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TE-MIMN= WmH BENEFITS

by Jeffrey P. Sutton, M.D., Ph.D., Director, National Space Biomedical Research Institute (NSBRI)

S pace is a
challenging
environment for
the human body.
With long-duration
missions, the

physical and psycho-

logical stresses and
risks to astronauts  Dr- Jeffrey P. Sutton
are significant. Finding answers to
these health concerns is at the heart
of the National Space Biomedical
Research Institute’s program. In
turn, the Institute’s research is
helping to enhance medical care

on Earth.

The NSBRI, a unique partner-
ship between NASA and the aca-
demic and industrial communities,
is advancing biomedical research
with the goal of ensuring a safe
and productive long-term human
presence in space. By developing
new approaches and countermea-
sures to prevent, minimize and
reverse critical risks to health,
the Institute plays an essential,
enabling role for NASA. The
NSBRI bridges the research, tech-
nological and clinical expertise of
the biomedical community with
the scientific, engineering and
operational expertise of NASA.

With nearly 60 science, tech-
nology and education projects,
the NSBRI engages investigators
at leading institutions across the
nation to conduct goal-directed,
peer-reviewed research in a team
approach. Key working relation-
ships have been established with
end users, including astronauts
and flight surgeons at Johnson
Space Center, NASA scientists
and engineers, other federal
agencies, industry and international

partners. The value of these

collaborations and revolutionary
research advances that result from
them is enormous and unprec-
edented, with substantial benefits
for both the space program and
the American people.

Through our strategic plan, the
NSBRI takes a leadership role
in countermeasure development
and space life sciences education.
The results-oriented research and
development program is integrated
and implemented using focused
teams, with scientific and manage-
ment directives that are innova-
tive and dynamic. An active Board
of Directors, External Advisory
Council, Board of Scientific
Counselors, User Panel, Industry

Forum and academic Consortium

help guide the Institute in achieving
its goals and objectives.

It will become necessary to
perform more investigations in the
unique environment of space. The
vision of using extended exposure
to microgravity as a laboratory for
discovery and exploration builds
upon the legacy of NASA and our
quest to push the frontier of human
understanding about nature and
ourselves.

The NSBRI is maturing in an
era of unparalleled scientific and
technological advancement and
opportunity. We are excited by the
challenges confronting us, and by
our collective ability to enhance
human health and well-being in
space, and on Earth. L 2

CARDIOVASCULAR PROBLEMS

The amount of blood in the body is reduced when astro-
nauts are in microgravity. The heart grows smaller and
weaker, which makes astronauts feel dizzy and weak
when they return to Earth. Heart failure and diabetes,
experienced by many people on Earth, lead to similar
problems.

HUMAN FACTORS AND PERFORMANCE

Many factors can impact an astronaut’s ability to
work well in space or on the lunar surface. NSBRI is
studying ways to improve daily living and keep crew-
members healthy, productive and safe during explora-
tion missions. Efforts focus on reducing performance
errors, improving nutrition, examining ways to improve
sleep and scheduling of work shifts, and studying

how specific types of lighting in the craft and habitat
can improve alertness and performance.

MUSCLE AND BONE LOSS

When muscles and bones do not have to work

against gravity, they weaken and begin to waste away.
Special exercises and other strategies to help astro-
nauts’ bones and muscles stay strong in space also may
help older and bedridden people, who experience similar
problems on Earth, as well as people whose work
requires intense physical exertion, like firefighters and
construction workers.

NEUROBEHAVIORAL AND STRESS FACTORS
To ensure astronaut readiness for spaceflight,
preflight prevention programs are being developed
to avoid as many risks as possible to individual and

NSBRI RESEARCH AREAS

group behavioral health during flight and post flight.
People on Earth can benefit from relevant assessment
tests, monitoring and intervention.

RADIATION EFFECTS AND CANCER

Exploration missions will expose astronauts to greater
levels and more varied types of radiation. Radiation
exposure can lead to many health problems, including
acute effects such as nausea, vomiting, fatigue, skin
injury and changes to white blood cell counts and the
immune system. Longer-term effects include damage
to the eyes, gastrointestinal system, lungs and central
nervous system, and increased cancer risk. Learning
how to keep astronauts safe from radiation may improve
cancer treatments for people on Earth.

SENSORIMOTOR AND BALANCE ISSUES

During their first days in space, astronauts can
become dizzy and nauseous. Eventually they adjust,
but once they return to Earth, they have a hard time
walking and standing upright. Finding ways to counter-
act these effects could benefit millions of Americans
with balance disorders.

