13. There Is More Material That Makes
Up The Outside Of Bone Cells Than
There Is On The Inside.TrueFalse

13. There Is More Material That Makes Up The Outside Of Bone Cells Than There
Is On The Inside.TrueFalse

Understanding the structure of bone cells is fundamental to comprehending how
our skeletal system functions, maintains itself, and responds to injury or
disease. The statement "There is more material that makes up the outside of
bone cells than there is on the inside" prompts an interesting exploration
into the cellular architecture of bones, specifically focusing on the
distinction between the extracellular matrix (ECM) and the cellular
components themselves. This article delves into the anatomy of bone cells,
the composition of their external and internal materials, and clarifies
whether the external material truly surpasses the internal in quantity.

Introduction to Bone Cell Structure

Bone cells, collectively known as osteocytes, osteoblasts, and osteoclasts,
play vital roles in bone formation, maintenance, and remodeling. Despite
their small size, these cells are embedded within a complex matrix that
provides structural support and biochemical cues necessary for their
function. To understand whether there is more material outside or inside
these cells, it’s crucial to first understand the general structure and
composition of bone tissue.

Bone tissue is a composite material consisting of:

- Cells: Osteocytes, osteoblasts, osteoclasts.

- Extracellular Matrix (ECM): Composed mainly of collagen fibers and mineral
deposits.

- Fluid: Bone marrow and interstitial fluid within the tissue.

The ECM, especially, forms the bulk of bone mass, serving as the scaffold
that supports cellular components.

Cellular Components of Bone

Before examining the external versus internal material, let's briefly
describe the main types of bone cells:



Osteocytes

- Derived from osteoblasts that become embedded within the bone matrix during
bone formation.

- Reside in small cavities called lacunae.

- Have long, slender cytoplasmic extensions that extend through canaliculi to
communicate with other osteocytes.

Osteoblasts

- Responsible for new bone formation.
- Located on the bone surface.
- Secrete organic components of the ECM, primarily collagen.

Osteoclasts

- Responsible for bone resorption.
- Large, multinucleated cells that break down bone tissue.

While each cell type has distinct roles, they are all embedded within or
associated with the bone matrix, which is predominantly extracellular.

The Composition of Bone's External Material

The outside of bone cells, especially osteoblasts and osteocytes, is
enveloped by the extracellular matrix, which accounts for the majority of
bone mass. The ECM has two main components:

Organic Matrix

- Mainly collagen type I fibers.
- Provides tensile strength and flexibility.
- Comprises about 90% of the organic component.

Inorganic Mineral Content

- Primarily hydroxyapatite crystals (calcium phosphate).
- Responsible for compressive strength.
- Deposited within the organic matrix.



Together, these form the mineralized matrix that gives bone its unique
combination of strength and resilience.

Material Inside Bone Cells

The internal material of bone cells is primarily composed of cytoplasnm,
organelles, and the nucleus. Key internal components include:

- Cytoplasm: The fluid that fills the cell, containing water, salts, and
organic molecules.

- Organelles: Mitochondria, endoplasmic reticulum, Golgi apparatus,
lysosomes.

- Nucleus: Contains genetic material.

- Cytoskeletal elements: Microtubules, actin filaments.

In contrast to the ECM, these internal structures make up a much smaller
volume relative to the entire bone tissue.

Quantitative Comparison: External vs. Internal
Material

The core question revolves around the relative amounts of material: does the
external (ECM) or internal (cellular organelles and cytoplasm) component
constitute more mass in bone tissue?

Bone as a Composite Material

- Bone tissue is approximately 70% inorganic mineral, 20% organic matrix, and
10% water by weight.

- The cellular component (including all bone cells) accounts for a small
percentage (~3-5%) of total bone mass.

- The ECM (collagen + mineral) makes up the vast majority (~95%) of bone
mass.

Volume and Mass Considerations

- Osteocytes, osteoblasts, and osteoclasts are tiny compared to the entire

bone tissue.

- The volume of the ECM surrounding the cells vastly exceeds the volume of

the cells themselves.

- The extracellular matrix, especially mineralized collagen, forms the bulk
of the structural material in bones.



Therefore, in terms of physical material, there is significantly more
external (matrix) material than internal (cellular) material in bone tissue.

Implications for Bone Health and Disease

Understanding the dominance of the extracellular matrix in bone composition
has important implications:

- Bone strength and flexibility depend largely on the quality and quantity of
the ECM.

- Bone diseases, such as osteoporosis, involve loss of mineral content or
collagen quality, affecting the matrix more than the cellular components.

