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Preface
For the past five years, various exhibitions have been displayed in the corridor leading to the
Van Kleef building at Maastricht UMC+, dealing with subjects relating to the history of medicine in
general and medicine in Maastricht in particular.
The aim of these exhibitions is to inform staff, students, and patients about the rich history of
medicine, so that they can view current medical practice in a wider perspective. To that end, there
were also five public “Pelerin lectures” on the subject of the exhibition.
Each exhibition is linked to a certain specialised discipline so as to show where the MUMC+ now
stands as regards that field.
This year’s exhibition is about the history of what used to be called “roentgenology” or “radiology”
but which has become so wide-ranging that the preferred term is now “medical imaging”. The
exhibition aims to shed light on developments in this field and to clarify what is possible – and often
not possible – with all the modern scanning methods.
On behalf of the Medical History Group at MUMC+
Eddy Houwaart, Professor of Medical History, Metamedica Department MUMC+
Jos van Engelshoven, Emeritus Professor of Radiology MUMC+
Joachim Wildberger, Professor of Radiology MUMC+
Gerrit Kemerink, physicist MUMC+
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How it all started, 1895
Developments in the natural sciences in the course
of the nineteenth century led to medicine becoming
more scientific. A new generation of doctors with a
positivist concept of knowledge focused on empirical
observations and quantitative methods.
Training doctors therefore increasingly included attention
to instruments and techniques for objectifying the
processes of illness and disease. The stethoscope,
thermometer and ophthalmoscope, for example,
became indispensable to medical practice.
Electricity too came to play a central role in medicine.
By about 1900 hospitals often had an electrotherapy
department, where electricity in all its forms (such as
high-frequency alternating current) was used to treat
diseases.
Even so, the more or less accidental discovery of X-rays
by Wilhelm Conrad Röntgen (1845–1923) on
8 November 1895 was not immediately applauded by
the medical community. The first images were indeed
sensational and the public responded enthusiastically,
but doctors initially remained cautious. In the first few
years after Röntgen’s discovery, it was often not really
clear to them how X-ray photos could in fact be used.
A fracture could also be identified by physical
examination, couldn’t it?
The sceptics felt that their clinical expertise was being
superseded by the new technology. But there were of
course also doctors who quickly realised the possibilities
of X-rays, such as the surgeon Lambert van Kleef
(1846–1928), who worked at Maastricht’s Calvariënberg
(Mount Calvary) Hospital. For the first fifteen or twenty
Radiology in
the Netherlands

years, however, X-ray examination was neither frequent
nor routine. At the end of the nineteenth century,
the focus was mainly on the therapeutic applications

Wilhelm Conrad Röntgen.
(photo 1905)
(Gerhard Kütterer)
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of X-rays.

State Secondary School,
Maastricht, 1896

Gas discharge tube used by Hoffmans to generate X-rays. This is tube number 1 according to the numbering
system of the English physicist William Crookes (1832–1919). (Centre Céramique Maastricht)

It was mainly technicians, photographers,

Working with Lambert van Kleef, Hoffmans

physics teachers – and sometimes even

created images on glass (glass negatives) of

doctors – who wanted to experiment with the

such things as rijksdaalder coins, an amputated

new method. That was the case in Maastricht

foot, a flatfish, and the hand of Van Kleef’s

too, where Heinrich Joseph Hoffmans (1842–

daughter Bertha. On 6 February 1896, about

1925), a physics teacher at the city’s State

five weeks after Röntgen’s publication, Hoffman

Secondary School (“hbs”), had the necessary

published his monograph Proefnemingen met

equipment for use in his lessons. Hoffmans had

de Röntgen’sche Stralen [Experiments with the

Bunsen beakers to generate electricity and a

Röntgen Rays], in which he gave a detailed

Ruhmkorff inductor to transform the voltage to

account of all his experiments.3

about 50,000 volts. He also had several gas

Thanks to the efforts of a number of technicians

tubes (“Crookes tubes”), which were used for

from Maastricht’s former municipal utilities

many experiments at the time;1 Röntgen had

department, the devices used by Hoffmans

also used them. It was by reading an article

have been well preserved, so that the

by Röntgen (December 1895) that Hoffmans

Maastricht physicist Gerrit Kemerink was able to

became aware that they generated X-rays.

repeat these experiments a few years ago.4

2

Heinrich Joseph Hoffmans
(1842–1925); on the table is
the equipment he used in
his experiments.
Portrait by Henri
Govaerts,1908. (MUMC+)

Experiments
with vintage
equipment
repeated
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Ruhmkorff inductor
used by Hoffmans.
At a sufficiently high
voltage, discharges
occur between the two
electrodes on top of the
inductor. The length of
the spark indicates the
voltage level. (Centre
Céramique Maastricht)

A Bunsen beaker, the
element (battery) used
by Hoffmans in 1896
to generate galvanic
electricity. When the
beaker is filled with
sulphuric and nitric acid,
chemical interaction
creates a difference in
potential between the
zinc and the carbon rod
of about 2 volts. (Centre
Céramique Maastricht)

X-ray photo taken on 31 January 1896 of the hand of Bertha van Kleef (21 years old) and printed by the Maastricht
photographer P. Stutz. (Centre Céramique Maastricht)
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Hoffmans’ monograph,
6 February 1896. (RHCL)

Bill dated 5 February 1898 for the X-ray equipment purchased
by Van Kleef. (RHCL)

X-ray photo of a flatfish (glass negative, test 9).
Taken 31 January 1896. (Centre Céramique Maastricht)

Van Kleef was greatly impressed by the

It is not clear how this equipment was used

results Hoffmans had achieved and in 1897

during the first few years at Calvariënberg

he purchased a complete X-ray system for

Hospital, but at a meeting of the Dutch

Maastricht’s Calvariënberg Hospital; it was

Medical Association (NMG) in Maastricht on

installed there early in 1898. Van Kleef was

4 July 1898, the physician Hubert Ruland

unable, however, to convince the hospital

displayed X-ray photos of a female patient

management of the need for this equipment,

with a bullet in her head, the location of

and he therefore footed the bill of 1208.73

which had been revealed by means of

guilders himself – an enormous investment

radiography. The X rays were made by Van

at a time when a resident physician earned

Kleef, who received hearty thanks from

about a thousand guilders a year. Ultimately,

Ruland. These were probably among the first

the hospital decided to contribute 208.73

images produced with the recently purchased

guilders. It did reimburse Van Kleef for his

equipment.5

investment, though, when he retired in 1904.
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The first
twenty-five
years
All kinds of centres soon
sprang up in the Netherlands
where X-rays were taken,
with the initiative usually
coming from photographers,
specialists in “therapeutic
gymnastics”, and sometimes

Naked Truth. A 1898 advertisement for “static machines …
for developing the very best current for Therapeutical and
X-Ray work”.

also pioneering physicians.
After all, the results were impressive: one could

However, there was also a certain fear of

“see through human flesh”. Medical conditions

X-ray examinations. Taking the photo was

could now be objectified. The “truth” – the

accompanied by a great deal of noise and

Naked Truth – was revealed! The newspapers

sparks and some thought that “looking through

devoted a great deal of attention to this and

the clothing” was an affront to ladies’ dignity.

there was much demand for X-rays, including

(A similar discussion arose a hundred years

commercially. Curious well-off people had

later, when Amsterdam’s Schiphol Airport

an X-ray taken of their hand, for example,

purchased body scanners to check travellers

and proudly displayed it at parties and on

for prohibited items.) Thomas Mann’s Hans

other occasions. Many such photos must

Castorp finds X-rays alarming and when he

still exist. Hans Castorp, the protagonist of

sees an X-ray of his chest says that he is

Thomas Mann’s Der Zauberberg (The Magic

“looking into his grave”. Even so, the demand

Mountain) – a novel set before the First World

for equipment increased rapidly and led to

War – always has an X-ray of his beloved in his

an enormous volume of business and trade.

pocket and sometimes presses his lips to it.

