STO-154

Brittle Bones:
A Density Problem

Teacher Information

Summary

Three generations of a family learn how
osteoporosis (low bone density) results in
bones that are brittle and easily broken.

e Design and assemble models of bones
to represent bone densities at different
ages.

e Determine the density of bone models.

e Interpret models, graphs, news articles,
and posters to relate bone density,
osteoporosis, and bone fracture risk.

Core Concepts

e Osteoporosis (low bone density) results
in increased risk for bone fractures.

e Exercise and proper nutrition for
children, teens, and young adults can
reduce the risks for osteoporosis later in
life.

e Models, graphs, news articles and
posters can provide information about
osteoporosis.

e Engineering design can be used to
develop models

Time Required

Three or four 40-minute class periods

science
take-out

Jjust add students™

Kit contains

e A Future Osteoporosis Epidemic?
e Understanding Osteoporosis

e Forty 70-Year-Old Women Who
Participated in Research Study

o Women Who Had Bone Fractures
e White disks

e White star beads

e Ruler

e 4 plastic tubes with caps labeled:
Female Teen (age 15)

o Female Adult (age 30)
o Female Adult (age 70) Healthy Bone
o Female Adult (age 70) Osteoporosis

Teacher Provides

e A triple beam balance or an inexpensive
digital scale that can weigh up to 500
grams with 0.1 gram accuracy. ldeally,
one balance or scale per group.

e A calculator for each group of students.

Warning: Choking Hazard

This Science Take-Out kit contains small
parts. Do not allow children under the age
of seven to have access to any kit
components.
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Teacher Suggestions

¢ Important: Most of the kit components can be reused for multiple classes. If you are
planning on reusing kit components for multiple classes, you should make and save extra
copies of the Forty 70-Year-Old Women Who Participated in Research Study sheet that is
included in the kit.

e Part 1 can be done as pre-lab homework if each student is given a copy of the news article
(A Future Osteoporosis Epidemic?) and the poster (Understanding Osteoporosis). Parts 2
and 3 should be completed in class.

e Some field test teachers suggested that Part 1 be done as a role play activity. Teams of
students could be assigned to present one of the Part 1 stories to the rest of the class.

e To increase the emphasis of bone cell function, consider showing the video Bone
Remodeling (Bob and Claude) before beginning Part 2. This is a very basic introduction to
the balance between the activity of bone building cells and bone breakdown cells.
https://m.youtube.com/watch?v=5gpysdG1HoE

e Have some extra copies of the Bone Model Analysis Sheet available. Some students may
find that this sheet gets messy if they make mistakes and they may want a new copy of the
sheet.

e Ideally, you should have enough balances/scales for each group of students. Inexpensive
digital kitchen scales or jewelry scales can be purchased online for less than $15 each.
Teacher Resources

¢ National Osteoporosis Foundation website provides information on bone health and
osteoporosis. http://nof.org/

¢ International Osteoporosis Foundation website provides an international perspective on
bone health and bone disorders. https://www.iofbonehealth.org/

e NIH Osteoporosis and Related Bone Diseases National Resource Center website provides
information on bone health and bone diseases.
http://www.niams.nih.gov/Health_Info/Bone/

e Best Bones Forever campaign is designed to promote healthy bone development. There are
resources for teens, parents, and educators at this website.
http://www.bestbonesforever.org
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Reusing the kit

If you plan on reusing the kit, make additional copies of the Forty 70-Year-Old Women Who
Participated in Research Study sheet. Consider laminating the printed materials so that they
can be reused. Teachers will need to instruct students on how to handle clean-up and return
of the reusable kit materials. For example, teachers might provide the following information:

Return all materials to kit bag

e A Future Osteoporosis Epidemic?

e Understanding Osteoporosis

e Women Who Had Bone Fractures transparency
e Ruler

e Bag of white disks

e Bag of white star beads

e 4 labeled tubes with caps (remove white disks and beads)

Extension Activities (optional)

e Design and build a different type of bone model that could be used to show that low density

bones are more easily fractured than normal bones.

e Design and conduct a survey for teens that assesses their understanding of osteoporosis
and risk factors for osteoporosis.

e Design an “Assessing Your Risks for Osteoporosis” survey to help teens determine their
risks for developing osteoporosis when they get older.

e Design a brochure, poster or TV commercial to make teens aware of osteoporosis and what
they can do to prevent osteoporosis.

e Develop an exercise program that includes the types of exercise that are most effective in
promoting increased bone density.

e Create a menu plan for a week of school lunches or a week of after school snacks that
include calcium-rich foods students are likely to enjoy.

e Some people claim that yoga can increase bone density and reduce fracture rates for people

with osteopenia (pre-osteoporosis) or osteoporosis. Describe in detail how you would
design and conduct an experiment to test this claim.
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Kit Contents Quick Guide
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Brittle Bones:
A Density Problem

Part 1: Osteoporosis Stories - the Allen Family

Grandmother Lucy Allen has osteoporosis, a disease where decreased bone density makes her
bones brittle and more easily broken. Lucy’s daughter, Olivia, is worried that she and her
teenage children (Claire and Brad) may also develop brittle bones when they get older.

