Human Anatomy & Physiology I
Lab 6 Overview of bones & the axial skeleton
Learning Outcomes


Classify bones by shape.
Assessment: Exercises 6.1



Identify the major components that make up an intact bone.
Assessments: Exercise 6.2



Distinguish between the different types of bone processes and features.
Assessment: Exercise 6.3



Identify the bones of the axial skeleton and know which processes and features are unique to
them
Assessments: Exercise 6.4

Categorizing bones by shape.
Information

The bones of the human skeleton can be classified according to their general shape. Figure 6.1
shows the six major categories commonly used.
Long bones are longer than they are wide and usually contain a central shaft flanked by wider
heads at either end. The shaft of a long bone is its diaphysis (die-AFF-ih-sis) and each end is called
an epiphysis (eh-PIFF-ih-sis). Long bones can be quite long, like the femur (thigh) bone, or quite
short, like the phalanx (finger and toe) bones.
Short bones are typically about as wide as they are long. They are only found in the hands and
the feet. The carpal bones around the wrists and the tarsal bones around the ankle are all short bones.
Flat bones

are broad and quite thin. They usually serve a protective function, like the bones of
the skull or the ribs.
Sesamoid bones are circular bones, reminiscent of sesame seeds in shape, that are always
found embedded in tendons at joints. The patella (or knee cap) is the largest and best-known
sesamoid bone.
Irregular bones are ones whose shapes do not fit neatly into the long, short, flat, or sesamoid
bone categories. They include most of the bones of the skull and the bones of the vertebral column.

Sutural bones

are only found in the skull. They are the small islands of bone that form if two
of the major cranial bones do not completely join during the formation of the cranial sutures in the
first months of a baby’s life. Their number and locations vary from individual to individual. As a
result, these are the only bones in the human body that don’t have individual names. They are also
known as intra-sutural bones or Wormian bones.

Figure 6-1. The six different ways to classify bones by shape.

Lab exercises 6.1
The instructor will provide you with several bones from the human body. For each one, identify
which shape category it belongs to and give the reasons why it belongs to that category.
Bone
1.

2.

3.

4.

5.

6.

Shape category

Reasons for categorization

Compact bone, spongy bone, and other bone components
Information

The hard mineral component of bones is also known as osseous tissue. Osseous tissue comes
in two forms, both of which are present in every bone in the body: compact bone and spongy
bone. The two forms mainly differ in how the bone mineral is organized and in how much empty
space there is among the solidified extracellular matrix. Compact bone appears solid and spongy
bone consists of a web- or sponge-like arrangement of solidified extracelluar matrix.
While compact bone appears at first glance to be solid and uninterrupted, closer inspections
reveals that the osseous tissue only makes up from 70-95% of the available volume. There are pores
and spaces even in compact bone. Except at its edge, the osseous tissue of compact bone is arranged
in cylindrical osteons. Each osteon is a compact cylinder of concentric lamellae. The only cells in
an osteon are the osteocytes that are found on the edges of each lamella. Osteocytes are found in
lacunae, which are the cell-shaped empty spaces that prevent the solid, mineralized extracellular
material of bone from crushing the osteocytes. Cytoplasmic extensions branch out from each
osteocyte and are housed in the canaliculi, the thin empty channels that again prevent the solid,
mineralized extracellular material from crushing the osteocyte extensions. At the center of each
osteon is a central canal (also known as a Haversian canal) through which blood vessels, lymph
vessels, and nerves can travel to service and signal the cells throughout the compact bone. At the
base of individual osteons are perforating canals (also called Volkmann’s canals), which are
empty spaces that allow blood vessels, lymph vessels, and nerves to travel across bone, linking up
with the vessels and nerves in the central canals. Compact bone is sometimes called cortical bone.
At the outer edges of compact bone, rather than being arranged in osteons, the osseous tissue is
arranged in circumferential lamellae. These travel parallel to the outer edge of the bone and are
usually only a few lamellae deep before the osteons start up.
The bones of the body only have compact bone on their outermost surfaces and never very deep.
The bulk of most bone tissue is made of spongy bone. In spongy bone there far more uncompacted
space. The osseous tissue only makes up somewhere between 10-70% of the available volume,
depending on how spongy it is. The rest of the volume is made up of mostly bone marrow,
although there are also blood vessels, lymph vessels, nerves traveling through the spaces. In spongy
bone the osseous tissue is arranged into trabeculae, which are the interconnected columns of
osseous tissue which create the sponge-like grid of spongy bone. Within a single trabecular, there are
concentric lamellae, with osteocytes in lacunae connected to one another via canaliculi,
similar to the tissue arrangement in the osteons of compact bone. However, unlike osteons,
trabeculae do not have central canals or perforating canals containing blood vessels, lymph vessels,
and nerves. The vessels and nerves of spongy bone travel through the spaces between trabeculae and
do not need separate passageways. Spongy bone is sometimes called cancellous bone or
trabecular bone.
The outsides of all the bones of the body are covered with a layer of irregular dense connective
tissue proper called the periosteum. There is a different layer of connective tissue proper that lines
all the internal cavities of bones – the central canals of osteons in compact bone, and the exterior
surface of trabeculae in spongy bone – called the endosteum.

