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Physicians will be able to navigate through tissue to millimetre 
precision and, thanks to new imaging techniques, will also be 
able to diagnose many diseases far more easily. Interventions 
will be less invasive. Tissue will no longer be transplanted, 
but grown inside the body. Conventional surgery will become 
less common as it becomes possible to send miniaturised  
robots into the body. In addition, physicians will be able 
to simulate and control human functions via the nervous  
system. Artificial retinas are just the start; the next step 
will be controllable prosthetics. Independently of these  
future developments, there will also be far more interaction  
between the physician and the patient. Which is a good 
thing. Healing is promoted not only by treatment, but also 
by information, encouragement and attentiveness. The focal 
point of medicine, and thus medical technology, is ultimately 
the human being.

Our work is also primarily geared towards human beings, 
namely those who operate medical devices. Our expertise 
is the man-machine interface. When those responsible for 
handling the equipment can do so intuitively and to the best 
of their ability, then they have the conditions they need to 
concentrate fully on their patients. This is why, when we are 
developing control panels for medical devices, we always fo-
cus on both the operators of these devices and the patients. 
What we do, we do properly. One of our guiding principles 
is to look beyond the immediate task at all times - and our 
adherence to this principle has led us to write this book. We 
hope that readers find it both informative and entertaining.

We enjoyed immersing ourselves in the history of medical 
technology while looking towards the shape of things to 

come. One particular pleasure: during our research we found 
many experts within our clientele who were happy to share 
their know-how and accompany our project. We would like 
to extend our sincere thanks to them all. 

Stefan Schmersal, Economist

Acting Partner
steute Schaltgeräte GmbH & Co. KG 

Preface

Recent years have seen huge advances in medical technology.
If we can believe the experts – and we have no reason not to – the next 
ten, twenty or thir ty years will  see further revolutionary developments 
in this f ield. 
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These three examples alone show how engineering can be 
a key driver for developments in medical technology and 
how combining medical research with engineering expertise 
in the relevant disciplines can be extremely beneficial. They 
also show how medical progress is, to a large extent, based 
on the development of new medical equipment. And that de-
mands a high level engineering expertise. This competence 
is also required to translate technologies and prototypes  
developed at our Institute for Applied Medical Technology, 
for example, into serially produced devices for hospitals and 
surgeries. Here factors such as usability,  ergonomics and 
flexibility play an essential role.

This process from development to laboratory prototypes to 
serial production depends on manufacturers and suppliers 
who are not only able to meet the high normative demands 
involved in producing medical equipment, but who are also 
familiar with routines in operating theatres, doctors‘ sur-
geries and rehabilitation clinics.

Particularly significant in this context is the man-machine 
interface. And only specialised companies with the relevant 
medical-technical expertise can drive these new technolo-
gies.  And if one such firm – in this case steute – opts to take 
an entertaining look at the history and future of medical 
technology, then work and pleasure can be combined. This 
book, which our institute has enjoyed supporting through 
the input of its expertise, provides an interesting overview of 
2500 years of medical technology and shows just how enor-
mous the progress made in our field of research has been, 
especially in the past few years.

It is the patients who primarily profit from this progress - pa-
tients who can be treated earlier thanks to improved diag-
nostics and treated better thanks to new types of therapy. 
Minimally  invasive  surgical  and  imaging  techniques  are 
making interventions gentler, while surgical follow-up can 
be completed faster and more effectively with specific, com-
puter-based rehabilitation. It remains to be seen whether the 
future visions presented at the end of each chapter will ulti-
mately become reality. At the very least, they give us food for 
thought – and they encourage all those hard at work on the 
further development of medical technology to continue their 
activities for the benefit of patients everywhere, realising  
visions such as durable artificial organs or the early detection 
of tissue mutation.

Univ.-Prof. Thomas Schmitz-Rode, MD 
(Medic & Engineer)

Chair of Applied Medical Technology,  
Helmholtz Institute, RWTH Aachen

Introduction

In operating theatres diagnostic robots employ innovative kinematics 
technology. Dental laboratories use CNC processing techniques and 
»rapid prototyping« procedures for the automated production of den-
tures. And next-generation artif icial hearts incorporate novel,  hard-
wearing, linear drives, making the organs far more durable. 



Surgery
Surgery: from the Greek  
»kheirourgos«, working  
by hand

Diseases which are not cured by medicine, are cured by the knife. 
The ones which are not cured by the knife, are cured by cauterization. 
The ones which cannot be cured by cauterization must be considered uncurable.

Hippocrates of Cos, circa 460 B.C. – circa 375 B.C.,
Aphorisms VII, 87, end
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10 11An opened skull (3) with evidence of healing processes along the  
edges of the bones: this discovery from 1873 provided anthropologist 
Paul Broca with proof that stone-age man survived the trepanations 
(holes made in the skull) visible on many skeletons and for which 
primitive tools like bifaces (1) were used. 

Since then, evidence of healing processes like these has been 
ascertained in more than 500 of the 750 such skulls found 
to date (3), making the chances of surviving this operation 
– across cultures and continents – approximately  70%. It is 
probable that the operation was intended as a method of 
driving out bad spirits from the body or letting in good ones. 
For the healing of diseases, non-technical methods such as 
evocation or tattooing were preferred: the well-preserved 
skin of »Ötzi« reveals markings on the skin, e.g. back, which 
have been interpreted as stone-age pain treatment through 
tattooing. Pain treatment doubtless played a role all that 
time ago. And yet we know nothing about it because there is 
no written documentation. Anaesthesia, at least, has a long 
proven tradition. There is evidence of opium (5) as a pain  
reliever in 1300 B.C.: obviously the beginnings of narcosis.

It was the Egyptian civilization which witnessed the onset 
of a development which could be interpreted as the birth of 
medical technology. This development led to considerable 
medical progress and improvements in human health and 
well-being. The »Code of Hammurabi« (4), which was cre-
ated in Egypt as early as 1800 B.C., mentions physicians with 
a wide range of surgical instruments at their disposal.

6000 B.C. 1300 B.C.
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12 ing that the mental condition of the patient be taken into 
consideration: an (almost) holistic approach, corresponding 
to the Ancient idea of mankind. He also concerned himself 
with the ethical principles of the medical profession. Never-
theless, at least in the field of surgery, Indian medicine was 
still more advanced than European medicine, even after its 
Ancient World heyday.

Around 420 B.C., the first hospitals are thought to have 
opened in Ceylon (now Sri Lanka). At that time rhinoplasty 
(4) – i.e. restorative nose surgery – was highly in demand, 
and for good reason: in India crimes were punished by cut-
ting off the perpetrators’ noses, ears or lips. Way back then 
techniques based on plastic surgery – as we would call it to-
day – were being developed for the shaping of new noses. A 
transposition flap was taken from the forehead, initially still 
connected and then separated later – a »gentler« method 
than transplanting skin from other parts of the body.
At the same time, around 400 B.C., the medical profession 
was also developing in Greece. Hippocrates (6), deemed to 
be the founder of medical science, taught, healed and re-
searched in the 4th century B.C. He attached great impor-
tance to anamnesis and diagnosis, as well as recommend-

700 B.C. 400 B.C.

Throughout the Ancient world, »couchers« (cataract therapists) 
were in high demand. Their tools (2) can be seen on stone wall  
reliefs in the Temple of Kom Ombo (3) in Upper Egypt, for example, 
where depictions of surgical instruments cover an entire wall.  
Some scientists believe this part of the Temple to be a kind of Ancient 
Egyptian doctor’s surgery. Around 700 B.C.,  Indian physicians were 
already performing complex gastric surgery and hernia repairs, with 
precise knowledge of anatomy and blood circulation. 
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expressly banned from performing surgery by Pope Innocent 
III: »cauterizing and cutting« were forbidden.
Fig. 4 shows how armed hostilities provided a wealth of op-
portunity for surgeons. In 1517, in his »Feldbuch der Wund-
arzney« (Field Book of Wound Medicine), Hans von Gersdorff 
described different types of war injury, the treatment of stab 
wounds and the conduction of amputations. Gersdorff him-
self is said to have performed more than 200 amputations, 
and his book was the definitive work for many generations 
of surgeons.

In the »Dark Ages« medical technology made no real progress 
in Europe. It was not until the Renaissance that learned schol-
ars rediscovered the medicine of the Ancients – via the Ara-
bian-speaking countries. In the 11th century, for example, the 
Persian physician and philosopher Ibn Sina Avicenna wrote 
the »Qanun al-Tibb« (»Canon of Medicine«; 3). Avicenna 
taught that cancer, to cite just one entry, should be treated 
as soon as possible and that the diseased tissue should be 
completely removed. He also systematically described 760 
drugs, including their fields of application and their effects, 
and cited procedures for testing new forms of medication.
The first mention of surgery as an academic discipline was 
in 1224 at the University of Naples, which fell under the rule 
of Frederick II. However, in 1211 clerics and monks – who were 
more or less the only academics at the time – had been  

In the Ancient World people were curious: medical men often dissect-
ed animals and sometimes even human beings – albeit not very often. 
A frequently used »healing technique« was bloodletting (1) .  And, 
however cynical it might sound, wars and gladiator fights provided 
physicians with plent y of bodies to practise on. Medicine and medical 
technology benefited. Galen (of Pergamum; 2) worked as a specialist 
for sports injuries and wounds with the gladiators. He was the 
founder of allopathic medicine.



1716

1519 1846

1

2
43

5 6

anaesthesia masks and devices (5) were introduced. Pre- 
viously there had been only one way of combating pain 
during surgical interventions: speed. A leg, for example, was 
always amputated in less than one minute. Death through 
shock was frequent. And those who did survive the opera-
tion often died subsequently of wound inflammation – un-
til Joseph Lister (6) introduced antisepsis with carbolic acid  
ester in 1870.
These two advances – anaesthesia and antisepsis, in quick 
succession – considerably increased the chances of survival 
and recovery for injured patients. Unfortunately, just a few 
decades later, these achievements enjoyed very intensive 
employment: by the First World War not only medicine and 
medical technology had advanced, but also warfaring tech-
nologies and weapon development.

Anatomical investigations conducted by physicians at this 
time were made famous by paintings such as »Anatomy Les-
son of Dr. Nicolaes Tulp« (3), produced by Rembrandt in 1632. 
It depicts one of the most famous physicians of the 17th cen-
tury, Nicolaes Tulp, during a public autopsy. Even Tulp was 
only allowed to dissect publicly executed criminals. Specta-
tors  at  these  very  popular  events  had  to  pay.  With  their 
more precise knowledge of anatomy, Renaissance medics 
laid the foundations for areas such as the improvement of 
prosthetics. In the 16th and 17th centuries, plastic surgery also 
progressed. 
One milestone in the development of surgical technology 
was surely the introduction of narcosis in 1846: W. T. Green 
Morton first anaesthetised his patients with ether (4), 
with chloroform being used from 1847. Shortly afterwards  

At the same time, Leonardo da Vinci was taking an intensive look at 
human anatomy. A drawing taken from his anatomical studies (1) 
still adorns every German health insurance card today. 
Other scientists, too, were examining the body and making a system-
atic study of surgery – for example Andreas Vesalius in his work »De 
humani corporis fabricca« (2) .  He dissected the corpses of criminals 
at the Universit y of Leuven from 1536 and later as Professor of Sur-
gery in Padua. One skeleton he prepared is still preserved today. 
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Minimum intervention, maximum success
Today surgery is focused on the idea of minimally invasive 
interventions: the goal is successful healing without the im-
pairment of other functions. This idea is based not only on a 
desire to have patients recover faster and more completely, 
but also and increasingly on the financial aspect: average pa-
tient stays in hospital are an important factor in evaluations 
of individual hospital efficiency.

The aim: no scars
The solution: endoscopic interventions. »Scar-free« opera-
tions performed through tiny openings (keyhole surgery) are 
now routine. And scalpels (2) are being replaced by surgical 
lasers or high-frequency instruments.

New techniques
High-frequency instruments ultimately serve to inject en-
ergy into the body. This can also be achieved using other 
techniques – for example water jet technology. The latter 
is already being used during gastroenterological dissections 
in order to remove mucous membrane without needles and 
without having to swap instruments. New applications are 
also emerging for ultrasound therapy.

Combined diagnosis and treatment
Another current trend is the combination of diagnosis and 
treatment. One example – again from the field of gastroen-
terology – is the taking of an endoscopic optical biopsy (4) 
and the performing of surgery all in one step (presuming a 
pathological finding is deemed unnecessary). This saves time 

and means that patients do not have to wait anxiously to 
hear their results.

Animated patients
Progress in anaesthesia (3) has made a huge contribution to 
the success of surgery. And yet sometimes narcosis can be a 
hindrance – for example during brain surgery (5 – 8). Here a 
new development has been to move away from administer-
ing anaesthetics so that patients can perform certain move-
ments or answer questions. This enables predefined areas of 
the brain to be tested and operations to be planned in such a 
way as to impair only a minimum of functions.

Surgery today
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so virtual operations – based on real data – are also possible 
with a computer. A surgeon can then plan in detail how he 
would like to proceed. 

Surgical data pool
The next step is not yet reality. A structured collection of 
surgical data is certainly feasible – and partially already real-
ised. One example: when a physician is faced with removing 
the gall bladder from a 70-year-old female patient weighing 
65 kg who has diabetes and cardiovascular diseases, he can 
download (anonymised) patient files pertaining to similar 
cases and can plan the operation in detail on screen. 

Who is the fairest of them all?
For those who believe their noses to be too crooked, their 
midriffs too fat, their breasts too flat or their lips too thin, 
help is at hand. Cosmetic surgery (5–7) is booming – and giv-
ing rise to ethical questions regarding what medicine can 
and may do. »Design yourself« seems to be a popular motto 
these days.

»Half the work is detailed planning«
Every person is different: to date this simple wisdom has of-
ten prevented medical and surgical technology from becom-
ing industrialised. Use of modern imaging techniques (8) and 
high-performance information technology (IT) is, however, 
gradually creating the framework required to change this sit-
uation: just as computers can offer simulations of car races, 

Surgery today

Ever smaller,  ever f iner: this is a key surgical trend. Minimally invasive or 
endoscopic interventions demand extremely precise instruments like 
laser scalpels (2) ,  as well as image-based navigation (1,  3) .  This develop-
ment still  has a long way to go. In the short term, diagnosis and treat-
ment will  become even more closely linked at the equipment level.  And 
surgery at nano-level is already possible. Specif ic chromosomes can now 
be treated – not in hospital,  but at a research laboratory (4) .
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which are less susceptible to wear and tear and thus far more 
durable. In the future, »hybrid« structures will also be used – 
for example an artificial heart valve incorporating cell tissue 
grown from the recipient patient (1). 
In other areas of medicine durable biomechanical »replace-
ment parts« are already available – for example cochlea im-
plants and artificial retinas.

with different intelligent instruments, different software 
and diverse additional functions. In the short term the ques-
tion remains to be answered of just how far automation 
should proceed. Technical viability is not a problem. But our 
customers – hospitals, physicians and, of course, patients – 
need to decide the best way forward. 

