eletal System Lecture

I. Skeletal System Organs

Your bones are strong enough to support your weight, yet light enough to allow movement. Today we will talk about the structure and function of bones and other parts of the skeletal system.

The skeletal system includes several different organs and tissues

A. Bones (206 bones in an adult skeleton)

B. Cartilages

C. Joints

D. Ligaments

Although you don't typically think of bones as organs, they are because they contain several different tissues. They have bone tissue, nervous tissue (in nerves), blood tissue (in blood vessels), cartilage (in articular cartilage) and epithelial tissue (lining the blood vessels)

II.  Functions of the Skeletal System

A. Support  and Protection

Provides a framework that supports the body.

Protects many internal organs from mechanical injury:

· the rib cage protects the heart and lungs

· the pelvic girdle protects most of our reproductive and some digestive organs. 

· the vertebral column protects our spinal cord 

· the skull protects our brain;  

B. Movement

Also muscles attached at their ends to bone (via tendons) can contract and exert a pull on the skeleton. 

C. Blood Cell Production (Hemopoiesis)

Different blood cells such as red blood cells, white blood cells and other blood elements are made within the red marrow by a process called hemopoiesis or hematopoiesis. 

Red marrow fills the internal cavities of many bones. 

D. Storage of Mineral and Energy Reserves

Bones provide a storage site for calcium and phosphate. 

When calcium and phosphate are needed by the body, some bone connective tissue is broken down and the calcium and phosphate are released into the bloodstream.

Calcium is essential for blood clotting and proper functioning of muscles and nerves.

Phosphate is needed to make ATP (immediate source of energy). 

Bones also store lipids in areas of yellow marrow as an energy reserve.
III. Cartilage in Skeletal System

Along with bones, the skeleton contains cartilages, which are more flexible and resilient than bones (though not as strong).

Recall there are 3 major kinds of cartilage:

A. Hyaline Cartilage

1. Fetal Skeleton

2. Articular Cartilage (ends of long bones)

3. Costal Cartilage (connect ribs to sternum)

4. Larynx (including epiglottis)

5. Trachea 

6. Nose

B. Fibrocartilage

1. Intervertebral Discs 

2. Pubic Symphysis

3. Menisci of Knee Joints

C. Elastic Cartilage

1. External Ear

2. Epiglottis of Larynx

IV. Structure of Long Bones

Long bones contain sites of strength, growth and reshaping and structures associated with joints. The parts of a long bone include the following:

A. Diaphysis

(Dia = through, between; -physis = to generate) 

The diaphysis is the long shaft of the bone. 

It is composed primarily of compact bone (dense bone) and therefore provides considerable strength.
B. Epiphysis
(epi = on; physis = to generate)

The enlarged ends of the long bone are the epiphyses. 

Each epiphysis consists of a thin layer of compact bone overlying spongy bone. 

It is at the epiphyses where one bone contacts another in a joint to allow for movement. The epiphyses of a bone articulates, or meets, with a second bone at a joint.

C. Metaphysis

The metaphysis is the region in a mature bone sandwiched between the epiphysis and diaphysis.

1. Epiphyseal (Growth) Plate

In a growing bone the metaphysis contains a band of hyaline cartilage located at the ends of long bones, called the epiphyseal (growth) plate. It is here that bones grow in length as we'll discuss later.

2. Epiphyseal Line 

As a person ages during puberty and into adulthood, the epiphyseal plate ossifies and becomes becomes a thin line of compact bone called an epiphyseal line. When the epiphyseal line forms, bones can no longer grow in length. The age at which the epiphyseal line forms in each bone is pretty regular and this is used in forensics to determine the age of a body. 

D. Articular Cartilage

The articular cartilage is a piece of hyaline cartilage found on the outer surface of the epiphysis. 

It forms a smooth, shiny surface that decreases friction within a joint. 

Because a joint is also called an articulation, this cartilage is called articular cartilage.

E. Medullary Cavity (Marrow Cavity)

The medullary cavity is the cylindrical space within the diaphysis.

This cavity is filled with bone marrow. 

a. Red Marrow

Red marrow (where blood is made) 

In infancy, the hollow center of the diaphysis is filled with red bone marrow for blood cell production. 

Red marrow is slowly replaced by yellow marrow as we get older, so that we only have enough red marrow to meet our needs in blood cell production. 

b. Yellow Marrow

Yellow marrow (where fat is deposited). 