Research and innovation thus generated

6

employment, but it was not hospitals or
universities that took the initiative.
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In the first few years, however, X-ray work was

around 1915 with the “Coolidge

still disappointing. Taking the photo turned

tube” in which electric heating

out to be no easy matter. The technology was

of the cathode made it possible

complicated, exposure times were long –

to freely adjust the strength of

initially up to an hour – and functioning of the

the current, independently of

X-ray tube was inconsistent and difficult to

the voltage. The current in this

control. The doctor or photographer therefore

high-vacuum tube no longer

needed a certain amount of technical knowhow

depended on the gas pressure

in order to produce a good photo. Moreover,

but was determined entirely by

once the image had been produced, it was not

the temperature of the cathode.

clear how it should be interpreted. An X-ray

The quantity and quality of the

is no more than a shadow representation of

X-rays could now be adjusted

structures that attenuate (weaken) X-rays

independently of one another.

to varying degrees, with all the shadows

As a result, exposure times

being projected on top of one another

became much shorter and images sharper.

(superpositioning). The patient’s internal
situation needed to be deduced from the

At the beginning of the twentieth century,

contrasts, something that could be difficult.

doctors still made little use of X-rays, in
hospitals at most just a few times a week and

The equipment gradually improved, starting

usually for fractures or corpora aliena (foreign

with vacuum gas tubes that no longer used

bodies), such as bullets or swallowed objects.

the glass wall as the anode (the positive pole)

These were matters for surgeons, but gradually,

but a platinum plate instead. The standard

internists also became interested and began

cathode (the negative pole) was now made

taking contrast photos. Starting in 1903, the

bowl-shaped, so that the electrons were

stomach and intestines could be visualised

focused on the platinum anode. The source of

by having the patient drink contrast agents

the radiation thus became more or less a point

containing bismuth or barium salts. Bismuth

and the radiation yield increased considerably

salts or colloidal silver water were infused into

due to the use of platinum. Unfortunately the

the bladder and urinary tract, and from 1918 air

gas tubes had two serious drawbacks. Not

was injected directly into the cavities within the

only did the vacuum change with use, thus

brain, as a negative contrast agent, to acquire

altering the amount and penetration capacity

information about the brain. In all these cases,

of the radiation emitted, but the latter two

no stomach, bladder, or brain tissue could be

factors could not be set independently of one

seen.

another. The first improvement came with
the introduction of the transformer, which
ensured stability and could deliver much higher
currents. But the big breakthrough came in

X-ray photo taken at
Calvariënberg Hospital on 6
August 1914. The photo shows
the neck of Adolf-Heinrich
Graf von Arnim, a 20-year-old
officer cadet in Germany’s
Brandenburg Dragoons
regiment. Two metal objects are
visible at the level of the fourth
cervical vertebra, probably shell
fragments. The skeleton and
the metal fragments are easily
recognisable but the soft tissues
of the neck are not visible.
(RHCL)

X-ray tube
constructed according
to the system of
Victor Chabaud
(1897). Probably
used at Calvariënberg
Hospital. One should
note the concave
cathode (the negative
pole), which allows
the electrons to
be focused on the
platinum anode. The
X-rays now come
from the anode and
no longer from the
glass, which makes
the photos sharper.
(Centre Céramique
Maastricht)
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Stomach X-ray using
barium as a contrast
agent (1925).

The contrast agent formed a cast image of the

Starting in 1923, contrast agents containing

filled cavities, from which information about

iodine were injected into the bloodstream to

the surrounding soft tissue could be derived

show up kidneys and the bladder, although it

indirectly. This was referred to as “contour

was only much later that it became possible

diagnostics”. Interpreting the images was

to make bile ducts or blood vessels visible.

difficult because no clear reference material

In this way, more and more information could

was available – sometimes resulting in heated

be obtained about the inside of the body. In

discussions. Many doctors also wondered

1929 a 25-year-old German trainee surgeon,

whether all those photos added anything to

Werner Forßmann (1904–1979), introduced a

what was already known. Some wished to stick

urinary catheter into his own heart via his left

to the old tried-and-tested diagnostics of the

arm in order to study the anatomy of the heart.

nineteenth century, while others embraced

He gradually expanded his research using

the new radiological methods. There was still

contrast injections during fluoroscopy, and in

lengthy debate, for example, as to whether

1956 received the Nobel Prize in Physiology

auscultation and percussion were not in fact

or Medicine for this experimental research –

superior to X-ray examination in diagnosing

the beginning of today’s catheterisation.7 The

pulmonary tuberculosis.

infusions and catheterisations were unpleasant,
however, exposure to the radiation was high,
and allergic reactions to the contrast agents
could be fatal.

Fluoroscopy in 1913. Fluoroscopy
was much used in the early years.
The doctor sat directly in the
beam of radiation.
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But the risks…

A dangerous way of working at the end
of the 19th century. The subject’s hand is
positioned between the fluorescent screen
and the X-ray tube so as to check the latter’s
functioning. (Morton and Hammer 1896)

Nowadays, radiology staff at the MUMC+, as a

their death, mainly as a result of metastasised skin

group, receive less radiation while at work in the

cancer and, to a lesser extent, blood diseases.

hospital than if they were to spend their working

Immediately after Röntgen’s discovery, however, the

hours at home. A Maastricht study in 2011 showed

risks were unknown. X-ray tubes were not shielded

how safe working with X-rays has become.8 The

and researchers experimented on themselves.

X-ray radiation is more than compensated for by the

One’s own hand was considered highly suitable

lower natural background radiation in the hospital.

for checking on the fluorescent screen whether

This is because staff are shielded from the natural

the “capricious” gas tube inductor system was

radiation by all the concrete and the good ventilation,

functioning properly. By the time the dangers

meaning that there is virtually no radon in the air.

had become clear and the means developed to
shield them from the radiation, it was too late for

That things used to be very different is shown by

some of the X-ray workers – the damage that

the publication Ehrenbuch der Röntgenologen

would ultimately prove fatal had already been

und Radiologen aller Nationen (Roll of Honour of

inflicted. Many survived for a long time, often with

Roentgenologists and Radiologists of All Nations).9

excruciating pain and recurring operations in which

This book contains the biographies of somewhat

fingers, a hand, or an arm were amputated to

more than 400 people who received so much

prevent skin cancer spreading. These victims are

radiation during their work that it eventually led to

sometimes referred to as the “X-ray martyrs”.

