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Bone

Introduction

The bones provide a anchor for the attachments of the origin and insertion of muscles, allowing movements and resistance to movement. Stress, as a result of exercise induces an adaptive response which will increase the strength, resistance and mineral content of bones which has implications not only for increased performance but also in prevention of and rehabilitation from injury.

Further more the adaptive responses, first noted in athletes is also proving to be beneficial in post menopausal women and the elderly.

It is the purpose of this lecture to review the structure of bone and the mechanisms for growth and repair.

Types of Bone

The bone matrix consists of;

Cells – 
osteoblasts, osteocytes and osteoclasts (33% of the matrix) – growth and repair.

Organic elements – 
glycoproteins and collagen (2% of the matrix) – strength and rigidity.

Inorganic elements-
mineral salts (hydroxyapatites) mainly calcium salts and phosphates (65% of the matrix) –strength and hardness.

These elements are arranged into two type of bone or osseous tissue, compact and cancellous (spongy bone) (figure 1).

Compact bone

This accounts for 80% of skeletal mass but only 70% of its volume and is usually located in the outer layers of the bone. It is arranged in a highly organised microscopic circular structure called haversian systems. These systems have a central vascular supply (Haversian canal) and also contain bone cells (osteocytes), nerves and lymph vessels.

The osteocytes arrange themselves in small channels (canaliculi) which are positioned as successive circles around the haversian canal. Between each two canaliculi is a matrix of bone mineral, which together form a Lamella.

Cancellous bone

This type of bone comprises threads of bone woven together in a three dimensional array with open space filling the spaces (trabecular arrangement) It provides for storage of fat and it is here that bone marrow is found. The trabecular arrangement allows a high strength to weight ratio and accounts for the relatively low mass of bones. The woven shape provides multi-directional strength to the bone and resists shearing and torsional stresses. Loss cancellous bone or trabeculae will reduce the strength of the bone.

Figure 1 Structure of Bones

[image: image1.png]|

Spongy Epiphysis
bone l

Metaphysis
Medullary
cavity

Diaphysis
(shaft)

Compact
bone

Metaphysis

]

Epiphysis




Bone growth and repair (remodeling)
Ossification or bone formation is categorised into skeletal formation and bone remodeling.

Skeletal formation

During growth from infancy the skeleton is form by the ossification of cartilage. This process begin in the middle of the shaft and extends to each end or epiphysis. This becomes a thin layer of active cartilage called the epiphyseal plate which allows bones to growth in length and laterally. This process continues until later puberty when the epiphyseal plate becomes ossified (note many of the flat or irregular bones continue to growth throughout life (skull, jaw and facial bones).

Bone remodeling

This process involves the continual breakdown, repair and replacement of osteocytes and bone minerals. Deposition occurs at the site of injury or as a result of stress (exercise) whereas absorption will occur if the bone is unstressed or there is an imbalance in the regulatory processes of bone mineral content.

Changes in the bone matrix result from hormonal secretions stimulated as a result of activity levels (ignoring medical conditions). If the stimuli favour absorption then catalytic enzymes are secreted from the osteoclasts. The osteoclasts have a phagocyctic action which breaks down bone tissue. The resulting mineral salts diffuse into the intersitual fluid and removed by the circulation. Conversely if conditions favour increases in bone tissue osteoblast are layered down new as new bone (figure 2).

Hormonal control of bone remodeling

Remodeling occurs by multiple hormone secretions (table 1) sensitive to blood calcium concentrations and detected by the thyroid and parathyroid glands as well as in response to physical stress levels.

Table 1 – hormonal control of bone remodeling

Hormone


Function


Mechanism

Calcitonin


(Bone deposition

(Osteoblast activity





(Bone reabsorption

(osteoclasts activity

Parathyroid hormone
(Bone reabsorption

(Osteoclasts activity

Estradiol-17(


(Bone reabsorption

(sensitivity to PTH

Testosterone


(Bone reabsorption

(sensitivity to PTH

Bone stress


(Bone deposition

(Osteoblast activity

Bone Remodeling and Age

Bone mineral content increase during adolescence and peaks just after puberty. As we age further then loss of bone mineral content starts from the cancellous bone occur before 30 years and from the compact bone before 40 years of age. (figure 4)
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Age

The decline in trabecular bone mineral content is greater for women than men and greater again for postmenopausal women (1% year before and up to 7% year after menopause).

Research has show that exercise increase mineral deposition and reduce absorption.

