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SCIENTIFIC activity in the medical and biological application of ultra
sonics has been concentrated in recent years on the one hand on diag
nostic methods, and on the other on therapeutic applications in which 
cell and tissue destruction is obtained by the use of ultrasound. 

For diagnosis, intensities well below the threshold of damage are 
mainly used. Most diagnostic methods are based on the pulse technique 
using pulses of a few microseconds' duration and interpulse intervals of 
about one millisecond. 

On the other hand, in order to utilise therapeutically the cell-des
tructive effects of ultrasonic waves, very high sonic intensities must be 
employed, moreover usually by means of focused sound beams. 

Between these fields of application lies the region of intensity of 
traditional ultrasound therapy (at up to 2 watt/cm2, range of frequency 
around 800 kHz, continuous or pulsed sound with a pulse length-to-
period ratio between 1:2 and 1:20). This part of ultrasound therapy, 
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which avoids cell damage, has been reported in detail in previous mono
graphs and will therefore not be repeated. 

A suggestion of the publishers, with which I have willingly complied, 
is to include in this review a detailed description of my own work. 

I I . MODES OF ACTION OF ULTRASOUND ON LIVING CELLS AND TISSUES 

Living tissues may be affected by ultrasound in different ways. The 
relative importance of these undoubtedly varies, between individual 
cases depending greatly on the type and depth of the tissue, on the 
frequency and intensity and on many other parameters. 

TABLE 1. Absorption coefficient, a (cm- 1) for various tissues and frequencies 
(Pohlman and Hueter, taken in abbreviated form from Wiedau and Roher, 

1963) 

Muscle (gluteal) 

Fat (gluteal) 

Heart 
Tongue, longitudinally 
Kidney 
Liver 

in vitro 
in vivo 
in vitro 
in vivo 
in vitro 
in vitro 
in vitro 
in vitro 

800 kHz 

019 
0-33 
010 
0-21 
0-29 
0-20 
0 1 8 
0 1 2 

1-5 MHz 

0-60 
0-42 
0-35 
0-25 

2-4 MHz 

0-86 
0-62 
0-52 
0-35 

4-5 MHz 

1-58 
1-28 
1 0 5 
0-80 

The mechanical effects of ultrasound are due principally to particle 
accelerations, which increase with frequency, and to the pressure 
gradient, which increases likewise. At 800 kHz and at an intensity of 
2 watt/cm2, the pressure gradient is 8-4 at/mm (Wiedau and Roher, 
1963). 

The question of whether individual cells can be detached from the 
cell-group by the mechanical effect of ultrasound and especially by 
particle movement in irradiated tissue is considered in the section on 
ultrasonic therapy of tumours. The effect of tensile and compressive 
strains on irradiated tissue is sometimes referred to as micromassage. 

Cell membrane ruptures usually occur at cavitation level only, that 
means, at very high sound intensity levels. Skudrzyk (1952) reported 
that living tissues tolerate very high pressure changes. 

The degree of absorption of ultrasound is expressed by the absorption 
coefficient, a. This expresses the percentage of the ultrasonic energy 
which is, in a unit volume—for example, in a cm3 of tissue—converted 
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into heat. The remaining ultrasonic energy continues to propagate in 
the contiguous tissues. With increasing depth of tissue the ultrasound 
energy falls rapidly. The absorption coefficients of various tissues at 
several frequencies are given in Table 1. Naturally as a consequence of 
the production of heat there is a considerable effect on the metabolic 
processes. 

Ultrasound is also the cause of direct biochemical effects which are 
independent of the production of heat by absorption. These are by no 
means fully understood. Often there is only a vestigial effect which is 
very difficult to demonstrate, and, moreover, the transfer of laboratory 
results to conditions involving living organisms needs to be handled 
with care. 

The colloid-chemical effect due to ultrasound derives, for the most 
part, from the depolymerization of large molecules and depends on the 
molecular structure and surface, also on the intensity, frequency and 
duration of irradiation and on the concentration, pH value, gas content 
temperature and pressure of the solution. Elpiner (1964) and Elpiner and 
Sarova (1954) have described, in detail, as much as is currently known 
of the biochemical effects, including thixotropic effects and the in
fluence of changes of electrical potential (Debye effect, 1933). The scope 
of this review does not permit closer examination of this matter. 

I I I . CHANGES IN CELL AND TISSUE DUE TO ULTRASOUND 

Even in the early years of traditional ultrasound therapy, microscopic 
and histological examinations of irradiated cells and tissues were under
taken. Below a distinct level of intensity there is no evidence whatever 
of effects due to ultrasound, even with considerably extended exposure 
time. 

This level of intensity depends, in a specific case, on the experimental 
conditions and, in particular, on the types of cell exposed, on the fre
quency and duration of exposure, on temperature and on the viscosity 
of the solution. When this threshold is exceeded one sees, firstly, 
reversible and later irreversible changes. But even then the physical law 
of the constancy of the product of intensity and irradiation time is not 
valid. In general, an increase in intensity has a far greater effect on 
living cells and tissues than a corresponding increase in exposure time 
at constant intensity (Elpiner, 1964; Beier and Dörner, 1954). When 
the above-mentioned threshold is exceeded increased plasma movements 
and changes in streaming can be seen immediately within the cell. 
Vacuoles are formed and the structure of the nucleus may be affected. 
The particular sensitivity during mitosis is worthy of note: cells in 
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which the nucleus is in the process of division are the first to be affected, 
even at intensities of ultrasound at which no changes can be demon
strated in other cells. If the ultrasonic exposure occurs at an earlier 
stage of mitosis there is usually an agglutination of the chromosomal 
material (nuclear pycnosis). At a later stage in cell-division there occurs 
detachment, displacement and adhesion with bridging between the 
individual chromosomes (Delorenzi, 1940). This was observed at an 
intensity of 1-5 watt/cm2. At 4 watt/cm2 the nucleus is completely dis
rupted. H. Fritz-Niggli (1952) carried out genetic experiments on the 
fruit-fly {Drosophila melanogaster). He demonstrated that previous 
exposure of the gonads to ultrasound waves induced mutations. 

Many authors attribute the final death of the cell in particular to 
damage to the cell membrane (Auler and Woite, 1942; Günsel and Fuchs, 
1949). However, histologicalexaminations indicate intracellular changes. 
Possible additional causes are disturbances of the enzyme balance, other 
biochemical and colloid-chemical changes, changes in the cell potential 
and disturbances of the osmotic equilibrium of the cell. The frequency, 
intensity and duration of the ultrasonic exposure determine the pre
dominant effect. Because of the difference in absorption and in sen
sitivity to ultrasound, the changes obtained in specific tissues naturally 
vary greatly. 

Harvey and Loomis (1931) showed that, even at a relatively low 
sound level, the eggs of the sea urchin were destroyed by disruption 
of the cell membrane. On the other hand haemolysis of the erythrocytes 
caused by ultrasound only occurs at intensities over 3 watt/cm2. The 
necessary intensity depends greatly on the viscosity and concentration 
of erythrocytes in the suspension. Jung (1942) using an electron micro
scope, demonstrated a large number of perforations in the membranes 
of erythrocytes damaged by ultrasonic exposure. The protoplasmic 
granules of eosin-staining leucocytes begin to gyrate at ultrasonic 
intensity above 2 watt/cm2 and are sometimes thrown out from the cell 
body. 

Minute damage caused by ultrasound can be missed in histological 
examinations if these take place too soon after exposure. Thiele (1949) 
showed that , at low intensities, sonic damage to the rat ovary was first 
noted histologically 4 weeks after irradiation by the inhibition of 
follicle growth. After 8-12 weeks the ovary again appeared normally 
functional, indicating that damage due to ultrasound had been over
come. Gordon (1964) created small, well-defined lesions in the cat brain 
with a beam of focused ultrasound, these did not become demonstrable 
histologically until 24 hours after irradiation. 

From the application in widely differing techniques there is contra-
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dictory experimental evidence whether low ultrasonic intensities can 
enhance growth as well as cell multiplication. Kihn (1956) established 
by experiment in cells exposed to sound that there was an increase in 
the rate of diffusion of oxygen, attributed to loosening of the cell mem
brane when ultrasound of moderate intensity is applied, leading to an 
increase in metabolism with a corresponding stimulus to cell division 
and growth. 

Investigations into the effect of irradiation of plant seeds, at moderate 
sound intensity, into the capacity for plant seed germination and on 
subsequent plant growth, gave a variety of widely differing results. 

In a particularly extensive range of experiments on the seeds of 
onion, radish and winter rye, Hesse (1952) tried to resolve these con
tradictions. He used a sound radiation at 1 MHz, with maximum 
energy of 4 watt/cm2. His results show that with high intensity and 
long exposure there is always damage, i.e. lowering of the capacity for 
germination. At low intensities damage can also occur (as stunted 
growth) but, at the same time, a distinct increase in the rate of germina
tion is sometimes noted. 

Other indications of the growth-stimulating effect of exposure to low 
ultrasonic intensity are found in the animal experiments (ultrasonic 
therapy of malignant tumours). This will be covered in the following 
section. 

IV. THERAPEUTIC APPLICATIONS OF HIGH-INTENSITY ULTRASOUND 

A. Tumour Therapy 

Early in the history of ultrasonic therapy, moderate intensity irradia
tion of skin cancers was employed therapeutically and some good results 
were reported for this treatment (Horvath, 1946). Sasagawa (1939) has 
given a comprehensive description of the results obtained in Japan in 
animal experiments carried out to investigate the ultrasonic treat
ment of inoculation tumours. Low-intensity irradiation of carcinoma 
in animal experiments has frequently led to a distinct stimulation of 
growth. High intensities, on the other hand, inhibited growth. The 
inoculation sarcoma behaved in a similar way. Hausser, Dörr, Frey and 
Ueberle (1949) investigated the effect of ultrasound on the Jensen 
sarcoma in the rat. Tumour growth was halted by exposure to radiation 
of a given intensity and duration and after a well-defined period of time 
the tumour had receded. Histological findings show swelling damage of 
the cell nuclei followed by chromatolysis and later by karyolysis. 
Thereafter protoplasmic changes also occur. A few days after irradiation 
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the tumour is replaced by an amorphous, homogeneous mass in which 
the normal tumour cells are no longer seen. Finally the tumour tissue is 
replaced by connective tissue. Similar results from animal experiments 
were obtained by Grütz (1949) with Walker carcinoma. 

In contrast to Horvath (1946), Barth and Wachsmann (1950) were 
unable to report the healing of tumours in man. Horatz (1949) carried 
out single irradiations of cancer of the breast (1-5 watt/cm2, exposure 
time 20 minutes) with probe movements confined to a very small area. 
A week later tissue biopsies were examined histologically. I t was seen 
that the tumour tissue was partly destroyed whilst other parts were 
stimulated to stronger and more rapid growth, similarly for the meta-
stases. In no case was healing effected (inoperable carcinoma). 

The question of whether exposure to ultrasound leads to an increase 
in metastases and the way in which this happens undoubtably requires 
clarification by further experiments. 

According to Wiedau and Roher (1963) the mechanical action of ultra
sound, even at high intensity, cannot cause the disruption of cells from 
the cell groups since the absolute particle displacement at 2 watt/cm2 and 
800 kHz is only about 30 micron, and the effective displacement within 
the cell is smaller still by an order of magnitude. Even in a standing 
wave this value would only double in the least favourable case. On the 
basis of these few-thousandth-part fractions the particle displacement 
contributes little to the mechanical effect of ultrasound in therapy and 
removal of cells thereby from the cell group seems to be out of the 
question. 

If complete destruction of tumour tissue is desired, as far as this is 
possible, it is expedient to apply the highest possible intensity (up to 
20 watt/cm2 or more) for the shortest possible time. For this reason 
recent experiments have invariably utilized focused sound beams. 
However even when using focused probes the ultrasonic therapy of 
malignant tumours in man must be regarded as contra-indicated 
(Wiedau and Roher, 1963) because of the possibility of growth stimula
tion (to which Pezold, 1951, 1952, also refers). 

The response of malignant tumours to X-rays is enhanced by heat. 
Woeber (1965) has therefore developed a combined ultrasonic and X-
ray treatment for malignant tumours and reports good results. He has 
developed a combined transducer; a quartz ultrasonic crystal is fitted in 
front of the X-ray outlet of the X-ray tube. The X-rays pass through 
the quartz crystal and in this way simultaneous ultrasonic irradiation 
and X-radiation is achieved, this markedly increased the radiation 
sensitivity of the tumour and reduces the necessary Röntgen dose. 

This considerable enhancement of radiosensitivity of tumour tissue 
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through ultrasonic waves was demonstrated by Woeber and also by 
Bode (1949) and Theismann (1949) in numerous experiments. At present 
there is no complete explanation of the extent to which the effect of 
ultrasound in enhancing growth and metastases is reliably inhibited by 
the simultaneous exposure to X-rays as in Woeber's combined therapy. 

B. Neurosurgical Ultrasonic Therapy 

Lynn and Putnam (1944) were the first to undertake research on 
damage to the brain caused by focused ultrasound. They worked with a 
focused Grützmacher quartz crystal. 

The findings of Lindström (1954, 1956), which were verified by 
Fry, indicate that, at relatively low ultrasonic intensities, the first 
changes in the central nervous system are in the myelin sheaths. With 
increasing doses, changes in the nerve cell axon are observed and finally 
there are changes in the neuroglia. This makes possible, with appro
priate dosage and with exact centering and focusing, the formation of 
selective lesions in given nerve fibre tracts without damage to the cere
bral cortex or to the vessels. 

Fry, using four probes, focused to a single point, was able to produce, 
with great accuracy, well-defined lesions in the cat. However, it was 
necessary to open the skull by trepanation, avoiding damage to the 
dura, in the region to be irradiated by the sound; otherwise the dose and 
direction of the ultrasound is unpredictably altered by the skull bone. 
In the experimental and clinical investigations undertaken by Fry et dl. 
(1954, 1955, 1956, 1959, 1960), a frequency of about 1 MHz was most 
often used. By this technique lesions of only a few mm3 in volume were 
produced. At 4 MHz it is possible to reduce the size of the focal lesion to 
about 0-05 mm3 or less, but energy losses due to absorption are then 
higher. 

The investigations of Heyck and Höpker (1952) showed a particularly 
strong correlation between frequency and cell damage in the brain. 
From this, one can conclude that, in the case of cell damage in the brain 
at least, the mechanical component in the effect of ultrasound is of con
siderably less importance than the thermal effects. Skudrcyk (1952) 
supported this opinion. He was able to show that living tissue can tole
rate even the largest pressure variations and envisages peaks of tem
perature which arise in very localised areas through absorption as the 
cause of damage to living nerve cells; in this degradation of the cell 
enzyme system is involved. 

