
MECH2901: ANATOMY AND 
PHYSIOLOGY FOR ENGINEERS 
BONES 

UNDERSTAND THE STRUCTURE AND FUNCTIONS OF THE SKELETON  

The structure of the skeleton is done to allow for the resulting functions as outlined below: 

 Support: Bones are constructed to be hard and rigid which ensures that soft tissues 
are given the structure needed to support them. However, bones require support and 
hence cartilage and ligaments are used. Cartilage is flexible yet strong, allowing it to 
withstand the forces passing through the bone yet absorb shock. 

 Protection: There are many vulnerable organs in the body including the brain, kidney 
etc. and resultantly, the skeleton can provide protection from shocks and impact (such 
as with the skull, vertebrae and ribs). 

 Movement: As muscles contract and pass the force through tendons, the bones are 
pulled/pushed and thus the skeleton can move but ligaments aim to prevent excessive 
movement. 

 Absorb Shock: During motion, there is much strain on bone and joints which, if not 
managed, can significantly damage surrounding tissue as well as the bones 
themselves. 

 Storage: Bones provide a store for Calcium and Phosphorous, with these released as 
needed for their generalised uses (muscles, nerves, heart etc.). Furthermore, fat is 
stored in the medullary cavities (yellow marrow). 

 Blood Cell Production: The medullary cavity contains bone marrow which allows 
blood cells and platelets to form. 

UNDERSTAND THE COMPOSITION OF BONE  

The general structure of a long bone is seen on the right. The 
diaphysis is the shaft and is comprised of compact bone whilst 
the epiphysis is the end of the bone, containing the shock 
absorbing cancellous/trabecular/spongy bone. The epiphyseal 
plate contains hyaline cartilage during growth and is present 
until growth stops, resulting in epiphyseal closure and the 
formation of an epiphyseal line. Finally, there is a medullary 
cavity which is used to produce blood (red marrow) and in 
adults, can also produce yellow marrow (limb and skull bones). Bones are essentially 
calcified bone matrix with collagen fibres. 

As expressed previously, the structure of bone allows for its function and this is seen with the 
rigidity of the diaphysis ensuring it doesn’t break whilst the shock absorbing property of bone 
seen from the cancellous bone in the epiphysis.  



Cartilage is an avascular connective tissue used to support soft tissues, bone growth whilst 
ensuring smooth bone movement. Depending on the load bearing requirements, the 
constituents of cartilage vary and thus, if the stresses are high, collagen content increases. 
However, due to their avascularity, blood vessels are required to provide the nutrients. 

 

 As can be seen on the left, the bone is highly vascularised and 
has specialised cells to detect, destroy and renew bone. There 
are two types of bone which are cancellous and compact bone, 
each with differing properties resulting in their functions. 

 

Cancellous bone contains trabeculae which are interwoven into a 
meshlike structure, whilst maintaining spaces which are filled with 
marrow. Trabeculae are constructed from interconnecting rods/struts 
or plates of bone, observed as they are either vertical or horizontal 
(like a rod or plate) and form an effective scaffold for the creation of 
further bone (if necessary). These are covered with the endosteum that 
lines the inner layer of bone. Furthermore, the trabeculae are oriented 
along stress lines with interlocking spicules (small cells used to 
produce bone) and this is due to their shock absorbing properties. On a 
cellular level, the structure of trabeculae is seen on the right, as the 
trabeculae contains an outer layer of osteoblasts and osteoclasts, 
followed by concentric lamellae and canaliculi which allow for the remodelling and detection 
of stress through osteocytes. These canaliculi provide passageways between lacunae and 
vessels, allowing for the diffusion of wastes and nutrients. Generally, spongy bone remains 
where the bone does not have to withstand great stresses as compact bone forms in such 
areas. 

Compact Bone structure is seen on the right, with 
each Osteon/Haversian System containing a central 
canal, as well concentric lamellae and osteocytes. 
Haversian canals have a blood vessel (capillaries and 
venules) in the centre with a concentric circle of 
collagen that mineralises to form each osteon. Larger 
vessels are generally used to deliver nutrients (artery) 
and take away waste (vein) from the osteocytes. 
These canals are parallel to the long axis (vertical) 
but there are also Perforating/Volkmann’s canal 
which are perpendicular to the long axis (horizontal) 
which allow for the signals (through cell 
processes/canaliculi) to be passed between cells, as well as nutrients. There are three types of 
lamellae which are concentric, circumferential and interstitial. Concentric lamellaea surround 



each Haversian Canal whilst interstitial lamellaea are between osteons, filling the spongy 
bone, and contain the remnants of osteons that are replaced through remodelling. Finally, 
circumferential lamellae are around the edge of the compact bone. The lacunae found within 
the osteons contain the osteocytes whilst the canaliculi contain fluid. As all osteons are 
aligned in the same axis, the bone strength increases. 

When observing bone histologically, one can observe that the outside of bone is generally 
cortical/compact bone whilst the inside contains cancellous bone. 

In terms of bone composition, it is regarded as a 
composite material with an organic phase (containing 
Collagen Type 1 triple helix, proteoglycans and other 
proteins) and an inorganic phase (Ca3(PO4)2) crystals 
with other ions and essentially forms carbonate 
apatite). Both phases combine to form the final 
structure of bone and thus, if the Ca3(PO4)2 is 
dissolved, the result is bendy bone as it solely contains collagen (which provides flexibility) 
but the removal of collagen means it is essentially carbonate apatite and since collagen 
provides flexibility, its removal make the bone too brittle. Combined, the bone has a high 
tensile strength, whilst not being stiffed. By weight, 2/3 of the bone is Ca3(PO4)2 and 1/3 is 
collagen. The Ca3(PO4)2 is strong in compression but not in bending and is thus well suited 
for normal use but once a bending force is applied, the bone fractures easily. In terms of the 
structure, collagen lays down the framework in rods and plates whilst the crystals of 
Ca3(PO4)2 lock into these, allowing bone to be flexible whilst withstanding compression. 

Woven bone occurs during fetal development and fracture repair and is characterised by the 
random orientation of collagen fibres. Durnig fracture,  woven bone is rapidly placed (hence 
the random orientation) as it provides a general scaffold which is then remodelled into 
stronger, organised lamellar bone by removing the old bone and adding new, mature bones in 
sheets which are called lamellae. The fibres in each layer are oriented in the same direction 
but each layer has a different orientation and thus the strength increases. 

UNDERSTAND THE ROLE OF THE CELLS OSTEOCLASTS, OSTEOBLASTS 
AND OSTEOCYTES IN MAINTAINING THE FUNCTION OF BONE AND 
HOW THEY INTERACT TO REGULATED BONE MODELLING AND 
REMODELLING  

There are three types of bones cells are these are Osteoclasts, Osteoblasts, and Osteocytes. 
The role of osteoclasts is to remove bone whilst osteoblasts make new bone. To aid in the 
remodelling process, osteocytes sense bone strain and damage and therefore regulate the 
process. 

Osteoblasts are derived from Mesenchymal Stem Cells (MSCs) which can also become 
adipocytes, chondroblasts or myocytes (all connective tissue cells) whilst Osteoclasts are 
derived from Hematopoietic Stem Cells (HSCs) which become monocytes (a type of 
leukocyte) and these monocytes can differentiate into osteoclasts. 


