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Walking is an activity you do every day without even thinking about

it. But have you ever wondered how we walk or why some people

walk a bit strangely? We all limp when we hit a toe against the table

or when we sprain a foot. But some people seem to walk even more

strangely. Having di�culties with walking is not always the result of

weak legs or a painful foot; some people walk di�erently because

of trunk impairments. Besides having strong legs, it is important to

have a stable trunk during walking to keep balanced. For instance,

most people who have had strokes have problems with their legs

and trunk, resulting in clear walking impairments. In this article, we

explain how the trunk moves during walking in stroke survivors, and

whether the observed walking impairments result from an unstable

trunk or weakness in the legs.

Did you know that there are over 30 synonyms in the English language
to describe walking? You can take a hike, step, stroll, or march. Some
people seem to limp, hobble, stagger, lurch, or even waddle. A lot of
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Figure 1

Figure 1

(A) The human
skeleton. (B) The trunk
can be divided into the
upper trunk, which
contains the shoulders
and chest, and the
lower trunk, which
contains the stomach
and pelvis.

words, right? Do not worry, all these words just describe that some
people walk a little di�erently. Maybe your grandparents already walk
a bit strangely and you do not know why. Many people think that
abnormal walking patterns are a result of problems with the legs. This
might be true in some cases, but not always. Sometimes people walk
di�erently because they cannot control their trunk [1, 2].

WHAT EXACTLY IS THE TRUNK?

The trunk, or torso, is the central part of the body to which the arms,
TRUNK

The central part of the
body, to which the
arms, legs, and head
are attached. Also
called the torso.

legs, and head are attached (Figure 1). The trunk consists of four parts:
the shoulders, chest, belly, and pelvis. Most of the time we divide the
trunk into an upper part, the shoulders and the chest, and a lower
part, the belly and pelvis. Everything above the belly button is called
the upper trunk and below, the lower trunk. The ability to control
your trunk determines how well you can sit upright without falling
or how well you can move your upper or lower trunk independently.
Movements in the upper and lower trunk can be divided in three
categories: (1) bending forwards or backwards; (2) bending left or right;
and (3) turning to the left or right.

In the early days when researchers were investigating walking, they
thought that the trunk did not actively contribute to gait, which is

GAIT

A person’s way
of walking.

the way a person walks [3]. They believed the torso was a passive
part of the body and that the legs did all the work during walking. In
more recent research, it has been determined that the trunk plays a
much bigger role than researchers originally expected. For example,
when comparing children with gait problems to healthy children,
they found that incorrect trunk movements were one of the most
important reasons why walking was so exhausting [4]. So, the ability
to control your trunk and move it correctly in your gait is critical for
walking e�ciently.
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WHY CAN’T SOME PEOPLE CONTROL THEIR TRUNK?

Some people who have su�ered a stroke are unable to control their
trunk. A stroke is a type of brain injury in which some brain cells die
because of lack of oxygen, resulting from a blockage of the blood
supply to the brain or bleeding in the brain. Blood vessels can become
narrower as people age due to fat building-up in the blood vessel walls
as a result of cigarette smoking, obesity, and lack of exercise, all of
which increase the risk of stroke. Elderly people have the highest risk
of su�ering a stroke—more than 70% of all strokes occur in people
over 65. But what does the brain do? Well, it acts like the conductor of
an orchestra in which the musicians are the body’s muscles. Without
a conductor for the musicians, there is musical chaos. Similarly, the
brain tells the muscles what to do and when to do it, so we can
move our bodies in harmony. When a part of the brain stops working
because it did not receive oxygen, it stops guiding and instructing the
muscles. Damaged brain cells are unrepairable, so other parts of the
brain must learn how to take over the functions of these dead cells.
That is why recovery after a stroke is long—the brain needs to relearn
all these movements.

So, this is what happens to the muscles of the trunk, the back,
and the belly of stroke survivors. The brain no longer gives those
muscles good instructions, so the movements of the trunk are no
longer performed correctly. Researchers have known for quite some
time that stroke survivors have trunk problems and often cannot sit
without the support of the hands and cannot roll around easily in
their beds [5]. As we mentioned, the trunk is also important during
walking. But to our surprise, we found that there was very little
research about the movements of the trunk during walking in stroke
survivors who have low trunk control. We made it our mission to find
out more!

MEASURING TRUNKMOVEMENTS ANDWALKING

PATTERNS

We studied 57 stroke survivors (39 males and 19 females) and 57
healthy individuals (35 males and 22 females). The age range in both
groups was 19–85 years, with a mean age of 64 years. We assessed
the strength and mobility of the trunk and legs of stroke survivors
and categorized them into two groups: severe problems in the legs
or no problems in the legs. In our gait laboratory, we examined both
the stroke survivors and the healthy individuals. We measured all the
movements of the body during walking with multiple cameras and
used the information to create a 3D image. This is known as 3Dmotion
analysis. Four force plates were used to provide information on when

3D MOTION

ANALYSIS

A three-dimensional
movement analysis
where high
technological
instrumentation is used
to assess movements
of the human body.

the feet contacted the ground1. We placed 39 reflective markers on

1 A virtual tour of the
gait laboratory can
be seen here
(https://www.youtube.
com/watch?v=QaEuXN
A8fOA&feature
=youtu.be)

each participant’s body, so that we could calculate how far and how
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Figure 2

Figure 2

(A) The placement of
reflective markers on
the body of a study
participant. Cameras
placed around the lab
emitted infrared light,
which bounced o� the
reflectors and back to
the cameras as the
participant walked.
(B) Each dot in the
computer-generated
image represents a
reflective marker. The
computer program
connects the dots with
colored lines (green =

right arm and leg, red =

left arm and leg, blue =

trunk and head, orange
= spine). The gray
numbered squares are
the force plates that
measured each step.
The red arrow shows
the force measured by
the force plates.

much every part of the body was moving (Figure 2A). For the arms,
markers were placed on each shoulder and elbow, two on each wrist,
and one on each index finger. For the legs, one on each thigh, one
on each knee, one on each shank, and three on each foot (ankle, heel,
and toe). Fourmarkers were also placed on the head, two on the chest,
two on the back, and four on the pelvis. For a detailed analysis of the
spine, four markers were placed on the upper trunk and three on the
lower trunk.

