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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 wunderstanding 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 Akesson

vii
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Chapter 1

What is osteoporosis?

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 risk!. Bone quality and its strength is not
only a reflection of density and microarchitecture but there
are other factors that influence this and fracture risk? 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

Growth  Peak

Bone loss

Bone mass

Perimeno-
pausal
bone loss
I I I
20 50 70
Age (years
Men ge (years)
—— Women

1.1 Changes in bone mass over life.
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horizontal trabeculae. The operational definition of
osteoporosis is in terms of bone mass! (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

Table 1.1 WHO definition of osteoporosis

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

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).

Bone strength =

Trauma Fracture

Y

Impact of trauma

Y

1.4 Principal factors causing fracture.
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Bone density =

Bone quality
» Microarchitecture
* Mineral
* Matrix
» Material
» Macrogeometry

= Bone strength

Bone turnover

Y

1.5 Factors that influence bone strength.

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

Fall

Fall height =

Momentum =

Direction =
Outcome of fall

Impact location =

Y

Impact surface

Soft-tissue attenuation

Y

Environmental factors
* Hazards at home
— Lighting

— Flooring

— Stairs

— Pets and toys

* Hazards outdoors
— Transportation

— Weather

— Pavements

Y

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.

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

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.
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1.8 Gross structure of bone.

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 um from a blood vessel; the average cross-sectional
diameter of a Haversian system is 500 um. 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

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.
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Central canal
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L || m] m\ 1.10 Normal trabecular bone of the
- >

Cortical bone

-
Trabecular bone

iliac crest. (From Hildebrand T, et al.
(1999). Direct three-dimentional

1.9 Normal cortical bone.

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

morphometric analysis of human
cancellous bone: microstructural data
from spine, femur, iliac crest and
calcaneus. J Bone Mineral Res
14:1167-74.)

Vertebrae
>66% trabecular

Femoral neck
75% cortical,
25% trabecular

Mid-forearm
>95% cortical

Distal forearm
! f Trochanteric

region
y 50% cortical,
*" 50% trabecular

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

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, interaction with RANK,
promotes bone resorption. Osteoprotegerin is also secreted

through

by osteoblasts, which is a decoy RANK receptor that can
inhibit osteoclast formation.
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1.15 Osteoclasts.

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,

having originated as osteoblasts and becoming trapped 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.

1.16 Osteoclast

Increasing differentiation

formation. >
Decreasing proliferative capacity
Hematopoietic Precursor Osteoclast precursor Osteoclast
stem cell
@ @ Fusion
M-CSF M-CSF
RANKL RANKL
IL-6
——

Erythrocytes
Platelets
Eosinophils Monocyte Macrophage
Neutrophils
Basophils

B-lymphocytes
T-lymphocytes
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Table 1.2 Composition of bone

Bone mineral:
* Calcium
* Phosphorous (as hydroxyapatite Ca,,(PO4)s(OH),)

Bone collagen — 90% of bone matrix:
13 genetically distinct types
* Type | 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

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 o-1 and one «-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

Peptide chains

M

N-terminal C-terminal
propeptide popeptlde

Procollagen
molecule

Osteoblast cell
l membrane

IO IN —

Collagen
molecule

l Collagen fibril

1.17 Schematic illustration of collagen formation.

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 residues®*. The cross-linking is specific for
each of the N- and C-terminal telopeptide regions, and is
also relatively bone-specific®. 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
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1.18 Schematic drawing
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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 active®’. 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

Formation Resting phase

Reversal
phase

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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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, TGFpB and
TNFa, 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 (7able 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

Table 1.3 Markers of bone turnover

Bone formation

Serum

* Osteocalcin

» Bone-specific alkaline phosphatase

* Type | 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



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.

OPG
o Oestrogen
Osteoblasts/stromal cells IL-6
1.21 Collagen-related markers of bone turnover. NTx IcTP
NTx: N-telopeptide cross-links; CTx: C-telopeptide — —_— CTx
cross-links; ICTP: type | collagen pyridinoline Cat K CatK CatK
cross-linked carboxyterminal telopeptide. (Adapted 02() JYDGKGVG l GPP*SAGFDFS‘ FLPQ lEKAHDGGR ()

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.)
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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.

(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.
phosphatase is a relatively osteoclast-specific product and an

However, a variant of tartrate resistant acid
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
life,
consequent age-related increase in diameter of the bone but

bone formation continues throughout with a
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

1.23 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.)

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.



1.24 A microfracture of a trabeculum with surrounding
callous formation.

1.25 The thinning and

perforation of the

horizontal trabeculae

leads to loss of

connectivity between
the vertical trabeculae

with reduction in
strength.
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1.26 Bone structure and strength.

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

1.27 Hip axis length

can be estimated
from the DEXA
measurement using
a specific
algorithm.
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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.

Table 1.4 Cause of falls in the elderly

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

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

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



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.

Proximal humerus

Vertebrae X

\‘\\\ Femoral neck

Distal ‘\\ |
Troch

forearm % rochanteric

=F

Proximal tibia
lateral condyl

1.28 Typical sites of osteoporotic 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

Table 1.5 Causes of fracture

» 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
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Anterior  Left lateral Posterior
view view view
C1-C7 Spinal cord within
spinal canal
Intevertebral
T1-T7 disk
Nerve
root
Spinous
L1-L7 process
Superior view
Posterolateral view
Sacrum
Coccyx

1.29 Structure of the vertebral column.

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

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.)

11-12) and upper lumbar spine (IL1) and rarely above the
level of Th 5° (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).

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.
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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).

1.34 Scintigraphy of vertebral fracture.

Proximal humerus

Elbow
Distal radius
1.35 Vertebral fractures induce intraosseous oedema 1.36 Common sites of fractures of the upper extremities.
which can be visualized using magnetic resonance The relative distribution of the most common fractures in
techniques. The signal is altered in L2 and L4 as a sign of women: distal radius fracture 15—-20% and proximal
recent fracture, not yet healed. Vertebral fractures are humerus fracture <5%.

commonly stable and rarely compromise the spinal space.
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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.
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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).

1.42 Common sites of fractures of the lower extremities.

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.

Femoral neck

Proximal tibia
lateral condyle
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1.43 Fractures (arrows) of the femoral neck (cervical) 1.44 This fracture of the femoral neck has a greater

may be graded according to displacement. The mildly degree of displacement. Displacement must be evaluated
displaced fractures (Garden I) have a more favourable in two planes, anterior-poterior (A) and lateral (B). Notice
outcome with regard to healing. Impaired healing is also the thin cortices of the femoral shaft in this 89-year-

caused by disruption of the vascular supply from the old woman. Arrows indicate the fracture.

circumflex artery.

1.45 A severely displaced femoral neck
fracture. The patient has previously had
a pelvic fracture of the pubic ramus.



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.

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.



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.

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

1.50 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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1.49 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.

(1.53) 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.
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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.

A P:

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



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.

What is osteoporosis?

1.55 Paget’s disease of bone affecting the fourth lumbar
vertebra with typical disorganization of bone structure.

25
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Chapter 2

Epidemiology, risk,

and risk factors

Introduction

Osteoporosis is defined in terms of bone quality, bone mass,
bone architecture, and fracture risk. The epidemiology of
osteoporosis therefore relates to all these and to their
outcomes. Clinically, osteoporosis is recognized by the
occurrence of fractures following low-energy trauma, the
best documented of these being hip, vertebral, and distal
forearm fractures. The definition has been previously
considered (Table 1.1).

The incidence of osteoporosis is best measured indirectly
as the incidence of fractures that are attributable to the
condition. Prevalence is best measured by the frequency of
reduced bone mineral density (BMD) or numbers of those
with vertebral deformity. The risk of sustaining a fracture
related to osteoporosis can be considered for the future
lifetime from the age that the risk increases — that is from 50
years. Alternatively, risk can be considered as the probability
of sustaining a fracture during a meaningful period and 10
years is considered more appropriate when deciding whether
or not to intervene to reduce that risk.

Epidemiology of osteoporosis

There is a normal distribution of bone density across the
population for any age and either sex (2.1). Bone strength
declines and the risk of fracture increases with reduced bone
density. Normal bone density is defined as being -1 standard
deviation or greater than the mean at 30-40 years (peak
bone mass). Bone density between -1 SD and -2.5 SD of
peak bone mass (T-score) has been defined by the WHO as
osteopenia, and equal or below 2.5 SD of peak bone mass as

osteoporosis!.

As bone density declines with ageing, the number at any
age with osteoporosis will increase (2.2)2. It is estimated that
54% of postmenopausal white women in the northern USA
have osteopenia, and a further 30% have osteoporosis in at
least one skeletal site. In the UK, it is estimated that around
23% of women aged 50 years or more have osteoporosis as
defined by WHO. For the diagnosis of osteoporosis, it has
been recommended by the International Osteoporosis
Foundation to measure BMD by dual energy X-ray
absorptiometry (DXA) at the hip, and by this definition the

Proportion of population

0.6 15 50 85 >99
| | |

Normal

Osteoporosis
Osteopaenia

\ \ \ \ \ \
-4 -3 -2 -1 0 1 2 3 4
Bone mineral density (T-score)

2.1 Distribution of bone density in healthy women aged
30-40 years. (Adapted from WHO (2003). Prevention and
Management of Osteoporosis. WHO Technical Report
Series No. 921. World Health Organization, Geneva.)
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Epidemiology of fracture

Fractures occur most frequently in adolescents and young
adults and, in later life, increase from age 50 years (2.4). At
75 years, over 40% of women will have sustained a fracture®.
In adolescents and young adults they are more frequent in
males than females when they are usually associated with
major trauma such as road traffic accidents and sports
injuries. The sites of fracture are usually long bones, most
commonly the forearm?. In later life, fractures are more
common in females than males and follow low-energy
trauma, most commonly falls. The majority of these
fractures in those aged over 50 years are the result of
underlying osteoporosis.

The fractures that are most strongly associated with age
and osteoporosis are of the distal forearm (Colles’ fracture),

40-49 50-59 60-69 70-79 80-89
Age

1] Osteoporosis
[ ] Low bone mass
[ ] Normal bone mass

2.3 The percentage of women in Sweden with normal
bone mass, low bone mass, and osteoporosis in the hip at
increasing ages. (Adapted from SBU (1995).
Measurement of bone mineral density. SBU Report 127.
Swedish Council of Technology Assessment in Health
Care, Stockholm.)

the proximal femur, and of the vertebrae (2.5). These sites
are predominantly trabecular bone. The incidence rates of
proximal humeral, rib, clavicle, and scapula also rise with
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The incidence and prevalence of radiological vertebral
deformities increase with age. One in eight men and women
over 50 years in Europe are estimated as having vertebral
deformity from a large epidemiological study conducted

across 18 European countries®

. Vertebral deformity is
describing a radiological finding (see Chapter 1) and it is not
possible to say with certainty when and how it arose. This
term is used in epidemiological studies. If it appears that the
deformity is related to a fracture, then that term is used.
Vertebral deformities are more prevalent in males than
females aged 50-59 years and there is a less dramatic age-

related increase in males which is seen from 70 years (2.6).

10

kRl

50-54 55-59 60-64 65-69 70-74 75-79
Age

% vertebral deformity

2.6 Age distribution of vertebral fractures. (Adapted from
O’Neill TW, et al. (1996). The prevalence of vertebral
deformity in European men and women: the European
Vertebral Osteoporosis Study. J Bone Mineral Res
11(7):1010-1018.)
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It is likely that many vertebral deformities in younger men
are developmental and have occurred during growth and
that they do not represent fractures. The prevalence of
vertebral deformities increases in females from age 50 years.
The number of vertebral deformities present in any
individual also increases with age. These age-related
vertebral deformities most likely represent fractures and
relate to osteoporosis. The majority of vertebral fractures
result of compressive loading associated with activities such
as lifting or changing positions, but can also be discovered
incidentally. Only one-third of new vertebral fractures
relates to falls.

The prevalence of vertebral fracture varies between
populations with a demonstrated threefold difference across
Europe and up to twofold difference within European
countries in the European Vertebral Osteoporosis Study
(EVOS)S. It is difficult to know the true incidence of
vertebral fractures as only one-third present clinically. A
prospective radiological study in Europe of men and women
aged 50-79 years found an age-adjusted incidence of
vertebral deformities of 1% per year among women and

0.6% per year among men”’.

Distal forearm fracture

Most distal forearm fractures (see Chapter 1) occur in
women, the age-adjusted female to male ratio being 4:1
(2.7). There is a rapid rise in incidence after the menopause
which plateaus at about 65 years, but overall around 50%
occur in women aged 65 years and older. At 75 years, almost
20% of women have sustained a distal forearm fracture®.
The incidence in men changes little between 20 and 80
years. A multicentre study in the UK found annual
incidences of 9 and 37 per 10,000 men and women over 35
years respectively®.

Hip fracture

The incidence of hip fractures increases exponentially with
age (2.8). Ninety percent occur in people over 50 years of
age and the average age of sustaining a hip fracture in
developed countries is 80 years. The estimated rates in
westernized countries are 33/100,000 person-years in
women aged aged 50-54 years, rising to over 1808/100,000
person-years in women 80 years and older, with rates in men
of 28 and almost 900, respectively® (Table 2.1). However,
the female preponderance of hip fractures is not common to
all populations. The age-specific incidence varies between
countries (2.9). Worldwide, there were estimated to be 1.31
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2.7 Age distribution of distal forearm fractures. (Adapted
from O’Neill TW, et al. (2001). Incidence of distal forearm
fracture in British men and women. Osteoporos Int
12(7):555-558.)
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2.8 Age distribution of hip fractures. (Adapted from
Rogmark C, et al. (1999). Incidence of hip fractures in
Malmé, Sweden, 1992—-1995. A trend-break. Acta Orthop
Scand 70(1):19-22.)

million hip fractures in 1990, about 909,000 in women and
405,000 in men!. Fracture rates vary in different countries
(Table 2.1), being highest in North America and Europe,
particularly in Scandinavia. The risk of osteoporotic
fractures is lower in nonwhite than white populations.
Incidence rates are extremely low in African countries and
intermediate among Asian populations. Rates vary in
regions and in Asia the rates for hip facture are twofold
higher in Hong Kong than in Korea, with intermediate are
reported from Malaysia, Thailand, and mainland China.
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Table 2.1 Incidence of hip fracture (rates/100,000) in 1990 by age, sex, and region

Men: age (years)

Women: age (years)

Region 50-54 55-59 60-64 65-69 70-74 75-79 80+ 50-54 55-59 60-64 65-69 70-74 75-79 80+
W. Europe 28 33 67 103 203 331 880 33 54 115 184 362 657 1808
S. Europe 10 16 34 55 81 190 534 11 21 47 100 170 380 1075
E. Europe 38 38 88 88 194 194 475 58 58 155 155 426 426 1251
N. Europe 58 66 97 198 382 682 1864 74 78 190 327 612 1294 2997
N. America 33 33 81 123 119 338 1230 60 60 117 252 437 850 2296
Oceania 20 34 63 92 180 445 1157 31 63 112 204 358 899 2476
Asia 195 195 36,5 46,5 102 150 364 14 14 38 745 1555 252 5625
Africa 6 10 14 27 8 0 116 4 12 17 12 16 50 80
Latin America 25 40 40 106 106 327 327 19.5 50 50 162.5 1625 622 622
World 225 245 473 687 1191 2194 6302 239 284 691 121.6 239.8 457.7 1289.3
(Adapted from Gullberg B et al. (1997). Worldwide projections for hip fracture. Osteoporos Int 7:407-413.)
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2.9 The age-specific incidence of hip fractures in different countries. (Adapted from Zebaze RM, Seeman E (2003).
Epidemiology of hip and wrist fractures in Cameroon, Africa. Osteoporos Int 14(4):301-305.)

Other fractures

Fractures are more common with ageing at other sites, in
particular the proximal humerus and pelvis. Fractures of the
humerus are estimated to account for approximately 8% of
all fractures sustained by adults!! and, in persons over 40
years of age, three-quarters of these are of the proximal
humerus!2. Data suggest that fracture of the proximal
humerus is the third most common fracture over age 6511

13 Fractures of the proximal humerus have shown a similar

pattern of increase with age as other common fragility
fractures!! in both men and women, with women being
somewhat older at the time of fracture, average around
70-74 years versus 65 years in men!3. Pelvic fractures
account for approximately 2% of all adult fractures!!. Pelvic
fractures in the elderly occur from minor trauma or from
skeletal insufficiency. The majority of patients are women
(up to 80%) and above the age of 80 years.

31
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The lifetime risk of fracture is considerable. For a man or
woman aged 50 years in the UK, the future lifetime risk of
fracture is 20.7% and 53.2% respectively (Table 2.2)11. The
lifetime risk of fractures from age 50 years of the forearm is
16.6% in women and 2.9% in men, whereas of the hip is
11.4% in women and 3.1% in men!!. The risk of future
fracture can also be expressed as a 10-year probability!!
(Table 2.3), which has the advantage that it is an expression
of absolute risk over a more meaningful period to when

considering possible intervention. It makes it clear that the
greatest potential gain from any intervention is at older ages
when the absolute risk is highest. The 10-year probability
will increase with increasing relative risk!4 (Table 2.4). As a
consequence, there is most to gain by treating older women
with risk factors that increase the probability of them
sustaining a fracture. Interventions then become cost-
effective.

Table 2.2 Estimated lifetime risks of fractures (%) in the UK at various ages

Current age (years) Any fractures Radius/ulna Femur/hip Vertebra
Women
50 53.2 16.6 114 3.1
60 45.5 14.0 11.6 2.9
70 36.9 10.4 121 2.6
80 28.6 6.9 12.3 1.9
Men
50 20.7 29 3.1 1.2
60 14.7 2.0 3.1 1.1
70 11.4 1.4 3.3 1.0
80 9.6 1.1 3.7 0.8

(Adapted from van Staa TP, et al. (2001). Epidemiology of fractures in England and Wales. Bone 29:517-22.)

Table 2.3 Estimated 10-year risks (%) of fractures in the UK at various ages

Current age (years) Any fractures Radius/ulna Femur/hip Vertebra

Women
50 9.8 3.2 0.3 0.3
60 13.3 4.9 1.1 0.6
70 17.0 5.6 3.4 1.3
80 21.7 B 8.7

Men
50 7.1 1.1 0.2 0.2
60 5.7 0.9 0.4 0.3
70 6.2 0.9 1.4 0.5
80 8.0 0.9 2.9 0.7

(Adapted from van Staa TP, et al. (2001). Epidemiology of fractures in England and Wales. Bone 29:517-22.)
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Table 2.4 Probability of fracture during the next 10 years in men and women from Sweden (according to age
and risk relative to the average population)

Age Relative risk hip, 50 60 70 80
(years) clinical spine, 10-year probability of fracture (%)
humeral, or
Colles’ fracture
Men 1 3.3 4.7 7.0 12.6
2 6.5 9.1 13.5 23.1
3 9.6 13.3 19.4 13.9
4 12.6 17.3 24.9 39.3
Women 1 5.8 9.6 16.1 21.5
2 11.3 18.2 29.4 37.4
3 16.5 26.0 40.0 49.2
4 21.4 33.1 49.5 58.1

(Adapted from Kanis JA, et al. (2002). Ten-year risk of osteoporotic fracture and the effect of risk factors on screening
strategies. Bone 30:251-58.)

Epidemiology of fracture — future trends

The number of hip fractures is increasing throughout the are becoming less physically active and changes in

world. From an estimated 1.26 million in 1990, the transportation increase the risks of trauma.

projected number is 2.6 million by 2025 and 4.5 million

worldwide by 2050°. It is estimated that the percentage

increase will be greater in men (310%) than women 800,000 I
(240%). The increase will be in Europe (2.10) and all 700,000
populations across the globe (2.11). The predicted increases 600,000
in hip fractures in westernized populations is because of 500,000
increased survival and growing numbers of very elderly who 400,000
will be inherently at greater risk of fracture. However, it is 300,000
predicted that there will be most dramatic changes in Asian 200,000
populations in particular, and it has been estimated that 100,000
from 26% of all hip fractures occurring in Asia in 1990, that 0

this will rise to 37% in 2025 and to 45% in 2050. This is

2000 2010
. . . . 2020 2030
already being seen in the more urbanized countries of

D Men

. Women

2040 5050

Singapore and Hong Kong where age-adjusted hip fracture
rates have been found to be similar to those in white

Americans, whereas much lower rates were found in

Malaysia and Thailand!>. Other osteoporotic fractures are
also predicted to increase. This is because of the increase in
populations and predicted dramatic improvements in life
expectancy in less developed countries, as well as changes in
lifestyles that will increase individual risk of fracture. People

2.10 Projected number of yearly incident fractures in the
European Community member states. (Adapted from
European Communities (1998). Report on Osteoporosis in
the European Community: action for prevention. European
Communities, Luxembourg.)
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Notes:
A Assuming unchanging age-
A [] Men and sex-specific incidence
[ Women B Assuming a 1% increase in
B [] Men age- and sex-specific
c % XAVg;nen incidence world-wide
] Women C No increase in secular trend
D W Men in N. America and N.
[] Women Europe but a 2% increase
E B Men in age- and sex-specific
B Women incidence elsewhere

D As above but a 3% increase
in age- and sex-specific
rates;

E As above but a 4% increase
in age- and sex-specific
rates

Outcome after fracture — function,
mortality

The clinical manifestation of osteoporosis is fracture
following low-energy trauma, such as a fall from a standing
height. Fracture of a long bone will result in pain and loss of
mobility of the limb. Vertebral fracture presents acutely with
pain in about one-third of cases. As a consequence, function
is lost, activities are limited. and participation is restricted.
The person may become isolated and also fearful of falling
and sustaining another fracture, of which they are at
increased risk.

2.11 Worldwide forecasts for hip fracture, 2050. (Adapted
from Gullberg B, et al. (1997). Worldwide projections for
hip fracture. Osteoporos Int 7(5):407—413.)

The impact of osteoporosis and fracture can be
of the WHO International
Classification of Functioning (2.12). This is a valuable

represented in terms
model to evaluate the outcomes of osteoporosis and
fracture. At the clinicopathological end of this classification,
osteoporosis is characterized by loss of bone mass and
architecture, and a fracture results in loss of integrity of the
skeleton with pain. For the individual, a fracture not only
results in pain and loss of function of that limb or structure,

Normal health Structure/function

2.12 Impact of

Activities/participation ..
osteoporosis in terms of

Structure
» Bone density
» Microarchitecture

Osteoporosis

Fracture

Mobility
* Walking, using transport

the WHO International
Classification of

Functioning.

Self-care
* Washing, dressing

Symptoms
* Pain
* Loss of movement

Partial recovery

Death

Domestic life
» Shopping, meals, house

Interactions and relationships
» Spousal, family, work
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2.13 Vertebral fractures and
quality of life. (Adapted from 130 7
Hall SE, et al. (1999). A case- 120
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but will result in limitation of a wide range of activities, such
as walking, and this will restrict their participation within
society such as going out with friends. These physical
difficulties associated with osteoporosis result in increased
dependence and the enormous indirect costs of the
condition. Many fractures result in hospitalization, but this
will depend not only on the severity of the fracture and the
impact on the individual but also on the local system of
healthcare and social support.

Vertebral fractures

Vertebral fracture is associated with acute back pain in only
one-third of fractures, but new vertebral fractures, including
those that do not come to immediate clinical attention, are
associated with clinically important increases in back pain
and functional limitations (2.13).

Each additional new fracture is associated with further
pain and limitation of activities with restriction of
participation. The pain associated with an acute fracture can
be severe for a couple of weeks and up to one-fifth are
hospitalized and some will require subsequent long-term
care. Fractures of the lower thoracic and upper lumbar spine
are associated with more pain. Pain and disability worsen
with each new vertebral fracture, with an increasing total
number of vertebral fractures and with worsening of spinal
deformity (2.14).

With increasing number of vertebral deformities there is
loss of height and kyphosis (2.15). The abdomen becomes
protuberant with increased skin folds and often intertrigo
(2.16). The ribs may painfully impinge on the pelvic brim
when stooping. There may be reflux oesophagitis and stress
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2.14 Impact of age and number of vertebral fractures.
(Adapted from Oleksik A, et al. (2000). Health-related
quality of life in postmenopausal women with low BMD
with or without prevalent vertebral fractures. J Bone
Mineral Res 15(7):1384—-1392.)

2.15 Progressive loss of height associated with
vertebral deformities.
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2.16 The clinical problems associated with vertebral
osteoporosis and fracture.

incontinence. All aspects of quality of life are affected and
this is not just related to pain. Comorbidity is common at
this advanced age and contributes to the impact on quality
of life. Vertebral fractures are also associated with a gradual
increase in mortality (2.17), in contrast to hip fractures in
which the excess mortality is greatest shortly after the
fracture. This increasing mortality associated with vertebral
fractures may in fact be explained by confounders that relate
independently to bone density and to mortality, in particular
advanced age, comorbidities, and general frailty.

Distal forearm fracture

Fracture of the distal forearm can have a major effect on
what the person can do (Table 2.5). In a survey in the UK,
one in five men and women were admitted to hospital, more
often men than women (23.4% vs. 18.6%). Below age 50
years, 22.6% of those with fracture required admission.
Above 50 years the proportion admitted rose gradually with
age: 14.5% at age 50-59 years, 15.9% at age 60—69 years,
17.6% at age 70-79 years, and 26% at age 80 years and
over®. Many do not return to their prefracture status, with
long-term limitation of function and some develop
algodystrophy (reflex sympathetic dystrophy).

217 There is an increased mortality associated with
vertebral deformities. Age-adjusted Kaplan Meier survival
curves in women. (Adapted from Ismail AA, et al. (1998).
Mortality associated with vertebral deformity in men and
women: results from the European Prospective
Osteoporosis Study (EPOS). Osteoporos Int
8(3):291-297.)

Hip fracture

The average age of sustaining a hip fracture is 80 years in
western Europe, and many are frail with comorbidities. The
hip fracture results in pain, loss of mobility, and excess
mortality (2.18). Nearly all are hospitalized, and most

Loss of function 50%

Mortality
20%

Regained
functional
capacity 30%

2.18 Outcome after hip fracture at 1 year. (Adapted from
Sernbo |, Johnell O (1993). Consequences of a hip
fracture: a prospective study over 1 year. Osteoporos Int
3(3):148-153.)




Table 2.5 Distal forearm fractures (Colles)

20% hospitalized

Require 4—6 weeks in plaster
¢ Impaired function

e Algodystrophy

undergo surgical repair of the fracture or replacement of the
joint. At 1 year, hip fracture is associated with 50% loss of
function and only 30% have regained function!®. Many lose
their independence and require long-term care. Increasing
age and comorbidity are important contributory factors to
the occurrence of hip fractures and are determinants of
outcome. The outcome is worse for those already in care
when they sustain a fracture, but many of those who do
return to their own homes do not return to their prefracture
lifestyle.

One-year mortality has been found to be up to 40% in
various studies. Excess mortality is greatest in the first 6
months (2.19), and in younger people!”. Mortality is greater
for those with coexisting illnesses and poor prefracture
functional status. Major causes of death are pneumonia,
pulmonary embolism, stroke, myocardial infarct, and
cardiac failure.
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Other fractures

Proximal humerus fractures mainly occur in people who are
relatively fit. The immediate problems arise from the
shoulder pain and restricted movement. Pain normally
begins to subside after 2—4 weeks, but rehabilitation after a
proximal humerus fracture often exceeds 3 months of
training. The short- and long-term functional outcome is
related to both fracture-related and patient-related factors.
Age at the time of fracture, prefracture health, and
functional status and the displacement of the fracture affect
the functional outcome. Clinical status at 1 year is predictive
of long-term outcome. More than half report some shoulder
pain and functional limitation up to 13 years after fracture!8.
Comorbidities significantly affect the results regardless of
fracture type. Fracture of the proximal humerus is also
associated with increased mortality, most pronounced in
men and during the 3 first years after fracture, with
cardiovascular disease and malignancy being the
commonest causes of death.

Older people sustaining pelvic fractures commonly have
comorbidities and are frail. The prefracture functional status
has implications for outcome. However, as previously noted,
estimates of effect on dependency are related to the
structure of health and social care and are not exactly
comparable. In the study from the UK, up to 21 % of the
patients were institutionalized prior to fracture!®, whereas
the majority were living independently in the studies from
France and the USA. At discharge, only half of the patients

2.19 Mortality following hip

fracture is increased at all ages.
This is greatest with the elderly,
but the excess mortality is in
younger people. There is a steep
decrease in mortality in the first 6
months following the fracture.
After reaching a nadir, mortality
increases at a rate greater than
that of the general population.
(Adapted from Kanis JA, et al.
(2003). The components of
excess mortality after hip
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had regained self-sufficiency?? and half had been transferred
to care homes!®. Most patients with pelvic fracture require
hospitalization. In addition, a number of complicating
conditions are common during and after hospitalization due
to the frailty of many of the patients. Many do not regain
their functional status. The 1-year mortality has been
reported to be almost 30%.

Economic impact

The socio-economic impact of osteoporosis relates to
fracture (2.20). Many fractures will result in hospitalization
and surgery, and management is often complicated by
intercurrent problems related to comorbidity. Many who
sustain fractures are elderly with multiple health problems.
Rehabilitation may therefore be prolonged. In the long term,
many have limitation of activities and restricted
participation, with the need for care and support from carers
and from social services. Some require residential care,
usually those who were only just coping independently
before the fracture. Only about half of those people who
sustain a hip fracture are discharged home as many require
long-term rehabilitation or long-stay residential care after
discharge from the acute hospital. Such acute and long-term
needs account for the high direct and indirect costs
associated with osteoporosis. In Sweden, the acute hospital
costs of osteoporotic fractures were higher than for
myocardial infarction, breast cancer, and prostate cancer
combined?!. However, the indirect costs related to support
in the community are greater than the direct costs, although

these are more difficult to quantify. Additional costs may
relate to the loss of support that the person who sustained
the fracture had previously given others living with them.
Loss of work productivity is usually not important because
of the age at which most disabling osteoporotic fractures
occur, although carers may be affected.

These costs have been estimated in various countries
(Tables 2.6, 2.7). The costs related to hip fracture are best
documented. Such costings do not often include the costs of
therapies and the indirect costs are always difficult to
estimate. Osteoporosis clearly has an enormous direct cost
to health systems which will increase with the ageing of the
population in all parts of the globe.

Hip fracture
Hip fractures are the most costly due to hospitalization,
rehabilitation, and the large number needing long-term care
and support. They are the most frequent cause of hospital
admission due to fracture, accounting for over 60% in men
and 70% in women and they account for about 70% of
hospital-bed days due to fracture in Sweden?!. In Canada,
the cost of hip fracture has been estimated at US$22,292
during the first year, 58% related to the initial
hospitalization and inpatient rehabilitation, but there was a
wide variation depending on age and care setting before and
after the fracture?2. Hospital stays increase with age. Hip
fractures in women are associated with the longest stays in
hospital and only about 50% are discharged home.
Estimates of total cost of hip fractures in the USA have
ranged from $24,000 to $33,500 (1995 $)23. In the UK, hip
fractures were the most expensive, comprising 87% of the
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Table 2.6 The direct and indirect costs of osteoporotic fractures in the UK

Fracture type  Acute costs Social care & Follow-up costs  Drug costs per Total cost per

per patient (£) long-stay costs  per patient (£) patient (£) fracture (£)
per patient (£)
Hip 4808 7152 164 0 12,124
Wrist 368 0 100 0 468
Vertebra 96 0 321 62 479
Other 1200 0 138 0 1338

(Adapted from Dolan P, Torgerson DJ (1998). The cost of treating osteoporotic fractures in the United Kingdom female

population. Osteoporos Int 8:611-617.)

