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Bones make good fossils. While the soft tissue of a once living organism will decay and fall
away over time, bone tissue will, under the right conditions, undergo a process of
mineralization, effectively turning the bone to stone. A well-preserved fossil skeleton can give
us a good sense of the size and shape of an organism, just as your skeleton helps to define your
size and shape. Unlike a fossil skeleton, however, your skeleton is a structure of living tissue
that grows, repairs, and renews itself. The bones within it are dynamic and complex organs that

serve a number of important functions, including some necessary to maintain homeostasis.

5.1 The Functions of the Skeletal System

Bone, or osseous tissue, is a hard, dense connective tissue that forms most of the adult skeleton,
the support structure of the body. In the areas of the skeleton where bones move (for example,
the ribcage and joints), cartilage, a semi-rigid form of connective tissue, provides flexibility
and smooth surfaces for movement. The skeletal system is the body system composed of bones

and cartilage and performs the following critical functions for the human body:
* supports the body

* facilitates movement

» protects internal organs

* produces blood cells

* stores and releases minerals and fat.

5.2 Bone Classification

The 206 bones that compose the adult skeleton are divided into five categories based on their
shapes (Figure 5.1). Their shapes and their functions are related such that each categorical

shape of bone has a distinct function.



Fig 5-1: Bones are classified according to their shape
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Long Bones

A long bone is one that is cylindrical in shape, being longer than it is wide. Keep in mind,
however, that the term describes the shape of a bone, not its size. Long bones are found in the
arms (humerus, ulna, radius) and legs (femur, tibia, fibula), as well as in the fingers
(metacarpals, phalanges) and toes (metatarsals, phalanges). Long bones function as levers; they

move when muscles contract.
Short Bones

A short bone is one that is cube-like in shape, being approximately equal in length, width, and
thickness. The only short bones in the human skeleton are in the carpals of the wrists and the

tarsals of the ankles. Short bones provide stability and support as well as some limited motion.
Flat Bones

The term “ flat bone” is somewhat of a misnomer because, although a flat bone is typically
thin, it is also often curved. Examples include the cranial (skull) bones, the scapulae (shoulder
blades), the sternum (breastbone), and the ribs. Flat bones serve as points of attachment for

muscles and often protect internal organs.
Irregular Bones

An irregular bone is one that does not have any easily characterized shape and therefore does
not fit any other classification. These bones tend to have more complex shapes, like the
vertebrae that support the spinal cord and protect it from compressive forces. Many facial

bones, particularly the ones containing sinuses, are classified as irregular bones.
Sesamoid Bones

A sesamoid bone is a small, round bone that, as the name suggests, is shaped like a sesame
seed. These bones form in tendons (the sheaths of tissue that connect bones to muscles) where
a great deal of pressure is generated in a joint. The sesamoid bones protect tendons by helping
them overcome compressive forces. Sesamoid bones vary in number and placement from
person to person but are typically found in tendons associated with the feet, hands, and knees.

The patellae (singular = patella) are the only sesamoid bones found in common with every
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person. Table 5.1 reviews bone classifications with their associated features, functions, and

examples.
Bone Features Function(s) Examples
classification P

cvlinder-like shape. lonaer Femur, tibia, fibula, metatarsals,

Long th);n it is wide pe. long Leverage humerus, ulna, radius,

metacarpals, phalanges

Cube-like shape, Provide stability, support,

Short approximately equal in while allowing for some | Carpals, tarsals

length, width, and thickness |motion

Points of attachment for

. Sternum, ribs, scapulae, cranial
Flat Thin and curved muscles; protectors of ! ' p '

internal organs uones
Irreguilar Complex shape Protect internal organs | Vertebrae, facial hones
_ Small and round; embedded | Protect tendons from
Sesamoid Patellae

in tendons compressive forces

Table 5-1: Bone Classifications

5.3 Bone Structure

Gross Anatomy of Bone

The structure of a long bone allows for the best visualization of all of the parts of a bone (Figure
5.2). A long bone has two parts: the diaphysis and the epiphysis. The diaphysis is the tubular
shaft that runs between the proximal and distal ends of the bone. The hollow region in the
diaphysis is called the medullary cavity, which is filled with yellow marrow. The walls of the

diaphysis are composed of dense and hard compact bone.