A hand with
severe and painful
inflammation of
the skin due to
X-rays, resulting in
amputation. (Belgian
Museum of Radiology)
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Compression device
(“Holzknecht spoon”).
(German Röntgen Museum,
Remscheid-Lennep,
Germany)

An important step towards greater safety was the

Inexpert use also occurred due to lack of training

introduction of the Coolidge tube and transformer

(training programmes were only introduced later).

already mentioned. This combination proved to

Since X rays were first used, the skin dose has been

be so stable that no permanent observation was

reduced by a factor of more than 300

necessary any longer and there was no need to

(see the graph below).

change the tube each time. The tube could therefore

Radiation can also damage and even alter genetic

be built into a shielded housing. Nowadays, only

material (mutation), but so far no effects have

doctors who repeatedly perform interventions under

been observed in human offspring. The logical

fluoroscopy receive relevant amounts of radiation,

requirement that the risk of an X-ray examination

but the law requires that this radiation load must

must be lower than the potential negative

only lead to a maximum work-related risk that is also

consequences of not performing it is generally easily

acceptable in “non-radiating” professions.

met. A serious risk – forgotten nowadays but for a

The radiation load received by the patient was initially

time very real – involved receiving an electric shock

also very high, sometimes leading to gruesome

from the equipment supplying the high voltage for

“burns” that could develop into large wounds. These

the X-ray machine. For a long time, none of the high-

only healed with difficulty and left considerable scars.

voltage power cables were shielded. A sufficiently

The reason may have been that the radiation was

large electric current through the heart disturbs

very “soft”, so that only a small amount of radiation

its normal rhythm and leads to life-threatening

passed through the patient and it took an extremely

uncoordinated contractions of the heart muscle

long time to take the photo.

(ventricular fibrillation).

Dose (air kerma including backscattering) [mGy]

Entrance X-ray dose in pelvis

Decrease in radiation dose from 1896 to the present (preliminary findings by G. Kemerink)
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Ehrenbuch der Röntgenologen und
Radiologen aller Nationen
(Roll of Honour of Roentgenologists
and Radiologists of All Nations).
(Gerrit Kemerink)

X-ray room in 1906
with unshielded highvoltage power cables.
(German Röntgen
Museum, RemscheidLennep, Germany)

The current required for this, for example between

high voltages. Shockproof systems became

the left hand and both feet, is in the order of 50

the market standard in about 1935, but it

to 100 milliamps. In the early days of radiology,

took a while for older systems to be replaced.

power supplies could not provide such a current.

Today, no X-ray user needs to worry about

Everyone “got hit” at one time or another, but there

electrical hazards.

were no fatal consequences. It was only with the
introduction of more powerful transformers that
high-voltage power supplies become dangerous.
From 1920 on, there were reports of at least 50 fatal
accidents to doctors, paramedics, and patients.
The disappearance of electrical accidents is due
to the advent of “shockproof” systems. A crucial
step towards such systems was the
development from 1928 of durable,
flexible cables with
insulation against

Metalix X-ray tube (Philips), the first safe
high-voltage, radiation-shielded tube (1928).
(Jan A.M. Hofman)
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Roentgenology at
Calvariënberg Hospital

Lambert
Theodorus van
Kleef, surgeon and
roentgenologist
from 1896-1904.

Johannes Lydius
Catharinus
Overbosch,
internist and
roentgenologist
from 1907-1926.

Van Kleef was an “early adopter”, purchasing

Van Kleef’s successor, at least where radiology

an X-ray machine at the end of the nineteenth

was concerned, was the physician Johannes

century in the hope that his patients would benefit

Lydius Catharinus Overbosch (1880–1940). When

from the new technology. In his spare time he was

he was appointed to a position at Calvariënberg

a successful amateur photographer and therefore

Hospital in 1907, Overbosch had the X-ray

probably also personally involved in taking X-ray

department more-or-less imposed on him. As a

photos. However, the archives say nothing about

recently graduated physician he had a multitude

this and it was probably only a few photographs

of tasks, for example heading the departments

each week. Van Kleef may have developed these

of internal medicine and paediatrics, the infection

photos himself, although during the experiments

clinic, the insane asylum, the laboratories,

with Hoffmans that was done by the Maastricht

and thus also the X-ray department. He had

photographer Johan van den Eerenbeemt.

very little time for X-ray work. Nevertheless,

There are indications that Van Kleef’s surgical

he probably enjoyed it because he studied the

assistants also worked with the X-ray machine.

matter thoroughly and spent his entire working

Van Kleef’s vision and commitment mean that

life, alongside his internist practice, on radiology.

he can justifiably be called the first radiologist at

Almost immediately, in 1908, Overbosch made

Calvariënberg Hospital.

a study trip to Brussels and Paris to find out
more about radiology and on his return he spent
3500 guilders on new X-ray equipment. He also
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Overbosch remained in Maastricht for 19 years,
until 1926, when he became medical director
of the city hospital and internist-radiologist in
Arnhem. The number of patients examined
increased considerably during those 19 years
(to 750 patients in 1926).

David Meijer Levy,
roentgenologist
and dermatologist
from 1927-1935.

Annual report Calvariënberg Hospital 1913

immediately received some assistance in the X-ray

Overbosch was succeeded as head of the X-ray

laboratory. This began with a single nun in 1909;

laboratory by David Meijer Levy (1895–1944) a

by 1921 there were already three, together with a

“physician for skin and urinary tract diseases”

maidservant. In 1909 Calvariënberg Hospital was

from Apeldoorn. Levy was chosen from a

connected up to the city’s electricity network, so

considerable number of applicants, but he

that Bunsen beakers were no longer necessary.

had no experience of roentgenology. He had,

Five years later, Overbosch was able to replace

however, irradiated skin tumours with radium

some of the equipment again, including by

and was in possession of a valuable quantity

purchasing an X-ray machine that could take

of radium, which he would bring with him to

“snapshots”. This allowed him to reduce the

Maastricht. That was the deciding factor in the

exposure time to 1/20 second, thus achieving

hospital management’s decision to appoint

sharper photos. At the same time, a real X-ray

him as dermatologist and roentgenologist at

laboratory with a dark room was installed at the

the hospital on 1 September 1927. Levy was

hospital. There was considerable discussion

unmistakably an industrious man. Right after

– including in the city council – of the major

being appointed, he renovated the department

investment involved, with letters to the Limburger

and purchased all kinds of new equipment. He

Koerier newspaper claiming that “the new building

also put measures in place to make irradiation

[was] necessary because of the competition with

safer, especially for hospital staff.

Heerlen”.

10
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press, with insinuations of cocaine smuggling and
white slave trafficking. All these allegations against
Levy were later emphatically denied by the deputy
mayor of Maastricht. Levy was seized by the
German occupying forces in July 1943 and died in
Auschwitz-Birkenau on 31 December 1944.

Gerard Jacobus
van der Plaats,
roentgenologist from
1936-1969.
Taking an
X-ray photo at
the children’s
department of
Calvariënberg
Hospital.

Background
photo: Adaptation
glasses
These used to
be standard
equipment for a
roentgenologist.
He worked in
complete darkness
and when the
lights had to be
switched on he
wore a pair of
these glasses
to avoid having
to get used to
the dark again
later. (German
Röntgen Museum,
RemscheidLennep, Germany)
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He studied roentgenology in depth and the number

Levy was succeeded in 1936 by Gerard Jacobus

of patients he examined each year rose rapidly.

van der Plaats (1903–1995), whose appointment

He also applied both X-ray and radium therapy.

was a great success. Van der Plaats proved to be

He was also extremely active as a researcher,

an excellent radiologist, an active researcher, an

publishing no fewer than 17 articles, most of them

excellent organiser, and someone with an excellent

in the Nederlands Tijdschrift van Geneeskunde

network both inside and outside the Netherlands.

