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Primary progressive aphasia (PPA) is a rare disorder that affects older
adults, causing them to slowly lose the ability to communicate. PPA
is caused by certain diseases that damage brain cells in areas of the
brain that control speech and language. There are three types of
PPA, each with unique speech and language symptoms. While there
is not currently a “cure” for the diseases that cause PPA, there are a
number of ways to support communication and promote quality of
life for individuals with PPA, for as long as possible.

INTRODUCTION

As we age, there are ways we continue to grow. For example, the
older we get, the more we learn about the world and the more our
vocabularies grow. It is also normal to find some tasks more difficult,
such as hearing what someone is saying in a crowded place. However,
certain health conditions can alter the abilities of older adults beyond
the changes we expect to see with normal aging. In this article, we
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NEURONS

Also called brain cells,
neurons are the types
of cells that make up
the brain and

spinal cord.

APHASIA

A language disorder,
caused by damage to
the brain, which can
impact speaking and
understanding
language as well as
reading and writing.

STROKE

When one of the blood
vessels in the brain is
blocked or bursts,
preventing oxygen and
nutrients from reaching
part of the brain and
causing damage.

NEURO-
DEGENERATIVE
DISEASES

Diseases that affect the
brain, slowly causing
brain cells to die. There
are many types of
neurodegenerative
diseases, and they have
different symptoms and
causes. One example is
Alzheimer's disease.

SPEECH-LANGUAGE
THERAPY

Work with a speech
therapist that addresses
a variety of difficulties
including trouble with
language, speech,

and swallowing.

MAGNETIC
RESONANCE
IMAGING

An imaging method
that lets us see inside
the brain and other
parts of the body using
a large machine with a
strong magnet.

will focus on one of these conditions: primary progressive aphasia,
or PPA.

WHAT IS PRIMARY PROGRESSIVE APHASIA?

Neurons are brain cells that control everything we do. They play
an important role in thinking, talking, and all of our daily activities.
Neurons are somewhat specialized—certain groups of neurons are
responsible for specific tasks. If neurons in areas of the brain that
control language are damaged, this will lead to aphasia. People
with aphasia struggle to produce and/or understand language. Brain
damage may result from several causes, but stroke is the most
common cause of aphasia. During a stroke, part of the brain does
not receive enough blood and the neurons in that area are damaged
or may die (to learn more about aphasia caused by stroke, read this
Frontiers for Young Minds article). Aphasia can also be caused by
neurodegenerative diseases, which are diseases that damage neurons
in the brain over time, increasingly affecting a person’s brain functions.
The location and extent of neuron damage determine the symptoms
or changes in abilities that a person will experience.

When aphasia is caused by neurodegenerative disease, it is called
primary progressive aphasia (PPA) [1]. PPA damages neurons in brain
areas related to speech and language, making it harder and harder
to communicate. With time and speech-language therapy, people
who have aphasia due to stroke sometimes recover their speech and
language skills. However, for people with PPA, speech and language
problems inevitably worsen over time. There is no known drug proven
to cure PPA or stop PPA from getting worse. Eventually, the disease
starts to affect areas of the brain outside speech and language
regions, causing difficulties with other functions like problem solving,
movement, or swallowing.

To understand how PPA affects a person’s brain, scientists and doctors
often use a brain-imaging technique called magnetic resonance
imaging (MRI; Figure 1). Because scientists have mapped the areas of
the brain that are responsible for specific functions, it is possible to
look at an MRI scan and predict what kinds of difficulties a person may
experience based on patterns of damage.

THE THREE TYPES OF PPA

There are three types of PPA, each with its own pattern of symptoms:
semantic, logopenic, and nonfluent/agrammatic [2]. All people with
PPA have difficulties with speech or language; however, damage to
different areas within the brain’s speech-language network results in
distinct speech and language symptoms.
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Figure 1

An MRI scan of (left) a
healthy older adult and
(right) someone with
semantic PPA. Looking
at someone
face-to-face, this brain
“slice” is halfway
between their face and
back of their head.
Where neurons have
died, there is more dark
space. The blue arrow
is pointing to a
fluid-filled space that
we expect to show up
as dark. The red arrows
show larger dark
spaces indicative of
brain shrinkage
resulting from dying
neurons. The left side
of the PPA brain has
more dark spaces than
the right, which is
expected since the left
side of the brain
generally controls
language.

