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Preface

Osteoporosis is a growing public health problem world wide.

A large proportion of the population from middle age

onwards are at risk of suffering a fracture during their

remaining lifetime. With a predicted dramatic increase of

the older population in both developed and developing

countries, the numbers of those with osteoporosis and

suffering fractures is set to increase dramatically unless

effective methods of prevention and treatment are

implemented.

Knowledge of the causes of osteoporosis, who is most at

risk of suffering fractures, how to case find, and of the means

of prevention and treatment – including the recent

development of very potent interventions that can stimulate

bone formation or block bone resorption – have increased

dramatically over the past two decades. There are evidence-

based strategies for the prevention and treatment of

osteoporosis, but still the majority people who are at high

risk of the condition are either not treated or do not

continue treatment for long enough to gain a real benefit.

There are various reasons for this, but one is lack of

knowledge and understanding by clinicians about

osteoporosis, which leads to a failure to appreciate that there

are effective ways to prevent fractures.

The aim of this Atlas of Investigation and Management is

to bridge the gap by giving an update on current knowledge

and thinking in a format that makes information readily

accessible. This Atlas also aims to address clinical issues in

the care of fracture patients from different perspectives.

Detailed information on fractures and their treatment is

given in order to create a greater understanding of the

specific questions that need to be considered when a patient

presents with a fracture. 

We hope this Atlas will therefore be a useful contribution

towards the fight against preventable fractures.

Anthony Woolf

Kristina Åkesson
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Abbreviations

ALP alkaline phosphatase

BALP bone specific alkaline phosphatase

BMD bone mineral density

BMI body mass index

BMP bone morphogenetic protein
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BUA broadband ultrasound attenuation

CI confidence interval

CRP C-reactive protein

CTR calcitonin receptor
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DVT deep vein thrombosis
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DXR digital X-ray radiogrammetry
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iv intravenous
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RANKL receptor activator of nuclear factor kB ligand
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rhPTH recombinant human parathyroid homone
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SERMs selective oestrogen receptor modulators
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SOS speed of sound

SOTI Spinal Osteoporosis Therapeutic Intervention (trial)
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TNF tumour necrosis factor
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WHI Women’s Health Initiative



What is osteoporosis?

Chapter 1

Introduction

Osteoporosis is a condition characterized by low bone

mineral density and compromised microarchitectural

integrity leading to structural failure of the skeleton even at

low loads. The clinical consequence of osteoporosis is

fracture.

Osteoporosis is common in the population and it has

been estimated that 1 in 2 women and 1 in 5 men above the

age of 50 years will suffer a fracture during their remaining

lifetime. These fractures occur usually after the age of 65

years, the mean age of hip fracture in Sweden being 81

years. The number of people over 65 years and over 80 years

is increasing dramatically. It is estimated that the population

over 65 years of age will increase from the current 16% to

between 20 and 25% by 2050 in Europe. There is also a

predicted dramatic increase in the older population in less

developed countries. Risk factors are also increasing such as

reduced physical activity, less balanced diets, smoking, and

alcohol consumption. These demographic changes are

predicted to result in a dramatic increase in fractures with

subsequent morbidity and mortality.

Definition of osteoporosis

Osteoporosis is a condition that is characterized by low bone

mass and microarchitectural deterioration of bone tissue,

leading to enhanced bone fragility and a consequent

increase in fracture risk1. Bone quality and its strength is not

only a reflection of density and microarchitecture but there

are other factors that influence this and fracture risk2 which

need to be considered.

Bones grow in size during the first two decades of life,

with an acceleration during adolescence (1.1). This is

followed by a period of consolidation. Peak adult bone mass

is reached at about the age of 35 years for cortical bone and

a little earlier for trabecular bone. Bone mass subsequently

declines with ageing. This is a universal phenomenon,

occurring in both sexes and in all races. At all ages, women

have less bone mass than do men.With ageing this difference

becomes more pronounced.

With ageing there are changes in the microarchitecture of

bone (1.2, 1.3). There is thinning of the cortex and of

trabeculae, and a loss of connectivity, in particular of the

1

B
on

e 
m

as
s

20               50                     70  
Age (years)

Growth     Peak           Bone loss

Men
Women

Perimeno-
pausal
bone loss

1.1 Changes in bone mass over life.



Relates to peak bone mass (T-score )
• Osteopaenia: T-score -1 to -2.5 SD 
• Osteoporosis: T-score ≥ -2.5 SD
• Established osteoporosis: osteoporosis + fracture

Table 1.1 WHO definition of osteoporosis

Bone strength

Trauma 

Impact of trauma

Fracture

1.2, 1.3 Normal trabecular bone (top), and osteoporotic
trabecular bone (bottom). (From Dempster DW, et al.
(1986). A simple method for correlative light and scanning
electron microscopy of human iliac crest bone biopsies:
qualitative observations in normal and osteoporotic
subjects. J Bone Mineral Res 1:15–21).

1.4 Principal factors causing fracture.

2 What is osteoporosis?

horizontal trabeculae. The operational definition of

osteoporosis is in terms of bone mass1 (Table 1.1), although

this is not the only factor that determines bone strength or

fracture risk. Bone mass or density is measured by dual

energy X-ray absorptiometry in the hip or spine, but various

techniques can be used at different sites which correlate with

this.

Aetiology of fractures

The cause of fractures is multifactorial. The principal

factors that interact are the strength of bone, the event of an

injury (usually a fall), and the force on the skeleton from

that injury (1.4). Various factors influence each of these.