Base your answers to questions 1 through 6 on the stories in the boxes below and on
the Understanding Osteoporosis poster in your lab kit.

Lucy Allen (age 70)

| fell and fractured (broke) my hip last year. My hip is still
painful and | can’t be as active as | was before my fall.
While | was in the hospital, | had a bone density test that
indicated my bone density is very low. My doctor says low
bone density means that | have osteoporosis.

1. What is osteoporosis?

2. What causes a person’s bone density to decrease?

3. Which would be stronger—a bone that is more dense or a bone that is less dense?
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4. In addition to a broken hip, what else can happen to people who have osteoporosis? List
three things.

Olivia Allen (age 40)
My mother has osteoporosis so my doctor told me my family

history made it important that | get a bone density test. The
bone density test results showed that | have osteopenia (pre-
osteoporosis). Osteopenia means that my bone density is
lower than normal but not low enough to be classified as
osteoporosis.

5. How is osteopenia (pre-osteoporosis) different from osteoporosis?

6. What could Olivia do to keep her osteopenia (pre-osteoporosis) from getting worse and
becoming osteoporosis? List at least five things.
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Base your answers to questions 7 through 11 on the stories in the boxes below and on
the A Future Osteoporosis Epidemic news article in your lab kit.

Claire Allen (age 15)
I’'m the athlete in the family. I’'m on a low-calorie diet and |

—»@ try to run at least 5 miles a day. | play soccer and tennis. This
year | started mountain biking and snowboarding. Because
both my mom and grandmother have low bone density, | try

to eat lots of vegetables. However, | can’t drink milk or eat

M cheese because | am lactose intolerant.

7. Why should girls like Claire adopt a bone-healthy lifestyle when they are young instead of
waiting until they get older to worry about osteoporosis?

8. List three risk factors that Claire has that increase her chances of developing osteoporosis
when she gets older.

9. Because Claire is lactose intolerant, she may not get enough calcium in her diet. What could
she do to get the amount of calcium she needs to build healthy bones?
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Brad Allen (age 17)

Mom read that 1 in every 5 men over the age of 50 will
fracture a bone due to osteoporosis. Now she keeps
nagging me to get active. She says that | spend too much
time playing video games and creating computer
animations. Because I’'m overweight, Mom keeps trying to
get me to eat a healthy diet and exercise. | hate vegetables
and like to drink soft drinks instead of milk. Don’t tell my
Mom, but | smoke and drink alcohol occasionally.

10. Approximately what percent (%) of men over age 50 will fracture a bone due to
osteoporosis? Show your work.

11. List four risk factors that Brad has that increase his chances of developing osteoporosis

when he gets older.
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Part 2: Modeling Bone Density

Lucy Allen teaches a class about osteoporosis
prevention at her town’s community health center. She
noticed that many of the people in her class did not
understand the difference between healthy bones and
bones with osteoporosis.

&

Healthy Osteoporosis
Bone

You will use the materials provided in your kit to
make bone models for Lucy to use in her class.

Bones are living tissue made up of three major components:
e Living bone cells that are constantly removing and replacing bone tissue
e Collagen, a protein that forms a porous framework for building bone

e Calcium phosphate, a mineral that makes bone hard and strong

Simplified

Drawing

1. Use the clear plastic tube labeled “Female
Teen (age 15)” to make a model to represent
bone from a female teen. Fill the plastic tube
with alternating layers of 1 white star bead

and 5 white disks as shown in the diagrams

. 1 star bead

on the right. COLLAGEN
e The white star beads represent a porous 5 white disks
CALCIUM

framework of collagen protein.
PHOSPHATE

e The white disks represent calcium
phosphate that makes bone solid and hard.

PR

2. Put the lid on the tube.

3. The last page of the student instructions is a Bone Model Analysis Sheet. To make

recording information on this sheet easier, you should tear this sheet off and put your name
at the top.

4. Use the information in the first two columns of the Bone Model Analysis Sheet to complete
the “Female Teen (age 15)” column.
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Cells in bones are constantly removing old bone
tissue and replacing it with new bone tissue.

Some cells in bones remove the calcium
phosphate from old bone. Other cells in bones
replace the calcium phosphate to make new
bone. The balance between bone loss and bone
building determines whether bone density will
increase, decrease, or remain the same.