Table 2.7 Healthcare expenditures for the treatment of osteoporotic fractures in the United States in 1995

Type of service (millions $US)

Inpatient Emergency  Outpatient
hospital room doctor
Type of fracture
Hip 5576 130 67
Other sites 3018 437 403
Forearm 183 55 93
Spine 575 20 13
All other sites 2259 362 297
Total 8594 567 470

Outpatient Other Nursing Total
hospital outpatient home

costs*
9 90 2811 8682
56 104 1064 5082
8 4 41 385
3 10 126 746
45 91 899 3953
65 194 3875 13,764

*Includes healthcare, ambulance services, and medical equipment.

(Adapted from Ray NF, et al. (1997). Medical expenditures for the treatment of osteoporotic fractures in the United
States in1995: report from the National Osteoporosis Foundation. J Bone Mineral Res 12:24-35.)

total costs of osteoporotic fractures in women, and 60% of
their cost is indirect due to the need by many of long-term
hospital and community care24. The acute hospital cost of a
hip fracture was estimated at £4,808 in 1998 with a total
cost per fracture at £12,124%4,
Community, the total hospital costs of hip fracture in 1998

In the European

were estimated to be over 3.5 billion Euros, with estimated

total care costs of over 9 billion Euros2.

Distal forearm fracture

Direct costs of distal forearm fractures are less but they were
the next most frequent fracture sustained by women after
hip fracture to result in hospital admission in Sweden?2!.
There are significant costs as one in five men and women

who had sustained a distal forearm fracture were admitted
to hospital in a UK study®, with the proportion requiring
admission increasing with age. The estimated average health
care costs per fracture were estimated at £468 in the UK in
199824, with similar estimates in other countries.

Vertebral fracture

Vertebral fractures only present acutely in about one-third of
cases, but were responsible for almost 70,000 hospital
admissions in 1997 in the USA Nationwide Inpatient
Sample, about one-quarter of the number due primarily to
hip fracture. It is estimated that less than 10% require
hospital admission. In Sweden, vertebral fractures were the
third most frequent fracture in women and second most
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frequent in men that resulted in admission in those over 50
years of age?!. Hospitalization rates increase with age and
comorbidity. There is a lack of data about costs of vertebral
fractures and much depends on admission rates, but the
total health care costs have been estimated at $1,200 per
patient in 199726,

Risk factors for osteoporosis and
for fracture

Some people are more at risk than others of becoming
osteoporotic and sustaining a low-energy fracture. The
determinants of this relate to the actiology of osteoporosis
and fracture (1.5-1.7). Determinants of bone strength, falls,
and impact of falls are all important. Many of these
determinants, or ‘risk factors’ which have been identified in

Table 2.8 Risk factors for osteoporosis and fracture

* Age

* Female

* Previous fracture after low-energy trauma

» Radiographic evidence of osteopenia, vertebral
deformity, or both

» Loss of height, thoracic kyphosis (after radiographic
confirmation of vertebral deformities)

* Low body weight (body mass index <19)

» Treatment with corticosteroids

» Family history of fractures owing to osteoporosis
(maternal hip fracture)

» Reduced lifetime exposure to oestrogen (primary
or secondary amenorrhoea, early natural or surgical
menopause (<45 years))

 Disorders associated with osteoporosis (previous
low bodyweight; rheumatoid arthritis; malabsorption
syndromes, including chronic liver disease and
inflammatory bowel disease; primary
hyperparathyroidism; long term immobilization)

» Behavioural risk factors:

Low calcium intake (<700 mg/d)

Physical inactivity

Vitamin D deficiency (low exposure to sunlight)

Smoking (current)

Excessive alcohol consumption

(Adapted from Woolf AD, Akesson K (2003). Preventing
fractures in elderly people. BMJ 327(7406):89-95.)

epidemiological studies, may work in several ways (2.21);
age is associated with reduced bone mass, changes in
architecture, reduced bone turnover, increased risk of
falling, and increased impact of a fall.

Risk factors are clinically important in identifying who is
most likely to sustain a future fracture. Combinations of risk

Fall related
Bone related

* Bone mass » Genetics * Neuromuscular
» Geometry » Maternal hip  Cognitive
» Turnover fracture * Vision
* Architecture * Previous * Drugs
fracture

* Weight

* Mobility

» Smoking

2.21 Determinants of fracture may variably relate to bone
mass, falls, or increase fracture risk for other reasons.

Table 2.9 Risk factors for falls

Intrinsic factors

» General deterioration associated with ageing
» Problems with balance, gait, or mobility
 Visual impairment

» Impaired cognition or depression
 ‘Blackouts’

Extrinsic factors
» Personal hazards: inappropriate footwear or clothing
* Multiple drug therapy: sedatives, hypotensive drugs

Environmental factors

* Hazards indoors or at home: bad lighting, steep
stairs, lack of grab rails, slippery floors, loose rugs,
pets, grandchildren’s toys, cords for telephone and
electrical appliances

* Hazards outdoors: uneven pavements, streets,
paths, lack of safety equipment, snowy and icy
conditions, traffic and public transportation

(Adapted from Woolf AD, Akesson K (2003).
Preventing fractures in elderly people. BMJ
327(7406):89-95.)



factors are more sensitive and are being used as indications
for bone densitometry, to predict 10-year probability of
fracture and to identify who will benefit most from an
intervention. In addition, some risk factors are modifiable
and will themselves be the target of the intervention, such as
increased risk of falling due to osteoarthritis of the knee.
Although it is not always clear whether the effect of the risk
factor is through falling or bone strength, such as a previous
history of fracture, it is useful to try to separate them out
when planning how to prevent fracture in that individual.
The risk factors that will help identify those at risk of
osteoporosis and fracture or at risk of falling are given in
Tables 2.8 and 2.9. The major risk factors of fracture are
age, female gender, falling, low bone mass, and previous
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low-trauma fracture. There is an interaction between risk
factors of fracture, and the presence of multiple factors in
various combinations increases risk.

The increasing incidence of fracture with age has been
already demonstrated, along with the increased incidence of
fractures sustained by women compared to men. The risk of
fracture increases with decreasing bone density, with an
approximate twofold increased risk for each standard
deviation difference in T-score. The association with
fracture at any site is strongest for bone density measured at
that site (Table 2.10). The probability of future fracture also
increases independently with increasing age (Table 2.11,
2.22)27, A women with osteoporosis (T-score -2.5) at 50
years has a probability of fracture in the next 10 years of

Table 2.10 Relative increase in risk of fracture (with 95% confidence interval) in women for each standard
deviation decrease in bone mineral density below the age-adjusted mean

Site of measurement Forearm fracture Hip fracture Vertebral fracture All fractures

Distal radius 1.7 (1.4-2.0) 1.8 (1.4-2.2) 1.7 (1.4-2.1) 1.4 (1.3-1.6)
Femoral neck 1.4 (1.4-1.6) 2.6 (2.0-3.5) 1.8 (1.1-2.7) 1.6 (1.4-1.8)
Lumbar spine 1.5 (1.3-1.8) 1.6 (1.2-2.2) 1.7 (1.4-2.1) 1.5 (1.4-1.7)

(Adapted from Marshall D, et al. (1996). Meta-analysis of how well measures of bone mineral density predict
occurrence of osteoporotic fractures. BMJ 312:1254-1259.)

Table 2.11 Ten-year probability of fracture (%) at hip, spine (clinical spine fracture), proximal humerus,
or distal forearm according to age and T-score at the femoral neck

Age (years) T-score

Women +1 0 -1 -2 -3 -4
50 2.4 3.8 5.9 9.2 141 21.3
60 3.2 5.1 8.2 13.0 20.2 30.6
70 4.3 71 11.5 18.3 28.4 42.3
80 4.6 7.7 12.7 20.5 31.8 46.4
Men

50 1.2 2.0 3.4 5.8 9.6 15.9
60 1.6 2.7 4.5 7.3 11.8 18.7
70 2.3 3.8 6.2 10.0 16.0 25.0
80 3.6 5.8 9.3 14.7 22.6 33.3

(Adapted from Kanis JA, et al. (2001). Ten-year probabilities of osteoporotic fractures according to BMD and diagnostic
thresholds. Osteoporos Int 12(12):989-995.)
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Fracture probability (%)

20
— 80 years
— 70 years
15 — 60 years
50 years
10
5 |
0

-3 -2 -1 0 1
T-score (SD)

First year of study

RR = 7.3 (4.4, 12.3)

RR = 5.1 (3.1, 8.4)

RR = 2.6 (1.4, 4.9)

Incidence of new vertebral fracture (%)

0 1 >1 >2
Number of vertebral fractures at baseline

2.22 Hip bone density (T-score), age, and probability of
hip fracture. For any given T-score the risk of fracture is
higher with increasing age. (Adapted from Kanis JA, et al.
(2001). Ten year probabilities of osteoporotic fractures
according to BMD and diagnostic thresholds. Osteoporos
Int 12(12):989-995.)

11.3%, but a 70-year-old woman with the same bone
density has a 10-year probability of fracture of 22.8%, i.e.
double the risk.

Previous fracture is a major risk factor for sustaining a
further fracture. In a meta-analysis of several large cohorts,
a previous fracture history was associated with a significantly
increased risk of any fracture (relative risk [RR] 1.86, 95%
confidence intervals [CI] 1.75-1.98) and hip fracture (RR
1.85, 95% CI 1.58-2.17), with low bone mass only
accounting for a minority of this risk28. The presence of a
vertebral fracture is a potent risk factor for the occurrence of
future vertebral fractures, with a large prospective study?°
finding that one preexisting vertebral fracture at baseline

Table 2.12 Fall-related factors and risk of hip fracture

Risk factors

High fall risk + low BMD

Either high fall risk or low BMD alone
Low fall risk and low risk by BMD

2.23 Effect of prior vertebral fracture on risk of
subsequent vertebral fracture (2,725 postmenopausal
women randomized to placebo). (Adapted from Lindsay
R, et al. (2001). Risk of new vertebral fracture in the year
following a fracture. JAMA 285(3):320-323.)

resulted in a 2.6-fold increase in the risk of having another
fracture during the subsequent year (2.23). Having >1 or =2
baseline vertebral fractures increased this risk by fivefold
and sevenfold, respectively. Almost 20% of women with a
confirmed incident (new) fracture experienced a subsequent
vertebral fracture within 1 year of the initial fracture.
Prevalent vertebral fractures also significantly increase by
2—4-fold the risk of future hip fracture, demonstrated over
3—4 years (2.24). Ismail ez al. studied 6,788 women aged 50
years and over who were recruited from 31 European
centers and followed for a median of 3 years. Prevalent
vertebral vertebral deformities at the baseline radiograph
were a strong predicitor of of incident hip fractures (RR 4.5;

Hip fractures/1000 women years
28.5

11.3

5.4

BMD: bone mineral density. (Adapted from Dargent-Molina P, et al. (1996). Fall-related factors and risk of hip fracture:

the EPIDOS prospective study. Lancet 348(9021):145-149.)
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2.24 Risk of hip fracture following vertebral fracture.
(Adapted from Ismail AA, et al. (2001). Prevalent vertebral
deformity predicts incident hip though not distal forearm
fracture: results from the European Prospective
Osteoporosis Study. Osteoporos Int 12(2):85-90.)

2.26 Bone density and clinical risk factors in combination
predict fracture: the annual risk of hip fracture according to
the number of risk factors and the age-specific calcaneal
bone density. (The risk factors were: age 280; maternal
history of hip fracture; any fracture (except hip fracture)
since the age of 50; fair, poor, or very poor health; previous
hyperthyroidism; anticonvulsant therapy; current long-acting
benzodiazepine therapy; current weight less than at the age
of 25; height at the age of 25 2168 cm; caffeine intake more
than the equivalent of two cups of coffee per day; on feet 4
hours a day; no walking for exercise; inability to rise from
chair without using arms; lowest quartile (standard deviation
>2.44) of depth perception; lowest quartile (0.70 unit) of
contrast sensitivity; pulse rate >80 per minute). (Adapted
from Cumming RG, et al. (1997). Calcium intake and

Fracture incidence vs.
BMD and prevalent
vertebral fractures

Multiple
Vb Fx
1 Vb Fx
No Vb Fx
Low Medium High
BMD BMD BMD

2.25 Combination of previous vertebral fracture and low
bone density identifies those at most risk of subsequent
fracture. (Adapted from Ross PD, et al. (1991). Pre-
existing fractures and bone mass predict vertebral fracture
incidence in women. Ann Intern Med 114(11):919-923.)
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fracture risk: results from the study of osteoporotic fractures. Am J Epidemiol 145(10):926-934.)

95% CI 2.1-9.4). The predictive risk increased with
increasing number of prevalent deformities, particularly for
subsequent hip fracture: for >2 deformities there was a
relative risk of 7.2 (95% CI 3.0-17.3)39. Those at most risk
of subsequent fracture may also be identified by previous
vertebral fracture and low bone density (2.25)3!.

The incidence of hip fracture has been shown to be
related to both bone density, measured at the heel, and to

the numbers of risk factors identified in the Study of
Osteoporotic Fractures (2.26)32. In a study of elderly
women in residential homes in France, the risk of hip
fracture was greatest in those with low bone density and at
risk of falling (Table 2.12)33. This interaction between risk
factors can be used in strategies to find for those at highest

risk (see Chapter 3).
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Falls and their impact

Fractures of the long bones of the appendicular skeleton
usually follow a fall, and it is important to identify those at

Fall height

Impact location

Momentum

Impact surface

Direction

Soft-tissue attenuation

Protective responses

2.27 Factors affecting impact of falls.

Indoors and out
Obstacles
Uneven or slippery
surfaces

Hallway
Loose rugs and clutter
on the floor
Poor lighting at night

greatest risk of falling and sustaining a fracture as a result.
The physical impact of any fall will vary between individuals
depending on factors such as momentum and soft tissue
attenuation (2.27), and these have already been considered
(1.7). Falls result from the external environment, such as
uneven pavements, personal intrinsic factors such as
impaired balance or poor vision, and from personal extrinsic
factors such as poor footwear or hypnotic drugs (Table 2.9,
2.28,2.29).

Bone turnover and fracture risk

Measurement of BMD is at present the method of choice in
the evaluation of fracture risk. Methods utilising X-ray
absorptiometry have adequate precision, but questions
remain regarding accuracy since these methods do not
capture all aspects of bone quality and of fracture risk. Bone
quality is dependent on macro- and microstructure, matrix
properties, and bone remodelling to acquire maximum
strength. Increasing evidence suggest that the risk of
osteoporosis and fracture is associated with increased bone

Living room
Loose rugs, using
furniture for support

Kitchen
Wet slippery surfaces

Dining room
Excess intake
of alcohol

Stairs
Loose stair treads
and rugs
Poor lighting at
night

Bathroom
Getting into bath or
shower and their
slippery surfaces
Poor lighting at night

Bedroom
Loose rugs, loose wires
and clutter on the floor
Poor lighting at night

Transportation Weather
Not looking at your Wet or icy walkways
path of travel
Getting in and out of
the home
Getting in and out of
cars and buses

Pavements
Uneven surfaces

@
IR - O 3 “,

WATCH YOUR STEP |

k4
- |
=

2.28 Home hazards.

2.29 Street hazards.



turnover as measured by markers of resorption and
formation, independently of BMD.

Products synthesized in excess by osteoblasts during bone
formation or fragments released during bone resorption are
used as markers of bone turnover when they are released
and measurable in serum or urine. Assuming that bone
turnover under normal circumstances remains at a fairly
steady state, the ratio between bone formation markers and
bone resorption markers give information on normal
metabolic activity. In states of disease, alterations of marker
levels should provide an insight into the metabolic
disturbances in that particular bone disorder, but it needs to
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be kept in mind that biochemical markers of bone turnover
reflect the activity of the entire skeleton.

At present, the markers predominantly reflecting bone
formation with acceptable specificity and sensitivity are
osteocalcin, bone-specific alkaline phosphatase (ALP), and
procollagen type I N-terminal propeptide. For evaluating
bone resorption, pyridinoline (Pyr), deoxypyridinoline
(Dpd) and the N- or C-terminal type I collagen telopeptides
(NTx, CTx) are most used, while increasing data are also
suggesting tartrate resistant acid phosphatase (TRAP 5b)
has a place in the evaluation of fracture risk and potentially
also monitoring of treatment* (Table 1.3, 2.30).

1.00 ~ Cumulative proportion without fracture 1.00 Cumulative proportion without fracture
0.95 — Log rank test p=0.02 0.95 7 Log rank test p=0.28
0.90 — 0.90 —
0.85 — 0.85
0.80 — 0.80
0.75 0.75 —
0.70 T T T T T T 1 070 w w w T T T \

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Years from sampling Years from sampling

—— All other women —— All other women

—— Women within highest quartile of S-TRAP 5b Women within highest quartile of S-CTx
1.00 1.00

Log rank test p=0.01 Log rank test p=0.03

0.95 — 0.95 —
0.90 — 0.90 |
0.85 — 0.85
0.80 — 0.80
0.75 — 0.75
0.70 T T T T T T ] 0.70 1 I 1 I I I \

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Years from sampling Years from sampling
—— All other women —— All other women
—— Women within highest quartile of U-long OC/CREA —— Women within highest quartile of U-mid OC/CREA

2.30 TRAP 5b and U-Oc seem particularly promising in predicting fracture in this prospective study with a 3—6.5 year
follow-up. (Adapted from Gerdhem P, et al. (2004). Biochemical markers of bone metabolism and prediction of fracture in

elderly women. J Bone Mineral Res 19:386-393.)
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Ideally, a biochemical marker should predict all types of
fracture, or at least major fractures such as hip and vertebral
fractures, and combinations of formation and resorption
markers should provide additional aetiological insight. Most
early studies evaluating bone markers in association with
fracture were retrospective and suggest bone metabolic
alterations between fracture patients and controls; however,
because the fracture preceded the bone marker
measurement, it is uncertain whether the difference in
turnover was caused by the fracture or existed prior to the
fracture3*. Clearly a fracture in itself and the extended
process of fracture healing initiate long-term changes of
bone turnover lasting up to 1 year3>.

Evaluation of bone markers as a predictor of fracture in
the individual patient is currently limited by variability from
person-related causes and, to a lesser extent, from analytical
variability. However, population-based studies have

provided essential insight on the relationship between

fracture and alterations of bone turnover, and such
prospective studies have shown consistent relationships
between resorption markers, alone or in combination with
BMD and fracture risk. In the EPIDOS study of
postmenopausal women, urine free Dpd and CTx
independently predicted hip fracture (odds ratio [OR]
1.9-2.5)3%, The predictive ability is increased even further
when high urinary CTx is combined with measurements of
BMD to a more than fourfold fracture risk in women also
with low bone mass (2.31)37.

Soon after menopause, bone turnover increases, with a
negative bone formation/bone resorption ratio. Early
menopause is a well known risk factor for osteoporosis, as is
high bone turnover in the early menopausal period with a
doubled risk of sustaining vertebral or peripheral fractures
during the first 15 years postmenopause, compared with

women having normal early menopausal bone turnover>8.
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2.31 The combination of different independent predictors
can be used to identify women with the highest risk of
fracture. This is particularly evident when combining BMD,
a history of previous fracture, and a bone resorption
marker. (Adapted from Garnero P, et al. (2000).
Biochemical markers of bone turnover, endogenous
hormones, and the risk of fractures in postmenopausal
women: the OFELY study. J Bone Mineral Res
15:1526-1536.)

2.32 In this study, bone markers are shown to predict hip
fracture in elderly women. Data in the study are based on
the EPIDOS prospective study. (Adapted from Garnero P,
et al. (1996). Markers of bone resorption predict hip
fracture in elderly women: the EPIDOS Prospective Study.
J Bone Mineral Res 11(10):1531-1538.)
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2.33 With any type of risk factor, the question is for how
long is it a predictor of outcome. Age is the overall
strongest predictor of fracture, whereas bone markers can
be added in the estimation of 10-year probability. In this
study, the effect of risk factors on 10-year probability of
hip fracture is derived from women aged 65 years
(OFELY study) or 80 years (EPIDOS study) in Swedish
women according to age and relative risk. (Adapted from
Johnell O, et al. (2002). Biochemical indices of bone
turnover and the assessment of fracture probability.
Osteoporos Int 13:523-526.)

Bone markers are also of value in the elderly. In the
population-based Malmoé OPRA cohort of elderly women
that were followed over almost 5 years, the markers TRAP
5b, serum CTx, and osteocalcin fragments were
significantly higher in those women prospectively sustaining
a fracture. The resorption markers, TRAP 5b and urine
osteocalcin, were also independent predictors of vertebral
fractures (OR 2.02—-2-25), indicating a doubling of risk and
regardless of BMD?3° (2.30).

Bone resorption markers, assessed in either urine or
serum, are also predictive of hip fracture (2.32). Osteocalcin
is dependent on post-translational carboxylation for its

hydroxyapatite affinity, a process that has been shown to

Incidence of osteoporotic fracture (%)

2.34 Fracture risk in elderly men evaluated by three bone
markers: serum carboxyterminal cross-linked telopeptide
of type | collagen (ICTP), carboxyterminal type | collagen
telopeptide (CTx), and aminoterminal propeptide of type |
procollagen (PINP). There was a 10-fold increase in
fracture risk in those with high bone resorption and low
femoral bone density. (Adapted from Meier C, et al.
(2005). Bone resorption and osteoporotic fractures in
elderly men: the dubbo osteoporosis epidemiology study.
J Bone Mineral Res 2005;20(4):579-587.)

decrease with age. High levels of under-carboxylated
osteocalcin are seen in hip fracture patients and associated
with an increased fracture risk, particularly in those over 80
years and with a sustained risk increase for 3—-5 years*0:41,
Bone markers have also been included in models calculating
10-year fracture probability, with resorption markers
significantly contributing to risk*? (2.33). Studies evaluating
fracture risk in men based on bone markers are scarce, but
in one study of elderly men a pattern similar to that of
women was seen, with a steep increase in risk when bone
resorption markers were combined with measurements of
bone mass. There was also an increased risk independent of
bone mass?*® (ICTP RR 1.8 (1.4-2.3)) (2.34).

47
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Rapid loss of bone over a defined period of time is also an about fracture risk, independent of and beyond that
indicator of disease and markers can be used to demonstrate provided by bone mass measurement alone. Studies have
this. Bone markers have been shown to provide information also shown a highly significant correlation between bone

Table 2.8 Secondary causes of osteoporosis

Genetic disorders
Ehlers—Danlos syndrome
Glycogen storage diseases
Gaucher’s disease
Haemochromatosis
Homocystinuria
Hypophosphatasia

Marfan syndrome
Osteogenesis imperfecta
Porphyria

Hypogonadal states

Androgen insensitivity

Anorexia nervosa/bulemia
Athletic amenorrhoea
Hyperprolactinaemia
Panhypopituitarism

Premature menopause

Turner and Kleinfelter syndromes

Endocrine disorders
Acromegaly

Adrenal insufficiency
Cushing syndrome
Diabetes mellitus
Hyperparathyroidism
Thyroid disease

Gastrointestinal diseases
Gastrectomy

Inflammatory bowel disease
Malabsorption

Coeliac disease

Primary biliary cirrhosis

Rheumatologic diseases
Ankylosing spondylitis
Rheumatoid arthritis

(Adapted from Stein E, Shane E (2003). Secondary osteoporosis. Endocrinol Metab Clin North Am 32(1):115-134.)

Haematological disorders
Sickle cell disease
Thalassaemia

Haemophilia

Multiple myeloma
Leukaemias and lymphomas
Systemic mastocytosis

Nutritional deficiencies
Anorexia nervosa
Calcium

Magnesium

Vitamin D

Drugs

Anticoagulants (heparin and warfarin)
Anticonvulsants

Cyclosporines and tacrolimus

Cytotoxic drugs

Glucocorticoids

Gonadotropin-releasing hormone agonists
Thyroxine

Miscellaneous
Alcoholism

Amyloidosis

Chronic metabolic acidosis
Cystic fibrosis
Emphysema

End-stage renal disease
Idiopathic hypercalciuria
Idiopathic scoliosis
Immobilization

Multiple sclerosis

Organ transplantation
Parenteral nutrition
Sarcoidosis



turnover markers and subsequent rates of bone loss, with up
to 50% of the variance explained by bone turnover in 80-
year-old women**. In postmenopausal women in their
sixties, it has been shown that the differences in bone mass
between those with high versus those with low turnover were
close to 10% (8%14%), and that bone resorption markers
were predictive of bone loss in the hip after 4 years?>.

In summary, bone markers provide information beyond
that of a single bone density measurement as they provide
information on the cellular process leading to bone loss.
Increased levels of bone resorption markers allow for
estimation of fracture risk in the elderly for up to 5 years and
of bone loss, especially in early menopause. In combination
with BMD measurement, the prediction of fracture risk is
further enhanced. In a clinical perspective, bone markers
should have role in patient evaluation as a complement to
other risk factors, particularly as new drugs that are
differentially targeting bone formation and bone resorption
are becoming available.

Secondary causes of osteoporosis

There are a variety of conditions or interventions that are
associated with osteoporosis and increased fracture risk
(Table 2.13). The risk may relate to the condition itself or to
a consequence of the condition, such as immobility, or to its
treatment, such as steroid therapy. These conditions should
be sought when assessing anyone with osteoporosis. There
is more commonly a secondary cause in men and
premenopausal women with osteoporosis, but as many as
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one-third of postmenopausal women have been found to
have specific reasons for developing osteoporosis apart from
age and postmenapausal bone loss.

The causes include hypogonadism, endocrine disorders,
gastrointestinal diseases, transplantation, inflammatory
diseases, immobilizing disorders, and certain drugs, most
importantly glucocorticosteroids.

Steroid-induced osteoporosis

Cushing, when first describing the features of adrenal
cortical hyperactivity in 1932, noted the increases risk of
fracture and marked thoracic kyphosis. Cortisone-induced
osteoporosis and fractures were reported in 1950, within 1
year of its first use. Glucocorticoids are now very widely
used. The prevalence of oral glucocorticoid use in the UK,
using a primary care database, is almost 1% of the total
adult population at any one time, with one-quarter taking
more than 7.5 mg daily*%. The most frequent reason was
respiratory disease but musculoskeletal and skin problems
are other common reasons for their use. Most received
short-term courses, but over 20% continued for longer than
6 months.

The use of glucocorticoids significantly increases the risk
of future fracture, in particular the hip.This effect is greater
at higher doses and with greater duration of use but it is not
possible to say that there is a safe dose. Fracture risk
increases rapidly after initiation of glucocorticoid therapy
and declines rapidly after treatment is stopped (Table 2.14,
2.35,2.36)%7.

Table 2.14 Relative risk of fracture in
glucocorticosteroids users in General Practice

Research Database (GPRD)

Any fracture
Hip
Vertebra
Forearm

Relative risk (95% Cl)
1.33 (1.29-1.38)
1.61 (1.47-1.76)
2.60 (2.31-2.92)
1.09 (1.01-1.17)

(Adapted from van Staa et al. (2002). The epidemiology of
corticosteroid-induced osteoporosis: a meta-analysis.

Osteoporos Int 13(10):777-787.)
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2.35 The rapid dose-related increase in risk of
nonvertebral (A) and vertebral fracture (B) is
demonstrated before vs. during first year of glucocorticoid
therapy. In people using prednisolone (=7.5 mg), the risk
of nonvertebral fractures was increased by 54% in the first
10 - year. (Adapted from van Staa TP, et al. (2002). The
epidemiology of corticosteroid-induced osteoporosis: a
meta-analysis. Osteoporos Int 13(10):777-787.)
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Glucocorticoid therapy results in a rapid loss of BMD;
the rate of loss is may be as high as 30% in the first 6
months, with higher than normal rates of loss persisting for
the duration of treatment. These effects are at least partially
reversible on cessation of glucocorticoids. Bone loss occurs
at both cortical and trabecular sites, although loss is most

% loss in bone density
»
|

4 - marked at the latter. However, the increased risk of fracture
associated with glucocorticoid therapy is greater than that
explained by the effect on bone density*®, which has
therapeutic implications when considering who to treat (see
2 Chapter 5).

Glucocorticoids affect the skeleton in other ways (Table

2.15), with retardation of growth in children and an

0 | T T T T T T T T T T T |
0 3 6 9 12 1518 21 24 27 30 33 35
; Months
Dose of prednisolone , 2.36 The rapid loss of spine BMD after start of
—B— <10 mg daily . . . . T
—2— 10-20 mg daily corticosteroid therapy is demonstrated in ten longitudinal
—o— >20 mg daily studies. (Adapted from van Staa TP, et al. (2002). The

epidemiology of corticosteroid-induced osteoporosis: a
meta-analysis. Osteoporos Int 13(10):777-787.)




increased risk of avascular necrosis. The drugs also affect the

connective tissues, the most apparent manifestation being

skin thinning (2.37) with fragility of subcutaneous vessels,
resulting in ‘steroid purpura’. Glucocorticoids affect bone
through multiple pathways, influencing both bone

formation and bone resorption (Table 2.16).
Glucocorticoids have inhibitory effects on the

differentiation of osteoblast precursors and osteoblast

lifespan, with direct inhibitory effects on bone formation
demonstrated in histomorphometric studies. Osteocyte
apoptosis is induced. Glucocorticoids also decrease
intestinal absorption of calcium and, by direct effects on the
kidney, increase urinary phosphate and calcium loss.

Together these lead to secondary hyperparathyroidism.

This, in combination with gonadal and adrenal hormone

changes, results in increased osteoclast maturation and

activity with an increase in bone resorption.

It is therefore likely that the net bone loss with
glucocorticoid use is the combination of enhanced activation
frequency of bone remodelling units due to secondary
hyperparathyroidism, together with an inadequate amount of
new bone synthesis due to the suppression of osteoblastic
function. In addition, low serum testosterone levels have
been reported in glucocorticoid-treated men and are believed
to be due both to direct effects on the testis and indirect
effects on testosterone production mediated via suppression
of gonadotropin hormone secretion.

Fracture risk with glucocorticoids is determined by
several factors and is not just dependent on bone mass and
its loss. Factors include:

* Bone density — its starting value before glucocorticoids
therapy and the subsequent loss.

* Glucocorticoid dose — bone loss is dependent on
cumulative and daily dosage.

* Duration of exposure — a short course of will cause
reversible bone loss, but long-term glucocorticoid use
increases reduction in bone density, increasing the
likelihood that a fracture will occur eventually.

» Effects of glucocorticoids on the bone tissue independent
to bone density.

* Underlying disease for which glucocorticoids have been
prescribed — this may be independently associated with
increased fracture risk.

Fractures due to glucocorticoids occur at a higher bone
density and this is relevant when deciding at what threshold
of bone density to initiate bone sparing therapy.
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Table 2.15 The effects of glucocorticoids
on bone

* Bone mass reduced

* Fracture risk increased
* Growth retardation

» Avascular necrosis

Table 2.16 The effects of glucocorticoids and
bone — possible mechanisms

Direct effects

» Decreased number and function of osteoblasts
* Increased apoptosis of osteocytes

* Increased osteoclast activity

Indirect effects

» Reduced intestinal calcium absorption

* Increased renal calcium excretion

» Secondary hyperparathyroidism and bone resorption

» Decreased sex hormones by suppression of
gonadotrophic and adrenotrophic hormones

2.37 Thinning of the skin due to steroid-induced changes
in connective tissue.
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Rheumatoid arthritis

There is both localized bone loss around the inflamed joints
and generalized bone loss in rheumatoid arthritis (RA), with
a twofold increase in prevalence of osteoporosis in males
and females?® (2.38). There is also an increased risk of
vertebral fracture as well as appendicular fracture, most
clearly demonstrated for the hip. In addition, stress fractures
occur in the pelvis or related to biomechanically abnormal
joints such as the fibula adjacent to the knee and ankle
(2.39).

