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Human Skeletal System & X-Rays

Basic Vocabulary:

Bone - a living tissue in the body of all vertebrates that provides support and protection, as
well as making blood cells and storing important minerals like calcium

Bones have an outer, more solid layer called compact bone that surrounds a
sponger layer of trabecular bone.

Some bones have soft bone marrow in the center that makes blood cells
Joint —where two bones meet together

Many joints allow movement caused by muscles pulling on bones

Some joints (like those between bones in the skull) are rigid

X-ray — medical imaging test that passes an x-ray (radiation beam) through the body to
create a flat, 2D image of the body in black, white and shades of gray

X-rays are used to diagnose broken bones, lung infections, and find foreign bodies
that have been ingested (swallowed), etc.
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Lesson ideas — use with “Human Skeletal System — Teaching Resources”:

1. “Bone-in-a-bag” — Learn basic bone types, such as long bones in the arms and legs, flat
bones like the ribs, irregular bones like the skull, pelvis, and vertebral column (“spine”)
and small bone of the hands and feet (see handout below)

e Purchase or 3D print a few examples of bones you have discussed. Put bones in
bags that you cannot see into and have students use their hands to feel the
shape of the bones. They can describe or draw what they feel, and try to identify
the bone based on the information you reviewed.

e Thisinformation could be linked to what forensic anthropologists do when
presented with a limited number of bones at a crime scene

2. “Joints charades” — Learn about joints and movements at different joints, as well as
what bones are involved. Can discuss joints like the elbow, wrist, knee, hip, back.

e Provide images of joints with bones labeled.

e Create charade cards of different activities involving one or more joints
Examples: throwing a football, mixing food in a bowl, typing, kicking a ball,
waving goodbye, giving a hug, doing the moonwalk, etc.

e Have students act out charades in small groups and guess the action. Then,
students write down what joints and bones were involved in those movements.

3. Create working joints — Learn about how bones work together with muscles and
tendons to create movement at joints.

e These projects can be used as a jumping off point for discussing how muscles
attach to bone via tendons. When muscles contract, the tendon pulls on the
bone, creating movement at the joint.

» Use Robot Finger template (included here) and video in Teaching
Resources below.

» Or create an articulating hand using the website “Kleton Hand STEM
Project” in Teaching Resources.

4. Axialvs. Appendicular Skeleton

e The skeleton can be divided into the axial and appendicular skeleton (see image
below).

» The axial skeleton is the central axis of the skeleton, including the skull,
vertebrae and sacrum (bones of the spine), ribs, and sternum
(breastbone).

» The appendicular skeleton includes the bones attached to the axial
skeleton. These are bones of the limbs, including hands and feet, as
well as the clavicle, scapula (shoulder blade) and pelvis.
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e Students can color the different parts of the skeleton (see skeleton outline
below) and label major bones.
5. Bone physiology - learn about the structure and development of bone, and the role of
calcium in bone health.
e Basic structure of bone
e Bone ossification and growth
e Role of calcium in bone health — Rubber chicken bone experiment
e Students canresearch and present on related topics:
Osteoporosis
Bone health in astronauts in space
Bone fractures and healing
6. “Diagnosis detectives” Learn the basics of x-ray technology and about a specific region
of anatomy.
e Begin with avideo or handout about x-ray technology:
» Khan Academy X-Rays Video
» NASA Science X-Rays Guide
» PBS LearningMedia 60 Seconds of Science
e Choose aregion of the body to study, such as the skull or the shoulder.
e Give students x-ray images to study, alongside labeled anatomy images so they
can identify bones or parts of bones in their x-rays.
e Then provide similar images showing an injury or foreign body and make a
‘diagnosis.’
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Human Skeletal System — Teaching Resources

Free and low-cost resources for middle and high school lessons on skeletal anatomy,
joints, forensic anthropology, bone growth, osteoporosis, spaceflight bone health, and
fracture healing.

Skeletal Anatomy & Structures

Interactive and text resources covering bones, bone structure, and general skeletal
anatomy.

¢ eSkeletons — https://www.eskeletons.org/ (Free)

Interactive environment for exploring skeletal anatomy through an osteology
database, with comparative views of human and primate skeletons — useful for
tying anatomy to evolution/comparative biology units.

¢ CK-12 FlexBooks — Structure of Bones — https://flexbooks.ck12.org/cbook/ck-12-
biology-flexbook-2.0/section/13.4/primary/lesson/structure-of-bones-bio/ (Free)

Openly-licensed biology textbook section pitched at a high-school reading level,
covering compact bone, osteons, and bone matrix.

¢ GetBodySmart — Skeletal System — https://www.getbodysmart.com/ (Free)
Interactive eBook covering the skeletal system in sections (facial bones, vertebral
column, joints), with animations.

¢ InnerBody— https://www.innerbody.com/ (Free)

Interactive guide with 2D/3D zoomable views of skeletal anatomy.

e SKELETONS: Museum of Osteology — Virtual Classes —
https://www.skeletonmuseum.com/pages/virtual-classes (Paid — quote required)
60-minute live Zoom program with a museum educator, a virtual exhibit tour, and a
scavenger hunt. No published price; request a quote via their class request form.
Free teacher guide PDFs for grades 9-12 (Forensic Osteology, Animal Pathology) are
available even without booking.