During the teen years and young adult years, =
bones become denser because the bone building
process is greater than the bone loss process. A 0
person’s bone density continues to increase until

1

T

I

— Females

Bone Density

Age, years

their bone density reaches its highest level. This
is called “peak bone density.”

10 20 30 40 50 60 70 80

5. Based on the information in the box above, at approximately what age would a female reach

peak bone density?

years

6. Explain what causes bone density to increase during the teen and young adult years.

Based on the information in the box above, should the density of a bone model for a 30
year-old female be greater or less than the density of the “Female Teen (age 15)” bone
model that you made in step 1?

Design Challenge: Use the clear plastic tube labeled “Female Adult (age 30)” to make a
model representing bone from a female who is 30 years old.

¢ Your model should simply reflect the approximate trend shown in the graph above. The
kit does not contain pieces that are heavy enough to make your model mathematically

accurate.
e Be sure to alternate white disks (calcium phosphate) and white star beads (collagen).

e It is OK to have your model be different from the models that other students make.

Test your model by completing the “Female Adult (age 30)” column on the Bone Model

Analysis Sheet. Continue revising your model until it meets the answer that you stated in

question 7.
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10. In the rectangle on the right, make a simplified
drawing to show the beads and disks that you used to
make a model bone for a female who is 30 years old.

e Collagen: Draw a star (7%) to represent each white star bead.

e Calcium phosphate: Draw a line (—) to represent each
white disk.

11. What makes bone more dense—increasing the amount of collagen or increasing the
amount of calcium phosphate? Justify your answer based on your model.

12. Predict what might happen to bone density if a teenager or young adult does not have
enough calcium rich food in his/her diet.

After people reach peak bone density, the balance between bone making and bone loss
changes. Bone density decreases because both men and women then begin losing more
bone than they make. When women reach menopause, their estrogen (female sex hormone)
levels drop sharply and this increases their rate of bone loss. People who have greater bone
density at the time of peak bone density are less likely to get osteoporosis later in life.

13. Explain what causes bone density to decrease.

14. Explain why the rate of bone loss in women increases after menopause.
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15. Based on the information in the box on the previous page, should the density of a bone
model for a 70 year-old female be greater or less than the density of the “Female Adult (age
30)” bone model that you made in step 1?

16. Design Challenge: Use the clear plastic tube labeled “Female Adult (age 70) Healthy Bone”
to make a model representing bone from a female who is 70 years old.

e Your model should simply reflect the approximate trend shown in the graph on page 6.
The kit does not contain pieces that are heavy enough to make your model
mathematically accurate.

e Be sure to alternate white disks (calcium phosphate) and white star beads (collagen).

e It is OK to have your model be different from the models that other students make.

17. Test your model by completing the “Female Adult (age 70) Healthy Bone” column on the
Bone Model Analysis Sheet. Continue revising your model until it meets the answer that you
stated in question 15.

18. In the rectangle on the right, make a simplified
drawing to show the beads and disks that you used
to make a model of healthy bone from a 70 year-
old adult female.

e Collagen: Draw a star (7«"\7) to represent each white star bead.

e Calcium phosphate: Draw a line (=) to represent each
white disk.

19. Based on your model, what makes bone less dense—increasing or decreasing the amount
of calcium phosphate?

20. Should a bone model for a 70 year-old female with osteoporosis be less dense or more
dense than the “Female Adult (age 70) Healthy Bone” model that you made in step 16?
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21. Design Challenge: Use the tube labeled “Female Adult (age 70) Osteoporosis” to make a
model representing bone from a female who is 70 years old with osteoporosis.

e Your model should simply reflect the approximate trend shown in the graph on page 6.
The kit does not contain pieces that are heavy enough to make your model
mathematically accurate.

e Be sure to alternate white disks (calcium phosphate) and white star beads (collagen), and
completely fill the tube.

e It is OK to have your model be different from the models that other students make.

22. Test your model by completing the “Female Adult (age 70) Osteoporosis” column on the
Bone Model Analysis Sheet. Continue revising your model until it meets the answer that you
stated in question 20.

23. In the rectangle on the right, make a simplified
drawing to show the beads and disks that you used
to make a model bone for a female who is 70 years
old with osteoporosis.

e Collagen: Draw a star (7%) to represent each white star bead.

e Calcium phosphate: Draw a line (=) to represent each
white disk.

24. Based on your model, do the bones of a woman with osteoporosis contain more calcium
phosphate or less calcium phosphate than healthy bones?
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25. Draw a new line on the graph below to show changes in bone density for a female who did
not get an adequate amount of exercise and an adequate amount of calcium in her diet
when she was in her teens and her 20’s.