F. Endosteum

(endo = within or into; osteum = bone) 

The endosteum is a thin membrane that lines the medullary cavity and the central canals of osteons.

Like the periosteum this has osteoprogenitor cells osteoblasts and osteoclasts, which I'll talk about in a minute. 

The endosteum is active during bone growth and whenever repair or remodeling is needed by the bone.

G. Periosteum

(peri = around; osteum = bone)

All bones are surrounded by a thin membrane called a periosteum except at the ends where articular cartilage is found. 

The periosteum is made up of dense irregular connective tissue and so, contains a lot of collagenous fibers .

The periosteum is anchored firmly to the outside of the bone on all surfaces except the articular cartilage. 

The periosteum 

1. protects the bone

2. has osteoblasts and osteoclasts involved in widening bones and in fracture repair.. 

3. has blood vessels that nourish the underlying bone. 

4. has lots of nerves (this is why broken bones are painful and really bleed)

H. Compact  and Spongy Bone

Compact bone is dense bone. This is located in the long shaft (diaphyses) and in the epiphyses where stresses come from a limited range of directions. 

Spongy bone is not dense bone. There are large spaces between pieces of bone. It is located on the epiphyses where stresses are few or come from many different directions.

V. Bone Tissue

Recall bone tissue is a type of connective tissue. Like all connective tissues, it is made up of cells, protein fibers, and ground substance.

A. Cells 

There are 3 major types of cells are found in bones.

1. Osteoprogenitor Cells

These are stem cells derived from mesenchyme (embryonic connective tissue). 

Function: When they divide they produce another stem cell and a "committed cell" that matures to become an osteoblast.

2. Osteoblasts

(osteo = bone; blasts = precursor) 

Structure:

Rectangular-shaped cells

Function:

They are responsible for making new bone. They make new bone matrix (protein fibers and ground substance) and promote the deposition of calcium salts in the matrix.

When an osteoblast becomes completely surrounded by calcified matrix, it differentiates into (becomes) an osteocyte. 

3. Osteocytes

(osteo = bone; cytes = cells)

Structure:

Spider-shaped bone cells 

Function:

Regulate the amount of calcium that is deposited in or removed from the bone matrix. 
4. Osteoclasts
(osteo = bone; clasts = break)
Structure:

These are giant cells with 50 or more nuclei

Function 

Bone destruction. Acids and enzymes secreted by osteoclasts dissolve in the bony matrix and release stored minerals.

B. Protein Fibers 

1. Collagen

Mostly collagen. The collagen gives bones their overall flexibility and strength (to resist stretching and twisting).

C. Ground Substance 

1. Gel-like 

2. Calcium Phosphate Salts

The ground substance is hardened and calcified by crystals of calcium phosphate salts Ca3(PO4)2.
The calcium phosphate salts incorporate others salts and ions to calcify the bone.

[Laura: Calcium phosphate salts interact with calcium hydroxide to form crystals of hydroxyapatite or Ca10(PO4)6(OH)2.]

VI. General Structure of Spongy and Compact Bones

A. Lamellae

Lamellae are made of calcified matrix (calcium phosphate salts and collagen). 

B. Osteocytes

C. Lacunae

These are depressions (pits) where the "body" of the spider-shaped osteocytes live.

D. Canaliculi

These are little canals or channels where the "spider legs" of the osteocytes sit.

These little channels connect neighboring lacuna to one another and to the capillaries in the central canals.

VI.  Differences in Structure of Compact Bones vs. Spongy Bones

A. Compact Bones 

1. Osteons or Haversian Systems

In compact bone, the matrix is organized in concentric rings to form the functional units of bone called osteons.

Each osteon is made up of the following parts: 

a. Central Canal (Haversian Canal)

The central canal is a space in the middle of each osteon that allows blood vessels and nerves to penetrate through the hard material. 

The network of blood vessels ensures that the bone cells receive an adequate supply of blood. 

The central canal is lined by endosteum.

b. Concentric Lamellae 

The matrix is organized in concentric rings called lamellae.

2. Perforating (Volkmann) Canals

These are spaces or canals filled with blood vessels and nerves that run perpendicular to the central canals and help connect multiple central canals.

B. Spongy Bones

1. No Osteons

In spongy bone, the lamellae are flat plates parallel to each other, not in concentric rings. 

a. Trabeculae (Plates of lamellae)

These flat plates are called trabeculae (trabecula = wall)
The osteocytes and canaliculi are found on these plates.