Results of the investigations of Fry (1956) suggest, however, tha t 
heat due to absorption is not of significance in the production of focal 
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lesions in the brain. Using thermoprobes embedded in the tissues in the 
area to be irradiated, the tissue temperature was followed. The maxi
mum rise in temperature remains far below the damage threshold. The 
result of repeated exposure to pulses of ultrasound verified this; a single 
exposure caused no irreversible damage but repeated exposure led to an 
irreversible change, e.g. paralysis in experimental animals. Cavitation 
cannot be considered as the cause as no difference was observed in 
experimental exposures carried out under high pressure (which un
doubtedly prevented the onset of cavitation) and those performed at 
atmospheric pressure. From this we must assume that it is the biochemi
cal or thixotropic effects of ultrasound which are primarily responsible 
for causing brain damage. 

In the case of the neurosurgical sound transducer comprising four 
separate generators considerable side maxima appear round the 
focal point. W. J . Fry therefore constructed another transducer with a 
parabolic mirror for neurosurgery and with this almost completely 
eliminated the difficulty. There are now, normal to the direction of 
sound transmission, only very slight secondary maxima in the focal 
plane. The ultrasound emitted by several quartz crystals is first reflected 
from the surface of a metal cone and then brought to a focus by a second 
reflection at a parabolic mirror. A disadvantage of this type of generator 
is the greater beam angle which makes necessary a larger opening in the 
skull bone (Fry et ah, 1958, 1960). 

This transducer has made possible, for the first time, the production 
of lesions in the nerve fibres in the white matter without damage to the 
overlying cortex. The systems of vessels also remains intact, even in the 
area of the lesion. This possibility is of great significance in experimen
tal animal neurophysiological research because one can now undertake 
precise investigation of organic failures, after the production of such 
lesions, without simultaneous and disturbing side effects due to injuries 
to other parts of the brain. In such studies it is possible to determine the 
exact position of the lesion by means of subsequent histological exami
nation. Fry and his fellow workers have, since 1958, also neurosurgically 
treated with ultrasound a fairly large number of patients suffering from 
Parkinsons' disease and other illnesses. Very good results were some
times obtained but it continually proves very difficult (even with the 
assistance of X-ray procedures) to strike exactly the required site in the 
brain, since, because of the variations in shape and position of the skull 
and brain, there exists an unavoidable uncertainty factor, with regard 
to the location of internal brain structures. 

The group working with Fry therefore abandoned, for the present, the 
therapeutic application to patients. The danger of complications 
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caused by destruction of functionally important regions of brain tissue 
when the location of the lesion differs from the required position is too 
great. 

Further reports on ultrasonic neurosurgery are to be found in Kelly 
(1965). In particular, attention is drawn to contributions contained 
therein by Yoshioka, F . J . Fry, W. J . Fry, Leichner, Krumin, Kelly and 
Fry; also to Gordon (1965) Yoshioka and Oka (1965) and also in Ide et 
al. (1965). 

In some cases post-operative haemiplegia resulted (Hasegawa et al., 
1965). To avoid these difficulties Gordon (1964, 1965) has performed ani
mal experiments, using cats, in which he used a concave focused trans
ducer firstly for the echographic localization, by the pulse echo method, 
of the ventricular walls and other reference points in the interior of the 
brain; on the basis of the echogram the transducer is directed, with pre
cision, to the required site and then switched to continuous wave 
operation, i.e. the lesions are formed. The combination of echoence-
phalography and ultrasonic neurosurgery, without doubt, represents a 
step forward but is, as yet, in its infancy. 

C. Ultrasonic Surgery in Mentere''s Disease 

The treatment of Meniere's disease by high intensity ultrasound 
is already accepted in routine clinical therapy (Arslan, 1956, 1960, 
1964; Sala, 1955; Arslan and Sala, 1965; Kossoff, 1964; Gordon, 1964; 
Dominok and Preibisch-Effenberger, 1965). The destruction of the 
labyrinth by means of ultrasonic action may be effected without 
adversely affecting the hearing ability; Arslan treated 700 patients. 
Even in earlier years, the percentage of facial paralysis (which can occur 
as a side effect) was never greater than 6-5%. These facial paralyses 
sometimes regress within a few days, but usually completely within two 
or three months. Only in 3 out of a total of 700 cases treated did the 
facial paralysis persist for longer than one year. In at the most, 4% of the 
cases attacks of vertigo did not disappear and a subsequent sonic treat
ment was carried out. I t must be noted that in some of the cases the 
success of the treatment is apparent only in the course of the weeks 
following the ultrasound treatment. The results can be improved if one 
observes that with careful direction of the sound beam during treatment 
a clear nystagmus must occur. Only when the latter is clearly present 
can one be certain that the receptors are really being reached by the 
sound beam. The optimal setting of intensity is similarly found by 
observation of the nystagmus reaction. The optimal radiation time is 
23-30 min. Towards the end of this time an abatement of the 
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nystagmus (or a transition to paralytic nystagmus) occurs to a variable 
degree. The danger of facial paralysis increases if the operator does not 
take sufficient care to obtain the nystagmus by means of correct re
direction of the probe whilst using moderate intensity, and prefers 
instead to use an increase of intensity which is not indicated to obtain 
the nystagmus. 

The probe is not placed on the skin surface, but the bone is bared 
behind the ear, drawing back the skin, and the bony layer above the 
labyrinth is removed to leave a thickness of 0-5 mm and flattened to 
provide better access for the probe. Bullen et al. (1964) have also worked 
on the treatment of Meniere's disease and have developed a special probe 
for 3 MHz. In particular, a reduction in the size of the transducer was 
achieved, thus making it easier to handle. They use a 3 MHz lead zir-
conate titanate crystal of 5 mm diameter and thus they can also work 
at a smaller applied voltage than the Federici apparatus used by Arslan. 

The output power goes up to 40 watt/cm2. In clinical practice, how
ever, substantially lower intensities are used. A small thermistor probe 
is fitted to permit continuous observation of temperature in the im
mediate vicinity of the sound outlet area. Thus thermal damage to the 
facial nerve can be avoided. During further development the probes 
were provided with conical extensions, on the one hand, to reduce the 
diameter of the tip and also, because the extension is irrigated with 
liquid through a tube, firstly to wash over the crystal surface and then 
also to remove any blood which may appear in the field of operation. 
The casing of the cone has a double wall separated by an air space to 
prevent the lateral escape of sound. Gordon (1964) also describes a 
transducer developed for this purpose, with a water-filled front-
mounted conical tube. The diameter of the sound outlet was reduced to 
2-5 mm. Because a lead zirconate crystal is used the complete transducer 
can be sterilised in an autoclave. I t is possible, due to the formation of 
standing waves, that a fairly large number of nerve endings escape 
damage even if a relatively high intensity is selected. In order to avoid 
this it is recommended that the transducer should be inclined, tilting 
slightly in different directions during the sonic irradiation. In contrast 
to the damage caused by ultrasound in the brain, histological examina
tion of sonically irradiated balance organs reveals that the epithelium 
of the nerve fibres is damaged before the medulla. Only the nerve cells 
immediately adjacent to the epithelium are damaged. As yet little is 
known about the ultrasonic physical parameters in sonic irradiation of 
the balance organs. 
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D. High-energy Ultrasound in Dentistry 

Ultrasonic drilling machines have won an assured place in industry 
for working materials of great hardness. Corresponding attempts to 
exploit ultrasonic drilling in dentistry have so far not led to a routine 
application of the method. 

The main disadvantage may be found in the low speed of drilling con
trasted to the new high-speed mechanical dental drills. Beier (1949) was 
able by sonic irradiation of phosphate cement during mixing and 
hardening to increase its adhesiveness and hardness considerably. 
Henkel (1950) obtained similar results with silicate cement and with 
amalgams. Hoffman and Gross (1965) succeeded, by using ultrasound, 
in producing very firm bonds between metal fillings and the tooth. 
The investigations, carried out with aluminium, did not require a 
bonding agent. A magnetostrictive oscillator with a frequency of 60 kHz 
was used. The bond between the metal and the tooth was tested 
experimentally and found to depend on the duration of sonic irradiation, 
the sonic energy level used and the pressure of the clamps which hold 
together the parts to be bonded under the action of ultrasound. Under 
shearing strain the adhesive strength of the bonds was greater than the 
tensile strength of the wires used. The welded joints were examined in 
micro-section (also with the electron microscope) and revealed an 
extremely strong bond between the tooth and the aluminium. I t 
remains to be seen whether this new possibility for the formation of 
permanent joins between metals and hard biological structures can be 
exploited in treatment. 

E. Ultrasound in Retina Surgery 

The use of high-power focused sound for the production of centres of 
coagulation on the retina or choroid membrane in ophthalmology is 
clinically of little interest. For that purpose methods of diathermic 
coagulation and light coagulation are available, which are probably 
superior to ultrasound coagulation in any case. In order to produce 
centres of necrosis on the retina and choroid membrane surprisingly 
high sonic intensities are necessary (Purnell et ah, 1964) and damage to 
the lens (ultrasonic cataract) and to other eye tissues is scarcely 
avoidable. Similar difficulties exist in another application of ultrasound 
therapy of greater importance in retinal surgery. This is the attempt by 
means of ultrasound to bring the detached retina, which is floating in 
the vitreous humour, back to its normal position, i.e. in apposition to 
the choroid membrane and the sclera. 
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There is therefore no intention to produce cell necrosis, yet relatively 
high energies must be used since only these can effect the necessary 
movement under the given acoustic conditions. Greguss (1965) has 
developed a special probe for this. Bertenyi (1965) uses an intensity 
of 1 watt/cm2 with a frequency of 850 kHz and duration of sonic 
irradiation of 5 minutes. Before and after sonic treatment the position 
of the detached retina was measured with an ultrasonic diagnostic 
apparatus. The position of the retina changed by as much as 6 mm. 
Greguss believes that this movement of the retina is not due solely 
to the radiation pressure of the sound but also to the fact that a hydro-
dynamic current is formed in the viscous vitreous humour as a result of 
the ultrasound waves and that this exerts a force on the retina. Results 
from a large number of patients are not yet available. In similar 
experimental studies of animals, Sokollu (1966) verified these move
ments. 

V. ULTRASONIC CLEANING 

In the production of ultrasonic action on a bacterial suspension it is 
not only the intensity and duration of the radiation which are of impor
tance. The lethal effect is greatly influenced by the frequency of the 
sound, the viscosity of the solution, the temperature and the gas con
tent of the suspension, the size of the bacteria and the amount of potas
sium, barium and magnesium ions in the solution. Surface active agents 
reduce the effect of ultrasound on bacteria. Hompesch (1949) assumes 
that the effect of ultrasonic waves on bacteria is primarily of a colloid-
chemical nature (depolymerization of the protein). The mechanico-
physical effects of ultrasound in contrast to this, he suggests, are of 
secondary importance, as is also the thermal effect. The reduction of 
demonstrable bacteria and the clarification of the bacterial suspension 
which is obtained when suspensions of B. coli are exposed at 1 MHz and 
an intensity of 3-2 watt/cm2 (radiation time 2 hours) cannot be repro
duced even by long and intense heating. 

In practice it is probably impossible to prevent completely the for
mation of standing waves and it is probable that when instruments or 
parts of apparatus are treated in a liquid bath even at high sound inten
sities, bacteria survive. Therefore there can no longer be any question 
of sterilization being carried out exclusively by ultrasound. However, 
ultrasonic cleaning of instruments, syringes and catheters probably has 
some important advantages in medicine. In particular the delicate 
instruments which are used in modern microsurgery are very difficult 
to clean in the traditional way with brushes, etc. There is a substantial 
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danger of damage, and also of the persistance of particles of coagulated 
blood, etc. Furthermore cleaning with brush, soap and antiseptic 
solutions takes a considerable amount of time. In contrast to this clean
ing by ultrasound takes only a few minutes. Preferably an antiseptic 
solution is used in the cleaning bath. Particularly thorough cleaning 
is obtained by modern techniques in which the operating frequency is 
varied and where several oscillators are fixed to the outside of the bath. 
The advantages in the saving of time and in thorough cleaning with 
avoidance of mechanical damage are, however, offset by the disadvan
tage of the possibility of surface erosions on the instruments. The forces 
acting on the surfaces are considerable, so that use may be prematurely 
reduced. However, it will probably be necessary in the future to accept 
this disadvantage because of increasing staff shortage. 

VI. ULTRASONIC DIAGNOSIS WITH CONTINUOUS WAVES 

In research and in clinical practice techniques of ultrasonic diagnosis 
based on the pulse echo method have hitherto acquired by far the 
greatest significance. These are dealt with in the following sections. 
First some basically different ultrasonic diagnostic techniques will be 
discussed. 

As early as 1942, Dussik introduced a sound transmission technique 
with continuous wave sound for the examination of the brain (1942, 
1948, 1949, 1952). A sound beam at 1-25 MHz was used; the intensity 
of sound arriving at the side of the skull opposite to the sound generator 
was picked up by a sound receiver and recorded photographically from 
a cathode ray tube. The sound transmitter and receiver were rigidly 
connected and were moved together so as to scan the skull point by 
point. Unfortunately the original hope of delineating the ventricles in 
this way by differences of absorption was not fulfilled. In experiments 
of Ballantine et al. (1950, 1951), Cavalieri et al. (1952) and Hueter et al. 
(1951) and of Güttner et al. (1952) it was shown that the images formed 
in this way are affected by the variations in shape and thickness of the 
skull bone; as a result of the absorption and refraction of sound in the 
bone, images with ventricle-like characteristics arise even from the water-
filled cadaver skull. In spite of all efforts (particularly on the part of 
Hueter and Rosenberg, 1952) it has not so far been possible to overcome 
these difficulties by improvements in the method, especially by computer-
aided compensation of the image components caused by the skull bone. 

Keidel (1949, 1950) developed a sound transmission technique for the 
continuous recording of changes in the filling of the human heart. This 
procedure similarly has not yet found its way into clinical practice. 
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The same applies to the various ultrasonic image converter tech
niques. The original image converter method was introduced in 1937 
by Sokoloff (1939). The sound is focused by means of a lens to the front 
of a receiving crystal which has a metal film on one side only. On the 
non-metalised surface of the receiving crystal an electric charge dis
tribution develops which corresponds directly to the distribution of 
pressure on the other surface, in proportion to the incident sound inten
sity. The resultant charge distribution is scanned by an electron beam. 
The principle has been developed furthest in Jacobs' ultrasound 
camera (1965). In this, after scanning the rear surface of the receiver 
crystal with an electron beam, the image is reproduced by means of a 
system similar to television. 

