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Terms to Know for Unit 5
Vertebral Column
Vertebrae
Intervertebral discs
Intervertebral foramina
Structure of vertebrae
Body
Vertebral arch
Pedicles
Laminae
Vertebral foramen
Transverse process
Spinous process
Superior and Inferior articular process
Cervical vertebrae
Atlas
Axis
Dens of axis
Transverse foramen
Thoracic vertebrae
Costal facets
Lumbar vertebrae
Sacrum
Coccyx
Pectoral Girdle
Clavicle & Scapula
Carpal bones
Scaphoid
Lunate
Metacarpal bones (1-5)
Phalanges
Proximal, Middle, and Distal

Thorax
Sternum
Manubrium
Body
Xiphoid process
Ribs
Vertebral end
Sternal end
True (Vertebrosternal) ribs
False (Vertebrochondral) ribs
Floating (Vertebral) ribs
Costal cartilages

Humerus
Head
Greater tubercle
Lesser tubercle
Intertubercular groove
Deltoid tuberosity
Trochlea
Capitulum
Medial epicondyle
Lateral epicondyle
Coronoid fossa
Olecranon fossa

Scapulae
Spine
Acromion
Coracoid process
Superior border
Medial border
Lateral border
Subscapular fossa
Supraspinous fossa
Infraspinous fossa
Glenoid cavity

Ulna
Coronoid process
Olecranal process
Trochlear notch
Radial notch
Head
Styloid process

Additional instructor terms

Radius
Head
Neck
Radial tuberosity
Styloid process
Ulnar notch
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Learning Objectives (modified from HAPS learning outcomes)
1. Organization of the skeletal system.
a. Define the two major divisions of the skeletal system (axial and appendicular) and list the
general bone structures contained within each.
2. Gross anatomy of bones
a. Identify the types of bones based on shape and composition (compact vs. spongy), and
relate the shapes of bones to their functions.
b. Identify the individual bones and their location within the body.
c. Identify bone markings (spines, processes, foramina, etc.) and describe their function (e.g.,
point of articulation, muscle tendon attachment, ligament attachment, passageway
for nerves and vessels).

Explanation of Anatomy
In Unit 4, we learned the superior portion of the axial skeleton, the skull. In this unit, we will learn the
remainder of axial skeletal bones: the vertebral column and bony thorax. Additionally, we will explore
the bones of the forelimb (arm): the upper appendicular skeleton. Both skeletal groupings have surface
features where bones articulate and muscles attach, as well as openings for passage of nervous tissue
and blood vessels.
Think about the demands placed on bones. These demands influence their size and shape. Bony
projections for muscle attachment get larger as muscle mass is added. Right-handed people have
“bigger” and denser bones on their right side since more consistent pressure, demand, is put on those
bones. This same principal applies to astronauts and their skeletons’ bone density. In zero gravity,
astronaut’s bones become more porous due to the weaker forces placed on their skeletons, increasing
the risk of bone fractures. Consider this while studying the bones and their surface markings in this unit.

Vertebral Column
The vertebral column is a series of bony vertebrae posterior to the ventral body cavity. Between the
bodies of adjacent vertebrae are intervertebral discs. These intervertebral discs withstand extreme
compression, pushing, forces.

Mini Activity: Do you remember?

Do you remember from Unit 2 what type of cartilage has the function of resisting compression?
Draw that cartilage below, label important characteristics, and describe how the composition of that
cartilage resists compression forces.
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If you said fibrocartilage, you are correct! The composition of alternating chondrocytes in lacuna and
collagen fibers in fibrocartilage’s extracellular matrix allows the intervertebral discs to resist the extreme
pushing forces applied to them from our body’s weight. However, over time discs degenerate and
sometimes bulge, causing chronic pain.
Laterally, between adjacent vertebra, is an opening called the intervertebral foramen (see Image 1).
These foramina are formed from portions of both vertebrae and allow for the passage of spinal nerves.
A bulging disc can apply pressure directly to a spinal nerve, which is the root of chronic pain mentioned
above.

Image 1: Intervertebral disc and foramen
Creative Commons Attribution 4.0 International Openstax URL: Intervertebral disc and foramen
The vertebrae themselves form the bony wall of the vertebral cavity. Each vertebra has an opening
called the vertebral foramen, formed in part by the vertebral arch. When the vertebrae are stacked on
top of one another, as in a live person, the vertebral foramen of all the vertebrae forms the vertebral
cavity. The spinal cord lies within this cavity (see Image 2).