The longs bones of the body, found in the arms, legs, hands, and feet of the body, have an
additional feature unique to their long shape. In the diaphysis, or shaft, of each long bone, the is a
central hollow cavity, called the medullary cavity. Having no heavy osseous tissue in the center of
the long bones makes them lighter. The non-long bones just rely on having spongy bones in their
interior to reduce their overall mass. The medullary cavity, live the spaces in spongy bone, is filled
with bone marrow.
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B

Figure 6-2 A. The structural features of compact bone. B. The structural features of spongy bone.

Lab exercises 6.2
The instructor will provide you with a plastic model of enlarged bone tissue. Find all the following
items in the model and be prepared to point out any three to the instructor on their request.
compact bone
central canal
trabecular

spongy bone
perforating canal
periosteum

lacuna
lamella
endosteum

canaliculum
circumferential lamella
bone marrow

Figure 6-3. The model of enlarged bone tissue you will use
to identify the histological features listed above.

Bone markings, processes, and cavities
Information

Most bones have some combination of bumps, ridges, projections, depressions, cavities, and
holes in them that help them carry out their functions. These are where other structures like muscles,
blood vessels and nerves, or other bones are attached to or articulate with or travel through the bone.
Collectively, these kinds of features are called markings.
Although they are not always used consistently, there are general categories of these bone
markings that you need to know before learning specific structural features on specific bones. Table
6.1 lists the types of structural features you need to know. Figure 6-4 illustrates some of these
markings.

Table 6.1. Bone markings, processes and cavities.
Marking

Definition

General terms

Process
Ramus
(RAY-muss)
Neck

Any protuberance or projection of a bone
Any projection that branches off a bone at an angle to the rest of the
bone
A narrowing where the shaft of a long bone (diaphysis) meets the end of
the long bone (epiphysis)

Processes that allow bones to articulate with other bones to form joints

Head
Facet
(FAH-set)
Condyle
(KON-dial)

The end of a bone that is expanded and rounded
A small, smooth, nearly flat surface that another bone sits upon
A rounded protuberance at the end of a bone that often articulates with a
fossa on another bone

Depressions that allow bones to articulate with other bones to form joints

Fossa
(FAH-suh)

A shallow depression in a bone that articulates with a process, often a
condyle, on another bone

Processes that allow connective tissues such as ligaments and tendons to attach to bones

Epicondyle
(epi-KON-dial)
Crest
Line
Spine
Trochanter
(trow-KAN-ter)
Tuberosity
(two-ber-OSS-it-ee)
Tubercle
(TWO-ber-kuhl)

A second rounded projection on top of a rounded condyle projection
A prominent but narrow ridge raising off a bone
A small narrow ridge raising off a bone, less prominent than a ridge
A ridge or projection that is slender and pointed; also called a spinous
process
A very large, irregularly-shaped projection
A large rounded projection, that is smaller than a trochanter, and may be
roughened
A smaller tuberosity, rounded, sometimes roughened

Openings

Foramen
(fore-AY-men)
Meatus
(me-AY-tuss)
Fissure
Sulcus
(SULL-kuss)
Sinus

A round hole through which blood vessels, nerves, or ligaments pass
A tube-like passageway through a bone
A narrow slit through a bone through which blood vessels and nerves
pass
A crevice or groove that accommodates a nerve, blood vessel, or tendon
A cavity within a bone, air-filled and lined with a mucous membrane

Figure 6-4. Illustrations of various bone markings.

