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Did you know Alzheimer’s disease (AD) is a worldwide leading cause

of disability and death in later life? Patients with AD usually can not

recognize their own families or take care of themselves. Often called

“the long goodbye,” AD is a heartbreaking struggle for both patients

and their caretakers. For a long time, doctorswere helpless in treating

AD patients. Even now, there is no cure for AD. But fortunately, brain

scanning techniques have recently advanced enough to help AD

patients a great deal. These techniques are ways for doctors to see

the inner workings of the living patient’s brain, without surgery. Thus,

brain imaging techniques are valuable tools that can help doctors

catch AD early, provide customized care for each patient over the

course of the disease, and guide future research toward finding a

cure. Thanks to these developments, the prospects for AD patients

are slowly but steadily improving.
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IMPORTANCE OF PEEKING INSIDE THE LIVING BRAIN

Did you know that the first brain scan was performed in 1927 by
Tan and Yip [1]? He had no idea of the impact his work would have
on healthcare. Nowadays, doctors routinely rely on brain scans, also
called neuroimaging, to diagnose and treat patients. Neuroimaging

NEUROIMAGING

Taking pictures of the
brain through the skull
to show the structure
and/or function of
the brain.

allows doctors to observe the inner workings of a patient’s brain
without having to open the skull using surgery. It also allows doctors
to catch various problems much earlier than they would by simply
observing the patient’s outward behavior. Doctors use various imaging
techniques to take pictures of the brain. They then use these
scans to reliably diagnose diseases that cause the wasting away of
brain tissue, called neurodegenerative diseases. There are several

NEURO-

DEGENERATIVE

DISEASE

A type of brain disease
that causes wasting
away of brain tissue
over time. “Neuro”
means nerve cell;
“degenerative” means
wasting away.

kinds of neurodegenerative diseases, including Parkinson’s disease,
multiple sclerosis, and Huntington’s disease. Although we will focus
on Alzheimer’s disease (AD) in this article, neuroimaging can greatly

ALZHEIMER’S

DISEASE

Type of
neurodegenerative
disease that is usually
associated with
long-term
memory loss.

help patients with other neurodegenerative diseases as well.

ALZHEIMER’S DISEASE IS DIFFICULT TO DIAGNOSE

AD is named after Dr. Alois Alzheimer, who first described it in 1906. It
is a common form of dementia. AD typically a�ects adults aged 65 and

DEMENTIA

A set of symptoms that
occur when the brain is
damaged by disease.
Dementia is typically
irreversible, worsens
over time, and results in
a loss of mental
functions and reduced
quality of life.

older, although early-onset AD can start between 40 and 50 years old.
Every year, about 30 million people are diagnosed with AD worldwide,
and about 2 million people die from AD-related causes. However, the
cause of AD is still unknown. AD is characterized by shrinking of the
brain, including the hippocampus, a brain region that plays a key role in

HIPPOCAMPUS

A seahorse-shaped
structure found on
both sides of the brain.
It is associated with
learning, memory,
and emotions.

memory formation, memory storage, and learning. As AD progresses
through mild, moderate, and severe stages, brain shrinkage and the
patient’s signs and symptoms worsen (Figure 1). There is currently no
cure for AD; all doctors can do is reduce the patient’s su�ering.

During the mild stage of AD, patients can take care of themselves
but experience worsening memory loss and declining mental abilities,
such as trouble recalling names or words, forgetting things they have
just read, and misplacing things. The more noticeable symptoms
during this stage are intense mood swings, confusion, disorientation,
slowed speech, and trouble planning and organizing things. People in
the mild stage may show poor judgement and decision-making skills.
Concentration declines and attention span shortens; the patient’s
personality may begin to change as well. Notice how these symptoms
are so similar to signs of normal aging. This makes AD di�cult to
diagnose during the initial stages of the disease.

