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Analyzing The Skeletal System
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Introduction

The skeletal system is a living organ system composed primarily of bones, cartilage, ligaments, and
associated connective tissues. It provides structural support, protects vulnerable organs, stores
minerals and energy, produces blood cells, and works with muscles and joints to create movement.
Although the adult human skeleton is commonly described as having 206 bones, the number can vary
slightly because some people have accessory bones or differences in fusion. Children have more
separate skeletal elements because many fuse during growth.

The original discussion correctly identifies the axial and appendicular divisions, compact and spongy
bone, mineral storage, marrow, and the major shape categories of bones. It requires several
corrections. Ligaments connect bone to bone, while tendons usually connect muscle to bone.
Cartilage is part of the skeletal system but should not be called “cartilaginous bones.” Bone is not an
inert storage structure; it is metabolically active tissue that continuously adapts through modeling
and remodeling. This analysis explains skeletal organization, bone structure, cells, growth, joints, and
clinical significance while retaining the original anatomical diagrams.

Skeletal System: Brief Overview

The skeleton supports the body against gravity and provides attachment sites for muscles. Bones act
as levers, joints act as movable connections or fulcrums, and muscle contraction generates force. The
skeleton also protects the brain, spinal cord, heart, lungs, and pelvic organs. The skull surrounds the
brain; the vertebral column encloses the spinal cord; the thoracic cage protects the heart and lungs;
and the pelvis protects lower abdominal and reproductive structures.

Bone stores calcium and phosphate and participates in mineral homeostasis. These minerals can be
released or incorporated under hormonal and physiological regulation. Red bone marrow produces
blood cells through hematopoiesis, while yellow marrow contains a higher proportion of adipose tissue
and serves as an energy reserve. The skeleton also has endocrine functions because bone cells
release signaling molecules that interact with other tissues.

Cartilage provides flexible support and smooth, low-friction surfaces at many joints. Ligaments
stabilize joints by connecting bones. Tendons transmit muscle force to bone. These tissues differ in
composition, blood supply, healing capacity, and mechanical role, but they function together as the
musculoskeletal system.
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Classification of the Skeletal System

The adult skeleton is divided into axial and appendicular components. The axial skeleton forms the
central axis of the body and includes the skull, vertebral column, ribs, and sternum. It contains 80
bones in the standard adult count. Its major functions include protection, posture, and attachment for
muscles that move the head, neck, and trunk.

The appendicular skeleton contains 126 bones and includes the upper and lower limbs together with
the pectoral and pelvic girdles that attach them to the axial skeleton. The upper limbs are highly
mobile and support reaching, grasping, and manipulation. The lower limbs and pelvic girdle are
adapted more strongly for weight bearing, balance, and locomotion.

The original diagram illustrates these divisions:
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Figure 1. Axial and appendicular divisions of the human skeleton.

Organization of a Typical Long Bone

A long bone such as the femur contains a shaft called the diaphysis and expanded ends called
epiphyses. The metaphysis lies between the diaphysis and each epiphysis. During growth, the
metaphysis contains the epiphyseal plate, a region of cartilage where lengthening occurs. After
growth is complete, the plate is replaced by an epiphyseal line.

The diaphysis surrounds a medullary cavity. In adults, this cavity often contains yellow marrow,
although marrow distribution changes with age and clinical condition. The epiphyses contain
abundant spongy bone covered by a thinner layer of compact bone. Articular cartilage covers joint
surfaces and reduces friction while distributing load.

The periosteum covers most external bone surfaces except those covered by articular cartilage. It
contains blood vessels, nerves, connective tissue, and cells involved in growth and repair. Sharpey
fibers anchor the periosteum to bone. The endosteum lines the medullary cavity and internal bone
surfaces.

Compact and Spongy Bone Tissue

Compact bone, also called cortical bone, is dense and forms the strong outer shell of bones. In many
regions it is organized into osteons or Haversian systems. Each osteon consists of concentric lamellae
surrounding a central canal that contains vessels and nerves. Osteocytes occupy small spaces called
lacunae and communicate through microscopic canaliculi.

