACCURATE? 
{Better than ± 1 min 
over 15 min) 

OUTPUT VARIATION WITH LINE VOLTAGEt 
105V 
115V 
130V 

(Applicator) 
(Dose Setting) 

CONDUCTED RF 
INTERFERENCE 

dB above 
recommended limit 
{Applicator) 

RADIATED RF ENERGY: 
Caused infusion 
pump malfunction? 

Caused interference 
with ECG monitor? 

Exceeded ANSI C.95.1 limits§ up to: 
{E field) 

{H field) 

MAXIMUM LEAKAGE CURRENT, 
microamperes 

0 220 W measured into saline phantom. 

BIRTCHER 
CRUSADER 

11 
{Contour) 

75 
{Pads) 

Yes 

100 
119 
159 

(Pads) 
{Max) 

11 
{Contour) 

Yes 

Slight 

20 cm (Contour) 

15 cm (Contour) 

70 

t With different output load, outputs up to 250 watts obtained. 
t Normalized to 100 at 105 volts. 
§ Measured from cables. 
II Radiated fields did not exceed recommended levels at any measurement location. 

(12"). With the contour or drum inductive applicators, 

which have a variety of cable arrangements, the corre

sponding field strengths were less at the same distances f; 
from the cables. 

The 60-Hz AC line current drawn by the Thermopuls, 

Curamed, Curapuls, and both Siemens units at 115 volts 

was 9 amperes or more. Only the Thermopuls exceeded 

the recommended 15-ampere limit. This unit's circuit 

breaker opened several times at medium to high output 

settings during our testing. 

The Magnatherm unit, when tested without the optional 

BURDICK 
D-900 

15 
{Contour) 

160 
(Pads) 

Yes 

100 
110 
123 

(Pads) 
(Max) 

3 
(Contour) 

No 

Slight 

23 cm ( Contour) 

15 cm (Contour) 

25 

ELMED 
THERMOPULS 

No inductive 
applicator 

tested 

450 
(Cond) 

No 

100 
156 

tripped circuit 
breaker 
(Cond) 
(#4) 

17 
(Cond) 

Yes 

Yes 

46 cm 

30 cm 

95 

Performance of 

ENRAF 
CURAMED 

24 
(Diplode) 

450 
(Cond) 

Yes 

100 
129 
167 

(Cond) 
(#4) 

8 
(Cond) 

Yes 
(Cond) 

Yes 

46 cm 

30 cm 

100 
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stabilizing weights, failed our tipover test. The unit has 
• pr.ovisi.ons for attaching one arm on each side, which 

«rf could improve its stability, but this might make some of 
· the manufacturer's suggested treatment procedures dif

ficult or impossible. When tested with the stabilizing 
weights, the unit passed with both arms mounted on one 
side. All other units passed the tipover test. 

(C 

The Siemens 608 was the only unit which exceeded 
the recommended level for leakage current, bl.it this does 
not present an unacceptable risk in view of the way this 
equipment is normally used. All units passed the test 

Shortwave Diathermy Units 

ENRAF 
CURAPULS 

24 
(Circuplode) 

450 
(Cond) 

Yes 

100 
117 
150 

(Cond) 
(#4) 

12 
(Cond) 

No 
(Circuplode, 

Diplode) 
Yes (Cond) 

No 
(Circuplode) 

Yes 
(Cond, Diplode) 

8 cm (Diplode) 
46 cm (Cond) 

5 cm (Circuplode) 
15 cm (Diplode) 
30 cm (Cond) 

75 

INTERNATIONAL MEDICAL 
ELECTRONICS MARTIN 
MAGNATHERM SUPER AUTOMATIC 

24 No inductive 
(Single app) applicator 

tested 

0 175t 
(Single) (Cond) 

Yes Yes 

100 100 
117 113 
157 141 

(Single) (Cond) 
(Rate=l2, Power=l2) (Max) 

9 19 
(Single App) (Cond) 

No Yes 

No Yes 

II 46 cm 

II 30 cm 

43 90 

for grounding resistance. 
No service manuals were available for the Mettler or 

Siemens units. The remaining units had satisJactory 
operating and service manuals, although the amount of 
information supplied on treatment techniques varied 
considerably. 

