CHAP 6  - BONE TISSUE

   Functions – support  - structural framework

                       Protection -  protect internal organs

                       Movement – assist in this function 

                       Mineral storage – calcium, phosphorus, 

                       Blood cell production – red bone marrow – RBCs, WBCs, platelets

                       Triglyceride storage – yellow bone marrow in adults

Bone Shapes
    Long – long and slender  - arm and leg bones      

    short – small and boxy – wrist and ankle bones

    Flat – thin roughly parallel surfaces – skull bones     

     irregular – complex or ridged surfaces - vertebrae

    Sesamoid -  small, flat, shaped like sesame seed – patella

Structure of long bone 

     Diaphysis – shaft         epiphysis – end  distal or proximal     metaphysis – joining region 

                And includes plate in growing bone

    Articular cartilage -  hyaline cartilage covering ends     reduces friction 

    Periosteum – sheath of irregular connective tissue covering bone not covered by articular cartilage

                           Has bone forming cells for expansion, also helps nourish bone 

    Medullary cavity – space in diaphysis

    Endosteum – has bone forming cells and lines medullary cavity

Cell Types 

     Osteogenic cells – stem cell  in periosteum, endosteum, central canal 

     Osteoblasts – bone building cells   synthesize and secrete collagen fibers and organic matrix

                            Initiate calcification

     Osteocytes – mature bone cells  from osteoblasts which get trapped in lacunae 

                          No synthesis and secretion    nutrient exchange

     Osteoclasts – huge cells from fusion of up to 50 monocytes concentrated in endosteum

                         Ruffled plasma membrane next to bone secretes lysosomal enzymes and acids to digest

                          Bone    destroy bone matrix

Matrix has inorganic salts – calcium phosphate – hydroxyapatite crystals 

           Bone hardness due to inorganic salts    flexibility due to collagen fibers

           Calcification starts in tiny spaces between collagen fibers

Compact bone 

      Haversian system        perforating or Volkmann’s canals    osteon      central or haversian canal

      Concentric lamellae       canaliculi        interstitial lamellae       circumferential lamellae  inner and 

       Outer

Spongy bone

       Trabeculae -  thin lamellae, lacunae, osteocytes, canaliculi         found in short, flat and irregular bones

         Lighter than compact  bone        no true osteons      osteocytes get nourishment from blood

        Trabeculae in spongy bone oriented along stress lines

        Located where bones not heavily stressed or where stress commes from many directions

        In adult hemopoiesis only in hip bones, ribs, breastbone, backbones, ends of some long bones

  Periosteum and endosteum 

        Periosteum – function – 1) isolates bone from other tissue    2) route for circulatory and nerve supply

                    3) actively participates in bone growth and repair

         endosteum – function – active in bone growth, repair and remodeling 
Bone scan – diagnostic procedure    tracer compound used IV    degree of uptake related to amt. Of blood 

          Flow            normal bone gray     can get hot spots or cold spots

          Hot spots may indicate cancer, abnormal healing or growth 

          Cold spots have decreased activity – decalcified bone, bone infections, bone fractions

Blood and nerve supply

          Periosteal arteries along with nerves enter the diaphysis via perforating or Volkmann’s canals

          At center of diaphysis is nutrient artery entering through nutrient foramen to medullary cavity 

                Where it divides into proximal and distal branches

           Ends of long bones supplied by metaphyseal and epiphyseal arteries from arteries for joints

           Veins evident in 3 places: 1) 1 or 2 nutrient veins enter diaphysis with arteries  2) epiphyseal

            And metaphyseal veins exit where the arteries enter  3) many small periosteal veins exit periosteum

            Nerves accompany blood vessels – very sensitive to pain

BONE FORMATION   -   ossification or osteogenesis

            Starts at 6 or 7 weeks of life & follows pattern 1 or 2 

     Pattern 1 – intramembranous ossification – bone formation within or on fibrous connective tissue

                     Membranes formed by condensed mesenchymal cells  no cartilage stage 

                      Flat bones of skull and mandible formed this way

1) mesenchymal cells cluster and differentiate first into osteogenic cells then into osteoblasts     cluster site called center of ossification 

osteoblasts secrete organic matrix of bone until completely surrounded

2) secretion stops and osteoblasts become osteocytes in lacunae with cytoplasmic 

           extensions into canaliculi radiating in all directions      in few days mineral salts

             are deposited and bone hardens or calcifies 

3) trabeculae form which fuse with each other to form networks of spongy bone

blood vessels grow between trabeculae and mesenchyme along surface of newly

 formed bone   connective tissue associated with blood vessels differentiates into

   red bone marrow

4) on outside mesenchyme condenses and forms periosteum where superficial layers of 

spongy bone replaced by thin layer of compact bone    spongy bone remains at the center

  most newly formed bone is remodeled (destroyed and reformed)

