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Abstract: We describe how Computed Tomography (CT) scanners - that combine x-rays and
computers to image soft tissues of the brain and other organs -- have become a widely used
diagnostic tool. Specifically, we chronicle the: 1) development of the first CT scanner (through
the early-1970s); 2) rapid and enthusiastic adoption of CT scanning (until the late 1970s); 3)
regulatory backlash against the perceived overuse of this expensive technology (in the 1980s);
and 4) innovations that reignited growth (in the 1990s and 2000s).
Note: This case history, like the others in this series, is included in a list compiled by Victor
Fuchs and Harold Sox (2001) of technologies produced (or significantly advanced) between
1975 and 2000 that internists in the United States said had had a major impact on patient care.
The case histories focus on advances in the 20th century (i.e. before this millennium) in the
United States, Europe, and Japan -- to the degree information was available to the researchers.
Limitations of space and information severely limit coverage of developments in emerging
economies.
Acknowledgments: We would like to thank Kirby Vosburgh for helpful information and
suggestions.

Case Histories of Significant Medical Advances

Computed Tomography
Computed tomography (CT) scanners have become ubiquitous since they were first offered for sale in
1972. 1 (See Figure 1). Combining X-rays and computing technology, CTs allow physicians to “see” tumors
and other conditions that do not appear clearly (or at all) in traditional X-rays. And technological advances
have broadened potential applications—for instance, in supporting complex radiological treatments. CT
scanning has therefore become routine even though the equipment remains expensive to buy, operate, and
maintain.
The industry has been global in its scope from the start, but significant regional variations in use, prices,
and competitive positions have also emerged. Japan has become the largest market both in terms of the
number of scanners overall and the number of scanners per person. 2 (See Exhibit 1) Prices there are typically
lower, but companies that dominate the Japanese market do not have equivalently large shares outside Japan.

Figure 1

Cumulative CT Installations: 1972-2014

Source: The Organization for Economic Cooperation and Development (OECD, 2015).

The next four sections of this case describe: the development of the first CT scanner (through the early1970s); rapid adoption (until the late 1970s); regulatory setbacks and recovery (in the 1980s); and the
innovations (in the 1990s) that reignited growth. The concluding section reviews the situation in 2000.

1. Developing the First Scanner (1963-1971)
X-rays revolutionized medical diagnostics after they were introduced in 1895, because they allowed
physicians to look inside bodies without cutting open patients. But X-rays had limitations. Two-dimensional
projections gave prominence to bones. This obscured tumors and other soft tissues in shadows and made it
difficult to locate the position of problems (such as bullets) lodged behind bones.
To overcome these limitations, innovative physicians developed “tomographic” techniques between the
1910s and 1960s that created images of specific cross-sections or “slices” of the body by beaming X-rays from
multiple angles around the patient. 3 But tomography exposed patients to large doses of radiation. And, like
traditional X-rays, tomographic X-rays could not clearly differentiate between adjacent soft tissues—for
instance, between tumors and healthy tissues inside skulls (although they could better locate the position of
hard objects such as bullets). 4
Physicist Allan Cormack first proposed a method to improve tomographic imaging in a 1963 article
published in the Journal of Applied Physics. 5 Rather than use X-rays to make photographs (the traditional
method), Cormack suggested that physicians measure X-rays after they passed through a body to see how

much radiation had been absorbed. He also provided mathematical formulas for constructing images of
specific cross-sections using the measurements. 6 Cormack’s article generated no medical interest, however.
Instead, five years later, Godfrey Hounsfield, an engineer at the British entertainment giant EMI 1 (who
did not know of Cormack’s paper) envisioned a device that would work much like Cormack had described.
Hounsfield had worked on EMI’s early computer, the EMIDEC 1100. When EMI terminated its computer
project, Hounsfield moved to the company’s Central Research Laboratory. There, he thought about using
computers to recognize and display patterns of numerical data2, and using that capacity to improve
tomographic X-ray images. Hounsfield wrote up a proposal to build a scanner based on these ideas and, in
1968, the board that oversaw EMI’s Central Research Laboratory approved Hounsfield’s proposal, enabling
him to build an experimental prototype (although EMI did not then sell any medical products).
After Hounsfield’s team had built a rudimentary but functioning device, EMI sought and received funding
from the British Department of Health and Social Services to continue developing prototypes that were
refined on animal and human cadavers. 7 The Department also helped Hounsfield, who had been struggling
to establish relationships with physicians, find a medical collaborator: Dr. James Ambrose, a neurologist at a
small hospital outside London. 8 By October 1971, Hounsfield’s team had a head scanner ready for testing at
Dr. Ambrose’s hospital on a woman whose symptoms suggested a brain tumor. The test scan supported the
diagnosis; the surgeon who then operated on the patient observed that the tumor he removed “looked
exactly” like the image seen in the scan. 9