Bone strength is dependent on the structural and

dynamic characteristics of the bone – its density, quality

and rate of turnover (1.5). The quality of bone tissue relates

to its composition and microstructure, whereas its quality

as an organ depends also on its macrostructure. Fractures

usually follow an injury, in particular peripheral fractures.

In young people this is usually related to sport or road

traffic accidents, but in an older person typically is as a

result of a fall. Falls become increasingly common with age

and the causes are many (1.6). The causes can be

considered as intrinsic, extrinsic, and environmental factors

but usually there are several factors that contribute to a

person falling. As people age, the impact of any fall

increases for a variety of reasons (1.7), which increases the

chance of a consequent fracture. These factors will be

considered in more detail.

Factors that influence bone strength 

Bone is an organ that gives form to the body, supporting its

weight, protecting vital organs, and facilitating locomotion

by providing attachments for muscles to act as levers (1.8).

It also acts as a reserve for ions, especially calcium and

phosphate, the homeostasis of which is essential to life. It is

composed of cells and extracellular matrix, like other

connective tissues, but the matrix has the unique ability to

be calcified.

The strength of a bone and its ability to perform these

physical functions depend on its structure and the intrinsic

properties of the materials of which it is composed. The

amount of bone (bone size, mass, and density), its spatial



Bone density

Bone quality
• Microarchitecture

• Mineral
• Matrix

• Material
• Macrogeometry

Bone turnover

Bone strength

Fall height

Momentum

Direction

Impact location

Impact surface

Soft-tissue attenuation

Outcome of fall

Intrinsic factors
• General deterioration 

associated with ageing
• Impaired balance, gait, or 

mobility
• Visual impairment
• Imparied cognition or 

depression
• Blackouts

Extrinsic factors
•  Personal hazards
– Clothing, footwear
•  Multiple drug therapy 
– Sedatives
– Hypotensive drugs

Environmental factors
•  Hazards at home
– Lighting
– Flooring
– Stairs
– Pets and toys
•  Hazards outdoors
– Transportation
– Weather
– Pavements

Fall
1.5 Factors that influence bone strength.

1.6 Factors that are associated with falls; several may be
present.

1.7 Factors that affect the impact of a fall and its outcome.

arrangement (shape, geometry, and microarchitecture), its

composition (intrinsic properties of bone materials), and its

turnover (rate and balance of formation and resorption) are

all such determinants of its ability to perform mechanical

functions and to resist fracture.

Bone structure
Bones can be conveniently divided into flat bones such as

the scapula, skull, and pelvis, and tubular bones which

include the limb bones and vertebral bodies. The dense

outer surface or cortex is composed of compact bone and

the centre or medulla is braced by narrow plates or

trabeculae, a construction which gives maximum strength

for minimum weight (1.8). In the interstices of the

medulla lies the bone marrow, where bone cells are in

close contact with haemopoietic cells.

3What is osteoporosis?



Cortical bone
Cortical (compact) bone (1.9) constitutes 75–80% of the

skeletal mass. It forms the outer surface of all bone but the

majority is found in the shafts of tubular bone. Compact

bone is composed of lamellae which are concentrically

arranged around a small central canal to form a Haversian

system or osteon. Between the lamellae are osteocytes lying

in lacunae which are connected with each other and with the

central canal by fine canaliculi. Osteocytes lie no more than

300 μm from a blood vessel; the average cross-sectional

diameter of a Haversian system is 500 μm. The Haversian

systems, which may be up to 5 mm long, run parallel to the

long axis of the bone, branching and communicating with

each other. There are also interstitial lamellae between the

Haversian systems, and circumferential lamellae which

encircle the inner and outer surface of the bone. 

Periosteal vessels penetrate compact bone through

nutrient canals to supply the marrow, and branches of these

form the intracortical vessels which lie, along with the

venules, within the Haversian canals. The interconnecting

canaliculi between the osteocytes allow for rapid movement

of fluid for their nutrition and humoral intercommunication. 

Haversian systems are formed either by the deposition of

new bone on the endosteal or periosteal surfaces of cortical

What is osteoporosis?4

Epiphysis

Growth plate

Metaphysis

Cortical bone

Fused growth plate

Periosteum

Trabecular
bone

Diaphysis

1.8 Gross structure of bone.

bone (primary osteons) or by osteoclasts cutting tunnels

(cutting cones) into bone with subsequent deposition of new

bone by osteoblasts (secondary osteons). The latter process

is found in bone that is remodelling itself, and the outer limit

of a secondary osteon can be identified by a cement line

which separates it from adjacent bone.

Trabecular bone
Trabecular bone (1.10) is a rigid meshwork of mineralized

bone which forms the greater part of each vertebral body

and the epiphyses of the long bones, and is present at other

sites such as the iliac crest. It contributes 20% of the total

skeletal mass, but 65–70% of the total bone surface.

Complete struts are called trabeculae, but incomplete

spicules are also seen. The trabeculae usually lie so as to

resist deformational stresses (either from weight bearing or

from muscle activity) and their number, size, and

distribution are related to these forces. The vertical

trabeculae are usually thicker but strength is given by the

cross-bracing horizontal trabeculae. Trabecular bone

provides a large surface area and is the most metabolically

active part of the skeleton, with a high rate of turnover and

a blood supply that is much greater than that of compact

bone. It acts as a calcium reservoir.

Cortical bone

Trabecular bone

Capillary

Osteon

Osteoclast

Osteoblasts
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Vertebrae
>66% trabecular

Mid-forearm
>95% cortical

Distal forearm
75% cortical,

25% trabecular

Femoral neck
75% cortical,
25% trabecular

Trochanteric
region
50% cortical,
50% trabecular

1.9 Normal cortical bone.

1.11 The distribution of trabecular and cortical bone
throughout the skeleton.

Trabeculae have a lamella arrangement but less often

contain osteocytes. Growth occurs on their surfaces which

are covered by a layer of osteoid (that is, unmineralized

matrix), which is produced and subsequently mineralized by

surface osteoblasts. Occasional osteoclasts lie on their

surfaces in shallow pits known as Howships’s lacunae.

