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Bone is living tissue that makes up the skeleton of body. Being structural and anatomical 

component of skeleton, it provides support and protects the body and its organs like brain 

through skull, spinal cord through vertebrae, heart and lungs through rib cage, etc. Thus, 

functionally it assumes a significant mechanical role by the skeleton, and represents a stock of 

mineral salts to mobilize for maintenance of calcium and phosphorus homeostasis. Through the 

medullary spaces, it hosts, the bone produce various blood cells, store minerals, and provides 

structural and functional support for hematopoiesis. 

As it is a specialized form of connective tissue characterized by mineralized extracellular matrix, 

it contains – 

− Minerals: Minerals present in the bone are; 

o Calcium phosphate in the form of hydroxyapatite crystals [Ca10(PO4)6 (OH)2] 

o Calcium Carbonate (CaCO3) 

o Magnesium Hydroxide: Mg(OH)2 

o Fluoride and Sulfate  

− Matrix: Mainly collagen (type I, VI) along with other matrix proteins. All collagen 

molecules are ~ 90% of total weight of bone matrix 

Functions of bone can be summarized as follows; 

− Storage for elements and minerals: homeostatic regulation of blood calcium levels 

− Mechanical structures for movement and protection of viscera 

− A home for hematopoietic tissue, and  

− Storage of adipose tissue: yellow marrow 

Bone tissue 

Bone tissue is also called as osseous tissue. It is a type of connective tissue that forms the rigid 

part of the bones. Overall, the bones of the body are an organ made up of bone tissue, bone 

marrow, blood vessels, epithelium, and nerves. The bone tissues are generally classified on the 

basis of density of bones, shape of bones, and subtypes. Histologically, bone tissue is 

distinguished into two major types i.e. primary immature bundle bone (also called woven bone) 

and secondary mature lamellar bone.  

Primary bundle bone: Primary bone contains interlacing collagen fibers. This immature primary 

bone is present in the developing skeletal system and bone regeneration and is later replaced by 

lamellar bone tissue. Thus, primary bundle bone is present in fetal development and fracture 

healing. In adults, the primary bone is replaced by secondary lamellar, except few locations, such 

as sutures between flat bones of skull, dental alveoli or near the tendon insertion. Bundle bone 

differs from lamellar in few aspects, which are as such; 

− It lacks lamellar arrangement of collagen fibers and no Haversian canals are present. 

− It contains more osteocytes. 

− Cells are irregularly dispersed. 
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− It contains less minerals. 

Secondary lamellar bones: As described above, these are found in fully developed bone. 

Lamellae are formed by parallel collagen fibers surrounded by mineralized amorphous matrix. 

Concentric lamellae surround the central canal or form parallel lamellar sheath system on the 

surface of bone. Complex of lamellae surrounding the central canal that is Haversian canal is 

called osteon or Haversian system. Inner site of Haversian canal is lined by endosteum and 

contains vessels, nerves and loose collagenous connective tissue. This canal communicates with 

periosteum and bone marrow. It also communicates with neighbouring Haversian canals 

via Volkmann’s canals through which the blood vessels and nerves travel from the periosteum 

to the Haversian canals. Volkmann’s canals are not surrounded by lamellae. Except for a few 

with double or no foramina, 90% of long bones have a single nutrient foramen in the middle 

third of the shaft. 

The adult bone tissue is mainly mature lamellar bone which which is further classified on the 

basis of localization and load, and shape. The classification of bone tissues are as follows; 

Type of bone tissues classified on the basis of bone density: On the basis of density, the bone 

tissues are of two types; cortical and cancellous. However, both the bone tissues are biologically 

identical but differ in the arrangement of their microstructure.  

