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Abstract: We describe how and why Magnetic Resource Imaging (MRI) came to
complement – and partially replace -- computed tomography (CT) imaging of soft tissue.
Specifically we chronicle: 1) the development of foundational techniques and prototypes
(through the 1970s); 2) how U.S. Food & Drug Administration (FDA) approval for the new
device was secured (in the early 1980s); 3) post-approval commercial adoptions (in the late
1980s); and 4) growth in adoptions and MRI use --- after setbacks (in the 1990s).
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

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) complements, and has to some degree replaced, computed
tomography (CT) imaging. Like CT, MRI creates images of specific cross-sections or “slices” of the body –
but MRI images offer significantly more detail, especially of muscles, veins, and other soft tissues. (See
Figure 1). And, unlike CT, which uses X-rays, MRI scanning does not expose patients to potentially
dangerous radiation. MRI also costs substantially more to purchase, install, and maintain, and scans take
longer than CT.1
Figure 1

Recent examples of a CT scan (left) vs. an MRI (right)

Source: Cincinnati Children’s Medical Center.

MRI scanners, like CT scanners, built on advances in physics and computational technologies, were
developed mainly by companies with prior expertise in medical equipment, and were promoted by
physicians in prestigious research hospitals. Sales of both devices have faced ups and downs because of
regulation. As in CTs, MRI has long been dominated by a few large, multinational suppliers – many who
are also leaders in CT. In spite of suppliers who have global marketing capabilities, we find significant
regional variations in usage: as in CTs, Japan and the U.S. are the leading markets in per capita usage of
MRIs.2
The next four sections of this case describe: the development of foundational techniques and prototypes
(through the 1970s); the process of securing U.S. Food & Drug Administration (FDA) approval for the new
device (in the early 1980s); post-approval commercial adoptions (in the late 1980s); and growth after
setbacks (in the 1990s). The concluding section summarizes developments after 2000.

1. Development of Foundational Techniques and Prototypes (1970s)
MRIs are based on a scientific discovery made in the 1940s that magnetic fields induce distinctive
resonances in the nuclei of different atoms. The discovery was first applied for industrial use: in the 1950s,
Varian, a manufacturer of scientific instruments founded in 1948, developed machines to analyze the
composition of petroleum and other chemicals.a
Raymond Damadian, a physician and researcher at the State University of New York, pioneered efforts
to harness magnetic resonance for medical diagnosis. In 1971, he published (in Science) an article purporting
a These machines applied a uniform magnetic field to a very small sample, and then periodically transmitted radio waves through

the sample to measure the resonance of individual atoms. The measurements revealed the sample’s chemical composition (as
described in the box “Lauterbur’s and Mansfield’s Contributions”).