Image 2: Spinal cord within the vertebral cavity
Creative Commons Attribution 4.0 International Openstax URL: Spinal cord within the vertebral cavity
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Just as all vertebrae have a vertebral foramen, there are also other common features. Anteriorly, the
body of a vertebra is the large disc-shaped bony portion. One vertebra’s body rests above, and another
vertebra’s body rests below each intervertebral disc. The arch of bone emerging from the body of the
vertebra is the vertebral arch. The vertebral arch is composed of two parts: the pedicles and laminae.
The portions of the vertebral arch that attaches to the vertebral body are the pedicles. Pedicle means
little feet and is why the base or feet of the vertebral arch are called this. The portions of the vertebral
arch that connects the two pedicles and complete the arch are called the laminae. Lamina means bridge
and the laminae connect the two pedicles, like the span of a bridge. You can see the different features of
a typical vertebra in Image 3.

Image 3: Structures of the vertebrae
Cropped Creative Commons Attribution 4.0 International Openstax URL: Structures of the vertebrae

Projecting off the vertebral arch are several processes. The two lateral processes within the transverse
plane are called the transverse processes. The two processes projecting superiorly are the superior
articular processes, and the two processes that project inferiorly are the inferior articular processes.
Facets on the superior articular processes of one vertebra articulate with facets of the inferior articular
processes of the above vertebra. Facets are flat bony articulating surfaces. The process emerging at the
midpoint of the vertebral arch and projecting posteriorly is the spinous process.
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Mini Activity: Can you feel this structure?

If you palpate your dorsum where your spine is, you will feel bony processes running along its length.

Image 4: Extinct Dimetrodon from Permian period
CC BY-NC 2.0 by Travis S. URL: Dimetrodon
You are feeling your spinous processes!
While our spinous processes are not as impressive as the extinct Dimetrodon reptile shown above, they
are an important attachment point for skeletal muscles.
The vertebral column is broken up into five types of vertebra based on their location and structure.
Three of these vertebra types are unfused: cervical, thoracic, and lumbar. The sacral and coccygeal
vertebrae are fused, forming the sacrum and coccyx respectively.
Let’s start superiorly with the unfused vertebrae. The seven neck vertebrae are called cervical
vertebrae. The twelve vertebrae that articulate with the ribs and form part of the bony thorax are called
thoracic vertebrae. And, the five vertebrae of the lower back are called the lumbar vertebrae. You can
remember how many of each vertebrae are in the human body by thinking about when you eat your
three daily meals: breakfast at 7am (seven cervical vertebrae), lunch at noon (twelve thoracic
vertebrae), and dinner at 5pm (five lumbar vertebrae).
To distinguish the vertebrae from one another, unique features and/or the overall shape of the
vertebrae can be used. Only the cervical vertebrae contain two additional openings piercing the base of
the transverse processes. These are called transverse foramina. The thoracic vertebrae look like the
head of a giraffe, and the lumbar vertebrae resemble the head of a moose (see Image 5).
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Image 5: Types of vertebrae
Creative Commons Attribution 4.0 International Openstax URL: Types of vertebrae
CC BY-NC-SA 2.0 by bob8son URL: Giraffe image; Flipped CC BY-ND 2.0 by Tambako the Jaguar URL:
Moose image
The first two cervical vertebrae are uniquely shaped and have special names. The first cervical vertebra,
called the atlas, articulates with the occipital condyles of the skull. It’s named after the Greek God Atlas,
who held the world on his shoulders. The atlas vertebra can be interpreted as “holding up” our own
individual world, our skull. The axis, the second cervical vertebra, contains a tooth-like superior
projection called the dens (odontoid process). The dens forms an axis for the atlas to rotate around,
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thus the name axis for the second cervical vertebra. You can remember the order of these two
vertebrae by placing them in alphabetical order. Since they both start with an “a”, we go to the second
letter. The letter “t” comes before “x” in the alphabet, just as the atlas is the first cervical vertebra and
the axis is the second cervical vertebra. Image 6 shows the unique features for the atlas and axis.

Image 6: Superior and posterior view of atlas and axis
Photos and labels by Terri Koontz
The inferior two portions of vertebral column are composed of several fused vertebrae: the sacrum (five
fused bones) and coccyx (three to five fused bones). These two bones are just posterior to the pelvic
cavity of the ventral body cavity. The sacrum is the larger of the two bones and articulates with the hip
bones. It also provides protection posteriorly for the organs within the pelvic body cavity. The coccyx is
the remnants of a ten to twelve vertebrae-long embryonic tail humans have early in development, and
thus is commonly called the tailbone. Most of this embryonic tail was repurposed as development
continued, leaving only three to five vertebrae. The coccyx provides little protection and is considered
vestigial (obsolete), but it does serve as an attachment site for some muscles.