Cortical bone: This type of bone tissue is compact. It forms the extremely hard exterior of the 

bone. It consists of closely packed osteons or Haversian systems
1
. The osteon consists of a 

central canal, called as osteonic canal or Haversian canal, which is surrounded by concentric 

rings of matrix. Between the rings of this matrix, the bone cells, which are known as osteocytes, 

are located in spaces called lacunae. Small channels, known as canaliculi, radiate from the 

lacunae to the osteonic (Haversian) canal to provide passageways through the hard matrix. In 

compact bones, the Haversian systems are packed tightly together to form what appears to be a 

solid mass. The osteonic canals contain blood vessels that are parallel to the long axis of the 

bone. These blood vessels interconnect, by way of perforating canals, with vessels on the surface 

of the bone. 

Cancellous bone: This type of bone tissue is not compact, but it is lighter, trabecular and 

spongy. It forms the interior of the bone. It consists of plates, which are known as trabeculae, and 

bars of bone adjacent to small, irregular cavities that contain red bone marrow. The canaliculi 

connect to the adjacent cavities, instead of a central Haversian canal as in the case of compact 

bone, to receive their blood supply. It may appear that the trabeculae are arranged in a haphazard 

manner, but they are organized to provide maximum strength similar to braces that are used to 

support a building. The trabeculae of cancellous (spongy) bone follow the lines of stress and can 

realign if the direction of stress changes.  

                                                           
1
 Haversian system is a basic unit of bone that is comprised of a Haversian canal and its concentrically arranged 4 

to 20 lamellae, each 3 to 7 microns thick. While, a Haversian canal is a freely anastomosing channel in compact 

bone containing blood vessels and running longitudinally in the center of Haversian system of compact osseous 

tissue. It was first described by Clopton Havers, and English Physician, in 1691. 
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Type of bone tissues classified on the basis of shape: On the basis of shape of bone, the bone 

tissues are of five types; long, short, flat, sesamoid, and irregular. These are also known as 

subtypes of bone tissue. 

 

Long bones: These are longer in one dimension. Long bones are hard, dense bones that provide 

strength, structure, and mobility. The thigh bone (femur) is a long bone. A long bone has a shaft 

and two ends. They are mostly located in the appendicular skeleton and include bones in the 

lower limbs (the tibia, fibula, femur, metatarsals, and phalanges) and bones in the upper limbs 

(the humerus, radius, ulna, metacarpals, and phalanges). 

Short bones: These are nearly equal in length and diameter. They have compact, spongy bone 

and a marrow space on the inside. In this bone types, articular surfaces are covered with hyaline 

cartilage. Their primary function is to provide support and stability with little to no movement. 

Examples include the carpals in the wrist, and the tarsals in the ankles. 

Flat bones: These are thin and plate-like and thick compact bone with an intervening layer of 

spongy bone, e.g. parietal bone, scapula, sternum, etc. 



4 | P a g e  

 

Sesamoid bone: These are usually embedded within a tendon 

or a muscle. The word is derived from the Latin word 

sesamum (“sesame seed”), indicating its small size. Often, 

these bones are known to be formed in response to strain, or 

can be present as a normal variant, e.g. patella.  

Irregular bones: These are of irregular, vary in shape and 

structure and therefore do not fit into any other category i.e. 

flat, short, long, or sesamoid. They usually have a fairly 

complex shape, which helps protect internal organs, e.g. 

the vertebrae (irregular bones of the vertebral column that 

protect the spinal cord), sacrum, coccyx, 

temporal, sphenoid, ethmoid, zygomatic, maxilla, mandible, 

palatine, inferior nasal concha, and hyoid.  

The nutrient arteries divide into ascending and descending 

branches in the medullary cavity. These approach the 

epiphysis dividing into smaller rami. Near the epiphysis, they 

anastomose with the metaphyseal and epiphyseal arteries. While, when we cut the bone with a 

transverse section, we get two layers; an outer periosteum and an inner endosteum.  

− Periosteum: It is an outer and dense fibrous layer, where muscles insert. It is not found in 

the regions of bone covered by articular cartilage. It contains bone forming cells.  

− Endosteum: It is the inner comparatively lighter layer, which lines the inner surfaces of 

bones. 

