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Abstract:- 

       Features  of  osteoblasts  include  origin,  differentiation,  anatomy,  structure, functions,  

regulation,  growth  factors,  diet,  nutrition,  cytokines,  signaling  pathway,  age,  hormonal  

changes,  pathological  conditions  and  treatment.  The  characteristics  of  osteocytes  are  

structure,  functions,  lifespan,  nutrient  exchange,  bone repair,  fluid  flow  sensing,  hormonal  

regulation,  inflammatory  mediators  and   endocrine  signals.  Osteoclasts  exhibit  cell  structure,  

origin,  regulation,  resorption  process,  diseases,  bone  remodeling  and  clinical  importance. 
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Introduction: - 

Bone tissue is a dynamic and specialized connective tissue that makes up the skeletal 

system in vertebrates.  It Is composed of cells, fibers, and a mineralized matrix. 

CELL TYPES IN BONE TISSUE:- 

Bone tissue contains several types of cells, each with distinct functions. These cells 

include: 

1.Osteoblasts 

2.Osteocytes 



JOURNAL OF CRITICAL REVIEWS 
 

ISSN- 2394-5125       VOL 10, ISSUE 07, 2023 
 

334 

3.Osteoclasts 

1.OSTEOBLASTS: Bone-Forming Cells 

Osteoblasts are specialized cells found in bone tissue responsible for bone formation. 

They synthesize and secrete the organic components of the bone matrix, including collagen fibers. 

Osteoblasts also initiate the mineralization process by promoting the deposition of calcium and 

phosphate salts. 

Origin and Differentiation 

Osteoblasts are derived from mesenchymal stem cells. 

They differentiate from osteoprogenitor cells. 

Anatomy and Structure 

Osteoblasts are typically cuboidal or columnar in shape. 

They have a single nucleus and abundant endoplasmic reticulum. 

Function of Osteoblasts 

Synthesizing Bone Matrix: Osteoblasts produce and deposit the organic components of the bone 

matrix, including collagen fibers and various proteins. 

Mineralization: They initiate and regulate the mineralization process, which involves depositing 

calcium and phosphate ions onto the bone matrix to harden it. 

Bone Remodeling: Osteoblasts are involved in the continuous remodeling of bone tissue, helping 

to repair microdamage and maintain bone strength. 

Regulation of Calcium Levels: Osteoblasts play a role in regulating calcium levels in the body by 

depositing calcium into bone tissue when blood calcium levels are high. 

Regulation of Osteoblast Activity 

Hormones: Hormones play a crucial role in regulating osteoblast activity. For example, 

parathyroid hormone (PTH) stimulates osteoblasts to increase bone resorption and release calcium 

into the bloodstream. Conversely, calcitonin inhibits osteoblast activity, promoting bone 

deposition. 

Growth Factors: Growth factors like bone morphogenetic proteins (BMPs) and insulin-like growth 

factor (IGF) promote osteoblast proliferation and differentiation. 

Mechanical Loading: Mechanical forces, such as weight-bearing exercise, stimulate osteoblasts. 

This is known as Wolff’s law, which states that bone adapts to the mechanical loads placed upon 

it. 
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Diet and Nutrition: Adequate intake of calcium, vitamin D, and other nutrients is necessary for 

osteoblast function. Vitamin D, in particular, is crucial for calcium absorption and bone 

mineralization. 

Cytokines and Signaling Pathways: Various cytokines, such as interleukin-6 (IL-6) and tumor 

necrosis factor-alpha (TNF-alpha), can affect osteoblast activity by modulating signaling pathways 

involved in bone metabolism. 

Local Microenvironment: Osteoblasts are influenced by their local microenvironment. They 

interact with osteoclasts (cells responsible for bone resorption) to maintain bone balance through 

a process called coupling. 

Aging and Hormonal Changes: Osteoblast activity declines with age, and hormonal changes, such 

as menopause in women, can affect bone health by altering the balance between bone formation 

and resorption. 

Medications: Certain medications, like bisphosphonates, are used to inhibit osteoclast activity and 

can indirectly affect osteoblasts by reducing bone resorption. 

Pathological Conditions: Diseases like osteoporosis, osteogenesis imperfecta, and Paget’s disease 

can disrupt the regulation of osteoblast activity, leading to bone disorders. 

Lifecycle of Osteoblasts 

After completing their bone-building function, osteoblasts can become osteocytes or undergo 

apoptosis (programmed cell death). 

