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  The Skeletal
System

Key terms
appendicular skeleton
articular cartilage
axial skeleton
bone (tissue)
calcitonin
cartilage
cartilaginous joint
compact (=cortical) bone
diaphysis
epiphyses
fibrous joint
flat bones
growth hormone
Haversian canals
irregular bones
joint (articulation)
lacunae
ligament
long bones
matrix (of bone)
ossification
osteoarthritis
osteoblasts
osteocytes
osteroporosis
parathyroid hormone
pectoral girdle
pelvic girdle
periosteum
reticular connective tissue
sex hormones
short bones
spongy (=cancellous) bone
synovial fluid
synovial joint
tendon

Key concepts
 The skeleton is the internal supporting structure of 

the body, composed of mineralized connective tissue.
 The skeleton, together and the body's system of 

muscles, enables movement of the body.
 Movement occurs articulations in the skeleton called 

joints. The amount of movement permitted depends 
on the joint type.

 Bone is a dynamic tissue, undergoing growth, 
remodeling, and repair. Aging is associated with 
degenerative changes in the skeleton.

Learning Objectives
 1. Use the KEY TERMS to compile a glossary for this topic.

Bone and Cartilage  pages 30, 59-61

 2. Recall the characteristics of connective tissues (CTs). Describe the CTs that 
contribute to the components of the skeleton: bone, cartilage, tendons and 
ligaments, and reticular connective tissue.

 3. Describe the functions of bone, including its role in homeostasis. 

 4. Describe the basic composition of bone. Compare and contrast compact (cortical) 
bone and spongy (cancellous) bone.

 5. Using examples, classify bones according to their size and shape. Recognize long 
bones, short bones, flat bones, and irregular bones.

 6. Use a diagram to describe the gross structure of a long bone, including the features 
conferring strength and shock absorption. Indicate the diaphysis (shaft), 
periosteum, and the epiphyses and associated articular cartilage.  Describe the 
location of yellow and red bone marrow and explain their functions.

 7. Describe the ultrastructure of compact bone, identifying the periosteum, 
osteoblasts, osteocytes, matrix, lacunae, and Haversian canals.

 8. Describe ossification (bone formation), explaining the role of the osteoblasts and 
the process by which hyaline cartilage is replaced with hard bone. Describe how 
bone is remodeled during growth and repaired in response to injury.

 9. Explain how bone growth and repair is regulated by hormones, including:
  • parathyroid hormone and calcitonin (calcium metabolism and remodeling)

  • growth hormone and sex hormones (growth of long bones).

The Skeleton  pages 30, 55-58, 62-66

 10. Identify the components of the skeleton and describe its two functional regions:
  • the axial skeleton (skull, spine, ribcage, sternum)

  • the appendicular skeleton (limbs and pectoral and pelvic girdles).

 11. Describe the role of joints in the skeleton. Classify joints structurally (e.g. synovial) 
and functionally (based on the amount of movement permitted).

 12. Describe the structure and function of a typical synovial joint (e.g. the elbow or 
knee joint). Include reference to the role and properties of synovial fluid.

 13. Describe the degenerative changes in the skeleton that occur with increasing age, 
including a reduction in the rate of bone remodeling, accelerated rates of bone loss, 
osteroporosis, and osteoarthritis.

 Periodicals:
Listings for this 
chapter are on page 279

  BIOZONE APP:  
Student Review Series  
The Skeletal & Muscular 
Systems

 Weblinks:
www.thebiozone.com/

weblink/AnaPhy-3572.html
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Related activities: The Bones of the Spine, The Limb Girdles, Joints    

Weblinks: The Axial Skeleton, The Appendicular Skeleton

The Human Skeleton
The human skeleton consists of two main divisions: the axial 
skeleton (made up of the skull, rib cage, and spine) and the 
appendicular skeleton (made up of the limbs and the shoulder 
and pelvic girdles). Bones are identified by their location and 
described by their shape (e.g. irregular, flat, long, or short), which 
is related to their functional position in the skeleton. Most of the 
bones of the upper and lower limbs, for example, are long bones. 

Bones also have features such as processes, holes (foramina, 
sing. foramen), and depressions (fossae), associated with 
nerves, blood vessels, ligaments, and muscles. Understanding 
the basic organization of the skeleton, the particular features 
associated with its component bones, and the nature of skeletal 
articulations (joints) is essential to understanding how the 
movement of body parts is achieved.