Thorax
The bony thorax forms the anterior, lateral, and part of the posterior walls of the thoracic body cavity. It
is comprised of the sternum, the rib cage, and vertebral column. The ribs (most) articulate with both the
vertebrae and the sternum.
The sternum is formed from the fusion of three bones: manubrium, body, and xiphoid process. The
manubrium is the most superior of the three bones. It resembles a tie’s knot and if you trace its superior
border it forms the letter “m”. The biggest and bulkiest bone of the sternum is called the body, just like
the biggest and bulkiest bony portion of a vertebrae is called the body. The most inferior bone of the
sternum, the xiphoid process, hasn’t completely ossified in our earlier years and is still mostly hyaline
cartilage. In our forties, the xiphoid process completes its ossification, becoming all bone. You might be
familiar with the xiphoid process if you know CPR. This is the part of the sternum that is palpated to
correctly position your hands for chest compressions.
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Most of the ribs articulate with the sternum. The ribs are paired with both males and females having
twelve pairs. The first seven pairs of ribs are called true ribs or vertebrosternal ribs, because they
directly articulate with the sternum through their own hyaline cartilage. Rib pairs eight, nine, and ten,
connect to the sternum through the cartilage of rib seven. Because they don’t directly connect to the
sternum with their own cartilage, these three pairs of ribs are called false ribs or vertebrochondral ribs.
The hyaline cartilage that connects the true and false ribs to the sternum is called costal cartilage. Costal
means rib. The last two pairs of ribs, eleven and twelve, have no connection to the sternum and only
articulate with vertebrae. These are called floating ribs or vertebral ribs.
Ribs have polar, opposite, ends. Where they articulate with thoracic vertebral costal facets is the
vertebral end of the rib. The vertebral end for many ribs is hook shaped. The sternal end is a smooth
oval shape where it attaches to costal cartilage.

Image 7: Sternum and ribcage

Creative Commons Attribution 4.0 International Openstax URL: Sternum and ribcage

Pectoral Girdle
The bones that make up the pectoral girdle are the most proximal bones of the upper appendicular
skeleton. Each (left and right) pectoral or shoulder girdle is comprised of two bones: the clavicle and the
scapula. You may be familiar with the clavicles by their common name, the collarbone. The term
clavicle means key, and if you look at the clavicle it might remind you of detachable handles (keys) that
open and close some house windows (image 7). The other bone of the pectoral girdle is the scapula. The
scapulae are the first bones that you will distinguish between left and right. The other bones that you
will need to distinguish between the lefts and rights in this unit, are the humerus, radius, and ulna.
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Image 7: Clavicles and window “key”
Cropped Creative Commons Attribution 4.0 International Openstax URL: Clavicles, Cropped CC BY-NC
2.0 by clayjar URL: window “key”

Scapulae
To determine if a bone is left or right, you must determine three things: anterior from posterior, medial
from lateral, and superior from inferior. You can use different bone features to accomplish this. For
example, the spine of the scapula is on the posterior side of the scapula. The acromion, which emerges
from the spine, is superior. And the glenoid cavity of the scapula faces laterally, since it articulates with
the head of the humerus, the brachial bone. You need to associate three bone structures with three
different body orientation terms, each in a different plane, to determine left from right. In this case,
when you place the scapula to overlay the scapular region of the dorsum, make sure the spine is facing
posteriorly, the acromial process is superior, and the glenoid cavity (fossa) is facing laterally. If you place
it in opposite directions, you’ll miss-identify the scapula as a left and right bone. One easy way to
determine that you have correctly identified a left from a right scapula is to make sure the glenoid cavity
is facing the correct direction. Ask yourself “is the arm coming out of the middle of my back?” If the
answer is yes, you then have it on the wrong side. This is one example of using body orientation terms
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and bone structures to determine a left bone from a right bone. You and your instructor can and may
use others. Figure out what works best for you. But it is very important that the structures used are in
different anatomical planes. If you use one structure to determine medial and another to determine the
lateral, you actually only determined one thing, because they are opposing terms in the same plane.

Image 8: Scapula and Its bone markings
Creative Commons Attribution 4.0 International Openstax URL: Scapula and Its bone markings

Mini Activity: Review of past A&P terms

Looking at Image 8 of the scapula, list terms on the scapula that remind you of terms that you’ve already
learned.

