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This paper summarizes the history of the development of fMRI technology, beginning
with the inception of the ideas on which the technology is based, and continuing through
the details of its practical development. This review also briefly discusses the math
behind those ideas and the physics of Magnetic Resonance Imaging (MRI) and fMRI
technology. The fMRI is a remarkable development in the history of medicine and a
testament to how far the field of radiology has come. This paper seeks to discuss the
history and current applications of this groundbreaking innovation.

INTRODUCTION AND BACKGROUND

The story of the fMRI’s creation is tied inextricably to the
story of our developing understanding of the brain as a
whole; as fundamental to our knowledge of the brain as
the ruler is to geometry. Previously, brain activity was for-
eign territory, as tracking its activity in a conscious human
was completely impossible. Given how fundamental it is as
a tool of observation and measure, its existence will likely
enable research just as groundbreaking as the findings that
shaped it. Because of its current and future importance, un-
derstanding the history and inner workings of the fMRI is
crucial.

REVIEW

The basic underpinning behind the fMRI, the idea of blood
flow predicting brain activity, is much older than the tech-
nology itself. The first recorded mention of this idea comes
in William James’ 1890 work, The Principles of Psychology,
where he mentions an earlier experiment conducted by an
Italian colleague. By placing a person on a scale and elic-
iting intellectual activity, the researcher found subtle
changes in weight towards the head-end of the scale and
concluded that intellectual activity redistributed blood to-
ward the brain.2 While conventional wisdom will tell us
that there was likely very little change in weight if any at
all, the fact remains that this idea has been circulating the
collective scientific consciousness since at least then.

To that point, although a minority of scientists believed
that the brain controlled the flow of blood through its activ-
ity level, the prevailing belief at the time was that the rigid-
ness of the skull made changes in the amount of blood in
the brain impossible entirely. In an effort to prove the con-
trary, two British researchers used a purpose-made device
to measure the changes in cerebral blood volume among
anesthetized dogs.3 While their findings succeeded in
showing that there were meaningful changes in cerebral

blood volume, their results were mostly qualitative rather
than quantitative, meaning there was no way to measure
the extent to which this was the case. They also failed
to prove that the brain itself played a role in driving this
change in blood volume. Although the two researchers tried
to link the changes to chemical impulses, their lack of
quantitative data made proving that link impossible.*
Research on the topic of tracking blood flow to the brain
would continue, and although consequent findings further
disproved the idea that the skull stops blood from flowing
into and out of the brain, nobody had yet been able to prove
the fact that cerebral brain flow changed as a result of brain
activity. To that point, nobody had been able to quantita-
tively measure cerebral blood flow in a conscious person
under normal bodily conditions. As a result, the conven-
tional belief remained that external factors governed blood
flow to the brain, rather than the brain itself, and it re-
mained that way for over 50 years. The first concrete piece
of evidence supporting the idea that the brain was the reg-
ulator of blood flow came as probably the most important
piece of research in the pathway to the creation of the fMRI.
In a 1948 publication, researchers devised a novel tech-
nique to quantify cerebral blood flow noninvasively in a
conscious human. Their methodology was based on Fick’s
principle, which states that cardiac output (CO) is equal
to the consumption of pure gaseous oxygen (in milliliters)
per minute (VO,) divided by the oxygen content of arter-
ial blood (C,) minus the oxygen content of mixed venous
blood (C,), final equation: CO = %.5 Put most simply,
Fick’s principle is used to quantify the amount of blood
flowing into an organ. The biggest issue with Fick’s princi-
ple when attempting to create novel calculations is that it
contains three variables, making it hard to isolate any two
and do algebra. The researchers realized that they could
eliminate the consumption of gaseous oxygen by using a
blood constituent the body couldn’t rapidly metabolize, as
opposed to how the body interacts with oxygen. They set-
tled on nitrogen as an alternative, and by measuring the
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arterial and venous concentrations of nitrous oxide rather
than oxygen, the two were able to jump the largest hurdle
thus far in settling the debate over the brain’s ability to in-
trinsically motivate cerebral blood flow: a reliable, quanti-
tative measure of cerebral blood flow in a person under nor-
mal conditions.® In subsequent papers, not only were the
two able to use their new method of measure to establish a
link between inhaling oxygen and changes in cerebral blood
flow, but they were also able to prove that these changes
were motivated by chemical signals released as a result of
increases or decreases in neuronal oxygen use.’