2. Rapid Adoption (1972-1977)
The very next year, EMI started selling head scanners, targeting the U.S. market. The company hired eight
sales representatives and sent Hounsfield to lecture to neurologists in New York and to an annual meeting of
radiologists in Chicago. Large, prestigious teaching and research hospitals, such as Georgetown and
Cleveland Clinic, were early buyers and set the stage for wider use: 10 researchers and clinicians at these
hospitals published journal articles and textbooks that taught other radiologists how to interpret CT images. 3
EMI’s CT division became profitable in three years. Orders for the scanners, priced at USD$310,000, 11 soon
exceeded EMI’s manufacturing capacity and in 1976 the company started building a plant to assemble CT
scanners in the United States.
Rapid CT adoption attracted fourteen other companies. EMI, which had patented its technology, sued the
newcomers for patent infringement but failed to block their entry. The entrants, based in France, Germany,
Israel, Japan, Mexico, 12 the Netherlands, and the United States, already served health care markets -- some
sold X-ray and other medical equipment, others sold pharmaceuticals (See Table 1). Six entrants in this first
wave—General Electric (GE), Siemens, Philips, Picker, Toshiba, and Elscint—would continue to dominate CT
(although in some of these cases under different corporate parents) while the rest would exit. 13

1 EMI stands for Electric & Musical Industries.
2 Hounsfield’s prior service in the Royal Air Force during World War II, when he had worked with radar installations, influenced his

thinking. Like X-Rays, radar relies on the interaction of high-frequency electromagnetic waves with objects of interest; however, unlike
traditional X-rays, radar also creates images of the objects on electronic displays.

3 Although (as mentioned) CT built on the technique of X-ray tomography, CT images were plotted on grid on a computer screen and
looked quite different from traditional X-ray photographs. See, for example, Exhibit 3 (which includes the first scan ever made on a live
human).
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Table 1

Entrants to emerging CT industry, 1974-1978

Sources: Trajtenberg (1990) and Mitchell (1988).

EMI and its rivals raced to improve the performance of CTs. The new CTs were larger: where EMI’s 1972
machine could only accommodate heads, subsequent scanners could scan entire bodies. (See Exhibit 2) New
CTs also had better X-ray detectors and rotated more quickly around patients. These improvements provided
sharper images at a faster pace—but at higher prices. 14 Top models in 1977 were priced at USD$740,000,
which was over twice the price of EMI’s first model. 15
Despite the higher prices, over 900 scanners were purchased and installed in the United States by 1977,
mainly in large hospitals. (See Figure 2) Three-quarters of U.S. hospitals with over 500 beds and over half of
hospitals with between 400-500 beds had at least one CT machine. 16
Figure 2 Cumulative CT Installations in the United States, 1973-1977

Sources: The Office of Technology Assessment (1978) and Steinberg (1985).

As CT sales grew, EMI’s dominance diminished. EMI’s rivals secured forty-two percent of the U.S. market
by 1977. 17 In whole body scanners, GE’s sales actually surpassed EMI’s, as the unexpected death of an EMI
executive delayed the commissioning of the company’s American CT assembly plant.
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Two startups exited. 18 In 1975, one, Digital Information Science Corporation, 4 sold the rights to its scanner
to Pfizer, a pharmaceutical company seeking to diversify into medical imaging, 5 and the other, Neuroscan,
licensed its scanner to GE (which already had a sizable X-ray business). 6

3. Regulatory Setbacks and Recovery (1978-1988)
Rapid adoption of expensive CT scanners provoked a backlash. Rising costs of health care had been an
issue during the 1976 U.S. elections and in 1977 a member of the new Carter administration’s cabinet singled
out CT for criticism. The consumer activist Ralph Nader’s advocacy group, Public Citizen, also questioned
the cost effectiveness and safety of CT. 19
The backlash coincided with, and to a degree was reflected in, stricter enforcement of a law that had been
passed in 1974 by the U.S. Congress requiring hospitals to obtain a “Certificate of Need” (CON) before making
large capital investments. In March 1978, the federal government issued guidelines for CT CONs: new CTs
could not be approved unless existing CTs in the area where the new CTs would be used were performing at
least 2,500 scans per year. The guidelines helped trigger a thirty-three percent decline in sales in 1978. 20
These sales declines in the U.S.—which had accounted for two thirds of the worldwide CT market -- forced
eight companies, all with single digit market shares, to exit. 21 (See Table 2) EMI merged with Thorn Electrical
Industries in 1979, and the following year, Thorn-EMI sold its CT division to GE. 7 Seven players remained—
Technicare, GE, Elscint, Siemens, Picker, Philips, and Toshiba—and GE led the market with almost thirtythree percent of 1979 sales. 8
Table 2

Exits from CT industry, 1978-1984

Sources: Trajtenberg (1990), Mitchell (1988), and the Office of Technology Assessment (1981).