[Netherlands Journal of Medicine], and writing a

He had already concerned himself with the problems

book on diathermy. These publications show that

of X-ray while a student in Utrecht, supervised

he was interested in both therapy and diagnostics

there by his elder brother Ben, who later became

and also in radiobiology and high-voltage safety.

professor of radiology in Batavia (present-day

He was also active in various ways in Maastricht’s

Jakarta). After graduating as a physician in 1928,

Jewish community. He gained his PhD in Leiden

Gerard van der Plaats succeeded his brother

in 1932 with a dissertation entitled About birth

as head of the radiology department at Utrecht

control, partly in connection with the Ogino-Knaus

University Hospital’s internal medicine clinic. He then

theory [Over geboortebeperking mede in verband

had the opportunity to train elsewhere and went to

met de theorie Ogino-Knaus]. Three years later

Vienna (for diagnostics) and Frankfurt am Main (for

he suddenly resigned and left for Utrecht, where

therapy). From 1930 to 1936, Van der Plaats worked

he opened a private practice for dermatology and

mainly as a radiotherapist in Eindhoven, where,

radiology. His departure may have been because of

partly due to his aptitude for technology, he had

a witch-hunt against him, including in the Limburg

productive contact with Philips’ physics laboratory.

After arriving in Maastricht, he developed a new

in the meantime there were several radiologists

method of radiation therapy, “contact therapy”.

working in his practice, as well as a number of

This was the subject of the dissertation for his

junior doctors, including his nephew and later

doctorate, which he obtained in Utrecht in 1938.

successor Gerard van der Plaats Jr. After three

The dissertation was acknowledged by the award

years in Groningen, Van der Plaats left because he

of the prestigious Wertheim Salomonson medal by

was unable to concentrate the highly fragmented

the Dutch Radiology Association. Van der Plaats

radiology work there into a single department. Even

was fascinated by technology and remained closely

after his retirement, in 1969, he remained known in

associated with Philips throughout his life. As a

Maastricht as “the professor”.

result, Maastricht’s hospital became a test site for all
kinds of new equipment. During the Second World
War he and Philips developed the “bullet finder” –
also known as the “boloscope” – an X-ray machine

Diagram of
the bullet finder
or boloscope.
(NTvG (1940) 84 IV 47 4664)

to locate bullets and shell fragments in the body so
as to facilitate their removal. Van der Plaats made
a name for himself with his work in training both
radiologists and radiology lab technicians. Partly
as a result of his efforts, Maastricht’s programme
to train specialist radiologists is therefore one of
the oldest in the country, while the programme
for laboratory assistants has grown into a fullyfledged higher vocational education course. His
most important publication was the book Medische
Röntgentechniek. This first appeared in 1953
and was translated into many languages, with a
completely revised fifth edition being published in
1978.
Van der Plaats was an ambitious man and that
ambition regularly brought him into conflict with the
management of the Maastricht hospital. In 1948
this resulted in the establishment of an independent
specialist institute in the centre of Maastricht under
the name “A.M.I.” (Ars Medica Iuvat), where he
established his own x-ray department. His fame at
home and abroad grew, leading eventually to his
appointment in 1955 as extraordinary professor
in Groningen, a position he combined with his

Gerard van der Plaats using the bullet finder (boloscope) to locate a bullet in
a patient. He is wearing adaptation glasses which he takes off while using the
fluoroscope. Calvariënberg Hospital during the Second World War. (MUMC+)

work at the St. Annadal Hospital (Maastricht), the
A.M.I., and Philips. This was possible because
19

From darkness
into light

A classic fluorescent screen.
See also pages 2 and 12.
(German Röntgen Museum,
Remscheid-Lennep, Germany)

It is remarkable that at the end of the nineteenth
century X-rays could be used to create images on
glass plates which were intended for photography
with ordinary light.
After all, the sensitivity of these plates to X-rays

Initially, a great deal of use was made of

was minimal. A fluorescent screen soon came

fluoroscopy. It gave a good idea of the

to be placed on the glass plate. This increased

functioning of the heart, lungs and joints, and it

the sensitivity but the image quality deteriorated

was cheaper than taking X-ray photos. It came

considerably due to the more grainy image.

to be used less, however, as people became

As these fluorescent amplification screens

aware of the radiation hazard for the researcher,

improved, their use increased and after the

who was sometimes seated directly in the beam

Second World War, the film-screen combination

of radiation. It also became clear that details

became standard.

were better visible in a photo. The image on
a screen coated with a fluorescent substance

Metalix mobile X-ray machine with a car-driven roller generator. (Jan A.M. Hofman)
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such as barium platinocyanide was weak and

Population groups could now be examined in a

could only be evaluated in complete darkness.

cheap and efficient manner, so as to sometimes

The radiologist therefore worked in darkness

reveal early signs of pulmonary tuberculosis,

and his eyes first had to adapt to the dark for a

for example. The device was widely used

few minutes before they could see the image.

throughout the world.

Population screening
with the Odelca.
(German Röntgen
Museum, RemscheidLennep, Germany)

The x-ray department was therefore usually
located in the basement of the hospital.

This system of screen image photography was
soon followed by an electronic image intensifier,

This rather dim image was improved during the

so that the physician no longer had to look at

Second World War when the Dutch company

an ordinary fluorescent screen but at the much

“Oude Delft” developed a device that used a

brighter output screen of the image intensifier.

system of mirror optics to reduce the size of

He was no longer in the path of the radiation

the image, for example to 7×7 cm. This meant

and was no longer necessary to work in the

that it became relatively brighter and could be

dark wearing adaptation glasses. When in the

photographed with an ordinary camera. This

mid-1950s the image could be transmitted via

device, the Odelca, was a breakthrough in the

a video camera to a TV monitor, darkness in the

medical use of X-rays.

radiology department was only necessary when
developing the negatives.

Shoe-fitting fluoroscope or “pedoscope”. This device was used in shoe shops until the mid-1950s to check whether shoes
really fitted the customer. It was a totally irresponsible application of X-rays that Gerard van der Plaats vehemently resisted.
At the bottom of a wooden cabinet was an X-ray tube with a fluorescent screen just above it. The customer’s foot was placed
in between. The foot could then be viewed at a tube voltage of 50 kV and a current of 3-8 mA. The dose of radiation on the
feet was very high because they were close to the radiating X-ray tube.
(German Röntgen Museum, Remscheid-Lennep, Germany)
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The 1960s

Until the late 1960s, X-ray imaging was limited
to photos of the skeleton, lungs and abdomen,
and to contrast photos of hollow structures
such as the stomach, blood vessels, and the
chambers within the brain. It was therefore limited
to “contour diagnostics”. Soft tissues, i.e. organ
tissues, were not shown. By then, however,
radiologists had a great deal of experience in
interpreting these photos and had learned how to
derive information about the surrounding organ
tissue from a contrast photo. Numerous indirect
indications on such a photo led to a diagnosis. In
an X-ray examination of the stomach, for example,
an attempt was made by using barium and air
as respectively positive and negative contrast
agents to depict the folds of the stomach in such
a way as to infer from their shape whether or not
a tumour or peptic ulcer was present. By filling
the large intestine with barium and air, one could
also determine from the shape of the contrast
column whether there was an intestinal tumour,
without actually seeing it. This examination was
sometimes extremely stressful or painful. Just
imagine an examination in which – admittedly
under local anaesthesia – a contrast medium is
introduced into the lungs in order to depict the
large airways and thus detect local widening of
those airways (bronchiectasis). Imagine also an
examination in which the brain chambers are filled
with air by means of an injection in the back and
the patient is strapped into a small Ferris wheel
and rotated in such a way that the air spreads well
through the chambers of the brain for the purpose
of the X-ray photos. Absolutely no fun, of course,
but at the time it was the method for detecting

Fluoroscopy in the 1960s: doctor with lead apron, tilting X-ray table on which are
mounted an image intensifier and a TV camera. The patient can thus be examined in a
vertical or horizontal position. (Jan A.M. Hofman)
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a brain tumour. In Paul Verhoeven’s 1973 film

that had started as a result of a personal

Turkish Delight [Turks fruit] (1973), one of the main

interest or with the argument “someone has to

characters undergoes this examination and we

do it” had become a nice revenue model that

see how nauseous she is afterwards.

they didn’t want to abandon. This remained a
bone of contention until the 1970s. It became

Before the Second World War, radiologists

increasingly clear, however, that interpreting those

were still partly technicians but after it they were

photographs was a discipline of its own, in which

mainly concerned with examining patients and

experience, especially viewing a lot of them,

interpreting the images obtained – they became

played a major role. Since the late 1930s, there

more like doctors again. But the transition

has been a recognised training programme for

to training specialists in radiology (previously

doctors to become radiologists, a specialisation

“roentgenology”) did not run entirely smoothly.

that until 1978 included not only diagnostics but

Many doctors, including surgeons and internists,

also radiotherapy. This meant that more and more

now had their own X-ray equipment and took and

radiologists became available, bringing the era of

interpreted the photos themselves. Something

X-raying surgeons and internists to an end.

