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B Abstract

Clinical examination is a generic term for the practice of scientifically and objectively examining the
patient's condition and providing the data necessary for diagnosis.

From the second half of the 19th century right up to the Second World War, a succession of important
breakthroughs was achieved in the field of the analytical technologies and measurement methodologies
constituting clinical examination that ended up establishing the foundations of today's testing technology.
However, it was not until after the Second World War that clinical examination became available for every
patient. In Japan, in particular, due to the difficulty of using technical information from Europe and the United
States before and during the war, immediately post-war Japan found itself more than a decade behind the
United States in technology. Nevertheless, starting in the late 1950s, clinical examinations were routinely
implemented in many hospitals, and in the 1970s, a wide range of instruments and reagents were domestically
produced. In addition, in the 1980s, Japan managed to create a number of unique products in several fields
which became widely used internationally. Test items have expanded and been enhanced as a result of
emerging fields of imaging diagnostics such as CT and ultrasound and immunoassays such as virus testing and
tumor marker testing. These new and expanded test items have had profound impacts on medical care.

Of these new developments, laboratory testing using blood as a specimen is an examination group which
was effectively in use back in the 1950s. While certainly a late starter compared to X-ray technology, its
development has been remarkable. Over the past 60 years, the number of annual tests in hospitals with
around 500 beds has expanded a hundredfold, from about 20,000 to 2,000,000. Today, the number of items
to be tested (the number of different substances to be analyzed) is some 600 items even restricting them
just to the health insurance reimbursement list, and measurement sensitivity has reached the sub pg/mL
level. Behind this dramatic expansion of clinical examination has been the collaboration between hospitals
and their staff, and reagent/equipment manufacturers, not to mention the number of new technologies
incorporated.

In this survey, we investigated the following while tracing technological trends: the systematic development
of those core technologies which constitute clinical examinations along with the technical breakthrough
that formed the starting point, the creation of a new examination field that has been responsible for rapidly
expanding the number of laboratory tests after the war, and an overview of the technological innovation of
laboratory testing instruments and reagents.

In terms of clinical testing technologies, in general too much attention is focused on the measurement
principle that clarifies part of the disease mechanism and its clinical significance. However, this is a rather
narrow viewpoint: in consideration of the fact that a massive number of clinical examinations are carried out
daily, in order to understand the technology it is also essential to have a broader perspective, looking at such
areas as hospital operation, medical economics, and also evaluate the business activities involved in the
manufacture of test reagents and equipment as an industry. Therefore, consideration was paid to discussing
the characteristics and evaluation of clinical examination technologies from a macro viewpoint.

In consideration of this, the structure of this report is as follows.

Chapter 1: Introduction

Scope of the research, research direction.
Chapter 2: About clinical examination
Analysis in terms of medical settings, medical fees, examination-related business, and so on.

Chapter 3: Types and histories of clinical examination technologies

Technical systematization analysis based around four pillars: bacteria & cell observation, diagnostic
imaging, physical measurement, and component analysis.

Chapter 4: Clinical chemistry

Analysis of blood components, history of item expansion, and the environment that supported this
development.

Chapter 5: Automated analyzer

The mutual development of automated measurement devices and chemical/biochemical reagent
technology, and the development path of automatic blood cell counters.



Chapter 6: Immunoassay
History of development of the highly-sensitive assay method based on the antigen-antibody reaction.
Chapter 7: Automated immunoassay
Latex particle agglutination immunoassay and chemiluminescent immunoassay automation technology
Chapter 8: High-sensitivity examination items
Hormones, hepatitis virus, tumor markers, and other major items with large sales.
Chapter 9: Trends in clinical testing environment
Standardization of clinical testing, transition of medical fee reimbursements, computerization
Chapter 10: Future trends and discussion
Problems and future trends of clinical examination, and a discussion of Japan's contributions in this area.
In Chapters 2 and 3, trends in the technical lineage of general clinical examinations were analyzed as a
development of the four pillars. In Chapters 4 to 9, an attempt at systematization was made by analyzing
the aspects of examination technology focused on specimen examination that progressed in capability from
clinical chemistry, to biochemistry, to immunoassays, gaining higher sensitivity and performance. In Chapter
10, problems faced by the specimen testing technology were analyzed, and the author’s opinions offered. The
roles that Japanese researchers and companies have played in the development of clinical testing technology
were also summarized.
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Historical Development of Air Conditioner Technology
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B Abstract

What we call “Air-Con” in Japan is taken from the English term “Air Conditioner,” as it is a device for
maintaining the air temperature/humidity, airflow and dust at optimum levels for people and/or objects in a
room. This concept came to Japan during the Meiji Period (1868-1912) , but it was near the end of Meiji
Era when an air-cooling device first started to be actually imported into Japan. After the introduction of
the first cooler into a spinning mill in 1907, more coolers found their way into spinning mills, as the textile
industry was Japan’s core industry at the time, and it was around 1930 that domestically-made coolers
started to appear. As it was essential to control the temperature and humidity of manufacturing processes in
the textile industry, in order to maintain the flexibility and resiliency of the fabric, prevent the built-up of static
electricity caused by friction, and maintain the thickness of the yarn, coolers were an essential investment,
and the textile industry became a vital foreign currency earner for the country.