The possible mechanisms for increased bone loss in RA
relate to the direct effects of inflammation and tissue
damage, the secondary effects of immobility, and iatrogenic
effects such as glucocorticoid therapy. Clearest associations
have been shown with age, weight, functional status, and
long-term glucocorticoid therapy. The increased occurrence
of fracture relates to this bone loss but some relate to local
abnormal stresses from joint deformity. Risk of falls is also
increased with arthritis and the impact is probably greater.

Transplantation

Organ transplantation is an increasingly common and
successful treatment of end-stage renal, hepatic, cardiac,
and pulmonary disease. As a result, it is clear that
osteoporosis is a major long-term complication. The reasons
are multiple: the disease that resulted in transplantation and
prior therapies, immobilization, and lifestyle factors such as
alcohol and smoking but, most importantly, the
immunosuppressive therapy with glucocorticosteroids and
antirejection agents such as cyclosporine and tacrolimus.

Athletes

Elite athletes are at increased risk of osteoporosis and
fracture. This is typically endurance athletes and is also seen
amongst ballet dancers. Although increased physical activity
is associated with higher bone density, women who exercise
excessively may develop hypothalamic amenorrhea. The risk

:

2.38 At the age
of 69 the patient
developed
symptoms of
polymyalgia
rheumatica with
pain and stiffness
across her
shoulders and in
the buttocks and
thighs which
affected
everyday
activities in the
mornings. Her
CRP was

G 3 3
C s / by

elevated at 115.5. She was treated with prednisolone 30 mg daily by her primary care physician and responded

dramatically to this. She continued on prednisolone 30 mg daily for 1 month, 27.5 mg daily for 1 month, 20 mg daily for 2
months and then 20 mg alternating with 15 mg daily. After 6 months of having started steroids when on this dose she then
sustained severe back pain in the midthoracic spine and X-ray showed wedge fractures of T7 and T9. When seen in the
rheumatology clinic a month later, she was still getting severe disabling back pain for which she had commenced slow
release morphine. She had been put on prophylactic alendronate when she commenced prednisolone. When seen she
had a thoracic kyphosis with protuberant abdomen and skin thinning with steroid purpura. There was marked tenderness
in the midthoracic spine. She had a past history of breast cancer and therefore had an isotope bone scan (B, C) which
showed increased uptake at the sites of vertebral deformity but no other bony lesions.



of developing this is greater if there is a low body weight with
low calorie intake and a previous history of amenorrhea.
The combination of disordered eating, amenorrhea, and
bone loss in athletes is called the ‘female athlete triad’.

Anorexia nervosa

Anorexia nervosa is associated with osteoporosis and
fracture (2.40). If anorexia develops during adolescence,
they may be severely osteoporotic as that is the stage of
acquiring peak bone mass. Recovery of bone mass may be
incomplete even if anorexia is successfully overcome. There
are multiple mechanisms but the key ones are malnutrition,
low body mass, and oestrogen deficiency. When low body
mass is associated with amenorrhea there is a significant risk
of developing osteoporosis. It is recommended that women
have a body mass index of 18 or over to avoid this.

2.40 The patient presented at 50 years of age with severe
persistent back pain and was found to have suffered
multiple lower thoracic vertebral fractures. She had
sustained a spontaneous rib fracture 3 years previously.
She now was very restricted and had to lie flat on her
back most of the time. She had lost about 15 cm in
height. She had suffered from anorexia nervosa from her
late teens until her early 20s and, in 1999, she had
possible inflammatory bowel disease which was treated
for 1 year with oral corticosteroids. When seen she was
very thin with a BMI of 16.5 and had a marked kyphosis
and skin ulceration over the lower thoracic spine. Bone
density assessment showed bone mass in the proximal
femur of 0.226 g/cm? (T-score -5.87) and her bone
mineral density in the lumbar spine (L1-L4) of 0.557
g/lcm? (T-score of -4.45).
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2.39 Stress fractures of both fibula in a 68-year-old
woman with long-standing erosive rheumatoid arthritis.
There is marked loss of joint space of the lateral
compartment of the knee, resulting in valgus deformities
of the knees with abnormal loading on the fibula.
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Men, osteoporosis, and fracture

Although osteoporosis is less common in men, they sustain
significant bone loss with ageing: lifetime fracture risk at 50
years is 13%, and 20% of symptomatic vertebral fractures
and 30% of hip fractures occur in men. The age-related
increase occurs later than in women. The major
osteoporotic fractures are of the vertebrae and hip. The
number of men sustaining osteoporotic fractures is
increasing due to demographic changes.

Osteoporosis in men is more frequently associated with a
secondary cause than in women (Table 2.17). These may
relate to hypogonadism, concomitant conditions and
diseases and lifestyle factors such as excess alcohol, often
taken in combination with excess smoking. Comorbid
diseases, such as stroke, Parkinson’s disease, dementia, and
poor vision are important risk factors for hip fracture in
men. Underlying causes are identified in many men with
vertebral fractures, of which steroid therapy, hypogonadism,
excess alcohol consumption, and smoking are important
factors. Hypogonadism is a well established cause of
osteoporosis in men, occurring in up to 20% of men with
vertebral fractures and 50% of elderly men with hip
fractures. Mortality following fracture is greater in men than
women. However, because fractures are less common in
men and they are usually associated with moderate trauma,

Table 2.17 Causes of male osteoporosis

Secondary causes: very common — 55% of vertebral

fractures in selected series

» Steroid therapy — respiratory disease

» Excess alcohol

» Smoking

* Hypogonadism: 20% of cases of secondary
osteoporosis:

primary or secondary hypogonadotrophic

hypogonadism

hyperprolactinaemia

haemochromatosis

primary testicular failure

Klinefelters

* Myeloma

» Gastric surgery

* Anticonvulsants

osteoporosis is often not considered and the person not
investigated.

As secondary causes are common in men, they need to be
looked for in the assessment of any male presenting with a
low-trauma fracture, or who has been identified as having
osteoporosis (see Case Study).
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Chapter 3

How to assess and

monitor osteoporosis
and risk of fracture

Introduction

The aim in clinical practice is to identify those who are at
high risk of fracture who will benefit from treatment. Is this
high risk because of osteoporosis, high risk of falling, or a
combination of both?

The ideal is to identify and treat before the first fracture,
but for many the first suspicion of osteoporosis is raised by
a long bone fracture following a fall or a spontaneous
vertebral fracture. People sustaining a traumatic or low
trauma fractures need to be assessed for the cause, in
particular osteoporosis, to decide about the need for
treatment to prevent another fracture. If osteoporosis is
identified, then any underlying factors that may worsen the
patient’s condition need to be recognized and managed.
Finally, there is a need to monitor treatment to ensure the
desired outcome is being achieved.

This chapter will attempt to answer these questions
(Table 3.1) on a scientific basis, to give practical guidance
for clinical management. Each medical unit will have to
develop their own strategy from this for managing people
with osteoporosis.

Assessing risk of osteoporosis
and fracture

Fractures are increasingly common with ageing; one in three
women and one in eight men over the age of 50 years will
sustain a fracture. People who are osteoporotic are more at
risk but not all those with osteoporosis will sustain a fracture
during their lifetime and, conversely, not all those who
fracture are osteoporotic. For a treatment that will prevent
fracture, it must be targeted at those who are at greatest risk

Table 3.1 Key clinical questions

* Are they at high risk of future fracture?

» Do they have osteoporosis?

« If they have osteoporosis, is there a reason?

» Was their fracture due to osteoporosis?

» Was there any other reason why they sustained a
fracture?

» Do they need an intervention to reduce their risk of
fracture?

» What intervention is most appropriate?

» Have they responded to treatment for osteoporosis?

* Are they at less risk of fracture?

if it is to offer most benefit for that individual and to be cost-
effective. The need is to identify those individuals who are at
highest risk of fracture.

The risk of fracture can be expressed in terms of the
probability of this happening in the following 10 years — the
10-year probability of fracture, given as a percentage or odds
ratio. This timeframe is meaningful for the patient, and
there is also evidence of the effectiveness of various
treatments over this period of time.

The strongest risk factors for fracture are age and female
sex. It is therefore appropriate to estimate the 10-year
probability of fracture in those over 65 years, in particular in
women. With an estimate of future fracture probability it
will be possible to have an informed discussion about the
potential benefits of any treatment. This is, however, only
appropriate if the person is willing and capable to take a
treatment long-term. Any decision by the person around
this balance of risk and benefit will be influenced by other
factors such as the individual’s personal experiences and



subsequent anxieties about sustaining a fracture or suffering
side-effects from treatment. It is not possible to predict for
the individual whether they will sustain a fracture or benefit
from a treatment, but we can estimate probabilities by the
application of knowledge of the risk factors to the individual.
Once the level of risk is estimated, it requires careful
explanation to have any meaningful value for the patient.
There are various factors that have been identified in
epidemiological studies that are associated with an increased
risk of fracture, in addition to age and sex (see Chapter 2),
which can be used to aid this clinical decision-making
process about whom to treat. These risk factors relate to
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bone strength, risk of falling, and the impact of any fall
(3.1). Bone density has the strongest association with
fracture risk, but no risk factor alone is of sufficient strength
to identify those at highest risk in whom treatment to
prevent fracture will be cost-effective.

Algorithms have, therefore, been developed to help
identify those individuals most at risk (see Chapter 1 and
wide infra). The algorithms rely on a combination of these
clinical risk factors and assessing bone density when
indicated. Such individuals will therefore gain most from
any intervention, and interventions are also most cost-
effective in this situation.

Fracture

Bone strength Impact of fall
— Bone density Intrinsic factors Extrinsic factors Environmental — Fall height
— Bone quality — Momentum
Ge.nera_l Personal hazards Home
— deterioration
with ageing
—  Bone turnover T — Direction
el Outdoors
Impaired balance, therapy

gait, mobility

— Visual impairment

— ‘Blackouts’

— Impact location

—  Impact surface

Soft-tissue
attenuation

Protective
responses

3.1 Factors relating to risk of fracture.
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In practice when should risk of future
fracture be assessed?

Those at highest risk are more likely to be identified if this is
done later in life. The 10-year risk of fracture in a 50-year-
old women is 9.8%, whereas it is 21.7% in an 80-year-old!.
Fracture risk can be reduced within a year by various
treatments in such older people. Such a ‘high risk’ strategy
aimed at older people will prevent the greatest number of
fractures and give the most personal and economic potential
benefit.

Bone density measurement is not appropriate if a woman
is premenopausal with no major risk factors as there is no
proven specific intervention; general advice should suffice.
However, it may be appropriate in a young woman with an
eating disorder as this may influence her future behavior, or
a person following transplantation or receiving high-dose
corticosteroids as this may influence the use of a
bisphosphonate. Compliance with treatment is generally
increased following such informed decision-making. There
is less of a reason to assess risk of fracture in perimenopausal
women now that long-term hormone replacement therapy
(HRT) is not considered appropriate as a routine way of
reducing fracture risk.

Clinical risk factors for osteoporosis and fracture
Age and female gender are the strongest risk factors for
fracture. In addition, previous low energy fracture, gluco-
corticosteroid therapy, reduced lifetime oestrogen exposure,
anorexia nervosa, low body mass index, maternal hip fracture,
smoking, low levels of physical activity, and certain diseases
such as rheumatoid arthritis and diabetes mellitus increase the
risk of osteoporosis and fracture (Table 3.2). Although these
factors are associated with increased personal risk, they
cannot singly predict which individual will fracture, and are of
limited value alone in deciding who will benefit most from an
intervention. As risk of fracture is increased in those with
clinical risk factors and low bone density, these clinical risk
factors can be used to identify who should be assessed for
their future risk of fracture by bone densitometry.

The absolute risk of fracture for any individual during the
next 10 years will be a consequence of several of these
factors, and the contribution to that absolute risk of each of
these factors will vary. In an 80-year-old, age and risk of
falling are most important, whereas in a 60-year-old,
premature oestrogen deficiency and specific conditions such
as steroid treated rheumatoid arthritis may be more
relevant. The risk associated with some risk factors, such as
smoking, is far less than the risk associated with others, such

Table 3.2 Clinical risk factors for osteoporosis and fracture

Lifestyle

 Level of physical activity now and in the past
* Dietary calcium intake

* Smoking

 Alcohol consumption (current and past)

General health (past or present)

* Previous fracture(s)

» Comorbidities and general health status
 Corticosteroids (dose and duration)

* Low BMI

* Anorexia or over-exercise

» Height loss in an older person

 Fall history in an older person

» Primary or secondary (<45 years) amenorrhoea
* Male hypogonadism

» Drugs, e.g. sedatives, diuretics, aromatase inhibitors
* Prolonged immobilization — chair or bedbound

Specific conditions

» Endocrine, e.g. hyperparathyroidism, thyroid disease

» Gastrointestinal, e.g. coeliac disease, inflammatory
bowel disease, primary biliary cirrhosis

* Rheumatological, e.g. rheumatoid arthritis, ankylosing
spondylitis, Ehlers—Danlos syndrome

Family history
» Osteoporosis and low-trauma fracture (maternal hip
fracture)

Examination

» Height (compare to that as young adult)
« Weight (BMI)

» Balance and coordination

» ‘Get Up and Go’ test (see page 67)

* Hypermobility

Skin laxity



as associated with a previous low-energy trauma fracture.
The goal is to develop algorithms that consider all the
different risk factors and can enable a person to be given
their 10-year probability of fracture. This work is ongoing.
In an individual over 75 years who has sustained a low-
energy trauma fracture, the risk of future fracture is high
enough that some guidelines, such as the NICE Guidelines
in the UK, recommend treatment as it will be cost-effective
to prevent further fracture. In younger people, other risk
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factors need to be present, including low bone mass, to
identify those with a sufficiently high risk to justify
treatment. (See also Table 2.13.)

Bone mass measurements

The presence of osteoporosis can be determined by bone
mineral density. The WHO definition of osteoporosis is
based on measurement by dual energy X-ray absorptiometry
(DXA) at the hip and lumbar spine. Bone mass accounts for

Women

3.2 Bone mineral density RR/SD Men

at the hip is a strong 50 |

predictor of hip fractures

in both men and women.

The risk is greater at 404 |

50 years than 80 years, ——

as other factors become 3.0 + 1 ——
more important in the

elderly. (Adapted from 20

Johnell O, et al. (2005).

Predictive value of BMD o U U Ul
for hip and other '

fractures. J Bone Mineral

Res 20(7):1185-1194.) 00 =2y 55 60 85 70

75 80 85 50 55 60 65 70 75 80 85
Age (years)

Table 3.3 Bone density measurement: a comparison of methods (including qualitative parameters)

Osteoporosis Fracture Defined Treatment Correlation  Estimated Precision Radiation

(according to prediction reference studies with to DXA hip  cost to

WHO shown populations  fracture acquire

definition) outcome (Euro)
DXA hip + + + + Reference 70-100,000 0.5-3% +
DXA spine + + + + 0.6-0.8 60-90,000 0.5-3% +
QUS heel - + + - 0.4-0.7 25-30,0000 1.5-6% -
DXA heel - + = = 0.6-0.7 25-30,000 1.2% +
QUS finger - - - - 0.2-04 9,000 1% -
QCT - - - - 0.6-0.7 300,000 2-6% +++
Radio-grammetry - + - - 0.4-0.5 NA 1% +
SPA/SXA + + + - 0.5-0.6 NA 1-2% +

DXA of the hip is regarded as the golden standard and it is only DXA of the hip and spine that are thoroughly evaluated in
relation to treatment, i.e. pharmacological trials with fracture as end-point
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75-90% of the variance of bone strength, and for each
decrease of 1 standard deviation in bone density at the
proximal femur there is a 2—4-fold increase in fracture risk
depending on age (3.2).

There are several methods of assessing bone mineral
density (Table 3.3, 3.3-3.7). Measurement at any site is the
best predictor of fracture at that site, the reason why DXA
of the hip and lumbar spine are preferred. Measurement of
the lumbar spine is best around 50-65 years, as vertebral
factures are most common at an earlier age. The hip is more
suitable in older people because the typical age of hip
fracture is 80 years and because age-related degenerative
changes of the lumbar spine result in overestimates in bone
density. Measurement of the total hip by DXA is regarded
as most reliable for monitoring bone mass, because of

3.3 Dual energy X-ray absorptiometry (DXA) depends on
the differential attenuation of low-energy and high-energy
X-rays by bone mineral and soft tissues. Either a fan or
pencil beam of X-rays is used, with detectors the other
side of the object to be measured. The dual energies
overcome the problem of differential soft tissue
attenuation by allowing for variable thickness of the soft
tissues around the bone object being measured, as well
as for varying amounts of fat. DXA technology can
measure virtually any skeletal site, but the hip and lumbar
spine are the preferred sites for diagnosing osteoporosis
and predicting risk of the important fractures at those
sites. Some machines can also give vertebral
morphometry measurements. Whole-body composition
can also be measured with some machines. Radiation
dosage is low, precision is high.

changes in disc spaces and joints of the lumbar spine with
advancing age. The axial skeleton can also be assessed by
quantitative computed tomography (QCT).

Other measures of bone density and quality can be made
of the peripheral skeleton to predict risk such as peripheral
single (SXA) or dual energy (DXA) X-ray absorptiometry,
digital X-ray radiogrammetry (DXR), peripheral QCT
(pQCT), or quantitative ultrasound (QUS). The specificity
of these other methods however, is less than DXA of the
lumbar spine or proximal femur for predicting fractures at
these sites. They will misclassify people if used alone to
diagnose osteoporosis and level of fracture risk. A low bone
mass combined with other clinical risk factors identifies those
with a significant risk of future fracture in whom treatment is
likely to be cost-effective.

Patient: Patient ID:

Birth Date: 15290 75,1 years Facility 1D: Nordos 0235

LLingd / Vilt: 1540em 487 kg MEte: 20040708 11:00:53 (7.70)
Sex | Ethnic: Kvinna Vit Analyzed: 2004-0708  11:00:54  (7,70)

Referens: L2-L4
BMD (g/cm?)

UV T-Score

Auder (4r)

1 F 3
BMD Ung-Vuxen Lo

Reglon (g em™) T-Score 2-Score
u 0,749 32 49
[+ 0,75% 3,7 14
(& 0811 22 0.9
(] 0% -3 10
L4 om 33 10
L4 07 34 1,1

3.4 The usual scans are a postero-anterior view of the
lumbar spine and the proximal femur. Various parts of the
proximal femur can be analysed separately. These parts
vary in the cortical to trabecular bone ratio. Lateral spine
DXA is possible with some machines. This enables just
the vertebral body to be measured so that the results are
not influenced by changes in the posterior elements such
as osteophytes, facet joint hypertrophy, and aortic
calcification. The bone density measurement, expressed
in g/lcm? (areal density) can be compared to the normal
population from large databases. This ‘normal’ population
should relate to the local population. The comparison is
expressed as a T-score when comparing it to peak bone
mass (the mean bone density of a 35-year-old of the
same sex and ethnicity), and as a Z-score when
compared to the mean bone density of others of similar
age and same sex and ethnicity.
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Patient: I Patient ID:

Birth Date: 15290 75.4 years Facility ID: Nordos 0014

ILiingd | Vikt: 164,0cm 50,7 kg Mtt: 007-06-08  13:39:16  (5,30)

Sex [ Ethnic: Kvinna Vit 20070608 13:39:17  (9,30)

Referens: Total
BMD (gicm?)
1.24

UV T-Score

20 30 40 S0 60 70 80 80 100

Auder (4r)

1 P ]
BMD Ung-Vuen A

Reglon (g/em®) T-Score 2-8core
Hals 0,500 40 -18
Warths 0,284 48 2,1
Trochanter 0475 -9 =13
Skat 0,623 - -
Total 054 38 -7

3.5 Hip DXA — print-out from the DXA machine.
Measurement of the hip is reported for the total hip and
for three standard regions: femoral neck, trochanter and
Wards triangle. Total hip and femoral neck are most
commonly used for clinical purposes.

-

The metacarpal radiogrammetry index. Total
width (T) and medullar width (M) of the second
metacarpal are measured at the midpoint; the

index is the ratio of Mto T

4]

3.7 X-ray radio-
grammetry is one of
the oldest methods to
estimate bone density.
Bone volume is
calculated from
measurements of
cortical thickness of
the metacarpals (A).
A computerized
automated analysis
has been developed
for this method (B).

It therefore gives a measurement of peripheral bone
density.

mechanical properties of various materials in engineering,
and it has been developed to study the properties of
bone. Clinical ultrasound measures the transmission of
high frequency sound through bone. In this clinical
application, quantitative ultrasound devices mainly
measure the heel as there needs to be minimal and
consistent soft tissue covering. The transmission of
ultrasound is affected by bone mass, bone structure, and
bone material features, and this is used to give a
measurement of bone mass and quality. Measurements
made are of broadband ultrasound attenuation (BUA) and
or speed of sound (SOS). Only peripheral sites can be
assessed. Advantages are that the equipment is mobile
and does not involve radiation, but there is a lack of
standardization between different machines available, and
variation limits its use for repeated measurements. QUS
measurements correlate with bone density at the same
site, but not so well with bone density at other sites and it
cannot therefore be used to diagnose osteoporosis which
is defined in terms of bone density at the hip or lumbar
spine. QUS gives an estimate of hip fracture risk that is, in
part, independent of bone density. It may be measuring
other aspects of bone quality.
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There are several methods of assessing bone strength by
measuring various aspects of its structure. Bone
densitometry by DXA measures an arial bone density, and
the usual sites are the lumbar spine and proximal femur.
The WHO definition of osteoporosis is based on this
technique. Bone density can also be measured peripherally
in the forearm or heel by X-ray absorptiometry, and this
correlates with measurements in the spine and hip and
predicts fracture risk. QCT, usually of the forearm or
lumbar spine, can be used, but exposes the person to more
radiation. QUS can be used to measure the quality of bone
at several peripheral sites and this predicts fracture;
however, QUS does not correlate closely enough with bone
density measurements by DXA to be used to diagnose
osteoporosis. Radiogrammetry measures the cortical bone in
the metacarpals, and this correlates with bone density
measured by DXA.
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3.8 Prediction of hip fracture — combination of bone
resorption marker, bone density and ultrasound. Seventy-
five women with hip fracture vs. 3 age match controls.
(Adapted from Garnero P, et al. (1996). Markers of bone
resorption predict hip fracture in elderly women: the
EPIDOS Prospective Study. J Bone Mineral Res
11(10):1531-1538.)

Bone markers of turnover

Bone loss may be predicted by biochemical markers of high
bone turnover (3.8). They may be independent measures of
future fracture risk, but their predictive power for the
individual is poor. Used in combination with bone density,
biochemical bone markers are more predictive of fracture
and may strengthen the indication for treatment.

Fall risk assessment

Fracture is a result of bone fragility and a force, usually due
to a fall. Falls cause other problems in the elderly (see page
14). There are variety of intrinsic and extrinsic risk factors
for falls (see Table 1.4) and these should be looked for so
that those most at risk of falling can be identified (Table 3.4,
3.9, 3.10). Intrinsic risk factors should be sought by a
general examination including checks on pulse, postural
blood pressure, vision, and neuromuscular function. A
careful description of any fall from the patient or an
eyewitness is essential. The drug history is important. A
formal home assessment for extrinsic risk factors may be
needed, for example by an occupational therapist, if
someone is at risk of falling.

The best predictors of falls are having already
experienced a fall in the previous year and decreased
neuromuscular function, measured as an inability to rise
unaided from a chair without using the arms — the ‘Get Up
and Go’ test. If the person is at high risk of falling, then
measures must be taken to reduce that risk (see page 67), by
targeting intrinsic and extrinsic risk factors as well as by a
general approach to improve muscle strength, balance, and
coordination.

Table 3.4 Identifying older people at high risk of
falling

» Fallen within 1 year

* Lower limb weakness

* Poor gait

* Impaired balance

* Impaired coordination

* Poor vision

* The ‘Get Up and Go Test' (see 3.10)
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Case/risk identification in general services
Ask if fallen in the past year and about
frequency, context, and characteristics of
the fall

Observe for balance and gait deficit and
potential to benefit from interventions to
improve balance and mobility

Falls service

All healthcare professionals dealing with patients
known to be at risk of falling should develop and
maintain basic professional competence in falls
assessment and prevention

at health screen

Case/risk identified

Primary and

community care

presentation with
fall/other problem

Casel/risk identified
opportunistically at

“| Multifactorial falls risk
assessment

Offer multifactorial falls
assessment. This may
include:

» Falls history

» Gait, balance,

presentation with
fall/other problem

Casel/risk identified
opportunistically at

Y

mobility, muscle
weakness
» Osteoporosis risk*
» Perceived functional
ability
Fear of falling
Visual impairment
Cognitive impairment

Y

Secondary care

Presentation at
A&E with fall

injury

Neurological

examination

» Continence

* Home hazard

» Cardiovascular
examination

» Medication review

\

*Refer as necessary

Multifactorial interventions

Offer individualized multifactorial

intervention to older people at

risk including:

» Strength and balance training

*» Home hazard assessment and
intervention

» Vision assessment and referral

» Medication review/withdrawal

After medical treatment for
injurious fall, patients should be
offered multidisciplinary
assessment and intervention

Strength and balance training

Home hazard intervention and
follow-up

Medlcation review/withdrawal

Cardiac pacing

3.9 Identifying those who have fallen or at
high risk is important to preventing falls
and consequent injuries. This care
pathway has been proposed in the UK
NICE Clinical Guideline on the
assessment and prevention of falls in
older people (November 2004), giving the
strength of evidence for the
recommendations made (Grade A
recommendation based on a meta-
analysis of RCT’s or at least one RCT
down to Grade D based on expert
opinions or extrapolated from studies)
(Table 3.5, page 66). (Adapted 3 NICE
(2004). Falls: the Assessment and
Prevention of Falls in Older People. NICE
Clinical Guideline 21.)

The specialist services for falls
and for osteoporosis should be
operationally linked or
dovetailed

Education and information

To promote participation of older

people, falls prevention

programmes should:

» Discuss changes a person is
willing to make to prevent falls

* Information should be relevant
and available in languages in
addition to English

» Address potential barriers such
as low self-efficacy and fear of
falling

Programmes should be flexible to
accommodate different needs

Information on the following

should be provided orally and in

writing:

» Measures to prevent falls

» Motivation

* Preventable nature of some
falls

» Physical/psychological benefits
of modifying risk

* Further advice and assistance

* How to cope with a fall
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Periodic case finding in primary care:
ask all about falls in past year

= No falls

Y

Y Y

Recurrent falls

Single fall No intervention

Patient presents
to medical facility
after a fall

Y

' Y

Check for gait/balance
problem

Y

No problem

Y

Fall evaluation

Y

A

Gait/balance problems

\]

Assessment
History
Medications
Vision

Gait and balance
Lower limb joints
Neurological
Cardiovascular

Muiltifactorial intervention (as appropriate)
Gait, balance, and exercise programmes
Medication modification
Postural hypotension treatment
Environmental hazard modification
Cardiovascular disorder treatment

Approach to older persons as part of routine care (not

presenting after a fall)

1 All older persons who are under the care of a health
professional (or their caregivers) should be asked at
least once a year about falls

2 All older persons who report a single fall should be
observed as they stand up from a chair without using
their arms, walk several paces, and return (i.e. the ‘Get
Up and Go Test’). Those demonstrating no difficulty or
unsteadiness need no further assessment

3 Persons who have difficulty or demonstrate
unsteadiness performing this test require further
assessment

Approach to older persons presenting with one or more

falls or, have abnormalities of gait and/or balance, or

who report recurrent falls

1 Older persons who present for medical attention
because of a fall, report recurrent falls in the past
year, or demonstrate abnormalities of gait and/or
balance should have a fall evaluation performed. This
evaluation should be performed by a clinician with
appropriate skills and experience, which may
necessitate referral to a specialist (e.g. geriatrician)

2 Afall evaluation is defined as an assessment that
includes the following: a history of fall circumstances,
medications, acute or chronic medical problems, and
mobility levels; an examination of vision, gait and
balance, and lower extremity joint function; an
examination of basic neurological function, including
mental status, muscle strength, lower extremity
peripheral nerves, proprioception, reflexes, tests of
cortical, extrapyramidal, and cerebellar function; and
assessment of basic cardiovascular status including
heart rate and rhythm, postural pulse and blood
pressure and, if appropriate, heart rate and blood
pressure responses to carotid sinus stimulation

3.10 The guideline for the prevention of falls in older persons of the American Geriatrics Society, British Geriatrics Society,
and American Academy of Orthopaedic Surgeons Panel on Falls Prevention recommends a simple regular assessment to
identify those at risk of falling and a full assessment for those who have already sustained a fall. (Adapted from AGS,
BGS, AAOS Panel on Falls Prevention (2001).Guideline for the Prevention of Falls in Older Persons. J Am Geriatr Soc
49(5):664-672.)
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Table 3.5 The grading of evidence: a scheme for the hierarchy of evidence for developing

recommendations in guidelines

Recommendation Evidence
grade
A Directly based on category |

evidence

B Directly based on:
» Category Il evidence, or
» Extrapolated recommendation
from category | evidence

C Directly based on:
» Category lll evidence, or
» Extrapolated recommendation
from category | or Il evidence

D Directly based on:
» Category IV evidence, or
» Extrapolated recommendation
from category I, Il, or lll evidence

GPP Recommended good practice
based on clinical experience of the

Guideline Development Group

Evidence category
I Evidence from:
* Meta-analysis of randomized controlled
trials, or
* At least one randomized controlled trial

1] Evidence from:
At least one controlled study without
randomization, or
» At least one other type of quasi-
experimental study

1] Evidence from nonexperimental descriptive
studies, such as comparative studies,
correlation studies and case—control studies

v Evidence from expert committee reports or
opinions and/or clinical experience of
respected authorities

(Adapted from NICE (2004). Falls: the Assessment and Prevention of Falls in Older People. NICE Clinical Guideline
21; and Eccles M, Mason J (2001). How to develop cost-conscious guidelines. Health Technol Assess 5(16):1-69.)

Fracture probability: identifying
who to treat

The methods described above can be used to estimate
patients at highest risk of osteoporosis and fracture and
whether they will benefit from treatment. The higher the
risk, the more cost-effective is the treatment and there is
therefore potentially more to be gained from intervention
(see Chapter 4). However, no method of assessing risk has
both good sensitivity and specificity and many fractures will
occur in people who it is not possible to identify from these
known risk factors. Because of this and because osteoporosis
and fracture are so common, people at all ages should
maximize their bone strength and try to reduce their risk of
future fracture. It is essential that all of us take at least some
measures to avoid future fracture.

The practicality of finding those at highest risk needs to
be considered. Screening the whole population has been
shown to be inefficient; large resources will be needed to
find a few people, many of whom may not want to

undertake long-term treatment. A sequential approach can
be used, first identifying clinical risk factors in those who are
willing and able to undertake treatment, and then
confirming the size of the risk by bone density assessment if
there is uncertainty (3.11, 3.12). For example, the risk may
be sufficient to justify treatment in an elderly person starting
high-dose glucocorticoid treatment or an elderly person with
several vertebral fractures, but may not be sufficient without
confirmation of underlying osteoporosis in a 60-year-old
woman who has sustained a Colles’ fracture.

A WHO fracture risk assessment tool has been recently
developed based on population-based cohorts from different
countries that estimates the 10-year probability of major
osteoporotic fracture2. It is based on clinical risk factors and
bone density at the femoral neck. It is available as a
computer-driven tool and can be accessed at

http://www.shef.ac.uk/FRAX/.
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‘ Identify clinical risk factors

‘ Assess fracture probability

| High | | Intermediate

Low

‘ Treat ‘ ‘ Assess bone mineral density

Bone healthy lifestyle advice

‘ Reassess fracture probability

\ High \ \

‘ Treat ‘ ‘

Bone healthy lifestyle advice

3.11 A sequential approach can be used to identify those at the highest risk of fracture. If there is concern about the risk
of future fracture, then clinical risk factors can be used to separate those with a sufficiently high risk to justify treatment
and those with a low risk who should follow a bone healthy lifestyle (see Chapter 4). There will be many where a bone

density assessment will contribute to the risk assessment.