to show that magnetic resonance could identify cancerous cells. The following year, with the support of a
National Institutes of Health (NIH) grant, Damadian filed for a patent for “an apparatus and method” that
would use magnetic resonance to detect the presence and degree of malignancy in cancerous tissues. The
patent office approved Damadian’s application in 1974, and the National Cancer Institute (NCI, which
belongs to the NIH family) gave him an additional grant to build and test the apparatus he had patented.3
Damadian’s 1971 article turned out to be based on a faulty premise – that cancer tissue had a distinctive
resonance – and his patent application only claimed to detect malignancies, rather than to create images.
However, soon after Damadian published, chemist Paul Lauterbur (from New York State’s Stony Brook
University) and physicist Peter Mansfield (from the University of Nottingham, England) provided the
foundational ideas and techniques for imaging. (Their efforts may have been spurred to some degree by
Damadian’s article4, and as we will see, Damadian would become a pioneer in developing scanning devices
for practical use).
The chemistry professor Lauterbur (who would share the Nobel Prize in medicine with Mansfield in
2003) had undertaken research on magnetic resonance since his college days that combined theorizing
about the phenomena and developing the instruments necessary to test the theories. He had also helped a
Varian engineer start a company to produce magnetic resonance instruments and then served as its
temporary chief executive (while continuing to work with students on weekends). This experience was a
turning point for the chemist, who would spend the next three decades working on medical applications
of magnetic resonance.5 Most notably Lauterbur pioneered a technique (outlined in an article he published
in the spring of 1973)6 to locate the positions of water molecules within the bodyb which in turn could
provide the basis of images of specific cross sections.
The Nottingham physicist Mansfield had also undertaken research since his college days on magnetic
resonance that combined theorizing and instrument development with an additional twist: he had
developed expertise in attaching computers to his apparatuses for rapid analysis of data produced.
Mansfield’s seminal contribution (see box “Lauterbur’s and Mansfield’s Contributions”) was the
development of techniques that vastly increased the speed and efficiency of creating images from the
positions of water molecules (located through the techniques that Lauterbur had pioneered). 7
Lauterbur’s and Mansfield’s Contributions
(excerpted from the Nobel Committee website)
“In the late 1940s, Felix Bloch and Edward Purcell discovered nuclear magnetic resonance, or NMR, the concept that certain
atomic nuclei behave like microscopic magnets, which can be manipulated by external magnetic fields and radio waves in a
manner that can reveal the identity of the atoms in question. Since then NMR has been used to scrutinize the structure of
[organic] compounds … mainly through detecting the characteristic NMR signals transmitted from the hydrogen atoms ….
“An abundant source of hydrogen atoms, of course, is the water molecules that make up most of the content of our cells, and
in the early 1970s Paul Lauterbur showed how these could be viewed using NMR signals. Rather than using … uniform
magnetic fields researchers traditional favoured for detecting hydrogen atoms … Lauterbur deliberately introduced small
variations, or gradients, in the strength of the magnetic field, and he showed these variations can distinguish hydrogen nuclei
…. Applying these magnetic field gradients in different directions … and combining the resulting NMR signals allowed
Lauterbur to construct images that could pinpoint the … locations of hydrogen nuclei.
“Peter Mansfield … developed efficient ways by which to acquire NMR signals and construct these images; methods that
have improved the resolution and speed of MRI to such an extent that images can now be captured in a matter of seconds, not
hours. Mansfield’s improvements have provided doctors with the opportunity to view many of life’s essential functions, from
the workings of the brain to the beating of a heart.”
From “A Glimpse of the Life Magnetic” by Joachim Pietzsch, for Nobelprize.org

b The technique involved applying a gradient to the magnetic field (as described in the box “Lauterbur’s and Mansfield’s

Contributions”). Mansfield would independently develop a similar technique before learning of Lauterbur’s work at a conference in
the fall of 1973.
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Like Lauterbur, Mansfield reoriented his research after the early 1970s towards medical applications,
securing a grant from Britain’s Medical Research Council in 1977.8 By then, interest in diagnostic imaging
had also prompted other researchers at Nottingham University – and in Aberdeen, Scotland; Zurich,
Switzerland; and San Francisco, California – to try to develop MRI techniques and prototypes. Many of
these researchers would later join or form companies to produce MRI machines (as discussed below and in
Section 2).
In 1974, the British conglomerate, Electric & Musical Industries (EMI), became the first established
company to start developing MRIs, in consultation with Mansfield 9 and his Nottingham colleagues.10 EMI,
whose main businesses had been in the entertainment industry, had pioneered CT scanners; the devices,
which the company first sold in 1972, had enjoyed great success because in many applications they
provided sharper images than traditional X-Rays.c EMI management believed MRI had the “potential to
rival its then burgeoning CT X-ray business.”11
Meanwhile, Damadian had switched from developing an instrument to detect malignant cells to
building an imaging device. He financed the development with his NCI grant and money raised from
family and friends. In the spring of 1977 his prototype d successfully produced a cross-section of the chest
of a member of his research team, and, the next year, he founded FONAR e Corporation to develop and
manufacture MRI scanners.12
By the end of 1981, eleven more companies had followed FONAR and EMI into MRI development. (See
Table 1) Eight already sold CTs and other diagnostic devices. One—Bruker—had made machines that used
magnetic resonance to analyze chemicals, and two—Nalorac and Metriflow--were startups with ties to
academic MRI researchers. Five entrants in this first wave--FONAR, Siemens, Philips, General Electric (GE),
and Toshiba—would dominate the market; four (EMI, Technicare, Thomson-CGR, and Elscint) would sell
off their MRI businesses to the market leaders. One of the startups, Nalorac, would shift its focus to selling
the magnets used in MRIs, and the other, Metriflow, would dissolve in 1994 after failing to find a market
for its scanners.13