¢ Khan Academy — Skeletal Structure and Function —
https://www.youtube.com/watch?v=-lrKDRAbP38 (Free video)

Short video walking through the structure and function of the skeletal system —
good for a quick classroom intro or flipped-classroom homework.

¢ Professor Dave Explains — The Skeletal System —
https://www.youtube.com/watch?v=f-FF7Qigd3U (Free video)
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Engaging, fast-paced overview of skeletal anatomy and function, pitched at a high-
school/early-college level.

Joints

¢ NIAMS — Health Lesson: Learning About Joints —
https://www.niams.nih.gov/health-topics/educational-resources/health-lesson-
learning-about-joints (Free — grades 4-6)

Classroom-ready content, visual aids, a Kahoot! quiz, and a vocabulary glossary
(synovial membrane, ligaments, tendons, saddle joints, etc.). Bestused as a
middle-school resource or a quick high-school intro/refresher.

e GetBodySmart — Joints — https://www.getbodysmart.com/ (Free)
Covers joint types and movement in more depth than NIAMS — better suited to high
school.

¢ InnerBody — Joints — https://www.innerbody.com/ (Free)
2D/3D joint views.

e Robot Finger Instructions — https://www.youtube.com/watch?v=8zYeSCgK50U

e Hand Model STEM Craft — https://www.steampoweredfamily.com/hand-model-
stem-craft/

Forensic Anthropology

e NIH— Visible Proofs: Forensic Views of the Body —
https://www.nlm.nih.gov/exhibition/visibleproofs/education/index.html (Free)
Explores skeletal remains and forensic anthropologists' work. Lesson plans
developed specifically for middle and high school students, covering forensic
identification history, crime scene recording, DNA analysis, radiology, and
toxicology. Best single free starting point for this topic.

e SKELETONS: Museum of Osteology — Forensic Osteology Teacher Guide (grades
9-12) — https://www.skeletonmuseum.com/pages/virtual-classes (Free PDF)

Downloadable teacher guide, free even without booking the paid virtual program.

¢ Teachers Pay Teachers — Forensic Anthropology units —
https://www.teacherspayteachers.com/ (Low-cost, $5-$20 per unit)
Ready-made worksheets, slide decks, and “solve the case” activities built
specifically for grades 9-12 forensic science courses — useful if you want more
scaffolding than the NIH materials provide.


https://www.niams.nih.gov/health-topics/educational-resources/health-lesson-learning-about-joints
https://www.niams.nih.gov/health-topics/educational-resources/health-lesson-learning-about-joints
https://www.getbodysmart.com/
https://www.innerbody.com/
https://www.nlm.nih.gov/exhibition/visibleproofs/education/index.html
https://www.skeletonmuseum.com/pages/virtual-classes
https://www.teacherspayteachers.com/

Karen L. Baab, Ph.D. Midwestern University

¢ PBS LearningMedia — “The Bone Lab” —
https://az.pbslearningmedia.org/resource/0fb6c06f-a261-4517-a4a0-
cf9280a05103/nc-science-now-the-bone-lab/ (Free video — grades 9-12)
Short documentary segment showing advanced forensic anthropologists using
skeletal measurements to identify victims and solve crimes — filmed at NC State
University's forensic anthropology labs.

e PBS LearningMedia — “Grave School Lessons” —
https://az.pbslearningmedia.org/resource/2d0b2773-312f-429d-9cc3-
bf6126c09f52/nc-science-now-grave-school-lessons/ (Free video — grades 6-12)

Video segment on using forensic anthropology techniques to determine how a
person died and what happened to their remains — accessible enough to bridge
middle and high school audiences.

Bone X-Rays / Fractures (Imaging)

Radiopaedia.org — https://radiopaedia.org/ (Free)

Large, open-access library of real X-ray images. Built for medical trainees, so images
should be curated by the teacher before sharing with students.

¢ Roylco — Broken Bones X-Rays kit — https://roylco.com/shop/broken-bones-x-rays/
(Low-cost, ~$20-$30)

Set of authentic fracture X-ray images designed for STEM/secondary classrooms,
often paired with a light table. Purpose-built for this age group.

¢ UMHS Endeavour Blog — Medical Milestones: Invention of the X-Ray —
https://www.umhs-sk.org/blog/medical-milestones-invention-x-ray (Free)

Short, readable article on Wilhelm Conrad Rontgen's 1895 discovery of X-raysGood
historical/context piece to pair with imaging content.

e NIH — How do x-rays work? —

https://az.pbslearningmedia.org/resource/nibib-60/60-seconds-of-science-how-do-
x-rays-work/ (Free video — grades 9-12)

Video segment about x-ray technology

Calcium & Bone Strength

¢ NIH Office of Dietary Supplements — Calcium: Fact Sheet for Consumers —
https://ods.od.nih.gov/factsheets/Calcium-Consumer/ (Free)

Government fact sheet covering recommended daily calcium amounts, food
sources, and the health consequences of getting too little calcium (including
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osteoporosis, rickets, and osteomalacia). Straightforward reading level, good as a
student handout.