No > Givedlifestyle Not willing or They are most Calcium +
SRk capable of taking _ | likely to be frail vitamin D
+ + treatment ~|  or biologically Balance and
‘ No long term aged coordination training
Are you +
concerned | Aretheyatrisk | Calcium +
about their risk of falling? Falls assessment L
of fracture? They are willing and appropriate
Jierventioy Specific treatment
Have they had recommended on
a fracture and d'g zzﬁ;’si‘fbrggﬁlt basis of risk and
- - e > willinfuence R ot
associated with capable of taking 9 that individual
osteoporosis? treatment long term Eonsidat
to reduce risk of | > Balance and
f investigation . -
racture? B causalh coordination training
Are they at risk | | fracture ; ;
| of osteoporosis? Life-style advice

3.12 This flow chart can be used to aid clinical decision making. Those who are not willing or capable of taking a

treatment are likely to be the frail elderly and measures should be taken to improve balance and coordination; and correct
any dietary lack of calcium or vitamin D deficiency. If the person is considered to be at sufficient risk from clinical risk
factors alone, then a bone density measurement is not needed as it will not affect any clinical decision about treatment.
The IOF One-Minute Test (3.13) can be used to help identify those with clinical risk factors who need further assessment.
(Adapted from Woolf AD, Akesson K (2003). Preventing fractures in elderly people. BMJ 327(7406):89-95.)
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Are you at risk of osteoporosis?
Take the One-Minute Osteoporosis Risk Test

1 Have either of your parents broken a hip after a minor

bump or fall?
Q Yes 4 No

2 Have you broken a bone after a minor bump or fall?
Q Yes d No

3 Have you taken corticosteroid tablets (cortisone,
prednisone, etc) for more than 3 months?

Q Yes Q No

4 Have you lost more than 3 cm (just over an inch) in
height?
a Yes Q No

5 Do you regularly drink heavily (in excess of safe
drinking limits)?

a Yes d No

6 Do you smoke than 20 cigarettes a day?
QO Yes Q No

7 Do you suffer frequently from diarrhoea (caused by
problems such coeliac disease or Crohn’s disease)?

A Yes Q No

For women:

8 Did you undergo menopause before the age of 45?
Qa Yes Q No

9 Have your periods stopped for 12 months or more
(other than because of pregnancy)?
4 Yes Q No

For men:

10 Have you ever suffered from impotence, lack of libido
or other symptoms related to low testosterone level?
O Yes 4 No

If you answered ‘yes’ to any of these questions, it does not
mean that you have osteoporosis. Diagnosis of osteoporosis
can only be made by a physician through a bone density test.

We recommend that you show this test to your doctor, who will
advise whether further tests are necessary. The good news is
that osteoporosis can be diagnosed easily and treated.

Talk to your local osteoporosis society about what changes you
might make in your lifestyle to reduce osteoporosis risk. You
can contact your national osteoporosis society via:
www.osteofound.org

3.13 The One-Minute Osteoporosis Risk test, developed by the International Osteoporosis Foundation, can be used to
identify those who may have osteoporosis and be at risk of fracture. It can be used to identify those who need a bone
density assessment as part of their risk assessment. (http://www.osteofound.org/osteoporosis/risk_test.html)

Assessing a person with osteoporosis
and fracture

There are three reasons to assess someone who has

sustained a fracture.

» To establish the impact on the person.

» To establish the cause of the fracture.

* To estimate the risk of recurrence and whether treatment
is indicated to reduce that risk.

For this a medical and social history, physical examination,
and some investigations are necessary. A person presenting
with a fracture is in pain with the sudden loss of function.
This may be the sudden onset of back pain following lifting
something heavy and awkwardly or may be the sudden onset
of groin pain with inability to walk following a fall, such as
tripping over a rug. The severity of pain needs to be
recognized to ensure it is effectively controlled. The impact
on the quality of life in the short-, medium- and long-term
must also be monitored, and rehabilitation techniques as
well as good fracture management be used to minimize this.
A strong focus on the individual and their pain and quality

of life is needed, rather than just on the healing process of
the fracture or treating any underlying osteoporosis. Patients
want to be independent and mobile, although many who
sustain an osteoporotic fracture may have already lost this.
Simple pain charts and quality of life instruments can be
used to help with assessing the impact.

The cause of fracture should be considered. What were
the circumstances of the fracture? Was it related to a
significant degree of force that you would expect to result in
a fracture, such as a down the stairs, or was it a low-energy
trauma, such as tripping over a rug, that suggests underlying
bone fragility? Was it spontaneous without any force apart
from normal loading? Fractures following significant trauma
do not suggest any underlying skeletal cause and prevention
of recurrent fractures would relate to reducing the risk of
accidents, not by increasing skeletal strength. Fractures
occurring spontaneously are indicative of an underlying
skeletal problem. This is most typical of pathological
fractures in the appendicular skeleton or vertebral fractures
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in an osteoporotic skeleton. Fractures occurring following
low-energy trauma, typically affecting the appendicular
skeleton, may indicate reduced skeletal strength.

However, such low-energy fractures may also relate to the
characteristics of the forces applied upon the bone at the
time of trauma, and further evaluation of bone strength by
densitometry is needed to ascertain the likely predominant
cause. If due to underlying bone weakness, then treatment
is indicated to improve bone strength to prevent further
fracture. The occurrence of a low-energy fracture in the
presence of reduced bone density is a strong predictor of
further fracture. Other causes of spontaneous or low-energy
fractures must also be considered such as osteomalacia and
infiltrative lesions such as primary and secondary bone
cancer and bone cysts (Zable 3.6). This may require
investigation (Table 3.7, 3.8). If the fracture relates to
underlying osteoporosis, then causes of this need to be
considered and looked for (Table 2.13). It is more frequent

to identify a secondary cause in men with osteoporosis. It
must not be forgotten that the person presenting with a low-
energy fracture is likely to have fallen, and correctable
causes need to be looked for and dealt with, if possible.

If someone over the age of 75 years sustains a low-trauma
fracture, the likelihood of this being related to underlying
osteoporosis is high; this may be sufficient to be an
indication for long-term pharmacological treatment to
reduce the risk of another fracture. Vertebral fractures at this
older age are, in particular, usually associated with
underlying osteoporosis. These fractures, however, need to
be confirmed on X-ray as loss of height at this age is
frequently due to degenerative disc disease and not loss of
vertebral body height due to fracture.

The need for treatment to prevent a further fracture may
be guided by establishing the reasons for fracture. If bone
strength is reduced, then the target for therapy is to improve
that, whereas if bone strength is good but the person has

Table 3.6 Differential diagnosis of low-trauma fracture and vertebral deformity

Low-trauma fracture

» Osteoporosis

* Metastatic malignancy
* Myeloma

* Osteomalacia

» Paget's disease
» Osteomyelitis
* Bone cyst

Table 3.7 Investigation of osteoporosis

Baseline
» Examination:
— Look for features of secondary causes of
osteoporosis
* Haematology:
— Full blood count
— ESR
 Biochemistry:
Serum calcium, phosphate
Serum alkaline phosphatase
Serum creatinine
Serum albumin
Testosterone and SHBG in men (not very elderly)

Vertebral deformity

» Osteoporosis

» Metastatic malignancy
* Myeloma

+ Osteomalacia

» Paget's disease

» Osteomyelitis

* Traumatic vertebral
fracture earlier in life

e Scheuermann’s
osteochondritis of the
spine

Further assessment in selected patients
* Liver function tests

» Serum protein electrophoresis

» Gonadotrophins

+ Vitamin D metabolites

 Thyroid function tests

» Urine Bence—Jones protein

Investigation of fracture or bone pain
 Full examination, in particular breasts or prostate
» X-ray of affected site
 Further imaging:
— Isotope bone scan if any concern of metastases
— CT scan or MRI to characterize lesion
» Biochemistry:
» Serum protein electrophoresis
— Urine Bence—Jones protein
— PSA in men with vertebral fractures
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Table 3.8 Typical biochemical changes in bone conditions

Disease Plasma Plasma Plasma Viscosity Other
calcium phosphate  alkaline or ESR investigations
phosphatase
Osteoporosis N N N N DXA
Osteomalacia Nordl Norl NorT N Serum vitamin D; bone biopsy
Paget’s disease Nor T N T N
Primary T Nord NorT N PTHT
hyperthyroidism
Myeloma Nor T Nor T NorT NorT Serum protein electrophoresis; urine
Bence-Jones protein
Malignancy NorT N NorT NorT Breast examination; PSA; chest x-ray;

frequent falls, then a fall prevention programme is needed.
These approaches are not usually mutually exclusive.
Anyone who is a frequent faller needs as strong a skeleton as
possible and someone with osteoporosis needs to take care
to avoid any significant trauma.

Methods of monitoring treatment

The aim of treatment is to reduce the occurrence of
fractures, but the end-point of fracture is too late for the
individual. Reducing risk is measurable in a population but
is not as meaningful for the individual, because it is not easy
to appreciate an event which has not happened.

When evaluating the efficacy of any new treatment for
osteoporosis, the key outcome measure that is required is
evidence of fracture prevention. In clinical trials, therefore,
fracture rates are the primary outcome. A surrogate end-point
of bone mineral density (BMD) is often used for shorter and
small studies as changes in a treatment group can be seen in
months, BMD correlates with bone strength, and the absolute
value of BMD reflects fracture risk. However, changes in
BMD with treatment such as bisphosphonates only explains a
minority of the observed reduction in fracture risk. In
addition, the correlation of BMD with bone strength and
fracture rate are not perfect. This limits the role of BMD in
assessing the effectiveness of any treatment both in clinical
trials and in the management of the individual patient.
Changes in BMD do reflect a treatment response and can be
used to assess if the patient is responding in any way. The
interpretation is, however, difficult as a lack of increase in

bone scintigraphy; MRI

BMD will not necessarily mean that there is no reduction in
fracture risk. In addition, for the individual, the rate of change
in bone mass and the precision of the measurement, although
very good, means that it is not meaningful to monitor their
response by bone densitometry except in the long-term, at
intervals of at least 2 years, but preferably 4-6 years.

Falls should be monitored and reasons of any falls need
to be looked for and modified if possible. Bone markers are,
as yet, of limited value in the routine monitoring of
individuals. Of particular interest is their use to look at the
patient’s early response to therapy and check upon
concordance with treatment.

The general fitness and wellbeing of the person with
osteoporosis needs to be monitored as they are often frail
individuals with other pathologies. Comorbidity is an
indicator of poor outcome following a fall or fracture. It is
also important to monitor their quality of life. A key goal of
treating osteoporosis and preventing fracture is to enable the
person to have a good quality of life, avoiding dependency
and maintaining mobility.
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Chapter 4

Management of
osteoporosis

Introduction

Bone loss with ageing is universal and many will become
osteoporotic in later life with increased risk of fracture.
Measures therefore need to be taken by all to maximize bone
mass and strength at all ages and to reduce risk of injuries
when older. This needs to be at all stages of life. In this
chapter we review the lifestyle interventions that all should
follow to reduce risk at the population level. Some people
are at greater risk and have most to lose if they do sustain a
fracture and most to gain by preventative measures. For
them, a more effective intervention may be appropriate. We
have considered how to identify such individuals at most
risk and in the next chapter chapter we review the evidence
of what specific interventions will increase bone density and
reduce fracture risk.

When assessing the evidence for the effectiveness of any
intervention, there are several issues that need to be
considered: (1) the characteristics of the study population
compared with the target population; (2) the level of risk of
the study population for sustaining a fracture; and (3) were
the outcome measures used meaningful and standard? Bone
density changes are a surrogate for the clinically relevant
goal of fracture prevention. Studies to demonstrate fracture
prevention have to be very large and over long periods of
time and, as a consequence, data are deficient for some
interventions. There are few comparative studies of the
different treatments. For lifestyle risk factors, evidence of
increased risk of osteoporosis or fracture does not mean that
correcting the risk factor will necessarily reduce that risk —
direct evidence of efficacy is needed although often the
appropriate studies have not been done. A difficulty of
epidemiological studies is that the various lifestyle factors
are confounders of each other as, for example, many

smokers also consume alcohol, are thin, and are less
physically active. Concordance is very important when
considering if an intervention will be effective in clinical
practice in contrast to a clinical trial. This is very important
when treatment has to be long term and there is no easily
recognized clinical response to encourage the person to
continue with treatment.

It is important to remember that treatment of
osteoporosis is not just about prevention of another fracture.
Many patients will have already sustained a fracture and
they require optimal fracture management and
rehabilitation to minimize the impact in the short and long

term.

LIFESTYLE INTERVENTIONS

Increase in life expectancy is the result of increased
economic wealth and improved health care from birth
onwards. However, increased wealth has also brought
lifestyle changes such as urbanization, a more sedentary way
of living, poor diet, smoking, and alcohol abuse, which
counteract bone health. Undernutrition in developing
countries and the fashion for excessive thinness in
westernized countries also increase the risks of osteoporosis
and future fracture. Maintaining a bone healthy lifestyle at
all ages (Table 4.1) is an important part of mitigating the
expected increase in osteoporosis and fracture in all
countries, but is most important where change is likely to be
greatest.



72

Management of osteoporosis

Table 4.1 Bone healthy lifestyle

+ Adequate dietary calcium High-impact
+ Adequate vitamin D through diet loading
and sunlight
exposure
* Regular weight bearing exercise
* Avoid smoking
* Avoid excess alcohol
Odd-impact
loading

loading

Repetitive
low-impact
loading

4.1 High impact exercises are associated
with the greatest effect on the bone
structure as measured by cross-sectional
area and section modulus. (Adapted from
Nikander R, et al. (2005). Femoral neck
structure in adult female athletes subjected
to different loading modalities. J Bone Min

Repetitive
non-impact
loading

High-magnitude
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Physical activity and exercise

Maintaining a strong skeleton at all ages relies on
mechanical stimuli from weight bearing and physical
activity. The risk of falling is reduced by maintaining
physical fitness. Risk of fracture is increased in those
physically inactive; walking for 4 hours a week was found to
be associated with a 41% lower risk of hip fracture in

postmenopausal women aged 40-77 years!

. Immobility,
such as bed rest, rapidly causes bone loss that can only be

slowly regained. People are, however, becoming less

physically active and fit in all countries and cultures. It is
estimated that 17% of adults in the world are physically
inactive and only an average of 41% of adults are doing
some, but insufficient physical activity (<2.5 hours per week
of moderate activity)2. Physical activity declines with ageing.

Physical activity increases bone mass, density, quality,
and strength. The benefit of physical activity is greatest at or
before puberty?. The response of the skeleton in adulthood
to physical activity is less but maintenance of, or increases




in, bone density has been demonstrated with impact and
nonimpact exercise regimes in pre- and postmenopausal
women*0. A greater benefit is seen in those with high
calcium intake?. The effect of exercise is site specific,
benefiting most the loaded site, but the characteristics of the
exercise that is most effective is not clear. Impact type sports
are probably best at improving bone strength, such as
tennis, aerobics, basketball, gymnastics, or weight training
(4.1), and for older people brisk walking and using stairs are
probably of benefit. The frequency and duration required
are unclear. The long-term benefits are uncertain; in some
studies stopping exercise has shown that the bone density
returns to baseline levels®. Whether the improvements in
bone density translate into a reduction in fracture risk is not
yet established.

Although physical exercise programs may only increase
bone mass by a marginal percent, the additional benefits
from improved gait, balance, coordination, and muscle
strength contribute to a potential antifracture effect. Poor
balance and quadriceps weakness are predictors of falls and
fracture. Programmes of muscle strengthening and balance
retraining, individually prescribed by a trained health
professional and Tai Chi exercises are likely to prevent falls
in elderly people?, but there is little evidence for other forms
of exercise. Although these measures may prevent falls,
there is little evidence that this results in prevention of
fractures. Epidemiological studies do, however, show that
past and present physical activity does relate dose
dependently to risk of hip fracture.

From these studies it is recommended to be physically
active at all stages of life, with vigorous activities in early
years and moderate activity in older life such as regular brisk
walking of at least 30 minutes daily (4.2). Greatest benefits
are during growth and development, and establishing
lifelong exercise habits will have long-term benefit. Those
who are less active, especially the sedentary elderly, will also
benefit from increasing their level of physical activity. To be
effective, physical activity should be weight bearing, easy,
enjoyable, sociable, and fit into everyday routines so that it
is sustainable throughout life. There are also other health
benefits of increasing physical fitness such as reducing the
risk of heart disease. The utility of a formal exercise
intervention beyond this in maintaining or increasing bone
mass and reducing fractures in later life in the general
population is problematic, as long-term sustainability is
necessary for real benefits and the best way to influence such
behaviour is not clear!?.
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Diet, nutrition, and body weight

Body weight and nutrition are important determinant of
bone mineral density (BMD) and risk of fracture and their
outcome. They are important at all stages of life. Bone
density is closely related to body weight!! in men and
women across all ages and throughout the skeleton.
Changes in bone density also relate to body weight: the risk
of hip fracture is greater with low body weight and with
weight loss1213, Women who were relatively thin when
50-64 years and had lost at least 10% of their body weight
had the highest risk of hip fracture!2. The fracture risk is in
part related to osteoporosis and bone strength, but also to
less protective soft tissue. Anorexia nervosa can be
associated with severe osteoporosis and premature
occurrence of fractures (see 2.41), which is a consequence
of poor nutrition, low body weight, and sex hormone
deficiency.

Normal nutrition is important for the development and
maintenance of the skeleton (7Table 4.2). Undernutrition is
associated with a reduced peak bone mass and acceleration
of age-related bone lossi®15. People with hip fracture are
often under- or malnourished. Undernutrition may increase
the propensity to falls, possibly a consequence of impaired

Balance
training for
fall prevention

Strength training
2-3 times per week

Weight bearing
exercises such as walking

30 minutes or more of moderate physical
activity on most, preferably all, days of the week

4.2 General recommendations for physical activity in
adults. (Adapted from U.S. Department of Health and
Human Services (2004). Bone Health and Osteoporosis:
A Report of the Surgeon General. Rockville MD:
Department of Health and Human Services, Office of the
Surgeon General.)
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coordination and reduced muscle strength. The
consequences of falls are worse due to less protective soft
tissue, and the outcome following fracture is worse with
prolonged hospital stays, more complications, and increased
mortality. Undernutrition increases with advancing age and
may relate to the spontaneous reduction of food intake, to
malabsorption, or to intercurrent illnesses. Protein—calorie
malnutrition is the most common problem in the elderly but
there are also deficiencies in micronutrients such as calcium
and vitamin D (see below). Low intakes of vitamin K may
also increase the risk of hip fracture in women. Low body
weight and undernutrition are also associated with
comorbidity and general frailty in an ageing population, all
of which will increase the risk of fracture and worsen the
outcome.

Ensuring adequate nutrition with a balanced diet to
provide the needed macro- and micronutrients and that will
maintain an ideal body weight is therefore recommended!¢
(Table 4.3). Although energy requirements decrease with
advancing age, the recommended dietary allowance of
protein increases from 0.8 g/kg of body weight in young
adults to 1 g/kg in the healthy elderly. Protein
supplementation in patients with recent hip fracture has
been shown to improve the clinical outcome with reduction
in complications, shorter hospital stays, and reduced
subsequent bone loss!®13, Dietary protein intake has also
been shown to be associated with a reduced risk of hip
fracture in men and women aged 50-69 years!’. The role of
other nutritional supplements is not clear. Phytoestrogens
are plant products with some oestrogen-like structures and
actions including the potential to act on bone. They may
have a role in preventing osteoporosis and fracture but there
is presently a lack of data on efficacy.

Smoking

Smoking carries a moderate and dose-dependent risk for
osteoporosis and fracture!8-29, In a longitudinal population-
based cohort study of men first enrolled at 50 years and
followed for 27 years, the risk of any fracture increased
linearly with smoking up to about 25 pack-years. At higher
rates of consumption there was no further substantial
increase in fracture risk per pack-year (4.3)2!. Reduced
bone mass has been shown in different populations around
the globe?? at all sites, most marked at the hip?3. This will
increase the risk of fracture; it is estimated that smoking

Table 4.2 Nutrition and bone

Undernutrition in older persons:

» Spontaneous reduction in food intake

» Malabsorption

* Intercurrent illness

* Protein—calorie malnutrition most common problem

Effects of undernutrition:

* Reduced peak bone mass

» Accelerated age-dependent bone loss

 Hip fracture cases are often under- or malnourished

* Increased risk of falling

* Impaired coordination

* Reduced muscle strength

» Consequences of falls worse due to less protective
soft tissues

» Outcome of fracture worse with increased morbidity
and mortality

Table 4.3 Nutrients of importance for bone health

Convincing evidence of association with decreased
risk of osteoporotic fracture:

+ Calcium

 Vitamin D

Possible association with decreased risk of
osteoporotic fracture:

* Protein

* Phytoestrogens

* Fruits and vegetables

Plausible association with decreased risk of
osteoporotic fracture:
* Zinc

» Copper

* Manganese

* Boron

e Vitamin A

* Vitamin C

e Vitamin K

* B vitamins

» Potassium

* Sodium

(Adapted from: WHO (2003). Diet, nutrition and the
prevention of chronic diseases. WHO Technical Report
Series No. 916. World Health Organization, Geneva.)



increases the lifetime risk of hip fracture by 31% in women
and 40% in men?3. The increased risk of fracture has been
demonstrated at all sites in both men and women, and is
greatest for hip fracture, with estimates of a relative risk of
1.84 (95% CI 1.52-2.22). This increased risk is not only
explained by effects on bone density and body mass index
(BMI)20. Past smokers are at intermediate risk!® and it
would, therefore, appear that stopping smoking will reduce
the risk of osteoporosis and fracture. However, the benefit
may not be seen for 10 years in women?2* but could be up to
30 years in men?! (4.4).
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Alcohol

Alcohol affects bone metabolism, whether acute or chronic
consumption, moderate or excessive. Chronic alcohol abuse
is associated with osteoporosis and fracture, and is a
common cause of secondary osteoporosis in men. An
increase in osteoporotic (RR 1.38, 95% CI 1.16-1.65) and
hip fractures (RR 1.68, 95% CI 1.19-2.336) was found in
an analysis of several large population studies2’. The risk of
fracture increases with alcohol intake above a threshold of 2
units daily in both men and women in a study of three

4.3 Risk of fracture associated with smoking 30 -
in a longitudinal population-based cohort
study of men. (Adapted from Olofsson H, et
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prospective cohorts of 5,939 men and 11,032 women in
total, followed for a total of over 75,000 person-years?’
(4.5). The effect was nonlinear and seen above an intake of
3 units daily in both men and women.

The effect of chronic heavy drinking on the skeleton
during adolescence and young adulthood is particularly
harmful leading to future osteoporosis (see 2.42). The effect
is increased because of other frequently coexistent lifestyle
risk factors such as smoking, poor diet, and lack of physical
activity. People who drink alcohol are more likely to smoke
than nondrinkers, and smokers are much more likely to drink
than nonsmokers. Eating disorders are common in women
who abuse alcohol. The risk of fracture may relate to an
increased risk of falls with greater physical impact, in
addition to reduced BMD. Moderate alcohol consumption,

in contrast, may not be harmful?5:26

and may even be
beneficial with increased bone density, but it does not seem
to reduce fracture risk. There is little evidence as to the effect
of reducing alcohol intake; in the Framingham Study?’ there
was no effect on fracture risk of changing from a past heavy
to a present light alcohol intake, but avoidance of excess is

recommended (which has additional health benefits).

Calcium and vitamin D

Many studies have examined the role of adequate dietary
calcium and vitamin D in maximizing bone density and

preventing fracture. These have looked at the role of
calcium and vitamin D in bone health from an
epidemiological perspective, using dietary changes or by the
use of supplements in people unselected for their calcium
and vitamin D status, or in people known or likely to be
deficient. The interest in these dietary constituents is
because calcium is the basic requirement for bone
mineralization and is needed for the normal development
and maintenance of the skeleton, and because of the known
role of vitamin D in bone metabolism (see Chapter 1 and
see below).

Serum calcium levels are tightly regulated as calcium is
essential for transmembrane transportation and cell
communication for all cell types throughout the body. Bone
tissue is the main calcium reservoir, and the bone mineral
content is regulated through feedback systems that involve
parathyroid hormone (PTH), calcium, and vitamin D. PTH
initiates bone resorption in response to low levels of
calcium. Consequently, insufficient calcium intake or
absorption to offset the obligatory losses in the urine,
digestive juices, and sweat may provoke a continuous
upregulation of PTH release, causing increased bone loss.
This low-grade secondary hyperparathyroidism is not
uncommon in the elderly. This mechanism provides the
rationale for calcium and vitamin D treatment as part of a
strategy to prevent bone loss, particularly in the elderly.

Adequate calcium intake is important in achieving
optimal peak bone mass and an increased calcium intake is

4.5 Risk of fracture with

Osteoporotic fracture Hip fracture alcohol intake. (Kanis
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of benefit if the baseline dietary calcium intake is low. In
later life, low calcium intake is associated with an increased
risk of fracture?8, including in Asian men and women?2°.
Dietary calcium intake declines with ageing and many
people consume less than the recommended daily
allowance. In addition, there is a decline in efficiency of
calcium absorption with ageing.

Vitamin D plays a central role in calcium regulation. It is
either provided through the food intake or by exposure of
the skin to sunlight. Vitamin D, in the ingested form or from
dermal conversion of 7-dehydrocholesterol by ultraviolet
light, is biologically inactive until metabolized through
several steps in the liver and kidneys (4.6). Vitamin D
insufficiency is common in the elderly, particularly in
northern latitude countries with few hours of sunlight. Skin
synthesis is less efficient due to an age-related decline in the
amount of 7-dehydrocholesterol (a precursor of vitamin D)
in the epidermal layer of the skin, along with older people
spending less time outdoors in sunlight. Many older people
who are osteoporotic or sustain fractures have low levels of
vitamin D. This may not only be relevant to reduced bone
strength but there may also be muscle weakness as a
consequence, with increased risk of fracture. It is therefore
apparent that inadequate calcium and vitamin D are
deleterious to bone health but the evidence for the benefit of
supplementation to correct this is less clear.

Calcium

The effectiveness of calcium supplementation in the
prevention and treatment of osteoporosis remains under
debate, particularly concerning fracture as outcome. Studies
using calcium supplement alone have shown conflicting
results. In a recent meta-analysis that included 15 studies
and a total of 1806 postmenopausal women, a small but
significant effect on bone density was seen at all measured
sites30. The antifracture effect was estimated at a relative
risk of 0.77 (95% CI 0.54-1.09) for vertebral fractures and
0.86 (95% CI 0.43-1.72) for nonvertebral fractures, and
was not significant because of a too small sample size.
Benefits are greatest in those with a low calcium intake3!. In
almost all randomized controlled trials (RCTs) for bone
specific antiresorptive agents, calcium supplementation
(400-800 mg) is included in the placebo group that show a
0.5-2 % gain in bone mass.
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4.6 Metabolic pathway of vitamin D.

Vitamin D

Vitamin D, supplements alone, usually 400 IU/day with the
assumption of an adequate dietary calcium intake, have not
been shown to reduce the incidence of fractures in studies of
elderly men and women living in the community?? or in
nursing homes33. A recent Cochrane review?* showed no
significant effect on hip fracture (seven trials, 18,668 parti-
cipants), vertebral fracture (four trials, 5698 participants),
or any new fracture (eight trials, 18,935 participants).
Vitamin D has, nevertheless, been shown to reduce the
risk of fracture in community living men and women given
as 100,000 IU oral cholecalciferol every 4 months over 5
years3>. Vitamin D has also been shown to increase femoral
neck bone density (0.2—-2.6%) or reduce the rate of loss in
elderly women after 2 years of treatment, while other
skeletal sites remain similar compared to the placebo
groups3%37, The dose required to obtain a measurable bone
effect over this period was between 400-800 IU/day.
Vitamin D has also been shown to reduce the risk of falls
among ambulatory or institutionalized older people by over
20% in a meta-analysis of 5 RCTs including 1237
participants3®. This effect of vitamin D may explain some of
the benefit in studies of calcium combined with vitamin D.
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Calcium combined with vitamin D

Calcium and vitamin D in combination is the accepted
baseline treatment for osteoporosis and also as a preventive
measure, in particular in the frail elderly. Calcium and
vitamin D supplementation (1200 mg calcium and 800 IU
vitamin D) over 12 weeks in elderly women reduced the risk
of falling®® (4.7). This has been confirmed in a meta-
analysis>8. Recent studies have, however, made it less clear
as to whether groups other than the frail elderly will benefit.

In a large RCT of elderly French nursing home patients
with calcium (1200 mg) and vitamin D (20 pg [800 IU])
there was significant reduction in new hip (RR 0.70 [95%
CI 0.62—0.78]) and for all nonvertebral fractures (RR 0.70
[95% CI 0.51-0.91]) after 3 years of treatment, with
significant benefit at 18 months*%4! (Table 4.4).

Several recent studies have examined further the
effectiveness of calcium and vitamin D in combination. In a
large pragmatic RCT in the secondary prevention of
osteoporotic fractures*2, 4,481 women and 811 men aged 70
years and over who had sustained a low trauma fracture were
randomized to receive (1) 1000 mg calcium daily, (2) vitamin
D 800 IU daily, (3) calcium (1000 mg) in combination with
vitamin D (800 IU), (4) placebo. The participants were
ambulatory and mostly community dwelling. During between
24 months and 62 months follow-up, 13% sustained a new

low-trauma fracture, one-quarter of which were of the hip;
there was no difference in the incidence of fractures in the
three treatment groups (4.8). The vitamin D status was only
measured in a small sample and compliance with treatment
was two-thirds or less at 2 years.

Another large pragmatic open RCT of women aged 70
years and over with risk factors for hip fracture failed to find
evidence that supplementation with 1000 mg calcium and
800 IU vitamin D daily over a median follow-up of 25
months reduces the risk of fracture or falls*3. A total of 3314
patients were included in the study and 1321 were
randomized to treatment; the 1993 controls were just given
advice on prevention of falls and osteoporosis. At 12 months
follow-up, only 63% of the intervention group was adhering
to treatment. Vitamin D status of participants was not
established either before or during the study.

The recent Cochrane review>* of seven trials and 10,376
participants, including those studies detailed above, found a
small reduction in hip fractures (RR 0.81, 95% CI
0.68-0.96) and nonvertebral fractures (RR 0.87, 95% CI
0.78-0.97). Most recently, the Women’s Health Initiative
study of more than 36,000 postmenopausal women aged
50-79 years randomly assigned to 1000 mg calcium and 400
IU vitamin D daily or placebo for an average of 7 years has
failed to show any reduction in fractures unless just those
adhering to treatment were included4.

4.7 Effects of calcium and vitamin D
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It appears that the vitamin D status of the person and
their level of independence makes a difference in response to
calcium and vitamin D. It is, however, unfortunate that
vitamin D levels were not measured comprehensively in
recent studies to help clarify who will benefit most.
Effectiveness in clinical practice is also reduced by lack of
long-term adherence to treatment. The role of calcium and
vitamin D supplements therefore remains unresolved, but it
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is reasonable to ensure that deficiency is avoided at all stages
of life, in particular in the growing skeleton and in the frail
elderly. It is easier to achieve sufficiency through dietary
intake and sunlight exposure when exercising in younger
people but supplements may be needed in the frail elderly.
The role of supplementation in those who are mobile with
reasonable diets and sunlight exposure, even if elderly, is not
proven.

