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Mapping the biological world
Peter A. Rinck

R

elaxation and relaxation constants is a rather
complicated topic, both to explain and to understand. There are two main relaxation constants important for MRI: T1 and T2.

Later, the New York Times pointed out major discrepancies between what was claimed by the researchers from Brooklyn and what was actually accomplished, "discrepancies sufficient to make the author [Raymond Damadian] appear a fool if not a
T2* which is also often mentioned in this context is fraud." [5]
not a time constant, it is a capricious global parameter representing a fluctuant time or time range.
The summary of a paper published in 1975 – 42
years ago – by the group of Donald Hollis stated [6]:

An excursion into scientific history
This is not the place to go into the science of relaxation; a textbook is better suited for this [1]. Here I
will just tell a bit about the history and background of
relaxation times in biomedicine.
It all began in 1953 with Eric Odeblad. He was the
first to describe relaxation times in biological systems. His first paper on the topic was entitled “Some
preliminary observations on the proton magnetic resonance in biological samples” and published in Acta
Radiologica Stockholm in early 1955 [2].
Odeblad had found that different tissues had distinct
relaxation times, most likely due to water content but
also to different bindings to lipids. Soon others joined
in the new research field: Studies in blood, plasma
and red blood cells, followed by T1- and T2-measurements of living frog muscle, the relaxation of
water in living animals and in the arms of living humans.

“The direct use of NMR T1 measurements for
cancer diagnosis is clearly not feasible because of
the lack of specificity … classification of tumors
in this manner does not seem realistic.”
Shortly afterwards clinical MR imaging arrived and
relaxation time measurements were considered very
important during its first years. All machines were
programmed to create true T1 and T2 images (T1and T2-mapping), based on reliable and reproducible
spin-echo (SE) and inversion-recovery (IR) sequences.
After absolute T1 and T2 values had been used
unsuccessfully by researchers, combinations of T1
and T2, histogram techniques, and sophisticated three
dimensional display techniques of factor representations were used. At that time, these approaches
were called ‘electronic contrast agents’, today ‘fingerprinting’ or ‘biomarkers’.

However, soon it became clear that relaxation time
Research groups in Brooklyn and in Baltimore got values were not the claimed invaluable addition to diinvolved in the early 1970s. They measured relax- agnostics, and these applications were skipped in the
ation times of excised normal and cancerous rat tis- early 1990s.
sue, and the leader of the Brooklyn group stated that
“A spin-echo sequence with 24 echoes (Carr-Purtumorous tissue had longer relaxation times than norcell-Meiboom-Gill sequence) was evaluated to
mal tissue and promoted these findings as the ultidetermine the usefulness of magnetic resonance
mate technology to screen for cancer [3].
(MR) in detecting and typing brain tumors. ... T2
values calculated from an eight-point fit, however,
However, already some months later the Baltidid not allow discrimination of different tumors,
more group stated that independent verification on
nor did they allow differentiation between tumor,
the same NMR instrument could not be provided; the
inflammatory tissue, and demyelination.” [7]
results were not reproducible [4].
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It was the time when the Relaxation Times Blues arrived [8], and Ian Young, one of the leading and influential scientists in MRI summed up the trials and
errors in a short history of MRI as follows:
“Sadly, the many attempts that were made to correlate pathology and relaxation behavior have
yielded none of the precise numerical relationships that were hoped for in the early days of
MRI, so that this line of investigation ... has now
been abandoned.” [9]

A grant-creating perpetuum mobile?

ing based on relaxation constants in biomedicine.
It is helpful to once look into a microscope and to see
how complex and complicated tissue structures are,
both in normal and in pathological tissues – and in
not-normal, but not (yet) pathological tissues.
In the end, it is not necessarily the errors or procedural “confounders” connected to the most elaborate
and sophisticated data acquisition that make typing
of normal and pathological tissues or grading of diseases impossible – but rather the complexity of tissue
composition and the overlapping of relaxation time
values of heterogeneous volume elements examined
and processed into a single number or number range.

