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A&P 

Chapter 7: Bones 

The skeletal system = bones, cartilage, & ligaments joined together to form a strong, flexible framework 

for the body. 

Cartilage = covers many joint surfaces. 

Ligaments = holds bones together; connect bone to bone. 

Tendons = connect muscle to bone. 

Skeletal Functions 

1. Protection = bones enclose and protect vital organs. The skull protects the brain, the vertebral 

column protects the spinal cord, the ribs protect the heart and lungs, etc. 

2. Support = bones provide the framework for the body and provide support for the muscles. 

3. Movement = the action of muscles on bones makes limbs move, lungs breathe, etc. 

4. Electrolyte balance = bones store calcium and phosphate and release them when needed. 

5. Acid-base balance = bone tissue buffers the blood against excessive pH by either absorbing or 

releasing alkaline phosphate or carbonate salt. 

6. Blood formation = red bone marrow is what generates new blood cells. 

Osseous Tissue & Bones 

Bone tissue is hard due to calcification, also called mineralization, which is due to deposits of calcium 

phosphate and other minerals. 

We need calcium to make bones. Where does the calcium come from? From our blood. 

Bone Shapes 

1. Long bones = important for body movement. Includes the humerus, radius, ulna, femur, tibia, & 

fibula, metacarpals, metatarsals, & phalanges. The long bones are acted on like levers as skeletal 

muscles use them to produce movements. Long bones are longer than they are wide. 

2.  Short bones = equal in length and width. Includes 30 carpal and tarsal bones, and the patella. 

3. Flat bones = flat, sometimes curved bones, such as the cranial bones, the sternum, scapula, ribs, and 

hip bones. They usually protect soft organs (like the brain). 

4. Irregular bones = these are bones that don’t fit into the long, short, or flat category. The vertebrae, 

sphenoid, & ethmoid bones are examples. 

5. Sesamoid = bones that form within some tendons in response to strain. The patella is a sesamoid 

bone. 
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Long Bones 

Long bones have 2 ends, called the epiphysis. The distal end is further from the trunk; the proximal end 

is closest to the trunk. The middle of the long bone is called the shaft, or diaphysis. Long bones are 

made of both compact and spongy bone – compact on the outside, spongy on the insides of the 

epiphysis.  There is a cavity within the diaphysis that holds the bone marrow. This cavity is called the 

medullary cavity, or the marrow cavity.  At the surface of the joint where one bone meets another, 

there is a layer of articular cartilage, which helps the joint to move easier. It’s made of hyaline cartilage. 

Bones are covered with a hard sheath called the periosteum. A thin layer of endosteum lines the inside 

of the medullary cavity.  

Bone marrow = inside the medullary cavity is where we find the bone marrow. Red bone marrow 

replaces red blood cells; yellow bone marrow is full of adipose tissue (fat). 

Epiphyseal plate = a plate of hyaline cartilage that separates the epiphysis from the diaphysis and allows 

the bones to grow (in length). Once the plates have sealed, they will no longer grow.  A doctor may tell a 

teenager that they will not get any taller because their plates have sealed.  

Diploe = the spongy layer in the cranium. This layer absorbs blows to the skull, protecting the inner layer 

of compact bone. 

Bone Cells 

Just like any other connective tissue, bones are made up of cells, fibers, and ground substance. The 

ground substance is called the matrix. 

There are 4 main types of bone cells: 

1. Osteogenic cells: stem cells that give rise to other bone cell types. They multiply continually, and 

some become osteoblasts. 

2. Osteoblasts: these are the bone-forming cells. I remember them by thinking “blasts build bone.”  

3. Osteocytes: these are mature bone cells that come from osteoblasts that get trapped in the matrix, 

and they hang out in little cavities called lacunae.  These cells help in the structure of bones by resorbing 

or depositing bone matrix, and they help bones adjust shape and density in response to stresses placed 

on the bones. 

4. Osteoclasts: these are bone-dissolving cells, located on the bone surface.  

*It’s important to remember osteoblasts and osteoclasts, as you will see these terms again in nursing 

school. They play a big part in the level of calcium and phosphorous found in the blood. Remember 

that blasts build bone, clasts break down bone.* 

Things that affect bones: 

Calcium deficiency: will leave bones soft & saggy, and will bend/break easily (rickets) 

Too little protein: causes brittleness in bones (brittle bone disease) 
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Too little collagen: collagen prevents bones from shattering and absorbs shock. Too little collagen is 

detrimental to bones. 