Table 4.4 Calcium and vitamin supplementation in a very elderly population in care

Vitamin D + calcium

Active treatment analysis

Number of women 872
Hip fracture 21 109
Nonvertebral fractures 21 205

Intention fto treat analysis

Number of women 1176
Hip fractures 21 137
Nonvertebral fractures 21 255

Placebo P value
893

153 <0.01
270 <0.01
1127

178 <0.02
308 <0.02

(Adapted from Chapuy MC, et al. (1994). Effect of calcium and cholecalciferol treatment for three years on hip

fractures in elderly women. BMJ 308:1081-1082.)

4.8 Effects of calcium, vitamin D,
or combination treatment on the
incidence of new low-trauma
fracture. (Adapted from Grant
AM, et al. (2005). Oral vitamin
D3 and calcium for secondary
prevention of low-trauma
fractures in elderly people
(Randomized Evaluation of
Calcium Or vitamin D,
RECORD): a randomized
placebo-controlled trial. Lancet
365(9471):1621-1628.)
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Recommended supplementation if being used is:

e Calcium 500-1000 mg depending on dietary intake to
reach above a total of 1000 mg/day.

* Vitamin D 400-800 IU daily — the higher dose may be
indicated for institutionalized persons or those receiving
equivalent care, or during the winter in northern latitude
countries.

A bone healthy lifestyle

There are several potentially modifiable risk lifestyle factors
associated with reduced bone density and increased risk of
fracture (see above). It has been estimated that if the whole
population undertook and achieved a high level of physical
activity and calcium consumption that the population risk of
hip fractures could be reduced by about 17% in older

45 and avoiding undernutrition, smoking, and excess

women
alcohol would have greater benefits (4.9); the challenge is

achieving such changes in peoples behaviour.

Calcium foods Exercise

Sunlight Avoid smoking

Oily fish Avoid excess alcohol

4.9 A bone healthy lifestyle.

Table 4.5 Categories of evidence

PHARMACOLOGICAL INTERVENTIONS

Pharmacological interventions in osteoporosis rely on
targeting osteoclasts, osteoblasts, or both. The rationale for
inhibition of osteoclasts stems from a number of
observations; most important was the observation that
oestrogen withdrawal led to increased osteoclast activation
and hence blocking osteoclast differentiation and actions
seemed essential. Inhibition of osteoclast action leads to a
secondary gain in bone mass. In addition, it has clearly been
more difficult to stimulate osteoblasts selectively to obtain a
true bone anabolic effect. An ideal bone agent should have
a dual effect and preferably increase not only bone mass but
also improve bone quality and strength.

Bone turnover is a slow process and, as a consequence,
evaluation of treatment effect in terms of bone gain and
fracture reduction is extended over time, i.e. 1-3 years. This
has an impact on design of trials and outcome evaluation.
From an evidence-based perspective, fracture efficacy
should be the primary end-point of all studies; however, if
fracture efficacy is proven (Table 4.5), change in BMD and
change in bone markers may serve as surrogate end-points,
albeit recognizing the limitations of this approach.

Evidence of effect on fracture is the required end-point
for any osteoporosis treatment to be considered of clinical
value. The strength of evidence depends on the source. The
best evidence is considered to be from the meta-analysis of
several RCTs, whereas the weakest evidence is considered to
be unsupported expert opinion. Recommendation of
treatment should be based on evaluation using these
established criteria for evidence of efficacy. This approach is
used in guideline development6.

la Evidence from meta-analysis of randomized controlled trials

Ib Evidence from at least one randomized controlled trial

Ila Evidence from at least one controlled study without randomization

Ilb Evidence from at least one other type of quasi-experimental study

[l Evidence from descriptive studies, such as comparative studies, correlation studies and case-control studies
IV Evidence from expert committee reports or opinions or clinical experience of respected authorities, or both

(Adapted from Eccles M, et al. (1998). North of England evidence based guidelines development project: methods of
developing guidelines for efficient drug use in primary care. BMJ, 316(7139):1232-1235.)



Bisphosphonates

Bisphosphonates are chemically developed from
pyrophosphates, compounds that inhibit precipitation of
calcium carbonate and have industrial applications.
Bisphosphonates act by binding to the mineral phase of
bone, binding to hydroxyapatite. Osteoclast activity is
reduced with decreased ruffle border, decreased acid
production, and decreased production of lysosomal enzymes
and prostaglandins (4.10). Osteoclast numbers are reduced
by increased apoptosis and inhibition of osteoclast
recruitment. They have little effect on other organ systems.
Bisphosphonates are known to markedly suppress bone
turnover. It has been estimated that bone resorption must be
suppressed by 40-80% in order to obtain a significant effect
on BMD. Since bisphosphonates primarily affect the activity
of osteoclasts, the effects on bone resorption markers have
gained most interest.

Bisphosphonates are, in general, poorly absorbed from
the gastrointestinal tract. Only about 0.5-5% of a given dose
is absorbed from the stomach, further decreased by food
intake (particularly calcium-containing foods) or even
drinks such as coffee or juice. Oral bisphosphonates must,
therefore, be taken after a food-free interval of an overnight
fast and a fast of 30—60 minutes after taking them. The
possibilities of less frequent dosing with highly potent oral
compounds, as well as the development of intravenous
administration are therefore much more convenient from
the persons’ viewpoint and potentially more effective due to
better adherence to therapy. About half of the absorbed
drug is urine.

excreted unmetabolized in the

Bisphosphonates are deposited in bone for a prolonged

time, probably up to 10 years or more*7.

Management of osteoporosis 81

A core P-O-P bond, which in bisphosphonates is
exchanged with a P-C-P bond, characterizes the basic
pyrophosphate structure. This allows for two side chains
(R1 and R2), with R1 binding to hydroxyapatite and R2
giving the specific biological and chemical properties (4.11,
4.12). The potency of each bisphosphonate compound
depends on side chain substitution. Nitrogen-containing
bisphosphonates are most potent and exert their inhibitory
effect through the mevalonate pathway. This allows for
lower doses and less frequent dosing.

Alendronate
Alendronate, a second generation bisphosphonate, was the

first bisphosphonate for which a clear antifracture effect was
seen in RCTs.

Effect on bone turnover

Alendronate suppresses bone turnover within 6-12 weeks®
(4.13). The effect is most pronounced for bone resorption
markers, decreasing 40-60% and results in a sustained
increase in bone density in the axial and appendicular
skeleton?® (4.14).

Effect on BMD

The first study, which included postmenopausal women
with low bone density (T-score < -2.5) with or without
prevalent vertebral deformity, showed BMD increases of
8.8% and 5.9% in the spine and hip, respectively. The
effect, including reduction in new vertebral fractures was
most pronounced in women above age 65 and with at least
one vertebral fracture at entry.

Bisphosphonates

Active osteoclast  Inactive osteoclast
Bisphosphonate Osteoclasts lose osteoclast
taken up by resorptive function Osteoclastic
osteoclasts upon apoptosis
bisphosphonate
uptake

4.10 Bisphosphonate mechanism of action.

OH OH OH R, OH
O=|P—C—Fl=0 O=|P—(|3—P|=O
oH  on oH R O
Inorganic Basic structure

pyrophosphonate

4.11 Basic structure of bisphosphonate.
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4.13 The effect of alendronate on bone markers. (Adapted
from Devogelaer JP, et al. (1996). Oral alendronate
induces progressive increases in bone mass of the spine,
hip, and total body over 3 years in postmenopausal
women with osteoporosis. Bone, 18(2):141-150.)
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Effect on fracture

Two major trials*® 39 have shown a reduction in vertebral
deformities of about 50%, and prevention of nonvertebral
fractures has been demonstrated (4.15). In the Fracture
Intervention Trial 1 (FIT 1), 2027 women with at least one
prevalent vertebral fracture were included. Alendronate
treatment over 3 years gave a clear reduction in the number
of new radiographic and clinical vertebral fractures
(p=0.001) and also a reduction of hip (p=0.047) and wrist
fractures (p=0.013), albeit the number of fractures was
small. In a meta-analysis of 11 RCTs with alendronate,
pooled data favours an antifracture effect from alendronate
treatment with 5 mg or greater, with a risk reduction of
47%. Reduction of nonvertebral fractures is also evident in
postemenopausal women fulfilling the criteria for
osteoporosis®! (4.16).

The effect of alendronate has been shown to be sustained
long term®2 (4.17). It has been possible to monitor long-
term effects of alendronate treatment in a subset of women
from some of the early studies. Thus, 10-year treatment
effects are reported in 247 women (4.18)°3. The increase in
BMD is maintained with an even further increase in spinal
BMD (13.7%). Similarly, bone markers stayed depressed.
In those discontinuing treatment, the BMD gain remained
in the spine, whereas a decrease was obvious in the hip. The
BMD effect of 10 mg daily, 35 mg twice weekly, and 70 mg
once weekly of alendronate is similar over 2 years in women
with postmenopausal osteoporosis (4.19). The preferred
dosing regimen is now 70 mg once weekly®% 33,

Risedronate

Risedronate is a third generation, highly potent
bisphosphonate that has also been shown to prevent
vertebral and nonvertebral fractures. Risedronate is a
nitrogen-containing bisphosphonate that, like other
nitrogen-containing bisphosphonates, is likely to induce
apoptosis through inhibition of farnesyl or geranylgeranyl

isoprenoid groups through the mevalonate pathway°.

Effect on bone turnover

A major 3-year RCT evaluating the antifracture efficacy of
risedronate included 2458 postmenopausal women in North
America with prevalent vertebral deformities®’. In this study
of risedronate, deoxypyridinoline was dose-dependently
suppressed by about 40%, an effect that was evident within
1 month of risedronate treatment (4.20, left). The
secondary effect on bone formation, as measured by bone-
specific alkaline phosphatase was delayed, reaching a
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maximum depression at 3-6 months (4.20, right). The
effect is less pronounced than that of alendronate, which can
be interpreted either as a positive or negative outcome;
negatively as it indicates a lower efficacy or positively as
adverse effects on mineralization from marked long-terms
suppression is less likely.

Effect on BMD

The effect of risedronate on bone density is similar to that of
alendronate, producing about 4-6% increase in spinal and
femoral bone mass after 3 years of treatment. The dose-
dependent effect of risedronate evident from bone marker

5 Clinical vertebral fracture
4
p=0.001
3,
2,
S 14
o
2 0
g
% 3 Hip fracture
c 2 7
2 p=0.047
o 1 —
=
G
c 0
o
t 5 .
8 Wrist fracture
o)
a4
37 p=0.013
2
1-
0 T T T T T \
0 6 12 18 24 30 36
Time from baseline (months)
Placebo
— Alendronate
Number of women
Placebo 1005 1004 1000 999 998 993 724
Alendronate 1022 1022 1021 1020 1015 1010 763

4.15 The effect of alendronate on fracture. (Adapted from
Black DM, et al. (1996). Randomised trial of effect of
alendronate on risk of fracture in women with existing
vertebral fractures. Fracture Intervention Trial Research
Group. Lancet, 348(9041):1535-1541.)
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4.16 Alendronate meta-
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4.17 Alendronate 7-year data. (Adapted from Tonino RP, et al. (2000). Skeletal benefits of alendronate: 7-year treatment
of postmenopausal osteoporotic women. Phase Ill Osteoporosis Treatment Study Group. J Clin Endocrinol Metab,
85(9):3109-3115.)



assessment is associated with a similar effect on BMD

(4.21). Hence, the
the study, whereas
for the 5 mg dose.
the lumbar spine

2.5 mg/day dose was discontinued within
a significant increase in BMD was found
BMD increase was most pronounced in
(5.4%), with a 1.6% increase in the

femoral neck and 3.3% in the trochanteric region compared

to placebo.
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4.18 Alendronate

10-year data. (Adapted from Bone HG,

et al. (2004). Ten years' experience with alendronate for
osteoporosis in postmenopausal women. N Engl J Med,
350(12):1189-1199.)

4.19 Alendronate and dosing. (Adapted from Rizzoli R, et

al. (2002). Two-year results of once-weekly administration

of alendronate 70 mg for the treatment of postmenopausal
osteoporosis. J Bone Miner Res 17(11):1988-1996.)
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Effect on fracture

The antifracture effect on vertebral fracture was evident

reasons. However, the results of the European and

after 1 year of treatment and sustained at 3 years, with a

41% cumulative decrease in radiographic vertebral fracture
incidence (defined as more than 15% loss of vertebral
height). Nonvertebral fractures were significantly lower

(39%) at 3 years compared to placebo (4.22).
The results of the study was to some extent hampered by

a rather high discontinuation rate (up to 45%) for various

Australian arms of the trial (n=1226) indicates similar

effects: vertebral fractures were reduced by 49% in those

treated with 5 mg per day. The effect was evident after the
first year. Nonvertebral fractures were reduced by 33%;
however, this was not significant (p=0.06) (4.23)8.

Hip fracture is the most devastating fracture for the

individual with substantial subsequent morbidity and mortality.

Placebo

Mean change from
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Vertebral Efficacy With Risedronate Therapy (VERT) Study Group. JAMA, 282(14):1344—1352.)

The effect of risedronate on hip fracture risk was specifically

4.20 Risedronate
and effect on bone
markers. (Adapted
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al. (1999). Effects
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vertebral and
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women with
postmenopausal
osteoporosis: a
randomized
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4.21 Risedronate effect on BMD. (Adapted from Harris ST, et al. (1999). Effects of risedronate treatment on vertebral and
nonvertebral fractures in women with postmenopausal osteoporosis: a randomized controlled trial. Vertebral Efficacy With
Risedronate Therapy (VERT) Study Group. JAMA, 282(14):1344-1352.)




evaluated in a high-risk population of 5445 women aged 70-79
years and in 3886 women aged 80 and above (4.24). Women
were included based on BMD measurement and/or on risk
factors. In women aged 70-79 years with osteoporosis, the
incidence of hip fracture was reduced by 40% (RR 0.6, 95% CI
0.4-0.9). In women aged 80 and above, included primarily
based on risk factors, there was no fracture-sparing effect®®.
Again this study points out that low bone density is a major
determinant for the clinical effect of antiresorptive agents.
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In a meta-analysis, including eight RCTs fulfilling the
inclusion criteria of the analysis, fracture risk for vertebral
fractures was reduced by 36% in doses of risedronate above
2.5 mg per day (RR 0.64, 95% CI 0.54-0.77) (4.25). The
comparable risk reduction for nonvertebral fractures were
27% (RR 0.73, 95% CI 0.61-0.87)%2. Meta-analyses is the
highest level of evidence for a treatment effect, thus it can be
concluded that risedronate substantially reduces the risk of
both vertebral and nonvertebral fractures.

4.22 Risedronate effect on 18 -
fracture. (Adapted from Harris s 16
ST, et al. ( 1999). Effects of 2 14 _
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X 12
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4.23 Risedronate effect on fracture. (Adapted from Reginster JY, et al. (2000), Randomised trial of the effects of
risedronate on vertebral fractures in women with established postmenopausal osteoporosis. Osteoporos Int, 11:83-91.)
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4.24 Risedronate effect on hip fracture. (Adapted from McClung MR, et al. (2001). Effect of risedronate on the risk of hip
fracture in elderly women. Hip Intervention Program Study Group. N Engl J Med, 344(5):333—-340.)
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4.25 Risedronate meta-analysis —
vertebral fracture risk and
nonvertebral fracture risk.
(Adapted from Cranney A, et al.
(2002). Meta-analyses of therapies
for postmenopausal osteoporosis.
Ill. Meta-analysis of risedronate for
the treatment of postmenopausal
osteoporosis. Endocr Rev,
23(4):517-523.)




Safety

Since bisphosphonates are incorporated into the mineralized
matrix very long term (up to 10 years), adverse effects from
long-term suppression of bone turnover have been a
concern. In one study, pretreatment transiliac bone biopsies
were compared with biopsies taken after 3 years of
(4.26)°9,
evaluation indicated, as expected, a moderate effect on bone

risedronate treatment Histomorphometric
turnover with a 47% decrease in activation frequency. The
study did not observe any structural alteration in treated
women compared to nontreated women. In an additional
study, it has been estimated that changes in lumbar spine
BMD only explains 18% of the vertebral fracture efficacy,
which may be interpreted as that other qualitative traits may
also contribute to fracture risk®!. In order to further evaluate
qualitative traits three-dimensional microcomputed
tomography was performed in bone biopsies from treated
and nontreated women. In those on placebo,
microstructural architecture deteriorated, with for example
a 13% increase in trabecular separation, in contrast to those
treated with risedronate (4.27).

The effect of risedronate treatment has been evaluated up
to 7 years in the multinational arm of the Fracture Study’8.
Of the initial study cohort, 164 women were available for the
extension study and, after additional randomization, were
treated with placebo or risedronate. In those treated with
risedronate for 7 years, bone turnover was consistently
decreased and BMD remained significantly increased with
about 4% increase in the hip and 8-11% in the spine%3.

Weekly dosing of risedronate gives similar changes in bone

4.27 Risendronate and effect on bone
quality. (From Dufresne TE, et al.
(2003). Risedronate preserves bone
architecture in early postmenopausal
women in 1 year as measured by
three-dimensional microcomputed
tomography. Calcif Tissue Int
73(5):423-432 with permission.)
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markers and a similar BMD response and is the preferred
regimen for the purpose of adherence®®. Risedronate has
also been used in men, with similar effects on bone mass and

with a significant reduction of vertebral fractures®?.
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4.26 Effects of long-term risedronate on bone quality and
bone turnover in women with postmenopausal
osteoporosis. (Adapted from Eriksen EF, et al. (2002).
Effects of long-term risedronate on bone quality and bone
turnover in women with postmenopausal osteoporosis.
Bone, 31(5):620-625.)
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Side-effects

Risedronate, as other bisphosphonates, must be taken
according to instructions. It appears to be well tolerated
both in the studies and clinically, with no serious side-effects
reported. Since negative gastrointestinal effects have been a
concern, the gastroduodenal effects have been specifically
evaluated in comparison to alendronate and found to be
significantly lower®®. From an observational cohort study
conducted using the UK GP database of over 13,000
patients, ophthamological side-effects were specifically
evaluated and occurred in a small proportion of the patients
(n=313)%7. This indicates that a number of different side-
effects may occur but these are usually mild.

Ibandronate
Ibandronate is a new addition to the nitrogen-containing
bisphosphonates for the treatment of osteoporosis. In
general, ibandronate has similar properties to other nitrogen-
containing bisphosphonates, but is 2-, 10-, and 50-fold more
potent than risedronate, alendronate and pamidronate,
respectively®®. Bisphosphonates are poorly absorbed after
oral administration, with 0.5-1% absorption when taken
according to instructions after an overnight fast and at least
30 minutes before breakfast. For ibandronate this means that
efficacy drops and is 100-fold less with oral administration.
Hence, ibandronate 1is suitable for intravenous
administration, but based on the high potency, the dosing
interval after oral administration can also be increased.
Weekly dosing of other bisphosphonates has been available
for some time, but from studies it is evident that women
would prefer even longer dosing interval as it would fit better
with their lifestyle®®. Similarly, in a comparative study once-
monthly ibandronate was preferred over once-weekly
alendronate in a cross-over trail’?. The availability of high-
potency bisphosphonates such as ibandronate has promoted
development of dosing regimens with extended drug free
periods using both intravenous and oral administration. It
needs to be borne in mind, however, that the potency in
experimental models does not necessarily transfer to a similar
difference in potency in clinical effect in patients.
Ibandronate is described as a third generation
bisphosphonates with a hydroxyl group at R1 chain and a
tertiary nitrogen at the R2 chain. Irrespective of mode of
administration, it blocks the osteoclast activity by inhibition
of the mevalonate pathway after binding to the mineral
phase of bone. Studies using animal models have shown a

decrease in bone turnover and an increase in bone mass and

bone strength, and that intermittent dosing provides the
same benefits as continuous dosing regimens’!. The
potential for increasing the interval between doses has been
studied in number of human phase II and III studies in an
effort to find the optimal dosing interval with maintained
effect on fracture and bone mass. The reports subsequently
include different designs with regard to frequency and dose.

Effect on bone turnover

Bone markers serve as early indicator of effect in treatment
studies of osteoporosis. In addition, they provide
information on the pattern of metabolic response, which is
even more interesting to describe when the dosing interval is
increased. What occurs in the drug free interval? In a
placebo-controlled study evaluating fracture efficacy and
safety of daily oral and intermittent ibandronate, the effect
on bone markers was also studied. The participants,
postmenopausal women (n=2946, aged 55-80 years) were
allocated into three groups: 2.5 mg ibandronate daily, 20 mg
every other day for 12 days every third month, or placebo’2.
Blood samples were taken prior to dosing in those receiving
intermittent dosing and therefore represents the residual
effect. Bone resorption is markedly decreased during the
entire 3 year treatment period’> (4.28). Both treatments led
to a constant suppression of bone resorption, approximately
10% greater in those on daily compared to intermittent
dosing. The response is less distinct when evaluated by
urinary N'Tx for all treatments, suggesting a greater assay
variability and not necessarily a drug effect, since the pattern
is also similar for placebo. Bone formation is suppressed by
about 40% but the plateau is delayed until 6 months.

For both bone resorption and bone formation markers,
the response pattern is similar to that observed for other
nitrogen-containing bisphosphonates. The response to
intravenous intermittent dosing measured by bone markers
shows a similar pattern. The suppression is dose-related and
greater in those receiving 1 mg and 2 mg (4.29)7%
Percentage-wise the suppression is somewhat less when
ibandronate is administered intravenously, a finding
possibly related to the fact that sampling is done just prior
to the next dose and thus after 2-3 months without drug.
However, with the 2 mg iv dose, bone resorption is
decreased to 60% of baseline, a degree of suppression that is
commonly aimed for when using oral bisphosphonates’.
With monthly dosing, the suppression of bone turnover is
significant and the higher concurrent dose (100 mg or 150

mg) induced a consistent >60% suppression”®,



Effect on BMD

Oral daily and intermittent ibandronate produce significant
increases in BMD at the spine and the hip as is shown in a
3-year RCT (4.30)72. Spinal BMD increase by 6.5% and
5.7%, respectively for 2.5 mg given daily and 20 mg given
intermittently (see above), an increase that is of similar
magnitude to that of other bisphosphonates. The increase is
less pronounced in the hip (3.4% and 2.9%, respectively).
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In the study by Chesnut ez al.”?, the intermittent dosing
followed a regimen of 20 mg given for 12 consecutive days
every 3 months, a dosing regimen that is suboptimal from a
patient’s perspective despite a drug-free interval extending
over 2 months. Modified dosing regimens have
subsequently been developed and tested.

In a study of 1609 postmenopausal women, oral
ibandronate was used: 2.5 mg daily, 50/50 mg (single dose
on two consecutive days), 100 mg or 150 mg once monthly.
The primary end-point was a BMD not significantly worse

than baseline after 1 year of treatment’®. Lumbar spine
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4.28 Ibandronate effect on bone markers. (Adapted from
Delmas PD, et al. (2004). Daily and intermittent oral
ibandronate normalize bone turnover and provide
significant reduction in vertebral fracture risk: results from
the BONE study. Osteoporos Int, 15(10):792—-798.)

4.29 Ibandronate effect on bone markers. (Adapted from
Stakkestad JA, et al. (2003). Intravenous ibandronate
injections given every three months: a new treatment
option to prevent bone loss in postmenopausal women.
Ann Rheum Dis, 62(10):969-975.)
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4.30 Ibanronate effect on BMD. (Adapted from Chesnut Il
CH, et al. (2004). Effects of oral ibandronate administered
daily or intermittently on fracture risk in postmenopausal
osteoporosis. J Bone Miner Res, 19(8):1241-1249.)

BMD increased by 4.1-4.9 % with the monthly regimens,
and significantly more patients responded in the 150 mg
group. The percentage change in hip BMD was similar, with
a larger proportion in the 100 and 150 mg groups achieving
a substantial increase (4.31, top). This study indicates that

4.31 Ibandronate effect on BMD. (Adapted from Miller PD,
et al. (2005). Monthly oral ibandronate therapy in
postmenopausal osteoporosis: 1-year results from the
MOBILE study. J Bone Miner Res, 20(8):1315-1322.)

once-monthly oral ibandronate increases BMD over 1 year
and is in this respect as effective as daily dosing. The
proportion of patients responding is high, up to 90%, with
the highest dose slightly superior (4.31, bottom).

Effect on fracture

The only study to date sufficiently powered to evaluate the
effect of ibandronate on fracture is the study by Chesnut ez
al.”, which included over 2900 women followed over 3
years, taking oral 2.5mg daily or 20 mg intermittent doses
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4.32 Ibandronate effect on fracture. (Adapted from Chesnut Ill CH, et al. (2004). Effects of oral ibandronate administered
daily or intermittently on fracture risk in postmenopausal osteoporosis. J Bone Miner Res, 19(8):1241-1249.)

during a 3 monthly cycle. The relative risk reduction for
incident radiographically identified vertebral fractures was
62% (95% CI 41-75) and 50% (95% CI 26-66)
respectively, and both reached significance (p=0.0001,
p=0.0006). There was no difference between continuous
daily and intermittent dosing. The effect was significant
during the second and third year of treatment (4.32, left).
Close to 60% of the vertebral fractures presented as clinical
fractures and the risk reduction for these women was
48-49% but statistically less secure (p<0.05). Nonvertebral
fracture risk reduction was not associated with ibandronate
treatment. Nevertheless, in a subgroup analysis, nonvertebral
fracture risk in those with femoral neck BMD below T-score
-3, fracture risk was lower by 69% (p<0.05) (4.32, right).

Side-effects

Ibandronate will have a place in the therapy of osteoporosis,
not from daily but from intermittent dosing and the benefits
that are associated with dosing intervals of one or several
months. From the perspective of convenience, it will not only
be beneficial for the postmenopausal woman with an active
lifestyle, but also for the very elderly where the disadvantage
from complex dosing is even more evident. In this respect,
These
gastrointestinal problems (30%), most commonly dyspepsia,

side-effects are also of importance. include
musculoskeletal (27%), or general (25%)77. However, the
side-effects and safety profile are comparable between all
different dosing regimens and are no more common than in
the placebo group. Intravenous administration may cause
transient acute phase reaction, and a higher incidence of

arthralgia and myalgia is reported’s.

Zoledronate

The development of more potent bisphosphonates has also
prompted the evaluation of their use in treating
Oral of
compliance as well as problems of gastrointestinal tolerance,

osteoporosis. bisphosphonates have issues
both of which have implications for their efficacy. Potent
bisphosphonates which can be administered parenterally
may avoid these issues.

Bisphosphonates are administered intravenously in
patients with malignant hypercalcaemia and in those with
Paget’s disease. Intermittent intravenous administration
reduces skeletal events in breast cancer patients, with
zoledronate associated with the largest risk reduction (RR
0.59, 95% CI 0.42-0.82)7°. Zoledronic acid is the most
potent bisphosphonate, 100-850-fold more potent than
pamidronate. Like other nitrogen-containing bisphosphon-
ates, it binds to the mineral phase of bone where it is
internalized by osteosteoclasts, inhibiting farnesyl
disphosphate synthase in the mevalonate pathway. The
exact molecular mechanism of action is not clear; however,
acidification is an absolute prerequisite?. Zoledronate is
administered as an infusion over 15 minutes.

The majority of studies on zoledronate have been
performed in patients with malignant conditions; however,
intravenous bisphosphonates have also been used to
alleviate pain in patients with Paget’s disease and to inhibit
progression of the associated bone pathology. In a study
comparing intravenous zoledronate with oral risedronate,
the 6 month response rate was 96% in those receiving
zoledronate and 74% in those receiving oral risedronate, as

evaluated by change in alkaline phosphatase (p<0.001)81,
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Effect on bone turnover

A first study on the use of zoledronate in postmenopausal
osteoporosis included 351 women, assigned to four different
dosing regimens or placebo and lasting for 12 months, used
change in BMD as a primary end-point and bone markers as
a secondary end-point®2. The effect on bone turnover
markers follows a pattern comparable to that of other potent
bisphosphonates; most pronounced for resorption markers
and to a lesser extent for formation markers, with resorption
markers rapidly suppressed with a maximum decrease at 1
month; serum C-telopeptide decreased by a median of
65-83% and urine N-telopeptide by 50-69% (4.33A)82.

Effect on BMD

The protocol of the initial study included a single yearly dose
of 4 mg or a divided dose of 2 mg, two times over a year.
Four different dose regimens of zoledronate produced similar
effects on bone density (4.3-5.1% at the lumbar spine) after
12 months. Notably, the single annual intravenous dose of 4
mg zoledronic acid gave the same increase as more frequent
dosing 82 (4.33B). Clearly, it was possible to administer one
yearly dose or biannual doses of a potent bisphosphonate and
still achieve significant effects. This was later confirmed,
where annual infusions of zoledronic acid lead to BMD

increases of 5-7% over 3 years®3.

Effect on fracture

To evaluate the effect on fracture, a large-scale randomized
controlled study has been performed in women with
postmenopausal osteoporosis (n=3889)83. With a mean age
of 73 years, this is a population at somewhat higher risk
compared to similar studies of oral bisphosphonates. After 3
years of annual 5 mg zoledronic acid infusions, the relative
risk of clinical vertebral fractures was reduced by 77%
(p<0.001), and nonvertebral fractures, all clinical fractures,
and hip fracture by 25%, 33% and 41% respectively
(4.34A). In absolute terms 2.5% (n=88) in the placebo
group and 1.4% (n=52) in the treated group suffered a hip
fracture.

Hip fracture patients have a high risk of recurrent
fractures; in a randomized, double-blinded, placebo
controlled study including 1065 hip fracture patients,
zoledronic acid was given 90 days after fracture®*. A 35%
reduction of any clinical fracture was evident (p=0.001), as
was a 46% decrease in clinical vertebral fractures (p=0.02)
(4.34B). Furthermore, mortality was reduced by 28%
among those treated with zoledronic acid (p=0.01).
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Side-effects

Among side-effects, the major difference in all reported
studies, is the experience of influenza-like symptoms, e.g.
acute phase reaction within the first 3 days after intravenous
administration — in postmenopausal women 32-54% and in
hip fracture patients 7%. Common complaints included
musculoskeletal pain, fever, and nausea and most occurred
during the first time administration of the drug, while to a
much lesser extent at subsequent infusions. A nonexplained
increase in atrial fibrillations was seen in postmenopausal

women, but not in hip fracture patients83 84,

In summary, current data on zoledronate for the treatment
of osteoporosis support a beneficial effect on BMD and a
significant reduction in both vertebral and nonvertebral
fractures.

Tiludronate is a third generation, non-nitrogen
containing bisphosphonate that can be administered either
orally or intravenously and has mainly been used in the
treatment of Paget’s disease; after initially promising results,
it has not been further developed for use in osteoporosis.

Hormone replacement therapy

Oestrogen is important both for skeletal development and
structural maintenance of bone. The balance between bone
resorption and bone formation in adulthood is in part
dependent on intact oestrogen levels, and bone loss during
the initial years after menopause is linked to oestrogen
withdrawal. Oestrogen exhibits its effect on both osteoblasts
and osteoclasts through several mechanisms, but action via
the oestrogen receptors (ER) is probably most important.
Two ERs are identified, and ERa appears to be the main
receptor associated with bone.