It is rare that a method appears, disappears, and then
re-appears again as is the case of tissue characteriza- Nowadays lessons are rediscovered that became clear
tion based on relaxation time constants. Yet some 25 years ago … and finally admitted, though diployears later these obsolete methods were dug out matically beating around the bush:
again, grants were given to answer questions which
“In conclusion, our question, whether native T1
had been discarded 25 years earlier [10, 11]. New
mapping in cardiac MR imaging can differentiate
pulse sequences and algorithms were developed – rebetween healthy and diffuse diseased mysearchers tried their luck again.
ocardium, must be answered with ‘yes’ and ‘no’,
since the native myocardial T1 relaxation time alStill, there is no easily explainable causality nor any
lows discriminating between groups of patients
evidence of a straight connection between these numwith certain diffuse myocardial pathologies and a
bers and a distinct pathology. There is no unique siggroup of healthy individuals, but does not allow
nature of distinct malignancies or other pathologies
differencing between healthy and diffuse diseased
in tissue relaxation times, be it in ex vivo or in vivo
myocardium in individual subjects.” [12]
measurements. Many people believe that numbers
(or, more fashionable, data) are the truth but they do
not understand how the numbers were acquired and Researchers also came to realize that novel methods
what they stand for. Nature doesn't care about num- for faster data acquisition deliver crude estimations
bers. Believing in such postulations many years after but not accurate data. The higher the magnetic field,
they have been dismissed is a sign of scientific the larger seems to be the spread of T1 and T2 relaxation time estimations.
naiveté.
What's wrong in relaxation time mapping and applications: the precondition and presumption that a difficult biological structure such as a tissue or tissue
changes in the human body can be quantified and
qualified with NMR proton relaxation parameters.
Quantity and quality are being confused; it's so easy
counting something – which doesn't mean that one
can classify or characterize with numbers what one
counts. The components and chemical and electrical
processes in a tiny volume element, no matter how
small it is, are far too complex and fickle to be expressed in bare figures. More so, on closer inspection, “objective" procedures, “objectively" defined
range values as well as "objective" quality indicators
for measurements often prove to be biased and interest-driven. There is no precise numerical fingerprint-

“A vast extent of methods and sequences has been
developed to calculate the T1 and T2 relaxation
times of different tissues in diverse centers. Surprisingly, a wide range of values has been reported for similar tissues (e.g. T1 of white matter
from 699 to 1735 ms and T2 of fat from 41 to 371
ms), and the true values that represent each specific tissue are still unclear, which have deterred
their common use in clinical diagnostic imaging.”
[13]

Exceptions from the rule
Few isolated cases allow tissue discrimination based
on relaxation time alterations, but they are the exception. One needs massive changes of relaxation time
constants, as well as large homogeneously altered
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volumes to be able to use such data for diagnostic However, such indications are limited because inpurposes. The data you get is not fake, it is not neces- creasingly different and simpler MR techniques exist
sarily false, no, worse: it's half-true.
that may lead to the wanted result.
Does this mean that relaxation time maps cannot be
used at all? Here are some insights into my own experiences: We started creating maps of relaxation
constants and proton density as well as derivatives of
these maps, called “synthetic images”, in the early
1980s and presented the idea of synthetic MR images
and simulating entire MR exams in the early 1980s at
a conference in the United States. In 1994 we finally
published the image simulation software MR Image
Expert for teaching and research purposes. More than
12,000 copies of MR Image Expert were licensed
since then.
The simulations were based on the three main contrast parameters in MRI: T1, T2, and proton density
acquired with time-consuming, but precise data acquisitions and exact calculations – with “clean” basic
pulse sequences: inversion recovery and spin echo.
For a reliable T1 determination one needs between
15 and 30 IR measurements, for T2 we usually used
24 echoes of a SE echo train. They allowed the creation of outstandingly good simulations of MR images – but still simulations.
In general, from a scientific point of view, MR
imaging is a crude and not very exact technology.
Thus, in most cases, relaxation time mapping and
derivatives of it – such as synthetic images – cannot
be used to quantify exact tissue data (e.g., relaxation
constants or proton density in tissues) since the
calculated or estimated relaxation constants and
proton density values are unreliable – and
impracticable in diagnostic routine; they are not
accurate and not conclusive.