Functional constituent of the bone General histological account of bone 

Functional constituents of the bones are following; 

Periosteum: It is an outer fibrous sheath of dense regular connective tissue or fibro-collagenous 

covering of the bone except articular surface such as the areas of ligament and tendon insertion 

that is anchored by Sharpey’s fibres
2
 (collagen fibres). About two to three layers 

of osteoblasts occupy the space between the visceral periosteum and the newly produced bone 

matrix. The periosteum is actively involved in the repair of fractures; in areas where it is absent 

(intracapsular areas) the fractured bones heal at a slower rate. It is has following two layers; 

− Outer layer: It is a thin fibrous layer. It contains fibroblast cells. 

− Inner layer: It is cellular layer which is also called as osteoprogenic layer. It contains 

osteoprogenitor cells and their derivatives such as osteoblast and osteoclast cells. 

Periosteum also contains nutrient foramen by which it gets a rich supply of blood, lymph vessels, 

and nerves. 

                                                           
2
 Sharpey’s fibers are collagen fibers originating from ligaments and tendons that are extended directly into the 

bone tissue, where they are continuous with the collagen fibers of the extracellular matrix of the bone tissue. 
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Endosteum: It is often only one cell thick layer of connective tissue cells lining the bone 

cavities. It consists of osteoprogenitor cells more than that of periosteum that can differentiate 

into osteoblasts, and bone lining cells – endosteal cell layer. The osteoblasts at the endosteum are 

flat and are surrounded by type III collagen. It extends along the inner surface of the bone; 

projecting even into the Haversian canals. 

 

Bone cavity: Inside the long bone, there is cavity known as bone cavity in which bone marrow is 

present. Bone marrow is of two types; red bone marrow and yellow bone marrow. 

− Red bone marrow: It is normally restricted to the spaces of spongy bone in the adult. It is 

central place of hematopoiesis and responsible for the formation of all types of blood 

cells. 

− Yellow marrow: It consists mostly of fat cells. It can revert to red bone marrow in the 

case of extreme blood loss. 

Blood and nerve supply of bone: Bone is supplied with blood by three types of arteries, which 

are as follows; 

− Periosteal arteries: These are the arteries of periosteum being especially numerous 

beneath the muscular and ligamentous attachment. Beneath the periosteum, they divide 

into branches and thereby entering the Volkmann’s canals to supply the outer one third 

portion of the cortex. 

− Nutrient artery: It enters through nutrient foramina. And supply compact bones of 

diaphysis, epiphysis, and bone marrow.  

− Metaphyseal epiphyseal arteries: It supplies red bone marrow and bone tissues of 

epiphyses. 

Nerves accompany the blood vessels that supply bones. The periosteum is rich in sensory nerves 

sensitive to tearing or tension. Bone tissue lacks lymphatic vessels; lymphatic drainage occurs 

only from the periosteum. 

Bone cells 
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Bone cells are mainly categorized into two types; cells that are involved in the growth of the 

bone and cells that are involved in the remodeling of the bone 

Bone cells that are involved in the growth of the bone: Cells responsible for growth of the 

bone are of three kinds, which are osteoprogenitor cells, osteoblasts and osteocytes, such as 

osteoclast cells. 

Osteoprogenitor cells: These are the 'stem' cells of bone which give rise to osteoblasts. 

Osteoblasts: These cells are present in the lining of the surface of bone. The osteoblast cells 

secrete collagen and the organic matrix of bone (osteoid), which becomes calcified soon after it 

has been deposited. As they become trapped in the organic matrix, they become osteocytes. 

Osteocytes: It maintains bone tissue. Fine processes from these cells ramify through bone, and 

form gap junctions with other osteocytes. 
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Osteocytes: Osteocytes are mainly found in the calcified matrix, in small spaces called lacunae 

(lacuna - singular). Long processes from the osteocyte lie in small channels called canaliculi 

(small canals). These are channels for the transport for nutrients and waste. The osteocyte 

processes contact other ostocytes, forming gap junctions, so that they can communicate with 

each other. 