U.S. sales recovered in the 1980s, however, as CT producers and their customers learned to navigate
regulatory restrictions. 22 (See Figure 3) In fact, the industry successfully lobbied to expand insurance
reimbursement for CT scanning. 9 Later, as the federal government and insurance companies tried to restrict

4 Digital Information Science Corporation was formed by Robert Ledley, a Georgetown researcher who had designed the first full-body

CT scanner (the “ACTA”—See Exhibit 2).

5Besides acquiring Digital Information Science Corp. in 1975, Pfizer began funding University of California, San Francisco’s magnetic

resonance imaging (MRI) lab in 1976. These efforts to expand into imaging turned out to be unsuccessful, however, and Pfizer exited the
field in 1981.

6 After GE introduced its own scanner in 1976, Neuroscan declared bankruptcy. OmniMedical then acquired Neuroscan’s intellectual
property.
7 The British government would not approve the sale of Thorn-EMI’s MRI business to GE, and Thorn-EMI subsequently sold its MRI

business to GEC, a British electronics manufacturer that was expanding into medical imaging, in 1981.

8 GE increase its share of the market in 1986 when it bought Technicare (which had struggled with quality control issues) from parent

company Johnson & Johnson.

9 When CT scanners were first introduced, they were not covered by private or public insurance. In order to receive reimbursement from

a government-run public health insurance program, such as Medicare, companies had to show proof of the device’s effectiveness. EMI
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reimbursement, 10 radiologists opened mobile and then freestanding imaging centers. The freestanding
centers were exempt from reimbursement restrictions (and CON rules)11 and also offered imaging with MRI
and ultrasound technologies that were emerging at the time.

Figure 3

CT Unit Sales in the United States 1977-1988

Source: Hillman and Goldsmith (2010).

Leading producers also increased sales of CTs and found new sources of revenue by offering financing,
service, support, and some lower-cost scanners (See box “GE’s CT offerings”). The broadened offerings were
particularly helpful to the new freestanding imaging centers.
New uses and users contributed to the recovery. Scanning of the chest, abdomen, and pelvis increased as
hospitals purchased more body scanners (sometimes to replace older head scanners). Better computers and
software coupled with the use of contrast agents 12 improved the quality of images and broadened use. Some
larger hospitals purchased second scanners as their first CTs were more intensively utilized, and smaller
hospitals bought their first CTs. 23
The recovery had attracted four entrants to the U.S. market, but their scanners did not have any novel
features 13 -- basic CT technology remained much as it was in 1980. Imatron, founded in 1983 by radiologist
Douglas Boyd, did introduce a high-speed cardiac scanner in 1984, which it sold through larger companies.
However, after a decade only about seventy-five of Imatron’s scanners had been installed. 24

head scanners were the first to submit evidence of effectiveness and gain approval for reimbursement under this system. By the early
1980s, both Medicare and private insurance companies reimbursed for CT scans.
10 In 1983, Medicare began paying hospitals a fixed flat fee for each patient’s diagnosis, rather than reimbursing for each scan made. For
example, if a patient was diagnosed with a brain tumor at a hospital, the hospital would be paid a flat fee no matter how many CT scans
were needed to make and confirm the diagnosis.
11 Freestanding imaging centers also had other advantages over hospitals: new constructions that could better accommodate large

devices and the ability of physicians who invested in the centers to direct patients to their own facilities.

12 Contrast agents are compounds that are ingested or injected into the body before a patient has an X-ray or a scan to improve the image

produced. Such agents had long been used to improve X-rays; although researchers thought they would offer no advantage in CT
scanning, studies later found that contrast agents did enhance the quality of a scan.

13 The companies were Interad, Visiscan, Computer Medical Systems, and Meditech. All but Meditech soon exited.
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GE’s CT offerings

GE drew on the resources and expertise from its other businesses (such as GE Capital, GE Information Services, GE
Consulting Services, Employers Reinsurance) to offer a wide range of services to CT buyers. These included:
•
•
•
•
•
•
•
•
•

Loans for freestanding imaging centers.
Leases for equipment.
Business insurance.
Malpractice insurance.
Office software and automation packages.
Office systems design and consulting.
Telephone and on-site technical and repair services (24-hours).
Automated ordering systems for supplies and accessories.
Construction services for freestanding imaging centers.