In one of the next columns I will try to discuss the
non-scientific and non-medical reasons why these
measurements returned and why they will stay with
us for some time.
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The only way to exploit relaxation time values would
be situations when the values change drastically under specific physiological or pathological circumstances. This can be the case before and after the application of an MR contrast agent. There are uses for
Rinckside, ISSN 2364-3889
such rough estimations.
An area of application of relaxation times measurements might be the follow-up of massive T1 changes
after the injection of a targeted contrast agent, such
as Mn-DPDP and the comparison of plain and contrast-enhanced tissue, e.g., in heart diseases. Here imprecise measurements might be of diagnostic value.
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Some side effects of the great gadolinium scare
Peter A. Rinck

T

his is a slightly different follow-up of the As I have already stated earlier:
gadolinium scandal. I believe that I have put
on the table in earlier columns and in our MR
"Gadobenic acid (MultiHance) as well as gadoxtextbook all facts I know and feel publishable. [1]
etic acid (Primovist) are excreted by both the kidThere are numerous publications about the topic conneys and the liver, although the percentage of
taining "fake news," among them papers by certain
liver excretion is far higher for gadoxetic acid.
authors that have to be digested cum grano salis as
Still, MultiHance is the best-enhancing contrast
described earlier [2] because they try to whitewash
agent on the market. As far as I am aware, there
themselves or make money.
were no direct cases of nephrogenic systemic fibrosis with MultiHance, but there were a small
Many feel competent enough to offer their humble
number of 'confounding' cases with combinations
opinion about gadolinium-based contrast agents
of Omniscan. There is no scientific or statistically
(GBCA), not only radiologists and physicians of evbased reason to damn MultiHance and to promote
ery shade and color, but also physicists and chemists,
Primovist for liver examinations, as the European
as well as want-to-be experts such as journalists and
Medicines Agency has now done." [3]
movie actors. Of particular interest may be the
U.S.A., where lawyers mix up ethical and moral val- There is an increasing animosity against the Euroues with personal financial advantages.
pean Medicines Agency (EMA) and their decisions;
some companies say their precautionary measures are
They all incense fear and lead to confusion. Patients not based on facts and that the EMA used controverare increasingly becoming uneasy and worried. I am sial "experts." There are also rumors about partial
receiving letters like this one:
outside influence. I believe there has been a strong
will from some to kill MultiHance.
"I am trying to find alternatives to gadolinium as I
don't think the risk is worth it. Would the newer
Agencies such as the EMA and the U.S. Food and
MRI machines with bigger magnets, more sensi- Drug Administration (FDA) differ in regulating the
tive detectors, more computing power, and tech- use of gadolinium-based contrast agents. The FDA's
niques to enhance the images, thinner slices, Medical Imaging Drugs Advisory Committee met on
higher resolution, be good enough to detect a 3 8 September 2017 and finally stated:
mm to 4 mm in size or smaller acoustic neuroma
tumor on the hearing nerve? How small of a tu"To date, the only known adverse health effect remor (mm) can a 3-Tesla MRI detect without
lated to gadolinium retention is a rare condition
gadolinium contrast?"
called nephrogenic systemic fibrosis (NSF) that
occurs in a small subgroup of patients with preexisting kidney failure. We have also received reFor some time,
ports of adverse events involving multiple organ
systems in patients with normal kidney function.
there is a witch hunt going on ...
A causal association between these adverse events
and gadolinium retention could not be established." [4]
For some time now, there has been a witch hunt going on in the U.S.A. against the Italian company
Bracco and its contrast agent MultiHance (gadobe- Among others, the committee invited the testimony
nate, gadobenic acid), a compound superior to all of of U.S. movie star Chuck Norris and his wife Gena,
the competitors: far better relaxivity and higher con- who suffers from rheumatoid arthritis. After three
trast, enhancing both in the central nervous system MRI examinations five years ago, Norris and his
wife Gena claim that she now has "gadolinium depoand liver.
rinckside • volume 29
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sition disease" and, according to an article in the U.S.
news magazine Newsweek, are suing for $10 million
in damages, first and foremost directed at Bracco. [5]
According to reports, Gena Norris suffered from
symptoms that include burning sensation in various
parts of the body.
The term "gadolinium deposition disease" was introduced by Dr. Richard C. Semelka in 2016. [6] It's a
syndrome whose symptoms are headache, cognitive
disturbance, skin hyperpigmentation, and arthralgia –
which according to the authors are clinical manifestations of presumed gadolinium toxicity in patients
with normal renal function.