Christian O. Erbe, Acting Partner,
 Erbe Elektromedizin GmbH, Tübingen

Robots as surgeons
More than 400 prostate operations have already been  
performed using the »Da Vinci« robot (9). This system does 
not, of course, operate independently. A physician sits at 
a control panel, controlling the robot’s movements via a  
computer screen. This method is far more precise than the 

conventional modus operandi – and a particularly good pro-
cedure when precision is paramount, e.g. where surrounding 
tissue might be damaged.

Plastic replaces tissue
Cardiovascular diseases are still the number one cause of 
death, and artificial heart valves have been state-of-the-art 
for many years. Now researchers have turned their attention 
to artificial hearts, and work is proceeding very satisfactorily. 
The lifespan of these new hearts is still too short, however, 
meaning that they are mainly used to bridge the wait until 
a real »donor heart« becomes available for transplantation. 
Research institutions like the Helmholtz Institute for Applied 
Medical Technology (AME) in Aachen are currently work-
ing on new artificial hearts (3) containing innovative drives 

In search of quality
Underlying these projects is an aim to instil higher quality 
and better reproducibility in the processes of operative med-
icine. Increasingly precise imaging techniques, improved co-
operation between manufacturers of medical equipment, as 
well as the possibilities opened up by data processing are all 
making this possible. The surgeon is better informed – both 
before and during surgery. 

The intelligence of medical equipment used in surgery and 
other disciplines is steadily growing. Devices are becom-
ing more and more complex in their functionality. For ex-
ample, they can now activate their own software, provide 
feedback and work flexibly. This is why we favour the work-
station principle, in which devices can variably be equipped 

Surgery today
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10 :13 : 47 Eastern Time
Patient
Ohio/USA

2025

19 : 13 : 47 CET
Surgeon

Dresden /Germany

12th May 2025. Prof. Andreas Menzel MD, Thoracic Surgeon, is 
preparing for his next operation at the St.-Friedrichs-Hospi-
tal in Dresden. He leaves the operating theatre and enters a 
room which is reminiscent of an outside television broadcast 
vehicle. There are numerous screens on the wall and a con-
trol panel boasts joysticks and buttons operated by assisting 
physicians. Dr. Menzel dons a data helmet and data gloves 
and, following confirmation from his colleagues, begins a vir-
tual operation on a real patient lying in an operating theatre 
in Ohio/USA. This type of telemedicine was more common 
ten years earlier before it emerged that the effort involved 
was simply too great for standard operations. For complex 
interventions, however, the »virtual operation« is still a com-
monly-used option.
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26 »A long time ago surgery was performed without anaesthe-
sia and with knives.« Thus begins an introductory lecture on 
the history of surgery by Paula Mitkovic, Professor of Medi-
cine at the University of Munich – to the amazement of her 
students. »Anaesthesia was not introduced until 1867« Prof. 
Mitkovic continues, »and until about 2050 the knife or scal-
pel was the most important instrument a surgeon had. It 
was eventually replaced by other techniques, such as the  
laser. And it was only about 50 years ago that invasive tech-
niques become quasi superfluous, at least in the treatment 
of tumours.« Today – in 2133 – treatment involves radiation 
therapy at a cellular and molecular level instead. Not only  
tissue mutations, but also metabolic functions can be locally 
influenced in this way.
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Cancer research started the ball rolling. Its first success was 
the marking of tissue mutations. Then followed the step 
from diagnosis to therapy. Pharmaceuticals were developed 
to detect marked cells and destroy them. A real leap forward 
has been the utilisation of gene technology in order to fight 
cancer: modified cells are detected early on, removed and, 
after extracting the gene which caused the mutation, re-
placed. It is now also possible to reinforce or renew particular 
tissues, e.g. cardiac tissue, without operating. And research 
is currently being performed on a further development: the 
substances responsible for cell ageing have been discovered. 
Immortality is coming closer – with all the practical advan-
tages and disadvantages which this will mean for planet 
Earth.
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Orthopaedics
Orthopaedics, from the Greek 
»orthos«, straight, correct, and 
»paideir«, rearing of children.

But if one will strip the point of the shoulder of the fleshy 
parts, and where the muscle (…) extends, and also lay bare 
the tendon that goes from the armpit and clavicle to the 
breast (…), the head of the humerus will appear to protrude 
strongly forward, although not dislocated.

Galen of Pergamum, Greek physician and anatomist, 129 
– 216 A.D., from his commentary on Hippocrates, »On the 
Articulations«
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460 B.C. Hippocrates of Cos (3) described the successful 
treatment of a shoulder luxation, i.e. the setting of a shoul-
der joint (4), using a ladder (1).
Roman  gladiators  provided  a  wealth  of  observational 
material for physicians interested in the musculoskeletal  
system. Today we would speak of sports injuries. Galen 
of  Pergamum,  who  lived  from  129  –  199  A.D.,  treated 
gladiators and collected considerable experience in this field. 
He is deemed the founding father of sports medicine, pub-
lishing comprehensive examinations of the skeleton and 
muscles based on the results of dissections he performed on 
pigs, monkeys and dogs.

And there were many such diseases at this time. When  
people earn their daily bread through physical work rather 
than desk jobs, there may be fewer muscle cramps and back 
pains, but there are also far more injuries such as luxations 
and broken bones. 
Surgical and orthopaedic knowledge was largely assimilated 
by army doctors during wartime. Homer’s descriptions of 
the Trojan War in his Odyssey, for example, provide infor-
mation about the treatment methods favoured by Ancient 
Greek orthopaedic specialists. These methods were very 
limited, however. Frequent treatments were to take the air 
or to bathe, and congenital defects in the locomotor system 
were even considered incurable. In contrast, the approach 
to more simple injuries to the muscles and bones was quite 
pragmatic – and from today’s point of view brutal. Around 

Coccyx

Sacrum

Cervical spine

Thoracic spine

Lumbar spine

460 B.C.

A history of orthopaedics cannot really predate 1741 because this was 
the year in which the term was first used. But before that there 
were, of course, treatments and examinations for musculoskeletal 
and ligamentous diseases and injuries.
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35term, but a whole new field of work. 
The end of the 18th century saw orthopaedics becoming in-
stitutionalised. In 1780, physician Louis-Jean Samuel Venel 
opened the world’s first orthopaedic hospital in Switzerland. 
And in 1816 Johann Georg Heine founded the »Carolinen-In-
stitut« in Würzburg, which attracted patients from all over 
Europe. Originally Heine had »only« produced orthopaedic 
equipment. But after the Napoleonic Wars the demand for 
medical advice was so great that he also began to treat pa-
tients. In order to heal complex fractures he first used the 
then-common »extension bed« and then favoured so-called 
»carrying machines«, which helped patients to walk – an ear-
ly predecessor of the Zimmer frame and »rollator«. 

At the beginning of the 18th century, Lorenz Heister (5) put 
an end to the strict division of work between physicians who 
were academics and wound physicians who were manual 
workers. Although he was Professor of Surgery, he wrote a 
text book describing popular operating methods and the »re-
cently invented and appropriate instruments« (6–9) required 
for them. 
The term »orthopaedics« was first coined in 1741 – as men-
tioned above – by the Parisian paediatrician Nicolas Andry. 
He went further, recommending the correction of crooked 
spines and legs using splints. This amounted to a revolution, 
with crippling previously having been deemed God-given 
and beyond human influence. Andry, on the other hand, es-
tablished that natural bone growth influences deformities 
(10) if corrected. Thus »orthopaedics« meant not only a new 

A steady hand was helpful. Many physicians doubled up as 
barbers – or, vice versa, a travelling barber or barber-surgeon 
also set broken bones, pulled teeth and removed bladder 
stones. Frenchman Ambroise Paré (1), for example, first be-
came an apprentice to a 16th century barber-surgeon before 
he began work as an army surgeon (2). In 1564 he described 
therapeutic methods which were very modern for the time 
and he developed various medical instruments, as well as 
some steel prosthetic devices (3) which were usually fitted  for 
cosmetic reasons. One famous device  was the »iron hand« 
made for German Imperial Knight Götz von Berlichingen  
after an artillery bullet shot off his right hand in 1504. The 
fully mobile prosthesis was said to have been made from 
more than 200 individual pieces. By pressing a button it was 
possible to open or close all the fingers. 

Around 25 B.C., Aulus Cornelius Celsus also described differ-
ent types of luxation. And then came the »Dark Ages«, during 
which medicine and medical technology made no progress 
whatsoever, at least not in Europe. 
In his »Feldbuch der Wundartzney« (Field Book of Wound 
Medicine), Hans von Gersdorff, a contemporary of Luther, 
described different types of cut and stab wound: it was 
wartime. A short while later, in 1543, the physician Andreas 
Vesalius (4), in his work »De humani corporis fabricca«,  
established  a  systematic  approach  to  surgery  including 
descriptions of ligatures, amputations, the phenomenon 
of phantom pain and »state-of-the-art« prosthetics. At this 
time orthopaedics was more of a craft than a science, with 
the real physicians concentrating on diagnoses. 
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36 371895, his chosen motif being his wife’s hand. Two days later 
he had the perfect Christmas present for her. In 1901 Röntgen 
was awarded the Nobel prize for his discovery. 
Around the turn of the century orthopaedics also progressed 
at the curative and operative levels. In 1900, Sir William  
Arbuthnot Lane was the first to attempt internal fixation 
– first using silver wire, then steel screws – in order to heal 
fractures, a method which was to become considerably re-
fined over the ensuing decades. The origins of bodybuilding 
also date to this period: around 1900 the Swedish physi-
cian Gustav Jonas Zander developed the first machines for  
physiotherapeutic resistance exercising (8).

Bernhard Heine (3) invented and developed orthopae-
dic bandages and tools, including the »osteotome« (4) – a 
type of chainsaw for more precise cutting of bones during 
surgery. Many surgeons developed new aids and devices – 
wheelchairs, for example (2). Emil Theodor Kocher (7) gave 
us the Kocher forceps, which are still used today. He received 
the Nobel prize (6) for medicine in 1909. Progress was also 
made in narcosis and surgical hygiene, with new methods 
emerging. In 1846, for example, W. T. Green Morton intro-
duced ether narcosis, and in 1870 Joseph Lister introduced 
antisepsis with carbolic acid ester. 
From 1895 it became significantly easier to make an ortho-
paedic diagnosis, with Wilhelm Conrad Röntgen discovering 
the »X-rays«. This discovery also had a very practical aspect: 
Röntgen took the very first »X-ray« picture on December 22, 

The time was gradually coming for orthopaedics to receive scientific 
acclaim. In 1824 Johann Georg Heine (1) may not yet have become Pro-
fessor of Orthopaedics, but he was proclaimed »demonstrator of 
orthopaedic engineering«. This also meant recognition for orthopae-
dics as medically significant, as opposed to a mere cosmetic correc-
tion. In 1838, the first ever Chair of Orthopaedics and Operative Sur-
gery was established in Germany – or more precisely in Würzburg, its 
first holder being Bernhard Heine (3; nephew to Johann Georg Heine) .
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eral nature, as well as helpful pointers for individual opera-
tions – a topic of interest to the whole branch and one which 
can improve the quality of surgery throughout. Once again, 
information technology (IT) plays an important role here – it 
is an essential driving force, also for orthopaedics.

Biomechanics: towards the »cyborg«
A different path is the replacement of natural functions, 
organs and limbs by increasingly intelligent mechanical 
aids. The artificial hip joint is just one harbinger of this de-
velopment. The idea of the human being as a »cybernetic 
organism« (cyborg) is not just a vision from science fiction 
literature, but an integral part of medical research. New gen-
erations of prosthetic devices will be linked to nerve cells, 
making them able to react to the »wishes« of the patient. 

microscopic ruptures, for example.

Bio-Engineering: growing replaces surgery
One alternative now available is to »grow« a patient’s own 
vertebral disc cells in the laboratory and then inject them 
back into the body. The tissue then more or less repairs itself 
– a trend which can be observed in many areas of medicine. 
Cartilage replacement material, e.g. for knee joints, can also 
already be grown from endogenous physical matter.

Quality assurance in the operating theatre
One interesting project which extends beyond orthopae- 
dics is the »Orthomed« database for hip operations. As a first 
step towards »practising« operations or planning them bet-
ter in advance, this database provides information of a gen-

the future: the older people become, the more vulnerable their 
locomotor systems become, and the more susceptible they are 
to wear and tear. The demand for artificial hip joints (1–4) and 
artificial knee joints (5, 6) is therefore expected to rise.

Laser and water jets replace the scalpel
There have recently been some new approaches to the treat-
ment of skeletal diseases, for example cryotherapy (8–10) 
which »operates« with cold. A general truth in this field, as 
for that of surgery, is that the scalpel and scissors are gradu-
ally being replaced by alternative, simpler procedures, e.g. la-
sering. It is now possible, for example, to perform minimally 
invasive surgery on slipped disks using microlaser treatment. 
The body is penetrated only by a fibre, which then guides 
the laser to its required location. There it can »weld« (11–13)  

Have you heard about the »Bone and Joint Decade«? The 
World Health Organisation has declared the years 2000 to 
2010 the decade of bones and joints, wishing to inform the 
public about the steady rise in locomotor and ligamentous 
diseases and injuries.

Fight against »widespread diseases«
This is a reaction of the WHO to a real increase – at least in 
the industrial world – in »common diseases« requiring treat-
ment, especially diseases of an orthopaedic nature, such as 
back pain. Shifting from an industrial to a service society 
will not cushion the blow: from an orthopaedic perspective, 
sitting for long periods is not much healthier than carrying 
heavy loads. Demographic development also means that or-
thopaedic specialists will have their work cut out for them in 
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much-talked-about surgical robots for the fitting of replace-
ment hip joints have not stood the test of time. But that 
does not mean that robotics as a discipline is now »passé«. 
Instead, physicians and machines have to work together. A 
surgeon can control a robot with a joystick, making it cut 
or stitch with extreme precision and no trembling whatso-
ever. Other developments have also advanced, and operating 
techniques are becoming increasingly precise. Perfect navi-
gation prior to the implantation of knee and hip prostheses 
is now possible, for example. The »orthopilot« (2, 5) assumes 
a function similar to that of an autopilot in an aeroplane.