SEMANTIC MEMORY

Memory for facts about
the world, like who the
president is, what color
an apple is, or how
many continents there
are on Earth.

PROCESSING

In this article,
processing refers to
how the brain takes
information from the
external world, breaks it
down, and manipulates
it to understand and
organize

the information.

Brain of Healthy Person Brain of Person with PPA

right hemisphere

left hemisphere

left hemisphere right hemisphere

Figure 1

People with the semantic type of PPA gradually lose semantic
memory—memory for facts about the world, like who is the president,
that a squirrelis a smallmammal, or that fire is hot (semantic memory is
explained further in this Frontiers for Young Minds article). For example,
someone with semantic PPA might see a boy crying and say that he
“has water in his eyes” because they cannot remember the word “tears”
or they do not remember what tears are. Someone with semantic PPA
might also have trouble following a conversation because they do not
know the meaning of some of the words being said.

Logopenic PPA is characterized by difficulty with processing and
assembling the sounds that make a word. Consider how the word
“celebration” has several sounds in it (“s” “eh” “I" “uh” “b" and so
on). Someone with logopenic PPA might have trouble putting the
sounds together correctly and might substitute the wrong sounds
(e.g., “sell-uh-gray-shun”) or put them in the wrong order (e.qg.,
"bell-uh-stray-shun”). Similarly, individuals with logopenic PPA have
difficulty processing speech sounds they hear. If they hear a long
sentence, they might have trouble processing the words quickly
enough to understand the sentence.

Lastly, people with the nonfluent/agrammatic type of PPA may
struggle to produce and understand sentences and/or have trouble
coordinating movements of the parts of the body used for speech, like
the tongue, lips, and vocal folds. Someone with nonfluent/agrammatic
PPA might be hard to understand, as their words might not sound quite
right. If you have ever eaten something very cold that numbed your
mouth, you might have noticed it was harder to move your tongue
quickly when speaking, making your speech sound different. In the
same way, if neurons controlling the movement of the tongue are
damaged, a word might not sound like it is supposed to. Often, the
speech of people with the nonfluent/agrammatic type of PPA contains
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Figure 2

Damage to different
brain areas results in
the three types of PPA.
Main symptoms for
each type of PPA are
summarized. In
nonfluent/agrammatic
PPA, the frontal lobe (at
the front of the brain) is
mainly affected. In
semantic PPA, the
temporal lobe (above
the ears) is mainly
affected. In logopenic
PPA, the temporal and
parietal lobes (near the
back and top of the
head) are mainly
affected. The yellow
area shows where
damage can overlap in
semantic and
logopenic PPA.

long pauses and missing words. Typically, function words like “the”
and “of” are left out. These function words do not mean much on
their own but are essential for building grammatical sentences. For
example, instead of saying “the boy is eating cake,” someone with
nonfluent/agrammatic PPA may say "boy...eat...cake.”

The areas of the brain affected in each type of PPA are shown in
Figure 2.

Nonfluent/Agrammatic PPA
makes it hard to:

% d
P -4
i 4

Logopenic PPA

makes it hard to:

* process sounds that make
up words

* put sounds together to
make a word

* access the names of things
or people

* coordinate movements of the
tongue, lips, and throat to produce
sounds

Semantic PPA

makes it hard to:

* understand words

« find words to express thoughts

« recall facts about things and people in
the world

Figure 2

HOW CAN WE HELP PEOPLE WITH PPA?

Although researchers have been working hard to find a cure, there is
currently no medical treatment that can slow or reverse the effects of
PPA. However, there are many ways speech-language therapists can
help people with PPA to maximize communication and quality of life
[3]. With therapy, people with PPA may be able to relearn lost skills and
develop strategies to work around their communication difficulties.
Research shows that some effects of therapy are short term whereas
others can be longer lasting. In general, the goal of speech therapy
is to make sure that people with PPA can participate in activities that
are meaningful for them (e.g., talking with friends and family, ordering
dinner at their favorite restaurant) for as long as possible.