Figure 6.5. Illustrations of more bone markings.

Lab exercises 6.3
The instructor will provide you with several bones from the human body. Using the bones provided,
put the appropriate numbered sicker on a bone marking that fits into each of the following
categories.
1. Tubercle
3. Head
7. Trochanter
10. Meatus

2. Condyle.
4. Neck
8. Spine
11. Foramen

3. Epicondyle
6. Ramus
9. Crest
13. Fissure.

The axial skeleton
Information

The bones of the human body can be divided into two broad groups, the axial skeleton and the
The axial skeleton comprises the bones found along the central axis
traveling down the center of the body. The appendicular skeleton comprises the bones appended to
the central axis.
appendicular skeleton.

Figure 6-6. The axial skeleton highlighted in blue.
The axial skeleton consists of the bones of the skull, the bones of the inner ear (known as
ossicles), the hyoid bone in the throat, and the bones of the veterbral column, including the
sacrum and coccyx bones from center of the pelvic girdle.

The bones of the skull
Information

There is only one movable joint in the skull. That is the joint connecting the lower jaw, or
mandible, to the rest of the skull. All the other bones in the skull are firmly attached to one another
by sutures. Sutures are rigid immovable connections holding bones tightly to one another. Some of
the sutures in the skull take a few months-to-years after birth to completely form.
The brain is encased in the cranium of the skull. The bones that make up the cranium are called
the cranial bones. The remainder of the bones in the skull are the facial bones.
Figure 6.7 and Figure 6.8 show all the bones of the skull, as they appear from the outside. In
Figure 6.9, some of the bones of the hard palate forming the roof of the mouth are visible because
the mandible is not present. Figure 6.9 also shows the foramen magnum, the large hole at the base of
the skull that allows the spinal cord to attach to the brain.

Figure 6-7. The bones of the skull, left lateral view.

Figure 6-8. The bones of the skull, anterior view.
The sphenoid bone, from the outside, appears to contribute to only a small portion of the
cranium, but when the parietal bones are removed and the interior of the cranial cavity (where the
brain would be housed) is viewed, you can see the butterfly-like shape of the sphenoid bone makes a
large contribution to the floor of the cranial cavity. The ethmoid bone, which from the outside is
only visible in the eye sockets and as the upper conchae (internal bumps) of the nasal cavity, also
contributes to the floor of the cranial cavity. The contributions of these two bones to the floor of the
cranial cavity are shown in Figure 6.10.
What is commonly referred to as the “cheekbone” is really a the processes of two bones
connected together: the zygomatic process of the temporal bone is sutured to the temporal
process of the zygomatic bone to produce the zygomatic arch.
There are three prominent bone markings on the temporal bones. The external acoustic
meatus is the opening that leads to the organs of the inner ear. The styloid process is a thin, penlike projection where muscles and ligaments of the neck are attached. The mastoid process is a
wide and rough projection that serves as another attachment point for neck muscles.

Figure 6-9. The bones of the skull, inferior view, looking up. Mandible removed.

Figure 6-10. The interior of the cranial cavity, viewed from
above and behind, with the parietal bones removed.

While all the bones of the skull, other than the mandible, are sutured to one another, the flat
bones of the cranium are visibly sutured where they articulate to another. There are four different cranial
sutures.
The coronal suture is the articulation point of the frontal bone with the two parietal bones.
The sagittal suture is the articulation point between the two parietal bones.
The squamous sutures are the articulation points between the each temporal bone and the
parietal bone superior to it.
The lambdoid suture is the articulation point between the occipital bone and the two parietal
bones.

Figure 6-11. The cranial sutures.

Lab exercises 6.4
The instructor will provide you with a model of the human skull. One the model and on the
diagrams below, be able to label all the following bones, processes, and foramina:
Bones
B1 – frontal
B2 – parietal
B3 – occipital
B4 – temporal
B5 – sphenoid
B6 – ethmoid
B7 – lacrimal
B8 – nasal
B9 – maxilla
B10 – zygomatic
B11 – mandible
B12 – vomer
B13- palatine

Sutures
S1 – coronal
S2 – squamous
S3 – lambdoid

Figure 6-12. Unlabeled skull for labeling.