www.newsweek.com/what-gadolinium-chuck-norris-claims-itpoisoned-his-wife-704647.
6. Semelka RC, Ramalho M, AlObaidy M, Ramalho J. Gadolinium in humans: A family of disorders. AJR, 2016; 207: 229-233;
and: Semelka RC, Ramalho J, Vakharia A, AlObaidy M, Burke
LM, Jay M, Ramalho M. Gadolinium deposition disease: Initial
description of a disease that has been around for a while. Magn
Reson Imaging. 2016; 34: 1383-1390.
7. Semelka R. Effects of iv-administered Ca-DTPA and ZnDTPA to treat patients with Gadolinium Deposition Disease.
ClinicalTrials.gov Identifier: NCT02947022.
https://clinicaltrials.gov/ct2/show/NCT02947022
Rinckside, ISSN 2364-3889
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Semelka also proposed the application of Ca-DTPA
and Zn-DTPA to reduce or eliminate gadolinium deposition disease symptoms. Meanwhile, a clinical
study to prove this was suspended. [7] The idea is
chemically sound – but the gadolinium has to be
reachable and removable. If clustered as an insoluble
phosphate deposit, it is rather unlikely that it will be
caught and removed.
After at least 400 million doses of GBCAs have
been injected into humans since the 1980s, there is
no convincing evidence of systematic symptoms after
recommended application, other than NSF in patients
with impaired renal function. To repeat the statement
of the FDA: "A causal association between these adverse events and gadolinium retention could not be
established."
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German newspapers and the gadolinium controversy
Peter A. Rinck

D

uring the last two months, radiologists in
Germany and beyond have been confronted
with several newspaper articles about MR
contrast agents and their factual and imagined side
effects.

though it's a rehash of the story of the nurse mentioned six weeks earlier in Die Welt and the Chuck
Norris story told in my last column [5], it has a solid
foundation and even gives fitting references. It also
cites the remarks and recommendations of wellknown experts in the field. It is balanced and fair, and
For instance, the author of an article in the German readers can draw their own conclusions.
daily Die Welt follows the old leitmotif of the yellow
press that sensationalism sells: Bad news is good
Good science reporting depends on an informed
news. The author's attempt to pluck the readership’s and conscious grasp of scientific methods and outheartstrings is brilliant. The headline warns that “An comes. In its absence, questionable judgments can
MRI shot can be quite poisonous” and the article be- create or perpetuate obscure scientific perspectives.
gins more like a crime novel:
Lack of knowledge and critical attention to even marginal aspects of research easily slant a story.
‘The contrast medium gadolinium has made nurse
Georg Wehr ill – and he is not the only one …
Two years ago Georg Wehr was still working as a Good science reporting depends on an
nurse. Then a patient fell, he tried to catch her, ininformed and conscious grasp of
juring an intervertebral disc and his hip. Four
scientific methods and outcomes.
MRI exams followed … Wehr received a gadolinium-containing contrast agent at each exam. "I
wanted to get better and trusted the doctors," says A good example is another article in Die Welt. It reWehr. He has been unable to work since the acci- vived a topic I had focused on in a column some
dent – also because the gadolinium has made him years ago. Its theme attracts readers like a cesspool
ill. Pure gadolinium metal is very toxic …’ [1]
attracts flies, because it’s slightly voyeuristic: Publications from the University of Kiel in Germany claim
The entire article casts a lurid light on clinical MRI, that a simple functional MRI (fMRI) study can idenas did a similar article in the same newspaper dis- tify pedophiles with high accuracy. The authors
cussed in an earlier column [2]. Unfortunately, after stated: "The automatic classification of these [fMRI]
reading this article one is left in a state of confusion, patterns is a promising objective tool to clinically dinot being able to distinguish which parts were impor- agnose pedophilia.”
tant or how the described facts tie up. There is no detailed explanation in the paper. It just spreads uneasi- The authors' claims are false and have to be actively
ness and fear.
countered as forcefully as possible. Years ago scientists demanded that the papers should be retracted
I have written about science and the media last [6]. However, now you can read a friendly and enyear – the arguments have not changed at all [3]. But couraging review in Die Welt [7].
a ray of sunshine in the gray mist is an article published by the Frankfurter Allgemeine Zeitung (FAZ) If this newspaper article were one of the thousands,
on the same topic. It sets an example and shows how or tens of thousands, of meaningless scientific papers
the lay press can present difficult scientific or medi- published in research journals, it would be less precal subjects.
carious. But the manipulation of public opinion by
the lay press in matters scientific or on the physicianThe headline of the FAZ article is a little sensational, patient relationship is treacherous – as is ruminating
but the article itself is clean, well researched, and its wrong results the journalist has not understood. The
language appropriate and understandable [4]. Al- question that occurs to me after reading such articles
rinckside • volume 29
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is whether in some there is an underlying deeper motive than their simple, superficial contents hint.
This makes me think about an old and well-known
tip for readers: not everything that is printed is true,
but it might be food for thought.
And, by the way, this is not only a problem for German newspapers. Others happily mix fact and fiction
in science and elsewhere.
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The dilusion and demise of human expertise
Peter A. Rinck