Distribution of different types of bone
The proportions of cortical and trabecular bone differ at

different sites in the skeleton (1.11). Trabecular bone is

predominant in the vertebrae and femoral head, but cortical

bone predominates at the distal radius and femoral neck.

The intertrochanteric area of the femur is 50% cortical and

50% trabecular bone. This distribution and differential loss

of cortical and trabecular bone in different scenarios

accounts in part for the occurrence of different fractures in

different situations: cortical bone loss predisposes to

peripheral fractures such as of the hip and wrist, whereas

trabecular loss predisposes to vertebral fractures.

Bone composition
The fundamental constituents of bone are the cells and the

extracellular matix. 

Bone cells
Osteoblasts
Osteoblasts are responsible for producing bone matrix

constituents, chiefly collagen and noncollagenous matrix

proteins that form osteoid (1.12, 1.13). They control

mineralization of bone. They originate from bone marrow

stromal or connective tissue mesenchymal stem cells which

Central canal

Haversian lamellae

Periosteum

Blood vessels and
nerve fibres

Osteocytes

Osteon
(Haversian
system)

Cortical bone Trabecular bone

1.10 Normal trabecular bone of the
iliac crest. (From Hildebrand T, et al.
(1999). Direct three-dimentional
morphometric analysis of human
cancellous bone: microstructural data
from spine, femur, iliac crest and
calcaneus. J Bone Mineral Res
14:1167–74.)



1.12 Bone cells.

1.13 Osteoblasts with osteoid.

1.14 Osteoblast
formation.

Mesenchymal
stem cells

Multipotent
osteoblast

Pre-
osteoblast

Osteoblast Osteocytic
osteoblast

Osteocyte

Increasing differentiation

Decreasing proliferation

Fibroblast
Chondrocyte

Myocyte
Adipocyte

Lining cell

BMP

Runx2
Osterix

PPARγ2
Collagen

ALP
OPN

Collagen
ALP, OPN
BSP, OC

OPN
OC

(BSP)PTH

Vitamin D
Glucocorticoids

PGE2, IGF1

Osteoclast

Lysosomes Nucleus

H+-ATPase

BoneCl- H+ Cl-
Proteases             H+

Cathepsin K
Cl- H+

Osteoblast

Osteoid
Osteocyte
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phosphatase (ALP) and the ALP activity increases early in

the mineralization phase. Osteoclasts have cell surface

receptors for hormones including parathyroid hormone,

vitamin D, and oestrogen, but also cytokine receptors.

There is a close linkage between osteoblast and osteoclast

activation, and cells of osteoblast lineage secrete cytokines

that participate in osteoclastogensesis. Osteoblasts express

cytokines on their surface including RANK ligand

(RANKL) which, through interaction with RANK,

promotes bone resorption. Osteoprotegerin is also secreted

by osteoblasts, which is a decoy RANK receptor that can

inhibit osteoclast formation. 

proliferate and differentiate into preosteoblasts and then

mature osteoblasts, after being subject to different

stimulations of local growth factors and transcription factors

(1.14). Osteoblasts are found in clusters of up to about 400

cells at a bone-forming site. Surface osteoblast or lining cells

line inactive trabecular surfaces. Activated osteoblasts line

the layer of bone matrix they are making, the osteoid

surface, prior to calcification. Their cellular structure

reflects their high synthetic and secretory activity with a

well-developed rough endoplasmic reticulum and large

Golgi complex and a number of more or less bone-specific

proteins, collagen type I in particular, are secreted. The

plasma membrane of the osteoblast is rich in alkaline



1.15 Osteoclasts.

1.16 Osteoclast
formation.

Increasing differentiation

Decreasing proliferative capacity

Hematopoietic
stem cell

Precursor Osteoclast precursor

Fusion

Osteoclast

M-CSF
RANKL

M-CSF
RANKL

IL-6

Monocyte Macrophage

Erythrocytes
Platelets
Eosinophils
Neutrophils
Basophils
B-lymphocytes
T-lymphocytes
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having originated as osteoblasts and becoming trap ped in the

matrix they produced. They have numerous long cell

processes which are in contact with other osteocytes and

lining cells on the bone surface. They are surrounded by the

periosteocytic space which is filled with extracellular fluid.

Osteocytes have a role in maintaining extracellular calcium

concentration. They may also act as mechanoreceptors and

in the local activation of bone remodelling.

Osteoclasts 
Osteoclasts are responsible for bone resorption. They are

giant, multinucleated cells usually found in contact with

calcified bone surface within lacunae that result from their

resorptive activity (1.15). An activated resorption site may

contain from one to five osteoclasts. Osteoclasts have a

different origin from osteoblasts. They are derived from

hematopoetic stem cells and are related to macrophages

(1.16). Mature osteoclasts are formed by the fusion of

osteoclast precursors. Osteoclast differentiation is promoted

by the interaction of RANK expressed on osteoclasts and

RANKL. They have abundant Golgi complexes,

mitochondria, and transport vesicles containing lysosomal

enzymes. Osteoclasts form sealed bone-resorbing

compartments next to the bone surface, with a ruffled

border formed by deep foldings of the plasma membrane

facing the bone matrix. They undergo apoptosis after they

have finished resorbing bone.