During testing, we observed several items of special 
note. First, the Magnatherm top panel is hinged and can 
be opened, without tools, to gain access to the circuitry 
accompanying the front panel controls and indicators. 
This design invites damage to the unit from curious 

METTLER 
AUTOTHERM 

7 
(Drum) 

100 
(Drum) 

Yes 

100 
125 
175 

(Drum) 
(Max) 

14 
(Drum) 

No 

No 

II 

II 

80 

SIEMENS 
608 

15 
(Diplode) 

295 
(Cond) 

Yes 

100 
122 
159 

(Cond) 
(#5) 

1 
(Cond) 

Yes 

Yes 

46 cm 

30 cm 

200 

SIEMENS 
708 

11 
(Diplode) 

275 
(Cond) 

Yes 

100 
123 
158 

(Cond) 
(#5) 

17 
(Cond) 

Yes 

Yes 

46 cm 

30 cm 

70 
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operators or from items placed in the area for storage. 

The Thermopuls "Touchomatic" control (which varies 

output power) functioned erratically during our fests. On 

several occasions when the Thermopuls was switched 

on after a lengthy idle period and the power control was 

depressed repeatedly to bring the output down to 0, the 

output jumped from O to maximum if the control was 

depressed one time too many, a hazardous situation for 

a patient undergoing treatment. 

However, the illuminated power setting indicator does 

show that the unit is in the highest output setting, and 

this deficiency occurred only for the first minute or two 

after the unit was turned on. Elmed reports that this 

problem is due •to RF interference when the timer wires 

come too close to the RF circuitry. The problem has been 

resolved by clamping the timer wires. 

The automatic tuning on the Burdick unit performed 

erratically during some tests. For example, on several 

occasions after the unit operated continuously for 10--20 

minutes at a constant output into the saline test load, the 

tuning circuit suddenly began to vary the output as if it 

were trying to retune the unit correctly. Sometimes the 

unit had difficulty relocating the resonanc'e point. At the 

minimum output power setting, the unit could not find a 

resonance for some of the test loads. The drive motor on 

the automatic tuning circuit was also quite noisy. 

The timer on the Crusader unit does not have a stop to 

prevent the timer from being rotated beyond the zero, or 

off, setting to the maximum timer setting. The timer serves 

as the only on/off switch, and a therapist wishing to end 

treatment may mistakenly rotate the knob too far, turning 

the unit back on. However, the front panel has a visual 

"on" indicator, and the timer motor can be heard. 

Casters on the Curamed, Curapuls, and Siemens 608 

had small extensions connecting the caster to the frame. 

Several of these extensions were bent during shipping. 

In attempting to straighten them, we found that the ex

tensions bent rather easily and suspect that they may do 

so during normal hospital use. 

Conclusions 
All of the evaluated units met our minimum criteria 

and are rated Acceptable. Our test results for depth of 

heating were not conclusive to the extent that we can 

recommend a particular unit or applicator type. Nor can 

we make recommendations based on output power, since 

many other factors influence the amount of heating 

actually delivered to the patient. Therefore, we recom

mend that hospitals base their selection primarily on the 

therapists' preferred application technique. 

If primary use of inductive applicators is acceptable 

to the therapist, consider· one of the units with minimal 

radiated RF energy. This will reduce the risk of inter

ference with other equipment, minimize exposure of per

sonnel to RF fields, and reduce the risk of burns from 

contact with cables. 

Two such units, the Magnatherm and Mettler,. have 

inductive applicators only. The Magnatherm is relatively C) 
expensive, although it may compare in cost to purchasing 

another unit with a variety of applicators. The utility of 

the dual applicators depends on the application tech

niques used and the treatments performed. The total 

output of the generator is divided between the applica

tors. To avoid errors in treatment, the therapist must exer

cise care when using both applicators on a patient. For 

example, the therapist may undertreat an area, assuming 

that more heat is being delivered to it than the generator 

is capable of delivering. In another case, one area may 

be overheated while the therapist attempts to deliver 

more heat to the other area. 

We recommend using the optional stabilizing weights 

with the Magnatherm unit to prevent tipover, although the 

unit will be more difficult to move. If the unit must be 

moved considerable distances or on uneven surfaces, 

including elevator thresholds, we also recommend the 

optional larger casters. 

The Mettler unit is small and inexpensive. However, it 

is one of the lowest-powered units tested, and it had 

one of the largest output variations with line voltage 

changes. 
The Curamed and Curapuls units also have minimal 

extraneous radiated energy when used with the Cir

cuplode applicator; However, the temperature of the -

Circuplode applicator surface at high output settings f 
could cause burns if contact were maintained. The risk 

to the patient depends on several factors, including 

whether a towel is placed between the skin and the ap

plicator and whether the patient pulls away or tells the 

· therapist if the applicator gets too hot. 