Compact Bone 

Compact bones are very intricately designed. If you were to cut one open, you would see different 

layers, like an onion. Here’s how they are broken down: 

You have a central canal, which houses blood vessels and nerves. There are layers around each central 

canal, called concentric lamellae. The layers are connected to each other by canaliculi, which are 

smaller canals. Canaliculi also connect lacunae.  

One central canal and its lamellae constitute an osteon. So remember the osteon is the whole thing, 

canal plus lamellae.  The osteon is the basic structural unit of compact bone. 

Perforating canals connect central canals.  

Central and perforating canals are lined with endosteum.  

Collagen fibers are found in the matrix in a corkscrew shape in the lamella, increasing the strength of 

the bone. 

Spongy Bone 

Spongy bone looks like lattice, and is made up of slivers of bone called spicules, and thin plates of bone 

called trabeculae. Spongy bone is lighter in weight than compact bone. It aids in the strength of the 

bone and holds bone marrow. 

Bone Marrow 

Bone marrow is a soft tissue located in long bones, trabeculae of spongy bone, and larger central canals. 

There are 2 types of bone marrow: 

Red bone marrow: tissue that produces blood cells.  

Yellow bone marrow: red bone marrow that has turned into fat. Energy is stored here. In the event of 

severe or chronic anemia, it can turn back into red bone marrow. 

The cavities of almost every bone in a child is filled with red bone marrow. As the child grows into an 

adult, most is turned into yellow bone marrow. In an adult, red bone marrow is found in the flat bones 

of the skull, vertebrae, ribs, sternum, pelvis, and the proximal heads of the humerus and femur. 

If a patient has a suspected diagnosis of anemia or leukemia, the physician will perform a biopsy of their 

red bone marrow. This is usually removed from the hip, as that is a safer place. It is very rarely removed 

from the sternum.  

Leukemia = white blood cells are invading the red bone marrow, causing fever and pain, especially in the 

sternum. This is seen in kids and early teens. 

Compact Bones & Blood 

1. The skeleton receives about ½ L of blood every minute.  

2. Blood vessels enter the bone tissue through nutrient foramina on the surface. 
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3. The foramina open into the perforating canals, which lead to the central canals. 

4. Osteocytes in the central canals (the innermost osteocytes) receive nutrients from the blood vessels 

and pass them along to neighboring osteocytes.  

5. The osteocytes also receive waste products back from their neighboring osteocytes and send it out 

through the central canal to be removed by the bloodstream.  

*As osteoblasts make bones, the calcium level in the blood will decrease because calcium is used in 

the making of bones.  

As osteoclasts dissolve bones, the calcium level in the blood will increase because calcium is being 

released as the bones are breaking down.  

If the body needs to increase the blood Ca+ concentration, it will activate osteoclasts. 

If the body needs to decrease the blood Ca+ concentration, it will activate osteoblasts.* 

Calcium Homeostasis 

The purpose of calcium homeostasis is to keep blood Ca+ stable.  

Hypocalcemia: the calcium concentration is too low 

Hypercalcemia: the calcium concentration is too high 

Our bodies have hormones to control the calcium levels: calcitonin and PTH. 

Calcitonin is secreted by the thyroid and it helps lower blood Ca+ concentration by activating osteoblasts 

and inhibiting osteoclasts. 

PTH = parathyroid hormone, and it does the exact opposite of calcitonin. It raises blood Ca+ 

concentration by activating osteoclasts and inhibiting osteoblasts. 

Hypercalcemia  Ca+ needs to be lowered  calcitonin is secreted osteoblasts are activated & 

osteoclasts are inhibited 

Hypocalcemia Ca+ needs to be increased PTH is secreted osteoclasts are activated & 

osteoblasts and inhibited 

Sample Test Question: Under what circumstances will the secretion of calcitonin increase?  

Answer: When you are hypercalcemic. 

Why is blood Ca+ level such a big deal? You will need to know this, because as you advance on to 

Nursing Fundamentals, Pathophysiology, & Med-Surg, this is an important concept. Hypocalcemia 

causes the nervous system to be overly-excitable, causing muscle spasms, tremors, etc. Hypercalcemia 

caused the nervous system to be less excitable than normal, causing muscle weakness, sluggish reflexes, 

and cardiac arrest, among other things. 