c Traditional two-dimensional X-rays gave prominence to bones, obscured soft tissues, and made it difficult to locate tumors or other

problems. CT scanners also used X-rays, but scanned patients from several angles and used a computer to compile an image based
on the information taken in all the scans. Therefore, CT could produce cross sections that showed soft tissues in addition to bones,
such as the brain inside the skull. Ultrasound, another imaging technology available at the time, relied on sound waves but offered
only rudimentary images and therefore did not present a viable alternative to CT or MRI.
d The prototype featured a huge, doughnut-shaped magnet to generate the necessary magnetic field around a person and a computer

that compiled the data into an image like Lauterbur and Mansfield had proposed (and like a CT scan did). In order to make a humansized MRI, Damadian and his team built their own electromagnet from scratch, but magnet producers like Oxford Instruments soon
ramped up production to meet the new demand for the different types of magnets used in MRI.
e FONAR was originally an acronym that stood for “field focusing nuclear magnetic resonance,” Damadian’s method for producing

MRI.

3

Table 1

Entrants, 1974-1981

*Pfizer sponsored MRI research at the UCSF Radiologic Lab.
Sources: Steinberg and Cohen (1984) and Mitchell (1988).

2. Securing FDA Approval for the New Devices (early 1980s)
Before manufacturers could sell any MRIs, however, the Food and Drug Administration (FDA) issued
rules (authorized by the 1976 Medical Device Regulation Act 14) requiring MRI to undergo clinical trials for
safety and effectiveness.15 The Act required the FDA to classify devices as new products or extensions of
existing products. Devices classified as new had to undergo clinical trials (the results of which would be
reviewed by the FDA) before they could be sold.16 If, however, the FDA classified a device as an extension
of an existing device, no trial was necessary; companies merely had to file a “510(k)” notification with the
FDA ninety days before marketing of their device.
Clinical trials themselves required FDA approval; companies had to submit applications specifying how
their trials would be conducted, which the FDA scrutinized for safety and trial design. 17 And, during the
trial period, companies were prohibited from promoting their devices; charging more than necessary to
recover costs of R&D, manufacture, and handling; and making claims of “safety” or “effectiveness.”18
In 1981, the FDA classified MRIs as new devices requiring clinical trials—the first ever such
classification under the 1976 Act. Over a dozen companies then joined with their trade association 19 to
challenge the FDA’s classification, claiming that MRIs were simply extensions of instruments used to
analyze chemicals. However, they also took the precaution of applying to the FDA for permission to run
clinical trials (in case their challenge failed).
In addition to securing permission from the FDA, MRI developers had to persuade hospitals to
participate in the trials. Participating hospitals faced considerable expenses: even at manufacturers’ costs,
prices for the machines were high.20 Installing MRIs also required shielding rooms to contain the powerful
magnetic field generated by the machines. And, commissioning an MRI could take more than a year. 21
Nonetheless, American hospitals had incentives to participate in MRI trials. Participants could secure
government- and company-funded research grants. Manufacturers offered attractive terms, such as
allowing hospitals to defer full payment until they converted their MRIs from research use to clinical use.
And some teaching hospitals could share costs with affiliated universities. 22
Hospitals running trials may have also have expected advantages in securing “Certificates of Need”
(CONs).23 CON rules (authorized under 1974 legislation intended to limit unnecessary purchases of
expensive capital equipment) required hospitals to demonstrate that other providers in the same area did
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not have surplus capacity.f Applying for CONs in the course of a trial, 24 before the FDA had approved
MRIs for broad use, limited the possibility that another hospital would already have surplus capacity.
In spite of the difficulties presented by the rules requiring clinical trials, six startup businesses (with ties
to academic research programs) initiated MRI development in the early 1980s. (Table 2) The startups may
have been encouraged by the high valuation of stocks in small MRI companies,25 which had experienced a
boom between 1981 and 1983.g However, these second wave startups did not garner the same enthusiasm
from investors, and they all eventually exited. Another six companies who were established producers of
medical and scientific equipment also initiated MRI development in the 1980s (see Table 2), of which only
two would achieve any success. (Hitachi, from Japan, would become a leader in next generation MRIs, as
discussed in Section 4, and Instrumentarium, from Finland, would find a niche in low-cost scanners before
being acquired by GE in 2003.)
Table 2