Unfortunately, the Curamed and Curapuls operator's 

manuals illustrate use of the Circuplode applicator directly 

against the skin. Another factor which increases the risk 

to the patient is the high output power capability of these 

units. Although the manuals recommend a specific maxi

mum output setting for use with the Circuplode, the units 

lack an interlock to prevent the therapist from setting a 

higher output. Because we measured the Circuplode's 

surface temperature at the recommended maximum set

ting, it is reasonable to expect that even higher tempera

tures could result if that recommendation were ignored. 

Our test units had no front-panel labeling to indicate the 

appropriate output power range for the Circuplode; how

ever, the distributor informed us that units currently being 

sold have such labeling. 

If the therapist prefers inductive applicators, consider 

using another style (available for the Curamed and Cura

puls as well as other units) to decrease the risk of over

heating or burning tissues. If the Circuplode is used, _ 

normal safety guidelines must be observed, including { · 

repeated monitoring of the patient's sensation of heat 
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"'arrd •the use of towels or other suitable spacing material 
between the applicator and the patient's skin (contrary 
to the manufacturer's instructions). Burns are unlikely 
to occur when these precautions are followed. 

The Curamed and Curapuls units are similar except 
that the Curapuls unit has a pulsed mode of operation. 
The therapeutic benefits of nonthermal effects achieved 
with pulsed diathermy are controversial (see p. 181). Of 
the two units, we recommend the less expensive Cura
med, unless the buyer has a special interest in pulsed 

therapy. 

All except the Magnatherm and Mettler units offer a 
choice of applicators. The Thermopuls, Curamed, Cura
puls; Martin, and Siemens 608 and 708 are relatively high
powered units. The higher output power capabilities of 
these units are intended primarily for use with air-gap 
condenser applicators. The operating instructions and 
manufacturers' literature emphasize this type, although 
each manufacturer offers both types and a range of 
styles. The design of these units originated in Europe, 
where diathermy has been used traditionally for a wide 
range of treatments involving many different techniques. 
During normal clinical use, it is unlikely that the high 
output power available from these units is actually deliv
ered to the patient. Rather, the units are used at lower 
output settings or with inefficient coupling to the patient 

due to applicator positioning. 

These high-powered units tend to require larger line 
currents, with the Thermopuls drawing up to 15 amperes 
and sometimes opening its circuit breaker. Although we 
did not evaluate the dual applicators available with the 
Thermopuls unit, the same precautions listed for the 
Magnatherm's dual applicator apply. 

The Crusader and Burdick units are lower in power 
than. the units intended primarily for use with air-gap 
condenser applicators. Although these two are available 
with condenser applicators, the emphasis in the manu
facturers' literature is on use with inductive contour 

applicators. 

We cannot recommend one unit over another based on 
output power capability. While all of the· units evaluated 
have adequate output power for at least some diathermy 
treatments, whether some treatments require more power 
than is available from some units is not known. Output 
power alone does not determine the energy delivered to 
the patient, since energy transfer to the patient is highly 
dependent on applicator positioning and design. More
over, the ability to heat the desired tissue selectively, 
rather than heating the skin and underlying fatty tissue, 
is also crucial to diathermy effectiveness. Therefore, a 
hospital should not simply buy the most powerful unit it 

can afford. 

Despite some improvements to equipment currently 
available, shortwave diathermy remains subject to many 
of the limitations that have existed for years. The amount 
and distribution of heat received by the patient depend 
on the type of applicator used, the unit's power output, 
and the location and positioning of the applicator on the 
patient. Other factors include the knowledge and experi
ence of the therapist, who must rely on the patient's 
sensation of heating to regulate the output. While each 
evaluated unit produced heating, none provided a means 
for accurately determining dosage. [Output meters aid 
the therapist in using the equipment, but they do not 
measure the dose received by the patient.] 

RF interference wilt continue to be a problem for most . 
of the units tested. Only the Curamed and Curapuls (with ~ 
Circuplode applicator), Magnatherm, and Mettler units 
produced negligible radiated interference. From our 
measurements of conducted interference, which was only 
slightly above what may be considered acceptable at 27 
MHz, we conclude that interference problems are more 
likely caused by radiated than conducted interference. 
Radiated interference can sometimes be eliminated with 
RF shielding or relocation of the diathermy unit to a 
remote area. Since installation of room shielding is usually 
difficult and expensive, we advise hospitals to establish 
physical therapy areas as far as possible from areas with 
sensitive patient monitoring equipment or other suscepti
ble devices. Maximize vertical, as well as horizontal, sepa
ration. 