The scapula has many structures that you need to know. As you may have noticed, some of the terms
are familiar to things you learned studying surface anatomy, body orientation terms, and general
knowledge of the different bone markings. The bony projection that you can palpate as the bony tip of
your shoulder is the bony projection coming off the scapular spine, the acromion (shoulder). The scapula
is triangular shaped, and its three borders are named for their relative orientation to one another. The
most superior border is the superior border, the most lateral border is the lateral border, and the most
medial border, also known as your shoulder blade, is the medial border. A shallow depression is called a
fossa and the scapula has a few. The depression below the spine is the infraspinous fossa. The
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depression above the spine is the supraspinous fossa. The anterior depression of the scapula is the
subscapular fossa. This name is due to the scapula being slightly angled anteriorly, so that the
subscapular fossa is below the rest of the scapula, as in submerged like a submarine under water. The
last scapular bone marking you need to know is shaped like a raven’s head, the coracoid process.
Coracoid means raven-like and thus this name.

Humerus
The bone of the brachium is the humerus. The head of the humerus is at the proximal end and
articulates with the glenoid cavity of the scapula. The head faces medially. There are two bony
projections near the head. These are called tubercles and are the only bony tubercles that you will have
to identify. The larger of the two is the greater tubercle, while the smaller of the two is the lesser
tubercle. The groove between the tubercles is called the intertubercular groove. Distally to this groove
there is a rough bony bump on the lateral side of the diaphysis called the deltoid tuberosity. This is
where the shoulder muscle, the deltoid, attaches to the humerus. The humerus has two more muscle
attachment points just above the rounded projections at its distal end.

Mini Activity: Review names of bone markings

Do you remember what rounded free-moving projections are called from Unit 4?
Match the description of a bone marking with its A&P term.
1.
2.
3.
4.
5.
6.

Rounded projection in a free moving articulation
Rounded projection NOT in a free moving articulation
Name for general bony projection
Depressed part of bone
Shallow opening in bone
Tunnel like opening in bone

A. Fossa
B. Foramen
C. Tuberosity
D. Processes
E. Canal
F. Condyle

The rounded projections are called condyles! The bony projections above them that serve as attachment
sites are called epicondyles. The more medial one is the medial epicondyle, making the other one the
lateral epicondyle. Along with the head of the humerus, which articulates with the scapula, and the
intertubercular groove, which guides a tendon, these bony structures are for muscle attachments.
The condyles of the humerus articulate with the antebrachial bones: the radius and ulna. These smooth
rounded projections have special names that reflect their shape. The trochlea, which is the medial bow
tie shaped condyle, looks like a pulley that you would string a rope through to lift a heavy object.
Trochlea means pulley. The lateral condyle, the capitulum, is shaped like a head or baseball, and
articulates with the head of the radius. Capitulum means little head.
The fossae located at the distal humeral end are named for the structures that articulate with those
depressions. The olecranon of the ulna fits into the olecranon fossa of the posterior distal humerus and
the coronoid process of the ulna fits into the coronoid fossa of the anterior distal humerus. Use Image 9
to learn the different bone markings of the humerus.
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Image 9: Humerus and its bone markings
Creative Commons Attribution 4.0 International Openstax URL: Humerus and its bone markings

Radius and Ulna
There are two antebrachial bones: the radius and ulna. In anatomical position, the radius is the lateral
bone and always thumb-side. If you stick out your thumb like you’re trying to hitch hike for a ride and
say “rad”, this might help you remember that the lateral (thumb-side) of the two bones is the radius.
The head of the radius is on the proximal end and it articulates with the capitulum of the humerus when
the radius radiates around the ulna. Distal to the head, there is a narrowed part of the radius called the
neck. Just beyond the neck, on the anterior diaphysis, there is a rounded bump called the radial
tuberosity. This is an attachment point for the biceps brachii muscle. At the distal end of the bone is a
slender process that points towards the pollex (thumb) called the styloid process of the radius. Also, on
the medial side of the distal end is an indentation that articulates with the head of the ulna. This
indentation is the ulnar notch of the radius. Depressions on the antebrachial bones are called notches
instead of fossa.
The ulna is the most medial (pinky-side) of the two antebrachial bones. At the proximal end of the ulna
are two bony projections. The small triangular projection on the anterior side is the coronoid process
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and the large bony projection is the olecranon process, your elbow. You can tell you are holding the
ulna by the “u” shape that you see at its proximal end that faces anteriorly. This “u” shaped indentation
wraps around the trochlea of the humerus and is called the trochlear notch. The lateral facing
indentation near the trochlear notch is the radial notch of the ulna and it articulates with the head of
the radius. The ulna’s head is located distally and it has a projection, the styloid process of the ulna,
which points to the pinky. Learn the different bone markings of the radius and ulna using Image 10.