Lec4: Bone Tissue and the Skeletal System..................cc..un.... Dr Salma Algazzaz

. S Anticular cartilage

Proximal — fEmes
epiphysis /4 1 ‘ .‘:.’
Metaphysis —] -_ -.:;' . Spongy bone
\ \ Epiphyseal line
Red bone marrow
' ————— EndOSteUM
+—— Compact bone
|
|
| o Medullary cavity
Diaphysis — { ‘ Yellow bone marrow

| |
h| Periosteum
|

Nutrient artery

Metaphysis — |

Distal
epiphysis \

Articular cartilage

Fig 5-2: A typical long bone shows the gross anatomical characteristics of bone.

The wider section at each end of the bone is called the epiphysis (plural = epiphyses), which is
filled with spongy bone. Red marrow fills the spaces in the spongy bone. Each epiphysis meets
the diaphysis at the metaphysis, the narrow area that contains the epiphyseal plate (growth
plate), a layer of hyaline (transparent) cartilage in a growing bone. When the bone stops
growing in early adulthood (approximately 18-21 years), the cartilage is replaced by osseous
tissue and the epiphyseal plate becomes an epiphyseal line. The medullary cavity has a delicate
membranous lining called the endosteum (end- = “inside”; oste- = “bone”), where bone growth,
repair, and remodeling occur. The outer surface of the bone is covered with a fibrous membrane
called the periosteum (peri- = “around” or “surrounding”). The periosteum contains blood

vessels, nerves, and lymphatic vessels that nourish compact bone. Tendons and ligaments also
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attach to bones at the periosteum. The periosteum covers the entire outer surface except where
the epiphyses meet other bones to form joints. In this region, the epiphyses are covered with

articular cartilage, a thin layer of cartilage that reduces friction and acts as a shock absorber.

Bone Cells and Tissue

Bone contains a relatively small number of cells entrenched in a matrix of collagen fibers that
provide a surface for inorganic salt crystals to adhere. These salt crystals form when calcium
phosphate and calcium carbonate combine to create hydroxyapatite, which incorporates other
inorganic salts like magnesium hydroxide, fluoride, and sulfate as it crystallizes, or calcifies,
on the collagen fibers. The hydroxyapatite crystals give bones their hardness and strength,
while the collagen fibers give them flexibility so that they are not brittle. Although bone cells
compose a small amount of the bone volume, they are crucial to the function of bones. Four
types of cells are found within bone tissue: osteoblasts, osteocytes, osteogenic cells, and

osteoclasts (Figure 5.3), Table 5.2.

O
- |
=<
Osteocyte Osteoblast Osteogenic cell Osteoclast
(maintains (forms bone matrix) (stem cell) (resorbs bone)

bone tissue)

Fig 5-3: Bone Cells Four types of cells are found within bone tissue. Osteogenic cells are
undifferentiated and develop into osteoblasts. When osteoblasts get trapped within the
calcified matrix, their structure and function changes, and they become osteocytes.
Osteoclasts develop from monocytes and macrophages and differ in appearance from other

bone cells.
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Cell type Function Location
CO;}sogenlc Develop into osteoblasts Deep layers of the periosteum and the marrow

Growing portions of bone, including periosteum and

Osteoblasts Bone formation
endosteum

Maintain mineral concentration of

matrix Entrapped in matrix

Osteocytes

Bone surfaces and at sites of old, injured, or unneeded

Osteoclasts Bone resorption
bone

Table 5-2: Bone Cells

Compact and Spongy Bone

The differences between compact and spongy bone are best explored via their histology. Most
bones contain compact and spongy osseous tissue, but their distribution and concentration vary
based on the bone’s overall function. Compact bone is dense so that it can withstand
compressive forces, while spongy (cancellous) bone has open spaces and supports shifts in
weight distribution. Compact Bone Compact bone is the denser, stronger of the two types of
bone tissue (Figure 5.4). It can be found under the periosteum and in the diaphyses of long

bones, where it provides support and protection.
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Fig 5-4: Diagram of Compact Bone (a) This cross-sectional view of compact bone shows
the basic structural unit, the osteon. (b) In this micrograph of the osteon, you can clearly see
the concentric lamellae and central canals. LM x 40. (Micrograph provided by the Regents of
University of Michigan Medical School © 2012)