After forming bone, some osteoblasts are embedded in the

mineralized matrix and become osteocytes, some remain on

the surface and become bone-lining cells, whereas others

will undergo apoptosis (programmed cell death).

Osteocytes 
Osteocytes are embedded deep within bone in small lacunae,



Bone mineral:
• Calcium
• Phosphorous (as hydroxyapatite Ca10(PO4)6(OH)2)

Bone collagen – 90% of bone matrix:
• 13 genetically distinct types
• Type l collagen is the major component of bone

Non-collagenous proteins – 10% of matrix:
• Bone gla protein (osteocalcin)
• Matrix gla protein
• Osteonectin
• Proteoglycans – decorin, bone sialoprotein
• Cell attachment proteins – fibronectin, osteopontin, 

thrombospondin
• Regulatory growth factors – TGF, BMPs

Table 1.2 Composition of bone Peptide chains

Procollagen
molecule

Collagen
molecule

N-terminal
propeptide

C-terminal
propeptide

Osteoblast cell
membrane

Collagen fibril

1.17 Schematic illustration of collagen formation.
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pyridinium rings so that pyridinium cross-links are formed,

connecting three different collagen molecules. These cross-

links are described as pyridinoline or deoxypyridinoline

cross-links, depending on the combination of hydroxylysine

and lysine side residues3,4. The cross-linking is specific for

each of the N- and C-terminal telopeptide regions, and is

also relatively bone-specific5. The orientation of the collagen

fibres alternates from layer to layer in adult bone, which gives

the typical lamellar structure seen by polarizing light or

electron microscopy.

Bone growth
Tubular bones grow in length by ossification at the

metaphysis at cartilage growth plates (endochondral

ossification). The cortex grows in diameter by subperiosteal

deposition accompanied by endosteal resorption. This

process leads to enlargement of the marrow cavity. Flat

bones develop by intramembranous bone formation. An

ossifying growth plate can be divided into functional zones.

Chondrocytes initially proliferate and then actively

synthesize matrix, the cells having an internal arrangement

typical of secretory cells. Next, the cells hypertrophy,

compressing the surrounding matrix. In the next zone

calcification is found, initially with small isolated clusters of

Bone matrix and mineral
The extracellular matix is a ‘composite’ in materials science

terms, a matrix comprised of collagen and ground substance

that is mineralized. Crystals of hydroxyapatite are

precipitated on the collagen fibres. The mineral phase gives

compressive strength and rigidity, but it is the fibrous

organic matrix that gives bone its resistance to tractional and

torsional forces. The mineral phase accounts for up to 70%

of adult bone.

Collagen forms 90% of bone matrix, of which type 1 is

the major component. Noncollagenous proteins form the

ground substance, primarily glycoproteins and

proteoglycans, but there are other matrix proteins present in

small amounts that have important although not fully

characterized roles (Table 1.2). Most but not all of these

noncollagenous proteins are synthesised by bone cells. 

Type I collagen is formed in bone from the combination of

two α-1 and one α-2 collagen polypeptides containing

hydroxylated proline and lysine residues (1.17). It is secreted

as procollagen from the osteoblast, when the amino-terminal

and carboxy-terminal regions are cleaved. Type I collagen is

helical; the nonhelical domains at the amino- and carboxy-

termini are known as the N-telopeptide and C-telopeptide

regions. The structure of type I collagen is stabilized by side

chains of hydroxylysine residues which condense to form



1.18 Schematic drawing
of bone turnover.

1.19 Bone remodelling. A: trabecular bone;
B: cortical bone.

to repair the defect. This is followed by a resting phase

before the cycle begins again. The remodelling cycle follows

the same principles in both trabecula and cortical bone

(1.19). However, in trabecular bone it is on the surface of

trabeculae, but in cortical bone a tunnel is cut out by a
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A

B
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crystals which coalesce to an almost solid mass at the

cartilage–bone junction. Capillary buds, osteoprogenitor

cells, and osteoclasts then penetrate and resorb this

somewhat amorphous mineralized matrix and is replaced by

new bone formed by the osteoblasts.

Bone turnover and remodelling
Bone may seem inert but is a dynamic tissue and continually

turns over throughout life. Maintenance of bone integrity

relies on a closely controlled balance between osteoblastic

bone formation and osteoclastic bone resorption. The initial

phase of growth of the skeleton during childhood and

adolescence is associated with increasing bone density and

rigidity (1.1). This is followed by a phase through adulthood

when there is a close coupling between formation and

resorption and the bone mass is stable, but turnover allows

continual renewal and repair of the skeleton. In later life

there is an imbalance with a net loss of bone mass from both

the trabecular and cortical compartments, which may lead

to osteoporosis. 

Bone turnover, or remodelling, occurs in discrete packets

or remodelling units and at any given time about a million

of these units are active6,7. Each packet is anatomically and

chronologically separated. The normal remodelling

sequence takes 100–200 days. There are cellular control

mechanisms responsible that are only partially understood.

The sequence is initial activation of osteoclast precursors

followed by osteoclastic bone resorption (1.18). There is

then a reversal, with subsequent osteoblastic bone formation



cutting cone followed by a closing zone which results in the

characteristic structure of the Haversian system. Bone

remodelling is a slow process and it has been estimated that

it takes 10 years to renew the entire skeleton.

Cortical bone and trabecular bone do not change with

age in the same way. Trabecular bone is more active

metabolically and the bone remodelling cells are in closer

proximity to cells of the bone marrow and are probably

more subject to the osteotropic cytokines that they produce.