Any discussion of the function of modern fMRI technol-
ogy is incomplete without at least a rudimentary under-
standing of its more versatile, less specialized older sibling,
Magnetic Resonance Imaging (MRI). MRIs are large cylin-
drical machines that play host to a complex system of mag-
nets at differing levels of strength used to create detailed
maps of the soft tissues in the body. Every water mole-
cule releases tiny electromagnetic pulses constantly, and as
it turns out, there are quite a few water molecules in the
human body. MRI machines create a large magnetic field
surrounding the body of the person being scanned, which
uses the electromagnetic pulses in those water molecules
to orient their protons in the same direction.8 Once those
molecules are all oriented the same, the MRI machine will
periodically pulse out a weaker electromagnetic field en-
couraging them to point in a different direction, causing
a tiny change in their orientations. In effect, the weaker
magnetic field causes these molecules to slightly twitch
in place. This slight twitch releases recordable radio-level
photons, the intensity and quickness with which they are
recorded varying highly with the strength of the magnetic
impulse and thus the thickness of the tissue. These differ-
ences in depth allow us to create the detailed, three-di-
mensional images MRI machines are valued so highly for.”
The fMRI modifies this function by changing how the im-
ages are interpreted. As evidenced by the work done using
Fick’s principle, brain activity is most easily predicted by
the flow of oxygen-rich blood to the areas being engaged.
As it turns out, the electrons in oxygenated blood tend to
block out the magnetic fields engaged by MRIs, stopping
the protons in the hydrogen molecules from quickly align-
ing in the encouraged direction. Deoxygenated blood does
not behave similarly, meaning more photons are released
when the machine is reading areas that are deoxygenated
compared to areas that are oxygenated.!0

The specifics of the development of the MRI deserve
their own paper entirely, but the machine we have come
to know was first prototyped in 1972.11 The most founda-
tional piece of research detailing the modifications made
to the interpretations of an MRI when conducting an fMRI

didn’t come until the early 1990s when new research was
presented on the blood oxygenated level dependant (BOLD)
effect.12 The paper was the first to describe the contrast
in imagery between areas of the brain flooded with oxy-
genated blood and deoxygenated blood, allowing for the
levels of oxygen throughout the brain to be measured in
real-time, creating a map of neuronal activity. The first
fMRI conducted during a state of intellectual stimulation
was taken in 1991 when researchers could use existing MRI
technology to map cerebral blood volume during both
rested and stimulated cognitive states.13

Since that landmark work, fMRIs have been crucial in ex-
panding our understanding of how the brain works: as of
the time of writing, 786,406 entries on PubMed mention
“fMRI”, and many of the most critically important new
works in furthering our knowledge of the brain use the
technique as a key method of gathering data. In clinical
settings, fMRIs are used to plan brain surgeries, which are
much safer and more successful now that they are con-
ducted with detailed views of brain activity to reference, as
well as to inform treatment plans.l4

As important a tool as the fMRI is, our understanding of
its usage remains fairly rudimentary compared to its poten-
tial. Researchers continue to search for more ways to inter-
pret the data an fMRI presents: whether that means learn-
ing more about cognitive state, markers belying disease,
or monitoring neurological disorders. Importantly, as fM-
RIs continue to grow cheaper and more accessible, care will
become more personalized, as the ability to map out brain
activity in response to certain stimuli allows for the cus-
tomization of pain management techniques and the man-
agement of mood disorders, among other applications.15

CONCLUSION

Over the course of 100 years, neurologists went from spec-
ulating on the brain’s ability to modulate its blood flow to
using the nature of that flow to map out the brain’s activ-
ity. We’ve been using and iterating on the technology ex-
tensively in the 35 years since, and the scope of its potential
uses still dwarfs what we can currently do. The fMRI is the
culmination of a generation of learning on our understand-
ing of the brain, and the nature of the technology means
that it has the potential to drive similarly groundbreaking
work in the future.
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