The plates are separated by irregular spaces, or holes, and give spongy bone a punched out “Swiss cheese” appearance. 

The spaces in the bone are important because they decrease the weight of the bone.

b. Blood Vessels, Nerves and Bone Marrow in Spaces

Blood vessels, nerves, and bone marrow are found in these spaces.

VIII. Bone Formation

Ossification (also called osteogenesis) is the process of forming bone tissue (that is replacing other tissues with bone.) It begins 6 weeks after fertilization when the embryo is 0.5 inches (12 mm) long!.

The skeleton of the human embryo initially consists of 

1. hyaline cartilage in the shape of the future bone or 

2. mesenchyme (connective tissue in embryos in the dermal layer of the skin. Mesenchyme can give rise to all types of connective tissue). 

Ossification occurs when bone tissue eventually replaces the hyaline cartilage and the mesenchymal membranes.

A. Intramembranous Ossification

(intra = within; membranous= membrane))

Intramembranous ossification is when bone develops within the mesenchyme sheets that are in the dermal layer of skin.

This type of ossification occurs in flat bones of the skull (FPOT), maxilla (mack SILL ah) and mandible (upper and lower jaw bones), zygomatic (cheekbone), lower and clavicles (collarbones).

1. Ossification Centers Form

a. Mesenchymal cells divide giving rise to osteoprogenitor cells. The osteoprogenitor cells divide giving rise to osteoblasts.

b. The osteoblasts secrete bone matrix.

2. Bone Matrix Calcifies

The bone matrix hardens. When the osteoblasts are surrounded by matrix they differentiate into osteocytes.

3. Woven Bone and Periosteum Form

Woven bone (primary bone) is newly formed bone tissue. It is not well organized.

The mesenchyme that still surrounds the woven bone eventually forms periosteum (dense irregular tissue). 

More bone is formed and blood vessels penetrate.

4. Lamellar Bone Replaces Woven Bone

Lamellar bone (secondary bone) replaces the trabeculae of woven bone on the outer surfaces to become compact bone. 

Most flat bones are a "sandwich" of compact bones as "bread" and spongy bone between bread.

B. Endochondral Ossification

(endo = inside; chondro = cartilage)

In endochondral ossification, the bone replaces an existing hyaline cartilage. The cartilage is in the shape of the future bone. This process starts when the embryo is late in the 2nd month of development and continues until early adulthood.

.

This type of ossification occurs in many long bones.

1. Fetal Hyaline Cartilage Model Develops

The fetal hyaline cartilage in the shape of future bones happens during 8th to 12th week of development.

The cartilage is surrounded by perichondrium (dense irregular tissue).

2. Cartilage Calcifies and a Bone Collar Forms

a. Chondrocytes (cartilage cells) at the center of the growing cartilage model enlarge, the matrix begins to calcify, and then the chondrocytes die (no nutrients can get to them).

b. Blood vessels invade the cartilage at the diaphysis (shaft) Cartilage cells become osteoblasts.  Osteoblasts begin secreting matrix.

c. The perichondrium becomes periosteum.

3. Primary Ossification Center Forms in Diaphysis

a. Blood vessels penetrate the inner region of the cartilage in the inner region of the cartilage. 

b. New osteoblasts form at the primary ossification center. 

c. Then they start to form spongy bone towards each end of the shaft.

4. Secondary Ossification Centers Form in Epiphyses

Blood vessels invade the epiphyses and osteoblasts form secondary centers of ossification. 

Osteoclasts break down bone to form the marrow cavity.

5. Bone Replaces Cartilage with Exceptions

Bone replaces cartilage, except at the articular cartilage and the epiphyseal plates. 

The cartilage on the epiphysis continues to grow, making the bone longer. The osteoblasts continue to invade the new cartilage and replace it with bone.

It is like 2 joggers running at same speed.

6. Epiphyseal Plates Ossify and Form Epiphyseal Lines

Then sex hormones increase at puberty and osteoblasts “out run” the cartilage and you form the epiphyseal line. 

IX. Bone Growth

A. Interstitial Growth (Length)

Lengthwise bone growth is called interstitial growth.  This type of growth occurs in the epiphyseal plate as described earlier

B. Appositional Growth (Thickness)

An increase in the diameter of a bone is called appositional growth. This type of growth occurs within the periosteum

C. Bone Remodeling

Even when a bone reaches its adult size, the bone continues to reshape itself throughout a person's lifetime.

