Seventh-day
Adventist Church’

Pathfinder Honour:
Trainer’s Notes

Bones, Muscles & Movement

Instructions to Trainers / Instructors of this Honour

Thankyou for being involved with this Honour. These notes have been developed to assist in teaching /
instructing this honour. We recognise that there is much more information available and we are grateful that
you should share your expertise.

Please remember that Honours are designed to develop our Pathfinders in many ways; their interests, their
knowledge and their relationship with their Saviour and Creator. Your enthusiasm and creativity will have a
huge impact on those doing the honour.

To complete an Honour, the following (where applicable) must be completed satisfactorily:
= Physical and Practical Requirements.
= Honour Workbook.
= Honour Assessment Sheet. (On SPD Honour Website but Leader’s level access is required)

Additional Reference Material
http://www.dnatube.com/video/4154/Muscle-Contraction
http://www.youtube.com/watch?v=gJ309LfHQ3M

http://www.dnatube.com/video/1330/Osteoporosis

Acknowledgements
http://en.wikibooks.org/wiki/Adventist Youth Honors_Answer_Book/Health_and_Science/Bones, Muscles, and Movement

These notes are based on this excellent site. Other citations are listed in the following text. Please be aware
that the content of the above site and any other sites is beyond the control of the SPD.
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Bones, Muscles & Movement Honour

REQUIREMENT 1: What's the difference between exoskeletons and endoskeletons?
Which type of skeleton do humans have?
An exoskeleton is a hard shell on the outside of a creature (such as an insect or a lobster).

An endoskeleton is the system of bones on the inside of a creature (such as a human, dog,
cat, or a bird).

REQUIREMENT 2: List three functions of the skeletal system

1.
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The skeletal system provides support to a body. Without a skeleton, we would all be
shapeless blobs.

The marrow inside bones produces blood cells.

The skeletal system protects the internal organs from physical harm.

Bones serve as a place where the body can store minerals for later use.

Bones also serve as levers against which the muscles pull to accomplish motion.

REQUIREMENT 3: Is bone a living tissue? Explain why or why not.
Bone is living tissue. Were it not so, it could not produce blood cells, nor could bones heal
after being broken. Bones cells continually regenerate themselves.

REQUIREMENT 4: Describe the structure and development of bone.
Bone is a relatively hard and lightweight composite material, formed mostly of calcium
phosphate. It has relatively high compressive strength but poor tensile strength. While bone
is essentially brittle, it is somewhat elastic due to its organic components (chiefly
collagen). Bone has an internal mesh-like structure, the density of which may vary at
different points.

Picture: http://upload.wikimedia.org/wikipedia/commons/3/34/lllu_compact_spongy_bone.jpg
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Bones, Muscles & Movement Honour

Bone can also be either woven
(spongy) or lamellar (compact).
Woven bone is put down rapidly _ _
during growth or repair. It is so called ~ EPIPNYSIS
because its fibres are aligned at
random, and as a result has low s D,
strength. In contrast lamellar bone — TG
has parallel fibres and is much Sl
stronger. Woven bone is often x { ,
£

replaced by lamellar bone as growth ;
continues. : Medullary cavity
| & | {4— Mutrient foramen
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Lonyg Bone
- | Articular cartilage

Ephiphyseal line

Spongy bone

Bone growth begins with points in Diaphysis
the cartilage. Most bones appear

during fetal development, though a

few short bones begin primary

ossification after birth. Secondary

ossification occurs after birth, and

forms the ends of the long bones (the

epiphyses) and the outer parts of

irregular and flat bones. The main

shaft (diaphysis) and the ends of long \ _ _
bones remain separated by a growing [ / Articular cartilage

N Endosteum
| Periosteumn
‘l
|

zone of cartilage (the metaphysis) Epiphysis i
until the child reaches skeletal
maturity (18 to 25 years of age),
which is when the cartilage ossifies, fusing the two together.