- Bone repair and regeneration focus on restoring ECM integrity, emphasizing
the importance of external material.

Conclusion

Based on the structural composition, material quantities, and biological
makeup of bone tissue, the statement "There is more material that makes up
the outside of bone cells than there is on the inside" is generally True.

The extracellular matrix—comprising collagen fibers and mineral
deposits—constitutes the majority of bone material and mass, vastly
surpassing the internal cellular components like cytoplasm and organelles.
The external, matrix-based material provides the structural framework,
strength, and resilience of bones, while the internal cellular material is
relatively minimal in comparison.

In summary:

- The material outside bone cells (the ECM) is far more abundant than the
material inside.

- The extracellular matrix forms the primary bulk of bone tissue.

- Internal cellular components are essential but occupy a relatively small
volume and mass.

FAQs

- Q: Why is the extracellular matrix so important in bones?
A: It provides the mechanical strength, flexibility, and resilience necessary
for bones to withstand daily stresses.

- Q: Do bone cells contribute significantly to the overall mass of bone?
A: No, bone cells constitute a small fraction of total bone mass; most of it



is ECM.

- Q: How does this knowledge impact treatments for bone diseases?
A: Treatments often aim to restore or enhance the ECM, such as promoting
collagen synthesis or mineralization.
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In essence, the preponderance of material on the outside of bone cells—the
extracellular matrix—far exceeds what is contained within the cells
themselves, confirming that the statement is true.

Frequently Asked Questions

Is it true that the outside of bone cells contains
more material than the inside?

True

Why does the outer surface of bone cells have more
material compared to the inside?

Because the outer surface is composed of a dense matrix of mineral and
collagen that provides strength and protection, while the inside contains
more cellular components.

Does the greater amount of material on the outside
of bone cells contribute to their function?

Yes, the abundant material on the outside contributes to structural support
and protection, essential for bone function.

Is the statement 'There Is More Material That Makes



Up The Outside Of Bone Cells Than There Is On The
Inside' generally true?

Yes, it is generally true due to the composition of the bone's extracellular
matrix on the outside.

What types of materials are found more abundantly on
the outside of bone cells?

Minerals like calcium phosphate and organic components like collagen are more
abundant on the outside of bone cells.

How does the composition difference between the
outside and inside of bone cells affect their health
and function?

The dense outer material provides mechanical strength and protection, while
the internal components are involved in metabolic and cellular activities,
making the overall structure resilient and functional.

Additional Resources

Bone Structure and Composition: Is There More Material Outside Than Inside?

Understanding the complex architecture of bone tissue is fundamental to
grasping how our skeletal system functions, repairs itself, and responds to
various physiological demands. A common question related to bone anatomy is
whether the material that makes up the outside of bone cells exceeds that of
the inside, often posed as a true/false statement: "There is more material
that makes up the outside of bone cells than there is on the inside." To
address this, we need to delve into the detailed composition of bone, the
cellular architecture, and the extracellular matrix, along with the
biological processes involved.

Fundamentals of Bone Anatomy and Composition

Bone is a dynamic, highly organized tissue composed of living cells embedded
in a mineralized extracellular matrix (ECM). Its main functions include
providing structural support, facilitating movement, protecting vital organs,
and serving as a reservoir for minerals like calcium and phosphorus.

Key components of bone include:



- Cells: Osteocytes, osteoblasts, osteoclasts, and lining cells.

- Extracellular Matrix (ECM): Mineralized ground substance and collagen
fibers.

- Mineral Content: Primarily hydroxyapatite crystals (calcium phosphate).

Understanding how these components are distributed and structured is
essential to answering the question about material distribution.

Cellular Composition of Bone

Bone cells can be broadly classified into:

- Osteocytes: Mature bone cells residing within lacunae in the mineralized
matrix.

- Osteoblasts: Bone-forming cells responsible for producing ECM.

- Osteoclasts: Multinucleated cells involved in bone resorption.

- Lining cells: Flattened cells covering bone surfaces, involved in
regulation.

Structural localization:

- Osteocytes are embedded deeply within the mineralized matrix.

- Osteoblasts are found on surfaces where new bone is formed.

- Osteoclasts usually reside on bone surfaces during resorption.
Material distribution related to cells:

- The inside of bone cells (particularly osteocytes) is occupied by
cytoplasm, nucleus, and organelles.

- The outside of these cells is their cell membrane and, in the case of

osteocytes, their dendritic processes extending through tiny channels called
canaliculi.

