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HUNDRED YEARS OF RADIOLOGY
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Wilhelm Conrad RÖNTGEN, as was his custom, was working alone in his laboratory on Friday, November
8. 1895, when he first made a discovery that would have an enormous impact on physical and medical
science and, indeed, upon all mankind. Let us have a short look on the personal record of Röntgen.

Wilhelm Conrad Röntgen was born in Lennep (today a suburb of Remscheid, Germany) on March 27, 1845
to Friedrich Conrad Röntgen, a distinguished cloth manufacturer, and his wife Charlotte Constanz, nee
Frowein. The Röntgen family was well known at Lennep. They had been weavers, cloth manufacturers and
merchants there for many generations. His mother was of Dutch origin. In 1848 many European countries,
including Germany, were shattered by revolutions. W.C.Röngen's parents sold their house in Lennep and
emigrated to Apeldoorn, The Netherlands. W.C.Röntgen attended primary school there, and later a private
boarding school, until 1861 when he left home to continue his studies in Utrecht. He spoke fluent Dutch,
and when he submitted his thesis to the University of Zürich (Switzerland) in 1869 he wrote to the front
page "Wilhelm Röntgen von Apeldoorn (Holland)". He must have felt very much at home in this Dutch
town. He received his doctorate from the University of Zürich and then became an assistant to Prof. Kundt.
Röntgen followed Kundt to Würzburg in 1870 and to Strasbourg in 1872 where he became "Privatdozent"
in 1874. He was appointed Professor of Physics at Hohenheim in 1875, at Strasbourg in 1876, and at
Giessen in 1879 where he was also Director of the Institute of Physics. In 1885 he was appointed Professor
at the Julius-Maximilian University of Würzburg where he later became rector.

W.C. Röntgen's scientific work encompassed many different fields of physics such as specific heat of gases,
elasticity, compressibility, capillarity, heat conduction in crystals, absorption of infra-red in vapors and
gases, piezoelectricity, electromagnetic effects of dielectric polarisation and convective electric currents.

Coming back on Friday, November 8, 1895. Like many other physicists of his time, Röntgen was
experimenting on cathode rays based on the research of Heinrich Hertz and P. Lenard. But on that date,
he noticed a new phenomenon that all other physicists had disregarded previously. It was the radiation,
unknown until then, which he named "X-rays" (to distinguish them from other rays already known).

For the next seven weeks, Röntgen remained secluded in his laboratory, concentrating on a number of
experiments. He worked in secrecy, determined to validate his observations until he was able to offer the
results to other scientists for confirmation or refutation. After extensive experimentation, Röntgen was
convinced that he was dealing with an entirely new kind of ray, unlike all others. He prepared a short
manuscript, "On a New Kind of Rays.a Preliminary Communication", which he presented to the secretary
of the Würzburg Physical Medical Society on December 28,1895. In his manuscript, Röntgen described the
generation of X-rays, noting that almost all materials were transparent to the X-rays. He wrote, "Paper is
very transparent: I observed that the fluorescent screen still glowed brightly behind a bound book of about
1,000 pages; the printer's ink had no noticeable effect". He concluded that "the transperency of various
substances assumed to be of equal thickness depends primarily upon their density". He made the important
distinction between X-rays and cathode rays, and noted that they were not ultraviolet rays. To get the word
out about his amazing discoveries, Röntgen sent copies of the article and prints of his X-ray pictures to a
number of well-known physicists. News of the discovery spread, bringing an end to Röntgen's peaceful
obscurity.

As news of Röntgen's discovery spread throughout the world, the quiet professor of physics became a
celebrity of sorts. "Our domestic peace is gone", Mrs. Röntgen was reported saying to a friend as the
international praise, condemnation and curiosity descended upon the couple's residence.