Copyright © 2026 Academic Master. | 2



@ ’ACADEMIC

Spongy bone, also called cancellous or trabecular bone, forms a lattice of plates and struts called
trabeculae. The spaces between trabeculae contain marrow and vessels. Trabeculae align with
patterns of mechanical stress, providing strength with less mass than solid tissue. Spongy bone is
prominent in vertebrae, flat bones, and the ends of long bones.

Spongy bone is not weak simply because it is less dense. Its architecture is efficient for distributing
multidirectional forces. Diseases that thin or disconnect trabeculae can greatly reduce bone strength
even when the outer shape of the bone appears unchanged. (National Institute of Arthritis and
Musculoskeletal and Skin Diseases)

Bone Matrix and Composition

Bone matrix contains an organic component and a mineral component. The organic portion is
primarily type | collagen together with noncollagenous proteins. Collagen provides tensile strength
and some flexibility. The mineral portion is mainly hydroxyapatite crystals containing calcium and
phosphate. Mineral provides hardness and resistance to compression.

The combination is essential. Bone that is poorly mineralized can bend or deform, while bone with
abnormal collagen can become brittle. Water is also an important part of bone tissue. Fixed
percentages vary according to whether measurements are made by wet weight, dry weight, age, and
skeletal site, so a single 25-50-25 formula should not be treated as universal.

Bone Cells

Osteogenic or osteoprogenitor cells are stem-like cells that can develop into osteoblasts. Osteoblasts
produce osteoid, the unmineralized organic matrix of new bone, and help regulate mineralization.
Some osteoblasts become bone-lining cells, while others become enclosed within matrix and
differentiate into osteocytes.

Osteocytes are the most numerous mature bone cells. Their processes extend through canaliculi,
creating a communication network. They sense mechanical loading and help coordinate remodeling.
Bone therefore responds to use: appropriate loading stimulates adaptation, while prolonged unloading
can contribute to bone loss. (Kamel-ElSayed)

Osteoclasts are large multinucleated cells derived from the monocyte-macrophage lineage. They
resorb bone by creating an acidic compartment and releasing enzymes that dissolve mineral and
matrix. Osteoclast activity is not inherently destructive; it is necessary for growth, repair, mineral
balance, and removal of damaged tissue.
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Bone Modeling and Remodeling

Modeling changes the size and shape of bone, especially during growth. Formation and resorption can
occur on different surfaces, allowing bones to lengthen, widen, and adapt. Remodeling replaces old or
damaged tissue through coordinated resorption and formation. An activation signal recruits
osteoclasts, resorption creates a cavity, osteoblast-lineage cells refill it with osteoid, and
mineralization completes the cycle.

Remodeling helps maintain mechanical integrity and calcium balance. When resorption chronically
exceeds formation, bone mass and microarchitecture deteriorate. When formation is excessive or
poorly organized, bone can also become abnormal. Hormones, nutrition, age, physical activity,
disease, and medications influence the balance.

Bone Formation and Growth

Intramembranous ossification forms bone directly within connective tissue membranes and
contributes to many flat bones of the skull and part of the clavicle. Endochondral ossification replaces
a cartilage model and forms most bones, including the long bones.

Length growth occurs at epiphyseal plates. Chondrocytes proliferate, enlarge, and contribute to a
sequence in which cartilage is calcified and replaced by bone. Growth ends when the plates close.
Width growth occurs through appositional deposition beneath the periosteum while internal resorption
expands the medullary cavity.

Growth depends on genetics, growth hormone, thyroid hormone, sex hormones, adequate energy and
protein, calcium, phosphate, vitamin D, and overall health. Nutrient supplements do not cause
unlimited growth; they correct or prevent deficiencies within biological limits.

