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Development of computed tomography — past and present
scanner generations

Computed tomography (CT) was introduced in the early 1970s and has revolutionized the
practice not only of diagnostic radiology but also of the whole field of medicine. CT was the first
technology to marry a computer to a medical imaging machine, the first to display x-ray images as
cross sections. Improvements in image quality, acquisition speed have resulted from recent technical
developments in helical and, more recently, multiple-row detector technologies (3, 5).

The purpose of this article is to present the development of CT and the differences
between the scanner generations.

COMPUTED TOMOGRAPHY

CT is a method for acquiring and reconstructing an image of a thin cross section of an object. CT
forms a cross-sectional image, without superimposition of structures that occurs in plane film imaging
and the sensitivity of CT to subtle differences in x-ray attenuation is at least a factor of 10 higher
than normally achieved by screen-film (). A CT scanner makes many measurements of attenuation
through the plane of a given thickness cross section of the body. These data are used to reconstruct
a digital image of the cross section, with each pixel in the image representing a measurement of the
mean attenuation of a boxlike element (a voxel) that extends through the thickness of the section.
An attenuation measurement quantifies the fraction of radiation removed in passing through a given
amount of a specific material of thickness (5).

The image reconstruction process derives the average attenuation coefficient values for each
voxel in the cross section by using many rays from many different rotational angles around the
cross section. Mathematically, the attenuation value for each voxel could be determined algebraically
with a very large number of simultaneous equations by using all ray sums that intersect the voxel.
There are a number of advanced reconstruction techniques that are currently used in the CT image
reconstruction process (5).

As a final step, the individual voxel attenuation values are scaled to more convenient integers
and normalized to voxel values containing water. Voxels containing materials that attenuate more
than water (e.g., muscle tissue, liver, and bone) have positive CT numbers, whereas materials with
less attenuation than water (e.g., lung or adipose tissues) have negative CT numbers. With the
exception of water and air, the CT numbers for a given material will vary with changes in the x-ray
tube potential and from manufacturer to manufacturer (5).
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During scanning, the tube and detector array rotate around the patient, and different projections
are obtained during rotation by pulsing the x-ray source or by sampling the detectors at a very high
rate. The number of detectors varied from 300 in early versions to over 700 in modern scanners.
Nearly all current helical scanners are based on modifications of rotate-rotate designs. Typical scan
times are on the order of a few seconds or less, and recent versions are capable of subsecond scan
times (1, 5).

FOURTH-GENERATION CT SCANNERS

This design evolved nearly simultaneously with third-generation scanners and also eliminated
translate-rotate motion. In this case, only the source rotates within a stationary ring of detectors.
The x-ray tube is positioned to rotate about the patient within the space between the patient and
the detector ring. One clever version, which is no longer produced, moved the x-ray tube out of
the detector ring and tilted the ring out of the x-ray beam in a wobbling motion as the tube rotated.
This design permitted a smaller detector ring with fewer detectors for a similar level of performance
(Fig. 1D). Early fourth-generation scanners had some 600 detectors and later versions had up to
4,800. Within the same period, scan times of fourth-generation designs were comparable with those
of third-generation scanners. One limitation of fourth-generation designs is less efficient use of
detectors, since less than one-fourth are used at any point during scanning. These scanners are also
more susceptible to scatter artifacts than third-generation types, since they cannot use antiscatter
collimators. CT scanners of this design are no longer commercially available except for special-
purpose applications (5).

Until around 1990, CT technology had evolved to deliver scan plane resolutions of 1-2 Ip/mm
(Fig. 2), but z-axis resolution remained poor and interscan delay was problematic due to the stopstart
action necessary for table translation and for cable unwinding, which resulted in longer examination
times. It was soon realized that if multiple sections could be acquired in a single breath hold, a
considerable improvement in the ability to image structures in regions susceptible to physiologic
motion could result. However, this required some technological advances, which led to the
development of helical CT scanners (5).

The introduction of spiral CT in the early 1990s constituted a fundamental evolutionary step
in the development and ongoing refinement of CT imaging techniques, that finally allowed true 3D
image acquisition within a single breath hold. The technique involves the continuous acquisition
of projection data through a 3D volume of tissue by continuous rotation of the x-ray tube and
detectors and simultaneous translation of the patient through the gantry opening. Three technological
developments were required: slipring gantry designs, very high power x-ray tubes, and interpolation
algorithms to handle the noncoplanar projection data (1-6).