Röntgen received more than 1000 pieces of mail during the first week alone after his discovery of the X-rays
was announced. As word spread, newspaper speculations on the possible medical use of X-ray photographs
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led to experiments verifying the value of the new procedure. Within months, major medical and other
scientific journals printed X-ray illustrations and articles on the value of X-rays in medicine. In all of 1986,
more than 1000 papers relating to X-rays were published. Disdaining the growing tide of publicity, Röntgen
exclaimed, "they blew the trumpet out of proportion".

The first public demonstration of X-rays before a scientific body occured January 23, 1896, when Röntgen
addressed the Würzburg Physical Medical Society. During his presentation, Röntgen invited a colleague,
Albert von Kölliker, to have his hand photographed by the X-rays. Later, an X-ray picture of his hand was
displayed. Von Kölliker declared the new rays to henceforth be called "Röntgen-Rays". The lecture turned
out to be the only formal lecture Röntgen gave on the subject of X-rays during his life.

Among the honours bestowed on Röntgen were the gold Rumford medal from the Royal Society in London,
The Eliot-Cresson medal of the Franklin Institute in Philadelphia, and the Barnard medal awarded by
Columbia University. He also became Honorary member of the Röntgen Society London, Röntgen Society
Berlin, German Röntgen Society, Swiss Röntgen Society, New York Röntgen Society and Nordisk
Foerening for Med. Radiology.

Röntgen published his second paper on the subject on March 9, 1896. The third and final paper, titled
"Further Observations on the Property of the X-rays", appeared in May 1897.

In 1901, Röntgen became the first recipient of the Nobel Prize for Physics. He gave the prize money, 50.000
kronen, to support scientific research at the University of Würzburg, the site where he made his discovery.

In 1900, at the special request of the Bavarian government, Röntgen became Professor of Physics at the
University of Munich. Although slowed by age, Röntgen continued his life's work. In his latter years he was
director of the Institute of Physics at the University of Munich.

In 1919, Röntgen's beloved wife Bertha died following a long illness. After nearly 50 years together, the
loss affected him greatly. He retired as professor of Physics in 1920, but continued his work in two
laboratories that were set aside for his use. Three years later, at age 78, he was still carrying out
experimental investigations despite failing sigth and health. On February 10, 1923, the discoverer of the X-
rays died in Munich. Rudolph Grashey, a colleague, presented one of many eulogies, stating,

" Immortal is his work; immortal his name".

Now as an example let us follow some milestones in the development within 100 years of X-rays in medical
diagnostics:

8.November 1895
Wilhelm Conrad Röntgen discovers X-rays in Würzburg

28.December 1895
G.Kaiser of Vienna develops the first radiogram for medical purposes

13.Januaryl896
W.C. Röntgen reports to the German Emperor Wilhelm II in Berlin on his recent discovery

17.January 1896
E. Haschek and O. Lindenthal, both from Vienna, inject Teichmann's solution into the arteries of
an amputated hand, thus enabling them to obtain the first angiogram

23.January 1896
W.C. Röntgen delivers his only public lecture on the occasion of a special meeting of the Society
for Medical Physics in Würzburg. In the presence of the attendees he produces a radiogram of the
hand of one of the members - the anatomist Geheimer Rat Prof. R. von Kölliker

February & March 1896
J. Maclntyre from Scotland succeeds in radiographing a live heart, respectively demonstrates
movement of a frog's leg by X-ray moving pictures

March 1896
In Aberdeen, J. Mackenzie-Davidson radiographs head and pelvis for the first time

April 1896
F.H. Williams in Boston pioneers in showing the first breast X-ray

1896 X-ray used therapeutically for the first time
1897 Based on the ideas of Strauss, E. Linemann in Hamburg is the first to visualize the stomach by

introducing a metal spiral into the gastric cavity
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1897 A. Beclere, "Father of Radiology in France", starts weekly conferences on radiology at Hospital
Fenon