Entrants, 1982-1984

Sources: Steinberg and Cohen (1984) and Mitchell (1988).

3. Post-Approval Commercial Adoptions (late 1980s)
By 1984, eleven companies had run clinical trials on nearly 10,000 patients worldwide, and three more
companies were preparing for trials.26 By 1988, eleven of those fourteen companies had obtained approval
from the FDA to sell their MRIs.27 (See Table 3)

f The law also applied to CT scanners. 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 operating at a minimum rate of 2,500 scans per
year. The guidelines helped trigger a 33% decline in CT sales in 1978.
g Stocks in small MRI companies sharply declined in late 1983 as analysts predicted that large, multinational medical imaging

companies would take over the emerging MRI industry, as they had done in CT.
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Table 3

MRI Clinical Trials and FDA approvals to market, 1978-1988

*Picker (GEC) “inherited” EMI’s first placements at the University of Nottingham Hospital, Nottingham, England, and the HIRST Research
Center, London, England. FONAR placed a single scanner at a freestanding imaging center in the U.S. in late 1980 (it was later
removed).
**Diasonics took over sponsorship of the UCSF Radiologic Lab from Pfizer in 1981.
Sources: Steinberg and Cohen (1984), Mitchell (1988), Kleinfield (1985), company records, and the FDA approval database.

In 1988, four years after the FDA had first approved the commercial sale of MRI equipment that had
satisfied the agency's clinical trial requirements, and after over a thousand MRIs had been used in normal
clinical practice, the FDA relaxed the conditions for the marketing of any new MRI equipment. From then
onwards, the FDA would treat any new MRIs as (relatively) low risk extensions of an existing
technology. This freed manufacturers from having to undertake clinical trials. 28
The main beneficiaries of the relaxed rules turned out to be companies that were already selling MRI
equipment. Eight developers who hadn't secured approval to sell had already given up. Three Japanese
companies—Toshiba, Hitachi, and Shimadzu—that had been selling MRIs in their home market used the
rule revision to enter the U.S. market. And, leading MRI companies expanded their product lines,
introducing accessories, parts, mobile scanners, higher-powered scanners, and lower-cost scanners.29
Annual units sold in the U.S. (after the FDA began approving commercial sales) more than doubled
between 1984 and 1991h (See Figure 2) in spite of MRI’s high unit prices—between USD$800,000 and USD$2
million--and maintenance costs – which were estimated at up to USD$415,000 annually. 30

h Although the MRI market more than doubled in its first eight years, MRI adoption was slower than CT scanner adoption. Five years

after the introduction of CT, over 900 devices were installed in U.S. hospitals. Five years after the introduction of MRI, over 350 devices
had been installed in U.S. hospitals and imaging centers. Sources: The Office of Technology Assessment (1978) and Steinberg (1985).
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Figure 2

Source: Hillman and Goldsmith (2010).

