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Bone Biology & the Muscular System

Lecture 2: 

Supporting Connective Tissue:  Cartilage and Bone
Cartilage:  Avascular tissue  consisting of cells in small cavities surrounded by a hard, flexible gel matrix, with different denisties and types of protein fibers


Cartilage is elastic and compressible
Major Types of Cartilage:
1. Fibrocartilage:  Less intercelluar matrix, more fibers, strength with flexibility, found in intervertebral discs, sacroiliac joint, pubic symphysis
2. Elastic cartilage:  lots of elastic fibers; supports the external ear, supports larynx

3. Hyaline cartilage:  Covers bone ends at synovial joints, supports nose, larynx, forms cartilage model of some bones in embryonic/fetal development

Bone:  Unique because its matrix is mineralized (65% mineral, 35% organic tissue by weight)
Histology and Metabolism of Bone
There are two types of bone:  immature and mature

1.  Immature (e.g. woven bone)



--Forms rapidly, has high number of osteocytes, collagen fibers randomly organized



--prenatal bone, bone repair after fracture, bone tumors




--Former two cases, it is replaced by mature bone


2.  Mature, or lamellar bone (Compact and trabecular (spongy) bone)



--laid down more slowly than immature bone



--more orderly structure

Functions of Bone

1.  Mechanical Functions


--protect and support soft tissues


--anchor muscles, tendons and ligaments

2.  Physiological Functions


--centers for production of blood cells


--storage facilities for fat


--reservoir of important elements such as calcium

Bone is a dynamic tissue

--It is a composite material, formed of protein (collagen) and mineral (hydroxyapatite)


--Bone is lightweight and strong


--Grows during life


--Is shaped and reshaped by cells that reside within it;



--bone that is habitually subjected to stress will be remodelled to accomodate that stress

1869:  German anatomist Julius Wolff

Wolff’s law (law of bone transformation):  bones are remodelled during life to fit their mechanical functions.  Bone is laid down where needed, resorbed where it is not needed.

BONE
All bones have two basic structural components:  compact and spongy bone

--Compact (cortical) bone is the dense bone found in shafts and on external bone surfaces

Molecular Structure of bone
Bone tissue is a composite of both organic (35% by weight) and inorganic (65% by weight) materials:


--Collagen, 90% of bones organic content



--is the most common protein in the body


--Hydroxyapatite, calcium phosphate mineral

Combination of these two components make bones both strong and flexible

Lecture 3:
Bone Formation--Ossification
1.  Intramembranous ossification

2.  Endochondral ossification

1. Intramembranous ossification 


--bone is formed in a connective tissue sheet without being preformed in cartilage.



--e.g. flat bones of the skull (parietals)



--osteoblasts deposit bone, osteoclasts resorb bone, bone grows and is reorganized until it reaches its adult size and shape

Fontanels:  soft areas in the skull of a new born covered only by a membrane.  


--makes skull pliable for passage through the birth canal

2. Endochondral ossification
Long bones, portions of the skull
Ossification occurs within the cartilage model as it is penetrated by blood vessels

Primary centers appear before birth

secondary centers appear before or after birth
Bone Growth

Appositional growth

--osteoblasts just beneath the periosteum deposit bone layer by layer


--osteoclasts on the endosteal surface remove bone

Allows shaft diameters to enlarge during development
Longitudinal growth

Growth in length occurs through another process:

Sandwiched between the primary center of ossification (metaphysis) and the secondary centers of ossification (epiphyses) is the EPIPHYSEAL PLATE


--It is a layer of cartilage


--It grows away from the shaft center


--The growing cartilage is replaced by bone on the diaphyseal side of the plate


--This lengthens the bone


--Growth ends when the cells of the growth plate stop dividing


--The epiphyses fuse with the diaphysis

Bone remodeling
Haversian system or osteon, basic unit of mature, compact bone

Haversian canal passes through the core of the system

--blood, lymph, nerve vessels

Volkmann’s canals 


--pierce the bone tissue obliquely and at right angles from the periosteal and endosteal surfaces to link the haversian canals

lacunae:  with osteocytes (living bone cell)

canaliculi:  fluid filled channels allowing nutrients to pass from the Haversian canal

Cells involved in forming/maintaining bone tissue
1.  Osteoblasts:  bone forming cells produce and deposit bone material


--concentrated just beneath the periosteum, also within perio- and end-osteum
2.  Osteocytes:  Osteoblasts surrounded by bony matrix
3.  Osteoclasts:  Resorb (remove) bone tissue
Bone is remodelled by: 
--osteoclasts removing bone


--osteoblasts depositing bone
Resorption:  the removal of a substance by absorption


Lecture 4:
Bones as elements in the musculoskeletal system
The musculoskeletal system

--is a system of boney levers operated by muscles

Joint:  connection between different skeletal elements

--bones are linked together by connective tissue



--ligaments and cartilage
Ligaments are cords, bands or sheets of collagenous bundles


--extend between the bones forming a joint.


--they resist tension, permitting only movements compatible with the function of the joint.

Cartilage:  connective tissue largely composed of the protein collagen that takes the form of firm gel and which is avascular

--it is more flexible than bone

Bones are moved by muscles acting directly on the bones or via tendons
Movement at joints 


limited by the shapes of the articular surfaces of the bones and by the ligaments that bind joints together

Joints
Three major types of joints
1. Fibrous joint:  bones connected by fibrous connective tissue providing little or no movement.


--Sutures between flat bones of skull

--interosseus ligaments (e.g. between the ulna and radius)
2.  Cartilaginous joint (synchondroses):  Bones are connected by cartilage connective tissue permitting little or no movement


--intervertebral disks

--cartilaginous disk between the epiphysis and diaphysis of a growing bone


--cartilage between ribs and sternum

3.  Synovial joint:  Articular ends of bones covered with a thin layer of hyaline cartilage, articulate in a cavity lined by a membrane which secretes a viscous fluid, called synovial fluid.  The joint is surrounded by a fibrous capsule interlaced with ligaments and tendons.

--durability, smooth movement with little friction

Movement in the skeleton takes place largely at synovial joints.  


--Muscles contract across joints between bones
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