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Introduction

Computed tomography, CT, is of great value in diagnostic
radiology since thin transverse sections of the body can be
imaged with high contrast. It is possible in principle to
develop CT for small dead objects to sub-fjm spatial
resolution. Such a development creates a new type of
microscopy. One interesting application of this is imaging
small tissue samples, e.g. needle biopsies, which can be done
without the histochemical preparation and slicing other
microscopy methods require, i.e. non-destructively. These
preparations sometimes alter microstructures in tissue
samples, e.g. the size of and spacing between cells.

Computed microtomography, CMT, has been previously-'reported
(c.f. Spanne and Rivers 1987), but the spatial resolution was
limited by the radiation sources, in particular their low
photon fluence rates. This limitation can be overcome at
synchrotron x-ray sources with photon fluence rates several
orders of magnitude higher than x-ray tubes, making sub-^/m
spatial resolution conceivable (Grodzins 1983, Carlsson et al
1987). Development of CMT aiming at //• spatial resolution or
better using synchrotron x-rays is in progress at the
National Synchrotron Light Source, NSLS, Brookhaven National
Laboratory, BNL (Spanne and Rivers 1987, Flannery et al
1987). Here results of CMT development at the X26-C
Microprobe Beam Line at the NSLS are presented.

Techniques for CMT resolution in the yum range

Different methods can be used to reach a spatial resolution
of 1 /urn. One is first generation transmission-CMT where the
sample is scanned through a pencil beam while the fraction of
transmitted photons is sampled. The sampling is repeated at
many different angles. The spatial resolution is determined
by the size of the radiation beam, the sampling interval and
the angular increment. With this method the beam must be
collimated to /sm-size and the imaging time is relatively long
since only one detector is used. It is faster to use many
detectors simultaneously, e.g. a photodiode array or a charge
coupled device. The negligible vertical divergence of an
unfocussed synchrotron x-ray beam makes possible simultaneous
multislice imaging using a 2-dimensional detector. The
spatial resolution is then limited by the detector element
pitch, which consequently must be in the */m-range. Flannery
et al (1987) have constructed such a detector for CMT with a
pitch of about 3 jum. Another technique is magnification,



either by reflection of a parallel x-ray beam on flat
crystals (Kuriyama et al 1987) after it has passed the object
or in a divergent beam produced by x-ray focussing devices.
With the magnification techniques the spatial resolution
requirement on the detector system can be relaxed.

Experimental

In the initial development of CMT at the X26-C Microprobe
Beam Line a first generation type CMT-scanner was used
(Spanne and Rivers 1987). In first generation scanners
the detector does not determine the spatial resolution. A
simple Ar-filled proportional counter could therefore be
used. The sample stage consisted of stepper motor driven
translators and rotators. The unfocussed synchrotron x-ray
energy spectrum was filtered by metal foils. The bean size
was defined by a set of remotely controlled Ta collimator
slits.

To illustrate the potential of CMT a tomogram of a 10 //m
thick slice through the head of a dead ant is shown in figure

1. The image matrix is 211x211 with a pixelsize of 17xl7/t/m .
A 200 fjm thick Zn-filter was used resulting in a photon
energy spectrum peaking at 9.7 keV. Although lots of details
can be seen no soft tissue features are visible since the ant
was dehydrated before imaging.

Fig. 1 Computed
tomogram of an
ant head. Slice
thickness 10 //m.
image matrix
211x211. Pixel-
size 17x17 /in .

Experiments have also shown that it is possible to reach 1-2
fjm spatial resolution with the present equipment and that
this limit in resolution is determined by the accuracy of the
sample rotator. With a better rotator sub-//m resolution can
be achieved.

Prospects for elemental analysis

So far only tomograms showing linear attenuation coefficients
have been generated. However, provisions for elemental
mapping have been included in the CMT system at the X26-C
beam line. Two methods are under development. One is a



difference technique where two images generated with photon
energies just above and below a selected element's
photoelectric absorption edge are subtracted. In the
resulting image contrast due mainly to this element remains.

Grodzins (1983b) has shown that it in a 1 //m volume element
in a tissue sample with 100 yum diameter is possible to detect
less than 50 ppM of elements with atomic number above 15 if a
synchrotron radiation source is used. The minimum detectable
concentration is 20 ppM for Ca, 10 ppM for Sn and 10 ppM for
U. If a spatial resolution of 4 f/m is sufficient, the
sensitivities are about 30 times better.

The X26-C beam line is a dedicated microprobe beam line used
for x-ray fluorescence analysis (Gordon et al 1987). The
sensitivity is very high because of the high photon fluence
rates and polarisation of the synchrotron x-rays. Combination
of the CMT scanner and the fluorescence analysis technique
makes emission computed tomography utilizing characteristic
x-rays possible.

Conclusions

The initial development show that CMT using synchrotron x-
rays can be developed to ym spatial resolution and perhaps
even better. This creates a new microscopy technique which is
of special interest in morphological studies of tissues,
since no chemical preparation or slicing of the sample is
necessary. The combination of CMT with spatial resolution in
the //m range and elemental mapping with sensitivity in the
ppM range results in a new tool for elemental mapping at the
cellular level.
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