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Compact Bones and Spongy Bones 

 Bone is not completely solid but has many 
small spaces between its cells and 
extracellular matrix components.  

 Some spaces serve as channels for blood 
vessels that supply bone cells with nutrients. 

 Other spaces act as storage areas for red 
bone marrow. Depending on the size and 
distribution of the spaces, the regions of a 
bone may be categorized as compact or 
spongy.  

 Overall, about 80% of the skeleton is 
compact bone and 20% is spongy bone. 



Compact Bone Tissue 

 Compact Bone tissue contains 

few spaces and it the strongest 

form of bone tissue. It is found 

beneath the periosteum of all 

bones and makes up the bulk of 

the diaphyses of long bones. 

 Compact bone tissue is 

composed of repeating 

structural units called osteons, 

or Haversian Systems 
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Compact Bone structure 
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Haversian System 

 
 In an osteon, the osteocytes are arranged in 

concentric layers around a central canal, or 
Haversian canal. This canal contains one or more 
blood vessels (normally a capillary and a venule, a 
very small vein) that carry blood to and from the 
osteon. Central canals generally run parallel to 
the surface of the bone. 

 Other passageway known as perforating canals of 
Volkmann’s canal, extend perpendicular to the 
surface. 

 Blood vessels in these canals supply blood to 
osteons deeper in the bone and to tissues of the 
medullary cavity 



 The lamellae of each osteon form a series of 
nested cylinders around the central canal. In 
transverse section, these concentric lamellae 
create a target like pattern, with the central 
canal as bull’s eye. 

 Collagen fibers within each lamella form a spiral 
that adds strength and resiliency. 

 Canaliculi radiating through the lamellae 
interconnect the lacunae of the osteons with 
one another and with the central canal. 



Types of lamellae  in Compact Bone 

 Interstitial Lamellae fill in the spaces 
between the osteons in compact bone. 
These lamellae are remnants of osteons 
whose matrix components have been almost 
completely recycles by osteoclasts.  

 Circumferential lamellae are found at 
the outer and inner surfaces of the bone, 
where they are covered by the periosteum 
and endosteum, respectively 

 These lamellae are produced during the 
growth of the bone. 



 Compact bones is thickest where the 

stresses arrive from a limited range of 

directions 

 The Osteons in the diaphysis of a long 

bone are parallel to the long axis of the 

shaft. Thus the shaft does not bend, even 

when extreme forces are applied to 

either end. 



Spongy Bone Structure 

 In Spongy bone, lamellae are 
not arranged in osteons. The 
matrix in spongy bone 
forms a meshwork of 
supporting bundles of fibers 
called trabeculae. 

 These thin trabeculae 
branch, creating an open 
network. There are no 
capillaries or venules in the 
matrix of spongy bone. 
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Spongy bone…. 

 Nutrients reach the osteocytes by 

diffusion along canaliculi that open onto 

the surfaces of trabeculae. 

 Red bone marrow is found between the 

trabeculae of spongy bone, and blood 

vessels within this tissue deliver nutrients 

to the trabeculae and removes waste 

generated by the osteocytes. 



Location of spongy bone 

 Spongy bone is located where bones 
are not heavily stressed or stress 
arrive from many directions.  

 Being lighter in weight spongy bone 
reduces the weight of the skeleton 

 Spongy bone houses the red bone 
marrow in the epiphyses in long 
bones 

 At the other sites, spongy bone may 
contain yellow bone marrow-adipose 
tissue important as energy reserve. 
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Periosteum and Endosteum 

 The superficial layer of compact bone that covers 
all bones is wrapped by a periosteum, a 
membrane with a fibrous outer layer and a 
cellular inner layer except within joint cavities 

 The periosteum (1) isolates the bones from 
surrounding tissues, (2) Provide a route for the 
circulatory and nervous supply, and (3) 
participates in bone growth and repair 

 Near Joints, the periosteum becomes continues 
with the connective tissues that lock the bones 
together. At a synovial joint, the periosteum is 
continuous with the joint capsule. 
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Endosteum 

 An incomplete cellular layer, lines the medullary cavity. 
This layer, which is active during bone growth, repair, 
and remodelling, covers the trabeculae of spongy 
bone and lines the inner surfaces of the central canals. 
The endosteum consists of a simple flattened layer of 
osteoprogenitor cells that covers the bone matrix, 
generally without any intervening tissue fibers. 