With this it has already been possible in animal experiments to de
monstrate very clearly the outline of the heart and its beating. In par
ticular Jacobs has succeeded in enlarging the diameter of the receiving 
crystal to 4 inches. At present a frequency of 1 MHz is used. A better 
resolution would no doubt be obtained, however, with considerably 
higher frequencies, which would require considerably increased sen
sitivity due to the higher absorption. Important technical difficulties 
still stand in the way of its realization. 

In 1957, Satomura (1957) described a diagnostic application of the 
doppler effect for the diagnosis of cardiac ailments. Ultrasonic waves of 
3 MHz were generated. A second crystal beside the transmitting crystal 
served as a receiver. When reflecting boundaries in the sound field move 
towards the transmitter or away from it, there is a rise or fall in the 
frequency of the reflected sound waves, compared with the input fre
quency, which are picked up by the receiving crystal. Movements of 
the heart walls and also of the heart valves cause such doppler effects. 
However, this procedure has not gained acceptance in practice and is 
somewhat superseded in ultrasonic cardiac diagnosis by the pulse 
echo method to be described later. Rushmer et al. (1966), Kato et al. 
(1965), Kaneko et al. (1965), and also Goldberg and Sarin (1966) 
reported an application of the doppler effect for external measure
ments of blood flow velocity. In this case the magnitude of changes of 
frequency depends not only on the velocity of the blood stream, but also 
on the angle which must exist between the direction of the bloodstream 
and the sound transducer (which is placed on the skin surface) or that of 
the emitted sound beam. Since it is, as yet, not possible to measure this 
angle exactly, quantitative assessments are still subject to a great deal 
of uncertainty. Progress is perhaps possible here if the technique were 
to be combined (Buschmann, 1968) with the echographic representation 
of arterial walls (pulse echo method) to be described later. 
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The echoes of the pulsating arterial wall are only recorded con
tinuously when the sound pulses fall normally on to the arterial walls. 
If a probe for the pulse echo method is thus appropriately oriented, 
then from its position the angle of the doppler transducer could be 
determined exactly. From blood-flow velocity (doppler method) and 
lumen width of the vessel (pulse echo method) the volume of blood flow 
per time unit could be calculated. 

Within the last few years the simple and inexpensive ultrasonic 
Doppler method gained considerable clinical importance in gynaecology 
and obstetrics. The foetal heart beat can be detected already in early 
pregnancy, and followed during delivery (Johnson et al., 1965; Gordon, 
1968). 

Holography permits the recording and reproduction of three-dimen
sional pictures. The method is not confined to electromagnetic waves 
and it is possible to use ultrasonic waves (ultrasound holography). 
Ultrasonic oscillators (piezoelectric ceramics) are suitable sources for 
ultrasonic waves which correspond to the monochromatic, coherent 
light wave sources normally used in optical holography; the object 
beam and reference beam can therefore be easily produced. Difficulties 
are experienced, however, with the recording and reconstruction of 
ultrasonic holograms. For the recording, it is necessary to use plates 
sensitive to ultrasound and these are still in the initial stage of develop
ment. In order to make the recorded ultrasonic holograms optically 
visible, one needs a monochromatic, coherent source of light waves 
(laser) for lighting purposes (reconstruction of the object picture). In 
principle, this is possible despite the different nature and wavelength 
of ultrasonic and light waves, but the object picture is considerably 
reduced in size and distorted in shape. Considerable development work 
is still needed in ultrasonic holography before a diagnostic application 
can become possible. Nevertheless, it is a very interesting principle. 
Pioneering work has been carried out mainly by Greguss (1968) and 
Thurstone (1967). 

VII. PULSE ECHO TECHNIQUES IN ULTRASONIC DIAGNOSIS 

Equipment for the pulse echo technique contains a pulse generator 
producing between 200 and 1,000 very short electrical pulses per second. 
These pulses must have short rise time and, as far as possible, also a 
steep fall, so as to be able to produce short acoustic pulses. Shock 
excitation is now preferred in most equipment. In this, the coil is located 
in the probe and the oscillation circuit (coil and crystal) is brought into 
resonance by means of the electric pulse. The pulses of ultrasound 
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emitted from the probe are partially reflected at the boundary between 
two media of differing acoustic impedance; 

(product p x c = density x sound velocity). 

The reflected pulses are usually picked up again by the same crystal 
(single probe) but in some equipment by a second crystal placed im
mediately beside the transmitter (double probe), and are transformed 
into electrical signals, amplified in the apparatus, rectified and dis
played. 

There are display systems which correspond to different types of 
scanning movement of the probe on the test object. The designations of 
these were taken from radar. 

In the A-scan system the probe is usually placed manually on the test 
object and by means of slight rocking movements in all directions 
adjusted so that easily evaluated echograms are produced. On the tube 
of the cathode ray oscilloscope the transmitter pulse and the echoes are 
indicated as vertical deflections from a horizontal base line (Fig. 1). 

FIG. 1. A-system echogram. Transducer 12 MHz crystal diameter 5 mm, not 
focused. Copper wire of 0-5 mm thickness in water, plexiglass cell with level bot
tom. The horizontal echo distance corresponds to the time taken by the sound 
pulse from the transducer surface to the reflection point and back. The vertical 
deviation corresponds to the echo intensity as long as the effective range of the 
limiting steps (in the proximity of the maximum deviation) is not reached and 
there is no interference from closely preceding echoes. Echoes from left to right: 
transmitter impulses (from transmitter and transducer) copper wire echo, echo of 
the cell bottom. 

The amplitude of the vertical deflection is either in linear or logarithmic 
proportion to the intensity of the received echo. With linear amplifiers 
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linearity is, of course, only obtained as long as the maximum amplitude 
is not reached. Most equipment has limiting amplifiers to ensure that 
echoes greater than a fixed intensity are well represented at one ampli
tude, so that the echo amplitude does not reach the area of the cathode 
ray tube in which distortion occurs. The horizontal distances between the 
echoes and from the transmitter pulse correspond to the transit time of 
ultrasound in the test object and make possible, if the sound velocity is 
known, a calculation of the position in depth of the reflecting boun
daries. 

In the B-scan system the echoes are no longer represented as vertical 
deflections. The zero line is reduced in brightness in the echo-free areas 

FIG. 2(a). Echogram of Fig. 1 after switching to B-scan indication while 
the probe is still stationary. The distances of the echo points (always measured 
from their left-hand edge) continue to correspond to the transit time. The bright
ness of the echo spots corresponds to the intensity. 

and along its direction the echoes appear as spots of light whose bright
ness depends on the echo intensity. Now if the position of the zero line 
on the cathode ray tube is moved synchronously as the position of the 
probe on the test object there is produced an acoustic cross-section view 
composed of the individual bright echo spots (Fig. 2). In the B-scan 
system the distance of the echo spots from the transmitter pulse or 
from each other still corresponds to the time of transit of the ultrasound 
in the object. I t is much more difficult to determine the intensity of the 
echoes from the brightness of the light spots than from the amplitude in 
the A-scope. Baum (1959) therefore tried a photodensitometric evalua
tion ; this procedure seems to us to be inaccurate, expensive and time 
consuming. A more precise and much simpler assessment of the echo 
intensity is available either by switching over to the A-scope at the site 
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of interest or by reducing the transmitter output power to the level at 
which the echo of interest just disappears. With reference to performance 
measurements based on transmission through an oil path, which are 
described in section IX.A.2, very exact information about the echo 
intensity can be obtained. In any case, if one abandons assessment of the 
echo intensity by the brightness of the spots of light, then it is better 
completely to eliminate this intensity dependance. We are now there
fore developing equipment in which every echo whose intensity lies 
above the threshold of sensitivity of the amplifier is shown independent 
of its intensity, by means of a standard light spot of the smallest 
possible size. 

FIG. 2(b). Echogram of Fig. 2(a) after linear scanning (B-scan). The sound 
beam runs across the wire in tlie transverse direction. On the left, tlie transmitter 
pulse; in the centre, the wire echo; on the right, the echo of the cell bottom. 
The effective diameter of the sound beam is here much greater than the dia
meter of the wire and has the effect of indicating the echo with excessively great 
lateral extension. Such distortions (size falsifications) impair the picture quality 
of all B-systems. They can be reduced, but not avoided. 

The above-mentioned possibilities for estimation of the echo intensity 
in the B-scan (by reduction of power output or by switching over to the 
A-scope) are not affected by this. Resolution is, however, decidedly 
improved compared with dependence of the intensity of the spots of 
light on echo strength, where not only the brightness but also the size of 
the light spot is inevitably increased with stronger echoes, and as a 
result, resolution is very much reduced. 

To date several different systems of probe movement are in use and in 
many fields of application it is still not clear which system will prove 
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superior (Fig. 3). The original view that electromechanical compound-
scanning systems were more expensive but, nevertheless, always 
superior in their results, has been shaken by more recent investigations. 
In particular, in clinical routine application of fairly simple scanning 
systems give equally good, or even better results with less expenditure 
of time and money; for instance, in ophthalmology. Here we agree 
with Purnell (1965). Many users prefer as we do, even for B-scanning, 

F I G . 3. B-scan sys t ems : Scheme a—linear scan. Scheme b—sector scan. 
Scheme c—arc scan. Schemes d, e, f = compound B-scan sys tems. Scheme d = 
l inear + sector scan. Scheme e = arc + sector scan. Scheme f = manua l ly 
guided basic m o v e m e n t along the surface of the body, combined wi th electro-
mechanical ly or manua l ly controlled sector scan movemen t . 
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manual guidance of the probe rather than electro-mechanical movement 
of the probe (Donald et ah, 1958). 

One of the most important problems in the development of satis
factory B-scanning equipment was the exact transfer of the probe 
movements to those of the zero line on the cathode ray tube. The poten
tiometers initially used were very inaccurate. Recently, however, excel
lent precision potentiometers have become available. These are used for 
example in the Porta-Scanner (Physionics) and in the B-scanning 
apparatus 7,200 MA (Kretztechnik). Other users, e.g. Baum and the 
group working with us in the Manfred von Ardenne Research Institute, 
prefer inductive angular resolvers for the same purpose. In the Inter-
science Research Institute in Champaign, an apparatus with still 
greater transfer accuracy is at present being constructed. 

In this the various probe positions are given from light signals 
through a disc (with 8,000 steps for a full revolution) which rotates with 
the probe. These light signals are recorded by a digital encoder and aided 
by a computer the screen zero line is brought into the correct position. 
I t remains to be seen whether this expenditure is really capable of 
leading to better results in clinical practice, as the refraction of the 
sound by the many boundaries in the tissues inevitably causes the true 
direction of the sound beam to deviate somewhat from its direction 
shown by the position of the screen zero line. 

Gordon (1964, 1965) solved the problem of the transfer of the probe 
movements in a startlingly simple manner by moving not the zero line on 
the cathode ray tube but by moving the entire tube. All probe move
ments are accurately transferred mechanically to the tube by means of a 
pantograph system. By photographic integration the cross-section 
picture is then formed in the camera. 

When using normal cathode ray oscillograph tubes, even in acoustic 
B-scanning examinations involving movement of the zero line on the 
cathode ray tube, there is, at any time, only one line of the cross-
section visible on the tube, so that one sees all the lines of the cross-
section in sequence but not simultaneously. Assessment of the entire 
cross-section view is therefore only possible after photographic integ
ration. In order to overcome this disadvantage and to be able to assess 
the cross-section view immediately on the screen, experiments were 
previously carried out with long persistence tubes, but their resolution 
is so bad that they have been able to find no application in clinical use. 
Other workers therefore continue to use photographic integration, 
e.g. Baum (1965). This means that very many cross-sections must be 
photographed only a few of which turn out to be diagnostically usable 
and significant. 
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Electrostatic storage cathode ray tubes are now available. These are 
used for example in the 7,200 MA equipment (Kretztechnik) and in the 
Porta-Scanner apparatus (Physionics). Such picture tubes make picture 
storage possible without appreciable deterioration of the resolution. 
The image can be held for a very long time. I ts use offers a saving to the 
investigator of a great deal of time and photographic material since it is 
possible to appraise the complete cross-section immediately on the 
screen and to carry out any corrections in the position of the section 
level. 

Ossoinig (personal communication) tried without success to obtain 
the entire cross-section display on a normal cathode ray tube by using a 
very fast transducer movement mechanism. We simultaneously tried 
to achieve this effect and replaced the mechanical movement of the 
probe by very rapid sequential switching of 10 crystals (Buschmann, 
1965, 1966). Although this switching worked satisfactorily and the 10 
picture lines appeared simultaneous to the eye, the system is so far not 
suitable for clinical purposes; in particular the production of suitable 
transducers with several small crystals of equal sensitivity proves very 
difficult. 

A short time ago, the Siemens Company, Erlangen, developed an 
instrument mainly designed for diagnosis in the abdomen. The scanning 
system consists of a rotating phonographic transducer unit and a para
bolic mirror. Both are contained in a liquid container which is sealed by 
a diaphragm (Vidoson). The system permits a comparatively rapid linear 
scanning movement because the parabolic mirror continues to reflect 
the beam parallel to the centre line. The area examined is scanned 
about 15 times per second so that a fairly steady, complete, two-
dimensional sectional view is obtained on a normal, non-storage cathode 
ray tube (1967). 

Another system is now under development in several laboratories. 
The B-scan echogram can be stored on magnetic tape and presented on a 
television screen. This is undoubtedly an expensive procedure, but the 
complete B-scan echogram could be reproduced without loss of resolu
tion or of echo point brightness (grey scale). 

Whilst in the B-scan system the sound beam scans a cross-section 
through the object which is simultaneously shown on the cathode ray 
tube, in the C-scan system the transducer is for example guided along a 
meander line so that the sound beam scans a spatial area. From this area 
a level is then selected which lies normal to the direction of sound pro
pagation and is shown as a cross-section picture. So far C-scan systems 
have no practical importance for medical purposes. 

In some fields of application, e.g. in ophthalmology (Baum, 1961, 
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1965), some very vehement and not always factual discussions have been 
carried on as to which system (A- or B-scan) is preferable. We believe 
that both systems are usually essential. In a particular case the object 
to be examined and the diagnostic question requiring clarification deter
mine which of the two displays is capable of providing the major con
tribution to echographic diagnosis. This will be discussed further in 
section IX. 

