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Fhysionl aspects of medical ultrasonics - a review
P, N, T, Wells Bristol General Hospital

Ultrasonic techniques are complementary to othar physisal
methods wsed in aurgery, therapy and diagnosls, Most medieal
applications of ultrasound are bagsed on the properties of
longitudinal waves in the frequency range 1 - 15 MHz, lead
zirconate titanate is s widsly used tiransduwer material, In
surgery and therapy, sir-backed transduers are used to achieve
maximum effielency; but in pulae-scho diagnoais, the required
bendwidth 1s usually obtained by mschanicel loading of the
transduoer, Plane diso transdwers are most common, although
Foousing is used when high intensity or enhanged resclution is
required,

Ultrascnis waves travel at aimilar velocities (about 1500
ms™1) in biologioal soft tlasues, Absorption occowra chiefly
due to relaxation processes, and leads to & loss of about 1 4B
oo~ uEz™!, Thus, ultrasound may affeot living systems by thernal
effeots, Mechanioal eff'ecta, such as streaming and cavitation,
are also important in certaln situations, partisularly st the
lower frequencies,

Foocused ulirasonic beans are used in neurosurgery, to
oause damage deep in the brain without injury to superficial
tissuwea, In ear surgery, wltrasonic irradlation is used
routinely for the treatment of disorders of the balange organ,
sush a3 Meniers's diseass; it can alleviate the symptoms
without damags to the hearing,

Tharapeutis applications inolude the treatment in phyaie-
thorapy of varlous soft-tissue ailments: the method seems to be
effeotive mainly because of locally inoreaged temperature, but

more subtle changes may also ocouwr, Ultrasonio nebulisers are
used for the production of serosols for inhalation therapy.



Ultranaonie dlagnosis cen provids Ainformation about the
poositiona and extents of characteristlo impedance discontinuities
in goft tisswes: this information camnot be obta.ined. by any
other method, Pulse-ocho systema can be arranged to glve A-soope
and two-dimensional B-scope displays, end recordings of strusture
movements, Such systems are used routinsly in examinationa of
the rain, the sbdomen {inoluding pregnancy) and the heart,

They are also being daveloped to permit computer processing of
the ultrasonic signals, Continucus-wave tachniques include thoss
based an the Doppler frequency shift of ultrascund refleoted by
novring struotures, Range~gatsd and diresctionally-senaitive
Doppler ayatems have been used to study varlous aspeota of

blocd flow, inoluding the determination of flow profiles,

Holographic technlques and the ultrasonio image camera are
being developed, but have not yet been used in routine olinical
praotice,