1897 T. Rumpel uses bismuth nitrate for visualizing the esophageal passage
1900 F. Moritz develops orthoradiography
1901 W.C. Röntgen receives the Nobel Price for Physics
1901 Use of radiation therapy for the treatment of breast cancer is reported by G.W. Hopkins
1901 L.E. Schmidt and D. Kolischer of Chicago suceed in retrograde visualising ureters and kidneys
1902 G.E. Pfahler and C.K. Mills present the first radiogram of a cranial tumour
1903 E.A.O. Pasche designs a shield for suppressing scattered rays
1903 H. Albers-Schönberg of Hamburg develops a compression shield
1904 H. Rieder of Munich makes a live demonstration with a test person, exploring the gastrointestinal

tract in stages following the administration of a bismuth meal
1905 F. Voelker and A. von Lichtenberg succeed in visualising the kidneys
1910 M. Curie publishes "Theory of Radioactivity"
1910 P. Krause, C. Bachern and H. Günther introduce barium sulphate as a contrast medium
1911 J. Lilienfeld, a physicist fron Leipzig, designs the first gas-free X-ray tube
1911 B. Sabat develops kymography in Warsaw
1913 G. Bucky designs the grid for scatter radiation
1913 W.D. Coolidge, an engineer from Massachusetts, designs the first high-vacuum hot cathode tube
1916 C.V.S. Patterson produces intensifying screen
1918 W.E. Dandy develops insufflation encephalography
1921 A.E.M. Bocage from France introduced a patent for a tomographic device, mainly used for diseases

of the chest
1922 J.A. Sicard and J. Forestier of Paris develop myelography
1923 E.A. Graham and W. Cole carry out the first angiography of the brachial artery
1924 J. Gorian in Trieste and E. Weber in Vienna develop the high-voltage X-ray technology
1927 E. Monis carries out the first cerebral angiography
1929 R. Dos Santos in Lisbon sucéeds in doing the first aortography by direct puncture
1929 W. Forssmann conducts his famous auto experiment by inserting a catheter into his own heart
1929 M. Wick of Berlin develops a new contrast medium, Uroselectan, which is used for visualising

kidney and urinary tract
1929 A. Bouwers, a physicist of Eindhoven invented the rotating tube
1930 A. Vallebona of Genoa develops the stratigraph, a precursor of tomography
1930 H. Franke of Erlangen develops the first automatic exposure control
1930 E. Lysholm of Stockholm develops the fine grid method
1931 B. Ziedses des Plantes develops the subtraction method and later seriescopy
1931 R. Janker of Bonn starts his comprehensive work on X-ray cinematography
1935 P. Seleny of Budapest establishes the basics of xeroradiography
1936 First film for direct X-ray exposure marketed
1936 M. de Abreau of Rio de Janeiro conducts the first mass X-ray screening tests, setting up an index

for pulmonary tuberculosis
1937 R. Janker of Bonn develops pneumoencephaltomography
1938 T. Ichikawa of Japan is the first to do a catheter aortography
1938 J.V. Coltman pioneers with image intensifier
1944 Introduction of the contrast agent Pantopaque
1946 First succesfull demonstrations of nuclear magnetic resonance
1950 A, Bouwers designs the first screen image camera
1951 Polytome, an improved tomographic device with complex motions is developed by Massiot of

France
1956 I. Donald and T. Brown are pioneers in developing ultrasonography
1958 I. Donald is propably the first to examine a fetus using ultrasound
1960 Rocca and Rosadini publish their work on angiotomography
1972 Sir Godfrey Hounsfield introduces the first clinical prototype EMI head scanner - Mark I

(Computed tomography)
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1973 Based on the work of Bloch and Purcell on nuclear magnetic resonance (NMR), P. Lauterbur
develops magnetic resonance (MR)

1974 Von Ramm and colleagues describe real-time, 2-D ultrasound
1976 The Kiel working group under P.H. Heintzen publish their results in digital subtraction angiography
1977 Gruentzing develops a catheter for angioplasty
1981 Reports of the first patients studied using NMR techniques are published
1988 Clinical approval of first MR contrast agent
1989 First implementation of magnetic resonance angiography (MRA)
1989 Invention of Spiral Computer Tomography
1989 So-called high resolution CT of the chest
1990 Invention of ultrafast MR imaging
1990 Functional MRI of the brain

At least I also want to give some words and examples on the development in our special field, namely
Radiation Risks and Radiation Protection in the last centenary.