The moderate stage is the longest. Symptoms are now more
noticeable, and the patient’s personality and behaviors begin to
change even more. Memory loss worsens as the patient forgets
major details, like the names and purposes of objects. During
this stage, patients become mistrustful of family and friends and
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Figure 1

Figure 1

Symptoms of AD. The
disease is accompanied
by a variety of
symptoms that impact
the way the patients
live their lives. Notice
how similar these AD
symptoms are to the
signs of normal aging.
Based on these
outward symptoms
alone, would you be
able to tell an AD
patient apart from a
healthy person of the
same age? (Image
credit: https://www.
askdrray.com/a-
new-drug-for-
alzheimers/).

withdraw from them. They also show signs of depression and anxiety,
alongside frequent mood swings. Sleep patterns become unusual;
they sleep during the day but are restless at night. Patients have an
increased tendency to wander and get lost or disoriented. During
this stage, the patient likely cannot continue a job and needs a
full-time caretaker.

During the final and most severe stage of AD, patients show severe
memory loss; many patients forget their loved ones. Patients can
no longer interpret what they are seeing or hearing. They may not
understand what is said to them, and they struggle to string sentences
together or speak at all. At this point, the brain damage interferes
with the ability of patients to control their bodies, so patients require
walkers, wheelchairs, or assistance from caretakers. Patients also
become more susceptible to infections. It is common for AD patients
to die of infection rather than AD itself [2].

PET: TRACING CHANGES IN THE BRAIN

Fortunately, neuroimaging techniques can help with diagnosis of
diseases like AD, by allowing doctors to look inside the brain. One
such technique is called positron emission tomography (PET). PET is

POSITRON

EMISSION

TOMOGRAPHY

A neuroimaging
technique that uses
chemical tracers to
track unusual
brain activity.

a technique in which the patient is given a relatively safe radioactive
substance called a tracer that tracks the chemical changes happening
in the target body region, which, in this case, is the brain. A common
tracer tracks the absorption of glucose by various bodily tissues [3].
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Lower levels of glucose absorption in the brain can indicate AD (Figure
2A). However, the glucose tracer alone is usually not enough to
diagnose AD, because it cannot distinguish AD fromother diseases that
a�ect glucose uptake in the brain, including other types of dementia.
Therefore, along with the tracer for glucose absorption, it is important
for doctors to use other types of PET tracers that also tag signs of AD
[2, 3].

Figure 2

Figure 2

(A) A PET tracer is used
to show the high
metabolic activity (red)
that is typical for a
normal brain. Low
levels of brain activity
(blue) are seen in the
brains of AD patients
[4]. (B) MRI can show
brain shrinkage. The left
image is a scan taken
when a patient was first
diagnosed with AD. The
middle image was
taken 2 years later. The
right image shows both
images overlapped,
with blue indicating
where the brain shrank.
(C) Neuroimaging
allows doctors to
examine the brain from
di�erent angles, such
as the ones shown
here, to see which
specific brain regions
are a�ected by disease
or injury [Image credits:
(A) see [3]; (B)
https://www.
nature.com/
articles/s41598-
018-29295-9; (C)
ZiYan Britt].

PET is very useful in diagnosing neurodegenerative diseases because
it allows the doctor to observe changes in cells, even when there
is no apparent e�ect on the patient’s behavior. Thus, PET can help
doctors identify signs of AD before the symptoms become severe.
Early diagnosis of AD is one of the reasons doctors use neuroimaging
to observe the brain. However, PET is not very good at helping us
understand AD.

MRI: THE BIGMAGNET THAT CAN SEE THROUGH THE

SKULL

More recently, another brain imaging technique was developed and
continues to be a popular diagnostic tool today:magnetic resonance
imaging (MRI). MRI uses powerful magnetic fields to create detailed

MAGNETIC

RESONANCE

IMAGING

A neuroimaging
technique that uses
magnetic fields and
radio waves to take
pictures of the brain.