The effect of the greater metabolic activity is obviated by an

earlier loss of trabecular bone and, in women, a more

pronounced loss of trabecular bone of the vertebra after

menopause. Cells in cortical bone are more distant to such

cells and are more controlled by systemic osteotropic

hormones such as parathyroid hormone (PTH) and 1, 25-

dihydroxyvitamin D.

Mechanisms and control of bone turnover and
remodelling
The balance between bone resorption and bone formation is

maintained through a complex regulatory system of systemic

and local factors acting on bone cells, such as calcium

regulating factors, sex hormones, growth factors, and

cytokine. Furthermore, the capability of the bone cells and

the number of active cells will determine the production of

bone matrix proteins, while other incompletely understood

intrinsic mechanisms will determine mineralization and

microstructure. 

Resorption of bone at a specific site may be induced by

microdamage, but the initiating event in the process of

osteoclastic activation is unknown. After activation,

osteoclasts have the ability to create a local decrease of pH,

which precipitates the dissolution of mineral. Exposure of

the matrix allows proteolytic enzymes to commence the

degradation of the collagenous structure. The signals

responsible for termination of bone resorption and initiation

of bone formation (coupling) are not well understood;

however, evidence suggests that liberation of matrix-

embedded insulin-like growth factor system components

(IGF-I and IGF-II and their binding proteins) may induce

this shift. Other putative coupling factors include cytokines,

of which interleukin-1 (IL-1), IL-6, IL-11, TGFβ and

TNFα, appear to be most closely involved in the regulation

of bone turnover. 

Members of another of these systems are clearly

important regulators of bone resorption; the osteoprotegerin

(OPG) and RANK are members of the TNF receptor family

and are receptors for RANK. It has been suggested that

OPG acts as an inhibitor of the osteoclastic differentiation,

by blocking the ligand-binding of RANK, an osteoclast

differentiating factor (1.20).

Markers of bone turnover
During bone turnover, surplus products synthesized by the

osteoblasts during bone formation or fragments released

during bone resorption are found in blood and urine. The

levels of these can be used as markers of bone formation,

resorption, and rate of turnover (Table 1.3, 1.17, 1.21).

Osteoblast-associated proteins are differentially expressed

during bone formation and could ideally provide

information on the formation process. However, when

systemically assessed the sensitivity is insufficient. The bone

specific iso-enzyme of ALP increases early during

mineralization. Osteocalcin, the most abundant

noncollagenous protein, increases when mineralization is in

progression and in differentiated osteoblast when also bone

sialo protein is expressed. Breakdown of bone tissue

liberates collagen fragments and the terminal ends

What is osteoporosis?10

Bone formation
Serum
• Osteocalcin 
• Bone-specific alkaline phosphatase 
• Type I collagen C- and N-propeptide 

(PICP and PINP)

Bone resorption
Serum
• Free pyridinoline and deoxypyridinoline
• Pyridinoline cross-linking telopeptides 

(C- and N-telopeptides, CTx, NTx, ICTP) 
• Tartrate-resistant acid phosphatase 5b
• Bone sialoprotein 

Urine
• Pyridinoline crossliinks (pyridinoline and 

deoxypyridinoline)
• Pyridinoline cross-linking telopeptides 

(C- and N-telopeptides, CTx, NTx, ICTP)
• Osteocalcin fragments
• Hydroxyproline
• Calcium

Table 1.3 Markers of bone turnover
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1.20 Control of bone
turnover. A: the interaction
RANK/RANKL stimulates
osteoclast differentiation
leading to increased bone
resorption. 
B: osteoprotegerin is
produced by osteoblast
lineage cells and inhibits
osteoclast differentiation
by competitive binding to
RANKL, the osteoclast
differentiating and
activation receptor.

NTx ICTP
CTx

N C

GPP*SAGFDFS      FLPQ      EKAHDGGR α1(l)

Cat K      Cat KCat K

α2(l) JYDGKGVG

1.21 Collagen-related markers of bone turnover.
NTx: N-telopeptide cross-links; CTx: C-telopeptide
cross-links; ICTP: type I collagen pyridinoline
cross-linked carboxyterminal telopeptide. (Adapted
from Nishi Y, Atley L, Eyre DE, et al. (1999)
Determination of bone markers in
pycnodysostosis: effects of cathepsin K deficiency
on bone matrix degradation. J Bone Mineral Res
14(11):1902–1908.)

Osteoclast precursors

Differentiation

Mature osteoclast

RANKL/ODF

RANKL

OPG

OPG
RANK

Osteoclast precursors

Differentiation

Mature osteoclast

RANK

RANKL/ODF

RANKL

OPG

OPG

= inhibition

Oestrogen
IL-6

Osteoblasts/stromal cells

Osteoblasts/stromal cells

A

B



30–40 years                    80 years

1.22 In cortical bone there is endosteal resorption with
periosteal bone formation, leading to an age-related
increase in the diameter of long bones and a decrease in
cortical thickness. This process may be greater in men.

1.23 Changes in trabecular bone: there is thinning of
trabeculae and loss of connectivity. (From Hildebrand T, et
al. (1999). Direct three-dimentional morphometric analysis
of human cancellous bone: microstructural data from
spine, femur, iliac crest and calcaneus. J Bone Mineral
Res 14:1167–74.)
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trabeculae orientated in the vertical plane as well as

trabeculae orientated in the horizontal plane. The vertical

trabeculae tend to be relatively conserved, while the

thinning is more pronounced in the horizontal trabeculae

(1.23). As bone loss proceeds, the progressive thinning of

the horizontal trabeculae can lead to perforations,

microfractures (1.24), and loss of trabecular connectivity

(1.25) with reduction in the overall strength of the bone to

resist the loading forces exerted by gravity and physical

activity. This leads to increased susceptibility to fracture,

particularly vertebral fracture8.