Foramina
F1 – supraorbital
F2 – infraorbital
F3 – mental

Processes
P1 – mastoid
P2 – styloid
P3 – zygomatic
P4 – tempoarl

The hyoid bone
Information

The hyoid bone in the neck is the only bone in the body that does not articulate directly with at
least one other bone. It is U-shaped and is held in place by, and helps anchor, muscles that connect to the
floor of the mouth and the tongue. It helps provide greater movement of the tongue and larynx, and so is
crucial to human speech.
In about 50% of strangulations, the hyoid bone is fractured.

Figure 6-13. The hyoid bone.

The vertebral column
Information

The vertebral column is more colloquially called the backbone or the spine. It consists of 24
bones, and two bones from the axial section of the pelvic girdle, the sacrum and the

vertebrae
coccyx.

The vertebrae are divided into three groups. There are seven cervical vertebrae (names C1
through C7), twelve thoracic vertebrae (named T1 through T12), and five lumbar vertebrae
(named L1 through L5).
You can use a meal-related mnemonic to remember them – imagine a crunchy breakfast at 7 am
(7 cervical vertebrae), a tasty lunch at 12 noon (12 thoracic vertebrae), and a light dinner at 5 pm (5
lumbar vertebrae).

Figure 6-14. The bones of the vertebral column.

The first two cervical vertebrae have alternate names to C1 and C2. C1 is also called the atlas.
In Greek mythology, Atlas was a titan who held the entire world on his shoulders. As the first
vertebra in the column, Atlas in sense holds up the skull. C2 is also called the axis. The axis allows
both the skull and the atlas to rotate, so the head can be turned from side to side by neck muscles.
All three types of vertebrae have some structural features in common and some features that
should allow you to readily distinguish vertebrae in one category from another.
All vertebrae, except C1 and C2, the atlas and axis, have a solid round portion on their anterior
side called the body of the vertebra. The body is what allows the vertebrae in the vertebral column

to be stacked upon one another, separated by pads of fibrocartilage called the intervertebral discs.
The lower you go in the vertebral column, the larger the vertebrae’s bodies become.
The axis, or C2 vertebra, also has a bulbous vertical process not found in any of the other
vertebrae. This is called the dens and it is what allows the axis vertebra above it to rotate.
Posterior to the vertebral body is a large opening in each vertebra called the vertebral
This is the hole through which the spinal cord passes.

foramen.

Posterior to the vertebral foramen there is a central process jutting out of each vertebra. This is
the spinous process. It points more or less downwards when the vertebrae are correctly stacked
into their column.
Surrounding the central spinous processes, there are other processes whose position and number
vary depending on whether a vertebra is cervical, thoracic, or lumbar. Some of these processes allow
a vertebra to articulate with the vertebrae superior and inferior to it, others, found only on thoracic
vertebrae, allow a pair of ribs to articulate with the vertebra.

Figure 6-15. The three types of vertebrae. All are being viewed from behind. Note that C1 and
C2 vertebrae, the atlas and axis, do not have vertebral bodies.

The sacrum is part of both the vertebral column and the pelvic girdle. It articulates with the
intervertebral disc under the L5 vertebra above it, and with two coxal bones lateral to it.
The sacrum starts out as five vertebrae that fuse to form the one structure. This fusion is not
complete until somewhere between the 18th and 30th year.

The coccyx is a vestigial tailbone. It is the evolutionary remnant of an ancestral species to
humans that did have tails. It no longer serves as a functional tail, but some muscles, tendons, and
ligaments do attach to it, making it useful. It forms from the fusion of usually three vertebrae, but a
small proportion of the population have four or even five vertebrae in their coccyx.

\

Figure 6-16. The sacrum and coccyx.

Lab exercises 6.5
1. The instructor will provide you with either real or replica vertebrae bones. Identify which in your
group are the atlas, axis, cervical vertebrae, thoracic vertebrae, and lumbar vertebrae.
2. Stack your vertebrae in the correct order and in the correct orientation.
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