SMART MEDICAL SYSTEMS AND TECHNOLOGY
Since astronauts on long-duration missions will not be
able to return quickly to Earth, new methods of remote
medical diagnosis and treatment are necessary. These
systems must be small, low-power, noninvasive and
versatile. Portable medical care systems that monitor,
diagnose and treat major illness and trauma during
flight will have immediate benefits to medical care

on Earth.

For current, in-depth information on NSBRI's cutting-edge research and innovative technologies, visit www.nsbri.org.
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Students construct a model arm and learn how muscles and

bones work together to achieve efficient movement.
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In a skeleton, the places where bones
or external plates (as in insects) come
together are called joints. Joints allow an
animal’s body to flex and bend. Most ani-
mals, whether they have exoskeletons or
endoskeletons, have joints.

In vertebrate skeletons, some bones,
such as those in the skull, are connected
at joints that do not allow movement.
These “immovable” joints are called
sutures. Most bones, however, are con-
nected by ligaments at “moveable” joints
that permit bone movement. Of course,
the moving is done by muscles, which
are attached directly or by tendons to the
bones.

Muscles move the parts of a joint by
contracting (becoming shorter) and pull-
ing two bones closer together. Since each
muscle can pull in only one direction
(and not push), muscles must work in
pairs. One muscle or group of muscles
bends part of a joint; a different muscle
or group of muscles pulls it back to its
original position. Muscle placement is
very specific to optimize maneuverability
and strength.

SCIENCE, HEALTH & MATH SKILLS
GRADES 5-8

e Predicting

e Observing

e Drawing conclusions
* Modeling

e Inferring

CONCEPTS

* Bones come together at joints.

e The position of a muscle affects the amount of
movement it causes a bone to make.

e Muscles work in pairs, in opposition to each
other.

Arm Model
The Science of Muscles and Bones

Brings the
forearm up

Brings the \\
forearm down l\\ UPPER ARM MUSCLES
Our bodies can be thought of as
machines. We lift, push and pull objects,
and we work continuously to maintain
posture and balance against the force of
gravity. Bones, muscles, joints, ligaments
and tendons all are necessary to do this
work. In fact, there are simple machines
within the body’s component parts. One
example is the arm, which is a lever.
This activity allows students to explore
how the arm’s bones and muscles work
efficiently together. Students will see that
muscles are positioned to achieve the
most movement or power with the least

possible effort.

TIME

10 minutes setup; 60 minutes to conduct
activity

MATERIALS

Each group will need:

® 50-cm length of string

e 2 rulers with holes in the center
(to make arm model)

¢ Clear tape

® Large brad

® Metal paper clip

® Pair of scissors

e Ruler (for measuring)

® Copies of the student sheets

ACTIVITY

NASA CONNECT™

The NASA Connect online
broadcast, “Better Health
from Space to Earth,” is

based on The Science of
Muscles and Bones.

The program features
NASA scientists using
measurement and estima-
tion skills to 1) help charac-
terize health, environmen-
tal, and other operational
human biomedical risks
associated with living in
space, and 2) to identify
strategies, tools, or tech-
nologies to prevent or
reduce those risks.

To view this episode, visit
http://connect.larc.nasa.
gov/episodes.html.
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Safety Issues

Please follow all school
district and school labora-
tory safety procedures. It
always is a good idea to
have students wash hands
before and after any lab

activity.

It's A Snap!

There are almost no mus-
cles in your fingers. The
muscles that move your
fingers are in your arms.
These muscles have very
long tendons that attach to
the bones in your fingers.
(Other muscles are located
in the palm of your hand.)

. Tendons

Hand
muscles

You can see something
similar in a chicken foot
from the grocery store.
The long, white fibers
extending from the end are
tendons. Pull them and you
will see the claws curl.

Locking Joints

Horses have a joint in their
knees (stifle joint) that
allows them to lock their
knees in place so they can
stand for hours. Animals,
like goats and cows, that
eat plants have a joint
that allows them to move
their jaws side-to-side and
forward and back, in addi-
tion to up and down, for

chewing.

© 2012 Baylor College of Medicine
BioEd Online | K8 Science

Joints in the Human Body

\‘ Wrist and Fingers

=

SETUP & MANAGEMENT

Divide students into groups of 2-3. Place
materials in a central location for the
Materials Manager from each group to

collect.

PROCEDURE

1. Tell students that they are going to

build and explore a model of the arm.

Have Materials Managers collect the
rulers, string, paper clip, brad and
tape for each group.