M

edical research and clinical practice are
largely based on anecdotes, opinions of “authorities”, “experts”, “opinion makers” –
and biased investigations. In spite of that, diagnostic
imaging has experienced the introduction of many
“revolutionary” technologies that have dramatically
changed imaging practice over the past 40 years.

cardiologists et al. – hardly ever go to the trouble of
trying to deeply understand the complicated physical,
chemical, physiological, and technical aspects of the
machines and methodologies they are using.

Yet, the diffusion of these novel technologies and
their utilization has been guided by many methodologically inadequate and deficient reports that
tended to exaggerate their performance, creating new
“clinical” needs without proving that these needs really exist. Developers and initial evaluators systematically exaggerate the performance of novel technologies and – unconsciously – are carried away to
interpreting results in ways that confirm their preconceived views.

“How much does the practicing neuroscientist
need to know of the technical aspects of magnetic
resonance imaging and spectroscopy? One can argue either way: the basic theory is relatively simple, and the phenomena it describes determine the
appearances of the images, so it behooves the
clinician to be familiar with them; or, beyond the
simplest level, the people would be well advised
to leave technical details to their specialist colleagues.

A great number of diagnostic imaging methods and
technologies silently disappeared again: Here today,
gone tomorrow.

“I incline to the latter view, not through arrogance, but because I regard these complex details
as entirely analogous to the electronics of spectral
analysis of the EEG, the methodology of S100
staining of the identification of CSF proteins:
merely technical …” [1]

Not many people in the exact sciences
and medicine at universities encourage
or practice critical thinking skills.
A main cause of the trouble is the scientific innocence of many people involved in medical imaging
(and medicine at large) as they read literature and listen to meeting presentations – as well as the deficiency of research scientists, among them medical
physicists and engineers, lacking sufficient knowledge of bread-and-butter medicine.

Some 30 years ago, a well-known English radiologist, Dr. Ivan Moseley, wrote in a book review:

Neuroscience is the scientific study of the nervous
system; a neuroradiologist isn't a neuroscientist, and
here Moseley erred. However, as far as his statement
is concerned, he was not alone. A large number of radiologists shy away from having to learn the detailed
basics of new techniques, in particular such complex
and challenging techniques as MRI. Still, many of
them want to be scientists, performing scientific research. The system demands it, and in most cases
only the quantity of publications counts. However, it
doesn’t create good radiologists – or any kind of
physicians or scientists.