During the late Taisho Period (1912-1926) , when the government was pushing to modernize the country
and movements to improve living conditions became popular, home appliances were vigorously advertised
as a means of modernizing family life. Among home appliances, electric fans were the first to be totally
made-in-Japan and were brought to the domestic market for the first time in 1913. In terms of residential air
conditioners, the first type to be installed in Japanese homes was made by Carrier Corporation of the US
and cooled the entire house. Importation of this model started in 1932 and it is estimated that a total of 290
units had been installed by 1937. The Japanese postwar economy experienced a number of home appliance
booms from 1955 onwards, starting with the Jinmu Boom and the /wato Boom with their three “sacred
treasures” (refrigerator, washing machine, and black-and-white television), followed in 1965 by the /zanagi
Boom, which is the period the three Cs (car, color television and cooler), thus starting the popularization of
air conditioning in Japan.

The market for air conditioners clearly leads other home appliances in terms of sheer scale, and although
it depends on the weather, usually bordering on 760 billion yen (as of 2013), which is roughly one third of
the entire home appliance market. This is nearly equal to that of the personal computer market (including
information-related devices/audiovisual equipment), and about double that of the market for color televisions.
In terms of consumer penetration rate, as the average number of air conditioners per household is 2.75, this
is more than mobile phones (2.3), meaning that most households own multiple air conditioners, and they are
becoming the most common and sought-after appliance for the home. In terms of numbers, the global demand
for air conditioners is around 93 million units, approximately 10% of which 9.4 million units (as of 2013)
were sold in Japan.

In terms of changes that have occurred during the development of air conditioners, technological innovation
has followed the basic functions demanded by the market, which can be categorized into the three types as
follows.

1. Space-saving Technology
Air conditioners need to be installed neatly before they can be appreciated. Therefore, space-saving
technology is the first appropriate technology.

2. Energy Conservation Technology

Among the multitude of different home appliances, as air conditioners consume great amounts of power,
energy conservation technology is central to all core technologies. The introduction of air conditioners
unfortunately coincided with the 1973 oil crisis, which caused widespread social disruption and brought
popularization of air conditioners all but to a halt, while in recent years, environmental issues, such as global
warming, have meant that energy conservation is a theme that air conditioner manufacturers cannot afford to
ignore.



3. Comfort-enhancing Technology
Although air conditioning involves physically controlling air temperature/humidity and airflow (air velocity)
for the comfort of users, manufacturers are introducing value-added functions to improve the quality of indoor

air and provide benefits in terms of health and hygiene.
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Historical Development X-ray Tube Assembly for Medical Use
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B Abstract

In the year following the discovery of X-rays by Wilhelm Conrad Rontgen in 1895, gas-filled X-ray tubes (ion
tubes) that improved on the Crookes tube were invented that used a concave cathode and an anticathode
set at 45° . Before long, experiments were being conducted in Japan where X-rays were transmitted through
things such as hands and plants. Then in 1909, Shimadzu Corporation (Shimadzu) delivered Japan’s first
X-ray apparatus to Kohnodai Hospital in Chiba Prefecture, which used an induction coil powered by a storage
battery to electrify an ion tube. The outbreak of World War | in 1914 made X-ray tubes difficult to import
and prompted their domestication, and Tokyo Electric Company (Toshiba Medical Systems Corporation;
Toshiba), who were manufacturing incandescent light bulbs, developed Japan’s first X-ray tube in 1915 -
the GIBA ion tube." lon tubes were unstable products, and in 1913 William Coolidge invented an improved
thermionic tube that could produce a stable X-ray output. After a patent had been issued, Toshiba obtained a
patent license (1920-1934) to manufacture and sell them in Japan.

While Toshiba gradually reduced the size of the central bulge of the Coolidge tube during the 15 years
in which their patent license was valid, they also found ways of increasing X-ray output by changing the
construction of the copper or Kovar ring seal where it meets the copper anode so that the heat generated at
the anode could be cooled from the outside with air, water, or oil. This seal technology was later revived for
the rotating anode X-ray tubes. From then on, Toshiba worked to introduce various improvements, such as
dual focus X-ray tubes and oil-immersed tubes, while making the tubes smaller overall and using borosilicate
glass for the tube envelopes. By the time they developed the electric-shockproof and X-ray-shielded JAPANIX
tube, they had achieved near-world-class technology.