Remodeling is the continuous removal and replacement of the protein and mineral parts of the bone.  This occurs to maintain calcium and phosphate levels and also when a bone breaks or or when you exercise a lot and build up the muscles that attach to the bones.

This occurs because the osteocytes constantly maintain the matrix by removing and replacing the surrounding calcium salts. The osteoclasts and osteoblasts also continue their activities.

X. Joints

Articulations or joints are places where two bones interact. The human body has over 230 moveable or partially moveable joints.

Joints are classified by both structure and function

A. Classification of Joints by Structure (type of connective tissue that binds the bones)

1. Fibrous joints are joints where 2 bones are held tightly together by dense regular connective tissue (also called fibrous tissue). 

There is no space (joint cavity) between the 2 bones. 

These types of joints have little or no movement 

Ex: between the bones of the skull (e.g. sutures), and between radius and ulna and between tibia and fibula.

2. Cartilagenous joints are joints in which a pad of cartilage separates the bones. 

Again there is no space (joint cavity) between the 2 bones.

These types of joints permit little or no movement. 

Ex: between the vertebrae (intervertebral discs;) and between the two bones of the hip (pubis symphysis). In these 2 cases the cartilage is fibrocartilage.

Ex: between ribs and sternum (in this case the cartilage is hyaline cartilage).

3. Synovial joints 

(syn = together)

These joints are joints between 2 bones whose ends are covered with articular cartilage.

Here there is a space between the 2 bones.

Such joints permit free movement.

Ex: in many places such as between femur and hip bone; humerus and scapula and in knee joint.

B. Classification of Joints by Function 

Joints can also be classified by their function. (Range of motion they permit)

1. Synarthroses (IMMOVABLE)

 (syn= together; arthros = joint)

Are immovable joints. The edges of the bone are very close together and may even interlock. 

Ex: Bones between skull.

2. Amphiarthroses (SLIGHTLY MOVABLE)

(amphi=on both sides)

These are slightly movable joints. The bones are usually father apart than with a synarthroses joint. 

Ex: distal joint between tibia and fibula or between the vertebrae; pubic symphysis.

3. Diarthroses  (Synovial Joints) (FREELY MOVABLE)
(dia = through) 

These are freely movable joints and are much more complex than the other two types of joints.

Ex: synovial joints at knees, hips, and 

C. Structure of Synovial Joints

1. Fibrous Capsule 

This is a layer of dense connective tissue found between 2 bones)This is defined as a dense collagen fiber sleeve 

Is formed by ligaments and is continuous with the periosteum of bone

Function: Strengthens the joint to prevent the bones from being pulled apart.

2. Synovial Membrane 

This is membrane that lines the joint capsule wherever there is no articular cartilage and is made mostly of areolar tissue and also some squamous or cuboidal cells that lack a basement membrane.

Function: secretes a lubricating synovial fluid 

3. Synovial Fluid

This is a substance secreted by synovial membranes.

Function: 

1. lubricates joints 

2. nourishes the articular cartilage's chondrocytes 

3. acts as a shock absorber.

4. Synovial Cavity (Joint Cavity)

This is space between the ends of a joint. 

Function: It is filled with synovial fluid.

5. Articular Cartilage 

This is a pad of hyaline cartilage that covers the epiphysis of a long bone 

Function: 

1. reduces friction during movement

2. Acts as shock absorber

3. Prevents damage to articulating ends of the bonds.

6. Ligaments

This is a band of dense regular connective tissue.

Function: attach two bones together ; (remember “l” in “like” and “l” in “ligament”; tendons attach muscle to bone)

7. Bursae

A small sac of connective tissue lined with synovial membrane filled with synovial fluid found where a tendon or ligament rubs against other bones or tissues.

Function: Keeps tendon or ligament from rubbing against other bones or tissues.

8. Fat Pads

This is an additional padding of adipose tissue found between certain bones. 

Function: When the bones move, the fat pads fill in the spaces created as the joint cavity changes shape.

9. Menesci (men IS kee) 
This is also an additional padding that is found between certain bones such as in the knee joint and jaw joint where the 2 bones surfaces do not fit smoothly. 

It is made of a fibrocartilage tissue.

Function: It fills the gaps and improves the fit of the 2 joints so that the load is distributed more evenly 
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