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Abstract
The bones of the skeleton provide mechanical support for joints, ten-
dons and ligaments, protect vital organs from damage, and act as a
reservoir for calcium and phosphate in preserving normal mineral
homoeostasis. Bone is a dynamic tissue that undergoes renewal
and repair throughout life through bone remodelling. Most bone dis-
eases occur as the result of abnormalities in the remodelling process
that compromise the bone’s architecture, structure or mechanical
strength, leading to clinical symptoms such as pain, deformity and
fracture, and abnormalities of calcium and phosphate homoeostasis.

This article reviews key aspects of bone development, anatomy and
composition, and the cellular and molecular mechanisms responsible
for regulation of bone remodelling.
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Embryology of bone

Bones develop during embryonic life by one of two processes.

Flat bones such as the calvariae of the skull, mandible and

maxilla develop by intramembranous ossification, in which bone

forms by differentiation of mesenchymal stem cells directly into

bone cells. Most other bones, including the long bones of the

limbs, ribs, pelvis and vertebrae, develop by endochondral

ossification.

In endochondral ossification, the bone first forms as a carti-

lage template, which is subsequently invaded by vascular tissue

containing osteoprogenitor cells. The cartilage is then removed

and replaced by bone, which extends from centres of ossification

situated in the middle and ends of the developing bone. A thin

remnant of cartilage remains present at each end of the bone

during childhood and is referred to as the growth plate or

epiphyseal plate (Figure 1). Growth of the skeleton depends on

division of cartilage cells (chondrocytes) within the growth plate.

This takes place in the so-called ‘proliferative zone’ near the end

of the bone; the newly formed chondrocytes migrate downwards

towards the centre of the bone, where they become enlarged in

the hypertrophic zone. The hypertrophic chondrocytes then die,

and the surrounding matrix calcifies before being removed by

osteoclasts and replaced by mature bone. During puberty, the

rise in circulating concentrations of sex hormones causes cell

division in the growth plate to cease. This causes the cartilage

remnant to disappear as the epiphyses fuse and longitudinal

bone growth stops.

Bone anatomy and microanatomy

The skeleton consists of two main structural types of bone

(Figure 1). Cortical bone is dense with a low surface area and

forms an envelope around the marrow cavity. It is formed from

Haversian systems, which consist of concentric lamellae of bone

tissue surrounding a central canal that contains blood vessels.

Trabecular or cancellous bone (also known as spongy bone) has

a lower density and larger surface area than cortical bone.

Trabecular bone fills the centre of the long bones, flat bones and

vertebrae; it consists of an interconnecting meshwork of bony

trabeculae, separated by spaces filled with bone marrow.

Most bone in the skeleton (80%) is cortical, but the distri-

bution of cortical and trabecular bone differs in different regions

of the skeleton. For example, the distal portion of the long bones,

vertebral bodies and calcaneus are composed predominantly of

trabecular bone, whereas cortical bone predominates in the

shafts of the long bones and femoral neck. These differences are

relevant clinically as trabecular bone has a high surface area and

is remodelled more rapidly than cortical bone. Therefore bone is

lost more rapidly from sites rich in trabecular bone under con-

ditions of increased bone turnover.

Bone composition

The main organic component of bone matrix is type I collagen, a

fibrillar protein formed from two collagen a1 (I) peptide chains

and one a2 (I) chain, wound together in a triple helix. Collagen is

synthesized as a propeptide, but after its secretion from the

osteoblast, the amino- and carboxyl-terminal fragments are

cleaved off by proteolytic enzymes in the extracellular space. The

triple helical domains that remain self-assemble in a staggered

Key points

C Bone is a dynamic tissue that constantly undergoes renewal

and repair through bone remodelling

C Bone remodelling involves removal of bone by osteoclasts and

laying down of new bone by osteoblasts

C During bone formation, some osteoblasts become trapped

within bone matrix and differentiate to form osteocytes; these

are responsible for sensing the effects of mechanical loading

on the skeleton and for regulating phosphate homoeostasis

C Recent basic research has defined many factors responsible for

regulating bone remodelling; among the most important are

the RANKeRANKLeOPG pathway, which plays an essential role

in regulating osteoclast function, and the Wnt-LRP5-SOST

pathway, which plays an essential role in bone formation
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Anatomy and microanatomy of bone
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