When Toshiba’s license for the Coolidge patent expired, Shimadzu and Shibuya Roentgen Co. (later
acquired by Hitachi, Ltd.), who had been making preparations in advance, began developing and
manufacturing X-ray tubes, and by 1945, they both had similar product ranges to compete with Toshiba.

After the end of World War Il, as X-ray tubes still suffered from a rapid drop-off in performance, fearing that
this would cause a deterioration in the state of medical care, the government instructed companies to put
competition on hold and commence a joint research effort to stabilize product quality. In the 1960s, changes
in the lifestyle of Japanese people made examination for gastrointestinal cancer necessary. An X-TV remote-
control fluoroscopy system was developed using newly commercialized technology, such as the rotating
anode X-ray tube and a new image intensifier. The change from conventional indirect chest still imaging to
fluoroscopy (dynamic imaging) created the need for high-power microfocus X-ray tubes with rapidly rotating
anodes with increased heat capacity. It would appear that the development of gastrointestinal imaging led
in turn to the development of tungsten-molybdenum targets, and that high-speed high-temperature bearing
technology later contributed greatly to the development of CT and X-ray tubes for cardiovascular imaging.
X-ray tubes gradually abandoned fixed anodes in favor of high value-added rotating anodes, and by the
1980s, X-ray tubes for general imaging were being tailored for tomography and cardiovascular imaging, as
well as various other procedures, such as mammography, routine bed-side radiography, stereography, and
radiographic magnification. This was done by modifying the tubes’ target assembly, target diameter, target
angle, anode heat capacity, and rotational speed. Recently, unique products using Japanese technologies,
such as diode X-ray tubes with a 100 um focus, X-ray tubes with reduced focal spot blooming, and X-ray
tubes that can withstand a 150 kV capacitor discharge, have been developed.

The invention of computed tomography (CT) by Godfrey Newbold Hounsfield has been called the greatest
advancement in the field of X-ray radiography since the invention of the Coolidge tube, and CT equipment
began to be imported in 1975 after its commercialization, initially from EMI in the UK, and then from
many other overseas manufacturers. In Japan, after Hitachi announced the CT-H 250 head scanner at the
Japanese Society of Radiological Technology in May 1975, a race began between three companies (Toshiba,
Hitachi, and Shimadzu) to develop their own CT technology. The early units originally used a foreign-made
rotating-anode X-ray tube with an anode heat capacity of 750 kHU for making single-slice whole-body scans,
but these tubes were gradually replaced by domestic alternatives. CT technology developed rapidly and

1 Essential Historical Materials for Science and Technology Registration No.00047 (2010)



entered the era of volume helical scanning, with multi-slice detector arrays containing 320 elements being
produced. Toshiba developed an X-ray tube unit for CT with the highest performance in the world; with a
heat capacity of 4,000 kHU it was capable of making a scan in less than one second. CT imaging could
capture areas of low attenuation that were undetectable with conventional X-ray technology, and it also made
three-dimensional imaging possible. The era of digital flat panel detectors (FPDs) arrived, and they quickly
became a practical alternative to photosensitive films and intensifying screens. In this way, X-ray radiography
transitioned from analog (negative images called “shadowgraphs”) to digital images.

| would like to think that Toshiba, who had acquired the rights to the Coolidge patent, was able to master
the technology for manufacturing X-ray tubes on the basis of its guidance rather than having to imitate it, and
was therefore rather fortunate to be able to catch up with the rest of world by systematizing the technology.
X-ray tubes rest on a foundation of other products, such as photosensitive materials, photography equipment,
and apparatus for generating high-voltage electricity. Accordingly, although the penetrating power of X-rays
has tended to increase with changes in these peripheral technologies to enable high definition three-
dimensional imaging under CT, technologies such as endoscopy, ultrasonography, and magnetic resonance
imaging (MRI) that do not use radiation are gradually invading the domain of the X-ray. In this paper |
will provide a point-by-point description of the systematization of X-ray technology and the strengths and
weaknesses of X-rays.
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Systematic Survey on Optical Microscope Technology in Japan
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B Abstract

Microscopes are tools for observing infinitesimal objects that are invisible to the naked eye. Invented
in the Dutch Republic in the late 16th century, handmade microscopes were used to discover cells and
microorganisms in the 17th century, thus unveiling the microscopic world. Manufacturers of microscopes
began to appear mostly in England in the 18th century, but microscope performance did not significantly
improve until the second half of the 19th century. At the end of the 19th century, the German and Austrian
lens manufacturers suddenly became the leading optics companies in the world, building on the foundation
laid by Ernst Abbe, who established a theory of image formation and a method of designing lenses, and
also drastically improved the performance of objective lenses. This improvement in the performance of
microscopes led to further developments in medicine, especially bacteriology, and in addition to major
achievements such as the discovery of the pathogens that have continuously plague mankind and ways of
dealing with them, microscopy has made substantial contributions to the development of all other fields of
science and industrial technologies.