Electrical leakage current, a frequently reported prob
lem with older equipment, falls within the 100 µ.A limit 
with new shortwave diathermy units. We base our con
clusions on measurements made in the power-off and 
standby (or lowest power setting) modes. We believe that 
this is the only reliable way to measure leakage current 
for these units because leakage current meters are often 
susceptible to radiated RF interference in the power-on 
mode and may give false readings. Furthermore, since 
leakage current is largely dependent upon the line-input 
filter, these values should be representative. 

RATINGS OF 
SHORTWAVE DIATHERMY UNITS 

Acceptable 
We rated all unit~ Acceptabfe; they are fisted afphabeticaffy by 

manufacturer. Hosp,tafs shoufd base their selection on the clinical 
performance and available appficators of each unit. In general, 
higher output capability is accompanied by related disadvantages. 

Birtcher Crusader Model 875 (Birtcher Corp., 4371 Valley Blvd., 
Los Angeles, CA 90032). Contour, pad, or inductive cable appli
cators available. $2640 with arm and contour applicator. 

Power meter 
Comparatively low cost 

Advantages 
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Burdick Model D-900 (Burdick Corp., 15 Plumb St., Milton, WI 
53563). Complete range of applicators available. $3584 with arm 
and contour appjjcator. Manufacturer plans to discontinue pro
duction of diathermy units this year. 

Power meter 
Patient-controlled switch 

Advantages 

Output terminals conveniently labeled 
Comparatively low cost 

Disadvantage 
Operation of automatic tuner erratic on unit tested 

Elmed Thermopuls 700 (Elmed, Inc., 60 W. Fay Ave., Addison, 
IL 60101). Complete range of applicators available. $6245 with 
arms and condenser applicators. 

Advantages 
Power level automatically resets to zero at end of treatment 
Automatic tuning 

Disadvantages 
No tuning or power output indicator 
Output terminals not clearly labeled 
Internal or branch circuit breaker may open due to high line 

current 
Large output variation with line voltage changes 
"Touch-o-matic" control on unit tes_ted occasionally jumped from 

zero to maximum setting (manufacturer reports that this prob
lem has been corrected) 

Enraf Nonius Curamed 401 and Curapuls 418 (Distributed in 
the U.S. by General Theraphysical, Inc., 2018 Washington Ave., 
St. Louis, MO 63101). Complete range of applicators and choice 
of support arms available. Curamed, $4995; Curapuls, $5995. 

Advantages 
Power meter 
Patient-controlled switch 
Need to reset output to zero before each treatment protects the 

patient 
Minimal radiated RF energy with Circuplode applicator 
Automatic tuning 

Disadvantages 
Circuplode applicator surface may become too hot at high output 

settings 
Output terminals not labeled 
Caster mounts not very strong 
Unit may be damaged if therapist fails to limit output with induc

tive applicators [Distributor states that units are now labeled to 
indicate maximum safe output.] 

Magnatherm Model 1000 ( International Medical Electronics, 
2805 Main St., Kansas City, MO 64108). Dual inductive drum ap
plicators available. $7495 with two applicators. Stabilizing weights 
provided at no additional charge when ordered with unit. 

Advantages 
Minimal radiated RF energy 
Power indicator 
Easily visible output settings 
Accessories drawer 

Disadvantage 
, Unit subject to tipover without optional stabilizing weights 

· Martin Super Automatic (Distributed in the U.S. by Elmed, 
Inc.). Complete range of applicators available. $4945 with arms 

and condenser applicators. 

Advantage 
Automatic tuning 

Disadvantage 
Pulsating lamp is only output indicator 

If 

I 

Mettler Autotherm Model 300 (Mettler Electronics, 1333 S. 
Claudina, Anaheim, CA 92805). $1550 with inductive drum 
applicator. 

Advantages 
Minimal radiated RF energy 
Power meter 
Comparatively low cost 

Disadvantage 
Large output variations with line voltage changes 

Siemens Ultratherm Models 608 and 708 (Distributed in the 
U.S. by Elmed, Inc.). Complete range of applicators and choice 
of applicator support arms available. Model 608, $5995; arms and 
condenser applicators, $995. Model 708 not yet available. 

Advantages 
Patient-controlled switch 
Need to reset output to zero before each treatment protects the 

patient 

Disadvantages 
Pulsating lamp is only output indicator 
Output terminals not clearly labeled 
Leakage current of 608 above accepted limits 
Caster mounts on 608 not very strong 
Unit may be damaged if therapist fails to limit output with induc

tive applicators to value listed on unit 
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