GE also widened its product line to include cheaper CTs produced by its Japanese joint venture, GE Yokogawa Medical
Systems.

While installations in the U.S. increased five-fold in the 1980s, CT sales grew three times faster in Japan,
with installations in Japan increasing fifteen-fold 25 even though Japan had fewer radiologists per capita than
any other OECD country. 26 (See Figure 4)
Figure 4

CT installations in the United States and Japan 1978 vs 1986

Sources: The Office of Technology Assessment (1981), Mitchell (1988), and the OECD (2015).

The seemingly anomalous demand in Japan is thought to reflect differences in regulations. Unlike the U.S.,
Japan had no CON-like restrictions on purchases. However, the government severely limited
reimbursements14 prompting manufacturers to offer lower-cost machines. These less expensive CTs were
especially popular among small, private facilities (including some that did not have a board certified
radiologist on staff). 27
Other OECD countries remained well behind Japan and the U.S. in CT adoption. 28 (See Figures 5 and 6)
Regulators in six European countries -- Belgium, France, Greece, Italy, the Netherlands, and the United
Kingdom—restricted the number, geographic distribution, and use of scanners. Other countries, such as

14 The Japanese government required all residents to buy health insurance (either through an employer or government-run program).

The government also set the fee schedule for all health care providers. From 1973 to 1978, the fee for a CT scan was set at less than half
the cost of a typical scan in the U.S. at the time; in 1978, the difference in fees widened when the Japanese government cut the per-scan
fee by more than half.
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Denmark and Germany, had no explicit restrictions, but many health facilities in those countries limited their
purchases of CTs.
Figures

5 and 6

Sources: The Organization for Economic Cooperation and Development (2015), Stocking (1988), and Le Gales, et al (1988).

4. Innovations Reignite Growth (1989-2000)
CT sales in the United States had seemed to plateau beginning in the late 1980s, however, in the late 1990s
they again accelerated as scanners with significantly advanced capabilities were introduced. 29 (See Figure 7)
Figure 7

CT Unit Sales in the US 1988-2001

Source: Hillman and Goldsmith (2010).

In 1988, the German company Siemens introduced spiral scanners that made one fast, corkscrew-shaped
pass across the length of the patient. (See Figure 8) Up to that point, X-ray beams had circled around and then
moved across the patient, “slice-by-slice,” as it were. In 1992 the Israeli company Elscint, introduced multislice scanners that mounted X-ray sources and detectors in rows, imaging several slices at once. The spiral
and multi-slice designs vastly improved the speed and clarity of CT scans, and reduced radiation exposure.30
Competitors then raced to produce CTs that combined spiral and multislice features. The combination
acquired four times the image data, eight times faster than older CTs, increasing patient throughput. 31
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Figure 8:

X-ray path in conventional (A) and spiral (B) CT scans

Source: The website of the National Cancer Institute (https://www.cancer.gov).

CT scans more than doubled in the U.S. between 1994 and 2000 as spiral, multi-slice combination scanners
became widely available. The new scanners more accurately revealed internal bleeding, encouraging
physicians to perform more trauma scans on the body and head. Physicians also used the CTs to detect
problems within the heart and blood vessels, enabling new treatments—which in turn encouraged more
scanning. 32
By 1997, worldwide CT sales were six times higher than in 1979. Growth in Asia—where CT prices were
sharply lower than other regions—was even higher than in the U.S. 33 (See Figures 9 and 10).
Figures 9

and 10

Source: Frost & Sullivan (1999).

The market became more concentrated, as many producers with low shares exited or were acquired. 34 (See
Figure 11) GE remained the global market leader, but lost share to Siemens and Elscint, which had pioneered
new technologies, and to Toshiba and Shimadzu, which had introduced lower-cost CTs.
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Figure 11

Worldwide shares of CT Sales

Sources: Frost & Sullivan (1999) and the Office of Technology Assessment (1981).
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Exhibit 1 OECD Countries with Top Ten Cumulative CT Scanner Installations and OECD Countries with
Top Ten CT Scanners per Million Population

Source: The Organization for Economic Cooperation and Development (2015).

Exhibit 2 Godfrey Hounsfield posing with the first EMI head scanner (left) and Robert Ledley posing
with his design for the first whole body scanner (right)

Sources: BMJ and The New York Times.

Exhibit 3 The first CT scan ever made on a live human in 1971 showing a tumor (a black shadow in the
upper left) in the brain (left) vs. a recent CT scan showing bleeding (light grey in the lower right) in the
brain (right)

Sources: Hounsfield (1980) and the Aneurysm and AVM Foundation.
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