Quartz crystals are still in use in only a few laboratory prototype 
instruments. Most diagnostic probes use piezoelectric barium titanates, 
barium zirconate titanate or lead zirconate ceramics which above all can 
be operated at considerably lower voltages. Moreover, lead zirconate 
has the advantage of a higher Curie point so that it can serve as the 
basic material for the production of sterilizable probes. Unfortunately 
such probes are not yet available from industry. In general, it must 
be said that commercially available probes are still far from having been 
adapted specifically to the needs of diagnostic methods on human 
tissues. This applies also to the absorbent materials for backing crystals 
and for the layer of plastic (material and thickness) on the front side 
provided for protection and for its transmission properties. Detailed 
theoretical and experimental investigations in connection with this 
problem have been published by Kossoff (1965). On the other hand, in 
respect of the external dimensions and shape of probes considerable 
progress has been achieved in adaptation to the diagnostic conditions 
and the examination objects. In dealing with individual specialities 
further reference will be made to some particular probe and equipment 
developments. 

The majority of speakers already at the 1st International Symposium 
for Ultrasonic Diagnosis in Ophthalmology (SIDUO) in Berlin (1964) 
and at the 1st International Symposium for Ultrasonic Diagnosis in 
Pittsburgh (1965) recognized the urgent need for standardization of 
equipment, probes and test conditions. However, the development and 
clinical use of suitable measurement procedures was, at this time, 
restricted to very few research groups (for our own developments see 
section IX.A.2). As a result evaluation in most fields of application is 
still predominantly empirical and the comparison of results from diffe
rent authors almost impossible. Individual workers use attenuators 
calibrated in decibels, but it must be pointed out that this does not 
achieve very much since it does not take into account the properties of 
the transmitter and the probe, and the dB-readings are meaningless 
unless reference is made to a reproducible standard echo. Furthermore, 
in this technique it is always necessary to examine with maximum or 
almost maximum intensity since the intensity level scaling takes place 
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only at the receiver amplifier and thus only affects the image on the 
screen and not the sound energy entering the patient. In contrast to this 
we prefer attenuation of the transmitter output so as not to subject the 
patient to more sound energy than is absolutely necessary. This pro
cedure is made possible by measurement of the overall sensitivity on the 
basis of transmission through an oil path (see section IX.A.2) which 
takes into account the properties of the transmitter, the probe and the 
receiver. Meanwhile, a number of international congresses have been 
held on the use of ultrasonic diagnostics in ophthalmology and in other 
specialized branches of medicine, viz. in Münster (1966), Brno (1967 = 
SIDUO II), Philadelphia (1968) and Vienna (1969 = SIDUO III) . 
At these meetings it was apparent that the routine application of the 
proposed measuring techniques is rapidly spreading; in fact, a number 
of new proposals for standardization and measuring methods were sug
gested. In this way, the clinical results became partially comparable; 
however, there is still a lack of international standardization of preferred 
techniques and of their general introduction. I t is only by standardiza
tion that the instruments and diagnostic results can be really compared 
(Filipczynski et al, 1968; Obraz, 1968; Fleming and Hall, 1968; Brown, 
1968; Linnert et al, 1969). 

VIII . POSSIBLE MEDICAL APPLICATIONS OF THE PULSE ECHO METHOD 

A. Examinations of the Brain 

In neurosurgery, the echographic representation of the so-called mid-
line echo has already developed to the point of being a routine method 
(Leksell, 1956, 1958; Ter Braak et al., 1959; de Vlieger, 1959, 1961, 
1964; Sch ie fe re^ . , 1963; White, 1965; Gordon, 1964; Ford and McRae, 
1965). When a probe is coupled transversely to the skull there appear 
after the transmission pulse reverberation echoes from the bone of the 
adjacent skull wall, then the so-called mid-line echo and finally the 
echoes from the skull bone on the opposite side. The most practical 
technique requires a second probe to be fitted to the other side of the 
skull and the two probes to be switched in rapid succession (for pre
ference electronically) whereby the echogram from the one is displayed 
with the echo deflections upwards and the echogram from the other on a 
second base line with the echo deflections downwards (see Fig. 4). 
In this way one can recognize quickly and accurately whether the mid-
line echoes from the two sides are exactly above each other or whether, 
as a result of a space-occupying process on one side, they have been 
moved reciprocally. On a third base line one can; after all, still show the 

2 + B.E. 
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L 

FIG. 4. Echographical presentation of the mid-line echo (schematic). Upper 
section: normal finding. Lower section: mid-line shift due to a three-dimensional 
process in the left-hand side of the skull. From left to right: transmitter impulse, 
including the echoes of the skull in the vicinity of the start pulse. In the centre, 
the M-shaped mid-line echo; on the extreme right, the echoes from the opposite 
wall of the skull. The top line of each part-picture indicates the echoes of the probe, 
coupled to the right-hand side of the skull, by means of upwards deflections. An 
electronic commutator ensures that the probe on the left-hand side of the skull can 
also use the echo method in rapid alternation—the echoes received here are indi
cated on a second zero line in the form of downwards deflections. 
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echogram of sound pulse transmission technique. Lateral displacements 
of the mid-line echo occur in tumours as well as in haemorrhages and 
other space-occupying lesions. Investigations are preferably carried out 
at 1-2 MHz. They are impeded by strong refraction and absorption of 
sound in the skull bone. I t is not yet finally established which structures 
give rise to the mid-line echo. According to Leksell (1956, 1958) it is 
caused by the pineal body, especially when the latter is calcified. De 
Vlieger and Ridder (1959) assume that the sagittal fissure between the 
two cerebral hemispheres causes the echo. In pathological enlargement 
of the hemisphere distance the mid-line echo appears split. 

The falx cerebri, the two branches of which can separate in certain 
conditions, might possibly be the echo-producing boundary. Jeppsson 
(1960), and Gordon (1959) are of the considered opinion that all the 
structures mentioned contribute to the production of the mid-line echo, 
and that the septum pellucidum and the third ventricle are also involved. 
White (1965) emphasizes above all the need for a critical assessment of 
echographic results. There are other papers by Wagai (1965) and 
Brinker (1965). 

The A-scan also gives a direct indication of sub and epidural haemorr
hages since an echo is obtained from the surface of the haemorrhage 
(blood/brain or blood/dura boundary). In particular cases direct echo-
graphic visualization of intracerebral tumours has been achieved 
(without skull bone surgery), but developments in this and also in the 
echographic visualization of other normal brain structures are still in the 
early stages. Schiefer et al. (1963) point out possibilities of misinter
pretation due to enlargement of the third ventricle and asymmetry of the 
skull. Müller (1969) has developed and successfully used an A-scan 
method for neuro-surgery. During the operation on a brain tumour, 
after the removal of the skull and the exposure of the dura, a system of 
coordinates is projected onto the operation zone which permits the exact 
location of the transducer probe and gives a three-dimensional 
reconstruction of the tumour area in the form of a series of A-echograms. 
The echogram polaroid photographs can be immediately evaluated to 
give the operating surgeon valuable indications about the position, 
size, limits and nature of the three-dimensional process. 

Several of the above-mentioned authors report prototype laboratory 
equipment for the production of B-scans of the skull and brain. Changes 
in intensity and direction as well as multiple echoes due to the bony 
skull are particularly disturbing to the cross-section image. Laboratory 
and also initial clinical investigations have been carried out by White et 
al. (1965), Tanaka and Wagai (1964), Grossman (1965), Denier van der 
Gon et al. (1965), Makow and Real (1965) and Brinker (1965). 
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Thurstone and McKinney (1965) have developed a special transducer. In 
this sound is first reflected from a paraboloid (convex side) onto a concave 
elliptical mirror and thence concentrated to a focal point in the object. 
The return path for the echo is similar. In its basic arrangement this 
transducer is similar to the transducer developed by Fry et al. (1958, 
1960) for high-energy sonic surgery and also that described by Hertz et 
al. (1965) for cardiological diagnosis. 

At this point the Focoscan method due to Ardenne (1961, 1965) 
should also be mentioned. All these transducers and methods produce 
a very small focal point and as a result a very good resolution is ob
tained close to this but in principle this is better exploited in the C-scan 
system than in the B-scan. For routine clinical diagnosis using the B-
scan probes which produce not a genuine focus but a narrow sound 
beam have been found to be most suitable, thus for clinical investiga
tions at all depths quite good and consistent resolution is available. 
Only when a pathological site has been thus recognized and localized 
can an investigation with a strongly focused probe be useful with the 
focal point directed into the region of the lesion and providing additional 
information. For the initial investigation these probes are not con
sidered because of the very rapidly reducing lateral resolution with 
increase of distance from the focal point. Textbooks on echo-encephalo-
graphy have recently been published by Pia and Geletneky (1969) as 
well as by Schiefer and Kazner (1967). 

B. Ultrasonic Diagnosis in Cardiology 

Edler et al (1954, 1961, 1964, 1965) introduced the pulse echo tech
nique (A-scan) into cardiology. The method has since proved itself 
useful especially in the diagnosis of mitral stenosis (pre- and post
operative assessment). By placing a probe on the chest wall between the 
ribs in a region in which there is no lung tissue between the chest wall 
and the heart, it is possible to obtain pulsating echoes of the heart walls 
and also of the mitral valve. In the latter case the echo can be recognized 
by a higher velocity. Edler et al. (1961) have further developed the 
technique by recording continuously not the echoes themselves but 
their displacement-time curve. The first equipment achieving this con
sisted of a lens which projected the normal echogram with pulsating 
echoes on to a vertically running film, a slit aperture ensured that only 
the rise and decay of the echoes immediately above the base line could 
reach the film. 

Later, recording of the echo movements was achieved with the aid of 
an electrocardiograph (Eifert et al., 1957,1959). By making useof amulti-
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channel recorder, the ECG can be recorded simultaneously. In this 
method the charge on a condenser diminished as the time between the 
transmission pulse and the echo increased. Using a pulse frequency of 
200 pulses per second, the instantaneous charge on the condenser is 
measured at the moment an echo is received and is written out by the 
recorder. Crystal frequencies around 1-2 MHz are preferred; non-
focused, circular crystals of about 12 mm diameter are used. Hertz and 
Edler (1956) have also tried to perform an ultrasonic examination of the 
heart from within the oesophagus; however, it proved to be difficult to 
obtain good acoustic coupling of the probe to the oesophagus. 

In the direct-writing method of electrical recording of the echo 
movement described above, only one chosen echo can be followed. The 
photographic method, on the other hand, permits the movement of 
several echoes to be followed simultaneously. Major interest is in the 
movement of echoes from the anterior flap of the mitral valve. The 
displacement-time curve (see Fig. 5) shows firstly a very steep rise 
caused by the movement of the mitral valve towards the sound gene
rator. Normally there then occurs an equally rapid drop corresponding 
to the subsequent movement of the mitral valve flap away from the 
probe, in which, however, some mid-position rather than the starting 
position is reached, characterized by a horizontal part to the curve. 
Then follows a short rise and a fall to the initial position corresponding 
to the position farthest from the sound generator. 

In mitral stenosis the fall in the curve from its peak (ventral position 
of the valve) is less rapid and, instead of a quick fall followed by a 
horizontal part of the curve, one sees a continuous slow drop. The angle 
between a horizontal (drawn from the peak) and the line of fall serves 
as a basis for assessing this Wirth (1964). 

Edler (1965) also described other echoes obtainable from the heart 
and their diagnostic significance. The success of an operative inter
vention can be estimated by the return to normal of the ultrasonic 
cardiogram, as also can serious deterioration, e.g. due to renewed 
attacks of endocarditis. With regard to the possibilities and difficulties 
of differential diagnoses reference must be made to the literature (Edler, 
1965; Eifert and Bleifeld, 1965). With the pulse echo technique it is also 
possible to diagnose pericardial effusions as well as tumours and throm
boses in the left auricle (Edler, 1964). 

Oka et al. (1965) have performed experiments in dogs to obtain 
acoustic cross-section pictures of the heart and the large vessels. For 
this a sector scan was used. The probe was introduced into the oeso
phagus (focused 5 MHz probe). Omoto et al. (1965) introduced a probe 
with a lateral sound outlet surface into the femoral vein and advanced 
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F I G . 5. Ul t rasonic cardiograms (kindly m a d e avai lable b y Dr . J . Wi r th , 
I I Medical Clinic, Chari te Hospi ta l , Berlin), (a) Norma l ul t rasonic cardiogram 
(angle a lpha = 76°); above , t he s imul taneously recorded electrocardiogram. 
(b) Ul t rasonic cardiogram in t h e case of a grave mitra ls tenosis (3rd degree), 
angle a lpha = 13°. 
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it as far as the right auricle (under X-ray control). By means of rotating 
movements, sector scan pictures were formed (diameter of crystal 
2 mm, frequency 5 MHz). This technique is not suitable for clinical 
purposes because, amongst other difficulties, it is not yet possible to 

FIG. 6. Echokymogram of the A. carotis communis of a healthy male, 25 years 
old. On the left: the transmitter impulse and the echoes from the subcutaneous 
fatty tissue, followed by the pulsating line of the echo from the adventitia of 
the wall of the artery close to the probe; the following minimum did not reach the 
aperture level of the photokymographion so that the renewed rise (echo from the 
intima blood boundary of the wall of the artery close to the probe) is not shown 
here except for the decreasing leg of the intima echo which is still followed by 
some oscillations. On the right, there follows the echo-free lumen of the artery, 
then the blood/intima interface echo and finally the adventitia echo of the wall of 
the artery opposite to the probe; at a few further points, the decreasing leg of 
the last-named echo is still recorded. I t is therefore possible to ascertain, from this 
echokymogram, the thickness of the wall of the artery on the opposite side of the 
probe. In the case of the wall close to the probe, this would only be possible by 
using lower power. 
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avoid the disturbances which arise through heart movement whilst 
such cross-sections are being photographed or stored. 

With small probes as used in ophthalmology and which are described 
later, one can examine echographically from the skin of the neck the 
common carotid artery and the beginning of the external and internal 
carotids. The echoes of the pulsating arterial walls are very easy to 
recognise. The resolution of our apparatus (Kretztechnik Type 7,000) 
is adequate for assessment not only of lumen width but also wall thick
ness. The adventitia boundary and blood/intima boundary give clearly 
distinguishable echoes. With a photographic recording technique similar 
to that of Edler (1964, 1965) for continuous recording of echoes due to 
movements of the heart, echoes from movements of the carotid walls 
can be continuously recorded. As a result an echokymogram is obtained 
(Buschmann, 1964; see Fig. 6). In this way constrictions of the lumen, 
thromboses and wall thickenings can be displayed. However, the con
siderable expenditure of time which is necessary for accurate direction 
of the probe stands in the way of clinical application (Buschmann, 1967). 