Evaluating and reporting on X-rays
at St. Annadal hospital.

X-raying the brain (1970). Air is introduced into the cerebrospinal fluid chamber via a spinal
injection. Rotating the patient 360 degrees spreads the air so that the brain chambers become
visible. This examination was very unpleasant for the patient. Since the introduction of
computed tomography it has never again been performed.

X-ray negatives archive
at St. Annadal Hospital.
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From X-ray
to scan
Medical imaging improved enormously during the
1970s. The computer made it possible to develop
scanning techniques using ultrasound (echography,
echoscopy), X-rays (computed tomography, CT), and
radio frequencies (magnetic resonance imaging, MRI).

The patient’s actual anatomy – which doctors had learned about
during their training – could now really be shown. The images were no
longer projections, as were X-rays, but cross-sectional images without
superpositioning that showed not only the skeleton but also all the
surrounding soft tissue. For the first time, internal organs such as the
brain, liver, lungs, muscles, or heart, could be sharply depicted.
These imaging methods had a spectacular impact on medical practice.
Brain tumours could now be shown, as could brain haemorrhages,
but gallstones were also quickly and easily detectable, as was an
aneurysm (abnormal dilation) of the aorta or a herniated disc in the
spine (a “slipped disc”). Moreover, the extent of a malignant process
could be determined quickly. All this was of great significance for
therapy, but it also raised new questions. Sometimes an abnormality
was diagnosed that caused complaints in some patients but never
in others. Did all those gallstones that were identified just by chance
need be operated on, and did a vascular surgeon need to treat every
aneurysm? Moreover, the anatomy as shown in the medical manuals
turned out not to be as standard as was thought. People’s internal
organs vary in the same way as their looks do, and it was not always
easy to distinguish variations from the norm from an actual pathological
CT scan of the brain.
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condition.

The question also soon arose as to when which
technology should be used. All three technologies
are based on different physical principles and
the images obtained also represent something
different physically. An echo image is a twodimensional representation of sound scattering, a
CT image represents the extent to which X-rays
are weakened in tissue, and an MRI image
represents the spatial distribution of hydrogen
(protons) in the body. The images obtained may
reflect the same anatomy, but that doesn’t mean
that what is visible is actually the same. Structures
that weaken X-rays to the same extent cannot
be distinguished from each other by means of
a CT scan. However if these structures scatter
ultrasound differently or have a different proton
density, they can be depicted by means of

Echography of liver and kidney.

ultrasound or MRI.
It is the physics of the technology that determines
what is possible. Ultrasound technology is fast.
The image is built up in a fraction of a second,
allowing real-time imaging of moving organs (for
example the beating heart or a foetus moving
in the womb). CT technology is slower and MRI
even slower. Creating a CT image is a matter of
seconds, sometimes even less, while an MRI
image takes minutes. This also determines the
possibilities. All kinds of techniques have been
devised to overcome these limitations, but they
are not always applicable. Adjustment of the
equipment is highly dependent, after all, on both
the patient and the clinical question that needs
to be answered. An effective examination is not
possible without a targeted clinical question. That
goes for echography, for CT, and certainly for MRI.
Both radiologists and clinicians had to learn to work
with these new methods of imaging in the 1970s
and 1980s, and the debates from the early years of
roentgenology seemed to be repeating themselves.
How should the image be interpreted? Were all

MRI image of the brain.
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those scans actually useful? Couldn’t ordinary

X-ray film disappeared from hospitals in around

X-rays do the job too? Who could request these

2000, being replaced by digital detectors. The

types of scans? When was which scan indicated?

changeover was rapid. Ten years later, Eastman

The diagnostics had to be “reinvented” and new

Kodak – in 2000 still a major supplier of these films

treatment protocols were developed using this

– was virtually bankrupt. Ever-faster computers

newly acquired information.

and digital storage ultimately finished off their
use. The three functions of X-ray film – image

A great deal of experience has now been gained,

detection, image display, and image storage –

but the technical developments are unstoppable.

were separated. Detection switched to those digital

Ultrasound systems now operate at higher

detectors, display to ever-flatter TV screens, and

frequencies, thus improving the resolution. CT has

storage to digital media. The large archives of X-ray

gone through numerous developments, so that

photographs at hospitals – often taking up many

within just a few seconds the whole body can be

hundreds of square metres – disappeared and

divided up into sections less than a millimetre thick.

were replaced by computers in a small back room.

In addition to higher field strengths with greater

The hospital’s network made photos available

sensitivity, MRI has also undergone many software

in multiple locations simultaneously and solved

changes, making proper operation of the system

the former problem of radiographs being lost or

technically more challenging, but with the image

unavailable. The logistical side of image information

information sometimes being much more accurate.

improved considerably. Medical imaging at

In short, all these techniques are evolving and the

Maastricht UMC+ has been fully digital for more

user needs to go through a continuous learning

than 10 years now.

process in order to fully understand and use the
various methods.

PET/CT scan of the pelvis. Increased uptake of
fluorodeoxyglucose (FDG) in neck of right hip.
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azM’s X-ray films archive in 1999, just before
transition to full digitisation of images.

Imaging
technology
in 2018

Ultrasound
experiment in
the 1950s.
Pan-scanner (1957).
The patient sits on
a kind of dentist’s
chair and is pressed
against a plastic
window in a semicircular tank filled
with a physiological
salt solution.
The microphone
(transducer) rotates
in the fluid around
the patient.

Ultrasound
It was known as early as the nineteenth century that

The current ultrasound method utilises very high

sound could be used to measure distances and in the

frequency sound (above 2.5 megahertz). This sound

early twentieth century, after the Titanic disaster, sound

scatters, reflects, or deflects when it partially penetrates

waves came to be used to determine the depth of the sea.

“acoustic interfaces”, i.e. boundaries between tissues

Right after the Second World War, an Austrian research

with different acoustic densities. This sound, which is

group worked on a method of using ultrasound – inaudible

inaudible to humans, is generated and emitted by a small

sound at a frequency above 20 kilohertz – to investigate

microphone, the transducer, and the reflections are also

the brain. This later became echoencephalography.

captured by this microphone. After the microphone has

The position of the “middle echo” then revealed a

been slid across the skin at the level of the organ that is

displacement process in the brain. According to our

to be examined, a computer converts all these reflections

current standard, this was a primitive form of imaging. In

into a 2 or 3-dimensional image. The examination is

the 1960s, things changed rapidly and ophthalmologists,

harmless and can therefore be repeated frequently.

gynaecologists and cardiologists, together with physicists,

No diagnostics are possible behind structures within

developed equipment for ophthalmological, obstetric, and

the body that reflect sound entirely (air, calcium, bone).

cardiological examinations respectively. Dutch researchers,

That means that the examination cannot take in every

including a number from Maastricht (Dr J. Somer, Prof.

part of the body. Another shortcoming of the method

A. Hoeks) played a pioneering role internationally. The

is that it is highly dependent on the person carrying out

major manufacturers of healthcare equipment were hardly

the examination. He or she needs to have a great deal

interested and radiologists saw nothing in this development

of experience in order to draw reliable conclusions.

until 1980.