The rapidly decreasing oestrogen levels at menopause
may lead to increased activation frequency, that is the
number of active resorption sites increase while the capacity
to refill the site with new bone diminishes, causing bone
loss. By substituting for oestrogen loss or manipulating the
ER activity, the rate of bone turnover should remain in
balance. This is the rationale for the use of oestrogen
replacement therapy (ERT) and for the development of new
drugs that modify the ER.
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Oestrogen replacement

Oestrogen replacement therapy (ERT) has been widely used
for many years to alleviate postmenopausal symptoms
related to oestrogen withdrawal, with the additional effect
on bone turnover and bone mass. The effect on fracture by
ERT has been evaluated in meta-analysis of randomized
trials finding a reduction in nonvertebral fractures of 27%°%
and in vertebral fractures of 33%58. The effect was less clear
in older women. There is an offset of benefit; thus the
advantages of taking hormone replacement therapy (HRT)
while the woman is in her 50s on fracture risk at the peak
age of 70-80 years is unclear. The recent Women’s Health
Initiative (WHI) study, which recruited 16,608 healthy
postmenopausal women aged 50-79 years, found that ERT
reduced the risk of both vertebral and hip fracture. The
bone density was unknown at the start of the study.

The major concern for the role of ERT in the prevention
of osteoporosis and fracture is the increased risk of breast
cancer, endometrial cancer, ovarian cancer, stroke, and
venous thromboembolism (Table 4.6). The risks and
benefits and individual circumstances, therefore, have to be
carefully considered when recommending ERT, and the
duration of treatment should stay within 5 years for a
postmenopausal woman in most circumstances.

It is common practice to use ERT in premature oestrogen
deficiency to ensure adequate levels up to the expected age
of menopause as these women may otherwise be at
increased risk of future fracture. However, there is little
evidence for the long-term benefits of this approach.
Oestrogen should be given opposed with either cyclic or
continuous gestagen to women with an intact uterus, as
there is otherwise an increased risk of endometrial cancer.

Table 4.6 Summary of risks and benefits associated with using HRT

Condition Age of woman Number of cases/1000
(years) nonHRT users

Cumulative cancer risk over 5 years

Breast cancer 50-64 144

Million Women Study

CEEP CEE + MPAP
WHI 50-79 15 16
Endometrial 50-69 3b
cancer
Ovarian cancer  50-69 3
Cardiovascular risks over 5 years
CEEP CEE + MPAP
Stroke 50-59 8 3
60-69 15 1"
VTE 50-59 6.5 3
60-69 115 8
Benefits over 5 years
CEEP CEE + MPAP
Colorectal 50-59 6 3
cancer 60-69 10 8
Fracture of neck 50-59 0.5 1.5
of femur 60-69 55 55

Numbers are best estimates (+ approximate range from 95% ClI)
* All values are from the WHI trial unless otherwise stated

Extra number of cases in 1000 HRT users for 5 years
HRT use over the same period*

Oestrogen only Combined HRT
1.5 (¢1.5) 6 (1)
No significant effect 4 (+4)

5 (x1)¢ Cannot be estimated®
1(x1) Not known

2 (+2) 1(x1)

6 (x4)

1 (1) 4 (£2)

4 (+4) 9 (5)

Reduced number of cases in 1000 HRT users over
the same period

No significant effect 1(x1)
3 (x2)

0.3 (+0.51) 0.3 (1)

3 (£2) 3 (£2)

@ CA cumulative risk of 14 cases/1000 non-HRT users over 5 years has been used to facilitate comparison of the MWS and the

WHI studies
b Estimates from the placebo group of the WHI trial

¢ Relative risk associated with 5 years’ use of oestrogen-only HRT (RR = 2.8 (2.3-3.5) from metaanalysis)
d Risk cannot be reliably estimated — the addition of a progestogen for at least 12 days per month greatly reduces the additional
risk of endometrial cancer due to unopposed oestrogen, but the magnitude of the reduction is poorly defined at present



Selective oestrogen receptor modulators

Oestrogen plays an important role in the maintenance of
skeletal integrity in women and probably also in men.
Oestrogen exhibits agonistic effects, whereas selective
oestrogen receptor modulators (SERMs) have both
agonistic and antagonistic effects in tissues responsive to
oestrogen. SERMs are nonsteroidal ligands that produce
agonistic effects in bone, similar to those of oestrogen, but
antagonistic effects in, for example, breast tissue. Raloxifene
has been evaluated in major trials for treatment of
osteoporosis and breast cancer, alongside substudies
evaluating the effects on other organ systems.

In addition to the significant antioestrogenic effect on
breast tissue from tamoxifen, a pronounced effect was also
recognized in uterine tissue, as was a weak agonistic effect on
bone. When raloxifene was developed it was discovered that
it provided not only a minimal uterine response, but also a
significant inhibition of bone resorption8’. Both tamoxifen
and raloxifene bind to the oestrogen receptor, despite
different primary structures compared to oestrogen (4.35)88.
Mechanisms of action
Oestrogen binds to the oestrogen receptor, inducing
conformational changes of the receptor and forming an
oestrogen receptor—oestrogen complex that diffuses into the

nucleus®’.

Raloxifene acts as a competitive ligand to
oestrogen receptor, blocking the conformational changes of
the receptor modulating the gene activation and subsequent
protein production. Raloxifene can bind to both oestrogen
receptor-0. and oestrogen receptor-f, but has a four-fold
greater affinity for oestrogen receptor-0.°°.

When oestrogen receptor-SERM binds in tissues where a
primarily agonistic expression is expected (such as bone for
raloxifene), the receptor-ligand complex acts preferentially
via a coactiviator enhancing the agonistic effect (4.36).
When oestrogen receptor-SERM binds in tissues where a
primarily antagonistic expression is expected (such as breast
for raloxifene), the receptor-ligand complex acts preferen-
tially via a corepressor enhancing the antagonistic effect®!.
Effect on bone turnover
Raloxifene reduces urinary calcium excretion, conferring a
positive calcium balance®? and decreases bone turnover as
assessed by bone markers®3. The decrease in bone markers
of between 30-40% indicates that raloxifene is primarily an
antiresorptive agent; however, this is a less pronounced de-
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crease compared to what is seen with bisphosphonates®% 95,

Raloxifene inhibits bone resorption as indicated in animal
studies; however, the exact mechanism remains to be
elucidated. The effect on bone turnover is that of an
antiresorptive agent with levels of bone markers decreasing
during the first 6-9 months. The change in bone markers
over 24 months of raloxifene at three different doses wvs.
placebo is clear?3. The mean decrease after 24 months of
raloxifene treatment was 15-23% for bone formation and
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34%, for bone resorption in those receiving the 60 mg dose.

In a comparative l-year study®®, raloxifene 60 mg was
compared with alendronate 10 mg daily or a combination of
raloxifene and alendronate (4.37).

In women with prior alendronate treatment for over 3
years, treatment continued for 2 additional years with
placebo, raloxifene, or continued alendronate 4.38%°. Bone
turnover remain depressed in those continuing with
alendronate, whereas it increased within 6 months in those
receiving raloxifene or no treatment. After this a new steady
state was reached. This indicates that if a change of therapy is
required, the antiresorptive effect is maintained with
raloxifene after alendronate treatment and include a potential
benefit from a less pronounced depression of bone turnover.
Bone formation was assessed by PINP and osteocalcin, and
bone resorption by CTx. The significance level was p<0.005.

Effect on density
The Multiple Outcome Raloxifene study (MORE) which
enrolled 7705 osteoporotic women with and without

vertebral fractures, evaluated the effect of two different
doses of raloxifene — 60 mg/day and 120 mg/day — with the
60 mg dose chosen for clinical use®’. The primary end-point
was vertebral and nonvertebral fracture risk, with effects on
BMD as secondary outcomes. Bone mass increased
significantly by 2.6% in the spine and 2.1% in the femoral
neck in the 60 mg of raloxifene group, the now
recommended dose, and was only slightly higher in the 120
mg group. The change in BMD is similar when evaluated in
a meta-analysis®®.

Figure 4.39 describes the enrolment into the MORE
study®®. The study has also provided data on raloxifene
effects on other relevant organ systems. The initial
evaluation occurred at 3 years but the cohort was followed
allowing for a 4-year evaluation. The study population is
divided into two groups: group 1 with BMD below -2.5 T-
score and group 2 with at least one vertebral fracture with or
without low BMD?Y7. This study shows the effect on BMD
from the two different raloxifene doses compared to
placebo. BMD increased significantly in the lumbar spine by
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o— Raloxifene + alendronate 87(3):985-992.)
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4.38 Raloxifene and bone markers. (Adapted from Michalska D, et al. (2006). The effect of raloxifene after discontinuation
of long-term alendronate treatment of postmenopausal osteoporosis. J Clin Endocrinol Metab, 91(3):870-877.)

Screened Not randomized
n=22,379 n=14,674
Randomized

n=7705

Placebo Raloxifene

n=2576 n=5129

All received standard All received standard
intervention intervention

Cumulative withdrawals:
by 12 months: n=238
by 24 months: n=467
by 36 months: n=652
by 48 months: n=729

Any follow-up radiograph
(0—48 months)
n=2292

Any follow-up radiograph

(36—48 months)
n=1734

Any follow-up radiograph
(0—48 months)
n=4536

Any follow-up radiograph
(36—48 months)
n=3660

Continuing past 36 months

Continuing past 36 months

n=1924 n=3977
Patients with 48-month visit Patients with 48-month visit
n=1847 n=3845

by 12 months: n=536
by 24 months: n=857
by 36 months: n=1152
by 48 months: n=1284

Cumulative withdrawals:

4.39 The design of the MORE study. (Adapted from Delmas PD, et al. (2002). Efficacy of raloxifene on vertebral fracture

risk reduction in postmenopausal women with osteoporosis: four-year results from a randomized clinical trial. J Clin
Endocrinol Metab, 87(8):3609-3617.)
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2.6-2.7% and in the hip 2.1-2.4%. In women previously
treated with
combined raloxifene and alendronate appears to have a

alendronate, continued treatment with
maintaining and additive effect on BMD in both spine and
hip compared to either treatment alone or discontinuation
of treatment (4.40)°%7. The changes in BMD of the lumbar
spine and femoral neck from available trials are compared in
Table 4.7°1. The overall change is approximately 2-3% and,

bisphosphonate treatment; nevertheless, the change is
associated with a similar decrease in vertebral fracture risk.

Effect on fractures

In the MORE study there was a 30% overall risk reduction of
vertebral fractures (RR 0.70, 95% CI 0.50-0.80) with 60
mg/day of raloxifene over 3 years. No effect was seen on
nonvertebral fractures. Additional analyses showed that

therefore, lower than the changes seen during fracture reduction was most pronounced in those with
c 7 e 6 - 4.40 Raloxifene and
£ 6 i s 5 . BMD. (Adapted from
Sy 5 * Su 4 s Johnell O, et al.

C B * ags

59 4- ¢ ! 59 . (2002). Additive
S o . C ¢ 3 )
2g 3 * £E , effects of raloxifene
8% 21 ; g S 3 . E and alendronate on
82 14 “é" L % bone density and
C |
s 01 ? ? g O ! biochemical markers
2 _1 T T T T T T T 1 2 —1 T T T T T

01 2 3 4 5 6 7
Months

©— Raloxifene + alendronate
—a— Alendronate

=— Raloxifene

°— Placebo

*p<0.05 from baseline

of bone remodeling
in postmenopausal
women with
osteoporosis. J Clin
Endocrinol Metab,
87(3):985-992.)

T
2 4 6 8 10 12 14

Months

Table 4.7 Results of major randomized clinical trials of SEMs with regard to BMD

Trial Study subjects

Raloxifene (60 mg/day)
Delmas et al.

Lufkin et al. 143 postmenopausal women with

osteoporosis and vertebral fractures

Ettinger et al. 5140 postmenopausal women with
osteoporosis
576 health early postmenopausal

women

Johnston et al.

* p=0.05 for the comparison with placebo
T p=0.005 for the comparison with placebo

302 normal postmenopausal women

Duration  Change in BMD as compared with

(months) placebo group
Total-body Lumbar Proximal
bone spine femur
mineral

24 2.0* 2.4* 2.4

12 -0.1 1.8t 1.0t

36 - 2.6* 2.1*

36 1.7% 2.6* 2.5*

Adapted from Riggs BL, Hartmann LC. (2003). Selective estrogen-receptor modulators — mechanisms of action and

application to clinical practice. N Engl J Med, 348(7):618—629



previous severe vertebral fractures with the effect independent
of BMD?®% 190, Fracture reduction was maintained but not
augmented during the fourth year of treatment®4.

In Figure 4.41 new vertebral fractures in women who
completed a study are shown (n=6828)°7. The data are
presented separately for women with prior fracture and
women without prior fracture. Women with prior fracture
represent those with a higher risk. Fracture risk was
significantly reduced with both raloxifene doses, with a 50%
reduction in those with prior fracture and 30% in women
without prior fracture for the 60 mg dose.

Raloxifene treatment for 3 years did not reduce the
nonvertebral fracture risk®’. Cumulative incidence of
nonvertebral fractures in the total study cohort (n=240/2576
placebo treated and n=437/5129 raloxifene treated) and for
the most common types of fractures with wrist fracture
being the most prevalent (n=86 placebo and 151 raloxifene
groups). It should be noted that the mean age of the study
population was 67 years, ranging from 25-80 years,
indicating that the study was not powered to evaluate any
effect on hip fracture based on the epidemiology of hip
fractures where the mean age is above 80 years.

In a reanalysis of the MORE data, excluding the 120 mg
treatment arm and including women without prevalent
fractures, classification was based on BMD (4.42)100,
Women were defined as osteoporotic (n=2557) or osteopenic
(n=635), based BMD measurements. In patients with
osteoporosis based on spinal BMD, raloxifene significantly
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reduced the risk of vertebral fractures by 69% and clinical
vertebral fractures by 84%. The risk of new vertebral fracture
also was estimated on BMD T-score total hip (A) and T-
score femoral neck (B). The figures show the almost linear
relationship between T-score and fracture risk, indicating

25 - RR 0.5 (95%Cl, 0.4-0.6)
1

RR 0.7 (95%Cl, 0.6-0.9)
1

20 A

15

10 4 RR 0.6 (95%Cl, 0.4-0.9)

RR 0.5 (95%Cl, 0.3-0.7)
1

0 1 B

Percent of patients with
incident vertebral fracture

No preexisting Preexisting
fractures fractures
] Placebo

[1 Raloxifene hydrochloride, 60 mg/day
[ Raloxifene hydrochloride, 120 mg/day

4.41 Raloxifene and fracture. (Adapted from Ettinger B, et
al. (1999). Reduction of vertebral fracture risk in
postmenopausal women with osteoporosis treated with
raloxifene: results from a 3-year randomized clinical trial.
Multiple Outcomes of Raloxifene Evaluation (MORE)
Investigators. JAMA, 282(7):637—645.)

4.42 Raloxifene and
fracture. (Adapted from A 8 B
Kanis JA, et al. (2003). g ] o 8-
Effect of raloxifene on S 77 % 7
o 0 N
the risk of new vertebral = § 6 . So g |
© —®
fracture in post- 529 T £2 5
menopausal women § T 4 * L2 4]
— —_— # ©
with osteopenia or z2g 3- \ : 2z 3 -
i o O 20
osteoporosis: a = 8 2 M 3 % > | M
. S] w“
reanalysis of the ~x 1. - T 64— ——
] i~
Multiple Outcomes of X g ‘ ‘ ‘ ‘ ‘ § 0 -
Raloxifene Evaluation 35 -3.0 -25 -20 -10 -05 32 -30 -28 2624 -22-20-1.8 -1.6 -1.4-1.2
trial. Bone, Baseline total hip BMD T-score Baseline femoral neck BMD T-score
33(3):293-300.)
* Placebo
o Raloxifene, 60 mg/d
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that the risk reduction was independent of baseline BMD but
those on raloxifene had a significantly lower risk.

Women with severe prior vertebral fracture had a higher
risk of sustaining a new vertebral fracture®®. In these women
the new fracture was more likely to be moderate or severe.
Raloxifene 60 mg significantly decreased the vertebral
fracture risk in this high risk group (0.74, 95%CI 0.54-
0.99), which relates to a number needed to treat (NNT) of
10 over 3 years.

The MORE study was continued during a fourth year in
order to evaluate the effect on fracture risk with prolonged
duration of treatment. Most interesting is to follow fracture
risk in those receiving the 60 mg dose over 4 years, since this
is the recommended dose. The data are reported for years
0-3 and for year 4 alone (4.43)%4. The risk reduction during
the year 4 is similar to that of the first three years.

The cumulative incidence of new vertebral fractures
following 4 years of treatment with raloxifene was sustained
but not increased during years 2—4. The risk reduction for
the 60 mg dose was 35% in those with prevalent fractures
and 48% in those without prevalent fractures; however, the
number of fractures was, as expected, higher in those with

prevalent fracture. There was no risk reduction over 4 years
regarding nonvertebral fractures (11.5% in the placebo
group and 10.7% in the pooled treatment groups sustained
a nonvertebral fracture, most commonly a wrist fracture).

Safety data and side-effects
Fewer women in the raloxifene treated groups in the MORE

1017 5 result

study were diagnosed with breast cancer
indicating a significant effect since the study was not powered
to study breast cancer. The risk reduction persisted at 4-year
follow up!%2. Among the 5129 women treated with raloxifene,
13 new cases were diagnosed, compared to 27 cases in 2576
women on placebo, giving an overall relative risk of 0.24
(95% CI 0.13-0.44). The risk reduction was most
pronounced in those with oestrogen-positive tumours. In a
recent study, the STAR trial, with the objective to compare
the effect on breast cancer risk from tamoxifen or raloxifene
in 20,000 women, a similar risk reduction of incident breast
cancer was shown!®3, In addition, patient related outcome
was reported to be similar between the treatments!%4,

The incidence of new breast cancer was evaluated as a

tertiary end-point in the MORE study, albeit such studies

Raloxifene 60 mg/day
Interval % reduction
RR (x95% CI)

Year 0-3 - i 35%
0.65 (0.53,
0.79)

Year 3—4 - — 39%

0.61 (0.43,
0.88)

0.0 0.5 1.0 15
RR (£95% Cl)

Prevalent vertebral fractures
Raloxifene 60 mg/day
Interval
% reduction
RR (x95% CI)

Year 0-3 | — 30%

0.70 (0.56,
0.86)

e | 38%

0.62 (0.41,
0.96)

Year 34

0.0 0.5 1.0 15
RR (£95% Cl)

4.43 Raloxifene and fracture. (Adapted from Delmas PD, et al. (2002). Efficacy of raloxifene on vertebral fracture risk
reduction in postmenopausal women with osteoporosis: four-year results from a randomized clinical trial. J Clin Endocrinol

Metab, 87(8):3609-3617.)




usually require a larger study population!®!. The 3-year
cumulative incidence of breast cancer in the placebo group
(n=2576) and in the combined raloxifene groups (n=5129)
are shown in Figure 4.44. The risk of breast cancer was
significantly decreased in those receiving raloxifene by 76%
(p<0.001).

The STAR trial was specifically designed to evaluate the
preventive effect of raloxifene compared to tamoxifen on
women with an increased 5-year risk of breast cancer.
19,747 women of whom 48.9% were 50-59 years were
randomized to receive either tamoxifen or raloxifene!03,
Mean follow-up time 3.9 years (1.6 SD). The cumulative
incidence of invasive and noninvasive breast cancer over a
maximum of 5 years of treatment is shown (4.45). The
study showed that raloxifene was equally effective in
reducing the incidence of breast cancer. In addition the
incidence of DVT and cataracts was lower.
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Recent studies suggest that the effect on cardiovascular
risk from oestrogen treatment is increased. Serum lipids are
associated with risk of cardiovascular events, such as stroke.
Raloxifene has been reported to change the lipid profile to a
more favourable one from a risk perspective®® 105 (with a
decrease in LDL and by an increase in HDL without
increasing triglycerides), but the number of cardiovascular
events remained comparable to those of placebo!?®. Hence
it is not possible to conclude that outcome is affected.

Side-effects were usually mild and mostly short lasting
vasomotor symptoms, with only hot flashes significantly
influenced during withdrawal from treatment (RR 1.46,
95% CI 1.23-1.74)197, The more serious side-effect was
thromboembolic events, both deep vein thrombosis and
pulmonary embolism, with a relative risk of 3.1 (95% CI
1.5-6-2) in the MORE trial, which corresponds to the risk
with HRT101,

4.44 Raloxifene and risk of breast cancer. 15
o 57
(Adapted from Cummings SR, et al. (1999). I —_ Placebo
The effect of raloxifene on risk of breast 5 . 10| — Raloxfene hydrochloride
cancer in postmenopausal women: results S g
from the MORE randomized trial. Multiple 5 ® 05 -
“— Q "
Outcomes of Raloxifene Evaluation. JAMA, S
281(23):2189-2197.) %’ 0 ‘ ‘ ‘ ‘
. 0 1 2 3 4
Years since randomization
30 Invasive breast cancer 30 Noninvasive breast cancer
8 5] -o Raloxifene cse 8 25
9 o Tamoxifen 08 8 g
eg o g 2]
= o0 =0
0T 15 e 0T 157
= O =
(_4_“‘810* (:»08O ‘6810* Ooc»oOOOOO
> o’ S 00 ° 000°
I 5 980 IS i oogooooooooo
] o8 =) S 0 088°°
o 0lee g°0 p=0.83 O 0 ~<* p=0.052
T T T T T T T T T T T T 1 T T T T T T T T T T T T 1
0 6 1218 24 30 3642 48 54 60 66 72 0 6 1218 24 30 3642 48 54 60 66 72
Time since randomization, months Time since randomization, months
Number at risk
Raloxifene 9745 8916 6701 4323 833 9745 8885 6667 4291 828
Tamoxifen 9726 8931 6653 4254 809 9726 8909 6633 4243 805

4.45 Cumulative incidence of invasive and noninvasive breast cancer. (Adapted from Vogel VG, et al. (2006). Effects of
tamoxifen vs raloxifene on the risk of developing invasive breast cancer and other disease outcomes: the NSABP Study
of Tamoxifen and Raloxifene (STAR) P-2 trial. JAMA, 295(23):2727-2741.)
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During oestrogen treatment an early increase in
cardiovascular events has been noted (4.46)!°°. Raloxifene
treatment over 4 years did not affect the risk of
cardiovascular events in the total treatment group but
decreased the risk in those women with increased

cardiovascular risk. Reported side-effects including
influenza symptoms, hot flashes, leg cramps, and peripheral
oedema are more common with raloxifene compared to
placebo?’. The effects of raloxifene in relation to oestrogen

and tamoxifen are shown in Table 4.8%1.

Parathyroid hormone

Treatments for osteoporosis, such as bisphosphonates,
oestrogens, selective oestrogen receptor modulators, and
calcitonin, all reduce bone resorption with a moderate effect
on bone mass and a subsequent moderate reduction of
fractures, mainly vertebral fractures. However, none of these
agents has the capacity to restore bone structure and skeletal
integrity. Anabolic therapies are thus warranted to induce
direct effects on bone formation in order to obtain larger

Raloxifene 60 mg/day

No. of women No. of events

Overall 5133 178
Cardiovascular risk score

23 1726 118
24 676 69
25 252 69
26 186 26

Favours raloxifene Favours placebo

0.86
e
0.85
0.60 o
0.35 -
L _J
0.40

4.46 Raloxifene and cardiovascular risk. (Adapted from Barrett-Connor E, et al. (2002). Raloxifene and cardiovascular
events in osteoporotic postmenopausal women: four-year results from the MORE (Multiple Outcomes of Raloxifene

Evaluation) randomized trial. JAMA, 287(7):847-857.)

Table 4.8 comparison of selected actions and side-effects of oestrogen and clinically available SERMS

Side-effect Oestrogen Tamoxifen Raloxifene
Hot flashes L T T

Uterine bleeding ) T o

Risk of endometrial cancer T+ T ©
Prevention of postmenopausal bone loss ™ T ™

Risk of breast cancer g L L
Favourable pattern of serum lipids Tt T T

Venous thrombosis T ™ ™

T indicates that the drug increases the effect; | indicates that the drug decreases the effect; <> indicates no change; the

number of arrows indicates the size of the change
* In perimenopausal women, the action would be TT

T This effect can be prevented by concurrent treatment with a progestin
I This effect may be attenuated by concurrent treatment with androgen-derived progestins

(Adapted from Riggs BL, Hartmann LC (2003). Selective estrogen-receptor modulators — mechanisms of action and
application to clinical practice. N Engl J Med, 348(7):618-629.)
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4.47 Mode of action of PTH.
The figure shows that PTH is a
key regulator of calcium
homeostasis. Parathyroid
hormone is released from the
parathyroid glands in response
to serum calcium changes
mediated through the calcium-
sensing receptor. The action of
PTH is mediated through the
PTH receptor in target tissues.
PTH acts on the kidney, bone,

@

¥

Parathyroid cell

Extracellular ionized
calcium

Calcium
sensing
receptor

receptor
Bone

< PTH

i i i Calcium A
and intestine. Th<.a nelgatlvle sensing 1 25 OH)2 o
feed-back from vitamin D is not receptor Endoctine e Blood and
shown. (Adapted from Marx SJ mechamsm Duod | cellular fluid
(2000). Hyperparathyroid and U?u;f:;]
hypoparathyroid disorders. N v 4 PTHrP
p m— )

Engl J Med,
343(25):1863—-1875.)

§§§§ Cartilage and PTHrP
Wiy target cells in many

fracture sparing effects in those treated. Such bone anabolic
effects of parathyroid hormone (PTH) were first recognized
in 1980198 and since then both PTH and PTH analogs have
been evaluated in a number of clinical trials.

Mechanisms of action
The physiological function of parathyroid hormone is to
maintain extracellular calcium levels. The effects are either
direct on target cells or indirectly mediated through
synthesis of 1,25 dihydroxyvitamin D. Serum calcium is
closely regulated, with PTH secretion increasing in response
to decreasing serum calcium, an effect mediated through the
calcium-sensing receptor. The skeleton is the major calcium
reservoir of the human body, hence skeletal calcium
becomes an important target for PTH action. There is
evidence for a dual action on bone, and both osteoblasts and
osteoclasts are responsive to PTH. The resorptive effect
predominates during continued elevation of PTH, while an
anabolic effect on bone is seen with intermittent
dosing(4.47)199,

Human PTH consists of a single-chain peptide of 84
amino acids (hPTH1-84), with its sequence and structure

well defined (4.48). The N-terminal amino acid residues are

Autocrine—paracrine PTH other issues
mechanism receptor
H,N-'Ser Val Ser Glu lle GIn Leu Met His Asn
Leu
Gly
Glu Val Arg Glu Met Ser Asn Leu His Lys
Trp
Leu
Arg Lys Lys Leu GIn Asp Val His Asn Phe
30
40
50
70 60

80
-COOH

4.48 Human intact PTH 1-84. The first 34 amino acids
are high-lighted.

essential for the hormonal activity, with the first two amino
acids absolutely required. In clinical trials, intact PTH 1-84
and PTH 1-34 have been evaluated, where PTH 1-34 is
now named teriparatide. The bone anabolic properties are
thus conserved in PTH 1-34; however, it has been suggested
that only the first 31 amino acids are required.
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PTH binds to cell surface
G protein-coupled receptor

N

Stimulates differentiation
of bone lining cells and
preosteoblasts to
osteoblasts

Decreased apoptosis
of osteoblasts

N/

Net increase in number
and action of bone
forming cells

4.49 Mechanism of action of PTH.

Utilizing the anabolic properties of PTH on bone has
been an attractive concept in order to obtain larger increases
in bone mass than are possible with antiresorptive agents.
PTH has been shown to primarily increase the cancellous or
trabecular bone, hence the effects are most pronounced on
spinal bone density. However, a smaller but clear effect is
also seen on the endosteal surface of cortical bone, including
increased breaking strength in animal studies!10> 111,

PTH induces an activation of the lining cells, increasing
the activated bone surface and the recruitment of osteoblasts
without prior bone resorption. Furthermore, osteoblast
apoptosis decreases, adding to the enhancement of bone
formation. However, bone resorption is increased with
delay, indicating that normal bone remodelling is increased.

An increase in trabecular thickness and trabecular con-
nectivity indicate that trabeculae that have been disconnected
through increased bone resorption during postmenopausal
osteoporosis may be reconstructed. This property alone may
mean more in terms of bone strength than any other, and is
differentiating this class of drugs from bisphosphonates where
inhibition of bone resorption leads to secondary trabecular
thickening without improvement of connectivity.

Continuous elevation of PTH, as in hyperparathyroidism,
has negative effects on bone in a significant proportion of
patients. Contrary to this, intermittent administration of
PTH has bone anabolic effects. These effects stem from
direct stimulatory effects on the bone surface lining cell, but
also effects on preosteoblasts. In addition, the lifespan of
osteoblasts increases. The anabolic effect is the result of
both increased number of osteoblasts and increased cellular
activity (4.49).
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4.50 Paired biopsies in men and women treated for 36
months with PTH. Histomorphometry parameters.
(Adapted from Dempster DW, et al. (2001). Effects of daily
treatment with parathyroid hormone on bone
microarchitecture and turnover in patients with
osteoporosis: a paired biopsy study. J Bone Miner Res,
16(10):1846-1853.)

Cortical remodelling is slower than trabecular
remodelling and already in the first study by Reeve ez al.108,
it was shown that the change in bone mass at cortical sites
was smaller or even negative. Additional studies with PTH
1-34 have shown that the intracortical remodelling involves
periosteal apposition leading to an increase in bone
diameter, which in itself increases the breaking strength of
bonel!l2, These type of changes are not well detected by
DXA but need quantitative methods such as QCT.

Bone histomorphometry is a tool for evaluation and

visualization of changes at the tissue level. In a study by
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4.51 Biopsy micrographs from a woman — left, before, right,
after. (From Dempster DW, et al. (2001). Effects of daily
treatment with parathyroid hormone on bone

microarchitecture and turnover in patients with osteoporosis:

a paired biopsy study. J Bone Miner Res,
16(10):1846—-1853, with permission.)

4.52 Endocortex showing the increase in width after PTH treatment — before (top) and after 36 months (bottom). (From
Dempster DW, et al. (2001). Effects of daily treatment with parathyroid hormone on bone microarchitecture and turnover
in patients with osteoporosis: a paired biopsy study. J Bone Miner Res, 16(10):1846—-1853, with permission.)

Dempster et al.}13, paired biopsies were acquired prior to
treatment and after 18 or 36 months of treatment with PTH
1-34 in men and women respectively. The cortical variables
in most women increased as is seen in Figure 4.50 and no
adverse cortical effects were seen. Their percentage change
from baseline is

reported. This is confirmedusing

microcomputed tomography, where the increase in
connectivity and trabecular width are clearly visible. This is
illustrated by a micrograph from a biopsy from a woman
where the left panel shows before and the right after (4.51).
The incresed endocortical apposition is also seen (4.52)
from a male biopsy where the average wall width was
increased by 58%.

Clinical trials have evaluated intermittent dosing of both
intact PTH 1-84 and PTH 1-34 with regard to bone
markers, BMD and fracture. In addition, combination,
sequential, and cyclic treatment regimens have been

evaluated in both women and men.

Effect on bone turnover

PTH induces rapid changed in bone formation with an
increase observed within a month!!4-116, The markers of
bone formation increase rapidly, up to 100% and over
within 3 months. Markers of bone resorption will increase
but with a delay and at a somewhat lower magnitude.

In a study using full-length PTH (1-84) and testing three
different doses in osteoporotic women, the markers
increased for the first 6 months, where after they levelled off
(4.53)117, The highest dose had the largest effect on bone
formation but also on bone resorption. The dose chosen for
clinical use is the lowest dose, 50 micrograms, to balance
turnover in relation to bone gains.