Clinical Significance 

Bone Health:   Osteoblast dysfunction can lead to conditions like osteoporosis or osteogenesis 

imperfecta. 

Bone Repair:   Osteoblasts are crucial for bone healing and fracture repair. 

Osteoblasts vs. Osteoclasts 

Osteoblasts and osteoclasts work together to form new bone cells and break down old 

or damaged bone tissue 

Osteoblasts are bone-building cells, while osteoclasts are bone-resorbing cells. 

They work in coordination to maintain bone homeostasis. 

Research and Future Directions 

Ongoing research aims to better understand osteoblast biology for improved treatments of bone-

related disorders. 

2.OSTEOCYTES: 
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Osteocytes are specialized bone cells that are the most abundant cell type in mature 

bone tissue. Osteocytes are mature bone cells derived from osteoblasts. Osteocytes maintain bone 

tissue by detecting mechanical stresses and orchestrating bone remodeling in response. 

 

Structure of Osteocytes: 

 

Osteocytes are embedded within the mineralized matrix of bone tissue. 

They are located in small, fluid-filled cavities called lacunae. 

Osteocyte processes, or tiny branches, extend through canaliculi, which are microscopic channels 

in the bone matrix. 

Functions of Osteocytes: 

Mechanosensing: 

Response to Mechanical Stress:   Osteocytes can detect mechanical forces applied to bones, such 

as weight-bearing and muscle contractions. They convert these mechanical signals into 

biochemical responses. 

Maintaining Bone Matrix: 

Matrix Production:   Osteocytes play a role in maintaining the bone matrix by producing and 

regulating components like collagen and minerals (calcium and phosphate). 

Regulating Mineral Homeostasis: 

Mineral Deposition:   Osteocytes contribute to the deposition of minerals like calcium and 

phosphate into the bone matrix, making bones hard and dense. 

Mineral Resorption:   They can also release minerals back into the bloodstream when needed for 

other physiological functions in the body. 

Communication: 
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Cell-to-Cell Signaling: Osteocytes communicate with neighboring bone cells (osteoblasts and 

osteoclasts) through gap junctions. This communication helps coordinate bone remodeling 

activities. 

 

 

Bone Remodeling: 

Balancing Bone Formation and Resorption:   Osteocytes are involved in the regulation of bone 

remodeling, ensuring a balance between bone formation (by osteoblasts) and bone resorption (by 

osteoclasts). 

Sensory Functions: 

Chemical and Hormonal Sensing:   Osteocytes can sense changes in chemical signals and 

hormones in the bloodstream, influencing bone metabolism accordingly. 

Lifespan Maintenance: 

Apoptosis Regulation:   Osteocytes can undergo programmed cell death (apoptosis) to maintain 

the overall health and integrity of bone tissue. 

Nutrient Exchange: 

Nutrient Transport:   Osteocytes are responsible for nutrient and waste exchange within the bone 

tissue, ensuring the metabolic needs of bone cells are met. 

Bone Repair: 

Participation in Bone Healing:   Osteocytes contribute to the bone repair process when bones are 

injured or fractured, by recruiting osteoblasts to form new bone tissue. 

Fluid Flow Sensing: 

Detection of Fluid Movement:   Osteocytes can sense fluid flow within the bone’s lacuno 

canalicular system, which can influence bone remodeling and adaptation. 

Osteocytes are vital for maintaining the structural integrity and functionality of bones by 

orchestrating bone remodeling processes and responding to various mechanical and biochemical 

cues. 

Lifespan and turnover  

Osteocytes have a relatively long lifespan and can persist for decades within bone 

tissue. New osteocytes can be formed from osteoblasts, while old or damaged osteocytes may 

undergo apoptosis (programmed cell death). 

Role in Bone Health: 
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Osteocytes are essential for bone remodeling, repair, and overall bone health.  They 

help maintain bone strength and respond to changes in mechanical loading to ensure bones adapt 

to stress and strain. 

Osteocyte-Related Diseases: 

Osteocytes are implicated in bone-related diseases, such as osteoporosis, where an 

imbalance in bone remodeling can lead to weakened bones. 

Research and Clinical Significance: 

Osteocyte research is important in understanding bone biology, and it may lead to 

advances in the treatment of bone disorders and the development of drugs for bone health.  These 

subheadings should help you organize your notes on osteocytes effectively. 