Classification of Bones by Shape

Bones are commonly classified as long, short, flat, irregular, or sesamoid. Long bones, such as the
femur and humerus, are longer than they are wide and function as levers. Short bones, such as
carpals and tarsals, have roughly similar dimensions and provide stability with limited motion. Flat
bones, including the sternum, ribs, and many cranial bones, protect organs and provide broad muscle
attachments.

Irregular bones have complex shapes that do not fit other categories; vertebrae are examples.
Sesamoid bones develop within tendons where they alter force, reduce friction, or protect the tendon.
The patella is the largest sesamoid bone. Some classifications also identify sutural bones within skull
sutures.
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The original image shows representative shapes:
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Figure 2. Major bone categories based on shape.

Joints and Movement

A joint, or articulation, is the location where bones meet or where bone meets cartilage. Fibrous joints
permit little or no movement and include skull sutures. Cartilaginous joints unite bones through
cartilage and permit limited movement, as in the pubic symphysis and intervertebral discs. Synovial
joints contain a joint cavity, articular cartilage, a capsule, and synovial fluid and allow greater
movement.

Synovial joints can be classified by shape and movement, including hinge, pivot, ball-and-socket,
saddle, condyloid, and plane joints. Stability depends on bone shape, ligaments, muscles, tendons,
and surrounding soft tissue. Greater mobility often involves a trade-off with stability, which helps
explain why the shoulder moves widely but is more prone to dislocation than the hip.

Mineral Homeostasis and Hormonal Requlation

Calcium is required for muscle contraction, nerve signaling, blood clotting, and other functions. The
skeleton acts as a regulated reservoir. Parathyroid hormone, vitamin D metabolites, calcitonin, sex
hormones, and local signals influence absorption, excretion, formation, and resorption. This regulation
is complex; describing bone merely as a “storage room” understates its active role.

Vitamin D supports intestinal calcium absorption and normal mineralization. Deficiency can cause
rickets in children and osteomalacia in adults. Osteoporosis differs because it involves reduced bone
strength and microarchitectural deterioration rather than simply unmineralized matrix.

Blood Cell Production and Marrow

Red marrow contains hematopoietic stem and progenitor cells that produce red blood cells, white
blood cells, and platelets. In adults, active red marrow is concentrated in the axial skeleton and
proximal parts of some long bones. Yellow marrow contains more fat but can change under severe
physiological demand.

Marrow is an organized microenvironment, not empty filler. Stromal cells, vessels, signaling
molecules, and bone cells influence blood-cell development. Skeletal and immune systems are
therefore closely connected.
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Clinical Relevance

Fractures disrupt bone continuity and may damage vessels, nerves, muscles, or joints. Healing
proceeds through inflammation, soft and hard callus formation, and remodeling. Alignment, blood
supply, stability, age, infection, smoking, nutrition, and disease affect recovery.

Osteoporosis increases fracture risk, especially at the hip, spine, and wrist. Osteoarthritis primarily
affects articular cartilage and the whole joint, while rheumatoid arthritis is an inflammatory
autoimmune disease. Osteomyelitis is infection of bone. These disorders differ in cause and should
not be grouped simply as “bone pain.” (Tortora)

Bone health is supported by adequate nutrition, weight-bearing and resistance exercise, avoidance of
tobacco, fall prevention, and appropriate medical assessment. Persistent pain, deformity, loss of
height, or injury requires professional evaluation rather than self-diagnosis. (Betts)

Conclusion

The skeletal system is a dynamic network that supports movement, protects organs, stores minerals
and fat, and provides the environment for blood-cell formation. Its axial and appendicular divisions
reflect different mechanical roles. Compact and spongy bone achieve strength through different
architectures, while collagen and mineral give bone both flexibility and hardness. Osteoblasts,
osteoclasts, and osteocytes continuously build, resorb, and monitor tissue. Growth, remodeling, joints,
marrow, nutrition, hormones, and mechanical loading all contribute to skeletal function.
Understanding bone as living tissue provides a more accurate foundation for explaining injury,
disease, development, and lifelong skeletal health.
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