Marrow can be found in many of the larger bones. In newborns, all such bones are filled
exclusively with red marrow, but as the child ages it is mostly replaced by yellow marrow
(or fatty marrow). In adults, red marrow is mostly found in the flat bones of the skull, the
ribs, the vertebrae and pelvic bones.

Picture: http://upload.wikimedia.org/wikipedia/commons/9/94/lllu_long_bone.jpg
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Bones, Muscles & Movement Honour

REQUIREMENT 5: Identify the following bones of the skeletal system: Carpals,
clavicle (collar bone), cranium, femur, fibula, humerus, mandible, maxillary bones,
metacarpals, metatarsals, patella, pelvis, phalanges, radius, ribs, scapula (shoulder
blade), coccyx (tail bone), sternum (breast bone), tarsals, tibia, ulna, and vertebrae.

Picture: http://upload.wikimedia.org/wikibooks/en/b/bc/Labelled _skeleton.png

This image shows all the bones listed
above. It should be noted that the
maxillary bones are the bones of the
face.

Also note that the ulna connects to the
humerus and is larger than the radius.
The radius connects to the ulna.

The phalanges are both the finger
bones and the toe bones.

Fascinating Facts:

- The femur bone is the longest and
largest bone in the body.

- The vertebral column consists of
24 vertebrae, and usually 9 fused
vertebra in the sacrum (5) and
coccyx (4)

- Giraffes have the same number of
vertebrae in their necks as humans
do (7 vertebrae)

EQUIREMENT 6: What is a joint?
A joint is the place where two bones come into contact with one another.

REQUIREMENT 7: List the three types of joints found between bones.

Fibrous joints are where the bones are connected together by a fibrous connective tissue.
These joints allow for little to no movement. An example of fibrous joints are the joints
between the various bones in the cranium.

Cartilagenous joints are connected by cartilage. These joints allow for little movement. An
example of a cartilagenous joint is the joint between the ribs and the sternum.

Synovial joints are separated by an empty space called a synovial cavity. These joints
allow the most movement. Examples of synovial joints are the elbow and the knee.
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Bones, Muscles & Movement Honour

REQUIREMENT 8: Name and describe six types of freely movable joints. Be able to
locate an example of each of these in your body.

1.

Ball and Socket joints can be found in
the hip. These joints allow for
movement in many directions.

Ellipsoid joints can be found in the
knee. When the knee is extended, it
does not allow rotation. When it is
flexed, it allows for limited rotation.

Saddle joints can be found in the
fingers and thumbs.

Hinge joints can be found in the
elbow between the humerus and the
ulna. A hinge joint works just like a
door hinge, allowing motion in only one direction.

Pivot joints can also be found in the elbow between the ulna and the radius. This type
of joint allows one bone to rotate about the other.

Gliding joints can be found between the carpals in the wrists. These joints allow
limited movement between the bones as one glides past the other.

Picture: http://upload.wikimedia.org/wikipedia/commons/4/4b/Gelenke Zeichnung01.jpg

REQUIREMENT 9: Be creative and construct a model of one of the six freely movable
joints.
Approaches to constructing a model include:

Form the bones with clay and then let them harden.

Cover wooden dowels with paper maché.

Make a wire frame and cover that with paper maché.

Carve bones out of soft wood (such as balsa or pine).

Make an impression in wet sand and fill with plaster.

Make cross-sections out of paperboard and glue them together.

Make the bones from sugar cookie dough and then bake them (a saddle joint or gliding
joint works best for this approach).

Use Pathfinders to model the bones and muscles in a joint. A simpler joint like the
elbow is easiest. Make sure each Pathfinder knows the name and function of the body
part he/she is modelling.