Bone Shapes

Irregular bones have an 
irregular shape and do not 
fit into the other groups:
• vertebrae (above)
• hip bones
• facial bones

Flat bones have a thin 
flattened shape:
• ribs (above)
• sternum
• scapulae
• some skull bones

Long bones are longer than 
they are wide:
• most bones of the upper 

limbs. e.g. ulna, radius
• most bones of the lower 

limbs, e.g. femur, tibia

Short bones are roughly 
cube shaped and contain 
mostly spongy bone:
• carpals (above)
• tarsals
• patella

WORD LIST:
phalanges, humerus, patella, 
scapula, tibia, clavicle, sternum, 
lumbar vertebra, femur, phalanges, 
cranium, sacrum, metacarpals, rib, 
ilium of hip bone, fibula, carpals, 
tarsals, metatarsals, facial bones

o

p

The shoulder girdle 
attaches to the axial 
skeleton here

The limb girdles 
attach the limbs to 
the axial skeleton 
and enable them 
to move freely.

Axial skeleton

Appendicular skeleton

Cartilage

Did you know?
Each hip bone is formed by 
the fusion of three separate 
bones. The hip bones join 
at the pubic symphysis.

Pubic 
symphysis 

of the pelvic 
girdle
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1. Use the word list provided on the previous page to label the bones (a)-(t) of the skeleton in the diagram.

2. Describe two general functions of the limb girdles:

3. The skull bones of babies at birth and early in infancy are not fused and some areas (the fontanelles) have still to be 
converted to bone. Describe two reasons why the skull bones are not fused into sutures until around 2 years of age:

 (a) 

 (b) 

4. Why is it important for the skull to have holes (called foramina) through the bones?

5. Using the diagram of the anterior view of the skull to help you, label the cranial bones indicated on the lateral view:

6. Classify the shape of the patella:

6. Classify the shape of the parietal bone:

7. What is the purpose of the domed skull?

8. What is purpose of the facial bones?

9. If someone is rapidly moving the only freely movable bone in the skull, what might they be doing?

The skull is formed from the cranial bones and the facial bones. The 
cranium is composed of eight large flat bones, and forms a protective 
dome enclosing the brain. The parietal and temporal bones are paired, 
but the rest of the cranial bones are single. The fourteen facial bones 

hold the eyes in position and enable attachment of the facial muscles.  
Twelve are paired and only the mandible and the small vomer bone in 
the nasal cavity are single. Of all the skull bones, only the mandible 
is freely movable. The rest are joined by sutures (immovable joints).

Bones of the Skull

(a) ................................

(b) ................................

Occipital bone

Frontal bone

Sphenoid bone

Parietal bone

Zygomatic bone

Maxilla
The two maxillae fuse to 

form the upper jaw

Sound enters the ear through this canal 
(the external auditory meatus). The 

three smallest bones of the body, the 
ear bones, are located within the skull.

Suture

Temporal bone

Nasal bone

Nasal bone

Ethmoid bone

Lacrimal bone

Mandible

	Holes in the skull enable 
the passage of nerves 
and blood vessels.

Did you know?
The maxillary bones are often called the 
keystone of the face because all the facial 
bones except the mandible join to them.

Skull, anterior view Skull, lateral view
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The Bones of the Spine

Cervical vertebraeFeatures: Cervical vertebrae 
are the smallest and lightest of 
the vertebrae. They always have 
openings (foramina) through which 
the vertebral arteries pass. The atlas 
(C1) has no body and articulates with 
the skull, while C2 (the axis) acts as 
a pivot for rotation of the atlas.

Facet

Axis (C2)

Foramen in 
transverse 
process

Body

Spinous process

Vertebral foramen

Vertebral features as illustrated in a 
typical cervical vertebra

Facet

Features: Fused vertebrae. The sacrum 
articulates with L5 and the coccyx.  

Sacrum and Coccyx

Coccyx

Articulation 
with L5

Fused 
spinous 
processes 
make a 
sacral crest

Features: Larger than the cervical 
vertebrae, with a slightly heart-
shaped body. The transverse 
processes articulate with the ribs. The 
spinous process is long and points 
sharply downward.