Biochemical marker of bone formation increases rapidly
during PTH treatment as an indication of the anabolic
response. A subsequent increase in bone resorption is seen.
In a study of 437 men treated with PTH 1-34!18, the bone
formation markers bone alkaline phosphatise and PICP
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4.53 PTH and bone markers. (From Dempster DW, et al. (2001). Effects of daily treatment with parathyroid hormone on
bone microarchitecture and turnover in patients with osteoporosis: a paired biopsy study. J Bone Miner Res,
16(10):1846-1853, with permission.)
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4.54 PTH and bone markers. (Adapted from Orwoll ES, et al. (2003). The effect of teriparatide [human parathyroid
hormone (1-34)] therapy on bone density in men with osteoporosis. J Bone Miner Res, 18(1):9-17.)
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4.55 Fracture reduction after treatment with teriparatide in
1632 women. (Adapted from Neer RM, et al. (2001).
Effect of parathyroid hormone (1-34) on fractures and
bone mineral density in postmenopausal women with
osteoporosis. N Engl J Med, 344(19):1434-1441.)

increased within the first month, whereas the bone
resorption markers increased at 3 and 6 months. Notably,
PICP appears to decrease after the initial increase (4.54).

Effect on BMD

The effect of PTH on BMD is dose dependent, as shown in
studies of both full-length PTH 1-84 or in truncated forms
as in PTH 1-34. The dose finding studies have used two or
three different doses in order to optimize the benefits and
minimize the less favourable effects.

Using PTH 1-34 there is a dose-dependent increase in
spinal and femoral neck BMD of 9-13% and 6-9%, when
using 20 or 40 micrograms respectively. Other placebo-
controlled studies have shown marked increases in
predominantly spinal BMD!17: 119 and suggested reduction
in vertebral fractures, particularly when PTH has been
combined with agents reducing bone resorptioni20> 121,
Furthermore, recombinant human PTH (thPTH) 1-34
increased both spinal and hip BMD significantly more than
did daily alendronate during a 14-month study of
osteoporotic women!16,

In a placebo-controlled randomized trial of 1637 women
treated with PTH 1-34 (4.55, 4.56)!22, the bone anabolic
effect from PTH was most pronounced in the mainly
trabecular bone of vertebrae as seen by the large increase in
spinal BMD. The effects were also evident in the hip, but to

a lesser extent, whereas a negative effect was shown for the
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4.56 Mean change from baseline comparing the effect of
teriparatide and alendronate. (Adapted from Neer RM, et
al. (2001). Effect of parathyroid hormone (1-34) on
fractures and bone mineral density in postmenopausal
women with osteoporosis. N Engl J Med,
344(19):1434-1441.)

distal radius. The mean duration of treatment was 21
months. The effects were dose dependent with a greater
effect from the highest dose (40 micrograms). The 20
microgram dose was chosen for clinical application
balancing the desired effects on fracture and BMD versus

side-effects.

Effect on fractures
Recombinant human PTH 1-34 given as daily subcutaneous
injection has been evaluated for fracture efficacy.
Postmenopausal women with prevalent vertebral fractures
(n=1637) receiving 20 or 40 micrograms of rhPTH 1-34
experienced a 65—69% reduction in new vertebral fractures
and 53-54% reduction in nonvertebral fractures over 21
months!?2, Since most other clinical studies have been too
small in number to evaluate fracture efficacy, reported
fracture data points in a similar direction with a reduction in
mainly vertebral fractures.

A number of studies use BMD as the end-point, which is
insufficient from an evidence-based perspective. The study
by Neer ez al.1?2 was powered to evaluate fracture efficacy.
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The majority of women had established osteoporosis with
prevalent vertebral fractures. The number of women
suffering new vertebral fractures was significantly lower with
PTH 1-34 treatment. Furthermore, those treated reported
less back pain (p=0.007) and lesser loss of height (p=0.002).

For most antiresorptive treatments reduction of
nonvertebral fractures is not unequivocal but often
marginally significant, which probably mirrors the different

reached by
122

aetiological factors involved and not

pharmacological treatment. In the Neer ez al. study

nonvertebral fractures were significantly reduced. The
estimate uses both total number of fracture and those
fractures that are associated with bone fragility. The
cumulative incidence of total and fragility nonvertebral
fractures indicates a more pronounced difference towards
the end of treatment when the maximum effect of PTH was
reached (4.57).

Table 4.9 compares fracture risk reduction of PTH (for
19 months) and bisphosphonates (alendronate and
risedronate for 36 months) in clinical trials of women

-
N
|

_ Placebo
—— PTH, 40 pg/day
— PTH, 20 ng/day

-
o
|

oo
|

Nonvertebral fractures
(percent of women)
»
|

T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
Months after randomization

Nonvertebral fragility
fractures (percent of women)
N
|
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4.57 Fracture reduction after treatment with teriparatide. (Adapted from Neer RM, et al. (2001). Effect of parathyroid
hormone (1-34) on fractures and bone mineral density in postmenopausal women with osteoporosis. N Engl J Med,

344(19):1434-1441.)

Table 4.9 Comparison of fracture risk reduction between teriparatide (for 19 months) and bisphosphonates
(for 36 months) during the clinical trials in postmenopausal women with at least one baseline incident

vertebral fracture

Teriparatide
Neer et al.
New vertebral fractures
Relative risk (95% CI) 0.4 (0.2-0.6)
Placebo incidence rate (%) 14
Absolute risk reduction (%) 9
NNT 11
New nonvertrebral fractures
Relative risk (95% CI) 0.5 (0.3-0.9)
Placebo incidence rate (%) 6
Absolute risk reduction (%) 3
NNT 34

Alendronate Risedronate Risedronate
Black et al. Harris et al. Reginster et al.
0.5 (0.4-0.7) 0.6 (0.4-0.8) 0.5 (0.4-0.7)
15 16 29

7 5 11

9 20 10

0.8 (0.6-1.0) 0.6 (0.4-0.9) 0.7 (0.4-1.0)
15 8 51

3 3 15

34 43 20

(Adapted from Hodsman AB et al. (2005). Parathyroid hormone and teriparatide for the treatment of osteoporosis: a
review of the evidence and suggested guidelines for its use. Endocr Rev, 26(5):688-703.)




treated for osteoporosis and with at least one prevalent
fracture. The table includes the number needed to treat for
comparison. The number needed to treat is related to the
specific study, thus 11 women need to be treated for 19
months with teriparatide to avoid one fracture, whereas 9
need to be treated with alendronate for 3 years to avoid one
vertebral fracture.

Use with other osteoporotic therapies

The initial studies on PTH was in combination with
oestrogen and indicated that women on oestrogen
responded to PTH with a 13% increase in spinal BMD over
3 years, whereas no significant change occurred in women
on oestrogen alone!23. It should be pointed out that the
mean duration of prior oestrogen therapy was 7—-10 years.
The additive effect of PTH with oestrogen deficiency or
replacement has also been seen in other studies!?% 125,

Since antiresorptive therapy with bisphosphonates is the
established treatment for postmenopausal osteoporosis, it is
of importance to evaluate the interaction between
bisphosphonates and PTH in clinical practice. The aim of
these studies has been to evaluate the therapeutic response
(1) in those with prior bisphosphonate treatment, (2) in
combination therapy, and (3) after treatment with PTH.

A comparative trial using teriparatide and alendronate
clearly showed the incremental increase in bone formation
from PTH as compared with alendronate, indicating a larger
effect on bone density, mainly at the lumbar spine!1%> 126,
Direct comparison between the effects of PTH and

bisphosphonates using PTH 1-34 and daily alendronate (10
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mg) in postmenopausal women is shown in 4.58120, The
changes in bone turnover indicate the different mechanism by
which the two different classes of drugs work. The rapid and
large increase in bone formation is associated with a larger
increase in BMD compared to alendronate (10.3% vs. 5.5%).

Similar differences in BMD have been observed in similar
studies and showing the differential site dependent response
to parathyroid hormone and alendronate, with virtually
identical effects in the trochanter but significant positive or
negative differences for lumbar spine and distal radius,
respectively (4.56, 4.59)116,

To answer whether there is an additive effect from
combining a bisphosphonate with PTH, one study suggests
a reduced effect from PTH when combined with

127 \whereas another study using a daily or cyclic

alendronate
regimen in women with prior alendronate treatment showed
a beneficial effect on bone density!28. These findings suggest
that the different preparations of PTH, different
bisphosphonates, and different modes of administration
may play a role for the response.

In the Black ez al.'?7 study of 238 postmenopausal
women, no synergy was found from PTH 1-84 (100
micrograms) and alendronate (10 mg). There is no
difference between alendronate alone or in combination
with PTH on spinal bone density assessed by DXA or QCT.
As for the hip, a negative balance is seen for PTH using
DXA, whereas QCT indicates a positive effect.

In women with prior alendronate treatment, PTH was
initiated as a continuous 12-month treatment or as a cyclic
treatment with the aim to utilize the initial and rapid

4.58 PTH compared with Femoral neck BMD Total hip BMD
bisphosphonates. 8 - 8
(Adapted from McClung S o— Teriparatide s
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4.59 Head-to-head trial of teriparatide and alendronate in
postmenopausal women. (Adapted from Body JJ, et al.
(2002). A randomized double-blind trial to compare the
efficacy of teriparatide [recombinant human parathyroid
hormone (1-34)] with alendronate in postmenopausal
women with osteoporosis. J Clin Endocrinol Metab,
87(10):4528-4535.)

activation of bone formation from PTH that has been seen
in earlier studies. The figure (4.60) shows the median
changes in bone formation markers (A-C) and bone
resorption (D) for those given daily or cyclic PTH in com-
bination with alendronate or alendronate alone. Spinal bone
density increased by 6.1% and 5.4%, respectively, as com-

128 This increase is
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pared to alendronate alone at 12 months
somewhat less than in alendronate naive subjects

The anabolic effects of PTH on the skeleton are not likely
to be maintained without additional therapy. Sequential or
cyclic treatment regimens have been involved oestrogen but
also calcitonin!2® but without additional beneficial effects.
Bisphoshonates should have the capacity to maintain the
effect by closing down the expanded remodelling space.
This concept has been tried with success, when giving
alendronate after PTH!21, 130,

After discontinuation of PTH, it is unclear for how long
the effect is maintained, but a loss is likely to begin in the
metabolically more active trabecular bone of the spine.
Subsequently, there is a need to use another agent to
maintain the effects. In a study by Black ez al.139, women
treated with PTH 1-84 (100 micrograms) or alendronate
were during year 2 were re-randomized to placebo or
alendronate. When PTH was followed by placebo, spine
BMD no longer increased (4.61A), whereas a significant
increase continue when PTH is followed by alendronate. In
the hip the change was significantly greater in PTH-
alendronate compared to PTH-placebo (4.61B-C).

Safety data

The major concern in using PTH was the early reports from
animal studies indicating development of osteosarcoma in
rats after prolonged exposure of high doses!3!. These
reports had the effect that the duration of several of the
clinical trials were shortened. The administration of PTH
has been limited to 18-24 months as a result of the studies.
Currently, no known cases of sarcoma related to PTH
administration exists, but PTH should not be given to
patients with a history of prior skeletal exposure to, for
example, irradiation.

A number of side-effects are reported in the clinical trials.
Hypercalcaemia is an observation but the major studies
indicate no clinical difference in hypercalcaemia in those
treated with PTH 1-34122. 126 Nevertheless, careful
selection of patients is recommended in order not to treat
patients with decreased kidney function, which could be
common in the very elderly.
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In clinical studies, over 80% of the participants reported
at least one side-effect, regardless of whether they were
treated with a placebo or an active substance. The most
common adverse events reported for teriparatide are shown
in Table 4.10. Most of them subside after an initial period.
Hypercalcaemia commonly occurs within the first 4-6 hours
after injection and is normally without significance.
However, caution is warranted when a patient has decreased
kidney function and when given a too high dose of calcium.

Glucocorticoids may induce rapid bone loss. In a study
by Lane ez al.!32, women on long-term prednisone
treatment for various rheumatic disorders received PTH 1-
34 for 12 months. All women were using oestrogen and a
significant additive effect was noted in the central skeleton.
The results show PTH treatment can reverse corticosteroid-
induced osteoporosis.

PTH may be used for severe male osteoporosis and the
effects appear similar. In the Finkelstein ez al. study!33, 83
men between the ages of 46-85 were randomized to
alendronate daily, PTH (1-34) daily or both. Treatment
with PTH was for 24 months; the total duration was 30
months. The effect was similar to that seen in women, but
with a slightly greater increase also in the hip. The anabolic
effect of PTH appeared attenuated when alendronate was
used concurrently!18: 133, 134,

Anabolic agents to counteract severe bone loss in
osteoporosis are highly desirable. Treatment with PTH is
producing incremental increases, particularly of cancellous
bone in the vertebrae, even after short periods of treatment.
PTH seems to offer new treatment options especially for
severe cases of osteoporosis, unresponsive to other agents or
possibly when side-effects prohibit their use.

Table 4.10 Reported side-effects for teriparatide

Treated (%) Placebo (%)

Hypercalcaemia 11.0 2.0
Musculoskeletal pain  10.0 9.0
Leg cramps 3.6 2.7
Headache 7.7 7.4
Nausea 8.5 6.2
Dizziness 8.0 5.2
Depression 4.1 2.5

Calcitonin

Calcitonin is an endogenous hormone involved in calcium
homeostasis. Calcitonin acts as an endogenous inhibitor of
bone resorption by suppressing osteoclasts, a property that
has led to its use in the treatment of osteoporosis.

Mechanisms of action

Calcitonin is a 32 amino acid peptide secreted by thyroid C-
cells, with 5 of 9 residues in the N-terminal end identical in
all species. It has not been possible to identify a specific
region determining the biological activity as, for example,
compared with PTH. The biological effects are mediated via
the calcitonin receptor (CTR), which is highly expressed in
osteoclasts, but also in cells of the central nervous system?!3.
Calcitonin is rapidly secreted in response to acutely
increased levels of serum calcium, but does not seem to play
an important role in the long-term regulation of calcium.
Osteoclasts appear to be the main biological target, with
exposed osteoclasts immediately shrinking and losing their
ruffled boarder!3>, yet with prolonged exposure to
hypercalcaemia, secretion and effect appear to wear off!3°,
The exact role of calcitonin in normal physiological
processes thus remains to be fully established, but the
antiresorptive effects have been utilized in treatment of
0Steoporosis.

Calcitonin from nonmammalian species is more potent
than normally produced human calcitonin, with salmon
calcitonin being about 10 times more potent. Salmon
calcitonin has sufficient homology to bind to the CTR and
is the most commonly used preparation, available as an
injectable substance or as nasal spray.

Figure 4.62 illustrates the structure of human calcitonin,
a 32 amino acid peptide with a disulphide bridge between
the two cysteins at residue 1 and 7.

Effect on fractures

Several studies have shown the effect of calcitonin on BMD
in postmenopausal women taking calcitonin, while the
fracture effect is less well studied. The PROOF (Prevent
Recurrence of Osteoporotic Fracture) trial has been
undertaken with the intention to investigate the effect on
fracture risk!37. This 5-year clinical trial involved 1255
women, of whom approximately 80% had prevalent
vertebral fractures. Salmon calcitonin was administered as
intranasal spray at three different doses; 100 IU, 200 IU and
400 IU and compared with placebo. New vertebral fractures



were reduced by 33% (RR 0.67, 95% CI 0.47-0.97, p<0.05)
in postmenopausal women despite a small effect on lumbar
BMD, when salmon calcitonin was administrated at a dose
of 200 IU daily (4.63). The 200 IU/day dose is now the
recommended dose for clinical use. This has been
interpreted as a quality effect of antiresorptive agents
beyond the effect on BMD!38 and corresponds to a number
needed to treat of 13 (95% CI 7-77). When analysing the
group of women with the highest baseline risk, those with
1-5 prevalent fractures, risk reduction was virtually identical
(34%). There was no significant reduction in nonvertebral
fractures.

The interpretation of the results of this study is not
without problems, since the discontinuation rate was high
and only 41% completed the study. A meta-analysis has
been performed to review the effects of calcitonin on
fracture risk and BMD. Treatment included both intranasal
and subcutaneous calcitonin; however, the majority received
the drug as nasal spray. The meta-analysis showing a pooled
relative risk reduction for vertebral fractures of 0.46 (95%
CI 0.25-0.87, p=0.02, n=1404) (4.64)139. Also, according
to the meta-analysis the risk of nonvertebral fracture
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remained comparable to the nontreated. The meta-analysis
evaluating the effect on nonvertebral fractures included
three trials. The pooled data indicates that calcitonin
treatment does not influence or diminish the risk of
nonvertebral fracture (4.65)139.
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4.62 Structure of human calcitonin.
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4.63 Calcitonin effect on fracture. Vertebral fractures were
significantly reduced by 33% from the third year of
treatment. The cumulative percentage of at least one new
vertebral fracture per year for each dose is shown.
(Adapted from Chesnut CH, Ill, et al. (2000). A
randomized trial of nasal spray salmon calcitonin in
postmenopausal women with established osteoporosis:
the prevent recurrence of osteoporotic fractures study.
PROOF Study Group. Am J Med, 109(4):267-276.)

4.64 Calcitonin and fracture — meta-analysis evaluating
the effect on vertebral fractures. (Adapted from Cranney
A, et al. (2002). Meta-analyses of therapies for
postmenopausal osteoporosis. VI. Meta-analysis of
calcitonin for the treatment of postmenopausal
osteoporosis. Endocr Rev, 23(4):540-551.)
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4.65 Calcitonin and fracture — meta-analysis evaluating
the effect on nonvertebral fractures. (Adapted from
Cranney A, et al. (2002). Meta-analyses of therapies for
postmenopausal osteoporosis. VI. Meta-analysis of
calcitonin for the treatment of postmenopausal
osteoporosis. Endocr Rev, 23(4):540-551.)

Effect on BMD

BMD is consistently increased in the lumbar spine with
calcitonin treatment; however, the magnitude of increase is
small 1-2%. The changes in hip BMD are in the range of
0.5-1.5%. A slightly greater increase has been noted using
cyclic intermittent treatment together with active vitamin D,
demonstrating a potential for combination therapy in
selected cases!40,

In routine clinical practice, changes below 2% cannot be
differentiated from the technical precision error of the
measurement device. This is cause for a clinical dilemma: is
the patient responding or not responding if no bone density
gain can be detected? A pragmatic possibility is to regard the
absence of bone loss as suggestive of a positive effect, since
the normal yearly loss is in the order of 0.5-2%.
Furthermore, bone density follow-up is not meaningful
within a time frame of 2 years, but could well be extended
to 4 years if treatment is well tolerated, a strategy equally
relevant when using other antiresorptive treatments.

In the Chesnut et al. study!37, BMD of the lumbar spine
was significantly different from baseline after the first year of
treatment but with no additional increase during the
following years (4.66). The increase was evident for all doses
of calcitonin, thus there was no obvious dose response effect.

4.66 The effect of calcitonin on BMD. (Adapted from
Chesnut CH, Ill, et al. (2000). A randomized trial of nasal
spray salmon calcitonin in postmenopausal women with
established osteoporosis: the prevent recurrence of
osteoporotic fractures study. PROOF Study Group. Am J
Med, 109(4):267-276.)

A comparative study of calcitonin and alendronate has
been performed in 299 postmenopausal women who were
randomized to either calcitonin 200 IU or alendronate 10
mg/day for 12 months!4!. The predetermined outcome was
the effect on BMD and bone turnover. Alendronate
produced larger changes in BMD at all sites compared to
calcitonin, evident already at 6 months (4.67). The mean
percentage changes (+/-SE) in the lumbar spine (5.2 ws.
1.6%), trochanter and femoral neck (2.8 vs. 0.6%).

Effect on bone turnover
Calcitonin exerts its effects on osteoclasts and bone
resorption, as assessed by bone resorption markers, is
persistently decreased from the baseline and when
compared to a placebo; however, the degree of suppression
is significantly less than that of other antiresorptive agents
and compared to bisphosphonates in particular. The degree
of suppression may be indicative of the limited change in
BMD, while the reduction in vertebral fracture risk is
evident in spite of this.

Bone marker levels decreased at all time points in the
PROOF study (4.68)!37. Serum C-telopeptide (S-CTx) was
used to evaluate the effect on bone resorption and was over
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4.67 Calcitonin and BMD. (Adapted from Downs RW, Jr.,
et al. (2000). Comparison of alendronate and intranasal
calcitonin for treatment of osteoporosis in postmenopausal
women. J Clin Endocrinol Metab, 85(5):1783-1788.)

all decreased by 12% in the 200 IU group.

In the comparative study with alendronate!4!, the 6- and
12-month change in bone markers was evaluated using bone
specific alkaline phosphatase (BALP) and urinary N-
telopeptide (N'Tx). As expected, bone turnover depression
was significantly more pronounced with alendronate
treatment (4.69).

Side-effects

Side-effects from nasal or injectable calcitonin are only
briefly reported. Nasal calcitonin can cause nasal irritation;
rhinitis was reported in 22% in the treated group vs. 15% in

4.68 Effect of calcitonin on bone markers. Median
percentage change in S-CTx from baseline. (Adapted
from Chesnut CH, Ill, et al. (2000). A randomized trial of
nasal spray salmon calcitonin in postmenopausal women
with established osteoporosis: the prevent recurrence of
osteoporotic fractures study. PROOF Study Group. Am J
Med, 109(4):267-276.)

the placebo group in the PROOF study!??. In contrast,
headache was less frequently reported by treated women
(4%) compared to nontreated (7, p=0.03), which may be
related to the analgesic properties of calcitonin.

Calcitonin given subcutaneously is associated with facial
flushing, nausea and sometimes vomiting in up to 50% of
patients, but often subsiding with continued treatment.
Antibodies develop in approximately 30% of treated
women; however, the relationship to the degree of resistance
to treatment is weak.

Additional effects — analgesia
A calcitonin analgesic effect has been described in a number

142-144 The mechanism

of randomized controlled trials
explaining the analgesic effect of calcitonin is still unclear. It
may be related to the presence of CTR in the central
nervous system, or to a rapid postexposure increase in b-
endorphine levels, but other explanations are equally
plausible, such as inhibition of prostaglandin synthesis. The
analgesic effect of calcitonin is rapid and peaks after about

90 minutes. A 200 IU intranasal dose is equivalent to 100
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4.69 Effect of calcitonin on bone markers. (Adapted from Downs RW, Jr., et al. (2000). Comparison of alendronate and
intranasal calcitonin for treatment of osteoporosis in postmenopausal women. J Clin Endocrinol Metab, 85(5):1783—-1788.)
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4.70 Analgesic effect of calcitonin. (Adapted from Lyritis
GP, Trovas G. (2002). Analgesic effects of calcitonin.
Bone, 30(5 Suppl):71S-748S.)

IU given subcutaneously and approximately equipotent to
10 mg of morphine!#>. This advantageous effect of
calcitonin is most prominent during the first weeks after a
vertebral fracture. The effect is also associated with a
decreased need for other analgesics, which is beneficial
particularly in the elderly!43; 146,

In a study of women hospitalized because of acute

4.71 Structure of strontium ranelate.

vertebral fracture, the analgesic effect of calcitonin was
compared to placebo (both groups were allowed to consume
(4.70)147. Women
receiving calcitonin experienced a significantly faster

regular analgesics [paracetamol])

decrease in pain. The positive effect was also evident as

improved mobility and lower consumption of

paracetamol!44,




Strontium

Strontium is an alkaline earth element that is taken up by
the skeleton, leading to its development as a treatment for
osteoporosis. It is poorly absorbed when taken orally but
50-80% is taken up by calcified tissues and areas of active
osteogenesis. To make it more palatable, 2 atoms of stable
strontium are combined with organic ranelic acid to form
strontium ranelate (4.71).

Mechanisms of action

Strontium atoms are adsorbed onto the surface of
hydroxyapatite crystals without affecting mineral structure.
It exchanges with calcium in bone mineral and may remain
in the skeleton for a long time. Deposition in newly formed
bone will increase apparent values of bone density, as
strontium has a higher atomic number than calcium.
Strontium appears to result in uncoupling of bone
remodelling and increases bone formation as well as
)148' It
preosteoblast replication and there is increased matrix

inhibiting bone resorption (4.72 stimulates
synthesis. There is inhibition of osteoclast differentiation
and resorbing activity. An increase in trabecular bone mass,
trabeculae numbers and thickness, and overall improvement

in bone strength has been shown in animal studies.

Effect on BMD and fractures

The benefits on markers of bone turnover, bone density, and
prevention of vertebral and nonvertebral fractures has been
demonstrated in 2 large studies, SOTI (Spinal Osteoporosis
Therapeutic Intervention Study)!%® and TROPOS (Treat-

Management of osteoporosis 119

ment of Peripheral Osteoporosis Study)!3°. In SOTI, 1649
women over 50 years (average age 69 years) with low bone
density and previous vertebral fracture were studied over 3
years, and were randomized to receive either 2 g sodium
ranelate daily or placebo; all participants received calcium and
vitamin D to ensure sufficiency. End-points were vertebral
fracture prevalence, bone density in the hip and spine, and
bone markers (4.73—4.75). TROPOS, 4932 women with low
bone density and either 70-74 years with an additional
fracture risk factor or 74 years or older were studied over 5
years with main analysis at 3 years. They were randomized to
receive either 2 g sodium ranelate daily or placebo, and all
received calcium and vitamin D to ensure sufficiency. Yearly
vertebral fracture analysis were performed in a subgroup of
3640 patients. The effects on nonvertebral and vertebral
fracture were the end-points of this study (4.75, Table 4.11).
The occurrence of fractures was also analyzed in a high-risk
fracture subgroup who were 74 years or over and had a
femoral neck bone density T-score of -3 or lower.

In the SOTI study, at the end of the first year of
treatment, the risk of new vertebral fracture was halved in
the strontium ranelate group (RR over 12 months was 0.51,
95% CI 0.36-0.75; p<0.001) and over the whole 3 years of
the study the risk of new vertebral fracture in the treatment
group was reduced by 41% (RR over 36 months 0.59, 95%
CI 0.48-0.73; p<0.001).
measured BMD in the strontium ranelate group had
7.2%
at the femoral neck, and 8.6% at the total hip and the

Over the 3 years of the study,

increased from baseline by 12.7% at the lumbar spine,
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4.72 Mode of action of strontium.
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4.73 Proportion of patients who had one or more new 4.74 Effects of strontium ranelate on BMD in all patients
vertebral fractures. (Adapted from Meunier PJ, et al. receiving 2 g a day of oral strontium ranelate. (Adapted
(2004). The effects of strontium ranelate on the risk of from Meunier PJ, et al. (2004). The effects of strontium
vertebral fracture in women with postmenopausal ranelate on the risk of vertebral fracture in women with
osteoporosis. N Engl J Med, 350(5):459—-468.) postmenopausal osteoporosis. N Engl J Med,
350(5):459-468.)
15 - 4.75 Nonvertebral fracture
&; o incidence in patients with at least
s % one incident of osteoporosis-
SR 10 realted nonvertebral fracture.
2< Strontium (Adapted from Reginster JY, et al.
s 2 ranelate .
% 5. (2005). Strontium ranelate reduces
22 the risk of nonvertebral fractures in
-%’. 3 postmenopausal women with
o 0 | | | | | | osteoporosis: Treatment of
0 6 12 18 24 30 36 42 Peripheral Osteoporosis
Months (TROPOS) study. J Clin Endocrinol

Metab, 90(5):2816-2822.)



Table 4.11 TROPOS Study

Number entered Average age
into study (vears)
Whole study population

4932 77

End point

Nonvertebral — all
Nonvertebral —
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Relative risk of fracture
(95% CI)

0.84 (0.702-0.995)
0.81 (0.660.98)

major osteoporotic
Nonvertebral — hip NS

High-risk fracture subgroup (274 year with femoral neck BMD T-score < -3)

1977 80

Nonvertebral — hip

0.64 (0.412-0.997)

Vertebral fracture study subgroup (nonmandatory annual vertebral xrays)

3640 77

Vertebral fractures (first

Vertebral fractures (new)

1 year: 0.55 (0.39-0.77)
3 year: 0.61 (0.51-0.73)

0.55 (0.42-0.72)

fracture during observation

period)
Vertebral fractures (had

0.68 (0.53-0.85)

pre-existing)

(Adapted from Reginster JY, et al. (2005). Strontium ranelate reduces the risk of nonvertebral fractures in
postmenopausal women with osteoporosis: Treatment of Peripheral Osteoporosis (TROPOS) study. J Clin Endocrinol

Metab, 90(5):2816—-2822.)

differences between the placebo and the treatment groups
were 14.4%, 8.3%, and 9.8% respectively. However, the
strontium content will result in an overestimate of the
increase in bone density. When bone density was adjusted
for the strontium content, the increase over the baseline
value was 6.8% in the strontium ranelate group in contrast
to a decrease of 1.3% in the placebo group (p<0.001), i.c. a
treatment-related increase of 8.1%.

In the TROPOS study there was a reduction in relative
risk of all nonvertebral fractures over 3 years of 16% (RR
0.84, 95% CI 0.702-0.995; p=0.04). These studies show
that strontium ranelate reduces the risk of new vertebral and
nonvertebral fractures in postmenopausal women with
osteoporosis, with or without prevalent vertebral fractures.

Effect on bone turnover
The changes in bone markers indicate both an effect on
bone formation and resorption (4.76). The changes in bone

markers indicate that the mechanism of action of strontium
ranelate is different from other drugs. When compared with
the placebo group, there is an ongoing increase in bone
formation, on the basis of serum concentrations of bone-
specific alkaline phosphatase, and an ongoing decrease in
bone resorption, on the basis of serum concentrations of C-
telopeptide cross-links. The changes in biochemical markers
of bone resorption and formation were most pronounced
during the first 6 months; the dissociation between the bone
markers was noted throughout the study.

Side-effects

Strontium ranelate is well tolerated and adherence to
treatment was good in the studies. The commonest adverse
events are nausea and diarrhoea, usually in the first few

months. A small increase in venous thrombotic events (RR
1.42, 95% CI 1.02-1.98) was found.
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Emerging therapies RANKL/RANK/OPG

Osteoclasts have an unique ability to dissolve and degrade
bone tissue. In addition to factors influencing osteoclast
development, the production of numerous substances both
for mineral dissolution and the enzymatic degradation of
matrix have been the primary targets for prospective drug
research. However, development of bone anabolic agents
would in reality be even more attractive, but so far the
clinical utility of potent anabolics beyond PTH, such as
growth hormone and androgens, have not achieve expected
efficacy.

Identification of factors acting on receptors for osteoclast
attachment or function, such as the RANKL (receptor
activator of nuclear factor kB ligand), the soluble ligand
osteoprotegerin, o, f;integrin, or cathepsin K are currently
the most promising avenues as new treatment alternatives.

The essential function of bone turnover is to maintain
skeletal integrity and this requires a balance between bone
resorption and bone formation, i.e. a coupling between the
processes. The RANKI /osteoprotegerin (OPG) system has
emerged as an important regulator of bone resorption and a
strong candidate as a mediator of the coupling process.

RANKIL, a members of the tumour necrosis factor
(TNF) family and expressed on osteoblasts, activates its
receptor, RANK, which is expressed on the surface of
osteoclasts. The association between RANKL and RANK
promotes the recruitment of osteoclast precursors, osteo-
clast activity, and suppresses osteoclast apoptosis. OPG is a
soluble receptor and acts as decoy, competitively blocking
the binding of RANKL to RANK on osteoclasts and
subsequently it has an inhibitory effect on osteoclast
induced bone resorption!>!.
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4.77 Mode of action of RANK/RANKL/OPG.

In Figure 4.77, the interaction RANK/RANKL
stimulates osteoclast differentiation leading to increased
bone resorption. As a soluble receptor that acts as a decoy
receptor for RANKL, OPG leads to decreased
RANKI/RANK interaction and by this inhibiting osteoclast
differentiation. OPG secretion is stimulated by the presence
of oestrogen (17f-estradiol), whereas RANKL expression is
suppressed, hence as a consequence of menopause OPG
decreases allowing for increased RANKI/RANK mediated
bone resorption.

