A & P 241:  Human Anatomy and Physiology I

Gary Brady / SFCC Life Sciences 2014
Chapter 6 Notes: The Skeletal System:
Bone Tissue

CONSISTS OF FOUR TYPES OF CONNECTIVE TISSUE (CT):

1. Cartilage    2. Bone    3. Bone Marrow    4. Periosteum

[Osseous (bone) tissue makes up MOST of the skeleton.]

SKELETON= Bony framework that supports and protects organs and allows movement of the body.

FUNCTIONS OF BONE

1. Movement:  Bone provides leverage for muscle contraction.

2. Protection:  Bone protects internal organs from physical injury.

3. Support:  Bone supports soft tissue and provides a point of attachment for skeletal muscles.

4. Mineral storage:  Calcium and phosphorus in bone is available when needed elsewhere in the body.

5. Hemopoeisis:  Blood cell production occurs in RED bone marrow.

6. Energy storage:  YELLOW bone marrow contain lipids, an important source of energy.

DIVISIONS OF THE SKETETAL SYSTEM

1. AXIAL PORTION = 80 bones that are arranged along the longitudinal axis of the body:

Cranium,       Vertebral column

Hyoid bone,    Sternum and Ribs

Auditory ossicles in ear:

   Malleus = hammer

   Incus   = anvil

   Stapes  = stirrup

2. APPENDICULAR PORTION = 126 bones

Appendages = arms, legs, hands, feet

Shoulder = clavicle, scapula

Pelvic bones (hip) = os coxae

CLASSIFICATION OF BONES

1. Long bones = longer than they are wide (eg. Femur)

2. Short bones = cube shaped (eg. Tarsals in ankle)

3. Flat bones = eg. ribs, sternum, scapula, cranium

4. Irregular bones = complex shape (eg. vertebrae)

5. Suture bones = found in cranium (eg. coronal suture)

6. Sesamoid bones = small bones embedded in tendon

   (eg. patella is a sesamoid bone).

ANATOMY (Gross structure) OF LONG BONES

1.  Proximal Epiphysis = proximal end of a long bone, which is spongy (cancellous) bone arranged in a laticework of thin plates of bone called trabeculae.

2.  Diaphysis = shaft of long bone, which is compact (dense) bone tissue made of concentric rings of hard bone.

3.  Distal Epiphysis = distal end of a long bone, with the same structure as the proximal epiphysis.

NOTE:  Epiphyses are usually larger that the shaft of the long bone.

4.  Metaphysis = area where the diaphysis joins the epiphysis.  It includes the epiphyseal plate in growing long bones; a layer of hyaline cartilage that allows the diaphysis to grow in LENGTH.

5.  Medullary cavity = where yellow bone marrow is found

6.  Articular cartilage = found where two bones come together (joint).  Thin layer of hyaline cartilage that covers the epiphyses.  Function is to reduce friction at joint and absorb shock.

7.  Periosteum = thin layer of dense CT membrane around the surface of a bone.

FX = repair and nutrition of bone.  Also, tendons and ligaments attach to it.

8.  Endosteum = membrane that lines the medullary cavity of the bone.  It contains osteoprogenitor cells and osteoclasts.

FOUR MAIN TYPES OF CELLS IN BONE TISSUE

1. Osteoprogenitor = found in inner portion of the periosteum, in the endosteum and canals in bone that contain blood vessels.

FX = undergo mitosis and become osteoblasts.

2. Osteoblasts = cells that form bone tissue.  They secrete collagen and matrix which calcifies to build bone tissue.

3. Osteocyte = mature bone cells; the main cells of bone tissue.  They maintain bone tissue by exchanging nutrients and wastes with the blood.

4. Osteoclast = a cell that is important in the development, growth, maintenance and repair of bone.  These cells destroy bone matrix and their function is resorption of bone (breaking down of bone tissue).

____________________________________________________________

Living bone = bone cells and collagen fibers

Non-living bone = hydroxyapatite = calcium, phosphorus and chemical components of the matrix.

RATIO OF LIVING TO NON-LIVING BONE:

Youth = 1:1, 50%:50%

Adult = 1:2, 33%:66%

Elderly = 1:3, 25%:75%

(bones become more brittle as we age).

BONE HOMEOSTASIS

1. Bone Remodeling = continuous ongoing replacement of old bone tissue with new bone tissue.

Osteoblasts are constantly forming new bone tissue.