Bone size and geometry
Bone size (i.e. mass) and its shape (i.e. distribution of mass,

geometry) also have important roles in the biomechanical

behaviour of bone and its ability to resist trauma (1.26).

Large bones are stronger than smaller bones, and a

decreased cross-sectional area of the radius is a risk factor

for wrist fractures in girls and postmenopausal women.

Large vertebrae will have greater end-plate areas resulting in

lower spine-pressure values and small vertebrae are more

likely to fracture. Geometry is important for the strength of

the femoral neck. The hip axis length, from the lateral

surface of the trochanter to the inner surface of the pelvis

(1.27), varies and a short hip axis length gives a stronger

structure for any given bone density. 

(telopeptides) of bone collagen as well as pyridinium

residues may be used as markers of bone resorption.

Degradation of bone also requires production of lysosomal

enzymes of which many are also produced by other cell

types. However, a variant of tartrate resistant acid

phosphatase is a relatively osteoclast-specific product and an

indicator of bone resorption. For discussion of the utility of

bone metabolic markers see Chapter 2. 

Changes in microarchitecture
The turnover of bone will lead to local changes in

microarchitecture. Cortical bone is removed mostly by

endosteal resorption and resorption within the Haversian

canals, resulting in increased porosity of the bone. Periosteal

bone formation continues throughout life, with a

consequent age-related increase in diameter of the bone but

there is also a decrease in cortical thickness (1.22). The

trabeculae in the vertebrae of young women are typically

orientated with horizontal trabeculae positioned at frequent

intervals between vertical trabeculae in a dense three

dimensional matrix. The loss that occurs with ageing

produces a general thinning of the trabeculae. This occurs in



1.24 A microfracture of a trabeculum with surrounding
callous formation.

Normal

Moderate
osteoporosis

Severe
osteoporosis

1.25 The thinning and
perforation of the
horizontal trabeculae
leads to loss of
connectivity between
the vertical trabeculae
with reduction in
strength.

Biomechanical properties of bone

Mass and composition Microarchitecture Geometry Distribution of bone mass

1.26 Bone structure and strength.
1.27 Hip axis length
can be estimated
from the DEXA
measurement using
a specific
algorithm.

Falls

Fracture of long bones usually relates to trauma. The

commonest cause of that trauma is a fall.

Falls become increasingly common with ageing. About

30% of individuals over 65 years fall each year, increasing to

50% of adults over 80 years, most commonly amongst

residents of long-term care institutions. Most older people

fall indoors where also the majority of hip fractures occur.

The likelihood of an elderly person falling is increased if he

13What is osteoporosis?



Personal intrinsic factors
General deterioration associated with ageing
• Poor postural control
• Defective proprioception
• Reduced walking speed
• Weakness of lower limbs
• Slow reaction time 
• Various comorbidities

Balance, gait or mobility problems
• Joint disease
• Cerebrovascular disease
• Peripheral neuropathy
• Parkinson's disease
• Alcohol

Visual impairment
• Impaired visual acuity
• Cataracts
• Glaucoma
• Retinal degeneration

Impaired cognition or depression
• Alzheimer’s disease
• Cerebrovascular disease

‘Blackouts’
• Hypoglycaemia
• Postural hypotension
• Cardiac arrhythmia
• TIA, acute onset cerebrovascular attack
• Epilepsy
• Drop attacks VBI

Personal extrinsic factors
Personal hazards
• Inappropriate footwear
• Clothing

Drug therapy
• Sedatives
• Hypotensive drugs

Environmental factors
Hazards at home
• Bad lighting
• Steep stairs
• Slippery floors
• Loose rugs 
• Tripping over pets, grandchildren's toys
• Lack of safety equipment such as grab rails

Hazards outdoors
• Transportation
• Uneven pavements
• Bad weather

Table 1.4 Cause of falls in the elderly

14 What is osteoporosis?

Impact of falls

Not all falls result in a fracture. Different fractures

predominate at different ages, due to to age-related

differences in bone strength in different parts of the skeleton

and also the impact associated with the fall (1.7). The

impact is a consequence of the height from which the fall

occurred and, in addition, the momentum and direction are

important. Osteoporotic fractures are usually defined as

being associated with a low energy fall from a standing

height. However, fractures in the elderly often occur when

or she has fallen already. Although not all falls result in

fracture, many result in impaired health, hospitalization,

and permanent disability.

There are a wide range of intrinsic, extrinsic, and

environmental factors that can result in a fall (Table 1.4,

1.6). There will be a specific intrinsic treatable cause of the

fall in 10% of cases; an identifiable environmental cause in

a further 10%, but the cause of most falls is multifactorial

and associated with general ill health, more specifically to

sensory and musculoskeletal decline with lower limb

weakness, unsteadiness, and loss of protective mechanisms.



Proximal humerus

Vertebrae

Distal 
forearm

Femoral neck

Trochanteric

Pelvis

Proximal tibia 
lateral condyl

the person falls down some steps or from standing on a

chair; bone fragility is clearly an important contributory

factor to these fractures. Distal forearm fractures occur in

younger people when the momentum is such that a fall will

result in the person landing on their outstretched hand,

whereas an older person moving more slowly is more likely

to fall to one side onto their hip. The actual location of

impact, its surface, and soft tissues to attenuate the impact

as well as the person’s protective responses are all important

in determining whether the fall results in fracture. The ‘soft

tissues’ may relate to body fat or to the flooring.

Understanding all these factors is important when

developing strategies to prevent fractures.