 Where the cellular layer is not complete, the matrix is 
exposed. At these exposed sites, osteoclasts and 
osteoblasts can remove or deposit matrix 
components. The osteoclasts generally occur in 
shallow depressions called osteoclasts crypts that have 
eroded into the matrix. 



Bone Formation 

 The growth of the skeleton determines the 

size and proportions of our body. 

 Ossification, or osteogenesis, refers 

specifically to the formation of bone. The 

process of calcification—the deposition of 

calcium salts—takes place during ossification, 

but it can also occur in other tissues.  
 When calcification occurs in tissues other than bone, the result is 

a calcified tissue (such as calcified cartilage) that does not 

resemble bone. 

 



Types of ossification 

 Ossification occurs in two ways: endochondral 

and intramembranous. In endochondral 

ossification, bone replaces existing cartilage. 

Then bone growth occurs through interstitial 

growth (in length) and appositional growth (in 

width).  

 In intramembranous ossification, bone develops 

directly from mesenchyme (loosely organized 

embryonic connective tissue) or fibrous 

connective tissue. 



 The bony skeleton begins to form about six weeks 
after fertilization, when the embryo is approximately 
12 mm (0.5 in.) long. (At this stage, the existing 
skeletal elements are made of cartilage.) During fetal 
(beyond the eighth week) development, these 
cartilages are then replaced by bone, by either 
endochondral or intramembranous ossification. 
Endochondral ossification occurs mostly in long 
bones, while intramembranous ossification occurs 
mostly in flat bones. 

 During development after birth, the bones undergo a 
tremendous increase in size. Bone growth continues 
through adolescence, and portions of the skeleton 
generally do not stop growing until about age 25. 



Endochondral Ossification 

 
 During development, most bones originate 

as hyaline cartilages that are miniature 
models of the corresponding bones of the 
adult skeleton. These cartilage models are 
gradually replaced by bone through the 
process of endochondral ossification.  

 The steps in limb bone development provide 
a good example of this process. Note that 
this process includes the development of a 
primary ossification center inside the 
cartilage model. 



Growth in Length:  

 This process involves the development of 

secondary ossification centers. 

 The completion of epiphyseal growth is 

called epiphyseal closure. The timing of 

epiphyseal closure differs from bone to 

bone and from individual to individual. The 

toes may complete ossification by age 11, 

but parts of the pelvis or the wrist may 

continue to enlarge until about age 25.  







The timing of endochondral 

ossification can be monitored 

by comparing the width of the 

epiphyseal cartilages in 

successive x-rays. In adults, the 

former location of this 

cartilage can often be seen in 

x-rays as a narrow epiphyseal 

line, which remains after 

epiphyseal closure. 
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Growth in Width: Appositional 

Growth 

 
 A superficial layer of bone, or bone collar, forms early in 

endochondral ossification . After that, the developing bone 
increases in diameter through appositional growth at the 
outer surface. In this process, cells of the inner layer of 
the periosteum differentiate into osteoblasts and deposit 
superficial layers of bone matrix. Eventually, these 
osteoblasts become surrounded by matrix and 
differentiate into osteocytes. 

 Over much of the surface, appositional growth adds a 
series of layers that form circumferential lamellae. In time, 
the deepest circumferential lamellae are recycled and 
replaced by osteons typical of compact bone. However, 
blood vessels and collagen fibers of the periosteum can 
sometimes become enclosed within the matrix produced 
by osteoblasts.  



 Osteons may then form around the 

smaller vessels. While bone matrix is 

being added to the outer surface of the 

growing bone, osteoclasts are removing 

bone matrix at the inner surface, but at a 

slower rate.  

 As a result, the medullary cavity gradually 

enlarges as the bone gets larger in 

diameter.  



Intramembranous Ossification  

 Intramembranous ossification begins when 

osteoblasts differentiate within a 

mesenchymal or fibrous connective tissue. 

This type of ossification is also called dermal 

ossification because it normally takes place in 

the deeper layers of the dermis. The bones 

that result are called dermal bones. Examples 

of dermal bones are the flat bones of the 

skull, the mandible (lower jaw), and the 

clavicles (collarbones). 