After attaching the markers, participants were asked to walk up and
down a walkway a few times. The cameras, which were placed all
over the laboratory, recorded the markers using infrared light. The
cameras send out the infrared light, which bounces o� the reflective
markers and back to the cameras. From the information received by
the cameras, wewere able tomake a 3Dmodel of our participant using
a computer (Figure 2B).

Using the 3D images, we then assessed the movements of the
trunk, focusing on the three movements that were mentioned earlier:
bending forwards or backwards, bending sideways, and turning to the
left or right. We compared the degree of movement of the trunk in
stroke survivors to that of healthy adults. Then, we compared trunk
movements between stroke survivors with severe leg problems to
stroke survivors with no leg problems.

TRUNK CONTROL IS CRITICAL FORWALKING!

The first research question, “How does the trunk move during walking
in stroke survivors?” was investigated. We found that stroke survivors
walk with shorter and wider steps and walk much more slowly
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compared to healthy adults. When looking at the trunk, we saw that
stroke survivors also bent more forward as they walked and showed
decreased rotations of the torso. This bent-forward position is also
the reason that stroke survivors often cannot hold their bodies upright
when sitting. In addition, stroke survivors could not turn the upper
trunk to the right while turning their lower trunk to the left. This
one is di�cult to understand, right? Well, let us try it ourselves! Get
up from you chair and find a place with lots of room to walk in
a straight line, such as a hallway. Now walk very quickly, but do
not run.

Did you notice that, when you took a step with your left foot, your right
armmoved forward? And when you stepped with your right foot, your
left armmoved forward? This is called cross-coordination. Although it

CROSS-

COORDINATION

The upper and lower
part of the trunk moves
in a coordinated, yet
opposite manner.
When the upper trunk
rotates to the right, the
lower trunk moves with
a similar amplitude to
the left.

is di�cult to see, your upper and lower trunk do the same thing during
walking: when your upper trunk turns right, your lower trunk turns
left. These rotations are missing in stroke survivors—they walk without
cross-coordination of the trunk, which is necessary for an e�cient
walking pattern. These rotations of the trunk are not generated by
big strong muscles. Instead, they are created by accurately activating
a specific muscle at a specific moment, so learning to control those
muscles is key2.

2 Interested how this
looks like in the 3D
model measured by
the Vicon motion
analysis system, take
a look at the videos
here (https://www.
youtube.com/watch?v=
QaEuXNA8fOA&feature
=youtu.be).

Subsequently, we examined our second research question, “Is the
trunk really the reason stroke survivors walk strangely?” We answered
this by dividing the stroke survivors into two groups, people with
and without severe problems in the legs. We found that people with
more severe problems in the legs have more abnormal movements
in the trunk. On the other hand, people with no severe problems
in the legs also had some (but less) abnormal movements in the
trunk. This means that even stroke survivors who do not have big
problems with their legs still walk di�erently than healthy adults.
However, it is very important to understand that you do not need
extremely strong belly and back muscles to walk correctly. Proper
walking is more about how well you can control and activate
those muscles.

WHY IS UNDERSTANDING GAIT PROBLEMS

IMPORTANT?

Understanding why stroke survivors walk strangely can help
researchers and doctors to help these patients recover. Stroke
survivors need lots of therapy to get better. If doctors and physical
therapists have a good understanding of whether the cause of a
patient’s gait problems stems from the legs vs. the trunk, they can give
the patients exercises that are focused on the specific problem—either
strengthening the legs or improving trunk control. The results of
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our research showed that stroke survivors have abnormal trunk
movements during walking, which in some cases are caused by lack
of trunk control. So, giving these people exercises to help them learn
to control their trunk, called core-stability exercises, might eventually

CORE STABILITY

EXERCISES

Exercises focusing on
strengthening back and
belly muscles (a
person’s core) and
increasing the ability to
control the position of
the trunk.

help them walk better. Walking is an activity that contributes to a
person’s independence and quality of life, so hopefully our research
will eventually improve the lives of many stroke survivors.
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YOUNG REVIEWERS

ANVEYSHA, AGE: 15

Hi, I am Anveysha. I love reading, swimming, and sleeping. I am in high school and I

also like the beach.

CATARINA, AGE: 15

Hey, I am Catarina! My favorite subjects are math and science. My goal is to become

a forensic scientist. In my spare time I like going outside and watching nature do

its thing.

ENRICO, AGE: 16

Hi my name is Enrico and I am 16 years old. My hobbies include logic puzzles, music,

and Scouts. My favorite subject is Maths and Chinese.

TERESA, AGE: 10

I am a blond and blue eyed girl, curious as a cat and crazy like my aunt! I like to play

guitar and other freakish or invented instruments with my sister, and I also like to

play scientist. Last time my aunt had brought me some pipettes and tubes from the

lab, and I created my own lab at home! But do not worry: there have not been any

explosions (yet)!

ULYANA, AGE: 16

Hey! My name is Ulyana, and in the honorable words of Remy from Ratatouille, “the

only thing predictable about life is its unpredictability.” My life consists of school,

food, and karate—as well as a touch of passion for science and the environment. I

hope to 1 day study law and biomedicine to become a researcher in my field.
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