The microscopic structural unit of compact bone is called an osteon, or Haversian system. Each
osteon is composed of concentric rings of calcified matrix called lamellae (singular = lamella).
Running down the center of each osteon is the central canal, or Haversian canal, which contains
blood vessels, nerves, and lymphatic vessels. These vessels and nerves branch off at right
angles through a perforating canal, also known as Volkmann’s canals, to extend to the
periosteum and endosteum. The osteocytes are located inside spaces called lacunae (singular =
lacuna), found at the borders of adjacent lamellae. As described earlier, canaliculi connect with
the canaliculi of other lacunae and eventually with the central canal. This system allows

nutrients to be transported to the osteocytes and wastes to be removed from them.
Spongy (Cancellous)

Bone Like compact bone, spongy bone, also known as cancellous bone, contains osteocytes
housed in lacunae, but they are not arranged in concentric circles. Instead, the lacunae and
osteocytes are found in a lattice-like network of matrix spikes called trabeculae (singular =
trabecula) (Figure 5.5). The trabeculae may appear to be a random network, but each trabecula

forms along lines of stress to provide strength to the bone. The spaces of the trabeculated
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network provide balance to the dense and heavy compact bone by making bones lighter so that
muscles can move them more easily. In addition, the spaces in some spongy bones contain red

marrow, protected by the trabeculae, where hematopoiesis occurs.
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Fig 5-5: Diagram of Spongy Bone Spongy bone is composed of trabeculae that contain the
osteocytes. Red marrow fills the spaces in some bones.

Blood and Nerve Supply

The spongy bone and medullary cavity receive nourishment from arteries that pass through the
compact bone. The arteries enter through the nutrient foramen (plural = foramina), small
openings in the diaphysis (Figure 5.6). The osteocytes in spongy bone are nourished by blood
vessels of the periosteum that penetrate spongy bone and blood that circulates in the marrow
cavities. As the blood passes through the marrow cavities, it is collected by veins, which then

pass out of the bone through the foramina.
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In addition to the blood vessels, nerves follow the same paths into the bone where they tend to
concentrate in the more metabolically active regions of the bone. The nerves sense pain, and it
appears the nerves also play roles in regulating blood supplies and in bone growth, hence their

concentrations in metabolically active sites of the bone.
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Fig 5-6: Diagram of Blood and Nerve Supply to Bone Blood vessels and nerves enter the

bone through the nutrient foramen.
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6.5 Fractures:

A fracture is a broken bone. It will heal whether or not a physician resets it in its anatomical
position. If the bone is not reset correctly, the healing process will keep the bone in its deformed
position. When a broken bone is manipulated and set into its natural position without surgery,
the procedure is called a closed reduction. Open reduction requires surgery to expose the
fracture and reset the bone. While some fractures can be minor, others are quite severe and
result in grave complications. For example, a fractured diaphysis of the femur has the potential
to release fat globules into the bloodstream. These can become lodged in the capillary beds of

the lungs, leading to respiratory distress and if not treated quickly, death.
Types of Fractures

Fractures are classified by their complexity, location, and other features (Figure 5.7). Table 5.3
outlines common types of fractures. Some fractures may be described using more than one

term because it may have the features of more than one type (e.g., an open transverse fracture).

12
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Closed Open

Fig 5-3: Types of Fractures Compare healthy bone with different types of fractures: (a) closed
fracture, (b) open fracture, (c) transverse fracture, (d) spiral fracture, (e) comminuted fracture,

(f) impacted fracture, (g) greenstick fracture, and (h) oblique fracture

13
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C e m e o mmmm m————

gﬂ:!u?'; Description
Transverse Occurs straight across the long axis of the bone
Obiligue Oceurs at an angle that is not 90 degrees
Spiral Bone segments are pulled apart as a result of a twisting motion
Comminuted Several breaks result in many small pieces between two large segments
Impacted One fragment is driven into the other, usually as a result of compression
Greenstick A partial fracture in which only one side of the bone is broken
Cpen (or A fracture in which at least one end of the broken bone tears through the skin; carries a
compound) high risk of infection
gﬁspfg] (or A fracture in which the skin remains intact

Table 5-3: Types of Fractures

14