Future market: rehabilitation robots
One use of robotics which definitely makes sense is for re-
habilitative purposes (3, 8). A robot can move the arm of 

a stroke patient in a predefined manner. The power of the 
robot is then successively reduced as the patient becomes 
able to move his arm autonomously. This new rehabilitative 
method is based on a lightweight robot which weighs just 16 
kg and can therefore be used at home. 
A second project at the Helmholtz Institute for Applied  
Medical Technology in Aachen is moving in a similar di- 
rection: future orthopaedic patients will be able to take 
home a device, e.g. a Deuserband with integrated sen-
sors, and perform exercises relayed to them by computer. 
The computer will then document the exercises performed 
and the physician at the other end will be able to ascertain 
whether, or how well, the patient is making progress.

today

In practice, first attempts to link prostheses with the  
nervous system have been promising: for example, if a pa-
tient concentrates on drawing a circle on a computer, a sensor 
in the brain charts the brainwaves and a circle actually does 
appear on the screen. At the prototype level this also works 
with prosthetic arms which can »read« activating signals 
from the chest and shoulder of the patient. The patient flexes 
a particular chest muscle, for example, and the prosthesis 
grabs (7). It will take about another two or three years before 
thought-controlled prosthetic devices like this can go into  
serial production. But the people doing the testing are al-
ready grateful: for the first time ever they can drink out of 
a glass by themselves or take a plate from a shelf – and with 
some fluency of motion thanks to seven degrees of freedom. 

Prosthetics: greater degrees of freedom
Independently of brain control, modern prostheses are also 
providing increasing freedom for patients simply because of 
improvements to their mechanical construction and use of 
high-tech materials. The case of the »Paralympics« sports-
man with two sprung prosthetic legs who ran 100 metres 
faster than the Olympic gold medallist signifies a break-
through in this field: the human being has, quite literally, 
been overtaken by the combination of organism and ma-
chine. And these developments can take us much further 
still.
 
Robotics: not without a surgeon
Not all promising looking trends stand the test of time, and 
we can see that robots have not replaced surgeons. The 

Orthopaedics
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»And – what does that mean?« »It means that your health in-
surance company will probably exclude you from its disease 
management programme and drastically increase your pre-
mium.« »Is there no way of continuing?« 
The physician considers. »Talk to your insurance company. If 
you agree to buy into their ‘All Care’ package, they might let 
it go just this once.« Vincent Rapp is furious: »But that would 
cost exactly half my salary – just for health insurance!« The 
doctor nods: »Yes, of course. The high costs are a problem for 
many of my patients. But today the medical world offers so 
much and, as we used to say, the only thing that is free is 
death!«

Vincent Rapp is seriously down on his luck. First he cleans his 
teeth in the morning and a friendly voice from his »Personal 
Health Companion« (installed in his bathroom by his health 
insurance company) tells him that his insurance premium will 
rise by 8% if he does not clean his teeth more regularly and 
more thoroughly. The orthopaedic specialist, whom he then 
visits for follow-up treatment of a slipped disk, makes no  
attempt at being friendly. »Mr. Rapp, you have not been ex-
ercising for a full 20 minutes a day, and yesterday you didn’t 
exercise at all.« Vincent Rapp is astounded. »How do you 
know that?« »The radio transmitter in your rehab-suit trans-
mits data to both me and your insurance company relating 
to your exercise times and activity. The pneumatic muscles 
in your suit are still set at their top performance level, which 
means you have not yet built up any of your own muscles.« 
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3D printer – a procedure already familiar to industry under 
the name »rapid prototyping«. First approaches to utilising 
this procedure for the growth of corporeal tissue already  
exist.

In 2052 – according to the 2009 prognoses – road accidents 
will be the third highest cause of death worldwide: a nega-
tive consequence of increased motorisation in the so-called 
emerging economic nations like China and India. In this con-
text it is particularly comforting to know that the field of 
prosthetics is set to make huge progress in the coming years. 
This is particularly true regarding integration of prosthetic 
devices in the corporeal and nervous systems. In the not-too-
distant future, it will be possible to connect prosthetic de-
vices directly to the nerve tracts so that commands from the 
brain really do travel straight to the artificial foot or arm. And 
new methods are also emerging in conjunction with compli-
cated bone injuries and diseases: scientists have managed to 
generate bones and bone segments from endogenous mat-
ter. For this a simple device is used which functions like a 



Diagnostics
Diagnosis: from the Greek »diágnosi«, 
to follow modern pronunciation, liter-
ally »researching across« in the sense 
of »discerning«, »distinguishing«; 
from dia-, »across, through« and gnósi, 
»learning, knowing«

I am the physician / 
From the urine of a man /
I can see the disease afflicting him /
I can help him with the grace of God /
To counter his disease /
With a syrup or prescription / 
To make the man healthy again /
Medicine was invented by Arabo.
Hans Sachs (The Book of Trades, 1568)
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48 A choleric person, for example, has too much yellow bile, a 
phlegmatic person too much phlegm. And because, accord-
ing to this theory, the cause of disease is often too much 
blood, a popular remedy was bloodletting or the use of a 
cupping glass – frequently sending, from today’s perspec-
tive, an already weakened patient to his death. The teach-
ings of the Greek Cos school of medicine – its most famous 
member being Hippocrates of Cos (3) – between 500 and 
400 B.C. represented huge progress. Before then people had 
believed that diseases were caused by supernatural forces. 
Hippocrates and his medical colleagues brought medicine 
down to earth – and to the patient. And they were the first 
to conduct specifically cause-related research: the »anam- 
nesis«, which according to Hippocrates included careful 
questioning and observation of the patient, marked the start 

of modern diagnostic methods and still forms part of every  
patient file today.
This did not mean an end to the doctrine of the four bodily 
fluids, however. Galen (1) may have founded many mod-
ern diagnostic techniques – including the exact examina-
tion of pulse and urine – but he also believed in the funda- 
mental importance of humorism. Albrecht Dürer illustrated 
this theory as late as the 16th century (2). And comprehensive 
use over centuries of cauteries (6) and cupping glasses (5, 7) 
originates from various attempts to balance the bodily fluids 
and directly stimulate the body.

The doctrine of the four supposed human temperaments (humorism) 
was linked to astrology (4) and was popular at this time. Today it is 
little more than a curiosit y from medical history. The doctrine 
states: only when the four bodily fluids blood, phlegm, yellow bile 
and black bile are in balance can a person be healthy. An imbalance, 
on the other hand, leads to physical and mental diseases.

129 A.D.
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Galen’s recommendation that patients’ urine be examined was taken 
up in the Middle Ages by the »School of Salerno«, which belonged to 
the Abbey of Monte Cassino. It was one of the very first medical 
schools and it endeavoured to utilise the findings of Greek medicine. 
The physicians at this school – who included Arab scholars – con-
ducted anatomical studies in pigs, amongst other things.

1738) said that a physician should be »the humble servant of 
nature« and promoted the expansion of clinical medicine at 
the University of Leiden. An important role was played here 
by a pupil of Boerhaave’s (7), the Austrian court physician 
Gerard van Swieten (8; 1700 to 1772). As personal physician to 
the Austrian Empress Maria Theresia (9), he fought against 
superstition and sought rational causes not only for diseases, 
but also for so-called »supernatural« phenomena, such as 
the widespread belief in vampires. The world thus became 
more rational, and methods which even by today’s standards 
may be considered scientific were increasingly applied to  
diagnose diseases.
A significant reason for this was that physicians were increas-
ingly in possession of a university education. 

Mediaeval physicians are often depicted inspecting a urosco-
py flask. This shows that the visual examination of urine – or 
uroscopy – was considered an important diagnostic method 
(3). As Galen had taught, these physicians examined the den-
sity, colour, smell, taste and sediment (2). The results were 
often recorded on a »uroscopy wheel« (4), which also took 
into consideration the patient’s physical state and tempera-
ment (on the basis of humorism, of course). 
In the 16th century, however, physicians were no longer 
restricting  themselves  to  uroscopy.  Johannes  Baptista 
Montanus (5; 1498 to 1551), who taught in Ferrara and Padua 
and is often referred to as a »second Galen«, had recourse 
to autopsy and thus scientific, practical methods. Generally 
speaking, the medical men of the Renaissance drew increas-
ingly upon scientific findings. Herman Boerhaave (7; 1668 to 
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52 53first to see red blood cells – though, of course, without recog-
nising their function. 
One of the most fundamental instruments of medical diag-
nosis – the stethoscope (3) – was invented by René Laennec 
(4) around 1820. With photography, Nicephore Niepce (6) 
also created the basis for modern imaging techniques, and 
Wilhelm Herschel (7) discovered not only Uranus, but also  
infrared radiation. 
At this time people believed that noxious »bad air« caused 
many diseases (miasmatic theory). This stood to reason in-
sofar as many cities really did stink due to a lack of sewer-
age and pathogens could thrive in this microclimate. People 
still did not know how infectious diseases were caused and 
spread, meaning that during the diagnosis, and especially the 
treatment of such diseases they were largely groping in the 

Athanasius Kircher (1; 1602 to 1680) used a fairly simple mi-
croscope to investigate the causes of diseases. In 1665, for 
example, during a bubonic plague epidemic, he examined 
the pus from buboes and discovered living creatures which 
he thought were »little worms«. They were probably red or 
white blood cells. His theory was ultimately incorrect, but his 
approach was right. He attempted a scientific diagnosis and 
assumed that what he had found was a living pathogen. 
Microscopic methods soon became more sophisticated, part-
ly as a result of the work of Hans Lipperhey (2). The devices 
made by Antoni van Leeuwenhoek (1632 to 1732) permitted 
magnification up to 270-fold, for example. This was the pe-
riod which saw the discovery of blood cells and bacteria, 
amongst other things. After William Harvey had described 
blood circulation in 1658, Marcello Malpighi was, in 1661, the 

benefit of his discovery: bones were rendered visible and the 
inside of the human body could be viewed for the very first  
time. Incidentally, Röntgen decided not to patent his X-ray  
machine because he wanted his invention to be used for 
medical diagnostics everywhere and with immediate effect.

dark. The Prussian country doctor Robert Koch was respon-
sible for a breakthrough in this field. He managed not only 
to identify microscopically the pathogens responsible for the 
animal disease anthrax (5), as physicians before him had also 
managed, but also to use staining techniques to mark them 
in the blood and photograph them. This established imaging 
techniques in medical research and diagnostics. In 1882 Koch 
discovered and documented the tuberculosis bacterium in 
the same way, followed by the cholera pathogens in 1883. 
At the end of the 19th century there was a decisive improve-
ment in diagnostic imaging techniques, and its onset can be 
dated precisely. It was on November 8, 1895, a Friday after-
noon, »when no subservient souls were left in the house«, 
that physicist Wilhelm Conrad Röntgen (8) discovered a new 
type of radiation which he called »X-rays«. The practical  
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sodium	 135–145	 	 	 mmol/l
potassium	 3,6–5,0	 	 	 mmol/l
calcium	 2,2–2,6	 	 	 mmol/l
chloride	 95–110	 	 	 mmol/l
magnesium	 0,7–1,0	 	 	 mmol/l
glucose	 3,33–5,55	 	 	 mmol/l
urea-N	 20–45	 	 	 mg/dl
creatinine	 	 0,8–1,2	 0,9–1,4	 mg/dl
creatinine-
clearance	 	 >85	 >95	 ml/min
uric	acid	 	 2,0–6,8	 	 mg/dl
total	protein	 6,0–8,0	 	 	 g/dl
triglyceride	 60–180	 	 	 mg/dl
cholesterol	 140–200	 	 	 mg/dl
iron	 	 60–160	 80–180	 μg/dl
ferritin	 35–217	 23–110	 35–217	 μg/l
myoglobin	 ca	<	70	 19–56	 21–98	 ng/ml
troponin	 0,01–0,08	 	 	 ng/ml
total	bilirubin	 <	1,2	 	 	 mg/dl
fructosamine	 2,0–2,8	 	 	 mmol/dl
direct	bilirubin	 <0,3	 	 	 mg/dl
osmolality	 280–300	 	 	 mosm/kg
HDL	 >42	 >35	 	 mg/dl
LDL	 <155	 	 	 mg/dl
ammonia	 	 20–65	 28–80	 μg/dl
lactate	 <16	 	 	 mg/dl
blood	alcohol	 0	 	 	 ‰
phosphorus	 2,5–4,6	 	 	 mg/dl
haemoglobin	 	 12-15,5	 14-17,5	 g/dl

sodium	 135–145	 	 	 mmol/l
potassium	 3,6–5,0	 	 	 mmol/l
calcium	 2,2–2,6	 	 	 mmol/l
chloride	 95–110	 	 	 mmol/l
magnesium	 0,7–1,0	 	 	 mmol/l
glucose	 3,33–5,55	 	 	 mmol/l
urea-N	 20–45	 	 	 mg/dl
creatinine	 	 0,8–1,2	 0,9–1,4	 mg/dl
creatinine-
clearance	 	 >85	 >95	 ml/min
uric	acid	 	 2,0–6,8	 	 mg/dl
total	protein	 6,0–8,0	 	 	 g/dl
triglyceride	 60–180	 	 	 mg/dl
cholesterol	 140–200	 	 	 mg/dl

In focus: imaging techniques (8)
Even if these figures seem a little exaggerated: they do 
underline the importance of an accurate diagnosis. In the 
past two decades medical technology has improved enor-
mously, particularly due to imaging techniques. Sonogra-
phy, endoscopy, computer tomography, magnetic reso-
nance imaging, nuclear medicine: various techniques are 
now available for that »look inside« (5). As a result, more 
and more precise diagnoses are being made earlier and 
earlier. Both patients and the healthcare system benefit.  

Specialisation in increasingly precise diagnoses 
This development has led to a new specialisation: treating 
physicians can now send their patients to medical practices 
offering the entire range of imaging techniques.

The key to more effective treatment
Increasingly precise methods mean that tissue mutations, 
for example, can be detected earlier and earlier. This holds  
the key to savings for the healthcare system: investments in 
diagnostics pay off later at treatment time. And yet, despite 
all the progress made to date, there still seems a long way 
to go. The »Journal of the American Medical Association« 
announced in March 2009, for example: »40,000 to 80,000 
people die every year as a result of incorrect diagnoses in 
American hospitals alone«. The authors of this article con-
clude that an incorrect diagnosis is more of a threat to pa-
tients than incorrect treatment.

today

The better the diagnostic techniques, the shorter the treatment time 
and the faster the recovery: this is a succinct explanation of why modern 
medical diagnostic techniques are gaining in signif icance. And even 
though blood (3) is still  a key information carrier in laboratory diagnos-
tics (7,  9) ,  imaging techniques are steadily catching up. Alternatively, the 
technology can be relocated to the patient: a pressure sensor (1)  devel-
oped by the Fraunhofer Institute is introduced into the femoral artery 
and transmits continual data to a reading device.

Diagnostics
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the detection of cancer cells using radioactive markers. This 
concept is based on the fact that metabolic activity near 
tumours is higher than in healthy tissue. 