Bone cells that are involved in the remodeling of the bone: These cells are responsible of 

maintenance of bone through remodeling of bone tissue. Example of such cells is osteoclast 

cells. 

Osteoclast cells: These cells are large multinucleated cells, with a 'ruffled border' that resorb 

bone matrix. They are important for remodeling, growth and repair of bone. (clast - greek 'to 

break'). These cells are not derived from osteoprogenitor cells. They are actually derived 

from blood monocytes/macrophages which are itself derived from haemopeoitic stem cells 

(HSCs) in the bone marrow. The precursors are often released as monocytes into the blood 

stream and they then collect at sites of bone resorption, where they fuse to form multinucleated 

osteoclasts, stick to the surface of bone, and break down the bone matrix. These cells are 

secretory, and have prominent Golgi apparatus, and vesicles. They secrete enzymes such as 

carbonic anhydrase which acidifies the matrix, and causes it to decalcify, and hydrolyses, which 

break down the matrix once it is decalcified. 

 

Bone remodeling 

Bone remodeling is a necessary process required for the maintenance of bone. Generally, 

mechanical stresses on the skeleton cause release of calcium, which stimulate the process of 

bone remodeling. Some hormones also control bone remodeling. Parathyroid hormone stimulates 

bone resorption and calcitonin inhibits resorption. In addition to these hormones, some other 

hormones and growth factors are well involved in the remodeling of bone. 
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It has been hypothesized that this is a result of bone’s piezoelectric
3
 properties that cause bone to 

generate small electrical potentials under stress. Osteoblasts and osteoclasts, coupled together via 

paracrine cell signaling, are referred to as bone remodeling units. The purpose of remodeling is 

to regulate calcium homeostasis, repair micro-damaged bones (from everyday stress), and to 

shape and sculpture the skeleton during growth. 

 

Bone volume is determined by the rates of bone formation and bone resorption. The action of 

osteoblasts and osteoclasts are controlled by a number of chemical factors that either promote or 

inhibit the activity of the bone remodeling cells, controlling the rate at which bone is made, 

destroyed, or changed in shape. The cells also use paracrine signalling to control the activity of 

each other. 

Role of Growth Factors 

Certain growth factors work to locally alter bone formation by increasing osteoblast activity. 

Numerous bone-derived growth factors have been isolated and classified via bone cultures. 

These factors include insulin-like growth factors I and II, transforming growth factor beta, 

fibroblast growth factor, platelet-derived growth factor, and bone morphogenetic proteins. 

− Insulin-like growth factors protect cartilage cells, and are associated with the activation 

of osteocytes. 

                                                           
3
 Piezoelectric property is a property of materials by which materials can produce electricity due to mechanical 

stress, such as compression. In house hold, gas igniter works on the principle of piezoelectricity.  
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− The transforming growth factor beta superfamily includes bone morphogenic proteins 

involved in osteogenesis.  

− Fibroblast growth factor activates various cells of the bone marrow including osteoclasts 

and osteoblasts. 

− Platelet-derived growth factor has been found to enhance bone collagen degradation. 

Evidence suggests that bone cells produce growth factors for extracellular storage in the bone 

matrix. The release of these growth factors from the bone matrix could cause the proliferation of 

osteoblast precursors. Essentially, bone growth factors may act as potential determinants of local 

bone formation. 

 

Research has suggested that trabecular bone volume in postmenopausal osteoporosis may be 

determined by the relationship between the total bone forming surface and the percent of surface 

resorption. 