C. Ultrasonic Diagnosis in Other Medical Fields 

Wrild and Reid (1952, 1953, 1957) were the first to interest themselves 
in investigations using the B-scan system. They, as well as Tanaka et al. 
(1963), examined amongst other conditions cancer of the breast, but 
this technique has so far achieved little practical importance. The 
diagnosis is still too uncertain. A process of linear scanning was used. 
Howry and Bliss (1952) and Howry and Gordon (1964) introduced, for the 
first time, the compound scanning method (see section VII). Donald etal. 
(1958, 1961, 1965) used the same principle, but guide the probe 
manually. This makes it possible to eliminate the water-bath coupling and 
to manoeuvre the probe on the skin surface with the aid of a coupling 
medium. In spite of great expenditure on development types of equip
ment, utilizing fixed electromechanical guidance of the probe have not 
yet attained the expected quality of B-scan presentation. They are 
awkward to control and the cost of the equipment is extraordinarily 
high. For this reason development of the Porta-scanner (Physionics) 
and the B-scope for gynaecology and obstetrics (Kretztechnik) followed 
the techniques initiated by Donald et al. for the manual guidance of the 
probe. This has made possible the development of a surprisingly small, 
handy and, by comparison with earlier compound scanning equipment, 
a more favourably priced apparatus. 

Investigations of the liver have also been undertaken successfully 
with the A-scan system (Schentke and Renger, 1966). There are also 
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several reports about this in the Chinese literature (see Schentke). 
Howry and Gordon (1964) and also Holmes (1965) report B-scan 
investigations of the liver and other organs. Holmes used the new 
Porta-scanner made by Physionics. In cirrhosis of the liver many more 
echoes from the interior of the liver are recorded than in health. 

In investigations on animals and patients the echographic representa
tion of a liver abscess has been successful. Primary carcinoma of the 
liver and metastases to the liver of a lung carcinoma also produce changes 
in the liver echograms. Changes in the pancreas might also perhaps be 
displayed. 

Lehman et al. (1965) were able to display the enlarged spleen echo-
graphically, the normal spleen was not representable. Holmes (1965) 
reports on examinations of the bladder and kidney. Wild (loc. cit.) also 
developed a probe which was introduced into the rectum and which 
emitted the sound beam at a right angle to the probe handle making 
possible sector B-scan examinations from the rectum. 

A summary of the results obtained by Japanese workers using 
ultrasonic B-scan techniques in the brain, in cancer of the breast, in 
diverticulosis of the bladder, renal cysts and in other conditions is given 
by Tanaka et al. (1965). Kossoffe£ al. (1964, 1965) have also undertaken 
extensive technical and clinical investigations mainly for ultrasonic 
diagnosis in gynaecology and obstetrics. They use a compound scanning 
system (arc and sector scan) with fixed probe guidance and are now 
aiming to combine this scanning action with a compound scan (linear 
and sector) in the normal direction. An integrating display system will 
then permit only those echoes which have been received from both 
section directions to be displayed. Donald et al. (loc. cit.) succeeded in 
displaying tumours in the abdominal cavity, overian cysts and the 
pregnant uterus. They reported the first measurement of the biparietal 
skull diameter by use of the A-scope. With this, the growth of the foetus 
in the pregnant uterus can be assessed better than by traditional 
methods. Later Donald (1965) combined A- and B-scan. He succeeded 
in showing changes in the uterus in early pregnancy, with the bladder 
filled. Moreover twins, uterine tumours, bladder moles, etc., were 
revealed. Thompson (1965), with the same aims, measures the foetal 
thoracic diameter echographically. Similarly Micsky (1965) has per
formed examinations of the abdominal and pelvic cavities with B-scan 
equipment. He describes a transvesical scanner and an apparatus for 
recording a sector scan from within the uterus. Gottesfeld (1965) also 
reports the use of B-scan systems in gynaecology. Without having to 
use X-ray examinations or radioisotopes he was able to localize the 
placenta in 96% of cases. In his opinion it is possible by the changes 

2* 



32 WERNER BUSCHMANN 

which can be observed in the B-scan echogram to recognize a foetal 
death after only 4-6 hours and much earlier by ultrasound than by 
other methods. The development of ultrasonic gynaecological diagnosis 
has been promoted principally by Kratochwil (1968), who, in a mono
graph, has summarized the current possibilities and limitations of the 
method. In recent years, ultrasonic gynaecological diagnostics have 
been developed extremely rapidly into a safe, successful routine clinical 
method. Evans et al. (1965) have examined echographically a large 
number of abdominal conditions. 

This indicates the major possibilities of ultrasonic diagnosis of the 
abdominal cavity; however, in order to arrive at a high degree of cer
tainty in the reliability of an echographic differential diagnosis of the 
abdominal cavity a great deal of research is still to be done, in particular 
reproducible echographic results depend on standardization of equip
ment, probes and methods of examination which should include settings 
of the apparatus used at any given time. Calibration of the apparatus 
must be continually checked. Gases contained in the gut or adipose 
abdominal tissues can make echography of the abdominal cavity more 
difficult or impossible. 

IX. ULTRASONIC DIAGNOSIS IN OPHTHALMOLOGY 

Mundt and Hughes (1956) in 1956 were the first to carry out ultra
sonic examinations in ophthalmology with a material testing equipment 
and have indicated the essential possibilities of differential diagnosis. 
Later the methods were developed predominately by Oksala and 
Lehtinen (1957, 1958, 1961, 1963, 1964), Oksala and Salminen (1965), 
Baum and Greenwood (1958, 1964, 1965) and by ourselves (Buschmann, 
1963, 1964, 1965, 1966). Use of the technique spread at first relatively 
rapidly particularly for the measurement of the axis length of the eyeball 
(Sorsby et al., 1963; Leary, 1963, 1965; Araki, 1961, 1962; Franken, 
1962; Jansson, 1963, 1965; Purnell, 1962; Franceschetti and Gernet, 
1965). Yamamoto (1961) and also Buschmann (1963) developed special 
probes for measurements of length. The acoustical behaviour of the 
tissues of the eye were investigated by Begui (1954), Oksala and Lehtinen 
(1958), Yamamoto et al. (1961), Jansson et al. (1961, 1962) and also by 
Rivara and Sanna (1962, 1963). Measurements of sonic velocities in 
muscular tissue and in fat were published by Frucht (1952, 1953), 
Rüdiger (1953) and Gärtner (1951). In Table 2 are listed the sound 
velocity values at 37°C in various tissues which we use at the present. 
These are average values from the named publications, corrected for 
temperature. 
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T A B L E 2. Velocity of sound a t 37°C 

Cornea 1,580 m/sec 
Aqueous h u m o u r 1,528 m/sec 
Lens 1,645 m/sec 
Vitreous body 1,528 m/sec 
Scelera 1,652 m/sec 
F a t t issue 1,435 m/sec 
Distilled wate r 1,523 m/sec 

There have been reports by Alajmo and de Conciliis (1960), Baum and 
Greenwood (1958, 1964), Nover and Stallkamp (1960, 1963), Löpping 
(1962), Oksala et al. (1957, 1963, 1965), Ossoinig (1965), Vanysek et al. 
(1962,1965) and also by Buschmann (1963,1964,1965, 1966, 1967) on the 
diagnosis of intraocular foreign bodies and cases of retinal detachment, 
intraocular tumours, detachment of the choroid, haemorrhages of the 
vitreous, subretinal and subchoroidal haemorrhages and Coats retinitis. 
Bronson (1965) built a probe into a foreign body forceps similar to 
Thorpe's. The extraction of a non-magnetic intraocular foreign body is 
therefore made easier in the case of an opacity of the vitreous body. 
A detailed summary of the literature has been given by Buschmann 
(1966). If in the following we concentrate primarily on the description of 
our own techniques and results this is in the interests of a presentation 
of work which is complete in itself. The possibilities of differential diag
nosis could only be fully exploited after the development of equipment 
and probes specially adapted to the examination conditions in the eye. 
A high degree of confidence was reached after the development of 
measuring techniques for the diagnostically important technical para
meters (Buschmann, 1966). 

Usually only a few echoes arise from the eyeball. In directions of 
examination which do not intercept the lens the echo of the wall of the 
eyeball near to the probe is followed by an echo-free base line through 
the vitreous body and thereafter by the echo of the opposing retina, 
which is followed by the somewhat stronger echo from the sclera. The 
back wall echo of the eyeball is followed by a series of echoes close to
gether from the orbital tissue. The wall of the eyeball near to the probe 
is displayed separately from the transmitter pulse only when there is a 
water path (water bath, water-filled plexiglass tube) between the probe 
and the eye. In the case of contact coupling these echoes are mostly 
swamped by the transmitter pulse. If one examines in directions close 
to the optic axis, echoes are received from the cornea, the echo-free base 
line of the aqueous humour, then the echo from the front surface of the 
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lens (in the case of a narrow pupil that of the iris), followed by the echo 
of the posterior surface of the lens. The echo free base line of the vitreous 
body is then followed by the echo of the back wall. 

Thus, in pathological changes, it is easy to identify normal echoes and 
the boundaries which give rise to them. Thus the A-scan system 
suffices for the examination of the eyeball; it is sufficient for the major 
part of echographic diagnosis because, here, its advantages are par
ticularly significant by comparison with B-scan. Measurement of axis 
length or of the prominence of tumours is basically more accurate in the 
A-scan system. A manually guided probe can easily be directed so that 
normal or pathological echoes of interest can be obtained at a maximum 
height at the selected power level. This permits evaluation of the echo 
amplitudes in differential diagnosis. The resolution is, after all, always 
somewhat better in the A-scan system and the degree of partial merging 
of two echoes can be judged more accurately. With the small dimensions 
of the eye this is of particular importance. In comparison with other 
parts of the body it is of considerable advantage that the eyeball is 
readily accessible at the surface of the body and not covered by either 
bone, fatty or gas-containing tissues. 

In investigations of the orbit, by comparison with the difficulties of 
other specialities, conditions, in respect of access for ultrasound, are 
still relatively favourable. Nevertheless propagation conditions ap
proach much more closely those found in other regions of the body. 
Even under normal conditions many echoes are recorded from the fatty 
and muscular tissue of the orbit and with the A-scan it is practically 
impossible (except in exceptional situations, e.g. large cysts), to deter
mine with confidence normal and pathological echoes and to identify 
the generating boundaries. On the other hand, in contrast to intra
ocular diagnosis, one is not looking here for pathological lesions of—for 
example—1 mm or less in diameter. Because of the higher probability 
of recognition of the lateral points of reference, in echographic diagnosis 
in the orbital region, one must work mainly with a B-scan system. The 
inferior resolution can be tolerated here (see also section IX.B). 

A. Ultrasonic Diagnosis of the Eyeball 

1. Equipment and probes 

Like most other investigations we began our work with standard 
material testing equipment. Since this did not permit the full realization 
of the possibilities in ophthalmological diagnosis, we soon developed 
specialized apparatus and a new range of probes in collaboration with 
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the Kretztechnik Company. In particular, a higher frequency range 
between 6 and 15 MHz was chosen for the equipment. By comparison to 
material testing a considerably higher overall sensitivity proved neces
sary (see section IX.B.2.) because the normal and pathological bound
aries in the eye reflect very much less sonic energy than faults in steel. 
Moreover, sound pulses in the lens of the eye and in pathological eye 
tissue are under some circumstances considerably attenuated by absorp
tion and scattering. The transmitter output attenuator was provided 

FIG. 7(a). Instrument 7001 for ultrasonic ophthalmologic diagnosis (A-system) 
with electromagnetic counter and automatic camera. 

with a digital counter (300 divisions for a potentiometer angle of 270°) 
so that the particular test setting could be exactly reproduced. An 
electromagnetic counter provides continuous numbering of the echo-
grams (on the screen and in the photos) and an automatic camera with 
electrical film transport permits rapid photography (Fig. 7). 

The range of probes developed by us is shown in Fig. 8. In some 
situations particularly high lateral resolution is essential—the minia
ture focused probes generate a narrow, almost parallel sound beam in 
the direction of the probe axis. Focusing is achieved by means of a 
concave perspex lens of radius 8-10 mm. Because of the small diameter 
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of the crystal (2-0-2-5 mm), there is no true focus in the sound field. 
Probes with the flat handles can be introduced within the conjunctival 
sac and allow examination of parts of the eyeball close to the equator. 
The crystal is positioned in the probe tip to face sidewards from the flat 
handle (crystal diameter 3-5 mm, unfocused, 10-12 MHz). The sound 
beam is emitted normally to the axis of the probe. Only a very shallow 
space is available for damping the rear face of the crystal so very 
powerfully absorbing material must be used. These probes have to be 

FIG. 7(b). Instrument 7100 MA for ultrasonic ophthalmologic diagnosis (A-
system). This transistorized instrument has a quartz-controlled precision time 
marker. Moreover, the echoes can also be indicated without rectification and 
filtering in their original (sinusoidal) form. An attachment with a second (storage) 
cathode ray tube and a probe guiding device (manually controlled) for B-system 
examinations of the eye and the orbita are at present being developed. 

tested very carefully for sound emission from the rear face before 
they can be used diagnostically. In the case of inadequate damping 
sound pulses will be emitted and echoes received by the rear face. The 
display system, however, indicates only transit time and not direction. 
A probe deficient in this respect would, if the lid and orbital tissues were 
lying behind its rear face, produce echograms which would erroneously 
suggest the presence of a tumour near to the equator. 
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FIG . 8. Transducer probes for ultrasonic ophthalmologic diagnosis (A-system). 
(a). From left to right: probes with level sound exit area and axial radiation, 

round or rectangular crystals. Flat-handle pick-ups with one or two crystals 
(reflex method) for the examination of equatorial bulbus areas. Focused miniature 
transducer probes (no real focus, but narrow parallel sound beam) with round 
oscillators of 2-5 mm diameter, with and without screening sleeve; also, two 
"Ultrasonolux" transducers (focused miniature probes in plexiglass optics). 
On the extreme right, the first pick-up for the SER method (see text). Millimetre 
scale. (Buschmann, 1966.) 