Further potential for early diagnosis results from the combi-
nation of imaging techniques like PET and biological mark-
ers. The detection of cancer cells at a molecular level using 
fluorescence techniques is currently at the industrialisation 
stage: here the patient is given a substance which docks 
onto cancer cells in the urinary bladder, after which the fluo-
rescence of the substances can be stimulated using an endo-
scope with a blue laser. This technique is currently also being 
tested for lung tumours. The field of diagnostics is therefore 
well on its way to becoming molecular medicine.

be generated during surgery. A C-shaped robotic arm »drives 
around« a patient lying on the operating table (4, 5, 8). Ro-
botics is one of the major innovations in the field of surgery 
today. 

Fashionable: combination techniques
The availability of up-to-the-minute CT images recorded 
during surgery improves the orientation and performance 
of the surgeon – in turn contributing to quality assurance in 
the operating theatre. In the future it will also be possible to 
depict overlapping camera and CT images, making the basis 
on which surgeons work even sounder. Other improvements 
can arise from the combination of two techniques. The joint 
use of positron emission tomography (PET) and computer 
tomography (CT), for example, has been standard for some 

years now. Simultaneous use of cardiography, angiography 
and magnetic resonance tomography (MRT) is advantageous 
in the replacement of heart valves. A very new combination 
is MRT and PET. »Combination tomographs« weighing 58 
tonnes now make it possible, for example, to analyse brain 
metabolism and research neurological diseases such as epi-
lepsy or multiple sclerosis.

Diagnosis at the cellular and molecular levels
The increased precision of imaging techniques is making it 
possible to deliver early diagnoses at a cellular and even mo-
lecular level. These techniques involve nuclear or biological 
»markers« which facilitate far more sophisticated diagnoses 
than those currently provided by contrast medium (3). At 
the moment, for example, research is being conducted into 

These individual techniques deliver increasingly precise re-
sults. One example of a marked improvement is the »dual 
source« technology behind computer tomography. By using 
two X-ray sources with different energy levels it is possible, 
for example, to achieve a spatial representation of the vas-
cular structures (2). The use of minimally invasive diagnostic 
techniques (6, 7) is also advantageous.

Imaging during surgery
These techniques are not just for »pure« diagnosis, but also 
for optimum planning of surgical interventions. With the 
help of imaging techniques surgeons can prepare them-
selves in advance. State-of-the-art diagnostic devices are 
also increasingly being used in the operating theatre itself. 
One example is »C-arm« technology, enabling CT images to 

todayDiagnostics
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closer interdisciplinary cooperation between physicians dur-
ing surgery. In general, IT is an important driver regarding 
the further development of imaging techniques.

Prof. Wolfgang Knüpfer, Siemens Healthcare AG
 

A relatively new diagnostic field is molecular imaging, i.e. 
the recording of processes taking place at a cellular and 
even molecular level. First »markers« are introduced to sig-
nal the detection of diseased cells, then a therapeutic agent 
is administered which docks onto these cells. This »targeted 
therapy« also employs nanoparticles to reach specific dis-
eased cells with a cytostatic agent.

Prof. Thomas Schmitz-Rode, AME, RWTH Aachen

Whole-body scans within seconds 
The increasing performance of imaging techniques (1, 2) re-
fers not only to their precision, i.e. their exact presentation of 
images, but also to their speed: a »whole-body scan« with a 
CT can be over in just a few seconds: a huge help regarding 
the emergency admission of accident victims.

Navigation within the body
At the same time, new intracorporeal possibilities are open-
ing up. Patients will soon be able to swallow a microcamera 
like a pill. It will be guided externally by magnets and deliver 
images from inside the body. In a similar way it will be pos-
sible to transport medication directly to its desired location, 
e.g. a tumour. Yet another possibility is navigation within 
the body using an extremely precise GPS system (3, 5). In the 

future it will be possible to use this technology for punctur-
ing, enabling the tip of a needle to be placed accurately using 
electromagnetic tracking.

Telemedicine: »built-in« warning signals
Telemedicine will become increasingly important, with the 
body undergoing more or less permanent diagnosis and 
analysis. As soon as there is an anomaly, for example in the 
blood parameters or cardiac rhythm, a report can be sent au-
tomatically to the family practitioner or the patient himself, 
telling him to visit his doctor.

A merger of diagnosis and therapy: new generations of 
computer tomographs are employed in operating theatres, 
supporting surgeons during operations. This also means a 

IT as an innovation driver
Independently of all these techniques, IT itself is an essen-
tial driving force. The performance of a diagnostic device 
depends on the performance of its microchips, with imag-
ing techniques producing huge quantities of data needing 
to be processed. Fashionable at the moment are continual 
workflow and connection to databases, the prerequisites for 
»knowledge-based patient care«. Erroneous medication can 
be avoided by taking this route. 
In a further step, evaluation systems will be equipped with 
additional intelligence. Then not only can the physicians in-
terpret the data, but the computer-based systems them-
selves can point out irregularities. And they can also compare 
images taken at different times. 
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The »diagnosis and prevention management programme« of 
the general health insurance company AKV is clearly struc-
tured. When new members join, they start with a risk analy-
sis. This includes diseases in the family, as well as high-risk 
hereditary indications and eating habits. Throughout the life 
of the insured party, there then follow regular blood exami-
nations, as well as »diagnostic scans« with various imaging 
techniques. The data is evaluated by a computer and com-
pared; if necessary, this is followed by more precise diagnos-
tic techniques. In this way mutations can be detected even 
in just a few cells, and tumour cells can be »repaired« and 
cloned directly. Since the introduction of this programme, 
only a negligible number of people insured with AKV have 
contracted incurable cancer.
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62 The future belongs to »molecular imaging«: of this, many 
medical specialists from the field of diagnostics are con-
vinced. Even today it is already possible, for example, to de-
tect cancer at a molecular level before a tumour has formed. 
Diseased cells have a different metabolism, which can be 
detected with a combination of »markers« and imaging 
techniques, such as magnetic resonance tomography. In the 
future it will become possible to mark molecules within the 
blood using iron oxide particles and to visualise tumours in 
this way. First successes have already been seen with mark-
ers which cause pathologically mutated cell structures – or 
more precisely their enzymes – to fluoresce when they are 
stimulated. This means that 3-D imaging has become possi-
ble for the first time and that tumour structures can now be 
recognised.
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Berlin, Potsdamer Platz: Paola Blum has just received a text 
message telling her to go for her annual health check-up. On 
her way to the office she enters one of the check-up boxes 
standing on various public corners. Once the machine has 
read her insurance card, a routine diagnosis takes place in-
volving various imaging techniques. At the end Paola Blum 
is required to give a urine sample and then, after a total of 
eight minutes, she is finished – and receives a full print-out 
of her medical report, which at the same time is also sent 
online to her health insurance company. She is happy with 
the result: the report contains no conspicuities which would 
require a visit to the doctor. The only thing she is annoyed 
about is a mention of her alcohol consumption, which has 
now gone down on record: she could have avoided this if she 
had not had any wine with her dinner the day before.



Ophthalmology
From the Ancient Greek »ofthalmós« 
eye, the doctrine of diseases and 
malfunctions of the visual organ 
and sight, as well as their medical 
treatment.

O, a noble sky gift is the light of the eye – all natures live of 
each lucky creature – the plant turns joyfully to the light.

Inscription on the monument to ophthalmologist Albrecht 
von Graefe (1828 – 1870) in front of the Charité Hospital in 
Berlin.
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68 69The Code of Hammurabi (3) ,  from the 18th century B.C.,  is an ancient 
Egyptian law code. §215 of the Code states: »If a physician has treated 
a free-born man for a severe wound with a lancet of bronze and has 
caused the man to die, or has opened a tumour of the man with a 
lancet of bronze and has destroyed his eye, his hands one shall cut 
off.« If,  however, the operation was successful, the physician shall 
receive five shekels of silver.

1800 v. Chr. 400 A.D.

This citation from the Code of Hammurabi shows: in Ancient 
Egypt eye treatment could be quite lucrative. But the punish-
ments for a mistake were severe. Physicians therefore lived 
dangerously, especially as the risk of blindness due to infec-
tion was very high. The Code also shows that people even 
back then suffered from cataracts. Today, cataract treatment 
is the most common operation worldwide – with approx. 
650,000 cataract operations performed annually in Germany 
alone. Throughout the following centuries, the »coucher« 
had become a recognised profession, and there are many pic-
tures of instruments (6) used to pierce the retina and push 
the clouded lens back into the eye. 
Other eye diseases were also widespread, including tracho-
ma which is still the most common eye disease in developing 
countries today, and which leads to blindness if untreated. 

On the basis of humorism, people believed that trachoma or 
other (less harmful) eye inflammations arose from an excess 
of phlegm flowing into the eye from the brain. For this rea-
son, the cure was either to open up or to cauterise the vein 
running through the temple. Eye diseases were also seen as 
punishments. »Those whom the gods desire to punish are 
afflicted by blindness.« So said Sophocles in his »Antigone«. 
The medical equipment used to treat the eyes in pre-Chris-
tian times included forceps to remove ingrown eyelashes 
from the eye – a concomitant symptom of trichiasis.
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7170 tures and bladder stones competently, as well as developing 
medical devices (6). Another renowned oculist was Georg 
Bartisch (1535 to 1607). Following an apprenticeship with a 
barber-surgeon he worked as an oculist, trepanner and sur-
geon and, in 1583, wrote the book »Ophthalmoduleia« in 
which he described many other methods for treating ocular 
diseases (2). 
Like dental medicine, ophthalmology did not become a sepa-
rate medical discipline until much later – around 1800. But 
the structure of the eye was still not understood then, nor 
was the faculty of sight. Several theories were still circulating 
in Goethe’s lifetime. One of these maintained that all objects 
radiate light, which is then »caught« by the eye.

The first spectacles were so-called pince-nez (1), which were 
clamped to the nose. About 50 to 100 years later the hard 
bridge (5) followed, still used today. Also popular were glass-
es bound to head gear, hanging down over the face – but, 
of course, only for those who could afford them. In the Mid-
dle Ages physicians were only responsible for diagnosing pa-
tients. The manual work of pulling teeth, removing cataracts, 
drilling holes in the skull, etc. was left to travelling barbers, 
barber-surgeons and army doctors’ assistants. For these peo-
ple this was a practical solution: if a cataract treatment was 
not successful or an infection ensued (which was often fa-
tal), the oculist was already gone. 
One of the most famous oculists at this time was Dr. Johann 
Andreas Eisenbarth (1663 to 1727), who did not deserve his 
bad reputation: he was a good surgeon who treated frac-

1600

The early 14th century saw a growth in the range of solutions avail-
able for impaired vision: spectacles (1)  were first mentioned in 1302. 
The German word for glasses, »Brille«, stems from the beryllium 
crystals which were originally ground down to make the lenses. 
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72 73were still thought sufficient (4). In 1906, Eduard Zirn man-
aged the first corneal transplantation (keratoplasty) – which 
was also the first transplantation ever. 
Even after the Second World War many eye diseases per-
sisted which could not be adequately treated. Numerous dia-
betics went blind, for example, and many cataract patients 
wore »cataract glasses«. In the 1950s it became possible to 
treat diabetic retinopathy using laser coagulation, reducing 
blindness in diabetics to below 1/10th of the previous rate. 
Cataract glasses were rendered obsolete in 1950, thanks to 
the invention of the intraocular lens, and through the de- 
velopment of vitrectomy – i.e. removal of the vitreous  
humour from the eye – many diseases which used to lead to 
blindness can now be treated.

The mid-19th century witnessed ophthalmology becoming 
a regonised science. In 1851, Hermann von Helmholtz (2) in-
vented the ophthalmoscope (3), enabling the eye to be exam-
ined in more detail, and the retina in particular. At the same 
time, Carl Friedrich Richard Förster developed the perimeter 
(7) in order to measure the field of vision. Franciscus Cornelis 
Donders (1) managed to correct astigmatism using prismatic 
and cylindrical lenses. In 1863 he developed the first device 
for measuring intraocular pressure. 
Albrecht von Graefe (1828 to 1870), the »father of ophthal-
mology« (5), successfully dared to operate on patients with 
glaucoma and is said to have performed more than 100,000 
operations in total. Measuring and testing devices were de-
veloped for many different eye diseases (9). For assessing of 
colour blindness, however, colour charts and lengths of wool 

1850

Around 1800, Carl Gustav Himly, who also invented several ophthal-
mologic instruments, coined the term »ophthalmology«. In 1812, after 
years of striving, the Viennese oculist Georg Joseph Beer became the 
first Professor of Ophthalmology and opened an eye clinic with two 
rooms. 
This period saw a growing understanding of the functions and anato-
my of the eye – not least due to improvements in microscopy. The pre-
requisites for healing many different eye diseases were now finally in 
place. 
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A growing f ield: the demographic development is in itself suf f icient evi-
dence of how signif icant ophthalmology will  become in the future – and 
of how both ophthalmologists and the manufacturers of ophthalmologic 
devices (1)  will  have their work cut out for them.

Ophthalmology

appropriate eye care would be for the developing world: in 
Tanzania the life expectancy of a blind person is exactly half 
that of a person with normal sight. The goal of ophthalmolo-
gists to preserve full biological vision can therefore mean not 
only an increase in quality of life, but also, quite literally, sur-
vival.
 
Future market LASIK
The challenge facing the developed nations is a different one. 
Here 95% of people over the age of 60 are ametropic, and 
with increasing life expectancy the treatment of ametropy 
will expand accordingly. Here new technologies (9) involve 
refractive, laser-based surgery.

In the year 2000, 135 million people worldwide were either 
blind or partially sighted; by 2020 this figure will have 
doubled. The gulf between the developed and developing 
nations is steadily widening. Approx. 80% of all blind peo-
ple would be able to see if adequately treated according to 
state-of-the-art medical standards. The methods and tech-
nologies required to treat eye diseases exist. This is true both 
with regard to diagnosis (11) and with regard to operations as 
complex as keratoplasty (3). 
 
Blindness halves life expectancy
However, the opportunities provided by modern ophthal-
mology are currently only realised in the developed world – 
which as a consequence is home to fewer and fewer blind 
people. One statistic particularly shows how important  
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which was later thought pioneering in other areas of medi-
cine. And phacoemulsification also utilises another technol-
ogy – ultrasound – to destroy the clouded lens. The cataract 
operation – implanting an artificial lens – is, incidentally, the 
most common operation in the world.

The next step: artificial vision
Ophthalmology is also way ahead with regard to another 
future technology, namely the connection of artificial im-
plants to the nerve cells of an organism. For about the last 
ten years, scientists have been working on retina implants 
for blind people, and in the last few years there have been 
some successful pilot studies. At the University of Tübingen 
a retina implant has been developed which consists of a 3 x 
3 mm chip with 1500 photographic sensors (6, 8). Each sen-

LASIK (2–5), or Laser Assisted in situ Keratomileusis, renders 
the wearing of glasses superfluous by making the necessary 
correction directly in the eye. Some ophthalmologists are 
still sceptical, but experts are confident that these devices 
are continually improving. Every year, 100,000 LASIK opera-
tions  are  performed  in  Germany  alone,  even  though  the 
statutory health insurance companies do not (yet) cover the 
cost. »Surgical tourism« is thus rife. At the moment Turkey is 
very popular for LASIK operations.

