





INTRODUCTION

Ultrasound was first used in industry in sonic cleaning, aluminium welding
and in the sealing of plastics. In the 1940s it was discovered that
beneficial effects of tissue agitation would result if ultrasound was used
under controlled conditions of high power for limited duration. Today,
ultrasound used in this way 1s an accepted therapeutic treatment for many
conditions. A schematic diagram showing the elements of a typical

ultrasound transducer is given in figure 1.

Experimental research has indicated that tissue damage can occur when
ultrasound power levels above 10-100 watt cm™2 are used. Stimulation with
dose levels above 3 W cm™2 may retard the rate of tissue healing, but has
also been shown to retard bone growth. The heat produced from ultrasound
intensities above 3 W cm™2 ig generally unbearable at bone surface
interfaces of most patients due to collapse cavitation which gives very high
instantaneous temperatures and pressures in cell nuclei or gas bubbles in
body tissues. On the other hand, power levels which are too low will cause

insufficient therapy response.,

Concern about the performance and safe use of ultrasound as a therapeutic
treatment has become apparent in recent years. Recent surveys in Pinellas
County, Florida (Stewart et al,, 1973), Ottawa, Canada (Repacholi and
Benwell, 1979), Manitoba and North Western Ontario, Canada (Snow, 1982),
and Manitoba, Canada (Ross, Sourkes and Sandeman, 1984), reached the

"

conclusion that the majority of ultrasound therapy devices do not or
are incapable of delivering a prescribed ultrasound radiation dose to the

patient."

Because of interest and concern about the performance and safe use of
ultrasound therapy expressed by physiotherapists throughout New Zealand a
similar survey was instigated to investigate the output calibrations of this

type of equipment. This report gives the findings of that survey.

SURVEY METHODOLOGY

In New Zealand there were 3824 physiotherapists registered with the
Physiotherapy Board in 1984. Of this number 1638 held current annual

practising certificates (N.Z. Yearbook 1985).

The Physiotherapy Board administers the Physiotherapy Amendment Act 1953,
which controls the use of ultrasound therapy apparatus for use on the human

body. To obtain a licence to use ultrasound therapy apparatus,



physiotherapists must hold a current annual practising certificate. A small

number of doctors also hold a licence to use ultrasound therapy apparatus.

The importation of ultrasound therapy apparatus into New Zealand is controlled
by a Customs Prohibition Order (No 3 1952). 1In practice, agents for medical
equipment suppliers seek permission from the Physiotherapy Board to sell a
machine to a licensed person and at the same time seek to import a replacement
for their stock. As therapy ultrasound is now an everyday tool in
physiotherapy practice, the assumption is that there are many hundreds of

ultrasound therapy units in current use in New Zealand.

Visits were made to 35 hospital and 66 private physiotherapy practices in
conjunction with safety measurements on other types of physiotherapy treatment
machines. Equipment surveyed comprised 33 different models of ultrasound
therapy device from 16 different manufacturers. In total, 230 ultrasound
therapy units were tested. Table 1 gives a breakdown of the number and types
of equipment encountered. Of the 16 different makes seen, five appeared as
being more popular, i.e., Burdick (18.3%), Medtron (17.0%), Mettler (18.7%),
Sovrin (10.1%) and Therasonic (18.3%). The models seen in the survey and

the abundance of these more popular models are assumed to be representative
of the situation throughout New Zealand. These figures show no particular
brand as being any more popular than others and that personal choice is
foremost. The physical condition of the equipment was generally good despite
the fact that some units were more than 15 years old. Where travel between
practices was involved physiotherapists tended to have the more light-weight

models.

Ultrasound radiation output intensity measurements were made using an Ohmic
Instrument Co. radiant power meter (model UPM-30) with factory calibrations.
This device uses the radiation force balancing technique with degassed
distilled water as the conducting medium. Its measurement accuracy is + 5%
over the radiant power range 0.15 to 30 watts. A schematic diagram of the
calibration arrangement is given in figure 2. Because it was found
impractical to degas the water when in the field, a small correction was
applied in the calculation of output to allow for this. The radiant force
exerted by the ultrasound transmitted from the transducer on the balance
target (suspended in the calibrating medium) is directly proportional to the
net weight deflection reading from the Vernier scale on the balance, in grams.
The balance system was checked periodically by suspending a known weight and
checking that the balance system was reading correctly. For total power
measurements this radiation force technique is the most universally used as

it is relatiVely simple, accurate, frequency independent and is absolute.



The conversion from force to power is calculated using the equation:

P = Fac,
where P is the power (ergs/sec)
F is the measured force (g)

-1
a 1s the acceleration (dynes g )

. . , -1
¢ 1s the velocity of ultrasound in water (cm s 7)

By relevant conversion of units from ergs s to watts, and bringing all

constants together, the equation becomes
P = 14.65 F watts.

Measurements were made at a number of machine output settings to check the
linearity of the ultrasound output with respect to the output dial setting.
Measurements were taken principally on the continuous wave setting, but if
a pulsed setting was available, measurements were made on this also. Most
equipment gave output readings in terms of total power or average power (in
watts), however some equipment operated in the continuous wave mode with

a watt cm—2 dial setting. A knowledge of the effective transducer diameter
was required for the calculation of the power output. In most cases the
diameter was found from the equipment handbook, but if this was not
available, care was needed in the measurement of the effective transducer

diameter.

RESULTS

The output measurements made on the ultrasound therapy equipment provided
some striking results. In three cases, the ultrasound transducer was
emitting no detectable ultrasound radiation at all, although the units were
being used routinely for therapy. For the remaining units the output
measurements made in the continuous wave mode varied +100% from the

indicated output on the instrument.

