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In preparing this paper I realized that I 
would be speaking to a general audience 
and have therefore included a descrip- 
tion of computed tomography (CT) and 
some of my early experiments that led up 
to the development of the new tech- 
nique. I have concluded with an overall 
picture of the CT scene and of projected 
developments in both CT and other 
types of systems, such as nuclear mag- 
netic resonance (NMR). 

Although it is barely 8 years since the 
first brain scanner was constructed, com- 
puted tomography is now relatively 
widely used and has been extensively 
demonstrated. At the present time this 
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new system is operating in some 1000 
hospitals throughout the world. The 
technique has successfully overcome 
many of the limitations which are inher- 
ent in conventional x-ray technology. 

When we consider the capabilities of 
conventional x-ray methods, three main 
limitations become obvious. First, it is 
impossible to display within the frame- 
work of a two-dimensional x-ray picture 
all the information contained in the 
three-dimensional scene under view. Ob- 
jects situated in depth-that is, in the 
third dimension-superimpose, causing 
confusion to the viewer. 

Second, conventional x-rays cannot 
distinguish between soft tissues. In gen- 
eral, a radiogram differentiates only be- 
tween bone and air, as in the lungs. Vari- 
ations in soft tissues such as the liver and 
pancreas are not discernible at all, and 
certain other organs may be rendered 
visible only through the use of radi- 
opaque dyes. 

Third, when conventional x-ray meth- 
ods are used, it is not possible to mea- 
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sure in a quantitative way the separate 
densities of the individual substances 
through which the x-ray has passed. The 
radiogram records the mean absorption 
by all the various tissues which the x-ray 
has penetrated. This is of little use for 
quantitative measurement. 

Computed tomography, on the other 
hand, measures the attenuation of x-ray 
beams passing through sections of the 
body from hundreds of different angles, 
and then, from the evidence of these 
measurements, a computer is able to re- 
construct pictures of the body's interior. 
Pictures are based on the separate exam- 
ination of a series of contiguous cross 
sections, as though we looked at the 
body separated into a series of thin 
"slices." By doing so, we obtain virtual- 
ly total three-dimensional information 
about the body. 

However, the technique's most impor- 
tant feature is its enormously greater 
sensitivity. It allows soft tissue such as 
the liver and kidneys to be clearly dif- 
ferentiated, which radiographs cannot 
do. An example is shown in Fig. 1. It can 
also very accurately measure the values 
of x-ray absorption of tissues, thus en- 
abling the nature of tissue to be studied. 

These capabilities are of great benefit 
in the diagnosis of disease, but CT plays 
an additional role in the field of therapy 
by accurately locating a tumor, so in- 
dicating the area of the body to be irra- 
diated, and by monitoring the progress of 
the treatment afterwards. 

It may be of interest if I describe some 
of the early experiments that led up to 
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would have to be taken, and reconstruct- 
ing a picture from them seemed to be a 
mammoth task, as it appeared at the time 
that it would require an equal number of 
many hundreds of thousands of simulta- 
neous equations to be solved. 

When I investigated the advantages 
over conventional x-ray techniques, 
however, it became apparent that the 
conventional methods were not making 
full use of all the information the x-rays 
could give. On the other hand, calcu- 
lations showed that the new system used 
the data very efficiently and would be 
two orders of magnitude more sensitive 
than conventional x-rays. For this rea- 
son I hoped that it would be possible to 
distinguish between the various tissues 
of the body, although I could not find any 
literature which suggested that such x- 
ray absorption differences existed. 

The Early Tests 
Ln taken 

I decided to do some lab experiments 
with gamma rays to test whether the sys- 
tem would work. The equipment was 
very much improvised. A lathe bed pro- 
vided the lateral scanning movement of 
the gamma-ray source, and sensitive de- 
tectors were placed on either side of the 
object to be viewed, which was rotated 

1? at the end of each sweep. The 28,000 
measurements from the detector were 
digitized and automatically recorded on 
paper tape. After the scan had been com- 
pleted, this was fed into the computer 
and processed. 