Important applications of this method are in obstetrics

Ultrasound

and gynaecology, and in examining the gallbladder,
kidneys, blood vessels, liver, etc., and of course the heart.
The ultrasound machine is the stethoscope of the twentyfirst century.
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Nuclear medicine
Nuclear medicine utilises the radiation from a radioactive

feature of nuclear techniques is their extreme sensitivity.

substance that is introduced into the patient’s body.

Unfortunately, the spatial resolution is less favourable:

This is in contrast to an X-ray examination, in which the

X-rays 0.2–1 mm, nuclear medicine 2–10 mm. The

radiation source (the X-ray tube) is located outside the

radiation exposure for the patient is of the same order

patient. Radioactivity, the basis for nuclear medicine,

of magnitude as in an X-ray examination (0.1–10 mSv).

was discovered in 1896 by Antoine Henri Becquerel

By comparison, natural radiation sources give all of us

(1852–1906). Radioactive radium, first isolated from

a radiation dose of about 2 mSv per year. Diagnostic

uranium ore by Marie Curie (1867–1934), was soon

doses are therefore relatively low.

used for radiotherapy in addition to X-rays. The start
of what we now call “nuclear medicine” was in the

The detection of radiation and depiction of the source

1930s, but many see 1946 as the real beginning, when

from which the radiation originates have developed

radioactive iodine (the isotope 131I ) was successfully

enormously. The technology began with simple

used to treat thyroid cancer. Over time, the number of

measuring devices which only allowed the gamma

available radionuclides (atoms with an unstable nucleus)

radiation from a radioactive source to be quantified.

increased significantly, both for diagnostics and therapy.

Next came the “rectilinear scanner”, a device that could
take successive measurements at a large number of

“Smart” selection of molecules or atoms with specific

places above the patient and thus create an image

chemical properties makes it possible to create

of the distribution of radioactivity in the body (Cassen

images of a large number of physiological processes,

1950). In 1953, the American engineer Hal Anger

for example the absorption of iodine in the thyroid

(1920–2005) developed the gamma camera that is

gland or the uptake of glucose (sugar) in a tumour. By

still used today. This allows both projection (2D) and

measuring the radiation from a radioactive isotope of

tomographic images to be created (tomography is the

iodine (131I, 124I) one can follow from outside the body

representation of a flat surface in the body). Activity

how the iodine is absorbed into the thyroid gland and

in a thin slice of the body is in this way imaged in a

then released again. In the case of glucose, radioactive

plane, without interference of activity outside the slice.

fluorine (18F) is linked to the molecule, so that a tumour

Gamma camera tomography is referred to as SPECT

with a high glucose uptake becomes a source of

(Single Photon Emission Computer Tomography). More

radiation and “betrays itself”, as it were.

recently, computed tomography has been integrated
with the gamma camera, thus providing both anatomical

Radioactivity

Nuclear medicine involves imaging and quantifying

and physiological information (the SPECT CT scanner).

biological processes by administering and tracking the

Development of the next high-tech instrument, the PET

radioactive substance in place and time as it passes

scanner, began in the 1960s, but for a long time this

through the human body. The radiation intensity that is

tomographic system continued to be used mainly for

measured indicates the activity of the biological process.

scientific research.

An X-ray examination, on the other hand, provides
information about local differences in X-ray attenuation,
which usually only reflects the anatomy. The special
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It was only after it was combined with a CT scanner

tumours. The tumour is then irradiated from the inside

in 1998 (the PET/CT scanner) that application of this

with little burden on the rest of the body. A scan allows

technology became really widespread, particularly in

the radioactivity to be displayed and followed in real time.

cancer diagnostics. There are now also PET scanners

This is referred to as “theranostics”. Examples include

on the market that, like the PET/CT scanner, are

radium therapy for bone metastases and lutetium PSMA

integrated with a Magnetic Resonance Scanner (PET-

therapy for prostate carcinomas.

MRI). The advantage of MRI over CT is the better
contrast in soft tissues.

The equipment for radiology and nuclear medicine
differs greatly and these methods were therefore usually

Nuclear techniques can also be used to treat a patient,

concentrated in different departments. But that is

i.e. not for diagnostics but for therapy. It has long

changing. In Maastricht, the internist and endocrinologist

been possible to treat an overactive thyroid gland

Jef Coenegracht (1917–1999) started nuclear medicine in

with radioactive iodine (131I) that is absorbed into

the mid-1950s, steadily expanding the department. Now,

the gland and remains there for a lengthy period of

more than half a century later, the departments of nuclear

time. The radiation from the iodine can thus do its

medicine and radiology together form the imaging

work on the spot and destroy the overactive thyroid

department.

A bone scan with
many areas of
increased activity
in the skeleton,
probably metastases
of a malignant tumour.

cells. This method is now being used more widely by
linking radionuclides to certain substances that bind to

PET-MR scanner MUMC+ (2018)

Nuclear
medicine

PET-CT scan

Treatment of
prostate cancer
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Computed tomography
Computed tomography (CT) was developed in the UK in
the early 1970s. The theoretical basis was established
in the 1960s by Allan Macleod Cormack (1924–1998).
Godfrey Hounsfield (1919–2004) – an English electrical
In a CT scanner, an
X-ray tube transmits
radiation through the
patient, after which the
unabsorbed radiation
is captured by a row of
detectors.

This takes place in the
form of pulses while
the X-ray tube and
detectors rotate.

engineer who was researching pattern recognition for
EMI (Electrical and Musical Industries) – considered

Godfrey Hounsfield (1919–2004) the inventor of the
CT scanner. He is standing next to the first-generation
CT scanner (EMI) from 1974, intended for brain research.

the then standard method of X-ray photography to
be inefficient. He then developed an old idea of the

had to be turned back after 360 degrees of rotation.

American neurologist William Oldendorf (1925–1992)

The introduction of “slip ring” technology for energy and

by irradiating a one-centimetre-thick slice of brain

data transfer, an increased number of detector arches,

tissue with a narrow X-ray beam and determining the

and faster computers led to the current generation

absorption of the X rays in the area irradiated. He did

of CT scanners. In less than 0.3 seconds, the X-ray

that 160 times side by side (“translation movement”),

tube and detector arches rotate around the patient,

after which he rotated the X-ray tube and detector

who is slowly passed through the scanner. In this

one degree (“rotation movement”) and repeated the

way, a 3-dimensional CT data file is created of part of

procedure. The rotation was carried out 180 times. All

the body – sometimes even of the whole body – at a

these observations made it possible to calculate the

resolution of less than a cubic millimetre and with the

X-ray absorption of 6400 individual bits (voxels) of brain

image almost immediately visible on a monitor. A brain

tissue, resulting in an image. It goes without saying that

examination that still lasted an hour in the 1970s is now

this amount of data presented a huge challenge at the

just a matter of a few seconds. Hounsfield and Cormack

time. The first clinical scanner took six minutes for a

were awarded the 1979 Nobel Prize in Physiology or

single cross-section, meaning that examining the entire

Medicine.

brain took at least an hour.
Nowadays, preparing the patient for the examination

The irradiated area
within the patient,
which is just a few
millimetres thick,
is thus divided into
little boxes (pixels)
and blocks (voxels).
The degree of X-ray
absorption of each
block is measured
and converted into a
greyscale value.