Image 10: Radius and ulna and their bone markings
Creative Commons Attribution 4.0 International Openstax URL: Radius and ulna and their bone
markings
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Mini Activity: Right or left antebrachial bones

1. What are the three bone structures you’ll choose to figure out right from left radial bones?

2. What are the three bone structures and their orientation you’ll use to figure out right from left ulnar
bones?

Using those bone structures determine right and left radial and ulnar bones. Get confirmation from
your instructor.

Carpal Bones
The eight wrist bones (carpals) are the most proximal bones of the manus (hand). The carpal bones are
named based on their shape. However, you may find it easier to learn the names of the carpal bones by
using a mnemonic. Viewing the carpal bones anteriorly there are two rows of carpal bones, four in each
row. Going from lateral (thumb-side) to medial (pinky-side) start with the proximal row, and then repeat
lateral to medial with distal row, you can use this mnemonic:

“Sally Left The Party (proximal row – lateral to medial)
To Take Cathy Home” (distal row – lateral to medial).
‘Sally’ for the scaphoid, ‘Left’ for the lunate, ‘The’ for the triquetrum, and ‘Party’ for the pisiform.
‘To’ for the trapezium, ‘Take’ for the trapezoid, ‘Cathy’ for the Capitate, and ‘Home’ for the Hamate.

If you find this mnemonic hard to remember, you can easily find others with an internet search. If
mnemonics don’t work for you, you can also come up with other ways to remember some of the carpal
bones. Coming up with stories or learning their different shapes are other techniques. For example, the
trapezium trapped the thumb and the trapezoid is annoyed it didn’t. Also, the big carpal bone in the
center can be seen as the captain, or head, of the carpal bones. Capitate means head. The lunate looks
like a half moon, and the hamate looks like a stereotypical ham with its bone sticking out like a handle.
Use Image 11 to learn the bones of the manus.
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Image 11: Manus showing the carpal, metacarpal, and phalange bones
Creative Commons Attribution 4.0 International Openstax URL: Manus showing the carpal, metacarpal,
and phalange bones

Metacarpal Bones and Phalanges
When you ball up your manus into a fist, your knuckles are the distal end of the metacarpals (1-5).
These five bones of the manus are after (distal) the carpals, hence their name metacarpals. Meta means
after. The phalanges are distal to the metacarpal bones and if you were to make a partial fist by only
curling up your digits, you would see those digits have three bones. The most distal is the distal
phalange (phalanx), the one in the middle is the middle phalange, and the most proximal is the
proximal phalange. The pollex only has two phalanges, a proximal phalange and distal phalange. The
metacarpals and phalanges are numbered 1-5, with “1” being the bones on the pollex side and “5” being
pinky side.
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Activity 1: Label Bone Markings
Found It

Model Name

Term

If bone marking,
what is its
function?

Does bone
marking
articulate with
another bone and
where?
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Activity 2: Determine Right and Left Bones
For the following bones practice determining right and left bones. Remember that you need to identify
three bone markings and their orientation when in anatomical position.
When you’ve accurately determined right from left indicate that in the table below by putting an x or a
check mark.
Bone

Marking and its normal orientation

Right

Left

1.
2.
3.
1.
Humerus 2.
3.
1.
Radius 2.
3.
1.
Ulna
2.
3.
Scapula

In blank boxes take notes or do other bones that your instructor wants you to know the difference
between right and left bones.

Activity 3: Question Set
1. How many cervical vertebrae does the human body have and how do you know that you are looking
at a cervical vertebra?

2. How many thoracic and lumbar vertebrae are there in the human body?

3. What is the opening that is formed between the articulation of two vertebrae that allows for
spinal nerves to exit the vertebral cavity to innervate tissues?

4. What is the most posterior part of a vertebra?

5. Which cervical vertebra articulates with the occipital bone and where does it articulate with the
occipital bone?
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6. What part of the skeleton forms the posterior wall of the pelvic cavity?

7. What is the most superior part of the sternum?

8. What is the difference between true ribs and false ribs? How many true ribs are there?

9. What specific connective tissue makes up costal cartilage?

10. What are the two bones that make up the pectoral girdle?

11. Is the spine of the scapula on the posterior or anterior side of the scapula?

12. Is the glenoid cavity facing medially or laterally?

13. What part of the humerus is articulating with the head of the radius?

14. Which structures on the humerus are articulating with the ulna?

15. Which bones have tubercles?

16. Define the difference among a tubercle, tuberosity, and process?

17. Is the head of the ulna on the proximal or distal end of the ulna?

18. Does your thumb have a middle phalange?

19. What are the bones that we see through the skin as knuckles?