Researchers in prestigious hospitals (particularly those that had participated in trials) and professional
associations supported this growth. Researchers codified and disseminated MRI techniques in books and
journal articles, often with the support of grants from manufacturers. The American College of Radiology
and other professional associations undertook educational initiatives. 31 In addition, these groups
successfully lobbied for insurance coverage for MRI scans. By 1985, twenty-four private insurance
companies and Medicare (a government-sponsored insurance program for the elderly) had started to
reimburse for MRI scanning.32
MRI manufacturers also supported growth through training programs. Siemens, for instance, built a
USD$10 million, 70,000-sq.-ft. training facility, which employed 35 full-time instructors.33
Between 1986 and 1991, scanning performed in the U.S. increased more than four-fold, to 6.5 million
MRI scans.34 Physicians increasingly substituted MRI for CT when scanning the brain and spinal cord
because MRIs produced superior images of soft tissues and fluids.i MRI scans became a routine method for
diagnosing and monitoring patients with multiple sclerosis, a disease that affects the central nervous
system, and Alzheimer’s, a disease that affects the brain. Orthopedic specialists also increasingly ordered
MRIs for tendon and joint treatments. 35
New, freestanding imaging centers that also offered CT and ultrasound j scanning accounted for
increasing shares of MRI installations. 36 (See Figure 3)

i Nevertheless, CT scans continued to increase during the period.
j Ultrasound scanners use sound waves to create images of the soft tissues and organs inside the body.
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Figure 3

Sources: Cowley et al. (1994) and American Hospital Association statistics.

Standalone centers enjoyed three advantages over hospital-based facilities.37 New constructions could
be customized to accommodate large, complex machines. Centers were exempted from buying and
reimbursement rules: they did not have to secure Certificates of Need (CONs) before acquiring MRIs (as
hospitals did). And, Medicare did not limit reimbursement for scanning done at centers, as it did for
hospitals.k In addition, physicians could make referrals to the centers that they owned.
Five years after MRIs were first sold, the MRI market in the U.S. became highly concentrated. 38 (See
Figure 4) Of the top six MRI manufacturers five also made CTs and other imaging devices; only Damadian’s
FONAR Corp. specialized in MRI. l
Figure 4

Sources: Hoppszallern, et al. (1991) and Cohen and Hanft (2004).

k Medicare reimbursed freestanding imaging centers for every MRI performed, instead of paying a fixed flat fee for each patient’s

diagnosis as it did for hospitals. For example, if a patient was diagnosed with multiple sclerosis at a hospital, the hospital would be
paid a flat fee no matter how many MRI scans were needed to make and confirm the diagnosis.
l FONAR was not profitable until the late 1980s, by which time it had begun to sue its much larger rivals for patent infringement.

Although FONAR had mixed results in its first lawsuit against Technicare, the Supreme Court sided with FONAR in its suit against
GE in 1997. Siemens, Shimadzu, Hitachi, Toshiba, and Philips all settled out of court with FONAR.
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General Electric (GE) had secured leadership in part by acquiring rival Technicare m; leveraging the
sales, training, servicing, and financing capabilities of its other businesses; and facilitating the growth of
imaging centers.39 (See box “GE’s MRI Offerings”)
GE’s MRI Offerings

GE drew on the resources and expertise from its other businesses (such as GE Capital, GE Information Services, GE
Consulting Services, and Employers Reinsurance) to offer a wide range of services to MRI 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).
Telemarketing.
Automated ordering systems for supplies and accessories.
Construction services for freestanding imaging centers.

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

MRI installations in the rest of the world lagged, as in CTs, making the U.S. the largest market. 40 (See
Figure 5) Regulators in six European countries—Belgium, France, Germany, Italy, the Netherlands, and
the United Kingdom—restricted the number and use of scanners. Other countries, such as Denmark,
Greece, and Luxembourg, had no explicit restrictions, but health facilities in those countries opted to limit
their purchases of MRI scanners.41
Figure 5

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

Japan, as in CTs, was an exception, however, with adoption per capita approaching U.S. levels by 1990. 42
(See Figures 6 and 7) Later, Japan would surpass U.S. levels of adoption (See Figure 10).43 Japan had no
CON-like regulations that limited purchases. And, low, government-mandated reimbursement rates (set

m GE acquired Technicare from parent company Johnson & Johnson in 1986.
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at about one-fifth of U.S. rates at the time) had encouraged Hitachi, Toshiba, and Shimadzu to design
smaller, simpler systems that sold at about half of U.S. prices. n
Figures 6 and 7

Sources: Lazaro and Fitch (1995), Stocking (1988), Le Gales, et al. (1988) and the Organization for Economic Cooperation and
Development (2015).