Thoracic vertebra

lateral view

superior view

Lumbar vertebra

Features:
Large, block-like body 
and short processes. 
Note how a lumbar 
vertebra resembles 
a moose head in the 
lateral view.

lateral view

superior view
P
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Transverse 
process

Anterior arch

Posterior arch

Atlas C1Cervical curvature
(concave)

7 vertebrae: C1 - C7,
including atlas (C1)

and axis (C2)

Thoracic curvature
(convex)

12 vertebrae: T1 - T12
vertebrae articulate

with the ribs

Lumbar curvature
(concave)

5 vertebrae: L1 - L5
vertebrae are

weight-bearing and
sturdy

Sacral curvature
(concave)

5 fused vertebrae
form the posterior
wall of the pelvis

Coccyx
4-5 fused vertebrae

1. Identify the vertebrae associated with each of the following features: 

 (a) Functional role in bearing much of the spinal load:

 (b) Articulate with the ribs. Vertebral body is heart shaped (highlight this on the diagram):

 (c) Articulates with the skull and lacks a vertebral body:

 (d) Typically has a small body and foramina (openings) in the transverse processes:

 (e) Forms the posterior wall of the bony pelvis:

2. Suggest a function of the S-shape of the spine:

3. At birth, the spine consists of 33 bones, 9 more than an adult. What happens to these extra bones?

The Bones of the Spine

Intervertebral discs 
cushion vertebrae and 

absorb shocks

Vertebral foramen 
through which spinal 

cord passes

The spine supports the skull and shoulder girdle and transmits 
the weight of the upper body to the lower limbs. It also forms a 
protective tube for the spinal cord. The spine is formed from 26 

bones, separated and connected by discs of cartilage called the 
intervertebral discs. Together the vertebrae form an S-shaped 
bend which brings the centre of mass to the mid-line of the body.

RA 2
Related activities: The Human Skeleton

Weblinks: The Vertebral Column
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1. (a) What is the function of the shoulder girdle?

 (b) Identify the single point of attachment of shoulder girdle to the axial skeleton:

2. Relate the particular features of the pelvic girdle to its functional roles:

3. Explain how and why the male and female pelves (sing. pelvis) differ:

4. On the X-ray (right), label the femur, ilium, ischium, pubis, and pelvic inlet:

The Limb Girdles
The pectoral (shoulder) and pelvic girdles attach the limbs 
to the axial skeleton and allow for the free and wide-ranging 
movement of the arms and legs. The shoulder girdle consists 
of two scapulae (shoulder blades) and two clavicles (collar 
bones). The clavicles articulate with the sternum (breastbone) so 

that the girdle forms an incomplete ring around the thorax. The 
pelvic (hip) girdle is formed of two hip bones (also called pelvic, 
innominate, or coxal bones) connected anteriorly at the pubic 
symphysis and posteriorly by the sacrum. Each hip bone arises 
by fusion of three bones: the ilium, ischium, and pubis.

X-ray of the pelvis

A 2Related activities: The Human Skeleton

The Shoulder Girdle The Pelvic Girdle
The clavicle acts as a 
brace to keep the top 
of the arm away from 
the top of the thorax.

The sternoclavicular 
joint on each side joins 
the shoulder girdle and 
axial skeleton.

The scapula is attached 
to both the clavicle and 
the humerus. It is held in 
place by muscles.

SternumHumerus

Femur The angle between the 
pelvic bones is more acute 
in males than in females.

Fusion of bones 
provides rigidity

Ischium

Pubis

Ilium

Pubic symphysis softens 
during childbirth to allow 
the pelvis to widen.

Weight-bearing is the 
most important function 
of the pelvic girdle, so the 
bones are large and thick.

The bowl-shaped pelvic girdle 
also protects the reproductive 
organs, bladder, and the lower 
parts of the gut.

The male pelvic inlet is 
narrower than in females 
and more heart shaped.

Male pelvis, 
superior view

The female pelvis is 
wider, shallower, and 
more flared than the 
male pelvis. 

Female pelvis, 
superior view

Right side of shoulder girdle showing clavicle and scapula.