In Japan, there was an increase in the importation of microscopes from the middle of the Meiji era, which
were mainly used in the medical and sericulture industries, and this led to the appearance of Japanese
who endeavored to make Japan’s first microscopes during the period spanning the end of the Meiji and
the beginning of the Taisho eras. Although reproducing foreign microscopes posed challenges, especially
with regard to the production of high power objective lenses, which is the ultimate sign of high quality,
this was overcome with the zeal and spirit of the craftsmen. Subsequent improvements and technological
developments improved the quality of Japanese microscopes, paving the road to birth of this industry
in Japan. The post-war period saw the emergence of a number of microscope manufacturers. Building
on the base of pre-war technological standards, and due to the establishment of the Japan Microscope
Manufacturers’ Association and joint efforts by industry/government/academia in terms of technological
research and standardization, slowly but surely, further improvements were made in terms of the level of
functionality and performance. This eventually led to the development of research microscopes, compound
microscopes and high-class microscopes for photography, and with improvements in quality control and
customer service, Japanese microscopes have come to be recognized throughout the world, with annual
exports to Europe and the US increasing year-on-year due to their superiority in terms of cost-performance.
This was made possible not only by the passion and tenacity of the researchers and engineers who worked
for the manufacturers, and the skill of the manufacturers, but also by thanks to the maturing of the domestic
industrial environment in terms of lens design techniques, optical glass quality and electronics technologies,
etc., and the support and expectations of personnel engaged in cutting edge research as users. Since the
late 1970s, the top two leading microscope manufacturers in Japan have progressively developed new
optical systems, and due to significant improvements in performance and usability with the introduction of
electronics technologies and the increase in the number of units/accessories, both companies have now
come to rank alongside the two German manufacturers as the top manufacturers in the world.

Thus the history of optical microscopes has been a tireless struggle to make visible the invisible. Beginning
with the performance increase obtained in objective lenses by the use of geometric optics, a variety of
methods of observation were established through the application of physical optics; interference, diffraction,
polarization, and fluorescence, etc., which contributed greatly to the progress of science and technology,
as well as industrial development. Many specialized types of microscopes exist; inverted microscopes,
stereoscopic microscopes, metallurgical (or industrial) microscopes, and so on, and these continue to evolve.
There exists a limit, imposed by the wavelength of light, on the resolving power of optical microscopes that
rely on visible light, and as the performance of objective lenses had also all but reached its limit, many
researchers held the view that further development of optical microscopes could not be expected, especially
in light of the development of electron microscopes. However, new forms of optical microscope, such as
the laser scanning microscope, emerged in the latter half of the 1980s, and optical microscopes made a
comeback as the mainstay of cutting-edge research, such as bio-imaging, in light of their advantages, which



include the ability to dynamically observe living biological specimens. Even more advanced multi-photon
excitation laser scanning microscopes and super-resolution microscopes have appeared, and further progress
is expected.

In this paper | will report on the history of such optical microscopes and the spread of the technology in
Japan, paying particular attention to optical technology for objective lenses. Following the introduction that is
Chapter 1, | will then report on the fundamental principles of optics and microscopes in Chapter 2, the history
of microscopes from their invention up until the 19th century in Chapter 3, the birth and growth of microscopy
in Japan with particular regard to the spread of upright biological microscopes in Chapter 4, the history and
development of the various microscopy techniques in Chapter 5, the history and development of the various
types of microscope in Chapter 6, the evolution of optical technology for microscopes with particular regard
to the development of objective lenses in Chapter 7, the latest optical microscopes in Chapter 8, and present
a conclusion and a discussion in Chapter 9. Mechanical and electronic design and production, which are
other important elements of optical microscope technology, have been omitted from this report as they are
outside the Author’s area of expertise.

The theory and application of the optical microscope has been the base for much Nobel prize-winning
research. The awarding of the 2014 Nobel Prize in Chemistry was connected with the development of super-
resolution microscopy, and even in Japan the optical microscope has played a part (amidst other important
research) in securing the Nobel Prize in Physiology or Medicine. Thus the optical microscope has been a
base for combining optical technology, electronics technology, and information technology, etc., to create
technology and equipment for visualizing vital phenomena that were previously thought to be impossible
to visualize. Researchers have long desired to have the ability to observe the invisible, and the struggle to
push the boundaries of optical microscopy will undoubtedly continue. | look forward to seeing Japanese
microscope R&D and manufacturing technology continue to lead the world in incorporating new theories,
technologies and materials to meet the needs of the biosciences and other fields of research.
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