CT of abdomen.
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Radiologists initially thought that with such poor

takes longer than the scan itself. Within a few seconds

resolution the technology would not be of any use.

– sometimes less than one second – a beating heart

But that belief was quickly overturned. The method

can be depicted in three dimensions, along with the

developed rapidly – partly thanks to the emerging

surrounding blood vessels. Pulmonary embolisms,

computer technology – and successive generations

which were difficult to detect with certainty 25 years

of scanners improved the resolution of the image

ago, are now easy to visualise, meaning that life-saving

each time, as well as the speed with which it could be

anticoagulation treatment is indicated more readily and

obtained. The “translate scanner” was replaced by a

can start earlier. Many examples can therefore be given

rotation scanner that rotated ever faster around the

of the major impact of computed tomography. However,

patient. The speed was limited, however, by the wiring

some 70% of examinations still require the injection of

of the system because the X-ray tube and detector arch

X-ray contrast agents to boost the contrast in the image.

Computed
tomography

Magnetic Resonance Imaging
The principle of Nuclear Magnetic Resonance (NMR)
dates back to just after the Second World War and
was discovered by American researchers Felix Bloch
(1905–1983) and Edward Purcell (1912–1997). They
were awarded the 1952 Nobel Prize for Physics for this
discovery. At the time, however, Magnetic Resonance

Prototype MR scanner by
Philips Medical Systems
(0.15 tesla, 1984).
The internal RF coil is long
enough to completely
surround the subject.

Imaging (MRI) had yet to be developed. MRI was
developed in the early seventies by the American Paul

MRI utilises ultra-strong magnets typically ranging

Lauterbur (1929–2007) and the Englishman Peter

from 1.5 to 3 tesla. The magnetic field is generated by

Mansfield (1933–2017). Lauterbur was the first to succeed

superconducting coils cooled with liquid helium. This

in creating images, while Mansfield devised a method to

large magnet contains gradient coils that are switched

speed up the entire process. They were jointly awarded

on and off very rapidly during scanning. The coils are

the 2003 Nobel Prize in Physiology or Medicine. Due to

consequently subjected to enormous intermittent forces,

the negative connotation, the name “Nuclear” Magnetic

generating a great deal of noise.

Resonance (NMR) was changed to Magnetic Resonance
Imaging (MRI), although these are exactly the same thing.

The strength of MRI lies mainly in its high sensitivity, with

MRI is based on the fact that atoms with an odd number

the patient’s anatomy being depicted in great detail.

of particles in the nucleus (for example the hydrogen atom

Minimal differences in water concentration, for example,

with only a single proton) have a magnetic field. In an

are already visible at an early stage of a cerebral infarction,

external magnetic field, tiny magnets of this kind tend to

whereas computed tomography does not yet display any

orient themselves, creating an excess of proton magnets

abnormalities. Measurements with MRI take a relatively

in the direction of the external magnetic field. If this so

long time (minutes). That is not a problem if the part of the

called magnetization is exposed to a radio wave with the

body to be examined does not move but when depicting

appropriate energy, the magnetization may be forced to

the heart or abdominal organs, the scan must be guided

induce subsequently a radiofrequent signal in a measuring

by the heartbeat or breathing, making such an examination

coil. The strength and frequency of the detected radio

more time-consuming.

waves are measured. By repeating the measurements

The introduction of MRI in medical practice took a

frequently in the presence of varying gradients to the

considerable time. This was both because of the

external field, a 3D image can be composed that

development of the equipment – which also depended

represents, for example, the spatial distribution of hydrogen

on the disorders to be studied – and interpretation of the

in the body. Because the hydrogen density in tissues

image. A whole new language was also necessary so

varies, a kind of anatomical image is created. However,

as to interpret the findings in a clinical context. That had

other images can also be created, for example showing

also been the case with ultrasound and CT, but it was a

the time that the tiny magnet takes to fall back to its original

greater problem with MRI.

orientation. These then represent other contrasts. The use
of MR contrast agents creates other contrasts that are
based mainly on physiological or pathological processes,
for example the perfusion of tissue.
Magnetic
Resonance
Imaging

MRI image of the brain:
same person, same time,
same level of the brain,
no contrast agent injected.
It is only the scanner
setting that varies
(pulse sequences).
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Scientific
research
Time doesn’t stand still.
Developments continue.

Prof. Van der Plaats
anode: a numbered and
engraved artwork that
PhD students receive
after successfully
defending their
dissertation.

Mobile unit with breast X-ray machine
(mammography).

MUMC+ breast cancer
research

Time doesn’t stand still. Developments

In the Netherlands, about one in eight women

continue. A great deal of research is taking

develop breast cancer, usually between the ages

place to make imaging even more exact and

of 50 and 70. Based on the premise that early

to focus image-guided interventions more

detection improves the likelihood of recovery, the

precisely. That is also true at the MUMC+.

country has a national screening programme,

Since 1986, the start of the university

with all women aged between 50 and 76 being

hospital, the imaging department has

invited to take part. Screening is by means of

published more than 2000 scientific articles

mammography.

in international journals and students have
successfully defended 80 dissertations.

The accuracy of mammography depends on the
density of the mammary gland tissue. The more

Other departments and teams also conduct

there is of such tissue, the lower the accuracy. In

a great deal of research into or related

about 35 out of 1000 participants, the screening

to imaging. The psychology faculty, in

programme reveals abnormalities that require

particular, has been very successful in its

further investigation, with 8 patients ultimately

research on brain function using 7 to 9.4

being found to have cancer. In most of the 35 –

tesla MRI. For this purpose, the Scannexus

i.e. 27 women – one can speak of a false alarm.

high-field MR centre has been equipped

All kinds of techniques are applied to distinguish

with a 3, a 7, and a 9.4 tesla MR scanner.

the true positives from the false positives: repeat
photos, ultrasound, and Magnetic Resonance

The following are two examples of major

Imaging (MRI). However, all these methods have

studies at MUMC+.

their shortcomings. In recent years, the imaging
department at the MUMC+ has therefore carried
out a great deal of research into new imaging
methods so as to quickly and effectively recognise
patients who do have cancer and to exclude
women who do not.
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Mammography at MUMC+ (2018).

An alternative mammography method has therefore
been developed, namely Contrast-Enhanced DualEnergy Mammography (CEDM). The method takes
advantage of the fact that cancer tissue is more
permeable than its surroundings, so that after a
contrast agent injection (iodine) the cancer absorbs
more of the agent than those surroundings. To
make this visible, two X-ray photos with different
energy levels are taken. The first (A) is the standard

(A)

(B)

(C)

Standard photo

Photo at slightly
higher energy level.

Combination of (A) and
(B) shows the coloured
tumour in the breast.

120
100
80
60
40
20

photo that is always made, whereas the second

0

(B) is made at a slightly higher kilovoltage (kV ) so
that the contrast medium becomes visible but the

SENSITIVITY
Sensitivity

SPECIFICITY
Specificity

PPV
PPV

NPV
NPV

Diagnostic parameters for standard mammography (grey) and
CEDM (black). Captions under columns: From left to right:
sensitivity, specificity, positive predictive value, and negative
predictive value. There is clearly a major increase in the
specificity and the positive predictive value. There are therefore
fewer false alarms.

rest of the breast tissue does not. By subtracting
the photos from one another (subtraction, C), the
tumour becomes more clearly visible.11,12
Several years of experience with this method
at MUMC+ shows that the sensitivity of
mammography increases slightly and the number
The method has also been evaluated elsewhere
with the same results.