    Pattern 2 – endochondrial ossification – replacement of cartilage by bone   forms most bones of the body

1) development of the cartilage model – mesenchymal cells collect in shape of bone and 

differentiate into chondroblasts which produce a cartilage matrix (hyaline cartilage) 

membrane called perichondrium develops around the cartilage 

2) growth of cartilage model – chondroblasts embedded in matrix called chondrocytes

2 ways to grow  -  interstitial growth – from within – chondrocytes divide and new matrix is formed               also appositional growth – from without – more matrix added

to outside periphery by new chondroblasts which develop from the perichondrium

 as growth continues middle chondrocytes get very large (collect glycogen and make certain enzymes)   some burst and this changes pH of matrix causing calcification

 some die from lack of nutrients & lacunae form 

3) development of primary ossification center – a nutrient artery penetrates the 

perichondrium  & calcifying cartilage through a nutrient foramen, causing osteogenic

cells in the perichondrium to differentiate into osteoblasts 

 cells secrete a thin layer of compact bone called periosteal bone collar and when 

   perichondrium starts to form bone it’s called periosteum

  in middle of cartilage  periosteal capillaries grow into disintegrating calcified cartilage

      capillaries and osteoblasts, osteoclasts, red bone marrow cells all called periosteal 

      bud      start growth of primary ossification center     get spongy bone formation then

       osteoclasts break down trabeculae in center forming medullary cavity  which fills 

        with red marrow

     primary center proceeds inward from outside

4) development of secondary ossification centers – occur when blood vessels enter the 

epiphysis  usually around birth    similar to #3 except spongy bone is not broken down 

in the center and secondary ossification proceeds outward from the center

5) formation of articular cartilage and epiphyseal plate – hyaline cartilage covering 

epiphyses become articular cartilage and hyaline cartilage remains between diaphysis

and epiphysis as the epiphyseal plate until adult 

BONE GROWTH                       

BONE GROWTH        

    In childhood all bones grow by appostional growth and long bones lengthen by adding bone material on 

      The diaphyseal side of the epiphyseal plate      bones stop at about 25

Nlarges

  Growth in Length

    Epiphyseal plate is a layer of hyaline cartilage in the metaphysis of a growing bone 

       4 zones

1) zone of resting cartilage – nearest the epiphysis & has small scattered chondrocytes which do not 

function in bone growth but anchor epiphyseal plate to bone of epiphysis

          2)    zone of proliferating cartilage – chondrocytes divide to replace dead ones at diaphyseal side of 

                  epiphyseal plate

3) zone of hypertrophic cartilage – chondrocytes are larger and remain in columns 

lengthening of the diaphysis results from cell division in zone of proliferation and maturation 

in the zone of hypertrophic cartilage

4) zone of calcified cartilage – only a few cells thick & has mainly dead chondrocytes as matrix 

around has calcified

calcified cartilage is dissolved by osteoclasts and then invaded by osteoblasts and capillaries

from the diaphysis      osteoblasts make bone matrix which replaces calcified cartilage   

so diaphyseal side of epiphyseal plate firmly attached to bone of diaphysis about 18-25 epiphyseal plate closes and is replaced by epiphyseal line  clavicle is last bone to stop a bone fracture which destroys or damages the epiphyseal plate the fractured bone may be  

shorter since damage to cartilage accelerates closure of epiphyseal plate

 Growth in Thickness

    Only by appositional growth

1) on the surface periosteal cells differentiate into osteoblasts & secrete collagen fibers and 

other organic molecules for the bone matrix which then surrounds the cells which change into

osteocytes     the process forms bone ridges around a periosteal blood vessel

           2)    ridges fold together and fuse and the groove elongates into a tube     former periosteum becomes

                  endosteum lining the tunnel

3)    bone deposition by osteoblasts from the endosteum form new concentric lamellae which               

       proceeds inward toward the periosteal blood vessel so tunnel fills and new osteon forms