X-ray of shoulder girdle

Scapula

Clavicle

Humerus
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Related activities: Connective Tissue, Hematopoiesis, Growth and Development

Weblinks: Bone Growth, How Bone Grows, Hormonal Regulation of Calcium

Bone
The skeleton is formed from two stiffened connective tissues: 
bone and cartilage. Although bone is hard, it is dynamic and 
is continually remodeled and repaired according to needs and 
in response to blood calcium levels and the pull of gravity and 
muscles. Hormones from the thyroid, parathyroids, and gonads, 
as well as growth hormone, are involved in this activity. Most 

bones of the skeleton are formed from hyaline cartilage by a 
process of ossification (bone formation) and they grow by 
bone remodeling. Bone remodeling is also important in bone 
repair. Bones have a simple gross structure, as illustrated by a 
long bone such as the humerus (below). The hard (dense) bone 
surrounds spongy (cancellous) bone filled with red bone marrow.

Proximal 
epiphysis

Distal 
epiphysis

Diaphysis

Spongy (cancellous) bone

Hyaline cartilage covers 
the articular surface of the 
epiphysis. It provides a 
smooth surface that reduces 
friction at joint surfaces.

Epiphyseal line is a remnant 
of the epiphyseal plate, which 
seen in young growing bones.

The periosteum is a 
fibrous, connective tissue 
membrane covering the 
surface of the diaphysis.

The epiphyses are the 
ends of the long bone. 
Each has a thin layer of  
compact bone and central 
area of spongy bone. 
In adults, red marrow, 
which forms blood cells, is 
confined to these cavities in 
the spongy bone of some 
flat bones and epiphyses.

Medullary cavity

Yellow bone marrow, 
which is mainly fat, fills 
the cavity of the shaft.

Compact bone

Artery supplies nutrients 
to the bone tissue.

Mature Long Bone

Embryo

The cartilage model is first covered 
by a bone matrix or 'bone collar.'

Bone begins to replace cartilage.

A hyaline cartilage 'model' forms 
most of the skeleton of the embryo.

Ossification and Bone Growth

Bone grows in length by 
continuous growth of new 
cartilage in the epiphyseal 
plate, which is then 
replaced by new bone. Medullary cavity 

opens where 
cartilage is 
digested away

New center of 
bone growth

Blood 
supply

Growth in length

Hyaline 
cartilage

Fetus (8 weeks-birth)

Child

By the time of birth, most 
of the hyaline cartilage 
has been replaced 
by bone except at the 
articular cartilage at the 
bone ends and at the 
epiphyseal plates. 

Bones increase in width 
by addition of new bone 
to the outside of the 
diaphysis and resorption 
of bone from the inner 
diaphysis surface.

The processes of bone 
formation and breakdown 
(called bone remodeling) 
occur at the same rate. 
Bone remodeling is also 
involved in bone repair.

Epiphyseal plate

New bone forming

New bone forming

Epiphyseal plate 
(of cartilage)

Growth in width 
(appositional growth)

Articular cartilage

Child

Red bone marrow is stored in the 
cavities of spongy bone. Here it is 
being extracted for transplant. Bone 
marrow is a source of stem cells.
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An X-ray shows the epiphyseal 
plates (growth plates) of a child's 
hand, seen as separate from the 
longer bones.
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A fibrocartilage callus or tissue mass 
(indicated) begins the repair process 
on a fractured humerus. Cigarette 
smoking slows bone healing markedly.  

B
ill
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ho
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s

A section of a femur head shows 
the compact bone surrounding inner 
spongy bone and marrow. Blood 
cells are formed in the red marrow.
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1. Describe the way in which bones grow in length and distinguish this from appositional growth:

2. Describe how the skeleton fulfills each of the following functional roles: 

 (a) Support:

 (b) Protection:

 (c) Movement:

 (d) Blood cell production:

 (e) Mineral storage:

3. Identify the feature described by each of the following definitions:

 (a) A feature of bones that are still increasing in length:

 (b) The long shaft of a mature bone:

 (c) Fibrous, connective tissue membrane covering the surface of the bone shaft:
 
 (d) The end of a long bone, covered in articular hyaline cartilage:

Bone stores calcium (Ca2+) and phosphorus (PO4
3–). The levels of these minerals in the blood are maintained by adding to or 

removing them from stores in bone. Two hormones, PTH and calcitonin, regulate blood calcium levels through bone remodeling, 
which involves both the normal break down (resorption) and formation (ossification) of bone tissue. Remodeling allows bone to 
be reshaped and replaced after injury as well as everyday wear and tear. Also, because bone remodeling occurs in response to the 
stress of weight-bearing activity, being physically active can help prevent bone loss, even into old age.