Many tests were made on this ma- 
chine, and the pictures were encouraging 

tghe bed despite the fact that the machine worked 
ie stroke extremely slowly, taking 9 days to scan 
traverse the object because of the low-intensity 

gamma source. The pictures took 21/2 
hours to be processed on a large comput- 
er. The results of the processing were re- 
ceived on paper tape, and these were 

Fig 3. Firsbrought to the laboratory and caused to 
modulate a spot of light on a cathode-ray 
tube point by point, in front of a camera. 
As paper tape was used, this was a slow 
process and it took at best 2 hours to pro- 
duce a photograph. Clearly, 9 days for a 
picture was too time-consuming, and the 
gamma source was replaced by a more 
powerful x-ray tube source, which re- 
duced the scanning time to 9 hours (see 
Fig. 2). From then on, much better pic- 
tures were obtained; these were usually 
of blocks of Perspex. A preserved speci- 
men of a human brain was eventually 
provided by a local hospital museum and 
we produced the first picture of a brain to 

Fig. 3. First picture of a brain scanned on the show gray and white matter (Fig. 3). 
laboratory machine shown in Fig. 2. Disappointingly, further analyses re- 
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vealed that the Formalin used to preserve 
the specimen had enhanced the readings 
and had produced exaggerated results. 
Fresh bullock's brains were therefore 
used to cross-check the experiments, 
and although the variations in tissue den- 
sity were less pronounced, it was con- 
firmed that a large amount of anatomic 
detail could be seen. In parallel, tests 
were carried out on sections through pigs 
in the area of the kidneys, and this work 
also produced most encouraging results. 
Although the speed had been increased 
to one picture per day, we had a little 
trouble with the specimen decaying 
while the picture was being taken, so 
producing gas bubbles, which increased 
in size as the scanning proceeded. 

At this point, we found that we could 
see brain and body tissues clearly but we 
were still very worried as to whether tu- 
mors would show up at all. Unless it 
could do this, the machine would be of 
very little use. To test this, we had to 
build a much faster and more sophisti- 

Fig. 4. First clinical prototype brain scanner 
installed at Atkinson Morley's Hospital, Lon- 
don. 

Fig. 5. First clinical picture obtained from the 
prototype machine. 

the development of CT. Some time ago I 
investigated the possibility that a com- 
puter might be able to reconstruct a pic- 
ture from sets of very accurate x-ray 
measurements taken through the body at 
a multitude of different angles. Many 
hundreds of thousands of measurements 

Fig. 1. Computed tomography sca 
through the kidneys. 

Fig. 2. Laboratory machine, showii 
tube and detector traversing along a I 
across a human brain. At the end of ti 
the brain would be rotated 1? and the 
would be repeated. 
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cated machine that would scan the brains 
of living patients in a hospital (see Fig. 
4). 

In 1972 the first patient was scanned 
by this machine. She was a woman who 
had a suspected brain lesion, and the pic- 
ture showed clearly in detail a dark cir- 
cular cyst in the brain (see Fig. 5). From 
this moment on, as more patients were 
being scanned, it became evident that 
the machine was going to be sensitive 
enough to distinguish the difference be- 
tween normal and diseased tissue. 

Applying the principles to scanning 
the body seemed to be the next logical 
step, and a larger and faster scanner was 
designed that was capable of taking high- 
resolution pictures of the body in 18 sec- 
onds. Figure 1 is a typical picture taken 
by this machine. Since then, there has 
been a tendency to construct more com- 
plicated machines with a scan time of 3 
seconds or less (see Fig. 6). 

Principles of the Technique 

There are three types of CT machine 
currently in use (see Fig. 7). Basically, 
the three systems use different methods 
of scanning the patient but end up by tak- 
ing approximately the same pattern of 
readings, namely sets of readings across 
the patient either as parallel sets or in the 
form of a fan. These are taken at a multi- 
tude of different angles (shown in Fig. 8). 

The system shown in Fig. 7a translates 
across the body, each detector taking 
parallel sets of readings, at the same time 
as it rotates around the body. It could 
have 30 detectors and take 18 seconds to 
scan a picture. 

In the second system (Fig. 7b) the sets 
of readings taken are in the form of a fan. 
It does not translate across the body but 
only rotates around it. This system usu- 

24 

Fig. 6. Machine ca- 
pable of scanning at a 
rate of 3 seconds per 
picture. 

ally has approximately 300 to 500 detec- 
tors but is faster and can take a picture in 
3 seconds. The detectors in this picture 
have to be accurately stabilized. 

In the third system (Fig. 7c) the detec- 
tors are assembled in a fixed circle and 
only the x-ray tube sweeps around the 
body, taking a fan of readings as it does 
so. This system requires 700 to 1000 de- 
tectors and it also takes a picture in 3 
seconds. It is not necessary to stabilize 
detectors in this case. 