2. Tell students to follow the steps on
the “Arm Model Instructions” sheet
to make their model arms.

3. When each group has built its model
arm, ask, In what ways does this model
represent a human arm? Discuss the simi-
larities and differences noted by
students between their models and
their real arms. Point out that actual
muscles pull by contracting and
becoming shorter.

4. Explain to students that they will
investigate muscle attachment sites
using their model arms. Have them
continue with the instructions on the
“Model Observations” sheet.

5. Discuss with students their data and
conclusions about muscle attachment
sites. Students will discover that
moving the string on their arm model
will move the bottom ruler differ-
ent distances, depending on where
the string is attached. Students also
may notice that when the string was
connected closer to the joint, it was

harder to pull. Ask students how these
concepts might apply to the place-
ment of the biceps muscle in the arm.
Explain that each muscle in the body
has a precise attachment point. Muscle
placement balances the movement of
the bone with the effort of the muscle.
The points at which muscles attach to
bones allow muscles to cause a large
movement with a relatively small

amount of contraction.

. Use the “Challenge” at the bottom

of the “Model Observations” sheet to
help students learn about how
muscles work in pairs. After students
have completed the “Challenge,”
discuss the relationships between pairs
of muscles. For instance, the biceps
muscle bends the arm and the triceps
muscle straightens it. Ask, How do we
straighten the arm after bending it? Have stu-
dents bend their arms at the elbow and
feel their biceps muscles contract. Ask,
Can you straighten your arm by contracting
_your biceps muscle 2 Where is the muscle that you
contract to straighten your arm? It is the
triceps muscle, located on the back

of the upper arm. Have each student
bend and straighten his/her arm and
feel the triceps muscle contract

and relax. *

Arm Model
The Science of Muscles and Bones



ACTIVITY
AFRM MoOoOOoOeEul INsTRUCTIONS

To make an model arm, you will need two rulers, 50-cm length of string, a paper clip, a brad and clear tape.

Ruler in vertical position
(upper arm)
String
(muscle)
Ends of brad bent !
and taped into place 1
(joint) APiS oot

Ruler in horizontal position
(forearm)

1. Hold the rulers with the smooth sides together. Fasten the rulers together by putting the brad through the end
holes of both rulers. Fold the ends of the brad flat against one ruler and tape the ends of the brad in place. Do not
overlap the tape onto the second ruler. The rulers will act as an upper and a lower arm (forearm), and the brad
connecting them will act as the “arm joint,” or “elbow.”

2. Open the paper clip to make a hook. Tie one end of the string to one end of the clip, which acts like a tendon to
connect muscle to bone. The string will act like a muscle to move the arm model.

3. Make an “L"” shape with your arm model. Place the model on the table so that one ruler lies horizontally and the
other ruler “stands” vertically. Be sure the “joint” rests off the edge of the table so the rulers can move freely.
Hook the paper clip through the farthest hole (from the “joint”) of the horizontal ruler. Thread the other end of the
string through the top hole of the vertical ruler. This is your arm model.

Arm Model © 2012 Baylor College of Medicine
The Science of Muscles and Bones BioEd Online | K8 Science
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lllustration by M.S. Young © Baylor College of Medicine.

FCTIVITWY
MODOEL. OBSERVATIONS

You will need a ruler to investigate what happens when you connect the string to different places on your
arm model.

1. Place your arm model on a table or desk. Slowly pull about five centimeters of string through the hole in the top
ruler (Position 1), while holding the “elbow joint” of the rulers steady. This will raise the tip of the bottom ruler.
Measure the distance between the tip of the bottom ruler and the table. Record your measurement on the chart
below.

JU—

Pull string about 5 cm each time. Ruler Distance ruler is raised
Position from table (cm)

|
1]

Position 1: Farthest hole from “joint”

Position 2: Middle hole

Position 3: Closest hole to “joint”

2. Move the paper clip to the middle hole (Position 2) of the bottom ruler. Again pull about five centimeters of string
through the hole in the top ruler. Measure the distance between the tip of the bottom ruler and the table. Record
your measurement on the chart.

3. Move the paper clip to the closest hole (Position 3) of the bottom ruler. Pull about five centimeters of string
through the hole in the top ruler. Measure the distance between the tip of the bottom ruler and the table. Record
your measurement on the chart.

4. Based on your observations, does it make a difference where the ends of a muscle are connected to a bone?
Why or why not?

5.  Where would you expect the ends of a muscle to be attached if the objective was to achieve the most movement
for the least amount of effort?

Challenge:
Figure out a way to connect another string “muscle” to your arm model that would straighten the arm back out. Keep

in mind that muscles can only pull, not push!

© 2012 Baylor College of Medicine Arm Model
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