In America we will see hypercalcemia more than hypocalcemia. The reason for this is because the 

American diet is big on dairy, and dairy contains calcium. Asians typically suffer from hypocalcemia 

versus hyper.  
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A sign of hypercalcemia in kids is agitated behavior. Babies may even have a bald spot on their heads 

from moving and squirming so much. 

Rickets: soft bones due to a lack of calcium; most commonly found in long, weight-bearing bones. They 

become deformed under the weight of the body. A person may be bow-legged or knock-kneed.  

Pidgeon breast: the sternum and ribs protrude. 

Osteogenesis imperfecta: aka, brittle bone disease. Caused by a lack of protein and/or collagen. Bones 

are brittle, joints are too flexible, cyanosis in eyes may be seen; frequent fractures, tooth deformities, 

and hearing loss may all be experienced. 

Phosphate Homeostasis 

Not quite as much of a big deal as calcium homeostasis, but worth noting. When the body releases PTH 

to increase calcium, it causes the phosphate level to go down by promoting its excretion via urine. So 

they are opposite: when calcium is up, phosphate is down. When phosphate is up, calcium is down. 

Another “hormone” that we have is called calcitriol, which is the active form of vitamin D. We absorb 

vitamin D from the sun through our skin. The liver adds a hydroxyl group to it, converting it to calcidiol. 

The kidney adds another hydroxyl group to it, converting it to calcitriol. Calcitriol then behaves like a 

hormone, acting to raise blood calcium concentration. It increases calcium absorption in the small 

intestine, and increases calcium resorption from the skeleton. 

Calcitriol raises phosphate levels by promoting its absorption through the diet in the small intestine. 

Osteogenesis: Formation of Bones 

Osteogenesis is also called ossification.  There are 2 methods of bone development: 

Intramembranous: this is how flat bones develop. A fibrous sheet-like membrane is grown, and then a 

layer of calcium is placed on top of the membrane.  

Endochondral: cartilage cells grow, and then calcium gets deposited onto the cartilage. Most bones of 

the body develop this way. It starts in the womb and bones continue to develop until a person is in their 

20s. The epiphysis of the bones have a center to grow cartilage, which lengthens the bones, until the 

plates seal. 

If a person were to get a long bone fracture near an epiphyseal plate, chances are they would stop 

growing after that. 

Athletes that take steroids at a young age have to be careful, because steroids can seal the plates and 

stop growth. 

Fractures 

Stress fractures: these are the most common, and they’re caused by abnormal trauma. 

Pathological fractures: fractures caused by a pathological condition, such as osteoporosis. 

Osteoporosis: a decrease in bone density, more common in females. After menopause the ovaries stop 

producing estrogen, which slows down the bone-making process, causing bone density to decrease. 
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White women and small-framed women are more likely to suffer from it.  Fractures are common with 

osteoporosis. CPR can cause fractured ribs, which can puncture a lung or the heart. Hugging an elderly 

too hard can crack a rib, and falling can crack bones.  We treat osteoporosis with calcitonin, so the 

osteoblasts are activated and more bone is built. We have to be careful with this, because too much 

calcium can deposit in the kidneys and cause kidney stones.  

If a patient takes a water-soluble vitamin, he will just pee out any excess. If he takes a fat-soluble 

vitamin, he can get sick because you can’t just pee it out.  Vitamins A & D are fat soluble, found in the 

liver of fish. Eating bear liver can cause intoxication of Vitamins A & D. I have no idea why our instructor 

told us this, but okay…… 

More Bones… 

Why do we worry about long bone fractures?  Remember that yellow bone marrow is found in bones 

and it is fat. If a long bone is fractured and a blood vessel gets torn, yellow marrow (fat) can leak out of 

the bone and into the torn blood vessel. As it tries to travel through the blood vessel it can get stuck.  If 

it gets stuck in the head it will cause a stroke. If it gets stuck in the heart it will cause a heart attack. If it 

gets stuck in the lungs it will cause a pulmonary infarction. This is the most lethal complication of a 

fracture. 

END OF CHAPTER 7 

 

 

 

 

 

 