Rays replace the knife 
LASIK is not the only example of how ophthalmology is 
particularly open to new surgical techniques. As early as 
the 1970s, surgical treatment of cataracts already involved 
combined sucking-rinsing-cutting devices – a development 

which communicate with living cell tissue. Electronic circuits 
amplify and process the extremely weak signals emanating 
from the nerve tissue so that they can be electronically re-
corded and assessed. In this way it is possible, for example, to 
see how united cell structures react to electrical or chemical 
stimulation (i.e. drugs).

sor is assigned an amplifier, also located on the chip, which 
sends a signal to the (still existent) bipolar and ganglion cells. 
The result: blind people can orient themselves and local-
ise objects within a room, e.g. a dark plate on a light table-
cloth or approximate facial features (7). Here ophthalmology 
draws upon progress in microelectronics and semiconductor 
coupling technology. It is safe to assume that, in the years 
to come, these technologies will become far more sophis-
ticated and ophthalmologic prosthetics will help patients  
towards better and better vision. 

The biological neural chip
This combination of electronics and human nervous system 
is promising, not only for ophthalmologists. The German 
company Infineon, for example, has developed microchips (9) 

todayOphthalmology
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Lane departure warning system (LDW), automotive night vi-
sion, adaptive cruise control and parking sensors: drivers of 
well-equipped luxury vehicles can already count on aids such 
as these to help and improve perception. In principle there 
is no reason why similar functions should not be built into 
ophthalmologic prosthetic devices. With the aid of special 
sensors or glasses, thermal images could be transferred to 
an artificial retina. Then, in the sense of »augmented reality«, 
people would be able to recognise other objects better in the 
dark. At an everyday level, the writing of shopping lists would 
become superfluous: your spouse’s wishes for dinner could 
be beamed directly, e.g. as a text message, into your field of 
vision – as could reminders by the supermarket of special of-
fers in the aisle down which you are currently walking.
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80 In a next step this technology will be used for the specific 
triggering of light pulses in the visual centre of the brain. The 
patient will then be able to »see« without eyes, or at least 
perceive differences between light and dark within a small 
visual field. This technology will gradually be perfected. In 
ten years time, it is possible that the camera will also be inte-
grated in the eye, and progress in microelectronics will mean 
a far superior picture quality. The greatest problem: vision is 
an acquired skill. The visual centre of a person who has been 
blind from birth and then as an adult receives an implant will 
initially be unable to process these light pulses.

Retinal implants are still in the test phase – but researchers, 
e.g. at the RWTH in Aachen, are already working on a more 
complex project. The photoreceptors are being replaced by 
special glasses containing a mini-camera. This camera trans-
mits on pictures to a receiver located in the ocular lens. The 
receiver in turn sends the data to a chip located on the retina. 
This makes for two implants in the eye.



Dental medicine
Dentistry is the prevention, detec-
tion and treatment of all diseases of 
the teeth, mouth and gums

Resin of terebinth: nubian clay; green eye lotion: crush  
together and apply to the tooth.

From »Ebers Papyrus«, G. Ebers, Leipzig 1875 (reprinted 1987), 
Eb 738 (89, 1), Ancient Egypt, approx. 1648 – 1550 B.C.,  
13th – 17th dynasty

(Fig: Ramesses-Merneptah)
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84 85At this time, first approaches to dentistry were already be-
ing attempted in India. Teeth have been found from the 7th 
millennium B.C. containing small drilled holes of about 2.5 
mm in diameter. It is probable that these holes were filled 
with painkilling herbal substances. A Mexican skull preserved 
from about 1500 years ago contains several teeth with jade 
fillings of about 4 mm in size. However, some scholars think 
that the jade might have fulfilled a decorative function. The 
oldest known false teeth are from Phoenicia and are 5000 
to 6000 years old. They comprise two incisors fixed to the 
neighbouring teeth with gold wire (4). The Etruscans used 
animal teeth as dentures. 
There was no effective and lasting solution for toothache 
at this time. The only hope of alleviation was a good pain-
killer. A popular one in Ancient times was henbane (5) be-

One thing is certain: in past centuries people were plagued by tooth-
ache and dental diseases. They might not have had as much caries as 
we do today, due to a lack of sweets, but both Stone Age man and the 
Romans ate grain products, and the flour was produced on mill-
stones. A by-product of stone abrasion caused the teeth to wear 
down – for the very unlucky until the nerve was laid bare. Visibly 
»short« teeth have been observed in archaeological finds, e.g. »Ötzi«, 
the glacial mummy stemming from the 4th century B.C.,  discovered in 
1991. The Ancient Egyptian »Ebers Papyrus« (2) mentions remedies for 
toothache.

4000 B.C. 300 A.D.

cause of its alkaloids. The Greek physician Diocles of Carystus  
invented an agent still used today, consisting of »all-heal,  
opium, pepper, wax, staphis agria, Cnidian berry, one 
[drachm] each; grind it down, make it up with wax and 
mould it«. Hippocrates (3) advocated a more radical method 
– dental cautery. The nerve was burned, and then the pain 
stopped.  Incidentally,  the  patron  saint  of  dentistry  is 
Apollonia (6). She is usually portrayed with a pair of forceps 
because during her martyrdom all her teeth were violently 
pulled out or shattered. Legend has it that they then grew 
back.
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86 87material was being used as a veneer for diseased teeth which 
is still popular today: gold leaf (3). For those who could not 
afford gold, bones were used as replacement material. 
Even though medical men had now been familiar with the 
topic of toothache for thousands of years, they still had no 
medical explanation for the emergence of caries and other 
causes of toothache. The »boring« and »gnawing« pain made 
it seem reasonable that worms had got into the tooth (4) and 
were attacking or destroying it. This idea persisted right up 
until the 19th century. 
But research into the causes was not the only thing that was 
lacking; the treatment options in the Middle Ages were also 
very limited. There was not even such a thing as a dentist. 
»Dentistry«, if this can be deemed a fitting term, was one 
of the many tasks performed by a barber or barber-surgeon. 

Nearly as old as dentistry is knowledge of dental care. As 
early as 4000 B.C. it was known to the Egyptians. The Ebers 
Papyrus, written around 1550 B.C., mentions, for example, a 
powder to strengthen the teeth. In contrast, dental care in-
struments were probably unknown – apart from the tooth-
pick, which was fashioned from the mastic gum tree and is 
mentioned in the Jewish Talmud from the 2nd century A.D. 
Archigenes was the first person to drill a tooth with a fine 
drill. There is no record of what he did after the drilling. By 
the 7th century the Chinese had dental fillings made of »silver 
paste« – a predecessor of amalgam. Nevertheless, painkill-
ers were still on the agenda – including some which would 
hardly be recommended today. For example, around 925 A.D. 
the Arabian physician Muhammad ibn Zakariya al-Razi (1), 
proposed arsenic (2) as an analgesic. For dental prosthetics a 

200 A.D.

ache at this time was mastic gum (7), already familiar to the 
Greeks. This resin worked as a disinfectant and was used 
both as chewing gum and as a material for fillings.

»Tooth breakers« or »tooth pullers« – as they were called – re-
ally only needed a single instrument. They usually used the 
feared »hook«, which was inserted under the diseased tooth 
as a lever. Ergonomic comfort was not a criterion – but rather 
immense strength in the right arm and good balance. And 
strong nerves, for teeth were of course pulled without an an-
aesthetic. Another popular instrument was the »dental key«, 
first clamping the tooth and then removing it by twisting. 
The so-called »dental pelican« (5), used from the 16th to 19th 
centuries, did not really represent progress. It was positioned 
against the side teeth to create leverage – an enterprise 
which often failed. Then two or three teeth were extracted 
at once, or the roots broke. But there was no other known so-
lution if a carious tooth looked like it would not stand up to 
being attacked by forceps. A tried and tested drug for tooth-

1500
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88 89(7), in 1846. Chloroform was used from 1847. In 1884, the 
first successful local anaesthetic was performed – using a 
high-percentage cocaine solution. Just one year later seri-
ous warnings were issued against this type of narcosis: it 
was said to be toxic and highly addictive. The warnings were 
right, of course – and patients had to put up with the pain 
once again. Often with fatal results: Thomas Buddenbrook, 
hero of the famous novel by Thomas Mann, dies as a result of 
dental treatment. 
Following general advances in surgery, maxillary surgery was 
also to make progress (5). One simple surgical intervention 
was mastered by dentists in England and elsewhere as early 
as the 18th century: teeth were extracted from the poor, who 
usually only ate soups and cereals anyway, and given to the 
rich. George Washington owned several dental prostheses 

(8), carved from ivory and complete with a gold palate. How-
ever, eating was still very difficult.
In the 19th century, »the« instrument of dentistry underwent 
a crucial change. Older people might even still be able to 
remember the result: the dentist could hold the drill in his 
hand and depress a pedal with his foot – like on a spinning 
wheel – which then caused the drill to rotate via a drive belt 
and transmission (6). One could only hope for the patient’s 
sake that the dentist had strong calf muscles. Nevertheless, 
this type of drive, which first became popular in the USA  
after about 1870, was still an improvement over previous 
treatment techniques – and a good early example of the use 
of footswitches in dental technology.

Forceps (4) were – then as now – customary, as shown by fa-
mous paintings of Saint Apollonia: the patron saint of den-
tistry is usually depicted with forceps of truly intimidating 
proportions. The lever principle seems to have had more clout 
here than any desire for gentle treatment. A recommended 
alternative to »pulling« was the deadening (or burning) of a 
nerve using so-called cauteries – another very painful pro-
cedure (1). In this light, dental care (2) appears all the more 
important. At least the job of the »tooth breaker« gradually 
became more professional and respected. In 1725, Frederick 
William I, King of Prussia (3), decreed that the »tooth-doctor« 
was to be recognised from then on as a profession. 
In the 19th century, considerable progress was made in the 
field of anaesthesia. The American William Thomas Green 
Morton was the first to anaesthetise his patients with ether 

1725 1850
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Dentistry today

aiming for »minimally invasive« interventions.

Laser technology in dental surgeries
Some trends and developments in dental technology reflect 
similar trends in engineering – for example an increasing 
use of lasers. In metal processing plants, laser systems cut 
sheet metal several centimetres thick down to size. In den-
tal surgeries, lasers are used to harden composite fillings. 
And, more recently, laser technology has even rendered the 
much-hated drilling superfluous. The »Er:YAG laser« might 
turn out to be the technology of the future for routine caries 
treatment, even if it is currently only suitable for very specific  
cases. Additional applications are expected in the field of 
periodontitis treatment.

The plastics used in dentistry are composite materials espe-
cially designed to meet the needs of dental fillings. These re-
quirements are complex. Not only do the materials have to 
be biocompatible, but for side teeth they have to withstand a 
maximum chewing pressure which corresponds to a weight 
of 400 kg. This means that extreme sturdiness is required, 
and yet also robustness because a material which is too  
brittle will break. And, of course, the chosen materials have 
to withstand many years of daily wear and tear.

Maintenance technicians replace bridge builders
When dentists plan treatments today, their guiding princi-
ple is to »maintain, not replace«. This is why implants (3) are 
now replacing bridges, the latter requiring two neighbouring 
teeth to be ground down. These days, not only surgeons are 

All a question of material.  The development of dental technology is 
heavily influenced by the choice of available materials.  Whereas cast 
metals – especially amalgam and of ten gold – were predominantly used 
in the past, today the dentist has at his disposal a wealth of dif ferent 
ceramics (4) and plastics.  More and more of ten the production of dental 
materials is being automated, in state-of-the-art CNC processing centres, 
cut to the millimetre precision (6, 7,  8) .
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9392 using endogenous dentine, as well as the regeneration of 
jaw bones. With the help of »tissue engineering« it might be 
possible to (re)grow lost teeth. This has already been done in 
mice for example with a research team headed by Prof. Paul 
Sharpe in London managing to grow teeth on the kidneys of 
mice.

will still require a final veneer in the laboratory. Incidentally: 
this same process is also used in the manufacture of proto-
type car parts in automotive engineering. »Individual serial 
production« is thus not a contradiction in terms, but a fact – 
in dental technology, and incidentally also in the production 
of hearing aids.

Dentures within the hour
The next step has also been realised. When a tooth requir-
ing a crown has been ground down, it is no longer necessary 
to make a cast. Instead, a camera measures the tooth (5 – 8) 
and sends the data to a CAM (»computer aided manufactur-
ing«) system in the surgery. The machine then mills an indi-
vidual crown from a porcelain blank. This takes about half an 
hour, meaning that the dentist can fit and fix the crown in a 

single session. The patient does not need to worry that the 
appearance of this rapidly generated tooth replacement will 
be inferior in any way – on the contrary: the all-ceramic tooth 
is optically identical to a healthy natural tooth because there 
is no metal frame inside the tooth shining through.

The future of dental technology is digital
From craft to industrialised manufacture: this is the current 
trend in dental technology. The buzzword is »medifactur-
ing«. For dental laboratories it is not good news, and it is 
doubtful whether they will be able to halt this development. 
But even CAD/CAM techniques could become superfluous 
one day in the not-so-distant future. Scientists, e.g. at the 
University of Bonn, the University Dental Hospital of Kiel and 
St. Guy’s Hospital in London, are working on »growing« teeth 

Machine-made dentures
A further analogy to engineering is the move towards ma-
chine-made dentures. This works as follows: using the im-
prints he has taken, a dental technician makes a plaster 
model of the crown or bridge as before, or of an implant (1 – 
3). What happens next is vastly different from previous rou-
tines, however. He then places the model inside a 3-D scan-
ner which takes all the necessary measurements. The dental 
technician can make alterations to the 3D model on the com-
puter and then sends the finished file to a company which 
manufactures metal frameworks for dentures using »selec-
tive laser melting«. This is actually very easy: fine metal pow-
der is distributed across a base plate. A laser then hardens 
those areas which will later provide the dental structure. The 
dentures are thus built up in layers of 0.1 mm in a factory, but 

Dentistry today
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»The tooth cannot be saved. The substance is so worn that a 
crown would be pointless. I will have to extract it.« The pa-
tient is composed as he listens to Dr. Viktoria Spitzer. »Will I 
get an implant?« Dr. Spitzer studies the patient’s file on her 
monitor: »Well, you have always come for regular check-ups 
and you have taken out additional insurance. I am pretty 
sure that your health insurance company will be prepared 
to invest slightly more in your case.« »What do you mean?« 
The dentist replies: »We can implant a tiny amount of en-
dogenous tissue and a new tooth will grow by the time you 
are 38.« »Isn’t that unnatural?« »It’s far more natural than 
a bridge or an implant. And, anyway, nature does the same 
thing with sharks and pangolins: when they lose a tooth, 
they grow a new one.«
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In summer, people with them are easy to spot: markings 
on the left upper arm, looking a bit like faded tattoos. But 
their function is medical, not cosmetic: this is the »inter- 
face« between patient and physician. Here doctors can  
gather information about their patients’ health remotely, as 
well as initiating necessary therapies. All the data is stored 
in a central information system. Dentists also use this »body 
control interface« to influence factors such as tooth growth, 
to fight inflammations or to transport drugs directly to the 
focus of the disease during periodontitis treatment.
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steute Medical Equipment: innovative, high-quality switch-
gear for consulting rooms and operating theatres

In operating theatres, doctors’ surgeries and rehab clinics, 
employees often have their hands full – quite literally. This is 
why foot-controlled switches are a particularly good idea for 
medical equipment. In this complex field it is important that 
control panels are perfectly adapted to the task – addressing 
the ambient conditions, ergonomics, the design of the medi-
cal device, the necessary actuating functionality and the 
needs of the operator. 