And

Osteoclasts are constantly destroying old bone tissue.

CALCIUM HOMEOSTASIS

Bone is a major storage area for calcium.  Calcium ion (Ca++) level in the blood is strictly regulated.  (Calcium is important in heart, nerve, enzyme and blood physiology).

Bone vs. Blood Calcium levels are regulated by the:

1. Parathyroid glands = secrete PTH (parathyroid hormone)

   increased PTH = increased blood calcium level

2. Thyroid gland = secretes the hormone calcitonin.

   increased calcitonin = decreased blood calcium level

SUMMARY:  If the blood calcium levels are HIGH, calcitonin is released by the thyroid gland and osteoblasts are stimulated to build more bone.  This uses calcium so the blood calcium levels decrease to normal.

If the blood calcium levels are LOW, PTH is released by the parathyroid glands and osteoclasts are stimulated to break down bone to release calcium ions and blood calcium levels increase to normal.

____________________________________________________________

FRACTURE AND REPAIR OF BONE

Fracture = break in the bone

Repair involves the following sequence of four events:

1. Fracture hematoma = formation of a blood clot

2. Fibrocartilaginous callus = organization of the fracture hematoma into granulation tissue called a procallus.

3. Bony callus = fibrocartilaginous (soft) callus becomes bony (hard) callus.

4. Remodeling = restoration of the bone to near original structure and form.

____________________________________________________________

Colles' Fracture = break in the distal end of the radius.

Potts Fracture = break in the distal end of the tibia.

(most frequently broken bone in the body = clavicle.)

____________________________________________________________

Exercise and Bone:

Mechanical stress increases deposits of mineral salts and production of collagen fibers.  So, weight-bearing activities such as walking or weight-lifting help build and retain bone mass.

Aging and Bone:

Demineralization (loss of calcium and other minerals from the bone matrix) may result in osteoporosis.

Elderly females, due to lack of sex hormones, (estrogen), and decreased production of matrix (primarily collagen), are more susceptible to bone fractures, (eg. hip fractures).

Compact vs. Spongy Bone:

Compact (dense) bone = 

1. Consists of osteons with very little space between them.

2. Composes bone tissue of the diaphysis.

FX = Protect and support

Spongy (cancellous) bone =

1. Does NOT contain osteons.

2. Consist of trabeculae surrounding many red-marrow filled spaces.

3. Found in short, flat and irregular bones and in the epiphyses of long bones.

FX = store RED marrow and provide some support.

____________________________________________________________

Bone Formation = Ossification

TWO TYPES:

1. Intramembranous Ossification

   Occurs within fibrous membranes.  Mesenchymal cells become osteoprogenitor cells which then become osteoblasts which secrete bone matrix.

   Matrix calcifies and osteoblasts become osteocytes.

   Calcified matrix forms trabeculae of spongy bone containing red marrow.

   Periosteum forms a collar of spongy bone that is then replaced by compact bone. (eg. mandible).

2. Endochondral Ossification

   Formation of bone occurs within a hyaline cartilage model.

   The primary ossification center of a long bone is in the diaphysis.

   Osteoblasts form bone tissue.

   Secondary ossification centers develop in the epiphyses, where bone replaces cartilage, except for the epiphyseal plate.

____________________________________________________________

BONE GROWTH

Epiphyseal Plate = layer of hyaline cartilage in the metaphysis of growing bone.

Structure of the epiphyseal plate:  4 zones (epiphysis to diaphysis): (see photomicrograph in text, Page 170)

1. Zone of Resting Cartilage = anchors the epiphyseal plate to the bone of the epiphysis.

2. Zone of Proliferating Cartilage = layer of chondrocytes stacked like coins in columns.

3. Zone of Hypertrophic (maturing) Cartilage = Large chondrocytes, stacked in columns.

4. Zone of Calcified Cartilage = Only a few cells thick.  Calcified matrix; cements epiphyseal plate to the bone of the diaphysis.

BONE GROWTH FACTORS

During childhood, hGH (human growth hormone) stimulates production of IGF's (insulin-like growth factors).

IGF's are the main hormones responsible for stimulating bone growth.

At puberty, sex hormones, (androgens and estrogens) cause a "growth spurt".

At about 20 years of age, bones stop growing in length because the sex steroids, (mainly estrogens in both males and females), shut down growth at the epiphyseal plate.

Females usually stop growing taller at an earlier age than males due to having higher levels of estrogens.
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