Regulation of Osteocytes Activity 

Mechanical Loading 

Fluid Flow Shear Stress:   Osteocytes are sensitive to fluid flow shear stress within the bone matrix. 

This mechanical force triggers signaling pathways that regulate their activity. 

Strain:   Osteocytes sense mechanical strain caused by bone deformation, leading to the release of 

signaling molecules like nitric oxide and prostaglandins. 

Hormonal Regulation 

Parathyroid Hormone (PTH):   PTH stimulates osteocytes to release factors that regulate calcium 

levels in the body, affecting bone remodeling. 

Calcitonin:   This hormone may influence osteocyte activity by inhibiting bone resorption. 

Calcium Homeostasis 

Ion Channels:   Osteocytes have ion channels that maintain intracellular calcium levels, crucial for 

bone mineralization. 

Calcium Sensing Receptors:   These receptors enable osteocytes to monitor extracellular calcium 

levels and respond accordingly. 

Wnt Signaling Pathway 

Wnt Ligands: Activation of Wnt signaling can stimulate osteocyte activity, promoting bone 

formation. 

Sclerostin Regulation:  Osteocytes produce sclerostin, which inhibits Wnt signaling; its regulation 

impacts bone remodeling. 

Inflammatory Mediators 
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Cytokines:   Inflammatory cytokines can influence osteocyte function, potentially leading to bone 

loss or remodeling. 

Endocrine Signals 

Estrogen:   Changes in estrogen levels can affect osteocyte activity, contributing to bone health in 

both males and females. 

Glucocorticoids:   High levels of glucocorticoids can negatively impact osteocyte function and 

bone density. 

Nutritional Factors 

Vitamin D:   Adequate vitamin D is essential for osteocyte function as it regulates calcium 

absorption. 

Minerals:   Calcium, phosphorus, and magnesium intake can affect osteocyte activity and bone 

mineralization. 

Aging and Disease 

Osteoporosis:   Conditions like osteoporosis can disrupt the balance of osteocyte activity, leading 

to bone fragility. 

Aging:   Age-related changes may affect the ability of osteocytes to maintain bone density. 

Interactions with Other Bone Cells 

Osteoclasts:   Osteocytes communicate with osteoclasts to regulate bone resorption. 

Osteoblasts:   Osteocytes influence osteoblasts in the bone remodeling process. 

3.Osteoclasts:- 

Definition:   Osteoclasts are specialized cells found in bone tissue responsible for bone resorption, 

the process of breaking down and remodeling bone. 

Cell Structure:   Osteoclasts are large, multinucleated cells with a unique appearance. They have 

a ruffled border, which increases their surface area for efficient resorption. 

Origin:  Osteoclasts are derived from hematopoietic stem cells in the bone marrow. They are part 

of the monocyte/macrophage lineage. 

Function:   Osteoclasts play a crucial role in bone homeostasis by breaking down old or damaged 

bone tissue. This process allows for the removal of minerals (e.g., calcium) from bone and the 

release of growth factors stored in bone matrix. 

Regulation:   Osteoclast activity is tightly regulated. Factors like parathyroid hormone (PTH) and 

calcitonin influence their activity. PTH stimulates osteoclasts, leading to increased bone 

resorption, while calcitonin inhibits them. 
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Resorption Process:   The resorption process involves the secretion of acid and enzymes by 

osteoclasts. They create an acidic micro environment at the bone surface, which dissolves the 

mineral component of bone (hydroxyapatite). Enzymes then degrade the organic matrix (collagen). 

Diseases:   Abnormal osteoclast activity can lead to bone diseases such as osteoporosis (excessive 

resorption) or osteopetrosis (insufficient resorption). 

Bone Remodeling:   Osteoclasts are crucial for bone remodeling, where old bone is removed and 

new bone is formed by osteoblasts. This process maintains bone strength and repairs micro 

damage. 

Clinical Importance:   Understanding osteoclast function is essential in the development of 

treatments for bone-related diseases, including osteoporosis and Paget’s disease. 

Research:   Ongoing research explores the molecular mechanisms regulating osteoclast activity 

and seeks to develop drugs that can modulate their function for therapeutic purposes. 

 

Cconclusion:- 

Bone tissue comprises osteoblasts, osteocytes, and osteoclasts, each with specific functions in bone 

formation, maintenance, and remodeling.   Understanding these cell types and their roles is 

essential for comprehending bone physiology and health. 
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