In the earlier stages of PPA, speech therapy might focus on strategies
for recalling particular words in conversation, or for making it easier
for others to understand the words the person with PPA is trying to
say. For example, a therapist can work with someone with PPA to
develop scripts about topics they would like to discuss (e.g., football,
hobbies, or their grandchildren), helping them practice so they can
say the words clearly and form full sentences [4]. As PPA progresses
and speaking gets more difficult, therapy might focus more on using
alternative modes of communication like writing, gesturing, or using
supportive communication devices. A communication tool might be a
printed communication book, which can contain photos and names of
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important people, places, or objects that the person can refer to during
conversation. Communication devices can also be higher tech, like
speech-generating devices that can “speak” for the person with PPA.
Speech therapists can also provide family members and loved ones
with communication strategies to support the person with PPA.

Eventually, people with PPA might completely lose the ability to
communicate verbally and may begin to have difficulties outside
of speech and language, such as trouble with memory, walking, or
swallowing. At this point, therapy might focus on people’s remaining
skills and abilities, with the aim of helping each individual to continue
with their daily activities and participate in their community to the
fullest possible extent. This helps people with PPA retain a level of
personal choice and a sense of self-worth.

There are many ways that people with PPA can continue to participate
in life even if they struggle to communicate. People with PPA may
continue their hobbies and creative pursuits, or sometimes even start
new activities (e.g., painting, photography, woodworking) that help
them to stay engaged. ldeally, they will remain socially active, spending
time with friends and family who bring fulfillment. This may mean
finding new ways to communicate and connect nonverbally as spoken
communication becomes more challenging.

CONCLUSION

PPA is a condition that causes people to gradually lose their
ability to communicate. People with PPA experience continued
worsening of their symptoms because the disorder is caused by a
neurodegenerative disease. There are three types of PPA that affect
different aspects of speech and language. The semantic type affects
a person’s knowledge about things and people. The logopenic type
affects a person’s ability to process sounds that make up words.
The nonfluent/agrammatic type affects the ability to produce and
understand sentences and/or the ability to coordinate movements to
produce speech. Researchers are working hard to find a cure for PPA.
In the meantime, there are a number of treatment options that can
improve communication and quality of life for these individuals for as
long as possible.
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ARITRO, AGE: 14

Hello! | am an exuberant violist and enjoy playing with the local youth orchestra.
Summer gives me the opportunity to play tennis with friends and go on long kayaking
trips with my family. | love traveling and was able to travel to Austria to tour and play
music with my orchestra in summer. | also visited Japan and have some amazing
experiences!

AUTUMN, AGE: 12

Hi, my name is Autumn. | am 12 years old and in the 7th grade. | love the subjects
biochemistry, biophysics, or science in general. Some hobbies of mine include
writing my own articles and playing my violin (for 6 years). Some of my favorite
scientists are Jennifer Doudna one one of the co-creators of CRISPR CAS-9 and
Erwin Schrodinger the theory maker of the quantum realms and leaping.
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DHRUVA, AGE: 12

As an ice hockey, tennis and a soccer player, | always think about the physics, how
things move and things like friction, drag etc. A topic that is really interesting to me
is that how gravity works and general things about outer space like can we try to
make a worm-hole or can we manipulate how black-holes work to our advantage.
I would like to learn more about airplane aerodynamics.

KATHERINE, AGE: 13

My name is Katherine | really like to read thrillers, bake, make things like arts and
crafts, hanging out with my friends. | just started getting into learning more about
astronomy because | think it is really interesting.

SAKET, AGE: 14

Hi everyone! My name is Saket, and | really love biology. It is really intriguing to me
to see what smaller organisms make us up and what organisms make the other
organisms up. | also like to cook! When | cannot do biology, | do hydrology. That
is where | look at watersheds, artesian wells, streams, water tables, and more. Itis all
really interesting!

ZIYAN, AGE: 13

| love to take walks around my neighborhood and look at the different species of
plants and exciting insects around my block. | also exceled in math with excellent
scores in Math League competition and participated in the State MATHCOUNTS
competition. | have been in the swimming teams since the second grade,
participated in many regional championships, and have several medals.
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