Be sure to review requirement 17 before starting. It's important to know how this
model will be used during the design phase.
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Bones, Muscles & Movement Honour

REQUIREMENT 10: What is another name for a broken bone? List 3 types of breaks

that can occur in bones. Describe how bones heal and how doctors can help this
process.
Another name for a broken bone is "fracture.” There are two main types of fractures, open
and closed. In an open fracture (also called a compound fracture), the bone protrudes
through the skin. This is a very serious condition as it allows infection to enter the body. In
a closed fracture (also called a simple fracture), the bone stays inside the body.

Sub -categories of fractures include:
Transverse - the break in the bone is at a right angle to the long axis of the bone.

Comminuted - the bone breaks into three or more pieces.

Greenstick - the bone breaks on one side, and the other side is bent. This is very
similar to what happens when a green twig is snapped: it doesn't come all the way
apart, but it is clearly broken on one side.

Stress - a hairline crack in the bone. The bone does not separate into two pieces.

Living bones are in constant change. Cells die and are replaced on a regular basis. Because
of this, a bone will heal all by itself if allowed to. Doctors can help this process in two
ways. First, they can set the bone. This is done by making sure the pieces of the bone are
aligned properly. In a comminuted fracture this may involve surgery. The second way that
doctors help bones to heal is by immobilizing them - that is, keeping them from moving
around. This can be done by surrounding the broken limb with a cast, or it can be done by
embedding pins inside the body. Some bones do not need to be immobilized when broken
(such as the nose).

Fascinating Fact: Children are more likely to get a Greenstick fracture than adults? This
is because their bones are young and soft and are more likely to bend then break due to
their elastic properties.

REQUIREMENT 11: What is osteoporosis? Who can get it? List at least 5 health habits
that deal with maintaining healthy bones and muscles.
Osteoporosis is the depletion of minerals from the bone. Minerals in bones give them their
strength, so a bone with a low bone mineral density (or BMD) is more susceptible to
breakage, even when stressed only lightly. Anyone can get osteoporosis, but it is more
common in postmenopausal women. Some of the risk factors of getting osteoporosis
cannot be reduced by modifying behaviour (such as being a woman, having dementia,
having a family history of weak bones, or being of European descent), but other factors are
easny avoided by healthful living. These health habits include:

Avoid alcohol.

Avoid tobacco.

Avoid soft drinks, especially those containing phosphoric acid (additive E338 which is
often used in Cola drinks).

Maintain a healthy body weight. Those with abnormally low body weight are more
susceptible to osteoporosis.

Make sure your diet has plenty of calcium.
Make sure your diet has plenty of vitamin D.

Get plenty of exercise, especially weight bearing exercise such as walking, running,
weight training. This helps to load your bones, improving bone density.
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Bones, Muscles & Movement Honour

REQUIREMENT 12: What is the function of the muscular system?
The muscular system is the system in humans and in animals that facilitate motion. This
motion can be either internal (a beating heart) or external (walking).

REQUIREMENT 13: Name and describe three types of muscle tissue. Give one
example of each.
Cardiac muscles are found only in the heart. These muscles are what make your heart
beat. Cardiac muscles are the only muscles in the body consisting of branching fibres.

Skeletal muscles are attached to the skeleton and are responsible for voluntary (and
sometimes involuntary) bodily movement.

Smooth muscles are responsible for internal, involuntary (and sometimes voluntary)
movement of the organs such as breathing and moving food through the digestive
tract.

REQUIREMENT 14: Be able to identify the following muscles on your body: Masseter,
Trapezius, Deltoid, Pectoralis, Biceps, Abdominal, Quadriceps, Triceps, Latissimus
dorsi, Gluteus maximus, Hamstrings, Gastrocnemius, and Soleus.

Picture: http://upload.wikimedia.org/wikibooks/en/8/85/Muscles_labeled.jpg
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The trapezius, triceps, latissimus
dorsi, gluteus maximus, hamstrings,
gastocnemius, and soleus are located
on the back of a human, and the
arrows indicate their location.