In the first two to three years following the use of X-rays, there was almost a complete lack of radiation
protection, due to an ignorance of the hazards involved. However, when the injurious effects started to
become apparent, described in 1904 as a Röntgen light burn of the second degree, some national attempts
began to be made in some, but not in all countries. For example, the British Röntgen Society's proposals in
1898 for a Committee on X-ray injuries, the following questions to be answered by the Committee:

1. Nature of injurious effects.
2. Description of case radiographed.
3. Part exposed to rays.
4. Condition of subject:

a. Well nourished or emaciated.
b. Temperature, nervous or phlegmatic.
c. Diathesis of patient.
d. Local conditions of part exposed.

5. Did the patient complain of any feeling of warmth, tingling, or other sensation during or
after exposure?

6. Duration of effects, temporary or permanent.
7. Apparatus employed, influence machine or induction coil, spark lenght, voltage or amperage

used.
8. Form of tube: lenght from terminal to terminal.
9. Distance from patient's body.
lO.Number of exposures: interval, if any, between exposures; duration of each exposure.
11 .Situation of tube with regard to body or limb of patient, i.e. position of anode or cathode.
12.What covering or garment, if any, was used?

a. Material of which it was composed.
b. Rough or smooth.
c. Colour if dyed.

In America in 1903 a Protection Committee was proposed within the American Röntgen Ray Society by
S.U. Monell.

Let us now have a look on some of the other milestones in the development of radiation protection
standards:

1911 Adoption of an international radium standard and the curie as a unit of activity.
1915 Röntgen Society in London adopts protection recommendations.
1921 British X-ray and Radium protection Committee adopts radiation protection

recommendations.
1921 Maximum Tolerance Dose principle stated for X-rays as "A sort of grand average of the

protective measures could be gleaned from the working conditions of a number of
experienced radiologists who had escaped injury and still enjoyed normal health".
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1922 American Röntgen Ray Society adopts radiation protection rules.
1925 The first tolerance dose proposed: 0.01 skin erythema dose per month.
1926 Dutch Board of Health adopts the first regulatory exposure limit:

1 skin erythema dose per 90.000 working hours.
1928 Röntgen unit (R) adopted for exposure to X-rays.
1928 International X-ray and Radium Committee (ICXRP, now ICRP) formed and its first

recommendations published.
1929 U.S. Advisory Committee on X-ray and Radium Protection (USACXRP) formed, which

later (1946) is reorganised into the National Committee on Radiation
Protection (NCRP).

1931 USACXRP recommends exposure limit of 0.2 R per day.
1931 A League of Nations report recommends a limit of 10 mikroR per second for 8 hours.
1934 ICXRP recommends a limit of 0.2 R per day.
1934 USACXRP recommends a seperate limit of 5 R per day for hands.
1936 USACXRP reduces the recommended exposure limit from 0.2 to 0.1 R per day.
1949 NCRP lowers the maximum permissible dose for radiation workers to 0.3 R per week

and introduces the risk-benefit concept.
1950 ICRP adopts a basic occupational maximum permissible dose of 0.3 R per week.
1953 ICRU introduces the concept of a absorbed dose.
1954 NCRP puts forward the ALARA concept: "as low as reasonably achievable".
1955 NCRP recommends 5 rem per year as the basic maximum permissible dose for

occupational exposure.
1956 United National Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)

organised.
1959 ICRP Publication I issued, stating ALARA concept and recommending a limit of

genetically significant dose to the general population of 5 rem in 30 years.
1966 IRPA (International Radiation Protection Association ) was founded,

First International Congress held in Rome.

Later on a significant amount of publications from ICRP, ICRU, NCRP, UNSCEAR and IAEA giving new
directions, directives, guidelines and recommendations for Radiation Protection every year was produced.
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