 



Blood and Nerve Supplies to Bone 

 
 In order for bones to grow and be maintained, they require 

an extensive blood supply. For this reason, osseous tissue is 

highly vascular. In a typical bone such as the humerus, three 

major sets of blood vessels develop- 

 1. The Nutrient Artery and Vein. The blood vessels that supply 

the diaphysis form by invading the cartilage model as 

endochondral ossification begins. Most bones have only one 

nutrient artery and one nutrient vein, but a few bones, including 

the femur, have more than one of each. The vessels enter the 

bone through one or more round passageways called nutrient 

foramina in the diaphysis. Branches of these large vessels 

form smaller perforating canals and extend along the length 

of the shaft into the osteons of the surrounding compact 

bone 



2. Metaphyseal Vessels. These vessel supply blood to the 

inner (diaphyseal) surface of each epiphyseal cartilage, 

where that cartilage is being replaced by bone. 

3. Periosteal Vessels. Blood vessels from the periosteum 

provide blood to the superficial osteons of the shaft. 

During endochondral bone formation, branches of 

periosteal vessels also enter the epiphyses, providing 

blood to the secondary ossification centers. 

Following the closure of the epiphyses, all three sets 

of vessels become extensively interconnected. The 

periosteum also contains a network of lymphatic 

vessels (lymphatics) and sensory nerves. The 

lymphatics collect lymph from branches that enter 

the bone and reach individual osteons by the 

perforating canals. The sensory nerves penetrate the 

compact bone with the nutrient artery to innervate 

the endosteum, medullary cavity, and epiphyses. 

Because of the rich sensory innervation, injuries to 

bones are usually very painful. 
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Bone growth and development depend on 

bone remodeling, which is a balance between 

bone formation and bone resorption 

 The process of bone remodeling continuously 
recycles and renews the organic and mineral 
components of the bone matrix.  

 Bone remodeling goes on throughout life, as part of 
normal bone maintenance. Remodeling can replace 
the matrix but leave the bone as a whole unchanged, 
or it may change the shape, internal architecture, or 
mineral content of the bone.  

 Through remodeling, older mineral deposits are 
removed from bone and released into the circulation 
at the same time that circulating minerals are being 
absorbed and deposited. 





 Bone remodeling involves an interplay among the activities of osteocytes, 
osteoblasts, and osteoclasts. In adults, osteocytes are continuously 
removing and replacing the surrounding calcium salts. Osteoclasts and 
osteoblasts also remain active even after the epiphyseal cartilages have 
closed.  

 Osteoclasts are constantly removing matrix, and osteoblasts are always 
adding to it. Normally, their activities are balanced: As quickly as 
osteoblasts form one osteon, osteoclasts remove another.  

 The homeostatic balance between the opposing activities of osteoclasts 
and osteoblasts is very important. When osteoclasts remove calcium salts 
faster than osteoblasts deposit them, bones weaken. When osteoblast 
activity predominates, bones become stronger and more massive.  

 This opposition causes some interesting differences in bone structure 
among individuals. People who subject their bones to muscular stress 
through weight training or strenuous exercise develop not only stronger 
muscles, but also stronger bones. Alternatively, declining muscular 
activitydue to immobility leads to reduced bone mass at sites of muscle 
attachment. 

 



 The turnover rate of bone is quite high. In young adults, almost one-fifth of the skeleton is 
recycled and replaced each year. However, not every part of every bone is affected equally. 
The rate of turnover differs regionally and even locally. For example, the spongy bone in 
the head of the femur may be replaced two or three times each year, but the compact 
bone along the shaft remains largely unchanged. Because of their biochemical similarity to 
calcium, heavy metal ions such as lead, strontium, cobalt, or radioactive uranium or 
plutonium can be incorporated into the matrix of bone. Osteoblasts do not differentiate 
between these heavy metal ions and calcium. This means that any heavy metal ions present 
in the bloodstream will be deposited into the bone matrix. 

  Some of these ions are potentially dangerous, and the turnover of bone matrix can have 
detrimental health effects as ions that are absorbed and accumulated are released into the 
circulation over a period of years. This was one of the major complications in the 
aftermath of the Ukrainian Chernobyl nuclear reactor incident in 1986. Radioactive 
compounds released in the meltdown of the reactor were deposited into the bones of 
exposed individuals. Over time, the radiation released by their own bones has caused 
thyroid cancers, leukemia (cancer of the blood cells, which starts in the red bone marrow), 
and other potentially fatal cancers. Many of these same events are expected to appear in 
the aftermath of the Japanese Fukushima Daiichi nuclear power plant disaster that 
occurred in March 2011. 
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