4. Growth after Setbacks (1990s)
In the early 1990s, public and private insurance companies in the U.S. cut reimbursement rates for MRI
significantly—some by as much as one half. Meanwhile, after some controversy, physicians were banned
from referring patients to their own freestanding imaging centers. o The growth of new freestanding
imaging centers slowed,p and some closed altogether.44
For a few years, MRI sales declined, but starting in 1996 U.S. MRI sales rebounded and expanded
dramatically.q (See Figure 8)45
Figure 8

Source: Hillman and Goldsmith (2010).

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

and set the fee schedule for all health care providers.
o The 1989 and 1993 laws that limited physician self-referrals (in laboratory, imaging, and other services) are known as Stark I and II,

after Congressman Pete Stark, who sponsored the legislation.
pDuring this period, many physicians sold their centers to corporations, some of which ran state- or region-wide networks of imaging

centers.
q Sales of CTs also expanded during the late 1990s.
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New lower-cost designs that had been first introduced by Hitachi in Japan in 1987 and then by Diasonics
in the U.S. in 1988 helped restore growth. 46 The designs were originally intended to reduce costs by using
smaller, lower-powered magnets. Japanese scanning facilities with lower reimbursement rates and
freestanding imaging centers struggling to survive in the U.S. eagerly adopted the designs (although small,
low-power magnets reduced the quality of scans). The smaller magnets also unexpectedly helped increase
patient acceptance. Previous MRI designs had enclosed patients in long, narrow tubes, inducing
claustrophobia in some patients, who would then refuse follow-up MRIs.r MRIs with smaller magnets were
less confining. After manufacturers improved the quality of the scans produced by these so-called “open”
MRI designs, radiology departments and centers could convince more patients to undergo MRIs.
Open designs also expanded MRI’s utility. Siemens and GE developed MRIs in the mid-1990s to help
surgeons perform minimally invasive surgeries (a technique that was then gaining popularity). And
Damadian’s FONAR Corp. developed a scanner that allowed patients to sit or stand (instead of lying
down), so physicians could see how patients’ backs and joints bore weight.
Competition from open MRIs spurred improvements in traditional (“closed”) MRIs. 47 Manufacturers
developed smaller magnets and more compact cooling systems. These improvements reduced the size of
the rooms required to house MRIs and installation time from months (for older model MRIs) to just one
week.s And these systems often offered higher quality images than the open designs, increasing demand
for their use in diagnosing and treating strokes, blood clots, and hip, back, and knee problems.
Demand for new MRIs was also stimulated by the need to replace older scanners; training provided by
professional associations; an increase in “defensive” scanning to forestall malpractice suits (for failure to
diagnose diseases like cancer); and marketing campaigns conducted by MRI producers encouraging
consumers to ask their physicians for MRIs. 48
Meanwhile, Japan overtook the U.S. in scanners per capita (though not in total units installed) as
scanning facilities there continued to adopt low-cost machines.49 (See Figures 9 and 10)
Figures 9 and 10

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

Adoption also increased in countries and regions where use had been low, such as post-Soviet Eastern
Europe, India, Southeast Asia, Australia, and Brazil for a variety of reasons (see box “MRI Adoption
Worldwide”).50

r Early MRI machines were also loud, increasing patients’ discomfort.
s Companies also offered improved scanning software and hardware that allowed researchers to perform advanced techniques like

fMRI, which tracks brain activity by measuring oxygen levels in blood flowing through the brain.
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Global market growth was evenly divided between traditional and open MRIs. 51 (See Figure 11) Hitachi
became market leader in open MRI, while Siemens and GE remained leaders in traditional MRI. t 52 (See
Figure 12)
MRI Adoption Worldwide

Demand for MRI and other higher-cost health care resources increased in different regions of the world outside of the
U.S. and Japan for a variety of reasons. These included:







Wider consensus among physicians, health care facility administrators, and regulators regarding the utility of MRI,
especially in Australia.
Growing middle and upper classes that demanded sophisticated health care, especially in India, Southeast Asia, and
Brazil.
Increases in health insurance coverage, especially in India and Brazil.
Government incentives, investment, and mandates to modernize health care facilities, especially in Southeast Asia
and Brazil.
Opening of markets that were previously closed in post-Soviet Eastern Europe.
Improved warrantees and service plans offered by vendors, especially in India and Southeast Asia.