The Extracellular Matrix: The Outer Material of
Bone

The ECM constitutes the bulk of bone tissue, forming the structural and
mineral framework that supports cellular functions.

Components of bone ECM:

- Organic matrix:



- Mainly type I collagen (~90% of organic matrix)

- Non-collagenous proteins (osteocalcin, osteonectin, etc.)
- Inorganic mineral:

- Hydroxyapatite crystals (~70% of total bone weight)

- These mineral deposits give bone its rigidity.

Structural features:

- The ECM forms the outside of bone cells and the intercellular space.
- Osteocytes are embedded within this mineralized matrix, connected via
canaliculi.

Implication:

Given that the ECM makes up the majority of bone mass and is located outside
the cells, it suggests that there is significantly more material outside the
cells than inside.

Comparing Material Inside and Outside of Bone
Cells

The core of the question hinges on the relative amounts of material:

- Inside bone cells:
- Cytoplasm

- Nucleus

- Organelles

- Intracellular fluid

- Qutside bone cells:

- Mineralized matrix (hydroxyapatite)
- Organic proteins (collagen)

- Extracellular fluid

Quantitative considerations:

- Bone mass composition:
- Approximately 70% inorganic mineral content
- About 30% organic matrix and water

- Cell volume:

- Osteocytes are relatively small (~10-20 micrometers in diameter)

- The intracellular volume is limited compared to the extracellular matrix
surrounding the cell

- Matrix volume:



- The ECM extends beyond individual cells, forming the bulk of the bone
tissue

Conclusion based on composition:

The extracellular material (mineralized matrix) constitutes the majority of
bone tissue, whereas the intracellular content (inside osteocytes and other
bone cells) makes up a comparatively small proportion.

Structural Features Supporting the Material
Distribution

Osteocyte embedding:

- Osteocytes are embedded within the mineralized matrix in spaces called
lacunae.

- Their dendritic processes extend through canaliculi, connecting with other
osteocytes and surface cells.

Implications:
- The physical space occupied by osteocytes and their processes is small
relative to the total bone volume.

- The mineralized ECM surrounds and supports these cells, making the external
material vastly larger.

Biological Processes and Material Turnover

Bone formation and resorption:

- Osteoblasts produce the organic matrix and initiate mineralization.

- Osteoclasts resorb bone, breaking down mineral and organic components.

- The continuous remodeling process maintains the proportional distribution
of material.

Dynamic balance:
- The external matrix is constantly being deposited and broken down.
- The internal cellular components are relatively stable, with some turnover

during cell death or differentiation.

Result:



This dynamic process further emphasizes that the mass and volume of external,
mineralized material tend to be much greater than the internal cellular
material.

Additional Considerations: Bone Tissue Types
and Variability

Types of bone tissue:

- Compact (cortical) bone: Dense, highly mineralized, with minimal spaces.
- Spongy (trabecular) bone: Porous, with a higher surface area, but still
predominantly mineralized ECM.

Implication:

In both types, the material outside the cells (matrix and mineral deposits)
far exceeds the volume occupied by the cells themselves.

Variability:

- The proportion might vary slightly depending on age, health, and specific
bone location.

- However, the overarching principle remains: the extracellular material
makes up the majority of bone tissue.

Summary and Final Conclusion

Is the statement true or false?

> "There is more material that makes up the outside of bone cells than there
is on the inside.”

Based on extensive anatomical, biochemical, and structural evidence, this
statement is True.

Key reasons:

- The extracellular matrix (composed of mineral and organic components)
constitutes the majority of bone tissue mass.

- Bone cells (osteocytes, osteoblasts, osteoclasts) occupy relatively small
internal volumes.

- The mineralized ECM surrounds and supports bone cells, making the external



material vastly more abundant than the internal cellular content.
Implications:

- This understanding underscores the importance of the extracellular matrix
in providing bone with its strength and rigidity.

- It also highlights why diseases affecting the matrix (like osteoporosis)
have profound impacts on bone integrity.

Final Thoughts

The question about the material composition of bone cells and their
surrounding matrix is fundamental to appreciating bone biology. Recognizing
that the external material-the mineralized ECM-is far more substantial than
the internal cellular material helps in understanding not only the structure
but also the function and pathology of bone tissue. It emphasizes the
importance of the extracellular matrix in bone strength, resilience, and
ability to repair itself.

In conclusion, the statement "There is more material that makes up the
outside of bone cells than there is on the inside" is True, reflecting the
dominant presence of the mineralized extracellular matrix in bone tissue
architecture.
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