Osteoporosis refers to porous bone, which is caused by an over-reaction to osteoclastic bone 

resorption, and makes bones quite fragile for the elderly. Falls are dangerous for the elderly 

because they are more likely to break a bone. Hip fractures are especially troublesome as they 

result in a long recovery period during which complications that may lead to death are quite 

common. 
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Bone Repair 

Bone fractures are repaired through physiological processes in the periosteum via chrondroblasts 

and osteoblasts. Bone healing, or fracture healing, is a proliferative physiological process in 

which the body facilitates the repair of a bone fracture. Generally, bone fracture treatment 

consists of a doctor reducing (pushing) dislocated bones back into place via relocation with or 

without anesthetic, stabilizing their position, and then waiting for the bone’s natural healing 

process to occur. While immobilization and surgery may facilitate healing, a fracture ultimately 

heals through physiological processes. The healing process is mainly determined by the 

periosteum (the connective tissue membrane covering the bone). The periosteum is one source of 

precursor cells that develop into the chondroblasts and osteoblasts that are essential to heal bone. 

The bone marrow (when present), endosteum, small blood vessels, and fibroblasts are other 

sources of precursor cells. 

Days after a fracture, the cells of the periosteum replicate and transform. The periosteal cells 

proximal (closest) to the fracture gap develop into chondroblasts that form hyaline cartilage. The 

periosteal cells distal to (further from) the fracture gap develop into osteoblasts that form woven 

bone. The fibroblasts within the granulation tissue develop into chondroblasts that also form 

hyaline cartilage. These two new tissues grow in size until they unite with their counterparts 

from other parts of the fracture. These processes culminate in a new mass of heterogeneous 

tissue that is known as the fracture callus. Eventually, the fracture gap is bridged by the hyaline 

cartilage and woven bone, restoring some of its original strength.  

 

The next phase is the replacement of the hyaline cartilage and woven bone with lamellar bone. 

The replacement process is known as endochondral ossification with respect to the hyaline 

cartilage and bony substitution with respect to the woven bone. Substitution of the woven bone 

with lamellar bone precedes the substitution of the hyaline cartilage with lamellar bone. The 

lamellar bone begins forming soon after the collagen matrix of either tissue becomes 

mineralized. At this point, the mineralized matrix is penetrated by channels, each containing a 

microvessel and numerous osteoblasts. The osteoblasts form new lamellar bone upon the 

recently exposed surface of the mineralized matrix. This new lamellar bone is in the form of 
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trabecular bone. Eventually, all of the woven bone and cartilage of the original fracture callus is 

replaced by trabecular bone, restoring most of the bone’s original strength. The remodeling 

process continues with substitution of the trabecular bone with compact bone. The trabecular 

bone is first resorbed by osteoclasts, creating a shallow resorption pit known as Howship’s 

lacuna, and then osteoblasts deposit compact bone within the resorption pit. Eventually, the 

fracture callus is remodeled into a new shape that closely duplicates the bone’s original shape 

and strength. The remodeling phase takes three to five years depending on factors such as age or 

general condition. 

Bone tissue formation 

Development of bone is spread out over the gestational period and continues into extra-uterine life. 

Bone is derived from three embryonic sources. The neurocranium and the viscerocranium originate 

from derivatives of the neural crest cells as well as paraxial mesoderm. The paraxial mesoderm 

also contributes to the formation of the axial skeleton, while the appendicular skeleton originates 

from the lateral plate mesoderm. The flat bones of the body such as calvaria, mandible, maxilla, 

etc. and long bones such as those of the limbs are formed by two different processes. The flat bone 

originates by way of intramembranous ossification, while the long bone undergoes endochondral 

ossification. The initiation of either process depends on the differentiation of the preceding 

mesenchymal cell line. If the mesenchymal cells differentiate into chondrocytes, then 

endochondral ossification will occur.  

Irrespective of the pathway taken, ossification begins around the 6th or 7th gestational week and 

persists well into extra-uterine life; the clavicle can take up to 20 – 21 years for complete fusion to 

occur, and 26 years for the epiphyseal scar to disappear. Extra-uterine bone development has been 

classified into 5 stages, which are; 

− Stage 1: The epiphysis is not yet ossified.  

− Stage 2: In this stage, ossification becomes apparent in the epiphyses. 

− Stage 3: At this point, the epiphyses
4
 and diaphysis

5
 begin to fuse. 

− Stage 4: In this stage, there is complete fusion of the epiphyses and diaphysis, leaving 

behind an epiphyseal scar at the site of the epiphyseal growth plate. 