The gluteus maximus is more

commonly known as the buttock. Deltoid _>/
Pectoralis Z

The gastrocnemius and  soleus
muscles are considered to be the same
muscle by some anatomists because
they share a tendon. The soleus is
beneath the gastrocnemius which is
closer to the skin. Together, they form
the muscle more commonly known as
the calf muscle.

Latissimus dorsi
Abdominals

Fascinating Facts:

- The Gluteus maximus is the
largest muscle in the human body

- The human tongue is made up of 8
paired muscles (4 intrinsic and 4
extrinsic muscles). It is reported
by some to be the strongest muscle
in the body.
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Bones, Muscles & Movement Honour

REQUIREMENT 15: Describe the process that causes a muscle to contract.

Picture: http://upload.wikimedia.org/wikipedia/commons/c/c0/Skeletal muscle.ipg

1. When the muscle is in a resting state, thin strands of a protein called tropomyosin are
wrapped around the actin filaments, blocking the myosin binding sites. This keeps the
myosin from binding to actin.

2. Molecules called troponin are attached to the tropomyosin.

3. When calcium is introduced into the muscle cell, calcium ions bind to troponin
molecules.

4. Calcium then pulls troponin, causing tropomyosin to be moved as well, therefore
causing the myosin binding sites on the actin to be exposed.

5. Myosin binds to the now-exposed binding sites.

6. Assoon as the myosin head binds to actin, the head bends at its hinge.

7. Once the head bends, the myosin loses energy, and remains attached to the actin.

8. When re-energized by adenosine triphosphate (ATP), the myosin head detaches from
the actin filament, and is ready to attach and bend again.

9. The collective bending of numerous myosin heads (all in the same direction), combine
to move the actin molecules closer together. This results in a muscle contraction.
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Bones, Muscles & Movement Honour

REQUIREMENT 16: Describe the difference between voluntary and involuntary
muscles.
Voluntary muscles are attached to the skeletal frame and are generally under the control of
the person to whom they belong. These are the muscles in the arms and legs (and
elsewhere).

Involuntary muscles are controlled by the autonomic system without the conscious control
by the individual. Your heart continues to beat, you continue to breathe and you digest
your food even when you are not thinking about it

REQUIREMENT 17: Using your model in # 9, show how muscles, bones, and joints
work together to produce movement.
Please note that the answers given here are only possibilities. If you know a creative way
to do this, you are encouraged to add it.

Use rubber bands or elastic as muscles. Stretch them such that the joint can be moved
by hand and then snap back into position when the rubber band (muscle) contracts.

If you use cookie dough, you may have a hard time keeping the bones from breaking.
You may wish to form the dough around something a little more substantive, such as a
dowel, a stick of celery, or perhaps a carrot. In this case you may use Liquorice as
muscles. Although they will not contract, they look kind of like muscles and taste
pretty good.

If you use clay, plaster, or papier maché, be sure to make anchor points for the
muscles before the "bones" harden. Try using cup hooks or eye hooks for this purpose.
If using a wire frame, you can make the anchors out of the wire.

If you use Pathfinders to model the joint, have them pull alternately (since muscles do
not push) on the Pathfinders who are modelling the bones of the joint, to achieve the
proper motion of the joint in all of its proper directions. This is usually more easily
achieved if everyone is lying down, so gravity is less of a factor.

REQUIREMENT 18: Find 3 texts in the Bible that mention bones and/or muscles. Tell
about each one in your own words.
Note: In many translations of the Bible, the term "flesh” is used to describe muscles. Here
are several passages featuring bones and muscles. Encourage your Pathfinders to look
through more than the required three verses. It will be easier for them to describe the
passage in their own words if they have made a connection with the verses.

Genesis 2:21-24

Exodus 12:46 Hint: How does this relate to Jesus’ death on the cross for us.
Job 40:16

Job 10:10-12

Psalm 22:14

Ezekiel 37:1-12

John 19:36

Psalm 139:13-16
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