The whole effect of this motion is to 
take approximately 1 million accurate 
absorption measurements through the 
body in the form of a number of sweeps 
across (or projections through) the body. 
These are taken at all angles through the 
slice, thus providing us with an enor- 
mous amount of information about the 
composition of the slice (see Fig. 8). The 
readings from the detectors are fed into 
a computer, which derives the absorption 
of the material in the path of the x-ray 
beam. 

Absorption = log intensity of x-rays 
detector reading 

The absorption coefficients of the vari- 
ous substances within each square milli- 
meter of the slice can be reconstructed 
from the readings (that is, from approxi- 
mately 1000 back projections each of 

Translate rotate 

a 
30 detectors 3( 
Scan time S8 
18 seconds 2- 

Rotate only Stationary circular 
detector array 

b c 
30 detectors 700 stationary 
can time detectors 
-4 seconds Scan time 

2-4 seconds 

Fig. 7. Three different methods of scanning 
the patient. 

some 500 readings). They can be dis- 
played as gray tones on a picture or 
printed out to an accuracy of approxi- 
mately 1/4 percent with respect to water. 

Originally the method of picture re- 
construction, I like to think, was attained 
by commonsense practical steps. Most 
of the available mathematical methods at 
the time were of an idealized nature and 
rather impractical. 

Factors Which Govern the Improved 

Sensitivity of the System 

Many will be aware of the convention- 
al tomogram which also images a slice 
through the body. This is achieved by 
blurring the image of the material on the 
picture on either side of the slice, by 
moving the x-ray tube and photographic 
plate in opposite directions while the pic- 
ture is being taken. 

If one makes a comparison of CT with 
conventional tomography (Fig. 9a), it is 
clear that in the latter only a short path of 
the beam (one-tenth of its length AB) 
passes through the slice to be viewed, 
collecting useful information. The other 
nine-tenths of the beam passes through 
material on either side of the slice, col- 
lecting unwanted information which will 
produce artifacts on the picture. Refer- 
ring to Fig. 9, in computed tomography 
the x-ray beam passes along the full 
length of the plane of the slice via its 
edges, and thus the measurements taken 
by it are 100 percent relevant to that slice 
and that slice alone. They are not af- 
fected by the materials lying on either 
side of the section. The material inside 
the CT slice is seen as a mesh of vari- 
ables, which is intersected by all the 
beam paths at a multitude of different an- 
gles (see Fig. 10). As the absorption mea- 
sured by each beam path is the sum of all 
the mesh squares it passes through, the 
solution of the mesh variables is pos- 
sible. If the x-ray beam is confined to the 
slice and there are no external variables, 
the entire information potential of the x- 
ray beam is therefore used to the full. 

Accuracy 

The scale shown (Fig. 11) demon- 
strates the accuracy to which the absorp- 
tion values can be ascertained on the pic- 
ture. It shows the whole range of the ma- 
chine, from air (-1000) at the bottom of 
the scale to bone at the top, covering 
some 1000 levels of absorption either 
side of water, which has been chosen to 
be zero at the center. (This is done for 
convenience, as the absorption of water 
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is close to that of tissue.) To obtain read- 
ings which relate to true absorption, 1000 
must be added to these readings, making 
air zero; water would then be 1000. 

The range of tones between black and 
white seen on the picture can be restrict- 
ed to a very small part of the scale. This 
"window" can be raised or lowered ac- 
cording to the absorption value of the 
material we wish to compare: for ex- 
ample, it must be raised to see the tissue 
of the heart or lowered to see detail with- 
in the air of the lung. The sensitivity can 
be increased by reducing the window 
width, where the absorption difference 
between the liver and other organs can 
be more clearly differentiated. 

Let us now consider to what accuracy 
one can ascertain the absorption values 
of CT pictures. The clarity of the picture 
(Fig. 1), and hence the accuracy to which 
one can measure absorption values, is 
impaired by a mottled appearance (or 
grain) which unfortunately is fundamen- 
tal to the system. It is caused by there 
being a limited number of photons arriv- 
ing at the detectors after penetrating the 
body. This results in a statistical spread 
between readings and is a situation that 
must be accepted. A typical spread 
would be a standard deviation of 1/2 per- 
cent on tissue (displayed on a 320 by 320 
matrix). 

Present CT methods use very nearly 
all the available photon information that 
can be extracted from the x-ray beam, 
and we must therefore deduce that there 
is little room for further improvement in 
grain reduction. However, for industrial 
uses there are no x-ray dose constraints 
to be considered. The improvements to 
picture grain would be proportional to 
the square root of dose for a particular 
picture resolution. 