Sensitivity

of false positive findings decreases significantly.

Receiver operating
characteristic (ROC) curve
for standard mammogram
(grey) and CEDM (black).
The further the curve is
towards the top left corner,
the more accurate the
technique.
1. Specificity
Figure 4. Receiver operating characteristic (ROC) curve for both
conventional mammography (grey line) and CESM (black line).
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Early treatment
of stroke

Drooping mouth?

Slurred speech?

Numb or weak arm?

A stroke is usually caused by a sudden blockage

Until recently, the treatment options were limited

of one or more blood vessels in the brain. In the

to clot-dissolving drugs (“thrombolytics”). As a

Netherlands, more than 20,000 people are affected

result, only 1 in 10 patients improved, if treatment

each year.13 The symptoms may initially be mild,

could be started quickly. The symptoms are most

for example a drooping corner of the mouth,

severe when a major blood vessel is blocked, and

confused speech or weakness of one arm or

thrombolytics are then less successful.

leg, but they can quickly worsen into coma and
death. Patients who survive usually have severe

A new treatment method has recently been

neurological symptoms that make them dependent

developed that appears to be effective in this

on assistance, or they may need to be admitted to

serious form of stroke, namely “endovascular

a nursing home.

thrombectomy”. This involves introducing a narrow

Access route for
catheterisation.

Press releases
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Publication in the New England Journal of Medicine.

tube (a “catheter”) into the affected artery in the
brain via the inguinal artery. The blood clot is then
captured using a tiny device or “stent” and removed
from the body by the catheter. In about three
quarters of patients it is possible to reopen the blood
vessel in this way.
But an open blood vessel does not mean that

Radiology intervention room at MUMC+.

the patient has actually recovered. After all, if the
paralysis persists then he or she will be disabled,

This ground-breaking study has become

and too much brain tissue will already have been

internationally renowned and has led to a

permanently damaged.

revolutionary change in acute stroke care.15
Patients with stroke symptoms must now be treated

A few years ago, a number of Dutch neurology

in this way as soon as possible, within 6 hours.

and radiology centres, including those at the

The chance of improvement due to the treatment

MUMC+, carried out a randomised trial to determine

decreases with time, and in patients who have had

whether this treatment, performed under certain

symptoms for more than 6 hours no improvement

circumstances, can actually prevent disability. It

can usually be achieved.

turned out that it could in fact do so. Far more of the
patients in the group treated by this method could

However, the treatment cannot be implemented at

eventually function independently without assistance

every hospital because it is complex and not without

than in the group who had not been treated .

risk. It also requires the 24/7 availability of a team

14

of specialists and the necessary equipment. The
MUMC+ is one of 18 hospitals in the Netherlands
where this treatment is currently provided.
Interventional radiologists at the MUMC+ have been
carrying out image-guided neuro-interventions in
patients with vascular abnormalities in the brain
since the 1990s.16 At first, this mainly involved
treating an aneurysm, i.e. a bulging blood vessel
in the brain, which can lead to a life-threatening
haemorrhage. Such an aneurysm is closed by
inserting tiny platinum coils with the same kind of
catheter as described above. The experience gained
has enabled the MUMC+ to play a pioneering role
in research into the new endovascular treatment of
acute ischemic stroke.

The study gave rise to a great deal of
publicity, especially in the American press.
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Work for humans...
In 2018, medical images are indispensable for the effective
practice of medicine. And a lot of them are generated:
at the MUMC+’s medical imaging department, almost
150,000 each day, so about fifty million a year.
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Other departments also produce images, including

early stage. Interpretation is “work for humans”,

cardiology, ophthalmology, and gynaecology &

with the watchword being “what you don’t know,

obstetrics. Almost all of those images are actually

you won’t recognise”. Knowledge and experience

made by lab technicians and then everything

are indispensable. There is good reason why the

has to be evaluated. That is sometimes image

medical specialisation of radiology has divided its

by image, preferably in conjunction with previous

activities into subspecialisations, each focussing

images and with images generated with other

on evaluating specific images of organs or organ

techniques, but above all within a clinical context. It

systems, the brain, skeleton, lungs, heart, etc.

is essential that the evaluator knows what the issue

In addition, there is the sub-specialisation

is: “where’s the pain?”, “what is suspected?”, “why

“interventional radiology”, which deals with the

is the examination being done?”, “has treatment

real-time treatment of patients with, for example,

already commenced?”. The correct interpretation is

vascular problems and cancer, with the treatment

sometimes only possible after broad multidisciplinary

being guided by all kinds of images. (An example is

consultation. It’s a real specialisation. That was

explained in the section on stroke.)

true in the past and it’s still the case. Artificial

Technology and all that “work for humans” have

intelligence and computer-based image recognition

advanced medicine a long way, and indeed altered

are certainly on the way, but they are still at a very

it fundamentally. Before each operation, the surgeon

knows in detail what he or she can expect and what

procedure during which some 700 to 1000 images

can probably be done about it. An “exploratory

are generated and after which all fractures and

laparotomy” – opening up the patient’s abdomen

internal injuries are visible, without the patient having

to see what is going on inside – is no longer carried

to be moved. The strain on the individual patient

out any more, but was standard procedure until

from all these scans is limited. The examinations are

the late 1960s. In the event of a stroke, we know

not painful and the risks are very small.

within seconds of the patient’s arrival whether we are

Images have been of great assistance to us,

dealing with a cerebral haemorrhage or a cerebral

although they are not infallible. They are not “the

infarction (blockage of a blood vessel), knowledge

naked truth” but display their own reality: relative

that is essential for treatment and survival. Prior to

3D X-ray attenuation (CT), hydrogen density

1975, it was not possible to make that distinction in

(MR), acoustic interfaces (ECHO), or glucose

a living patient. In a case of cancer, all kinds of scans

metabolism intensity (PET). They represent “a”

are made to determine the extent of the process

reality but not “the” reality. Moreover, it is how

and to adjust the treatment accordingly. After an

the equipment is adjusted that determines what

accident, the patient is sometimes passed through

becomes visible, and that adjustment depends

the CT scanner, from head to toe, immediately after

on the medical condition concerned. In addition,

being brought into the hospital. This is a two-minute

the costs – in terms of the amount of radiation,

37

the contrast agents to be injected, the number

And it is also possible for images to be

of scanning sequences, etc. – must be weighed

misinterpreted, due to preconceptions on the

against the potential benefits or diagnostic yield.

part of the doctor or a lack of prior knowledge, or

No examination therefore takes place without a

simply by his or her failing to notice something.

problem being defined. Better spatial resolution

With 150,000 images a day, that happens

(less than 1 mm) can usually be achieved in

occasionally. So when in doubt, it’s never a bad

immobile organs (such as the brain or the

idea to take a second look.

musculoskeletal system) than in organs that
continue to move during scanning (the heart and

In any event, images are not infallible. They

lungs). The contrast resolution can also cause

represent neither the naked truth nor the

problems. If a large tumour attenuates the X-rays

complete reality – which can never be captured

to the same extent as its surroundings, a CT scan

in images. The complete reality is what patients

will depict it but it will nevertheless remain invisible

themselves experience, their feelings, their pain,

as a black object against a black background.

their fear and anxiety, and that should always

It is therefore still possible that the preoperative

be the starting point for action, now and in the

prediction that the cancer will be operable will turn

future.

out to be incorrect during the operation. Not the
“naked truth”, therefore.
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