− Stage 5: The final stage is characterized by disappearance of the epiphyseal scar. 

There are two ways in which bone can grow; endochondral and intramembranous. 

Endochondral: Endochondral ossification relies on an analgen in the form of hyaline cartilage laid 

down during embryogenesis. Initially, a hyaline cartilaginous framework is laid down as a template 

for osteogenesis, which is encased by a perichondrial layer that comprises of a condensed vascular 

mesenchyme. The model grows by both interstitial (replication of chondrocytes and secretion of 

new matrix) and appositional (absorption of old cartilage and deposition of new matrix) methods. 

The chondrocytes (cartilaginous cells) in the mid shaft of the cartilaginous template (diaphysis) 

                                                           
4
 Epiphysis is an expanded end of the long bones which ossifies separately from the bone shaft but becomes fused 

to the shaft when full growth is attained. 
5
 Diaphysis is a portion of long bone between the ends or extremities, which is usually articular and wider than the 

shaft consisting of a tube of compact bone, enclosing the medullary cavity. It is also known as shaft. 
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begin to replicate and hypertrophy. An increase in the number of vacuoles can be observed in the 

cytoplasm in this phase. Subsequently, the matrix is compressed, forming thin fenestrated septae. 

The cartilage model subsequently calcifies, resulting in decreased diffusion of nutrients to the cells. 

They eventually degenerate, die, and calcify; leaving confluent lacunae in their absence.  

 

As the cartilage calcifies, the inner layer of the perichondrium begin to express osteogenic (i.e. 

bone forming) properties; and thus become osteoblasts. Osteoblasts are responsible for production 

of bone matrix; they eventually produce a bony collar around the diaphysis called the periosteal 

collar. The connective tissue superficial to the periosteal collar is subsequently referred to as 

the periosteum. The visceral periosteum contains mesenchyme cells that evolve 

into osteoprogenitor cells. This cell line replicates and further differentiates into osteoblast cells. 

These cells travel with osteogenic buds, which are terminal capillary sprouts. The osteoclasts break 

down previously formed bone and as a result, facilitate the breakdown of calcified cartilage to 

allow invasion of osteoblasts (that will lay down new bone matrix) and osteogenic buds (to 

establish nutrient supply to the developing bone). The inner surface of bone (i.e. endosteum) that 

lines all bony cavitation is also covered by a single layer of osteoprogenitor cells that provides a 

supply of stem cells for future differentiation. 
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The bony development occurring in the diaphysis is referred to as the primary ossification centre. 

However, as the bones continue to elongate and increase in diameter, a secondary ossification 

centre develops in the epiphyses (distal articular ends) of the long bones. The secondary 

ossification centre is also invaded by a vascular supply and mesenchymal derivatives similar to 

those present in the primary ossification centre. At both the primary and secondary ossification 

centres, cartilage is replaced by bone. However, there is a region where cartilage is preserved, 

known as the epiphyseal growth plate. The bone continues to grow by appositional and interstitial 

mechanisms at this region until the ideal length is achieved. Fusion of the epiphyses with the 

diaphysis marks the cessation of bone growth. At this point, the only remnant of hyaline cartilage 

is found at the articulating surfaces of the bone. 

Intramembranous: Unlike endochondral ossification, the intramembranous ossification pathway 

does not require a cartilaginous scaffold. Instead, the bone is formed within primitive 

mesenchymal layers that have rich blood supplies. The stem cells within the mesenchyme 

differentiate into osteoprogenitor cells that replicate adjacent to capillary beds. The end result is 

scattered layers of osteoblasts producing bone matrix. Consequently, there are multiple ossification 

centres observed in intramembranous ossification. The osteoblasts are described as being 

polarized cells, owing to the fact that osteoid secretion occurs at the surface farthest away from the 

blood supply. The ossification centres subsequently anastomose, leaving a woven pattern of 

trabeculae, referred to as primary spongiosa or spongy bone. 
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