Relationship Between Resolution and 

Picture Noise (or Grain) 

The study of picture noise reveals a 
rather important fact. The picture noise 
concentrates mainly at the high frequen- 
cies, there being very little noise at the 
lower frequencies. In other words, if we 
reduce the resolution of the picture by 
filtering out the higher-frequency com- 
ponents, the remaining low frequencies 
will then be very small in amplitude, en- 
abling the sensitivity of the machine to 
be increased without undue noise ap- 
pearing on the picture. There is therefore 
a trade-off between noise and resolution. 

Noise oc (resolution)3/2 

During the development of the whole- 
body CT scanner, it became clear that 
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the availability of an accurate cross-sec- 
tional picture of the body, the CT slice, 
would have an important effect on the 
precision and implementation of radio- 
therapy treatment planning. For many 
years there had existed an imbalance in 
the degree of precision of various as- 
pects of the chain of events which make 
up a course of treatment by radiation 
therapy. For example, the linear acceler- 
ator, now regarded as the preferred 
treatment equipment for radical radio- 
therapy, can deliver x-ray beams with a 
precision of approximately + 1.00 milli- 
meter in terms of spatial "aiming." It 

can also achieve accuracies of the order 
of i percent in most of the other essential 
parameters of its operation. Computed 
tomography provides us with accurate 
measurements for aligning these beams. 

In the past, radiation treatment plan- 
ning was a very lengthy procedure. 
Now, with the aid of CT therapy plan- 
ning computer programs, we can posi- 
tion the therapy beam automatically with 
precision in a few minutes. The system is 
linked to a CT diagnostic display console 
and a color display monitor, which 
shows the radiation isodose distributions 
overlaid on the basic CT scan itself (Fig. 

2 
2 

Fig. 8. Two arrangements of 
beams for scanning the pa- 
tient. Usually there are more 
than 500 readings taken in one 
scan across the patient and the 
angles between scans advance 
approximately 1/3?. 

Parallel beams Fan beams 

Fig. 9. Improved efficiency of 
information collection with CT 
compared to conventional to- 
mography. Note that in the 
case of CT the x-ray beam 
passes through only the mate- 
rial required to be viewed. 
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Fig. 10 (left). The paths of the x-rays are 
confined to the slice and pass in a straight 
line through the imaginary elements of the 
mesh. Fig. 11 (right). Accuracy to which 
absorption values can be ascertained on the 
CT picture. 
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12). The scan is used as the "patient in- 
put" to the system, and areas of interest 
such as tumor, bone, lung, or sensitive 
organs are outlined by an interactive 
light pen. 

Radiation beams and their computed 
isodose contours appear as overlays on 
the color screen, and the lines of dose 
level are given different colors to aid the 
assessment of the plan. The system uses 
the CT density numbers for the calcu- 
lation of the effect of inhomogeneities in 
the path of radiation beams, although the 
absorption coefficients have to be cor- 
rected for the x-ray energy to be used in 
the actual treatment. 

After areas to be irradiated and those 
to be avoided (such as the spine) have 
been outlined by means of a light pen, 
either the position of the beam (shown in 
Fig. 12 as T-shaped lines) can be rotated 
around the tumor by means of the same 
light pen or the optimum position of the 
beams can be chosen automatically by 

program. This takes into account the CT 
numbers on the picture, the size and po- 
sition of the tumor, and the areas out- 
lined by the operator to be avoided. It 
automatically adjusts position and 
strength of the beams in order to choose 
the optimum contour of irradiation 
across the body. 

Figure 13 shows a series of pictures 
demonstrating the regression of a semi- 
noma (it is a very radiosensitive tumor). 
The radiation is applied at a low level 
while the tumor is large, but as the lesion 
regresses the smaller area is taken ad- 
vantage of and larger doses are then ap- 
plied. In this particular case the tumor 
was completely removed by accurate in- 
tense radiation. 

These are, however, early days in the 
applications of CT to radiotherapy plan- 
ning. It remains to be seen whether the 
increase in precision really results in a 
better 5-year survival rate. In the opinion 
of many leading oncologists, evidence al- 

ready points to such improvements, but 
it will be the next 5 years which provide 
the answers to these questions. 

What Improvements Should We Expect 

to See in the Future? 