• Osteoporosis
• Primary malignancy including myeloma
• Metastatic malignancy – breast, prostate, lung, 

and renal most common
• Osteomalacia
• Paget's disease
• Osteomyelitis
• Traumatic vertebral fracture earlier in life
• Scheuermann’s osteochondritis of the spine

Table 1.5 Causes of fracture
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Fractures associated with osteoporosis

Fracture is the clinical manifestation of osteoporosis and

typical sites are the vertebrae, distal forearm, and hip. There

is also an age-related increase risk of fractures of the

humerus, pelvis, ribs, clavicle, and scapula (1.28). Fractures

with minimal trauma can also occur for other reasons and

these must be always considered (Table 1.5).

Vertebral fractures
The vertebral column is the central core of the skeleton. It

consists of 24 vertebrae adjoined by intervertebral discs and

stabilized by intervertebral joints (facet joints) and ligaments

(1.29). The ribs originate from the thoracic vertebra. The

vertebra are mainly made of trabecular bone covered by a

relatively thin cortical layer. The normal vertebra has equal

height at the anterior edge, central part, and the posterior

part. As changes in shape of a vertebra can be

developmental or due to a fracture, it cannot always be

known when it occurred and it is often therefore described

as a vertebral deformity and not as a fracture. The

deformation because of osteoporosis results in wedging

(anterior depression), end-plate compression (central

depression), or a total depression, i.e. crush fracture (1.30).

Osteoporotic fractures rarely protrude into the spinal canal

to cause neurological deficits.

Deformation of a vertebra occurs when the load exceeds

the bone strength (1.31). The degree of deformity is mainly

dependent on the microstructural integrity of the trabecular

network, and is related to a lesser extent to the thin cortices

of the vertebrae. The degree of deformation is therefore

related to the degree of bone loss. Vertebral fractures are

most commonly located at the lower thoracic spine (Th

1.28 Typical sites of osteoporotic fracture.



Posterolateral view

Superior view

Spinal cord within
spinal canal

Intevertebral
disk

Nerve 
root

Spinous
process

C1–C7

T1–T7

L1–L7

Anterior
view

Left lateral
view

Posterior
view

Coccyx

Sacrum

1.29 Structure of the vertebral column.

1.30 Vertebral deformities. A: normal; B: end-plate collapse; C: wedge fracture;
D: crush fracture.

A C

DB

1.31 This lumbar vertebra (arrow) has a wedge-shaped deformity with height loss
of the anterior border.
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1.32 Vertebral fractures are most commonly located at the lower thoracic spine (Th 11–12) and upper lumbar spine (L1) in
both men (A) and women (B). This is also shown in an X-ray (C). (Adapted from Ismail AA, Cooper C, Felsenberg D, et
al. (1999). Number and type of vertebral deformities: epidemiological characteristics and relation to back pain and height
loss. European Vertebral Osteoporosis Study Group. Osteoporos Int 9(3):206–213.)

A

B

C

1.33 Multiple vertebral fractures at both the thoracic and
lumbar spine, resulting in kyphosis and loss of height (up
to 20 cm). The rib cage reaches inside the pelvic rim.

17What is osteoporosis?

11–12) and upper lumbar spine (L1) and rarely above the

level of Th 59 (1.32). Vertebral fractures are most often an

incidental finding. Only about one-third present clinically,

and then it is often with sudden onset of severe disabling

back pain. Multiple fractures may be unknown to the person

who just notices their decreasing body height.

End-stage vertebral osteoporosis results from multiple

vertebral fractures at both the thoracic and lumbar spine

(1.33). This leads to kyphosis, loss of height (up to 20 cm),

restricted lung capacity, impaired swallowing, stomach, and

the gut function, disturbed sleep, and problems with

walking. The rib cage reaches inside the pelvic rim. Recent

fractures can be demonstrated by increased uptake on bone

scintigraphy (1.34) or by intraosseous oedema which can be

visualized using magnetic resonance techniques (1.35).



Upper extremity fractures
The distal radius or Colles’ fracture is one of the most

common fractures (1.36–1.38) and, in women, is regarded

as an indicator for osteoporosis and future fracture risk

because it occurs at a relatively early age (see Chapters 2 and

3). The fracture is located at the vulnerable site at the distal

end of radius where trabecular bone dominates and where

the cortical bone is thinner towards the radio-carpal joint.

The fracture occurs when a person falls or stumbles

forward, reaching out with the hand to break the fall. Other

fractures of the upper extremity occur following low-energy

trauma (1.36). Fractures of the proximal humerus increase

with age in both men and women and are the third most

common fracture in persons over the age of 65 years (1.39,
1.40). They typically occur when the person is unable to

reach out fully to counteract a fall and instead they fall

slightly to the side and hit the shoulder region. The person

is usually generally fit and living at home. Fractures related

to osteoporosis also occur at the elbow (1.41).

What is osteoporosis?18

1.34 Scintigraphy of vertebral fracture.

1.35 Vertebral fractures induce intraosseous oedema
which can be visualized using magnetic resonance
techniques. The signal is altered in L2 and L4 as a sign of
recent fracture, not yet healed. Vertebral fractures are
commonly stable and rarely compromise the spinal space.

1.36 Common sites of fractures of the upper extremities.
The relative distribution of the most common fractures in
women: distal radius fracture 15–20% and proximal
humerus fracture <5%.

Proximal humerus

Distal radius

Elbow

L2

L4
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1.37 Distal radius
fracture in an 84-
year-old woman.
The fracture is
severely displaced
with dorsal
angulation and
axial compression.
In addition, the
head of the ulna is
fractured, as is the
styloid process.
The axial
compression
causes prominence
of the ulnar head, a
finding that patients
later often find
disturbing.