(b). Suction cup-type probes. The crystal, focused in order to obtain a 
narrow parallel beam of sound (2-0-2-5 mm diameter), is built into a cornea 
adhesion cup which is perforated for the introduction of a suction line connected 
to a water jet pump. 
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The Ultrasonolux transducers contain a focused miniature probe in a 
Perspex optical system to enable direction of the sound beam to selected 
regions in the fundus of the eye under ophthalmoscopic control (Busch
mann, 1963). They may be used with contact coupling and also with a 
water delay path. The suction cup probes consist of a miniature 
focused crystal of 2-2-5 mm diameter which is built into a corneal con
tact lens. The suction cup is drilled to take a suction pipe attached to 
a vacuum pump. I t is attached fairly tightly by suction to the surface of 
the eyeball. The supply lines are very flexible, so that these probes may 
follow small movements of the eye without displacement (sliding), 
regarding their position on the eye wall. These probes are used particu
larly in the diagnosis of tumours (see below). We also developed the so-
called SER probe prototype (simultaneous-echo-reflex technique). A 
small focused crystal is surrounded by a larger annular crystal. The 
central crystal works in the echo technique as both transmitter and 
receiver, the outer crystal working as an additional receiver alone. This 
means that, whilst preserving good lateral resolution (with the narrow 
sound beam of the focused central crystal), additional echoes reflected 
at angles deviating slightly from the normal may also be received 
(Buschmann, 1966). For details of our transducer probes see Buschmann 
(1967). 

2. Techniques of measurement for the assessment of equipment and probes 
The familiar techniques for the measurement of sound output levels 
in probes for ultrasound therapy (e.g. by sound radiation pressure) 
fail for pulse echo equipment because the pulses are very short and the 
intervals between them comparatively long. Nevertheless, such 
measurements are most essential for the technical development of 
probes and for the assessment of the dangers of ultrasonic damage (see 
section X). For diagnosis on the other hand, measurement of overall 
sensitivity is very much more important. By this is meant the overall 
performance of the transmitter amplifier, probe (as transmitter as well 
as receiver of the ultrasound pulses), receiver amplifier and the display 
system. The overall sensitivity was hitherto determined only very 
roughly in material testing by determination of the number of multiple 
echoes which could be obtained from a Perspex block. In the case of 
testing a solid body the conditions are vastly different from those of 
ophthalmological diagnosis. We therefore developed our own procedures 
which are now so standardized that they have been taken up by other 
interested workers, leading to the possibility of comparison of measure
ments ; the measurement of overall sensitivity is based on transmission 
through a paraffin oil path. First a 73% fructose solution is produced. 
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FIG. 9. Oil distance-measuring instrument 107 for measuring the overall 
sensitivity. On the left is the subsidiary chamber with agitator and heating resis
tance, towards the centre are the control and contact thermometers, on the right 
are the piston and the scale for position reading and at top-right is the hand-
wheel for moving the piston. The transducer probe plunges from the top and is 
kept in position by a ball-jointed clamp. The constant measuring temperature is 
automatically maintained. For measurements with flat-handle pick-ups, the 
instrument can be tilted back at an angle of 80°, 
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With an unfocused 10 MHz probe of 5 mm diameter the setting of the 
equipment is determined, at 24°C, at which an echo from a plane steel 
reflector is just displayed at an amplitude of 5 mm. The steel reflector 
is placed at the bottom of the container of fructose solution. The probe 
has previously been carefully angled from a distance of 50 mm to obtain 
the maximum obtainable height in the reflected echo. Then, without 
alteration to the setting of the equipment, the probe and the reflector 
plate are placed in a container of normal pharmaceutical paraffin oil. 
After angulation of the probe to obtain maximum echo from the 
reflector, the oil temperature at which the echo height returns to 5 mm, 

mm oil 
penetrated 

60 T 

HF 

filtered 
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FIG. 10. Oil distance curve of transducer probe USL III/AL2. For verification 
purposes, the measurements are repeated after the high-frequency oscillations are 
filtered out. 

is again determined (usually 25-28°C). By determination of this tem
perature the paraffin oil is now calibrated and as such is used by our
selves. When kept dust-free it can serve for years as a calibration fluid. 

We developed the oil path measurement equipment 107 (Fig. 9) in 
order to perform as quickly as possible the following measurements on 
each probe at all settings of the transmitter output of the equipment. 
In an adjacent container is a stirring device, a heating coil and contact 
thermometer with the aid of which the apparatus is automatically set to 
the previously determined measuring temperature. A tripod arm and 
locking ball joint clamp permits redirection of the probe to obtain a 
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maximum echo from the reflector without substantial alteration to the 
distance from the reflector. A plane Plexiglass reflector is now used for 
this in order to receive rather weaker echoes and thereby to use shorter 
measuring paths. The reflector can be moved without tilt or twist via a 
drive screw and the distance between it and the probe is read off without 
parallax. For each setting of the transmitter output of the equipment, 
with fixed maximum receiver amplification and lowest suppression level, 
is determined, with each probe, the distance between reflector and probe 
( = penetrated oil path in mm) at which the maximum obtainable echo 
from the reflector is 5 mm in height. The value of 5 mm is chosen 
arbitrarily and corresponds to 10% of the maximum possible amplitude 
on our equipment (logrithmic amplifier). The results are recorded 
graphically (Pig. 10) to which constant reference must be made in 
diagnostic examinations. The practical significance will be dealt with in 
section IX.A.3. 

A decibel calibration of the receiver amplifier control is a valuable 
addition, but no replacement for this overall sensitivity measurement, 
because the transmitter and transducer properties would not be 
regarded. The sound field is of course best displayed by the Schlieren 
method of Topler but the expensive equipment will not be available at 
all clinics. Measurement of the sound field using a small steel ball and a 
calibrated electrical attenuator takes a great deal of time. For clinical 
purposes we therefore developed a double thread measurement appara
tus (Fig. 11) which can also be used for the measurement of resolution in 
depth. Two supports are fixed to the arms of an inside caliper at an angle 
of 45° to the instrument axis and these carry two parallel nylon threads 
of 0-05 mm diameter. If the threads lie behind each other in the sound 
field then after adjustment of the probe to maximal echo from both 
threads, one can determine the distance between the threads at which 
the echo-free base line between these echoes on the screen just dis
appears. The thread distance is a measure of the depth resolution at the 
overall sensitivity which has just been set (oil path value). 

If one traverses one thread with the sound beam by means of a lateral 
movement of the probe after previous adjustment to maximum thread 
echoes, then one can recognize whether several or only one maxima 
occur. Probes which give several main peaks in the far field are unsuit
able for diagnosis. The effective sound beam width (lateral resolution) 
which should always be measured at several distances from the probe, 
is determined by firstly bringing the two threads close together. They 
must be exactly adjacent in the sound field, i.e. both be the same dis
tance from the probe, this is easily recognized on the screen. After 
adjustment to maximal echo the distance between the threads is in-
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creased and by means of a lateral parallel movement of the probe the 
thread distance is determined at which the minimum which occurs 
after crossing the first thread approaches about 4 mm the base line 
before a second increase in echo arises as a result of approaching the 
second thread. (The 4 mm amplitude is easier to read off than a fall to 
the zero base level.) Taking into account the overall sensitivity level 
(oil path value) and the distance of the threads from the probe in the 
water bath, the distance between the threads is a measure of the effec
tive sound beam width. 

Additional techniques for the measurement of the pulse width and the 
dead zone have been reported (Buschmann, 1964, 1966). The zero point 
error which has to be considered particularly in measurements of 

F IG . 11. Bifilar measuring instrument Type 210 for measuring the resolution 
capacity in depth and to the sides; and for the detection of split sound beams. 

length with contact coupling, may be determined according to Kraut
krämer (1956) with the aid of multiple echoes in a steel plate. I t is also 
very simple to determine frequency by counting the high-frequency 
oscillations which fall within the time span of successive multiple echoes 
in a steel plate, where the thickness and sound velocity are known. 
Counting of the high-frequency oscillations should, however, be carried 
out several times at different distances from the transmission pulse and 
a mean value estimated. The zero point error and the frequency may be 
determined with the aid of photographs of corresponding echograms. 
Each is independent of the selected sensitivity level. A summary of the 
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results of calibration of some probes is given in Table 3. To some extent, 
relatively high numerical values for resolution were obtained but these 
are determined by the measurement technique. Reports of numerical 
values (usually very small) without an exact description of the tech
niques of measurement are completely worthless. 

The new transistorized instruments manufactured by Messrs. Kretz-
technik (e.g. series 7,100 MA, Fig. 7(b), offer the possibility of displaying 
the high-frequency oscillations of the echo signals, even in their original 
form, as sinusoidal vibrations (without rectification and without being 
influenced by the threshold value regulator). The instruments also con
tain a high-precision, quartz-controlled time scale. This permits a much 
more precise counting of frequencies. Moreover, these instruments 
enable the frequency spectrum to be determined by means of a new 
method developed by the author (Linnert, Bluth, Engler and Busch
mann, 1969). For this purpose, the oil-distance measuring instrument 
(Type 107), described above, is used. In this application, the instrument 
acts as a low-pass filter. By counting the high-frequency oscillations, one 
simply determines the dominating frequency in the echo which is 
reflected by the Plexiglass piston. For this purpose, the ultrasonic 
diagnostic instrument is set for maximum overall sensitivity, and the 
distance between piston and transducer probe is varied in increments of 5 
mm. With many probes, the frequency ascertained at the outset (with 
the piston close to the pick-up) which generally corresponds to the basic 
resonance frequency of the crystal plate, remains virtually unchanged 
as the piston distance is increased, as long as an echo suitable for evalua
tion is indicated at all. Other probes indicate a considerable frequency 
drop very soon, with increasingly lower frequencies gradually predomi
nating. The frequency curves may have a very different shape and 
reveal the presence, as well as the intensity relations, of secondary 
frequencies. The causes for this different behaviour of the pick-ups must 
be seen in their design (crystal ceramics, damping mass, electrode 
fittings, etc.). I t may be assumed that, in future, the requirements of 
diagnostics will be for probes without secondary frequencies of signi
ficant intensity as well as for probes with more intensive secondary 
frequencies. The former still have a good resolution power even at 
greater depths of tissues whilst the latter are able to supply, by a new 
method, indications for differential diagnostics concerning the nature of 
a pathological tissue: the extent of frequency filtration found in a depth 
echo permits conclusions in regard to the extent of sound absorption in 
the intermediate zone and, in contrast to the echo intensity, is hardly 
influenced by sound scattering and reflection losses. Using these methods 
of measurement it has now become possible to make the techniques of 
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examination and evaluation, previously empirical, very much more pre
cise and in this way greatly to facilitate the introduction of the tech
nique to new workers. A more extended description of our test methods 
was published elsewhere (Buschmann, 1969; Buschmann et al., 1970). 

3. Methods of examination and assessment 
The probes are usually placed directly on the surface of the eyeball 
(contact coupling) after local anaesthesia. A water bath or a water-
filled Plexiglass tube is used only for very precise measurements of 
axis length in which the corneal echoes are to be shown and the probe 
must not press on the eyeball, and also for the examination of anterior 
eyeball sections which lie immediately in front of the point at which the 
probe is applied. The division of the eyeball surface as in a clock face is 
supplemented by a further subdivision into limbic-parallel zones; this 
allows precise reference of the position of the probe. This is noted in the 
record together with the pertinent findings and also the individual 
number of any echogram photograph. At first we always try to strike the 
opposing wall of the eyeball normally and to display a smooth rise in the 
back wall echo. I t has been shown that in ophthalmology oblique 
examination directions can only infrequently contribute to diagnosis. If 
a pathologically affected region is found in this way and examined, then 
we naturally try to display the pathological echoes at the selected 
overall sensitivity level (oil path value) with the largest possible ampli
tude, i.e. to strike the pathological boundaries normally even when this 
causes deviation from normal incidence to the eyeball back wall and the 
back wall echo becomes uncertain. 

As a result of our experimental and clinical observations we were able 
to establish a scheme of typical echograms and their changes dependent 
on overall sensitivity (STEV; see Fig. 12, Buschmann, 1964, 1966). 

FIG. 12. Scheme of typical sensitivity-dependent echogram variations (STEV). 
1, 5 and 9 = intra-ocular foreign body; 2 and 6 = primary detachment of the 
retina or choroid; 3 and 7 = solid tissue (generally malignant tumours); 4 and 8 = 
loose pathological tissue (generally degenerating or inflammatory, or coagulated 
blood). Top line (1-4) recorded at high overall sensitivity (optimum generally 
corresponding to an oil distance of 37-43 mm), centre line (5-8) at medium 
overall sensitivity (optimum generally corresponding to an oil distance of 20-27 
mm), bottom line recorded at low overall sensitivity (No. 9, with an oil distance 
of 10 mm). The possibility of confusion between 9, 6, and 7 and between 3 and 4 
can only be precluded if all the stated, accurately measured, sensitivity settings 
are used. The scheme has been prepared by using ultrasonic diagnostic instru
ments with linear amplifiers (Kretztechnik) and with a dynamic range of 19 dB 
between one 5 mm high echo and one 50 mm high echo on the cathode ray tube 
(approx. 0-4 bB/mm in the linear range). 
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This requires measurement of the overall sensitivity based on the pene
trated oil path and today is the most important basis for our differential 
diagnostic decisions. Each of the partial images represents a mean value 
resulting from the examination in several neighbouring directions. 
Correct application presupposes that adjustment has been made to 
obtain the maximum height of pathological echoes. One can dispense 
with a supplementary examination by the B-scan system if the findings 
obtained in the A-scan are noted in a positional record (Fig. 13). This 
characterizes the probe positions on the surface of the eyeball. By 
means of cross or ring marks it is indicated whether the echogram cor
responded to, e.g. that of an exudative detachment of the retina or that 
of a tumour. By recording all the findings one obtains an impression of 
the lateral positional references. By this means it is possible to explain 
the origin of individual tumour suggestive echograms in the marginal 
region of "high-blistered" exudative detachment of the retina. These 
lie along a line surrounding the retinal detachment and are caused by 
the tangentially struck folded retina at the edge of "high lift off" 
retina. In contrast, a true tumour always covers a surface, not just a 
line. 

Due to the high reflection coefficient which results from a vitreous 
body/metal boundary or at a vitreous body/wood boundary, the echoes 
from a foreign body, after adjustment to their maximum height (i.e. 
so that the boundary lies normal to the sound beam) are always con
siderably more intense than normal echoes from the eye. The foreign 
body echo is therefore still demonstrable at sensitivity levels at which 
the back wall echo has become almost invisible (below 10 mm pene
trated oil path). 