Various attempts have been made to 
achieve useful pictures of the heart. The 
time required for taking a picture of the 
heart is obviously longer than one heart- 
beat. Experiments were conducted some 
time ago with conventional CT ma- 
chines, but in which the traverse of the 
detectors was synchronized to the heart- 
beat via an electrocardiograph, passing 
over the heart in diastole (when the heart 
movement is at a minimum). Figure 14 
shows a picture from the experiment. 
The heart chambers can be discerned by 
injecting a little contrast medium intra- 
venously. 

Another approach is being made at the 

Fig. 12 (left). Computer-calculated isodose contours for therapy treatment. Fig. 13 (right). Regression of a seminoma after four stages of 
therapy treatment. 

Fig. 14 (left). Scanning of the heart with detectors synchronized to the heartbeat passing over 
the heart in diastole. (The line artifacts are streaks caused by the wire of a pacemaker.) Fig. 
15 (center). Higher-resolution picture of the spine. Fig. 16 (right). Picture taken of the 
human head in 1978 with nuclear magnetic resonance. 
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Mayo Clinic, Rochester, Minnesota, excited in a particular way by radio fre- 
where a large machine is being con- quency. The nucleus of special interest is 
structed with 27 x-ray tubes designed to the proton of water molecules within the 
fire sequentially. It is hoped to take a se- body. 
quence of pictures in a fraction of a sec- I would now like to compare the mer- 
ond during one heartbeat. However, the its of CT with those of NMR. Before 
complexity and cost may rule out use of doing this, I must first describe the prin- 
such a machine worldwide. ciples on which NMR operates. 

A further promising field may lead to When hydrogen protons are placed in 
detection of the coronary arteries. It may a magnetic field they will precess (or 
be possible to detect these under special "wobble") around the field direction just 
conditions of scanning. as a spinning top precesses around its 

Figure 15 is an example of present vertical gravitational field. This pre- 
high-resolution CT scans of the spine. It cession occurs at a definite frequency, 
is more than likely that machines in the known as the Larmor frequency, and is 
future will be designed to provide con- proportional to the magnetic field in- 
siderably higher resolution than shown tensity. 
in this picture. Such machines would The usual NMR procedure for imaging 
take up many of the present uses of con- is to apply a strong magnetic field along 
ventional radiography, but would do the the body to be studied (see Fig. 17, a and 
job considerably better. They would b). After a short period of time, the nu- 
have the added bonus of having more clei will align with their magnetic mo- 
sensitive detectors than film. ments along the field. A radio frequency 

As all the information in the body is tuned to the precession frequency of the 
stored in three dimensions, it is possible hydrogen nucleus is then applied at right 
to display the object at any angle; this al- angles to the main field by means of a set 
lows it to be examined by rotating it of coils at the side of the body (Fig. 17c). 
around on the screen. The views seen This causes some of the hydrogen nuclei 
around the organ to be examined may re- to precess-all keeping in step. After the 
veal information that hitherto could have radio-frequency field has been switched 
been missed, when it was viewed nor- 
mally in one fixed plane normal to the 
axis of the body. 

Nuclear Magnetic Resonance Imaging a kT 

off, the nuclei will continue to precess in 
phase, generating a similar radio fre- 
quency, which can be picked up in re- 
ceiver coils placed at the side of the body 
(Fig. 17d); these signals detect the water 
content of the body. It will take some 
time for the precession to die away, as 
the nuclei again realign themselves with 
the magnetic field. The measurement of 
this time is important as it gives us some 
information about the nature of the tis- 
sue under investigation. It approximates 
to an exponential decay of the order of 
tenths of a second. (It is known as T1 or 
the spin lattice relaxation time.) 

Method of Producing an NMR Picture 

The procedures described above refer 
only to a method of tissue detection. In 
order to produce a picture which maps 
differences in tissue within the body, it is 
necessary to independently measure 
small volumes of material across it. In 
NMR imaging this is done by applying a 
small magnetic field gradient across the 
body in addition to the main uniform 
field. The nuclei will resonate at different 
frequencies across the body according to 

N J 
<~L tI 

So far, it has been demonstrated that a 
picture can be reconstructed from x-ray 
sweeps forming sets of line integrals 
taken through the body at a multitude of 
different angles. However, tissue varia- 
tion can be measured by methods other 
than those using x-rays-for example, 
with protons, neutrons, or NMR. These 
can be caused to generate sets of mea- 
surements of line integrals at different 
angles across the body, and in a similar 
manner a picture can be reconstructed 
from them. 

Figure 16 shows what is believed to be 
the first picture taken of a human head 
with NMR. It was taken in 1978 by a 
team led by Dr. Hugh Clow and Dr. Ian 
Young of EMI Central Research Labo- 
ratories. Since then, considerable im- 
provements have been made in both 
head and body pictures and progress is 
continuing. 