* ThoughtCo — Rubber Chicken Bone Science Experiment —
https://www.thoughtco.com/rubber-chicken-bone-science-experiment-607821
(Free)

Hands-on experiment: soak chicken bones in vinegar for 3-5 days to dissolve their
calcium, leaving a bendable “rubber” bone. A simple, memorable way to
demonstrate the role calcium plays in bone strength and rigidity — pairs well with
the Calcium fact sheet above or the osteoporosis section below.

Bone Growth & Ossification

e OpenStax Anatomy & Physiology 2e — 6.4 Bone Formation and Development —
https://openstax.org/books/anatomy-and-physiology-2e/pages/6-4-bone-formation-
and-development (Free)

College-level but readable; covers intramembranous vs. endochondral ossification
in detail with diagrams. Good for advanced high schoolers or as a teacher reference.

¢ Lumen Learning — Bone Growth and Development —
https://courses.lumenlearning.com/wm-biology2/chapter/bone-growth-and-
development/ (Free)
Condensed version of the OpenStax content; explains how ossification begins
around six weeks after fertilization and continues until about age 25.

¢ SEER Training Modules (NIH/NCI) — Bone Development & Growth —
https://training.seer.cancer.gov/anatomy/skeletal/growth.html (Free)

Clear walkthrough of osteoblasts, osteocytes, and osteoclasts and their roles in
bone development, growth, and remodeling. Written for a general/training audience,
so approachable for high schoolers.

Osteoporosis

* NIAMS — Health Lesson: Learning About Bones —
https://www.niams.nih.gov/health-topics/educational-resources/health-lesson-
learning-about-bones (Free — grades 4-6)

Explains bone remodeling, osteoclasts vs. osteoblasts, and how osteoporosis
develops when bone breakdown outpaces bone building. Good as an intro.

e Bone Health & Osteoporosis Foundation — Resource Library —
https://www.bonehealthandosteoporosis.org/patients/bhof-resource-library/ (Free)
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Booklets and videos (e.g., “Boning Up on Osteoporosis”) covering prevention, risk
factors, diagnosis, and treatment. Written for general/patient audiences — readable
for teens, though not formatted as a classroom lesson.

Bone Health in Astronauts / Space

¢ NASA/ISS National Lab — “Bag of Bones” activity —
https://issnationallab.org/stem/lesson-plans/bone-loss-in-space-bag-of-bones/
(Free PDF — grades K-8, adaptable)
Students use bags of cereal to model bone density loss, connecting it to
osteoporosis and the importance of healthy bones in space and on Earth.

¢ NASA — Hazards to Deep Space Astronauts: Activity Four (Gravity) —
https://www.nasa.gov/stem-content/activity-four-gravity (Free — grades 5-8)
Students design an exercise device to counter bone loss and calculate fracture
thresholds — a hands-on STEM tie-in well suited to high school physical science.

¢ Smithsonian National Air and Space Museum — Staying in Shape in Space —
https://airandspace.si.edu/learn/learning-resources/staying-shape-space (Free)
Article/lesson noting astronauts can lose up to 10% of bone mass after six months
in space, taking up to four years to rebuild on Earth.

¢ NASA — Counteracting Bone and Muscle Loss in Microgravity —
https://www.nasa.gov/missions/station/iss-research/counteracting-bone-and-
muscle-loss-in-microgravity/ (Free)
More advanced reading connecting spaceflight bone loss research directly to
osteoporosis research on Earth — a good bridge between the two topics for a high
school unit.

Bone Fractures and Healing

¢ Nemours KidsHealth— How Broken Bones Heal —
https://kidshealth.org/en/parents/fractures-heal.html (Free)
Separate versions for kids, teens, and parents. Clearly explains the three healing
stages — inflammatory, reparative, and remodeling — with teen-specific timelines
for cast removal and recovery. Likely the best fit for readability at the high school
level.

¢ NIAMS — Learning About Bones (fracture types activity) —
https://www.niams.nih.gov/health-topics/educational-resources/health-lesson-
learning-about-bones (Free — grades 4-6)

Includes a linked activity specifically on the different types of bone fractures.
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Long Bones

Movement and support
Limb bones
Examples: Femur,
humerus, radius, tibia,
phalanges (finger / toe
bones)

Midwestern University

Types of Bones
Classified by Shape

Flat Bones

Protection of organs
Examples: Sternum
(breastbone), ribs,
bones surrounding
brain, ribs, scapula,,
pelvis

Short Bones

Stability and support
Examples: Carpals (wrist
bones), tarsals (angle
bones)

In tendons
Examples: Patella
(knee cap)

Irregular Bones

Complex shapes
Examples: Vertebrae,
including sacrum
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Axial Skeleton
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Appendicular Skeleton
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Example 1: Forearm (fracture of ulna)
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Example 2: Dislocation of shoulder

reater “COracoIc i
tuberosity” . process

|

14



Karen L. Baab, Ph.D. Midwestern University

Example 3: Child that put a small battery in their nose (foreign body). Note the adult teeth
growing in the jaws still!