1.38 The side view is
necessary to evaluate
the dorsal displacement
Colles’s fracture.

1.39 Fractures of
the upper arm
(proximal
humerus)
commonly occur
at the surgical
neck, another
region rich in
trabecular bone
and thin cortical
bone. This
fracture is caused
by a fall towards
an outstretched
arm. The majority
of fractures are
not significantly
displaced and are
thereby stable, as
seen here.

1.40 A, B: A fracture of the proximal humerus where the
head of the humerus is multifragmented and has very little
contact with the humeral shaft. This fracture requires
surgical treatment.

A B



1.41 A, B: With severe
osteoporosis, fracture of the
elbow can be very detrimental.
The fracture can be extremely
fragmented (bag-of-bones) and
unstable, as in this 84-year-old
woman. These fractures are
often impossible to reduce or
stabilize.

1.42 Common sites of fractures of the lower extremities.

Femoral neck

Trochanteric

Subtrochanteric

Pelvis

Proximal tibia
lateral condyle

A B
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Lower extremity fractures
Many different types of fracture may occur in the lower

extremity after low-energy trauma (1.42). Fractures of the

hip are most common. These involve the femoral neck

(cervical, 47%) or the trochanter (53%), which is mainly

trabecular bone (1.43–1.47). Fractures of the proximal

femur just below the trochanter are called subtrochanteric

and are more severe or difficult to treat optimally. The

typical age in Europe to sustain a hip fracture is 80 years and

many individuals are frail with comorbidities and are already

unable to live independently.

Pelvic fractures constitute less than 1% of fractures and

are common only in the very elderly and usually occur in the

pubic rami (1.48). Fracture of the lateral condyl of the

proximal tibia is associated with osteoporosis (1.49).



1.43 Fractures (arrows) of the femoral neck (cervical)
may be graded according to displacement. The mildly
displaced fractures (Garden I) have a more favourable
outcome with regard to healing. Impaired healing is
caused by disruption of the vascular supply from the
circumflex artery.

1.44 This fracture of the femoral neck has a greater
degree of displacement. Displacement must be evaluated
in two planes, anterior-poterior (A) and lateral (B). Notice
also the thin cortices of the femoral shaft in this 89-year-
old woman. Arrows indicate the fracture.

A B

1.45 A severely displaced femoral neck
fracture. The patient has previously had
a pelvic fracture of the pubic ramus.
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1.46 A: A trochanteric fracture mainly involves trabecular bone and it may be multifragmented (as in
this case), a factor of major importance for obtaining stability after reduction. Note that this fracture
involves the lesser trochanter. B: A pelvic view should always be included in the assessment of a hip
patient.
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1.47 A, B: A fracture of the proximal femoral diaphysis is often described as subtrochanteric.
This is a spiral fracture with a large intermediate fragment on the medio-dorsal side, including
the lesser trochanter.

A B

A B



1.49 Fracture of the
lateral condyl of the
proximal tibia is
associated with
osteoporosis. In
younger persons,
the cruciate and
collateral ligaments
are injured instead
and joint stability
must be tested in
these patients. The
fracture is intra-
articular with a depression of the joint surface and
therefore requires surgical reduction.

1.50 A, B: Breast cancer is the most common cause of
metastatic bone disease in women, while in men it is
prostate cancer. Neurological deficits from osteoporotic
fractures are uncommon and, when present, particularly in
the elderly, malignancy should always be ruled out. Bone
metastases of the spine are preferably visualized and
evaluated by MRI (B) as it provides information on both
the skeletal and nonskeletal involvement. In this case L1
(arrow) has a generally higher signal similar to that of an
osteoporotic fracture, but in addition virtually all vertebral
bodies are infiltrated by malignant cells (the dark areas),
whereas the spinal space is intact.
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1.48 The pelvic fracture related to osteoporosis is most
often located at either or both of the inferior or superior
rami. The patients clinically present with similar signs and
symptoms as those with hip fracture. Acetabular fractures,
that in the most severe cases cause protrusion of the
femoral head into the pelvis (arrow), are rare after low-
energy trauma.

A B

Other causes of fracture
Fractures may arise for reasons other then osteoporosis and

trauma and the possibility of primary and secondary bone

cancer must always be considered (1.50–1.52). This

includes myeloma. Nonmalignant lesions such as cysts

(1.53) can also present as a fracture following minimal

trauma. Bone conditions such as osteomalacia (1.54) and

Paget’s disease (1.55) may also present with fracture.



1.52 A, B: A 71-year-old man with widespread myeloma resulting in vertebral deformities.

A B

1.51 Metastases of the long bones are not as frequent
as in the spine. Metastases of the long bone are mostly
seen in the proximal femur/hip and the proximal
humerus, both regions rich in metabolically active
trabecular bone. Metastases are either osteolytic or
sclerotic in nature. Osteolytic metastases in the long
bones (arrow) leads to cortical thinning and high
fracture risk without prior trauma.
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1.53 Bone cysts are most
often benign and are
accidentally found,
particularly in the small
bones of the hands and feet.
In children, solitary cyst
have a predilection for the
proximal humerus and are
associated with fractures
after minor trauma. The cyst
heals with the fracture. 
A: Bone cyst (arrow) in a
young person that was
identified because of a
fracture from a minor trauma
B: Bone cyst in the proximal
femur (arrow) in a patient
presenting with a dull ache
in the groin (MRI).

1.54 Pseudofracture (Looser’s zones)
(arrow) of the medial aspect of the
proximal femur in osteomalacia. 1.55 Paget’s disease of bone affecting the fourth lumbar

vertebra with typical disorganization of bone structure.

BA
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