The principle of NMR spectroscopy 
was well known in the 1960's and it was 
first suggested for imaging by Lanterbur 
in 1973. It is a new and quite different 
form of imaging, in which the radio fre- 
quencies emitted by the hydrogen nucle- 
us can be measured after they have been 
3 OCTOBER 1980 

Fig. 17. (a) Repre- 
sentation of nucleus 
without magnetic 
field applied. (b) Nu- 
cleus with field ap- 
plied. (c) Radio-fre- 
quency field applied. 
(d) Radio-frequency 
switched off-re- 
ceiver on. 
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the magnitude of the field gradient pres- 
ent (see Fig. 18). In one method of NMR 
imaging, the frequencies received in the 
coil can be separated (by Fourier analy- 
sis) and the whole spectrum of frequen- 
cies will represent a series of line in- 
tegrals across the body, each frequency 
representing the amount of hydrogen nu- 
clei resonating along that particular line. 
By comparison with CT, this is equiva- 
lent to one x-ray sweep across the body 
at a particular angle. 

A number of sweeps can be repeated 
at different angles by rotating the gradi- 
ent field, and sufficient data can be built 
up to reconstruct a picture in a way simi- 
lar to that in which a CT picture is con- 
structed. 

Comparisons of NMR with CT 

It is early to predict with certainty the 
levels of accuracy of a future NMR sys- 
tem, but one could speculate in the fol- 
lowing way to illustrate its possible ad- 
vantages. 

Figure 19a illustrates approximately 
the number of levels above noise one 
would expect CT to be able to discrimi- 
nate in tissue when an average scan is 
taken. It detects mainly one variable- 
density. It also detects a minor one- 

Fig. 19. Comparison 
of CT and NMR, 
showing the variables 
one would expect to 
find in tissue in both 
systems. 

atomic number-which relies on the 
photoelectric effect for separation. The 
discrimination of iodine from tissue by 
subtraction of two pictures at different x- 
ray energies is the most used example. 

In comparison, Fig. 19b shows the 
variables one would expect to detect in 
NMR. It may be possible to separate 
more than one decay time (the figure in- 
dicates that there may be three). If the 
sensitivity above noise is such that it is 
possible to select three levels in each of 
the three decay variables, there should 
be 27 possible permutations to character- 
ize the tissue to be displayed, as against 
the nine levels of tissue discrimination 
usually displayed on CT pictures (Fig. 
19a). This illustrates the major advantage 
of NMR, but is only speculative. 

However, CT has other advantages. 
Fat in CT is very easily discriminated 
with respect to tissue (over 30 levels). 
For comparison, it is poorly discrimi- 
nated in NMR. So far there are in- 
dications that the picture resolution in 
CT is considerably better than in NMR, 
and a picture can be scanned in a consid- 
erably shorter time (2 to 3 seconds). 
With NMR it is usual to scan the patient 
over at least 1 minute or more to collect 
sufficient data for good tissue discrimina- 
tion. It must be remembered that each 
NMR T1 measurement is very time-con- 

suming, as long relaxation times (tenths 
of a second) need to be measured, and a 
few hundred sets of these readings are 
required to reconstruct one picture. On 
the other hand, as far as is known, NMR 
is noninvasive and the long periods of 
scanning time that the patient may be 
subjected to should do him no harm. 

However, a systems design of NMR 
has not yet been stabilized. There still 
exist many different avenues which may 
in the future reveal improvements in 
both speed and sensitivity. 

Despite the fact that it is not yet clear- 
ly known what the parameters are that it 
is measuring, it is felt that NMR has 
great possibilities for indicating more 
about the chemistry of the tissue being 
selected. It is a technique which could 
image water concentration, its impu- 
rities, and its binding to macromolecules 
in or between the cells of the body. It re- 
mains to be seen how this extra informa- 
tion can help diagnoses. 

Work on NMR is still in its early 
stages and has a long way to go. At pres- 
ent, the two techniques of CT and NMR 
should perhaps be seen not as potential 
competitors but rather as com- 
plementary techniques that can exist 
side by side, NMR providing us with in- 
formation on the chemical composition 
of tissue and CT providing a means of vi- 
sualizing its position and shape. 

May I thank all those at EMI Research 
Laboratories who have helped me so 
much in the past in my work-especially 
Steven Bates, who worked on some of 
the early experiments. 
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