4) as new osteon is forming osteoblasts under the periosteum deposit new oute circumferential

lamellae thickening the bone further   then # 1 repeats

also bone is being destroyed by osteoclasts in the endosteum so medullary cavity          

Factors Affecting Bone Growth 

      
Need dietary intake of minerals and vitamins      need sufficient levels of some hormones

       
Much calcium and phosphorus and smaller amt. Of fluoride, magnesium, iron, manganese,

       
Vitamin C for synthesis of collagen and for differentiation of osteoblasts into osteocytes

        
Vitamin K and B12 needed for protein synthesis      vitamin A stimulates osteoblasts

       
In childhood insulin-like growth factors (IGFs) are important     produced by bone tissue and 

By the liver     promote cell division at the epiphyseal plate and in the periosteum enhance       synthesis 

Of proteins needed for new bone growth         IGF production controlled by human growth hormone

          
Made in anterior pituitary  thyroid hormones also important  from throid gland

           
Insulin from pancreas also needed for normal growth

At puberty ovaries in females and testes in males secrete sex hormones – estrogens from ovaries and

              Testosterone from the testes     each has low levels of the other hormone       these hormones cause 

              Initial growth spurt and estrogens cause changes in the female skeleton (wider pelvis)    but 

              Estrogen especially shuts down bone elongation at the plate   occurs earlier in females as they have

              Higher levels of estrogen
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Bone Remodeling 

   An ongoing process   osteoclasts make small tunnels and osteoblasts rebuild them    cycle can take short

     Time – 2-3 months – or much longer             distal part of femur renewed every 4 months   

                  Injured bone remodeled in the healing process

   Bone resorption – bone destruction by osteoclasts – releases lysosomal enzymes and acids to destroy the 

       Bone       enzymes destroy organics and acis destroy inorganics 

   Control of bone growth and remodeling

       Complex process – several hormones involved and so are locally produced substances    estrogens slow 

        Resorption by causing apoptosis of osteoclasts     also involved are parathyroid hormone and 

          Vitamin D 

Fracture and repair 

    Fracture is any break in the bone     names reflect severity or shape or position of break

  Open – broken ends break through the skin

  Closed – no broken skin

  Comminuted – bone splinters at break site and have smaller pieces between 2 main fragments

  Greenstick – partial fracture one side of bone    only in children where bones not fully pssified

  Impacted – one end forcefully driven into the other end

  Pott’s fracture – distal end of lateral fibula with injury to distal tibial articulation

  Colles’ fracture – fracture of distal end of lateral forearm bone the radius with distal fragment displaced 

     Posteriorly

  Stress fracture – microscopic fissures without evidence of injury    result from repeated strenuous activites

        Running, jumping, aerobic dancing        also from disease where mineralization is poor   25% - tibia

 Repair – 4 steps

1) formation of fracture hematoma – blood vessels break, so get a clot  6-8 hrs after break

blood flow stops at the site so bone cells die     get influx of  new capillaries, phagocytes and 

  osteoclasts arrive,   these remove dead cells and bone debris   also get swelling and inflammation

 lasts several weeks

2) fibrocartilaginous callus forms – incoming new capillaries helps organize tissue into granulation tissue  called procallus      fibroblasts from periosteum and osteogenic cells from periosteum,

endosteum, red bone marrow invade procallus     fibroblasts produce collagen

osteogenic cells differentiate into chondroblasts and make fibrocartilage so procallus becomes 

 fibrocartilagenous callus – mass of repair tissue bridging the gap or the broken ends

 lasts about 3 weeks

3) bony callus formation – areas close to healthy bone osteogenic cells differentiate into osteoblasts 

and start making spongy bone & trabeculae join living and dead portions of bone fragments

fibrocartilage converted to spongy bone and and callus becomes bony callus

3-4 months

4) bone remodeling – dead portions removed and replaced by spongy bone with compact bone on 

outside    can get complete repair    but can take months

Blood calcium levels 

         99% of calcium in body is in bones       blood calcium levels maintained 9-11 mg/100ml

          too high – heart stops    too low – breathing stops

          most important hormone is parathyroid hormone (PTH) from the parathyroid gland 

          low calcium levels cause increased production of PTH causing increased number and activity of

          osteoclasts  which increase bone resorption and increased calcium levels in blood

          increased calcium in blood causes increased secretion of calcitonin by parafollicular cells in the 

          thyroid             calcitonin inhibits activity of osteoclasts, speeds up blood calcium uptake by bone

         and accelerates bone deposition of calcium      causes blood calcium levels to return to normal