3D images of the brain. For more information on how MRI works,
please see this Frontiers for YoungMinds article [4]. The di�erent levels
of brightness in the MRI image help doctors determine the identity
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and health of a tissue (Figure 2B). MRI images can show “slices” of
the brain from almost any viewpoint (Figure 2C) [5]. Doctors study
these MRI “slices” to spot any abnormalities that suggest a disease
or disorder.

One of the abnormalities that MRI measures far more e�ectively than
PET is a shrinking of the brain. For instance, MRI shows brain shrinkage
in the hippocampus, which is a characteristic of AD. When symptoms
are still mild, MRI usually shows that the size of the hippocampus is
15–25% smaller in AD patients compared to healthy people [3]. Thus,
using MRI, doctors can observe the extent of AD in the brain, instead
of just relying on the patient’s behavior.

MRI is also useful in identifying the patient’s stage of AD, telling
doctors how far the disease has progressed. The more widespread the
shrinkage of the brain, the more severe the stage of AD. Knowing the
stage of AD can help doctors to customize treatment to the patient,
instead of providing one-size-fits-all treatments. Furthermore, MRI
helps distinguish AD from other neurodegenerative diseases and types
of dementia [3].

EVOLVING USES OF NEUROIMAGING INMEDICINE

The use of neuroimaging tools to diagnose neurodegenerative
diseases helps doctors to better treat patients, because these tools
give the doctors more time to treat and slow the e�ects of
neurodegeneration. Since chemical changes occur earlier in the
disease progression, PET is the preferred method of diagnosis in
the initial stages of any neurodegenerative disease. However, as the
disease progresses, MRI becomes increasingly useful because it can
detect shrinkage in the brain [3]. Both techniques together provide a
more accurate diagnosis.

Unfortunately, most neurodegenerative diseases, including AD, are
incurable. Moreover, AD patients su�er from a loss of identity
over time, which leads to feelings of frustration and helplessness.
Figure 3 shows how one artist with AD eventually forgot his own
appearance—imagine forgetting how you look! An accurate diagnosis
is important for helping doctors relieve such negative feelings in the
patient, which is why we depend on neuroimaging. Neuroimaging
data enable us to manage symptoms before they worsen and help
families cope with the changes the patient experiences. New research
is exploring the possibility of using MRI and PET to identify people who
are at risk for developing AD so that they can be closely monitored,
which can lead to even earlier diagnoses. Other research uses MRI and
PET brain imaging to look for possible treatment options and ways to
slow disease progression.
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Figure 3

Figure 3

Progression of
Alzheimer’s through
the eyes of an actual
patient. These
self-portraits were
painted by William
Uterhmohlen, who was
diagnosed with
Alzheimer’s in 1995. He
died in 2007. (A) This
portrait was made in
1960 before his
diagnosis. (B) This
portrait was painted in
1997, soon after his
diagnosis. (C) This
portrait was painted in
2000. These
self-portraits show how
Uterhmohlen, like
many other Alzheimer’s
patients, began losing
even memories of what
he looked like (Image
credit: Chris Boïcos
Fine Arts, Paris;
http://www.
williamutermohlen.
org/).

Overall, PET andMRI are great tools for diagnosing neurodegenerative
diseases. Early detection can improve patients’ quality of life
throughout the course of the disease and give patients time to prepare
for the changes they will face. Researchers study PET and MRI images
to gain a deeper understanding of neurodegeneration, to help develop
new treatments, and to improve the existing treatments. One day,
neuroimaging may even be the key to finding the cure for Alzheimer’s!
However, it is important to note that neuroimaging is not a perfect
solution, nor is it the only tool employed by doctors. It is one tool
out of many that aids doctors and scientists in understanding, and
ultimately curing, neurodegenerative diseases.
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ADITYA, AGE: 15

I love science as my favorite subject! I have been learning cybersecurity, violin,

taekwondo, and many more! I want to be a doctor someday and recently started

loving biology class.

EMMA, AGE: 13

I am 13 years old and I live in Copenhagen, Denmark. I love to sing and with my choir

I often perform, also on TV.
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