At its site in Löhne, Westphalia, Germany, the steute Medi-
cal Equipment division develops and produces high-quality 
switching devices which fulfil these requirements and offer 
intuitive operation. With our control panels even complex 
and critical movements, such as the positioning of a patient 
couch, the execution of a tissue incision using an HF surgi-
cal device or phacoemulsification of the retina, can be per-
formed reliably and sensitively. 

Hygiene and safety at work are also important parameters 
when developing components for medical equipment. Here 
steute’s wireless switches show their advantages. Explo-
sion protection is also important because of the anaesthetic 
gases used in some operating theatres. In addition to a com-
prehensive and modular range of standard products, steute’s 
Medical Equipment division also develops numerous custom-
er-specific actuators for numerous areas of medicine – from 
diagnostics to surgery and orthopaedics, and from ophthal-
mology to dental technology. 

The development of switchgear for the Medical Equipment 
division always involves lively exchanges with other steute 
divisions. The Explosion Protection division, for example,  
develops and produces switchgear for use in explosive zones, 
e.g. chemical plants and oil platforms. The Control Technol-
ogy division, on the other hand, concentrates on industrial  
applications in automation technology. One of the special- 
ities of this division is wireless switches which incorporate 
»energy harvesting« functionality and generate the energy 
they require autonomously, from their surroundings. The di-
vision’s product range also includes actuators for extreme 
hygiene environments which are certified to protection class 
IP 69K and which can be cleaned using a pressure washer. 

The actuators produced by steute’s Medical Equipment  
division all fulfil the normative requirements made of medi-
cal products and carry the »certified medical product« mark 
of approval.
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Picture credits/references
Chirurgie 

Page 9
  Hippocrates of Cos. Taken from: August Baumeister, Denkmäler des klassischen Alter  

  tums. 1885. Vol I, p. 694 (www.wikipedia.org)

Page 10 / 11
 1 Biface. Photo: Andreas Utz (www.andreas-utz.info)
 2 Human evolution scheme. Drawing: José-Manuel Benitos (www.wikipedia.org) (GNU)
 3 Trepanation holes in a human skull. Monte Albán Museum, Oaxaca. Photo: 
  Wolfgang Sauber (www.wikipedia.org) (GNU)
 4 The stele of the Code of Hammurabi. Grey background picture: text fragments of the   
  stele, Musée du Louvre, Paris (www.wikipedia.org)
 5 Poppy seed capsule. Photo: SuperFantastic (www.flickr.com) (www.wikipedia.org) (CC)
  
Page 12 / 13
 1 Mummy of Ramesses II. Photo: Emil Brugsch (1889), (www.wikipedia.org)
 2 Roman surgical tools. Illustration: Büro Longjaloux
 3 Back wall of the Temple of Kom Ombo, Egypt. Photo: Rowan (www.wikipedia.org)
 4 Top: rhinoplasty (artificial formation of a nose from a flap of forehead skin). 

Taken from: Meyers Konversationslexikon, 4th edition (1885–90). Online edition (www.
retrobibliothek.de) Bottom: illustration of an artificial nose formed from a flap of fore-
head skin. Colour lithograph from a drawing by Nicolas Henri Jacob (1782–1871). Taken 
from: M.J.Bourgery, Traité complet de l‘anatomie de l‘homme, 1831–54, Vol.7, plate 14. 
(www.akg-images.de)           

 5 Tomb of Thomas the Apostle in Mylapore near Madras, Southern India. (www.hamsa.org)
 6 Stone bust of Hippocrates of Cos. Galleria degli Uffizi, Florence. Photo: Dr. Boss, 
  Erlangen collection of antiques. (www.aeria.phil.uni-erlangen.de)

Page 14 / 15
 1 Illustration of a cataract operation from the 18th century. Taken from: Samuel Mihles 
  »L‘éléments de chirurgie«, 1764. (www.wikipedia.org)
 2 Title page of Galen‘s book »Galeni Omnia Quae Extant Opera«. First edition Venice 1490.
  Galen of Pergamum. Lithographic portrait in the Mediaeval style, circa 1865.
  (www.wikipedia.org)
 3 Avicenna‘s »Qanun al-Tibb« (Canon of Medicine). (www.wikipedia.org)
 4 Hans von Gersdorff, Der verwundete Mann. In: Feldtbuch der Wundartzney, Strasbourg
  1528. (www.wikipedia.org)

Page 16 / 17
 1 The proportions of the human body in the manner of Vitruvius. Leonardo da Vinci, Galleria 
  dell‘ Accademia, Venice. Photo: Luc Viatour. (www.wikipedia.org)
 2 Illustration of the muscle groups. Taken from: Andreas Vesalius, »De humani corporis 
  fabrica« 1543, p. 174. (www.wikipedia.org)
 3 Rembrandt, Anatomy Lesson of Dr. Nicolaes Tulp. Taken from: The Yorck Project – 10,000 
  Masterpieces of Painting. DVD-ROM, 2002.
 4 Carbolic spray apparatus as used by Joseph Lister, circa 1870. Photo: Univ.-Prof. Michael   
  Zenz MD, University of Bochum. (www.uv.ruhr-uni-bochum.de)
 5 Apparatus for the inhalation of ether. As used by William Thomas Green Morton, circa 
  1846. Photo: Univ.-Prof. Michael Zenz MD, University of Bochum. 
  (www.uv.ruhr-uni-bochum.de)
 6 Joseph Lister. Coin to mark the introduction of antiseptic surgery. © Rudolph Matas 
  Library, Tulane University, New Orleans, USA (www.tulane.edu)

Page 18 / 19
 1 Operating hands. © Tagesklinik unter den Eichen, Berlin  
  (www.tagesklinik-unter-den-eichen.de)
 2 Hand with scalpel. Photo: Artmann Witte (www.fotolia.de)
 3 Administration of a general anaesthetic (mask anaesthesia). © Tagesklinik Fürstenfeld  
  (www.lkh-fuerstenfeld.at)

 4 Endoscopic thyroid surgery. © B.Braun Melsungen AG, (www.aesculap.de)
  Operating field of the Full HD 3 chip camera system. © B.Braun Melsungen AG 
  (www.aesculap.de)
  Endoscopic camera of the Full HD 3 chip camera system. © B.Braun Melsungen AG  
  (www.aesculap.de
 5 Top: 3D-tomography with MR750 3.0T. © GE Healthcare (www.gehealthcare.com)
  Right: awake craniotomy surgery. © Heidelberg University Hospital Media Centre
   (www.klinikum.uni-heidelberg.de)
 6 Preparations for surgery using computer tomography. © Heidelberg University 
  Hospital Media Centre (www.klinikum.uni-heidelberg.de)
 7 Neurosurgical intervention using surgical microscope. © Heidelberg University 
  Hospital Media Centre (www.klinikum.uni-heidelberg.de)
 8  Anaesthetist‘s work station. SGAR, © Andreas Zollinger, Triemlispital Zurich
  (www.anaesthesie-info.ch)
 9 Various instruments used in video endoscopy. © B.Braun Melsungen AG 
  (www.aesculap.de)

Page 20 / 21
 1 Gastric endoscopy. Photo: Carsten Kattau (www.fotolia.de)
 2 Brain surgery using laser system. © MRC Systems GmbH (www.mrc-systems.de)
 3 The operating theatre. © Sports Orthopaedic Clinic Rhein-Pfalz (www.oscrp.de)
 4 Cut through a human chromosome using a nanolaser scalpel. Photo:  
  Dr. Karsten König et.al., Jena Uni-Institute for Anatomy II (www.uni-jena.de)
 5 Patient undergoing cosmetic surgery. Picture archive Jupiterimages/AFP (www.afp.com)
 6 Patient undergoing breast surgery. Photo: Bernd Layer (www.fotolia.de)
 7 Surgeons performing vascular surgery. © Gemeinschaftskrankenhaus Bonn St. Elisabeth/
  St.Petrus/St. Johannes GmbH (www.gk-bonn.de
 8 Medical high-performance monitor. © Penta GmbH (www.penta.de)
  Background picture: laser scalpel. Prototype of a laparoscopic instrument 
  for minimally invasive laser radiation in general surgery. 
  Background information: 
  »Laser radiation with a wavelength of 2 µm is introduced to the abdominal cavity 
  using a flexible quartz glass fibre (shown in red) via the working channel of a
  laparoscope. The radiation, heavily absorbed by water, makes it possible to sever 
  e.g. connective tissue or organs like the kidney with little loss of blood. Studies are 
  currently being performed as part of a development project by the Medical Laser 
  Centre in Lübeck in cooperation with the Institute for Biomedical Optics at the 
  University of Lübeck and the Schleswig-Holstein University Hospital.« Photo: 
  René Kube (www.mll-luebeck.de)
  Background picture: surgical team. © PhotoDisc

Page 22 / 23
 1 Biological heart valve prosthesis. Photo: Wolfgang Bozyk, Cardioclinic Hamburg
  (www.cardioclinic.de)
 2 Anaesthetist at work. Photo: Dieter Strembski, Erlangen University Hospital 
  (www.uk-erlangen.de)
 3 Artificial heart »MiniACcor« from the Helmholtz Institute for Applied Medical 
  Technology/RWTH Aachen (www.ame.hia.rwth-aachen.de)
 4 Surgeons performing a heart operation. Picture archive Associated Press Images 
  (www.apimages.com)
 5 Cardiac computer tomography. Taken from: »Primary intimal pulmonary artery sarcoma: 
  a diagnostic challenge«. In: H. Scheffel et al., Journal of thoracic and cardiovascular
  surgery 2008, 135(4), 949 f. (www.rightslink.com)
  Grey background picture: image of the heart using the Somatom Sensation 64
  computer tomograph. © Siemens AG (www.siemens.de)
 6 Custom-built medical footswitch. © steute Schaltgeräte GmbH & Co. KG
 7 Footswitch MGF 2-MED. © steute Schaltgeräte GmbH & Co. KG
 8 Footswitch MKF 2-MED GP26. © steute Schaltgeräte GmbH & Co. KG
 9 Operating with the surgical robot »Da Vinci Surgical System«.  
  © Intuitive Surgical, Inc. (www.intuitivesurgical.com)
 10 Footswitch MTF 3-MED. © steute Schaltgeräte GmbH & Co. KG
  Background picture: Electrocardiogram. Photo: Moody Groove (www.wikipedia.org)

Page 24 / 25
  Illustration of globally transmitted medical data from one operating theatre to another 
  and to telecontrol systems. Composition: Stephan Degens, Büro Longjaloux. Photo of the  
  Earth © Photo Disc

Page 26 / 27
  Fictitious presentation of future radiation therapy. Composition: Stephan Degens,
  Büro Longjaloux. Laser illustration: Christopher Reinbothe, Büro Longjaloux 
  Photo of patient: Lev Dogatshjov (www.fotolia.de) 
  Screen image top left: 3D image of brain vessels. © Gemeinschaftspraxis Radiologie 
   und Nuklearmedizin (www.radiologen-frankfurt.de)

Page 28 / 29
  Fictitious presentation of a tumour treatment at molecular level. Illustration: Stephan
  Degens, Büro Longjaloux
  Illustration of a ribosome during the production of an amino acid chain. © Hybrid Medical
  Animation, Minneapolis, USA (www.hybridmedicalanimation.com)

Orthopaedics

Page 30 / 31
  Galen of Pergamum. Pierre Roche Vigneron, Lithographic portrait in the Mediaeval 
  style, circa 1865 (www.wikipedia.org)

Page 32 / 33
 1 Luxation in Ancient times using a ladder. Taken from: 9. Galen-Juntina, Vol. 6, Venice
   1625, fol. 254v. Corpus Medicorum Graecorum/Latinorum (cmg.bbaw.de)
 2 Illustration of the spine. Taken from: »Henry Gray’s Anatomy of the Human Body«, 1858.
  Adapted by Uwe Gille, 2006 (www.wikipedia.org) 
 3 Hippocrates of Cos. Stone bust. Photo: shakko, 2008 (www.wikipedia.org) (CC)
 4 Luxation in Ancient times. Taken from: Hippocrates, On the Articulations. 
  Parisinus latinus 6866, fol. 91. Drawing: Francesco Salviati, 1540. © Bibliothèque  
  Nationale de France (www.bnf.fr)
 5 Greek carving of a medical examination. Taken from: Sir Richard W. Living-
  stone Winn and Gilbert Murray, »The legacy of Greece«, 1921 
  (www.imperiumromanum.com)
 6 Coin depicting the Roman Emperor Marcus Aurelius Valerius Maxentius (309–312 a. D.). 
  © CNG coins (www.cngcoins.com) (www.wikipedia.org)

Page 34 / 35
 1 Ambroise Paré. Portrait by William Holl (1807–1871). © Magnus Manske, 
  Smithsonian Institution Libraries, Washington, DC (www.wikipedia.org)
 2 Ambroise Paré treats a wounded soldier. Portrait by E. Hamman. 
  © National Library of Medicine, Bethesda MD (www.nml.com)
 3 Mediaeval prosthesis. Taken from: Ambroise Paré, »Instrumenta chyrurgiae et icones 
  anathomicae«. In: ibid., Dix livres de la chirurgie, 1564, p. 121. © Celeste (www.flickr.com)
 4 Portrait of Andreas Vesalius. Taken from: »De humani corporis fabrica«. Reproduction, 
  artist unknown (www.wikipedia.org)
 5 Lorenz Heister. Portrait of Johann Jakob Haid, 1704–1767. © Bedrich, Smithsonian
  Institution Libraries, Washington, DC (www.wikipedia.org)
  Background picture: title page of the Compendium Anatomicum by Lorenz Heister, 
  1717. © University of Maryland, Health Sciences & Human Services Library
  (www.hshsl.umaryland.edu)
 6 Illustration of a luxation as performed by Heister. Taken from: Die Chirurgie von Lorenz 