Detachment of the retina always covers a larger area (laterally). The 
echo from the detached retina is distinctly weaker than that of the back 
wall and just disappears at a sensitivity level around 15-17 mm oil path 
at which the back wall echo is still displayed clearly. Echographically 

FIG. 13. Localization scheme for representing the lateral localization conditions 
when examining the eye in the A-system. 

(a) High-blister retina detachment. O = points at which the echographic 
examination gave rise to a suspicion of primary retina detachment. X = echo-
graphical findings giving rise to a suspicion of tumour. Here, the area of primary 
retina detachment is merely surrounded by some suspicious tissue in linear form, 
and the latter are caused by the tangential exposure of the retina at the edge of 
the high blister: there is no sign of a tumour. 

(b). In this case, the spots giving rise to tumour suspicion cover an area: above 
and by the side of the solid tissue is a zone of serious retina detachment. Diagnosis: 
solid tissue (tumour) accompanied by serous retina detachment. 
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one cannot distinguish whether there is a retinal schisis, a retina detach
ment or a choroid detachment. The boundary surface which causes the 
echo (vitreous body/retina) is in each case the same, that is to say no 
definite distinctions are displayed between the echoes. If, in a retino-
schisis, both retinal layers are raised, i.e. if a complete detachment 
(ablatio) exists, then two echoes, lying one behind the other with an 
echo-free base line between them, can almost always be shown to be 
present. The same echographic finding results for example when, 
because of a choroiditis, there is an exudative detachment of the retina 
and of the choroid with differing degrees of prominence, i.e. when there 
are exudates on both sides of the choroid. 

Haemorrhages and opacities of the vitreous body are easy to recog
nize because they cause only very much weaker echoes which finally 
disappear at sensitivity levels below 25-30 mm oil path. A very dense 
and sharply defined vitrous opacity can of course also give an echo 
which in intensity corresponds to that of a retinal detachment. 

In the case of an intraocular tumour the powerful surface echo is 
followed by a continuous series of echoes from the interior of the tumour 
if the examination is carried out at a sufficiently high sensitivity level 
(37-43 mm oil path, if the lens remains outwith the sound beam). The 
boundary between vitreous body and the retina or tumour surface gives 
a more powerful echo than the boundaries between the individual 
tissue fibres in the interior of the tumour; moreover, sound pulses are 
rapidly damped within the tumour tissue by absorption and scattering. 
The back wall echo caused by the interior surface of the sclera is usually 
characterized by an unmistakable increase in amplitude. If, on the 
other hand, a moderate sensitivity level is selected (20-27 mm oil path) 
the echoes from the interior of the tumour are below the threshold and 
only the echo of the tumour surface is still shown. Larger fluid-filled 
cavities, and also blood vessels within the tumour, can of course pro
duce echoes in some directions, even from the depth, the intensity of 
which corresponds to that of the surface echoes, but in most tumours at 
this sensitivity level only those echograms are predominant which dis
play solely the tumour surface echo on the base line of the vitreous body. 
If these findings are compared with echograms recorded at medium 
sensitivity from an exudative or degenerative retinal detachment 
(Fig. 12), one sees that a differentiation is impossible. This is only 
successful if an adequately high sensitivity is used. 

This is the cause for disappointing results obtained in the past by 
some teaching hospitals using material testing equipment. Most com
mercial material testing equipment reaches a sensitivity level no higher 
than 25-30 mm oil path in the frequency range necessary for ophthal-
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mology (9-15 MHz). But sensitivity levels up to at least 55 mm oil 
path must be available because in examination directions in which the 
lens lies in the sound field the high losses in sound energy caused by 
absorption must be compensated by a corresponding increase in the 
overall sensitivity level selected. 

To a much greater extent this applies in the case of lens cataract or 
pathological changes in the vitreous body. An exploratory assessment 
of the damping (Buschmann, 1964, 1966) allows an estimation of the 
extent of these sound energy losses. 

Loose inflamed or degenerate tissues as well as haemorrhages can 
cause echograms at high sensitivity levels which cannot with certainty 
be separated from those of a tumour, i.e. a solid tissue. At moderate 
sensitivity level the resolution is better because of smaller pulse length 
and one now sees that in these pathological tissues there are echo free 
base lines. Moreover, in the majority of examination directions it is not 
possible on reduction of the sensitivity to the region of medium inten
sity to display a single echo from the surface in isolation. There are 
almost always simultaneously echoes from the deeper sections still 
displayed which have approximately the same intensity because in the 
depth also there are always fluid-filled cavities present and echoes arise 
from water/tissue boundaries. Furthermore the damping effect on sound 
in such loose tissues is very much smaller. 

Incidentally we prefer, in our findings, not to use the word "tumour ". 
We use rather the expression "solid tissue". By this is meant that we 
refer to a tissue composed of tightly layered cells and fibres. In the 
interior of the eyeball this is almost always a malignant tumour tissue 
but it is outside the scope of ultrasonic diagnosis to assess the extent of 
malignity. In clinical practice, however, the word " t u m o u r " is very 
often equated with "malignant tumour" and for this reason it is better 
to avoid it in the findings. 

The reliability of differential diagnosis, in particular the differentia
tion of loose and solid tissue, was further improved by the development 
of suction cup probes (Buschmann, 1967; see section IX.A.1). A probe 
of this type is attached at several places in sequence on the eyeball 
whence the pathological echoes are displayed particularly clearly. After 
attachment of the probe to any one of these sites the patient is made to 
look at a light pointer projected onto the ceiling. This light pointer is 
moved by the investigator in such a way that the patient makes small 
rapid eye movements of about 10°. After each movement and after 
return to initial position a photograph of the echogram is taken. During 
the examination care must be taken that the probe does not bump the 
lid clamp, etc., and possibly starts to slide. If there is solid tissue present 
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(b) 
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FIG. 14 (a-c). Echograms of an intra-ocular tumour recorded with the vacuum-
cup-type pick-up. The latter remained sucked to a bulbus zone; after each photo
graph was taken, a rapid minor movement of the eye was carried out. The echoes 
from the orbita (extreme right) therefore vary in position and amplitude. The 
pathological intro-ocular echoes (on the right, in front of the high echo of the 
bulbus rear wall) merely show minor changes in amplitude and an always con
stant position on the zero line. 
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(d) 

J 

(e) 
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(0 

FIG. 14(d)- (f). Suction cup transducer probe, echograms of a vitreous blood 
clot forming cord-shaped vitreous opacities. In this case, the changes affect not 
only the position and amplitude of the echoes from the orbita tissue after move
ments, but also those of the pathological echoes from inside the bulbus. 
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it will be firmly connected to the eyeball. Probe, tumour and eyeball 
move simultaneously and the same parts of the tissue always lie in the 
sound beam. Thus the echogram remains constant. Only the orbital 
echoes occurring after the back wall echo show changes in amplitude 
and position. On the other hand, with such movements, loose tissues 
or cell agglomerates floating around in the exudate move in position 
relative to the eyeball. This gives rise to distinct changes in amplitude 
and position of the pathological intraocular echoes (Fig. 14). 

Measurements of the prominence of retinal detachments or of tumours 
in the eyeball are possible with greater accuracy with ultrasound than 
with the electric ophthalmoscope. In ophthalmoscopic measurements of 
elevations the light beam must pass through the pupil and one is only 
able to compare the greatest elevation with a neighbouring healthy 
region. Because of the spherical shape of the eyeball appreciable errors 
in this measurement result. In the echogram with the sound beam 
adjusted normally to the eyeball wall, the tumour surface and the sclera 
lying immediately behind it are displayed simultaneously and one can 
determine the radial thickness accurately. This permits both precise 
control of the further course and accurate dosage calculation for con
servative tumour therapy with cobalt or ruthenium applicators. 

Measurements of the lens thickness and of the length of the eyeball 
axis are not of scientific interest alone. They are also of use in the dif
ferentiation of megalocornea and buphthalmos, the diagnosis of genuine 
staphylomae and periodic checking where there is suspicion of phthisis 
bulbi. There are already quite a number of publications referring to 
length measurements (see introduction to this section). The individual 
authors confirm the utility of the method but use various correction 
factors to bring the results into agreement with those of other techniques. 
This is only partly due to the uncertainty which still exists of the velocity 
of sound in the eye tissues. In contact coupling the zero point error must 
be subtracted and there is of course also the danger that mistakes in 
measurement arise from deformation of the cornea. Probes with a sound-
emitting surface adapted to the corneal contour (e.g. Ultrasonolux, 
Buschmann, 1963) reduce this danger and also make it possible to direct 
the sound beam at the macula without the necessity of subjective 
response from the patient (see section IX.A.l) . Still greater accuracy is 
achieved if a funnel-shaped Plexiglass container, the lower rim of which 
is bent over outwards, is placed into the lid opening. A closure is formed 
by the front surface of the eyeball; the rim from experience makes an 
adequately watertight seal so that the container can then be filled with 
physiological saline. The Ultrasonolux probe is then immersed in the 
water bath about 8-10 mm distant from the corneal surface. Thus any 
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pressure on the cornea is avoided and at the same time the zero point 
error is eliminated. 

The sensitivity level set considerably influences the result. In order to 
display with certainty the retinal echo in spite of the sound absorption 
in the lens one should always work with sensitivity corresponding to at 
least 30 mm penetrated oil path. At levels below 27 mm oil path, there 
is the danger that the interior surface of the retina is not displayed at 
all and that the first echo to appear is that of the inner surface of the 
sclera. If this is not observed, an error of measurement of about 0-8 mm 
results from this alone in the region of the posterior pole. 

Freeman (1965) points out, moreover, that as a result of the defor
mation of the pulses in transit from the transmitter through the probe, 
the test object and the amplifier, the intensity maximum moves slowly 
backwards within the pulse. This could cause the loss of the first half 
cycle of the pulse and thus the position of the echo shown on the screen 
could be in error by half a wavelength. For ophthalmological purposes 
this would be less important; however, we found in preliminary 
investigations (Schwaar, 1965), that the positional error due to pulse 
deformation in the echoes during sound penetration of absorbent media 
can be considerably larger and can in fact amount to several wave
lengths. This error occurs above all when using low sensitivity levels; if a 
setting corresponding to at least 30-35 mm oil path is chosen it no 
longer has any great significance. 

4. Clinical results 
To date we have examined 2,500 patients. These were predominantly 
cases of suspected tumour. Amongst these, naturally, were many cases 
with detachment of the retina and choroid, retinoschisis, haemorrhages, 
opacities of the vitreous body, inflammation of the retina and choroid, 
and opacities of the lens or the cornea. We tested the reliability of 
our diagnostic ultrasonic examinations from the outset by means of 
a check in each case one year subsequent to the ultasonic examination 
to see which clinical or histological findings were subsequently noted 
(Buschmann, 1966). If the echographic assessment proved to be 
inaccurate or incomplete in essential points, the records and echo-
gram photographs were once again checked in detail in order to 
determine, as far as possible, the cause of the error in diagnosis. 
Although all investigators who participated undoubtedly took great 
trouble, it must be said that by far the greatest number of incorrect 
diagnoses were caused, not by inherent limitations in the possibility 
of assessment by this method, but by deficient techniques of examina
tion and evaluation. After the importance of strict observation of the 



58 WERNER BUSCHMANN 

optimal sensitivity level had been recognized and the methods had 
increasingly approached those already described, we succeeded in 
reducing the percentage of incompletely or inaccurately assessed cases 
from an initial 13-8% in 1964 to 7-5%, and in the case of patients 
examined in 1965 or later to below 2%. Here, most of the difficulties 
were in the differentiation of benign inflamed or degenerate new tissue 
growths from tumours, as was to be expected. 

Younger colleagues who have begun work in the ultrasonic diag
nosis department only shortly before, or even during, the periods of 
examination under consideration, achieved the same reliability as the 
"old t imers", that is to say that it is a relatively easy matter for the 
uninitiated to become thoroughly familiar with the methods recommen
ded by us, within a period of a few months. 

Even if differentiation between loose benign tissues and solid tissue 
is in some cases not certain with the ultrasonic examination and if only 
the presence and localization of a pathological intra-ocular tissue region 
can be indicated, this nevertheless represents a considerable advantage 
to clinical diagnosis. In the case of eyes with opaque optical media this 
result of ultrasound examination is of considerable significance for en
suring the reliability of the radioactive phosphorus test. For this, as is 
known, measurements are made at two points, one of which is located 
with certainty in the healthy region and the other, as far as possible, in 
the centre of the pathological region. On the basis of ultrasonic findings 
the examiner can easily locate two such points. 

B. Ultrasonic Diagnosis in the Orbit 

1. Equipment and probes 
The frequent need to use B-scan systems for the echographic examina
tion of the orbit has already been discussed in the introduction to section 
IX. The various B-scan systems were described in more detail in section 
VII. Baum and Greenwood (1958, 1959, 1964,1965) were the first to carry 
out acoustic cross-section image examinations in the orbit with a com
pound scanning system (arc and sector scan). The complete cross-
section consists, in their technique, of the single movement along an arc 
path and four sector scan movements. For some of his examinations, 
however, Baum uses only the sector movements. A tube of normal per
sistence is used so that the complete cross-section only becomes visible 
by means of photographic integration. Other methods for scanning and 
display of acoustic B-scans of the orbit have been tested by Buschmann 
(1965, 1966) and by Ossoinig (see section VII). Purnell (1965) used the 
same equipment as Baum and came to the conclusion that the expen-
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diture necessary for the compound scanning method is not justified by 
the results in the examination of the orbit. Purnell and Sokollu (personal 
communication) now intend, with the aid of a newly developed probe, 
to go over to a sector scan method. 

As a result of the introduction of electrostatic storage tubes the dis
play of the completed cross-section image on the screen has now become 
possible. This is a significant step forward especially in the routine 

FIG. 15(a). Instrument 7900 S with electrostatic storage tube for ophthalmo
logy. A-system and B-system (simple linear scan), the latter mainly for examining 
the orbita. 

application of the method. The firm of Kretztechnik, with our collabo
ration and cooperation from Ossoinig has produced a B-scan equipment 
working with simple linear scanning of the orbit, which contains such a 
tube (Fig. 15). In theoretical and experimental investigations we clari
fied which scanning method (linear, arc or compound, linear plus sector 
or arc plus sector) guarantees the best display and the highest reliability. 
The practical value of the SER procedure must still be tested (see 
section IX.A.l) . At present we believe in the definite superiority of the 
arc scan principle because it permits more or less normal penetration of 
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the front and back wall of the eyeball, at least in normally shaped eyes. 
By this means refraction effects at the boundaries are practically abo
lished and the inaccuracy in the position of the echo in the echogram is 
reduced (Buschmann, 1968; Staudt, 1969). Deviations of the sound 
beam passing through the lens of the eye exist nevertheless with this 
technique also. 