Bones enable movement by providing 
attachment for muscles. Muscles pull on 
bones to create movement around joints. 

Bones support and protect soft tissues 
and organs. The arrangement of 
bones gives the body its shape.

Bones are also responsible for the conduction of sound in hearing. The middle 
ear contains three tiny bones or ossicles, which transmit sound waves to the 
inner ear. In this image (anterior view), the mastoid is also shown.

Pinna of outer ear

Ear canal of outer ear Middle ear with ossicles

Mastoid air cells connect to the middle 
ear and help with sound conduction.

Cochlea 
(hearing)

Semicircular canals 
(balance and orientation)

Inner ear

Normal range

Low blood calcium

Detected by 
parathyroid glands

Secretion of PTH 
(parathyroid hormone)

Increases activity of 
osteoclasts

Break down of 
bone releases Ca2+ 

into blood

Blood Ca2+ rises 
towards normal

High blood calcium

Detected by thyroid 
gland

Secretion of 
calcitonin

Bone formation 
removes Ca2+ 

from blood
Increases activity 
of osteoblasts

Blood Ca2+ falls 
towards normal

Hormonal regulation of blood calcium 
levels by bone resorption and formation

AnP sample booklet TEXT.indd   60 28/06/17   2:01 PM



61

© 2009-2013 BIOZONE International
 ISBN: 978-1-92717357-2
 Photocopying Permitted for classroom trial

1. Distinguish between the function of osteocytes and osteoblasts:

2. Draw lines on the photograph above to mark the boundary of the two most obvious osteons.

3. What is the function of the Haversian canals in dense bone tissue?

4. (a) Outline the differences between dense and spongy bone:

 (b) Suggest why spongy bone is more susceptible to becoming brittle in old age:

E
II

Section through compact bone showing  osteons.

Haversian canal

Strands of tissue link bone cells

The Ultrastructure of Bone
The cells that produce bone are called osteoblasts. They 
secrete the matrix of calcium phosphate and collagen fibers 
that forms the rigid bone. When they are mature, the bone 
cells are called osteocytes. They are trapped within the matrix 
but have many thin cytoplasmic extensions, which lie within 

small channels (called canaliculi). Dense bone has a very 
regular structure, composed of repeating units called osteons 
or Haversian systems (after British physician Clopton Havers). 
Spongy bone is found inside dense bone. It has a much looser 
structure with irregular spaces filled with red bone marrow.

Osteocyte in lacuna

Matrix

Canaliculi Cytoplasmic connection 
to neighboring cell

Osteocyte (mature bone cell) embedded in a lacuna 
within the matrix. Osteocytes maintain the bone tissue 
(as opposed to osteoblasts, which form the bone).

Haversian canal 
contains veins, arteries, 
and nerves supplying 
the bone tissue. 

Perforating canals link 
Haversian canals, 
running at right angles 
to the bone shaft.

Osteocytes 
(mature bone cells)

Canaliculi allow bone 
cells to receive oxygen 
and nutrients.

 Inside surface 
Outside surface

Periosteum (outer connective 
tissue membrane) around the bone

Concentric lamellae innermost

Circumferential lamellae 
next to the periosteum

Each complex of a central 
canal and matrix rings is 
called an osteon.

The Structure of Dense Bone
Osteocytes within lacunae

Synonyms for Bone Types
You may come across several terms for the same thing:

Bone type Also called Features

Dense bone
Hard bone
Cortical bone
Compact bone

•  Haversian canals surrounded by a 
regular arrangement of osteocytes.

•  A single haversian system is called 
an osteon.

Spongy bone
Cancellate bone
Cancellous bone
Trabecular bone

•  Less dense structure and higher 
surface area than dense bone.

•  Large irregular spaces containing 
red bone marrow.

RA 2
Related activities: Bone, The Human Skeleton, 

 The Skeleton, Aging, and Disease
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