Heister, 1719. © Robinson Library Special Collections, Newcastle University. Permission has
  been granted by the Special Collections Librarian, Robinson Library, Newcastle
  University (www.newcastle.ac.uk)
 7 Signature of Lorenz Heister. Taken from: Trew collection of letters (online edition) © 

Harald Fischer Verlag GmbH (www.haraldfischerverlag.de)
 8 Surgical device, circa 1749. Taken from: Lorenz Heister, »Institutiones chirurgicae, in 

quibus quicquid ad rem chirurgicam pertinet optima et novissima ratione pertractatur«, 
1749 (www.wikipedia.org)

 9 Tenacule ad cetonem, 18th C © University of Leipzig, Karl Sudhoff Institute, 
  Medical history collection, Inv.-No. 192 (www.uniklinikum-leipzig.de)
10 Pictorial representation of orthopaedics. Taken from: Nicolas Andry, Orthopädie oder 

Kunst. Bey den Kindern die Ungestaltheit des Leibes zu verhüten und zu verbessern, 1744, 
p. 277 (www.diavlos.gr) 

Page 36 / 37
 1 Johann Georg Heine. Taken from: Hans Hekler,  J.G. Heine – ein Lauterbacher, den selbst 

Goethe bewunderte. In: D‘Kräz 8, 1988 (www.hanshekler.de)
 2 Mannequin in a wheelchair. Taken from: Hans Hekler, J.G. Heine – ein Lauterbacher, den 

selbst Goethe bewunderte. In: D‘Kräz 8, 1988 (www.hanshekler.de)
 3 Bernhard Heine. Taken from: Hans Hekler, Bernhard Heine – von Königen geehrt und von 

Zar Nikolaus umworben. In: D‘Kräz 9, 1989, (www.hanshekler.de)
 4 Bernhard Heine‘s osteotome. Photo: Sabine Salfer, 2007, © Orthopädische Universitäts-

klinik Frankfurt (M) (www.wikipedia.org)
 5 X-ray of a knee joint. Photo: Marek Tihelka (www.fotolia.de)
 6 Front and back of Nobel prize medal for medicine © ® The Nobel Foundation
 7 Emil Theodor Kocher during surgery, circa 1900 (www.stetsundewig.ch)
 8 Remedial gymnastics device as used by Gustav Zander, circa 1890. © National Museum of 

Science and Technology, Stockholm (www.tekniskamuseet.se)

Page 38 / 39
 1 Hip operation. © Michael Timm, Pressebüro Medizin München (www.fotofinder.com)
 2 Different types of hip joint endoprosthesis. © Medizinische Fakultät 
  Mannheim (www.ma.uni-heidelberg.de)
 3 Artificial bone tissue Trabecular Metal™. © Zimmer Germany GmbH 
  (www.zimmergermany.de)
 4 X-ray of a hip joint endoprosthesis, implanted without cement. 
  © Scuba-Limp. (www.wikipedia.org)
 5 Bottom: PU element of the Helix 3D hip joint system. © 2009 Otto Bock 
  HealthCare GmbH (www.ottobock.de)
 6 Left: leg prosthesis of the Helix 3D hip joint system. © 2009 Otto Bock 
  HealthCare GmbH (www.ottobock.de)
 7 Female spine. Artist unknown (www.praxisklinik-orthospine.de)
 8 Cryotherapy for the spine. © Sportklinik Hellersen (www.sportkrankenhaus.de)
 9 Flexible cryoprobe. © ERBE Elektromedizin GmbH (www.erbe-med.de)
 10 Example of cryotherapeutic application using an artificial skeleton.
  © Sportklinik Hellersen (www.sportkrankenhaus.de)
 11 Physician with a microlaser probe. © Michael Timm, Pressebüro Medizin München 
  (www.fotofinder.com)
 12 Top: physician introducing cannulas for laser therapy. © Michael Timm, Pressebüro Medi-
  zin München (www.fotofinder.com)
  Bottom: cannulas for treating the back by infiltration. © Michael Timm, Pressebüro
  Medizin München (www.fotofinder.com)

Page 40 / 41
 1 The Blizzard active wheelchair. © 2009 Otto Bock HealthCare GmbH (www.ottobock.de)
 2 Computer-navigated knee operation at the Center for Endoprosthetics, Schön Klinik 
  Hamburg-Eilbek. © 2009 Schön Kliniken (www.schoen-kliniken.de) 
 3 The Locomat® system for improving walking skills. © Hocoma AG, Schweiz 
  (www.hocoma.ch)
 4 X-ray image of a knee joint. © Westpfalz-Klinikum GmbH 
  (www.westpfalz-klinikum.de)
 5 The OrthoPilot® for precise implantations. © B.Braun Melsungen AG
  Grey illustration: 3D movement diagram. Adaptation Büro Longjaloux
 6 Footswitch MKF 2-MED GP 26 © steute Schaltgeräte GmbH & Co. KG
 7 Left: Armeo® system for treating the upper extremities. © Hocoma AG, Schweiz 
  (www.hocoma.ch)
 8 Close-up of the Armeo® system. © Hocoma AG, Schweiz (www.hocoma.ch)
 9 Right and top: Christian Kandlbauer with neurally controlled arm prosthesis. Photo:
  Reiner Riedler © 2009 Otto Bock HealthCare GmbH (www.ottobock.de)
 10 Two-legged autonomous service robot LISA. © Leibniz University of Hannover, Institut für
  Regelungstechnik (www.biped.irt.uni-hannover.de) 
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 11 The first bionic hand with iLIMB Sytem. © Touch Bionics (www.touchbionics.com)
 12 Custom-built medical footswitch © steute Schaltgeräte GmbH & Co. KG
 13 Footswitch MFG-MED © steute Schaltgeräte GmbH & Co. KG
 14 Footswitch MKF 2-MED GP23 © steute Schaltgeräte GmbH & Co. KG

Page 42 / 43
  Fictitious representation of a »rehab suit «. Composition: Stephan Degens, Büro  

Longjaloux. Suit graphics: Christopher Reinbothe, Büro Longjaloux.

Page 44 / 45
  Fictitious representation of bone regeneration. Composition: Stephan Degens, 
  Büro Longjaloux. Photo: © PhotoDisc

Diagnostics
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  Etching of Hans Sachs from a copperplate engraving. Artist unknown
  (www.wikipedia.org)

Page 48 / 49
 1 Stone bust of Galen. © Library of Congress, Washington DC (www.loc.gov)
  Background picture from: Galen, »Galeni Omnia Quae Extant Opera«, 1490
  (www.wikipedia.org)
 2 Saints John and Peter. Taken from: Albrecht Dürer, The Four Apostles, 1526
  In: The Yorck Project – 10,000 Masterpieces of Painting, DVD-ROM, 2002 
  (www.wikipedia.org)
  Saints Mark and Paul. Taken from: Albrecht Dürer, The Four Apostles, 1526
  In: The Yorck Project – 10,000 Masterpieces of Painting, DVD-ROM, 2002
  (www.wikipedia.org) 
 3 Marble figurine of Asclepius, 5th C B.C. Photo: Jastrow (www.wikipedia.org)
 4 The celestial spheres according to Sacrobosco. Taken from: Peter Apian, »Cosmographia«, 

1539. Photo: Fastfission. In: Edward Grant, »Celestial Orbs in the Latin Middle Ages«. Isis, 
Vol. 78, No. 2. 1987, pp. 152–173 (www.wikipedia.org)

 5 Cupping treatment. Photographer unknown (www.wikipedia.org)
 6 Various cauteries. © Humboldt-Universität, Charité, Centre for Anatomy, 
  Barbara Herrenkind (www.hu-berlin.de)
 7 Cupping cups, bronze, 2nd C A.D., found in Heidelberg. Photo: Kurpfälzisches 
  Museum, Heidelberg (www.museum-heidelberg.de)
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 1 Illustration of uroscopy. Taken from: Cod. Pal. germ. 644, Southern Germany, circa 1460. 

In: Medizinische Texte und Traktate, p. 98 © University Library Heidelberg 
  (www.diglit.ub.uni-heidelberg.de)
 2 Bladder stones. Composition: Stephan Degens, Büro Longjaloux
 3 Top and left: Illustrations of uroscopy. Taken from: Cod. Pal. germ. 644, Southern 

Germany, circa 1460. In: Medizinische Texte und Traktate, p. 98–103 © University Library 
Heidelberg (www.diglit.ub.uni-heidelberg.de)

 4 Uroscopy wheel. Taken from: »The Fasciculus Medicinae« Johannes de Ketham, 1491 
  (www.wikipedia.org)
  Handwritten text excerpt. Taken from: Cod. Pal. germ. 644, Southern Germany, circa 1460. 

In: Medizinische Texte und Traktate, p. 112 © University Library Heidelberg 
  (www.diglit.ub.uni-heidelberg.de)
 5 Johannes Baptista Montanus. © University of Mannheim (www.uni-mannheim.de)
 6 Boerhaavia diffusa Linn. Taken from: Francisco Manuel Blanco, »Flora de Filipinas según el 
  sistema de Linneo«, Manila 1837 (www.wikipedia.org)
 7 Herman Boerhaave. Project Gutenberg eText 15690.jpg (www.wikipedia.org)
  Bottom: seal of the University of Leiden. University of Leiden (www.wikipedia.org)
 8 Gerard van Swieten. (Part) portrait of the picture of the Emperor hanging in the Natural 

History Museum in Vienna. Photo: El bes (www.wikipedia.org) (GNU)
 9 Top: Manuscript by Gerard van Swieten. © Uppsala University Library, Waller Ms 
  Msbenl-00712a
  Bottom: coin depicting Maria Theresia. Photo: Karl Gruber (www.wikipedia.org) (GNU)
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 1 Athanasius Kircher. Taken from: »Mundus Subterraneus«, 1664  (www.wikipedia.org)
 2 Top: ear trumpets (early stethoscopes). Taken from: Meyers Konversationslexikon,  
  4th edition (1885–1890). Online edition (www.retrobibliothek.de)
  Right: Hans Lipperhey. Taken from: »De vero telescopii inventore« published by Pierre 

Borel, circa 1655. © J. van Meurs (www.wikipedia.org)
 3 Cardiological stethoscope 797. © unikom GmbH MDF Instruments 

(www.mdfinstruments.de)
 4 René Théophile Hyacinthe Laënnec. Taken from: H. E. Sigerist, Große Ärzte, München 1965, 

p. 253. (www.wikipedia.org)
 5 »Universal« microscope, circa 1880. © Allan Wissner (www.antique-microscopes.com)
  Background picture: technical drawing of »Universal« microscope. © Allan Wissner
  (www.antique-microscopes.com)
 6 Top: Joseph Nicéphore Niépce. Photographic reproduction, artist unknown 
  (www.wikipedia.org)
  Bottom: illustration of a pinhole camera (camera obscura). Taken from: »Encyclopédie ou 

dictionnaire raisonné des sciences, des arts et des métiers« 1772 (www.wikipedia.org)
 7 Left: Wilhelm Herschel‘s 40-foot telescope. Taken from: Leisure Hour, Nov 2, 1867, p. 729 
  (www.wikipedia.org)
  Bottom: commemorative plaque on the former residence of Wilhelm Herschel. Photo: 

Gert Grer, 2004 (www.wikipedia.org)
 8 Bottom: commemorative stamp depicting Wilhelm Conrad Röntgen. German Federal 

Mail, 1951 (www.wikipedia.org)
  Top: X-ray image of a hand © PhotoDisc
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 1 Top: pressure sensor for blood pressure measurement in the bloodstream. ©Fraunhofer 

IMS, Duisburg (www.ims.fraunhofer.de)
  Right: general examination of a newborn child. Photo: Nevit Dilmen, 2000 
  (www.wikipedia.org)
 2 Cytological imaging. Segmented neutrophil granulocyte. © CS99 
  (www.wikipedia.org)
 3 Left: cytological imaging. Lymphocyte. © CS99 
  (www.wikipedia.org)
  Top: cytological imaging. Eosinophil granulocyte. © CS99 (www.wikipedia.org)
 4 Blood pressure measuring device/ mobile telephone. © Austrian Research Centers GmbH 

– ARC (www.pressetext.at)
 5 Microscopic image. © Photo-CD
 6 ECG recording. © Photo-CD 
 7 Laboratory diagnostics. © Photo-CD 
 8 Laboratory diagnostics. © Photo-CD 
 9 Pipette. © Photo-CD 
  Background picture: laboratory parameters for a full blood count
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 1 Top: VersaCell sample management system. © Siemens AG (www.siemens.de) 
  Right: early detection in medicine – biological markers. © Siemens AG (www.siemens.de)
 2 Bottom: 3D-image of brain vessels. © Gemeinschaftspraxis Radiologie und Nuklear-
  medizin, Frankfurt (www.radiologen-frankfurt.de), 
  Structure of triiodide contrast medium. Line drawing: Büro Longjaloux
 3 CT-analogical slice images using angiographic C-arm system. © Siemens AG 
  (www.siemens.de)
 4 Mobile C-arm system Arcadis Avantic. © Siemens AG (www.siemens.de)
 5 Top: Ysio system for digital radiography. © Siemens AG (www.siemens.de)
  Right: MR breast scanner Magnetom Espree-Pink. © Siemens AG (www.siemens.de)
 6 Physician with endoscope. Photo: Linda Bartlett, National Cancer Institute, Bethesda, 

USA, 1980 (www.wikipedia.org) 
  Endoscopic image of stomach. N.N. (www.wikipedia.org) (GNU)
 7 10mm Trokar. © B.Braun Melsungen AG (www.aesculap.de)
 8 Working with the Syngo DynaCT Cardiac. © Siemens AG (www.siemens.de)

Page 58 / 59
 1 Left: Acuson P10 ultrasound device. © Siemens AG (www.siemens.com)
  Right: ultrasound system Sonoline G40. © Siemens AG (www.siemens.com)
 2 Flat detector angiograms. © Siemens AG (www.siemens.com)
  Turquoise background picture: structural formula of 90Y-DOTATOC. © Armin Kübelbeck  
  (www.wikipedia.org)
 3 Working with the iGuide Cappa. © Siemens AG (www.siemens.com)
 4 Custom-built hand-held medical control © steute Schaltgeräte GmbH & Co. KG
 5 Screen image of the iGuide Cappa. © Siemens AG, Deutschland (www.siemens.com)
 6  Custom-built medical footswitch © steute Schaltgeräte GmbH & Co. KG
 7 Custom-built medical footswitch © steute Schaltgeräte GmbH & Co. KG
 8 Custom-built medical footswitch © steute Schaltgeräte GmbH & Co. KG 
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  Fictitious diagnostic options for the future. Composition: Stephan Degens, 
  Büro Longjaloux
  Photo of the Clarity Fusion Viewer. © Codonics, Middleburg Heights, USA 
  X-ray image of the upper body. Taken from: Innenansichten Virtuelle Körperbilder. 2007, 
  p. 16. © Dr. Nenad Kostovic, radprax MVZ Solingen. 
  Male upper body. Photo: Anna-Lena Thamm (cydonna) 
  (www.photocase.com)
  DNA illustration. © WEB2DNA (www.baekdal.com)
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  Fictitious representation of molecular diagnostics. Composition: Stephan Degens, 
  Büro Longjaloux. Photo: © Photo Disc
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  Fictitious representation of a »check-up box« in a public space. Composition: Stephan
  Degens, Büro Longjaloux. Check-Box Illustration:Christopher Reinbothe,  Büro Longjaloux.
  Photo Alexanderplatz: Liona Touissant, Berlin (www.liona-toussaint.de)