FIG. 15(b). Electromechanical device for the linear B-scan. According 
to Ossoinig (1965), diver's goggles (without glass) are mounted and filled with a 
salt solution to obtain the necessary water bath for the coupling. 

In agreement with Baum and Greenwood (1961), Oksala and also 
Purnell and Sokollu (1962) and in contrast to Ossoinig (1965) we are 
of the opinion that use of the A-scan system alone in echographic 
examination of the orbit permits diagnosis only in rare cases. There
fore we use it only in a supplementary role. For the clinical evaluation, 
a simultaneous presentation of the A and B-scan on two cathode 
ray tubes appears to be highly advantageous. For that reason, the new 
ultrasonic diagnostic instrument 7,100 MA (Kretztechnik) consists 
of an A-scan instrument with normal cathode-ray tube and a B-scan 
attachment with electrostatic storage tube; it also leaves the option 
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for scanning along an arc. Our aim is to guide the probe with contact 
coupling by hand, thus avoiding the water bath technique, which is 
difficult in practice. 

I t is, however, possible, with considerable reliability, to decide by 
means of measurement of the axis length with the A-scan only whether a 
genuine exothalmos or pseudo-protrusion is present (ultrasound-exo-
phthalmometry). By means of an optical method, Hertel's exophthalmo-
metry, the relative positions of the corneal vertices with respect to the 
temporal bone rim of the orbit are determined bilaterally. By the use of 
ultrasound, measurement of the axis length can then be made to deter
mine additionally the position of the posterior poles to the bone rims of 
the orbits (Buschmann, 1966). In the case of unilateral enlargement of 
the eyeball, one usually finds that although the cornea on the affected 
side has moved forward, e.g. by about 3 mm, the posterior pole of the 
eye also lies 3 mm further back in the orbit than on the other side, so 
that the central point of the eyeball on both sides has the same relative 
position to the temporal orbit rim. If, on the other hand, there is a 
genuine protrusion of an eye caused by a space-occupying process in the 
orbit then the corneal vertex and also the posterior pole and central 
point of the eyeball are moved forward. Often even an impression of the 
posterior pole by the space occupying lesion can be indicated by a 
corresponding reduction in the axis length on the affected side. I t is 
therefore not possible to come to a conclusion about the nature of the 
space-occupying lesion. 

2. Measurement techniques for the evaluation of equipment and probes in 
the B-scan system 
Naturally, all measurement procedures mentioned in section IX.A.2 
for the determination of equipment and probe parameters of diagnostic 
importance must also be carried out for work in the B-scan system, if 
one wishes to attain reproducible test conditions. 

However, because of the peculiarities in the B-scan system, additional 
measurements are necessary and for some of these no practical proce
dures are yet available. For example, if the test conditions are chosen 
in such a way that, in the A-scan system, an echo 5 mm high is shown on 
the screen from a particular boundary surface, it is by no means certain 
that this echo will be indicated by a point of light after switching over 
to the B-scan display. In the B-scan system the appearance of an echo 
is also controlled by the setting of the brightness level above the base 
line which itself must remain invisible. Furthermore the illumination of 
a point on the screen is determined not only by the intensity modulation 
of the electron beam but also by its deflection velocity, i.e. by the time 
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for which the electron beam remains at one place on the fluorescent 
screen. Therefore, if one wishes to have an enlarged display of a parti
cular area and switches over to scale expansion, then the deflection 
velocity increases and previously visible echoes can now become 
invisible. Utilization of the storage effect of the tube makes this still 
more noticeable. In addition, there are echoes stored on the screen after 
only a single scan of the cross-section level to be scanned, whilst other 
echoes only appear in the stored image after many scans. However, 
multiple scanning in the region of stronger echoes causes resolution to be 
very much reduced. This applies, above all, to equipment in which the 
dependence of the brightness of the light spot on echo intensity has not 
been eliminated (see section VII). In the B-scan system it is not possible 
to guide the probe with complete freedom manually, so that it is not 
possible, by means of small rocking movements in every direction, to 
obtain the maximal obtainable amplitude from pathological echoes. 
This also makes differential diagnostic evaluation of the echo amplitude 
difficult even when using the penetrated oil path measurement method. 
This disadvantage is only partly outweighed by the larger amount of 
echo information contained in an acoustic B-scan presentation. Further
more the accuracy of the transfer of the probe movements to the posi
tion of the screen base line must be thoroughly verified. As long as it is 
not possible to establish the test conditions in every essential detail 
(with the aid of the corresponding procedures of measurement) in such 
a way that they can also be reproduced by other investigators, then the 
examination of the orbit and evaluation of the B-scan echograms can 
only depend on the personal experience of the investigator. At present, 
much development work is initiated to obtain standardized, repro
ducible examination conditions in B-scanning (Fleming and Hall, 1968; 
Brown, 1968; Buschmann et al, 1968, 1969). 

3. Methods of examination and evaluation 
An electromechanically moved probe cannot be attached directly to 
the eye and so the use of a water bath is unavoidable. Unfortunately 
this increases the time needed for examination considerably. Baum and 
Greenwood (1958, 1964, 1965) examine their patients in a seated 
position. The patients face is pressed against a specially constructed 
rubber frame. This frame gives a watertight sealing between the face 
and a large aperture in the front wall of a big water tank. After the 
patient is fastened, the tank is filled with physiological saline solution. 
Ossoinig (1965) has initiated a very much more simple procedure. A 
pair of fairly soft rubber diver's goggles with the glass removed is worn 
by the patient, who lies in a supine position. The nose may be enclosed 
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by the goggles and, in addition, a nose clip may be used or the goggles 
worn so that the nasal orifice remains outside them. The interior of the 
goggles is then filled with physiological saline. The probe is immersed in 
this water bath from above. Ossoinig carries out the examination with 
the patient's eyelids closed, we prefer scanning with the lids open. In the 
assessment it must be noted that , as a result of the higher velocity of 
sound in the lens, an apparent forward displacement of the back wall 
of the eyeball arises in the region of the posterior pole (Baum and 
Greenwood, 1961; Buschmann, 1964). 

In intra-ocular ultrasonic diagnosis, multiple echoes rarely cause 
confusion if an appropriate choice is made of the length of any water 
delay path. In the case of contact coupling, a multiple echo from the 
anterior surface of the lens can make it difficult to measure the thickness 
of the lens. 

With the higher power level which must be set for examination of the 
orbit multiple echoes from the anterior surface of the eyeball and from 
the lens cause confusion more frequently. Furthermore, attention must 
be paid to the errors in position and size of the echo-producing boundary 
surfaces which always occur in the B-scan system and are dependent in 
magnitude on the technique selected. 

Even in normal subjects, echograms of the orbit show considerable 
differences between patients so that the diagnosis must depend essen
tially on a bilateral comparison. Baum and Greenwood (1958, 1964, 
1965) reports that the image of the fatty tissue, which in his method of 
examination causes the major part of the echoes from the orbit, can be 
normally either U- or V-shaped. Because of the relatively high frequency 
(15 MHz) preferred by Baum for orbital examination and from our own 
experimental and clinical tests, we consider it possible that this difference 
may perhaps only be a result of the examination technique. If the over
all sensitivity level is reduced there is invariably a U-shaped image of the 
orbit, whilst with increasing output we have always been able to obtain 
a V-shape. 

Three-dimensional lesions in the orbital region cause suppression of 
the normal fat echoes in their area whilst in the vertex of the orbit, 
echoes appear which are not normally present. The localization of space-
occupying processes is already relatively successful by this method (see 
Fig. 16), whilst the echographic differentiation of their nature is still in 
its infancy. 

Baum (loc. cit.) and also Ossoinig (1965) prefer to examine the orbit 
in horizontal parallel scans. Baum (1961) has made photographic trans
parencies of the echograms obtained in this way. These can be laid on 
top of each other to get a spatial impression of any pathological change. 

3* 
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In contrast to this, we consider it of advantage to rotate the scan plane 
around the optical axis of the eye, i.e. to examine in meridional scans, 
in order, as far as possible, to always strike the walls of the eyeball 
normally. Unwanted displacements of the sound beam caused by 

FIG . 16(a). Echogram (linear B-scan) of a normal bulbus; behind it, the normal 
V-form of the Orbita echoes. Probe 8-5 MHz, crystal diameter 5 mm, slightly 
focused to obtain a parallel beam of sound. Because of the high overall sensitivity 
vised in this case, the bulbus shows some repetitive echoes. 

refraction are thus limited as far as possible and also the evaluation of 
B-scan echograms is easier when the back wall of the eyeball is clearly 
indicated. Corresponding topographic anatomical meridional slices 
were evaluated, and anatomical schemes worked out for comparison 
with the meridional B-scan echograms of the orbit (Staudt et al., 1969). 

X. INJURY TO THE PATIENT IN ULTRASONIC DIAGNOSIS 

To date no injuries caused by ultrasound in ultrasonic diagnosis have 
been observed. Nor have we observed any such changes in our many 
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patients, a few of whom had to be repeatedly examined over relatively 
long periods of time because of particularly difficult diagnostic situa
tions. In the eye, after investigations which were undertaken in con
nection with ultrasound therapy, firstly lens opacities and also injuries 

FIG. 16(b). Echogram of an orbita tumour (histologically: angiofibrom sus
pected of being malignant). Examination conditions as under (a), multiple 
echoes in the bulbus. At point 1, a zone which for technical reasons is free from 
echoes, but is filled with echoes if the very high overall sensiti vity here used is reduced. 
At 2, however, the normal echoes are also absent if the power is reduced. The 
operation showed the tumour to lie exactly in this zone. To ascertain the extent in 
three dimensions, a series of such meridional sections are used. (Operation: Pro
fessor H. Mennig, Department for Throat and Face Surgery, Charite Hospital, 
Berlin.) 

to the corneal nerves might be expected. In the interests of safety we 
subjected rabbits to 6 hours' sound irradiation under anaesthesia at the 
maximum intensity of the diagnostic equipment. After recovery from 
the anaesthetic all findings were normal, in particular the lens was clear 
and the corneal sensitivity normal. 
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In contrast to this, in the early days of patient examination there 
were actually repeated cases of injury to the corneal epithelium (corneal 
erosions), because of a purely mechanical injury due to the probe sur
faces being too rough. Since that time only probes with highly polished 
surfaces have been used and as an additional precaution, a bandage with 
aethylmorphine ointment is applied until next morning and so such 
injuries are no longer observed. Consequently, we consider the occurrence 
of injuries caused by ultrasound to be out of the question as long as the 
probes used are unfocused or when focusing serves only to obtain a 
parallel beam (without a true focus arising) and where our own, or 
similar, diagnostic pulse echo equipment is used. In the case of focused 
probes there can be a considerable increase in intensity at the focal 
point, the extent of which is very difficult to estimate in any particular 
case. We consider an experimental animal test of the safety of such 
probes to be absolutely essential before their application for diagnostic 
purposes on a patient. 

In assessing the possibility of injury the intensity-duration product of 
the sound must be considered. According to Gerstner (1965) the mean 
energy directed into the eye lies at least three orders of magnitude 
below the intensities used in traditional ultrasonic therapy. This low 
mean value results from the short pulses and subsequent long time 
intervals. When one considers the power output during a single pulse, 
then, for the duration of a few microseconds, there is an average energy 
of about 2-5 watt/cm2; but even during the pulse the power output is 
not constant and there is a rapid, very high rise in intensity followed by 
a fall. The intensity peak within the pulse undoubtedly reaches the 
region of intensity which is used in ultrasonic surgery for the production 
of focal lesions in the tissue. However, the duration is limited to a 
fraction of a microsecond. Experimental investigations of Schwab et al. 
(1950) and Shereshevskaja (1961) into the possibility of injury to the eye 
by ultrasound indicate that even in the region of a few seconds or 
minutes, the limit of tolerance rises sharply; thus, if the effective time 
is limited to a few seconds or even to minutes, very much higher ultra
sonic intensities may be sustained without damage. 

In ultrasonic diagnosis, however, sound pulses are used with durations 
in the microsecond region, i.e. of several orders of magnitude shorter 
than in the experiments cited. I t can therefore be expected that the 
very brief energy peak is tolerable. This is confirmed by the investiga
tions of Smyth (1965, 1966) and by clinical experience. In spite of this, 
we believe that it is still very necessary to further examine the biological 
effects of very short pulses of high energy in order to establish the 
tolerance limits in this field of work. 
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XI . CONCLUSION 

To date ultrasound of higher intensity can only be applied clinically 
for the treatment of Meniere's disease. For neurophysiological research 
the possibility of placing small destructive lesions in the white matter 
without damage to the brain tissue lying above it has considerable 
importance in animal experiments. 

In cardiology, neurosurgery, gynaecology and ophthalmology, certain 
echographic examinations already occupy a firm place in routine clinical 
work. However, before the possible applications of ultrasound can be 
fully exploited, there must be extensive fundamental experimental and 
clinical work in all medical fields. 

Opportunities must be created for the thorough training of doctors 
who wish to use ultrasound diagnostically or therapeutically. I t is 
essential that the doctors involved acquire the necessary knowledge of 
ultrasonic-physical rudiments in order that they can apply the pro
cedures optimally and so that a discussion is possible with physicists and 
engineers. Employment of an engineer is no substitute for this. On the 
other hand, physicists and engineers who wish to work in departments 
of ultrasonic diagnosis or therapy must acquire the relevant basic ana
tomical and clinical knowledge so that they understand the diagnostic 
problems and the possible uses from the clinical point of view. 

Commercial equipment must be critically tested by experts before 
purchase. As a matter of principle, we consider it to be a mistake if 
newcomers to the field of ultrasonic diagnosis attempt to work imme
diately with the B-scan system. The tendency to do so exists time and 
again because beginners believe that they can interpret these echograms 
more easily because of the rough similarity with pictures of anatomical 
cross sections. We strongly recommend making oneself thoroughly 
familiar, first of all with models, and then on the patient with the A-
scan; it is much easier here to get an overall impression of the test con
ditions and thereby to identify more simply the origin of every single 
echo. Only after mastery of the A-scan system should one go over to 
application of the B-scan. The investigator introduced to the field in 
this way will then easily recognize the additional sources of error of 
which he must be aware. 
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