The distribution of percentage error of measured maximum output with respect
to indicated output is given in figure 3. 84.1% of machines, whose output
was measurable, gave values less than the indicated output, the majority

of these being in the range -30% to -70% of indicated output. Only 15.9%

of units gave outputs greater than that indicated and only 23.9% of all



units gave outputs within x20% of the indicated values. Figures 4-6
inclusive give examples of the variation in linearity of outputs,
i.e., greater than (15.9% of the units tested), less than, and little output

(84.1% of all units tested), with respect to indicated outputs.

DISCUSSION

In New Zealand there are no regulatory conditions for the performance and
safe use of ultrasound therapy devices. The results of the output
measurements made in this survey of ultrasound therapy equipment revealed
similar findings to overseas surveys, i.e., that ultrasound devices used

for therapy rarely deliver the indicated ultrasound output. Physiotherapists
have assumed the cutputs to be true, because there have been no instruments

readily available for output measurements.

A number of physiotherapists stated that they tested to see if the ultrasound
unit was working before it was used on patients. They did this by placing
drops of water or coupling gel onto the transducer head and switching the
ultrasound power on. Ultrasound was being produced if the medium bubbled

due to cavitation.

In all treatments the ultrasound transducer was hand-held by the
physiotherapist, i.e., not held rigid by a mechanical holder. This, together
with the fact that the therapy treatment is normally given using a circular
motion of the transducer on the patient’'s skin, would help to reduce the
possible hazard of localized overheating of a patient undergoing treatment

in cases where power transmitted was greater than indicated. Other
protective measures on ultrasound have been given in the literature, for

example, by WHO (1982) and Repacholi (1983).

There was no definite trend as to any particular model being superior,
although two particular brands did show reasonably consistent outputs with
respect to the indicated value. Those physiotherapists with more than one
ultrasound unit often mentioned the problem of giving ultrasound therapy
with different machines. They said that for the same output settings
(e.g., L.5W cm_z) they achieved very different patient responses. The
reason for this became evident when the results of the output measurements
were known. However, that a number of ultrasonic therapy units are being
used with very low or even non-existent outputs suggests some lack of

definiteness in criteria used for assessing beneficial response.



In some countries standards have been developed for therapeutic ultrasound
devices. The French (AFN 1963) and Australian (SAA 1969) standards, for
example, prescribe ultrasound output tests and techniques of measurement.
Both Canada (DNHW 1981) and the USA (FDA 1978) have published regulations

or ultrasound control acts, giving standards to which therapeutic ultrasound

devices must conform.

The measurements made in New Zealand physiotherapy practice show that 76.1%
of all units measured gave outputs outside the limits given by the Canadian

Radiation Emitting Device (RED) Act.
To overcome the present problems two approaches should be considered.

1. Some form of manufacturing standard or code of practice for the
performance of therapeutic ultrasound units could be introduced. This would
place the onus on manufacturers or their agents to ensure that units
imported into New Zealand conformed to prescribed standards, say delivered

output within #15% of indicated output.

2. It is not known how well therapeutic ultrasound units hold their
calibration over a given period of time. Therefore it may be appropriate
for every owner of an ultrasound device to have access to an ultrasound
power meter so that routine output checks can be made. This could be
achieved in New Zealand by having a series of power meters (preferably of

a uniform model) distributed regionally and available by arrangement for
output check measurements. These tests on the ultrasound equipment could

be made at regular intervals, say once every 12 months. The tests take only
a few minutes to perform. 1In hospitals, departments of medical physics and
biomedical engineering could install their own power meters and act as
agents to undertake the calibration of ultrasound devices in their own board
districts. Periodically these power meters could be checked against known

ultrasound output to ensure correct operation and calibration.

In conclusion, it has been established that the majority of therapeutic
ultrasound devices in New Zealand are not producing the ultrasound output
the machine indicates. This is clearly an unsatisfactory situation for the
therapeutic use of ultrasound, because on the one hand where outputs are
low many ineffective treatments may be given, and on the other hand where
power levels are high there is a danger of the possible onset of tissue

damage. The importance of determining dosage for comparative analysis of



results has been pointed out (Buchtala, 1952) and also that using a specific
dosage is critical for obtaining a specific effect (Reid and Cummings, 1973).
Some suggestions are made as to ways in which the situation could be

improved.
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TABLE 1

Types of ultrasound equipment tested, listed by make and model.

Make Model Number of Units
Bircher 108 1 1
Burdick UT 400 16
UT 420 2
UT 420A 10
UT 420AE 5
UT 420E 1
UT 460 6
UT 460E 2 42 18.3%
Dallons Medisonar 1100 2 2
Enraf Nonius Delft Sonpuls 417 11 11
Impulsaphon K 2
M 1
N 2
T 5
U 2 12
Mediton 504 1 1
Meditron P300 35
ST100 2
PSUL08 2 39 17.0%
Mettler ME200 1
Sonicator (I ME702 36
706 6 43 18.7%
Nordelectro 507 1 1
Siemens Sonodynator 634 1
Sonostat 633 2 3
Sepac 1 1
Rank Sonacell Multiphon (Mk II) 4
Uniphon 1 5
Sovrin AMS101 23 23 10%
Therastim 1 1
Therasonic F0370 42 42 18.3%
Ultramed ? 2
1 3

Total units surveyed 230
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Measured output, watts

Fig.4

MODEL A: Continuous wave mode. Power output > indicated output.
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MODEL B: Continuous wave mode. Power output < Indicated output.
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MODEL C: Continuous wave mode. Little output compared with indicated output. "
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MODEL B: Continuous wave mode. Power output < Indicated output.
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MODEL C: Continuous wave mode. Little output compared with indicated output.
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