Figure 11

Source: Frost & Sullivan (1998).

Figure 12

Source: Frost & Sullivan (1998).

t Picker acquired Elscint in 1998 and was bought by Philips in 2001.
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5. Epilogue (after 2000)
Today, four companies—Siemens, GE, Hitachi, and Toshiba—dominate MRI markets, although their
shares vary by region.53 Siemens and GE lead in the U.S., Europe, and Latin America, while Hitachi and
Toshiba lead in Japan.
Meanwhile, several smaller players from Europe and Asia are seeking more U.S. sales. 54 European
manufacturers Esaote and Paramed are now selling in the U.S., and five Chinese manufacturers--Neusoft,
Wandong, Anke, Xioao Mdt, and Shanghai Chenguang—are preparing to market devices in the U.S.
Twenty-seven other companies have also introduced complementary devices used in specialized MRI
procedures.
In 2010, physicians performed over 30 million MRI scans in the United States alone, up from just 1
million scans in 1985.55 Significant increases, accounting for nearly sixty percent of all MRI scans, occurred
because of greater MRI use in breast cancer and cardiac disease screening, and in scanning that used
contrast agents.u (See Table 4) Several studies supported the increased use. For instance, studies showed
MRIs detected breast cancers in high-risk patients (i.e. with a family history of breast cancer or a genetic
mutation associated with breast cancer) that routine mammograms missed. 56 This research led some
experts to suggest MRI screening between annual mammograms for high risk patients. 57 Similarly, studies
showed that supplementing ultrasound cardiac screening of patients with MRI scans improved detection
of arterial plaque buildup (and could thus predict heart attacks and strokes).58
Use of contrast agents was supported by research (dating back to the 1980s) showing that injecting such
agents into patients before MRI scans improved the clarity of images of blood vessels, organs, and tumors.
Additionally, leading MRI manufacturers sought to expand development and use of contrast agents by
acquiring related businesses; for instance, GE acquired Amersham, the world’s largest producer of contrast
agents, in 2004, and in 2007 Siemens acquired the diagnostics division of the German pharmaceutical maker
Bayer.59
Table 4

Changes in MRI Utilization, 1985 and 2010v

Sources: Bell (1996) and Evens, Jost, and Evens (1985), Frost & Sullivan (2016), and the Organization for Economic Cooperation and
Development (2015).

The role of MRIs vis-a-vis CTs remained uncertain. At the time of their debut in the mid-1980s, many
had believed MRIs would someday make CT scanners obsolete. However, although MRIs had displaced
u Contrast agents are compounds that are ingested or injected into body before a patient is scanned to improve the image produced.

They are used in X-ray and CT scanning, as well as MRI scanning.
v General scans in the abdomen, chest, and pelvis categories are now more likely to be done on CT or ultrasound, or, as in the cases

of kidney disease or cancers in abdominal organs, are likely to fall into the contrast agent category. fMRI is fast, real-time tracking of
blood flow in the brain.
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CTs for some uses, in other instances they had complemented CTs or had been used in applications where
CTs (and other imaging technologies) could not be used. And even observers who declared that “MRI is
the future” did not predict the demise of CTs. Rather some expected the “huge potential” w of MRIs to be
realized through developments such as MRI-guided, ultrasound surgeryx; systems that combine MRI with
CT or PETy imaging to improve cardiac and cancer scanning; and MRI contrast agents that destroy
tumors.60

w British Journal of Radiology, 2008.
x Ultrasound imaging detects objects by sending out high-frequency sound waves. If the wave hits an object, the wave bounces back

to the detector, indicating the position of the object. When the waves hit the object, the waves produce heat and force, which can be
manipulated and intensified to remove an unwanted object, such as a fibroid or tumor.
y PET stands for positron emissions tomography, a system that tracks radioactive contrast agents.
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