In helical acquisition sections could be overlapping along the scan axis, thus greatly improving
data sampling and making 3D reconstructions practical. Images can be acquired in a single breath
hold, the 3D reconstructions are free of the misregistration artifacts caused by involuntary motion
that limit conventional CT (1, 5, 6). True 3D volumes could be acquired that can be viewed in any
perspective, making the promise of true 3D radiography a practical reality. A final benefit was that
since overlapping sections were generated by mathematical methods rather than overlapping x-ray
beams, the improved z-axis sampling was achieved without a radiation dose penalty to the patient.
During helical scans, the table motion causes displacement of the fan beam projections along the
z- axis; the relative displacement is a function of the table speed and the beam width. The ratio of
table displacement per 360° rotation to section thickness is termed pitch, an important dimensionless
quantity with implications for patient dose and image quality (1, 2, 5).
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temporal resolution and reduced motion artifacts. Intravenously administered iodinated contrast
material can be delivered at a faster rate, increasing contrast enhancement in the images. These
factors combine to improve the spatial, temporal, and contrast resolution of the images, significantly
increasing the diagnostic accuracy of the examination (3-6).

One of the most important promises of multiple-row detector technology is that of true isotropic
spatial resolution, that is, cubic voxels, so that the image is equally sharp in any plane traversing the
scanned volume. CT angiography, which was possible with the single-row detector helical scanners,
became practical with multiple-row detector scanners (Fig. 4). This technology also opens up new
possibilities for applications in trauma, geriatric, and pediatric examinations. Improved accuracy
in 3D volume coverage has led to the development of CT fluoroscopy and CT virtual endoscopy
(3-6).

CONCLUSIONS

Early CT scanners revolutionized the radiology, cross-section images were the mile
stone in the medical diagnosis. But possibilities of modern multiple-row detector helical CT
scanner are far beyond what Housfield inventing his first CT scanner could even imagine.
Isotropic spatial reconstruction open resulting in improved accuracy in 3D volume coverage
has led to the development of CT fluoroscopy and CT virtual endoscopy. The examination
time and radiation dose have been significantly reduced.
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SUMMARY

Computed tomography (CT) was introduced in the early 1970s and has revolutionized the
practice not only of diagnostic radiology but also of the whole field of medicine. CT was the first
technology to marry a computer to a medical imaging machine, the first to display x-ray images as
cross sections. Improvements in image quality, acquisition speed have resulted from recent technical
developments in helical and, more recently, multiple-row detector technologies. The purpose of this
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article is to present the development of CT and the differences between the scanner generations.
There are four main generations of CT scanner, first with single detector, second generation using
several detectors, the third generation with pure rotational scanning motion, and the fourth generation
with a ring of detectors. The next step in CT development has been invention of helical systems,
and multiple-row scanners. The development in the scanner technique was accompanied by the
development in software and clinical applications, making 3D imaging a reality, and such applications
as CT angiography, virtual angiography, virtual endocopy, or perfusion CT widely used in everyday
practice. Early CT scanners revolutionized the radiology, cross-section images were the mile stone
in the medical diagnosis. But possibilities of modern multiple-row detector helical CT scanner are
far beyond what Housfield inventing his first CT scanner could even imagine. Isotropic spatial open
reconstruction resulting in improved accuracy in 3D volume coverage has led to the development
of CT fluoroscopy and CT virtual endoscopy. The examination time, and radiation dose have been
significantly reduced.

Rozwdéj tomografii komputerowej - generacje tomograféw komputerowych

Tomogratia komputerowa zostala wprowadzona we wczesnych latach siedemdziesigtych i zre-
wolucjonizowala zaréwno diagnostyke obrazowg jak i medycyng jako taka. Byla to pierwsza metoda
obrazujgca cialo czlowieka w przekrojach poprzecznych. Celem artykutu jest przedstawienie rozwo-
ju tomografii komputerowej oraz ré6znic mi¢dzy tomografami komputerowymi réznych generacii.
Wyrézni¢ mozna cztery gléwne generacje tomograféw komputerowych: pierwsza generacj¢ z po-
jedynczym detektorem, drugg generacj¢ z kilkoma detektorami, trzecig generacj¢ z pelnym ruchem
obrotowym i czwartg generacj¢ z pierscieniem detektoréw. Dalszy rozwdj to opracowanie techniki
spiralnej i jej rozwinigcie, czyli tomografy wielorzgdowe. Rozwéj techniki i oprogramowania umoz-
liwil uzyskanie izotropowych rekonstrukcji wtérnych, umozliwiajacych tréjwymiarowe obrazowa-
nie struktur, jak angiografia TK, wirtualna angiografia, wirtualna endoskopia oraz zaawansowane
techniki, jak perfusion TK. Tomografia komputerowa zrewolucjonizowala diagnostyke obrazowa
i byla krokiem milowym w diagnostyce. Ale mozliwosci wspélczesnych wielorzgdowych tomogra-
téw komputerowych daleko wykroczyly poza to, co pionier tomografii, Housfield, mégt sobie wy-
obrazi¢, umozliwiajgc rzeczywiste obrazowanie tréjwymiarowe i obrazowanie w niemal dowolnej
plaszczyZnie bez utraty jakosci obrazéw. Ponadto zredukowano znaczgco dawke promieniowania
1 czas badania.