Ophthalmology
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  Albrecht von Graefe. Taken from: Michael Schönitzer, Die großen Deutschen im Bilde, 

1936 (www.wikipedia.org)
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 1 Mesopotamian cylinder seals. Photo: Jastrow. Musée du Louvre, Paris 

(www.wikipedia.org)
 2 Cuneiform script. Taken from: Der Große Brockhaus, Leipzig 1929. Scan: Immanuel Giel 
  (www.wikipedia.org)
 3 Upper part of the stele with text from the Code of Hammurabi. Taken from: the Fritz 

Milkau slide collection, compiled in the Photographic Workshop of the Prussian state 
library between 1926–1933 (www.wikipedia.org)

 4 Greek coins from Thessaly. Photo: Roland Müller (www.odophil.ch)
 5 Mosaics in San Vitale in Ravenna, before 547. Taken from: The Yorck Project – 10,000  
  Masterpieces of Painting. DVD-ROM, 2002 (www.wikipedia.org)
 6 Various medical tools. (www.imperiumromanum.com). Illustration and adaptation: Büro 

Longjaloux 
 7 Head of Constantine‘s colossal statue. Musei Capitolini, Rom. Photo:
  Markus Bernet (www.wikipedia.org)
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 1 Ancient pince-nez scissor glasses. Illustration and adaptation: Büro Longjaloux. Based on 

a reconstruction by optiker holz, Boppard
 2 Masks for correcting squints and eyelash anomalies. Taken from:
  Georg Bartisch, »›Ophthalmodouleia‹, das ist ›Augendienst‹«, 1583. Photo: Dr. Georg O.D.
  Rosenwasser, Property of Duke University Medical Center Library, Trent Collection, History
  of Medicine Collections Durham, NC (www.mclibrary.duke.edu)
 3 Illustration of a cataract operation (couching) by Georg Bartisch. Taken from: »›Ophthal-

modouleia‹, das ist ›Augendienst‹«, 1583. Photo: Dr. Georg O.D. Rosenwasser, Property of 

Duke University Medical Center Library, Trent Collection, History of Medicine Collections 
Durham, NC (www.mclibrary.duke.edu)

 4 Historical couching instrument. Illustration and adaptation: Büro Longjaloux
 5 Hard-bridge glasses. Illustration and adaptation: Büro Longjaloux
 6 Statue of Doctor Eisenbarth in Hannoversch Münden. Photo: AlexHH, 2007 
  (www.wikipedia.org)
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 1 F. C. Donders. RHC Tilburg collection, Litho S. Lankhout & Co, Den Haag, 1889
  (www.wikipedia.org)
 2 Hermann von Helmholtz. © Humboldt-Universität zu Berlin, University library
  (www.hu-berlin.de)
 3 Ophthalmoscope. © Humboldt-Universität zu Berlin, Charité, Johannes-Müller-Institut für
  Physiologie, Christoph Knoch (www.hu-berlin.de)
 4 Colour chart with lengths of wool (1 to 96). © Humboldt-Universität zu Berlin, Charité,
  Johannes-Müller-Institut für Physiologie, HZK, Kabinette des Wissens (www.hu-berlin.de)
 5 Marble bust of Albrecht von Graefe. © Humboldt-Universität zu Berlin, Charité, Kunst-
  sammlung (www.hu-berlin.de)
 6 Eye following corneal transplant. Courtesy of Indiana University School of Medicine, 
  Department of Ophthalmology, Barista 2005 (www.wikipedia.org)
 7 Goldmann perimeter. © University hospital Erlangen (www.augenklinik.uk-erlangen.de)
 8 Damaged optic nerve in patient with advanced glaucoma. Photo: Snoop 
  (www.wikipedia.org)
 9 Apparatus for testing parallel vision. © Humboldt-Universität zu Berlin, Charité,
  Johannes-Müller-Institut für Physiologie, Christoph Knoch (www.hu-berlin.de)
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 1 Weco Phorovist 200. © Buchmann Deutschland GmbH 
  (www.rodenstock-instruments.com)
 2 Sunglasses. Photo: Elnur (www.shutterstock.com)
 3 Eye after keratoplasty. © BVA - Berufsverband der Augenärzte (www.augeninfo.de)
 4 Proliferative diabetic retinopathy. © BVA - Berufsverband der Augenärzte
  (www.augeninfo.de)
 5 Top: Operation on a corneal transplant recipient. Photo: Juliane Vogelsang,
  Prof. Burkhard Dick, MD, University Hospital Knappschaftskrankenhaus Bochum-
  Langendreer (www.idw-online.de)
  Left: photograph of a LASIK operation. Photo: kater_N (www.photobucket.com)
 6 Eye speculum. Photo: sterilgutassistentin (www.wikipedia.org) (GNU)
 7 Occluded vein in the retina. © BVA - Berufsverband der Augenärzte
  (www.augeninfo.de)
  Braille. Illustration: Büro Longjaloux
 8 Cataract in the human eye. Photo: Rakesh Ahuja, MD (www.wikipedia.org) (GNU)
 9 OPMI Lumera® T as used in surgery. © Carl Zeiss Surgical GmbH (www.zeiss.de)
 10 Ophthalmometer KER 200. © Buchmann Deutschland GmbH 
  (www.rodenstock-instruments.com)
 11 Braille (numbers 1 to 10). Illustration: Büro Longjaloux
  Background picture: wall chart for eye tests. Adaptation: Büro Longjaloux
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 1 Bottom: hard contact lens. Photo: Galillea. (www.wikipedia.org) (GNU)
  Right: selection of so-called fun lenses. © Wildcat Deutschland GmbH (www.wildcat.de)
 2 Femto-Lasik. © AMO Germany GmbH (www.abbott.de)
 3 Femto-Lasik. © AMO Germany GmbH (www.abbott.de)
 4 Femto-Lasik. © AMO Germany GmbH (www.abbott.de)
 5 Femto-Lasik. © AMO Germany GmbH (www.abbott.de) 
 6 Fixed retina implant (artificial retina). © BVA – Berufsverband der Augenärzte 
  (www.augeninfo.de)
 7 View through a retina implant. © Retina Implant AG (www.retina-implant.de)
 8 Retina implant (artificial retina). © BVA – Berufsverband der Augenärzte
  (www.augeninfo.de)
 9 Top: bio-sensor chip in Petri dish. © Infineon Technologies, Max Planck Institut
  (www.infineon.com)
  Bottom: neuro-chip connected to living nerve cell. © Infineon Technologies, Max Planck
  Institut (www.infineon.com)
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 10 Footswitch WF-MED GP14 © steute Schaltgeräte GmbH & Co. KG
 11 Custom-built medical footswitch © steute Schaltgeräte GmbH & Co. KG
 12 Footswitch MFS »steute Phaco«-MED for phacoemulsification, 
  © steute Schaltgeräte GmbH & Co. KG
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  Fictitious view through an eye equipped with »augmented reality«. Composition: Stephan
  Degens, Büro Longjaloux. Photo: p!xel 66 (www.fotolia.de)
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  Fictitious close-up of an eye with microchip implants. Composition: Stephan 
  Degens, Büro Longjaloux. Photo of eye: fox17 (www.fotolia.de)  
  Photo of cellular structure. © Nicolas P. Rougier (www.wikipedia.org)

Dentistry
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  Ramesses II. Photo: Guillaume Blanchard, 2004. Musée du Louvre, Paris 
  (www.wikipedia.org) (GNU)
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 1 Death mask of Ramesses II. Photo: Familie Reim (www.fam-reim.de)
 2 Excerpt from the Ebers Papyrus. Reproduction © University Library Leipzig 
  (www.zv.uni-leipzig.de)
 3 Stone bust of Hippocrates. Photo: W. Klammet, European Colour Pictures Archive 

Ohlstadt (www.nagele.co.uk/klammet)
 4 Etruscan gold wire bridge for holding a replacement incisor taken from a calf,
  circa 8th C B.C. (reconstruction) Photo: Sabine Fahrenbach. University of Leipzig,
  Karl-Sudhoff-Institut, Medical history collection, Inv.-No. 0004 
  (www.uniklinikum-leipzig.de)
 5 Henbane (Hyoscyamus niger). Taken from: Otto Schmeill, Lehrbuch der Botanik für 

hoehere Lehranstalten und die Hand des Lehrers, sowie fuer alle Freunde der Natur. 
Leipzig 1911, p. 225 (www.catbull.com)

 6 Statue of Apollonia, patron saint of dentistry. Photo: Marcel Baguet
  (www.wikipedia.org) (GNU)
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 1 Muhammad Ibn Zakariya al-Razi. (www.alchemywebsite.com) 
 2 Block of arsenic with realgar crystals. © mineralium.com, Christian and Robert 
  Nockemann (www.mineralium.com)
 3 Gold leaf. Photo: Stephan Degens, Büro Longjaloux
 4 Tooth worm, France, circa 1780. © German Medical History Museum,
  Ingolstadt (www.deutsches-museum.de)
 5 Historical dental instruments. Private collection Dr. Busch (med. dent.)
  (www.zene-artzney.de)
 6 The tooth breaker. In: Hans Sachs and Jost Amman, »Eygentliche Beschreibung aller 

Stände auff Erden, hoher und nidriger, geistlicher und weltlicher, aller Künsten, Handwer-
cken und Händeln ...«, Frankfurt am Main 1568 (www.wikipedia.org)

 7 Mastix. © www.helicotherapie.at 
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 1 Historic cauterising instrument. Taken from: Claude Bernard et Charles Huette, »Précis
  iconographique de médecine opératoire et d‘anatomie chirurgiale«, Paris 1856, 
  Pl.III/IV (www.akg-images.de)   
 2 Historical toothbrushes. Photo: Stefan Brentführer. LWL-Archaeology for Westphalia  
  (www.lwl.org)
 3 Frederick William I, King of Prussia. Anonymous portrait, circa 1700 (www.wikipedia.org)
 4 Historical dental instrument. Private collection Dr. Busch (med. dent.)
  (www.zene-artzney.de)
 5 Illustration of a trip to the dentist. »Le baume d‘acier«. Patient having his tooth pulled, 
  lithograph, 1823, by Delpech, based on a drawing by Louis Leopold Boilly 
  (www.akg-images.de)
 6 Historic pedal-driven drill. © 2009 by Auction Team Breker, Cologne

  (www.breker.com)
 7 Left: ether mask as used by Schimmelbusch, circa 1890. © Univ.-Prof. Michael Zenz, MD,
  Anaesthesia Antiques Bochum (www.anaesthesia.de)
  Bottom: ether flask. © Univ.-Prof. Michael Zenz, MD, BG Kliniken Bergmannsheil
  Bochum, Clinic for Anaesthesiology, Intensive Therapy and Pain Therapy
  (www.anaesthesia.de)
 8 Lower jaw prosthesis belonging to George Washington. Photo: Deutsches Museum 
  (www.deutsches-museum.de)
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 1 Colour matching. © Panadent Limited
  (www.panadentltd.co.uk)
 2 Woman from Tajikistan with gold teeth. Photo: Steve Evans (www.flickr.com) 
 3 Ceramic blanks. © VITA Zahnfabrik (www.vita-zahnfabrik.com)
 4 Electromicroscopic image of high-performance ceramics for tooth implants.
  © Vanni Lughi, Department of Materials and of Natural Resources, Warrendale, USA
  (vanni.lughi.googlepages.com)
 5 Ceramic dental implant. Photo: contrastwerkstatt (www.digitalstock.de)
 6 External view of inLab milling unit. © Sirona Dental Systems GmbH (www.sirona.de)
 7 Milling heads of inLab milling unit. © Sirona Dental Systems GmbH (www.sirona.de)
 8 Milled ceramic block in inLab milling unit. © Sirona Dental Systems GmbH
  (www.sirona.de)
 9 Top: woman smiling. Photo: Darren Baker (www.fotolia.de)
  Right: X-ray image of tooth with amalgam filling. Photo: Rosario Van Tulpe
  (www.wikipedia.org)
  Background picture: odontogram. Adaptation: Büro Longjaloux
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 1 X-ray image of two dental implants. Photo: Dr. Pablo Hess, Dentsply Friadent GmbH 

(www.dentsply-friadent.com)
 2 Ankylos positioning system. Photo: Dentsply Friadent GmbH 

(www.dentsply-friadent.com)
 3 Dental implants. Photo: Dr. Pablo Hess, Dentsply Friadent GmbH 
  (www.dentsply-friadent.com)
 4 Electromicroscopic image of the surface of a dental implant. Dentsply
  Friadent GmbH (www.dentsply-friadent.com)
 5 Guided-surgery implant insertion tool ExpertEase. Dentsply Friadent GmbH
  (www.dentsply-friadent.com)
 6 Tooth measurement camera Cerec Bluecam. © Sirona Dental Systems GmbH
  (www.sirona.de)
 7 The Cerec Bluecam at work. © Sirona Dental Systems GmbH 
  (www.sirona.de)
 8 Digital impression recorder CEREC AC. © Sirona Dental Systems GmbH (www.sirona.de)
 9 Screen image of Sirona implant. © Sirona Dental Systems GmbH
  (www.sirona.de)
10 Custom-built medical footswitch © steute Schaltgeräte GmbH & Co. KG
 11 Top: Footswitch MKF-MED GP12. © steute Schaltgeräte GmbH & Co. KG 
  Right: dentist‘s chair. © steute Schaltgeräte GmbH & Co. KG
 12 Footswitch MFS-MED GP72. © steute Schaltgeräte GmbH & Co. KG
 13 Footswitch MFS-Dental MED. © steute Schaltgeräte GmbH & Co. KG
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  Fictitious representation of tooth regeneration. Composition: Stephan Degens, 
  Büro Longjaloux.  
  X-ray image of dentures. Photo: Ka-ho Chu (www.wikipedia.org)
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  Fictitious representation »patient interface«. Composition: Stephan Degens, 
  Büro Longjaloux
  Male upper torso. Photo: Agnese Vazne (www.fotolia.de) 
  X-ray image of a tooth. Photo: D.Rosenbach (www.wikipedia.org) 
  Illustration of dental data. © Dentsply Friadent GmbH, Mannheim, Deutschland
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The following licensing terms apply to all credits/references marked »GNU«:
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the Free Software Foundation. It may be copied, redistributed and/or modified under the 
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