More so, not many people in the exact sciences and
medicine at universities encourage or practice critical
Moseley’s “practicing neuroscientists” have mushthinking skills, because it produces neither research
grants and third-party support nor career benefits. It's roomed over the years, as the fiasco of functional
easier to follow the pack, and to have and keep your MRI (fMRI) shows. Thousands of fMRI researchers
fell prey to wishful thinking and published tens of
job and academic position.
thousands of papers whose validity is, at best, quesThus it is easily understandable that mere users of tionable. They performed applied research, but not
imaging technologies – radiologists, radiographers, scientific research; and they failed. It was research in
rinckside • volume 29
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the hands of amateurs playing with MRI and fMRI,
lacking the background in physics, chemistry, biology and physiology – and the scientific rigor necessary to work in a new field. They saw pictures with
colorful enhancement of the brain and overnight became cognitive social neuroscientists. I have described the background in the latest edition of our
magnetic resonance textbook. [2]
Hand-in-glove with these developments there is an
increasing commercialization and a general change
of mentality. Self-realization and self-affirmation today lies in the writing of congress abstracts and
pseudo-scientific articles, websites and books. Although often vehemently denied, quantity is considered a merit, while quality comes in second and is often not even checked.

turned into fast McDonalds-style science, an illusion
that cherry-picked data is already a scientific result
and data that challenges own data can be dismissed
without further ado. Hard evidence, clear and proven
results are ousted by assertions lacking scientific
foundations. The ivory tower of yore has been replaced by blathering smartphone science and research bubbles, and inconsistent narratives are the
"scientific" talk of the town.
The awe of, and respect for, outstanding scientists
has disappeared and been supplanted by unreason
and undigested misinformation.
I only describe what I see; I cannot offer a solution – which, in any case, would be rather unpopular.
It has to be a political one to be made by politicians,
outside medicine and the sciences. It would include
changes in the structures and hacking orders of society, recognition of being excellent in the art of healing and caring, i.e. in the humane parts of medicine,
and less kowtowing to titles, pompous notion, and
pseudo-excellence.

A typical example is the explosion of contributions to
conferences; every year the number of submissions
increases, more oral presentations, more posters.
New categories are invented to attract more submissions – for example "My Thesis in 3 Minutes –
MyT3" (this is no joke). No attendee of the megaconferences can take in this excessive offer. It’s no However, as Santiago Ramón y Cajal, the Spanish
presentation of genuine or serious research, science neuroscientist who received the Nobel Prize in Physior medical progress – it’s show business.
ology or Medicine in 1906, pointed out:
Jeffrey R. Immelt, the then chairman of the board
and CEO of General Electric, made a bright and lucid
remark when delivering the New Horizons Lecture at
the 2015 RSNA Annual Meeting:
“We need to concentrate our efforts to deliver the
type of innovation that will truly improve the
health of millions of people around the world ...
Innovation must deliver more than a new device;
it must deliver real outcomes for our patients. In a
time where high-tech is in high demand, it will be
seemingly simple ideas such as a low-cost infant
warmer that will become the true innovations of
our time.” [3]
Does this, basically, mean that the entire spectrum of
gimmicks and apps companies exhibit and try to sell
will be dropped and only proven useful products will
be sold? I doubt it.
Copy and paste not only of text but also of other researchers' ideas has become easy; more people have
quick access to all kind of information whose background, nature and reliability they do not understand
and cannot measure. The academic mindset has

“This lack of appreciation [of sincere medical research] is definitely shared by the average citizen,
often including lawyers, writers, industrialists,
and unfortunately even distinguished statesmen,
whose initiatives can have serious consequences
for the cultural development of their nation.” [4]
We live it today.

References
1. Moseley I. Book review. Brain 1991; 114: 1108-1109.
2. Rinck PA. Bold, bolder, boldest. In: Rinck PA. Magnetic resonance in medicine. A critical introduction. 12th ed. BoD, Norderstedt, Germany. 2018. pp. 221-225.
3. Paul LaTour. RSNA annual meeting preview: Jeffrey R. Immelt. Redefining innovation. New Horizons Lecture. 30 November 2015. www.rsna.org/News.aspx?id=17631.
4. Ramón y Cajal S. Reglas y consejos sobre investigación cientifica: Los tónicos de la voluntad. Madrid 1897. https://cvc.cervantes.es/ciencia/cajal/cajal_reglas/default.htm

Rinckside, ISSN 2364-3889
© 2018 by TRTF and Peter A. Rinck • www.rinckside.org
Citation: Rinck PA. The dilusion and demise of human expertise.
Rinckside 2018; 29,4. 9-10.

rinckside • volume 29

RINCKSIDE

11

rinckside • volume 29

12

RINCKSIDE

rinckside • volume 29