— Females

Bone Density

I | | | I I I |
0 10 20 30 40 50 60 70 80

Age, years

26. Use the trends shown in the graph above to state two reasons why males are less likely
than females to develop osteoporosis.
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Part 3: Bone Density and Fracture Risk

A bone density test is painless and only takes about 15
minutes to perform. During the test, a scanner passes over
the person’s body taking X-ray images of bones in the hip.
A computer then analyzes the data to determine the bone
density in the spine, hip or wrist because these are the most
common locations for fractures.

Bone density test scores are reported as “T-scores.” The
diagram below relates T-scores with normal bone,
osteopenia (pre-osteoporosis), and osteoporosis.

Bone Density Scanner

1. According to the Bone Density and T-Scores
diagram on the right:

e As bone density decreases, the T-score
(increases, decreases, or stays the same):

e A woman is diagnosed with osteoporosis if
she has a T-score below

e A woman with healthy bones has a T-score
that is above

2. Hypothesize: If a woman has a low T-score,
she is more orless (circle one) likely to
have a bone fracture in the future.

Bone Density and T-Scores
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To test your hypothesis, you will use data collected from forty 70-year-old women who
participated in a 10-year research study. At the beginning of the research study, each woman
was given a bone density test and her T-scores were recorded.
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3. Your lab kit contains a diagram sheet entitled Forty 70 Year-Old Women Who Participated in
Research Study. This sheet shows the T-scores for the forty women in the research study.

e Women with normal (healthy) bones have T-scores above -1.0. Write an “N” in the
symbol for each woman in the research study who has normal healthy bone. See the
example in the diagram below.

¢ Women with osteopenia (pre-osteoporosis) have T-scores from -1.0 to -2.5. Write a “P”
in the symbol for each woman on in the research study who has osteopenia. See the
example in the diagram below.

e Women with osteoporosis have T-scores below -2.5. Write an “O” in the symbol for
each woman in the research study who has osteoporosis. See the example in the
diagram below.

T-Score T-Score T-Score
Above Between Below
-1.0 -1.0to-25 -2.5

4. Complete Column 1 in the Data Table on the next page by counting and recording the
number of women in the research study who have normal bone (N), osteopenia (P), and
osteoporosis (0). Note. You will complete columns 2 and 3 later in this activity.

Ten years later, each of the forty women in the research study was interviewed and their
medical records were checked to determine if they had suffered bone fractures.

5. Place the colored plastic sheet entitled Women Who Had Bone Fractures on top of the
diagram sheet entitled Forty 70-Year-Old Women Who Participated in Research Study. Be
careful to match the lines in the two diagram sheets.

6. A pink or orange color on the plastic sheet indicates women who had bone fractures. Count
the number of women in each category (healthy bone, osteopenia, and osteoporosis) who
had bone fractures. Record the numbers in Column 2 of the Data Table.

7. Complete the Data Table by calculating the percentage (%) of women in each category
(normal bone, osteopenia, and osteoporosis) who had bone fractures. Record the
percentages in Column 3 of the Data Table. Hint: For each category (N, P, or O) divide the
number of women with fractures by the total number of women in that category, then
multiply by 100.
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Data Table: The Relationship between Bone Health and Bone Fractures

Column 1 Column 2 Column 3
Number of women | Percentage (%) of
B Health
one Healt Number of Women who had bone women who had
T-Scores
fractures fractures

Normal Bone (N)
Above -1.0

Osteopenia (P)
-1.0to-2.5

Osteoporosis (O)
Below -2.5

8. Use the graph grid below to make a bar graph that summarizes the relationship between
bone density and bone fractures.

e Write an appropriate title for the graph.
e Write an appropriate scale (numbers) on the vertical (y) axis.
e Plot the percentages of women who had bone fractures in each category (the data

from Column 3 on the Data Table).

Graph Title:

Percentage of Women Who Had Fractures

Normal bone Osteopenia Osteoporosis
(N) (P) (0)
Bone Health
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9. State at least two conclusions that you can draw from the information in the bar graph.

10. Does the data from this research support your hypothesis in question 2 on page 11?
Explain why or why not.
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Student Name

Bone Model Analysis Sheet

Female Adult

Female Adult

Female Teen Female Adult
(age 15) (age 30) (age 70) (age 70)
Healthy Bones Osteoporosis

Use the balance provided by your

Mass teacher. Measure mass to the

(grams) nearest tenth of a gram.
Measure in centimeters using the
metric ruler provided in your lab kit.
Radius Measure to nearest millimeter.
radius
(cm)
[ ]
height
Height
(cm)
~— o
Calculate
Volume . .

(cm?) Volume = it x radius® x height

cm
Note: m=3.14

Density Calculate
(grams / cm?3) | Density = Mass / Volume
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