Theoretically, RANKL activity could be reduced by
suppressing its expression or blocking its action, blocking
RANK binding or blocking competitive binding by
increasing OPG. A fully human monoclonal antibody to
RANKL has been developed that prevents its binding to
RANK and thus acts as a potent antiresorptive agent. This
antibody, denosumab (AMG 162), mimics the activity of
OPG but without structurally resembling OPG, which
should reduce the risk of generating antibodies against
endogenous OPG!52 153,

Suppression of bone resorption occurs within the first 24
hours and is sustained over time but is dose dependent.
Figure 4.78 illustrates the effect of a single dose of AMG
162 on bone resorption reflected by changes in second
morning void urinary N'Tx over time. Data are presented as
mean and SEM. The line without a symbol is placebo,
whereas the others are describing different doses. The
decrease in bone resorption was evident already after 12
hours. The cohorts receiving the largest doses were followed
for 9 months. In those receiving the lower doses the effect
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4.78 The effect of AMG 162 on bone markers. (Adapted
from Bekker PJ, et al. (2004). A single-dose placebo-
controlled study of AMG 162, a fully human monoclonal
antibody to RANKL, in postmenopausal women. J Bone
Miner Res, 19(7):1059-1066.)

was not sustained at the maximum level but a return
towards baseline occurred.

Denosumab has been tested in a phase 2 dose-finding
study evaluating the effects on BMD and bone turnover over
12 months!®%, Figure 4.79 illustrates the study design.
Recruited to the study were postmenopausal women with a
mean age of 63 years and with osteopenia or osteoporosis.
Fracture as an outcome was not included. Denosumab was
administered by subcutaneous injections and in this study
either every third or sixth month. The 3-month protocol
included three different doses and the 6-month protocol
four different doses. Both placebo and alendronate (70
mg/week) served as comparators. BMD increased up to 6%
with the largest response in the lumbar spine (4.80).
Markers of bone resorption decreased rapidly, within 3 days,
and remained suppressed at the same level as with weekly
alendronate. The rapid effect on bone resorption has in
safety studies been observed already within 12 hours. In the
lowest doses the suppression subsided over time, indicating
reversibility with discontinuation.

BMD at the hip increased with denosumab treatment by
1.9-3.6% as compared with 2.1% for alendronate and a loss
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412 postmenopausal women

‘ Three-month regimen ‘ ‘

Six-month regimen ‘

| n=46 || n=44 || n=44 || n=44 ||

‘ Placebo ‘ ‘ 6 mg

H 14 mg H 30 mg H 14 mg H 30 mg H 60 mg H210mg HAIendronate‘

4.79 The design of the clinical phase 2 study in menopausal women. In this dose-finding study women were treated either
every third or sixth month. The new treatment was compared to both placebo and alendronate.

3-month regimen

7 BMD at lumbar spine I

Change from baseline (%)

m— Placebo (n=46)
o— Denosumab, 6 mg (n=40)
—a— Denosumab, 14 mg (n=43)
o— Denosumab, 30 mg (n=40)
Alendronate, 70 mg weekly (n=46)

6-month regimen

BMD at lumbar spine

Change from baseline (%)

o— Placebo (n=46)
o— Denosumab, 14 mg (n=53)
—o— Denosumab, 60 mg (n=46)
o— Denosumab, 100 mg (n=41)
—a— Denosumab, 210 mg (n=46)
Alendronate, 70 mg weekly (n=46)

4.80 Increase of BMD at lumbar spine with denosumab treatment. (Adapted from McClung MR, et al. (2006). Denosumab
in postmenopausal women with low bone mineral density. N Engl J Med, 354(8):821-831.)

of 0.6 % with placebo (4.81). BMD was also measured at
the distal radius and total body and the results similar but
the percentage change between 1% and 2.5%.

Biochemical markers of bone turnover were assessed
monthly. CTx as a marker of bone resorption decreased in
all denosumab groups with a maximum mean percentage of
88%. The effect was rapid and obvious after 3 days of
treatment, which was the first time-point for assessing bone
markers. In the denosumab groups receiving the lowest
doses (6 mg/3 months or 14 mg/6 months) an increase was

noted indicating a reversible effect. In the placebo group the
change in CTx was only 6% (4.82). Bone formation was
decreased in the denosumab groups as assessed by BALP,
however, with a delay of 1 month (4.83).

Denosumab has also been given to women with
metastases from breast cancer or with multiple myeloma
and compared to pamidronate!>> 156, Denosumab was well
tolerated and reduced bone resorption for at least 84 days.
The changes in bone resorption were similar to those of
pamidronate.
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s— Placebo (n=46)
o— Denosumab, 14 mg (n=53)
—o— Denosumab, 60 mg (n=46)
©— Denosumab, 100 mg (n=41)

—a— Denosumab, 210 mg (n=46)
Alendronate, 70 mg weekly (n=46)

4.81 Increase of BMD at total hip with denosumab treatment. (Adapted from McClung MR, et al. (2006). Denosumab in

postmenopausal women with low bone mineral density. N Engl J Med, 354(8):821-831.)
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o— Denosumab, 14 mg (n=53)
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©— Denosumab, 100 mg (n=41)
—a— Denosumab, 210 mg (n=46)
Alendronate, 70 mg weekly (n=46)

4.82 Assessment of bone turnover using C-telopeptide as a marker of bone resorption. (Adapted from McClung MR, et al.

(2006). Denosumab in postmenopausal women with low bone mineral density. N Engl J Med, 354(8):821-831.)
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3-month regimen
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4.83 Decrease in bone formation as assessed by BALP. (Adapted from McClung MR, et al. (2006). Denosumab in
postmenopausal women with low bone mineral density. N Engl J Med, 354(8):821-831.)

Cytokines

Current knowledge on cell differentiation and cell activity
shows that cytokines are important regulators at the local
level. Most cytokines are implicated as enhancers of
osteoclast activity and subsequently bone resorption.
Inhibition of cytokine activity by inhibitory antibodies, such
as antiTNFoa, have proved extremely successful in the
treatment of rheumatoid arthritis. Such treatment may have
additional effects on bone turnover, since TNFo has been
shown to be one of the more important cytokines that
modify bone resorption. Bone resorption markers
significantly decrease in patients with RA treated with
infliximab137. This may allow for development of inhibitors
to other bone active cytokines, such as IL.-1 or IL-6. The
relative nonspecificity and subsequent effects on other

organs may, however, limit the usefulness.

Cathepsin K

The degradation of bone matrix is mediated by cathepsin K,
an osteoclast protease which appears to specifically act on
bone collagen!®8. Animal models confirm the important
effect of cathepsin K and deletion of the cathepsin K gene
results in an osteopetrotic bone in mice!®. An inhibitor of
cathepsin K may be of potential use as an antiresorptive

drug, but has only been tested in animal models!0. Various
integrins mediate the attachment of osteoclast to the
exposed bone surface, an integrin antagonist would block
osteoclast adhesion and osteoclast-mediated bone
resorption. An orally bioavailable o ;integrin antagonist
has been shown to have dose-dependent antiresorptive

effects!ol.

Pharmacogenetics
Speculation on future therapeutics may also include genetic
modification and pharmacogenetics, utilizing the increasing
knowledge of genetics of bone diseases. A number of
candidate genes have been associated with osteoporosis and
fracture, albeit with inconsistent results. Variations in the
collagen, oestrogen and vitamin D receptor genes merits
mentioning as they have been associated with bone mass
and fracture in elderly women, with implications of
functional importance for collagen polymorphism!62,
Collagen is the major organic component of bone matrix.
Bone collagen consists of two o-chains and one B-chain. A
functional variation in the collagen gene alters the collagen
structure and may thus influence bone strength (4.84).
Variation in the collagen gene contributes to low bone mass



0.775
<~ p=0.035
5 I
2 0.75 - I
[m]
=
3 |
(8]
2 |
T 0.725
o
£
(0]
[
0 : :
SS Ss+ss

4.84 Effect of variation in the collagen gene. (Adapted
from Gerdhem P, et al. (2004). Association of the collagen
type 1 (COL1A 1) Sp1 binding site polymorphism to
femoral neck bone mineral density and wrist fracture in
1044 elderly Swedish women. Calcif Tissue Int,
74(3):264-269.)

in elderly women. Women carrying the ‘s’ risk allele had
2.7% lower bone density of the hip and a more than doubled
risk of wrist fracture OR = 2.7 (1.1-6.8). This type of
finding may indicate certain gene variations which may not
only influence risk but also response to treatment.

NONPHARMACOLOGICAL
INTERVENTIONS

Fall prevention

Fall prevention is central to the prevention of osteoporosis as
two-thirds of older people with femoral neck osteoporosis
have fall-related risk factors and 90% of hip fractures result
from a fall. The general risk of falling in the older population
needs to be reduced by targeting extrinsic risk factors in the
home and community, as well as reducing intrinsic factors
which mostly relate to impaired physical and cognitive
function as well as development of comorbidities (Tables 1.4,
2.9). ‘Frail’ older people who look older than their
chronological age have poor gait, poor balance, low muscle
strength, low activity level, and a high risk of falling!63.
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People therefore need to maintain their physical activity into
later life. It is also important and most effective to target
those elderly at most risk of falls or fracture!®*. Their
individual risk factors that can be modified need to be
identified. How to identify those at most risk has been
considered in Chapter 3. The easiest to identify are those
older people (especially if they are not living independently)
who have already had a fall or have poor balance, poor
mobility, or difficulty getting into and out of a chair. The
challenge is to prevent further falls and consequent fractures.
There have been numerous studies looking at different
approaches to fall prevention. At best, a one-third reduction
in falls can be achieved, but is more difficult in those at
highest risk. There is, however, little evidence that preventing
falls translates into the prevention of fracture. A problem is
the size of study that is required to demonstrate such a
benefit as not all falls will result in a fracture.

There is no single all-encompassing approach to prevent
falls. An individualized multifaceted approach to assessing
the risks and prevention, with interventions targeted at those
specific risk factors is recommended!®. This approach has
been shown by meta-analysis!®® to be effective in older
people from an unselected population (four trials including
1651 participants; pooled RR 0.73, 95% CI 0.63-0.85), in
those with a history of falling or selected because of known
risk factors (five trials including 1176 participants, pooled
RR 0.86, 95% CI 0.76-0.98), and in older people in
residential care facilities (one trial including 439
participants, cluster-adjusted incidence rate ratio 0.60, 95%
CI 0.50-0.73).

Muscle
recommended and needs to be part of the multifaceted

strengthening and balance training is
approach in higher risk people. It should be individualized,
home-based, progressive, and maintained or the benefits
will be lost. Such programmes have been shown to reduce
the risk of falls by 20%!9°, Specific programmes may
include Tai Chi which has been found to prevent falls1°, It
is also important to assess the home for any hazards and
modify where needed, along with reviewing the person’s
medication and stopping any psychotropic drugs if possible.
A danger of exercise programmes is an increase in the risk of
falling and fracture and this was found in a study of
unsupervised brisk walking, which is therefore not
recommended for those at high risk of falls. Group
approaches to exercise do not appear to be effective if they
are not individualized, or if given alone and not part of a

multifaceted approach.



128

Management of osteoporosis

Table 4.12 Preventing falls — key points

* Target those at risk — a good predictor of future
fall is a past fall

* Individualized fall prevention programmes looking
at all possible causes and considering all possible
interventions are most effective

* Improving general fithess is important

Over two-thirds of a Falls Clinic population have been
shown to be vitamin D deficient and vitamin D
167

supplementation reduces the risk of falls Vitamin

should
deficiency is likely due to lifestyle factors such as reduced

supplementation therefore be considered if
mobility and not going out into daylight.

It is therefore important to remember the role of falls in
osteoporotic fractures, identify those at highest risk, and
ensure they have an individualized assessment for risk and
for modifiable risk factors so that an individualized
programme can be developed around these (Table 4.12).
Strengthening exercises and balance retraining are core
parts of any programme and will most likely benefit older
people living in the community with a history of recurrent
falls and/or balance and gait difficulties. Those older people
who are no longer living independently and have risk factors
for falls are more likely to need additional interventions.

Outer shield

Padding

4.85 Hip protectors.

Hip protectors

Hip protectors are designed to both absorb and transfer the
energy of a fall onto the hip (4.85). The impact of a fall is
and the
attenuation of the soft tissues overlying the greater

normally reduced by protective responses

trochanter. The loss of these protective responses and the
often reduced forward momentum when an older person
falls combined with the loss of soft tissue padding overlying
the hip results in a high risk of fracture. Thus a logical
approach is to try to protect the hip. The protectors are
integral to special underwear, either fitting into pockets over
the greater trochanter or are nonremovable.

Initial studies in nursing home residents showed a
dramatic reduction in numbers of hip fractures!®, which
was also shown in frail but ambulatory elderly people either
in geriatric long-stay or supported home living (4.86)169.
Many studies have since been performed. A Cochrane
review (4.87)17% 171 found marginally statistically significant
reduction in hip fracture incidence for people in nursing
homes or residential care wearing hip protectors compared
to controls (11 studies including 9859 participants, RR
0.77, 95% CI 0.62-0.97). No reduction in hip fracture
incidence was seen for people living in the community (three
studies including 5135 participants, RR 1.16, 95% CI
0.85-1.59).

Compliance with wearing the hip protectors has been a
problem in all studies, often falling below 40% by the end of
the study, due to discomfort, the extra effort needed to wear
the protector, urinary incontinence, and physical
difficulties/illnesses!?!. This is an unfortunate drawback as
few hip fractures have occurred in these studies if the hip
protectors are actually being worn correctly; a reduction to
one-third was demonstrated if protected falls were
compared to unprotected falls in high-risk nursing home
residents!72, Hip protectors should be considered for frail
elderly people with a high risk of falls and fracture who are
living under supervision, so that assistance and encourage-
ment are given to ensure appropriate and regular use.

FRACTURE MANAGEMENT

Fracture management in not limited to the actual treatment
of the fracture but involves a chain of interventions. Optimal
fracture management commences at the scene of the
fracture event and ends with rehabilitative measures and
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4.86 Prevention of hip fracture in elderly people with the
use of a hip protector. (Adapted from Kannus P, et al.
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restoration of function. However, the actual treatment of the
fracture is the key step in the process, and without optimal
fracture treatment the outcome is hampered, leaving the
patient with unnecessary functional limitations. Hence
fracture management relies on team work, beginning in the
ambulance where skilled personnel should initiate pain
control and primary stabilization of the fracture, and
continuing through orthopaedics to physio- and
occupational therapy when needed. Furthermore, in those
at middle-age and above, osteoporosis may be an underlying

cause and the person should be evaluated accordingly.

Fracture treatment

The principles of fracture treatment depend on the
structural damage and the location of the fracture.
Classification systems are available for most types of fracture
in order to evaluate severity and to give guidance to
treatment. The major classifications relate to the location in
the bone: diaphyseal or metaphyseal; if it involves the joint:

Study or Hip protectors Control Log (RR)
subcategory number number

Individually randomized trials

Janth 1996 36 36 -1.6094 (1.1226)
Chan 2000 40 31 -0.9416 (0.6543)
Cameron 2001 86 88 0.1570 (0.4964)
Hubacher 2001 384 164 0.3988 (0.7995)
Van Schoor 2003 276 285 -0.0726 (0.3152)
Subtotal 822 604

Tet for heterogeneity: X2=4.07, df=4, p=0.40, 2=1.6%
Test for overall effect: z=0.68, p=0.50

Cluster randomized trials (adjusted)

Lauritzen 1993 247 418 -0.8210 (0.5142)
Ekmon 1997 302 442 -1.0788 (1.3908)
Kannus 2000 653 1148 -1.0788 (0.3728)
Harada 2001 88 76 -2.2073 (1.4497)
Meyer 2003 459 483 -0.5600 (0.3200)
O'Halloran 2004 1366 2751 0.0500 (0.1700)
Subtotal 3115 5318

Test for heterogeneity: X2=12.33, df=5, p=0.03, 2=59.4%
Test for overall effect: z=2.16, p=0.03

Total 3937 5922

RR Weight (%) RR (mixed) (95% Cl)
(mixed) (95% Cl)

—a— 1.06 0.02 (0.02-1.81)
—a— 3.11 0.39 (0.11-1.41)
] 5.40 1.17 (0.44-3.10)
—fa—I 2.08 1.49 (0.31-7.14)
4 13.39 0.93 (0.50-1.72)
V'S 25.04 0.86 (0.54-1.34)
Fa 5.03 0.44 (0.16-1.21)
—a 0.69 0.34 (0.02-5.19)
A 9.57 0.34 (0.16-0.71)
H 0.63 0.11 (0.01-1.89)
Ay 12.99 0.57 (0.31-1.07)
A 46.04 1.05 (0.75-1.47)
o 74.96 0.75 (0.58-0.97)

0.77 (0.62-0.97

ﬁ 100.00

Test for heterogeneity: X?=16.64, df=10, p=0.08, 2=1.6%
Test for overall effect: z=2.21, p=0.03

0.001 0.01
Favours hip protectors

0.1 0 10 100 1000
Favours control

4.87 Meta-analysis showing reduction of hip fracture incidence. (Adapted from Parker MJ, et al. (2006). Effectiveness of
hip protectors for preventing hip fractures in elderly people: systematic review. BMJ, 332(7541):571-574.)
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intra- or extra-articular; if the fracture is open or closed; and
to the degree of comminution and dislocation. Certain types
of fracture are more common with low-energy trauma,
whereas others commonly occur in those sustaining high-
energy trauma.

The purpose of treatment is to obtain anatomical
realignment supporting future function and to stabilize in
order to maintain alignment, diminish pain, and to promote
fracture healing. The choice of treatment is to use external
stabilization, e.g. casts when possible. However, modern
treatment devices and infection control have improved to
such an extent that open surgery and internal fixation is
used when technically possible. The advantage of surgical
treatment is a higher degree of stability which leads to earlier
mobilization, earlier weight-bearing, and better function.

Distal forearm fracture

Distal forearm fractures (4.88) are classified according to
the degree of dislocation: undisplaced, moderately
displaced, or severely displaced. In addition, intra-articular
involvement may influence the choice of treatment. A stable
distal forearm fracture is best treated with a plaster cast. The
principles of casting for this type of fracture include
stabilization of the fracture, but also free range of motion for
the fingers (4.89). It is of utmost importance that soft

padding is closest to the skin when applying a cast to avoid
pressure sores over bony protrusions, such as the styloid
process of the ulna, at the edges of the cast near the elbow,
or close to the metacarpal heads. The patient should be
instructed to move the shoulder joint, the elbow, and the
fingers and to keep the hand elevated when resting. These
instructions should be both written and given at an
appointment with the physiotherapist during the first week
following the fracture. Normally the cast is applied for 4
weeks, with X-ray follow-up after 1 week. Postfracture
follow-up should always include assessment of distal status
for sensitivity and other indicators of nerve injury.
Dislocated distal forearm fractures are common in
women with postmenopausal osteoporosis. This fracture
may also be an indicator of future fracture risk. A dislocated
fracture should always be reduced as close to the anatomical
position as possible. If only dislocated in the anterior-
posterior direction and without intra-articular involvement,
then closed reduction is often sufficient and the fracture is
stabilized with the same type of cast as if the fracture had
been undislocated. However, forearm fractures with initial
dislocation which require reduction are much more
susceptible to re-dislocation and the radiographic follow-up
within 1 week is strongly advocated. If re-dislocation occurs,
it is still within the time frame to perform secondary surgery.

4.88 A, B Distal forearm fracture. The fracture is severely
displaced with dorsal angulation and axial compression.

4.89 Distal forearm fracture cast.




If the fracture is highly unstable, intra-articular, or
dislocating during the first week, then the most common
choice of treatment is application of an external fixation device
(4.90). Pins are inserted in the second metacarpal bone and in
the distal diaphysis of the radius. The pins serve as connection
sites for the rods distracting the fracture. In fractures involving
the joint it may sometimes be advantageous to fixate the intra-
articular fragment with a wire, pin, or a small plate, to secure
the joint surface. Fracture follow-up is similar to that of those
with nondisplaced fracture, but the fixation time is most often
prolonged, reaching 5-6 weeks. Regardless whether the
fracture requires surgery or not, postfracture physiotherapy is
essential to obtain a favourable outcome both in terms
function and pain and to avoid shoulder-hand syndrome.

Proximal humerus fracture

Fractures of the proximal humerus are commonly associated
with osteoporosis. The fracture is most often stable and
requiring only a sling for relief of pain during the first week
or two (4.91). If the head of the humerus has dislocated,
surgery is advocated and the dislocation reduced and fixed
with intramedullar rods or with a plate. Multifragmented
fractures are associated with a much more pronounced
functional deficit. The anatomy of shoulder joint makes it
more difficult to replace the joint with an artificial joint.
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However, joint replacement is undertaken in those with the
head of the humerus fractured into four fragments, since the
possibilities for healing are poor. The outcome after the
procedure is related to the age of the person and to the
quality of the bone.

Since the shoulder joint has the greatest range of motion
of all joints, a fracture virtually always leads to decreased
range of motion. Hence, it is important to inform the patient
clearly and at an early stage of the outcome and the goals of
treatment. Mobility training is initiated at 2-3 weeks, before
the fracture is healed, and often needs to be continued for
2-3 months.

Elbow fracture

The supra-condylar fracture of the elbow is one of the more
serious fractures in children, because of the high risk of
concomitant nerve and vessel injury. Fractures of the elbow
in the elderly are often associated with osteoporosis, leading
to multifragmentation and dislocation. In the elderly and
severely osteoporotic, it may not even be possible to treat
these fractures surgically and it is commonly referred to as
‘bag of bones’ (see 1.41). It is left to heal as it is, but initially
with a supporting cast. The same multifragmented supra-
condylar fracture without surgical treatment is shown in
4.92, initially and at 3 months when healing is on its way.

4.90 Distal forearm fracture external fixation.

4.91 A, B Proximal humerus fracture treated with a
collar-n-cuff sling.
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Vertebral fracture
Deformities of the vertebrae or minimally compressed

vertebral fractures are treated when they cause pain with the
aim of controlling pain, but not, as with most other fractures,
to restore the bone. In recent years, an invasive method to
restore vertebral height in severely compressed vertebras has
been developed — kyphoplasty. During this procedure a
needle is inserted into the vertebral body using the
transpedicular approach. A balloon catheter is inserted
through the needle and placed centrally in the vertebra. It is
slowly filled with fluid and, through this pressure, lifts the
crushed bone. The fluid is then exchanged with bone cement.
The alternative procedure, vertebroplasty, does not involve
trying to lift the vertebra but only to inject bone cement.
Complications include the relatively benign transient
increase in pain occurring in 4-23%, to extravertebral
leakage of cement which seem to be more common with
vertebroplasty (29%) compared to kyphoplasty (8.4%)!74.
Occurrence of new fracture at the adjacent vertebral levels
have also been described in up to 16% according to a
systematic review!”. The indications for intervention are
vertebral compression fractures with severe pain resistant to
regular analgesic therapy and when there is continuing
vertebral collapse!7%. Figure 4.93 shows the X-ray of a 76-

4.92 Healing of a
multifragmented
elbow fracture
(impossible to
treat surgically) in
an elderly person
(see also 1.41 for
the acute state).

year-old woman with multiple vertebral fractures, treated at
two levels with kyphoplasty.

Lower extremity fractures

Hip fracture — cervical

Cervical or intracapsular hip fractures are challenging to
treat, despite there being normally only a single fracture line.
The challenges are instead associated with the degree of
displacement and the possible interruption of blood supply
to the femoral head. The most benign type of undisplaced
cervical fracture may even be difficult to identify on a plain
X-ray immediately after the trauma, and is only obvious
when the metabolic reaction related to the fracture has
begun. Previously, these patients often had to stay in
hospital at least 1 week in order for a fracture to be
identifiable on a bone scan, but with modern magnetic
resonance imaging (MRI) fracture oedema is visible within
the first day.

Undisplaced fractures are preferably treated with pins.
For biomechanical reasons it is necessary to use at least two
pins to lock rotation. Subsequently, the pins are placed so
that maximum support is obtained either from the posterior
or lateral cortex (4.94). When dislocated cervical hip
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4.93 Vertebral
fracture treated
at two levels with
kyphoplasty.

fractures are treated with pins, the failure rate and the
subsequent need for secondary surgery reaches 21-57%!77.
The causes of failure are pseudoarthrosis, redislocation, and
avascular necrosis within the femoral head. Poor results in
this elderly and frail population lead to a devastating
functional outcome and for the patient long-term pain,
providing a rationale for a change in the treatment paradigm
to arthroplasty, preferably unipolar.

The poor outcome in those with dislocated cervical hip
fracture has long been known; however, using total hip
replacement is not an obvious choice in this population. The
arguments against total joint replacement have included:
increased risk of luxation of the head from inability to follow
postoperative instructions; increased risk of infections from
patients touching the wounds or have urinary tract
infections; and secondary fractures adjacent to the implant
that subsequently are more difficult to treat than common
fractures. An increasingly favoured treatment option is to use
hemiarthroplasty in the elderly; the acetabulum is not
replaced in this procedure and the femoral head implant is
larger compared to that used in total hip arthroplasty (4.95).
The advantages include shorter operating time, which is

beneficial in an elderly population with comorbidity, and

4.94 Cervical hip
fracture treated
with pins.

4.95 A, B Cervical hip fracture — unipolar arthroplasty.
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decreased risk of luxation from the larger femoral head.

In a RCT, also including patients with dementia,
hemiarthroplasty improved walking ability and decreased
the need for secondary joint replacement in patients with

178

cervical hip fracture Similar studies have shown

improved quality of life in those primarily treated with joint

replacement!79,

Guidelines should therefore, suggest
hemiarthroplasty in the elderly, for example those over age
80, and total hip replacement in younger persons with
dislocated cervical fractures.

Dislocated fracture of the femoral neck occurring in
younger patients with hip fractures is also associated with
similar risk of failure when treated with internal fixation
such as pins or screws. Despite being associated with
osteoporosis, hip fracture in middle-aged patients is
commonly associated with better BMD and bone quality
than in those of advanced age. In addition, comorbidity and
dementia are less common, factors that predispose to
complications if total hip replacement is used. Thus, total
hip replacement is to be considered in those aged between
60—80 years and the recommended treatment for those in
good health or as a secondary procedure if pin
osteosyntheses fails in this age group rather than a
hemiarthroplasty (see above) (4.96). In this group, outcome
is clearly improved as is shown in a RCT where those

4.96 Cervical
hip fracture —
bipolar
arthroplasty.

treated with hip replacement had a complication rate of 4%
over 4 years and those with internal fixation 42%18°,

Hip fracture — trochanteric

Trochanteric fractures run from the proximal and lateral
part of the major trochanter and obliquely towards the
minor trochanter. The fracture primarily runs through
cancellous bone, consequently healing is much better
compared to that of cervical fractures. Based the structure of
the proximal femur and the cancellous bone content,
trochanteric fractures are well suited for treatment with a
plate and screws (4.97). A central screw is placed in the
femoral head and the plate is slid over, when it is fixated
with transcortical screws. The sliding screw allows for
compression when load is put on the leg, thus pushing the
fracture surfaces closer together and further improving bone
healing. Hence, weight bearing is allowed immediately.

Hip fracture — subtrochanteric

The subtrochanteric fracture is considered a more complex
fracture. It is a fracture of the proximal femur and is
described as either transverse, oblique, or spiral, sometimes
comminute, and often signifying severe osteoporosis.
Depending on the nature of the fracture, several treatment
options are available. In general terms, if the fracture is best

4.97 Trochanteric
fracture — dynamic hip
screw and plate (see
also 1.46 for acute
state).



4.98 Subtrochanteric fracture —
intramedullary nail (see also 1.47
for acute state).

described as consisting of one or two transverse or oblique
fragments, it may be suitable for intramedullary nailing
(4.98), whereas if it consists of multiple fragments, is highly
oblique or spiral, a long plate with anchorage in the femoral
head may be the preferred choice. With this type of fracture
weight bearing is not allowed until at least 12 weeks and
after radiographic follow-up, a postfracture routine that is
very demanding on the elderly, most of whom cannot
quickly master crutches and so need a wheelchair. This lack
of mobility leads to further increased bone loss, decreased
muscle strength, and thus a high risk of additional fractures.

Proximal tibia fracture

The proximal tibia is rich in trabecular bone and in many
respects is similar in structure to the distal radius. Fractures
of the lateral condyle occur from relatively mild valgus
trauma to the knee. Most fractures require surgical
treatment since the articular surface is suppressed and the
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4.99 A, B Lateral condyle of tibia — two screws inserted to restore the joint
surface (see also 1.49 for acute state).

fracture needs support in order not to dislocate further. The
method of choice is to fasten the lateral fragment with
screws in the least severe cases, and with a plate and screws
in severe cases (4.99). The intra-articular surface is
reconstructed by using bone grafts from the iliac crest.
Postfracture treatment involves training of the thigh muscles
and knee motion without weight bearing for up to 3 months.
With this type of fracture, training in a swimming pool is
often beneficial, provided the patient does not slip!

Rehabilitation after fracture

The impact of fracture will depend on the fracture site,
characteristics and age of the patient, and if comorbidity
exists or not. The actual treatment of a fracture in terms of
hospital care and surgery is often very short in relation to the
time required to regain function; however, adequate fracture
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4.101 The impact of osteoporosis and fracture in terms of the WHO International Classification of Functioning.

treatment is a prerequisite for successful rehabilitation.

The nature of the impact of osteoporosis and fracture on
the individual can be evaluated within the WHO
International Classification of Functioning (ICF) (4.100).
The concept behind developing the ICF has been the
awareness that bodily or structural impairment is only one
factor in the perception of what is ‘unhealthy’ by a person.
For example, one person may suffer from what without
doubt can be regarded as a minor disorder and still be
severely disabled in terms of activity and participation,
whereas someone with a severe injury will overcome the
restrictions and perceive only marginal limitations to
participation in society.

Structural parameters in osteoporosis are reduced bone
mass, deterioration in microarchitecture, and loss of
strength with subsequent fracture. The structural loss of

function is, in the case of osteoporosis and fracture, related
to impaired mobility and impaired psychological function
due to pain. Loss of function will limit the activities of the
individual, such as walking, and restrict their participation
in society, such as going to work. The impact on an
individual will be influenced by the context in which they
live — the complete background of the person’s life and living
situation, such as their physical, social, and attitudinal
environment, and also personal factors, such as sex, age,
ethnicity, lifestyle, and social background. The ICF
classification can be applied to activity and participation of
a person with osteoporosis (4.101). Rehabilitation after
fracture needs to take all of these factors into account in
these commonly elderly patients.

In those with fragility fractures that need in-hospital care,

an increasingly successful concept revolves around
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4.102 Fracture treatment path.

multidisciplinary teamwork, each professional contributing
with their particular skills and expertise. The health care
professionals that are most involved in the care of patients in
the hospital are instrumental in initiating rehabilitation after
a fracture. Comprehensive management guidelines for hip
fracture have been developed in a number of countries, but
are virtually nonexisting for other types of fracture. The
Scottish Sign guidelines are an example of such guidelines
for prevention and management of hip fracture!8!,

Most patients suffering a fracture require hospital
evaluation, and for patients with severe fractures in-hospital
care, with or without surgery, is required. In-hospital care
involves a number of steps and collaboration between
different departments and professionals before the patient is
ready for discharge. Figure 4.102 illustrates the different
units and, indirectly, some of the professionals involved in
the immediate care process of a person with a fracture.

Many more are involved but rarely mentioned, such as
laboratory personnel or the blood bank. Importantly, this
process needs to run smoothly and timely so that surgery is
not unnecessarily delayed as the latter is associated with
poor outcome in the elderly!82: 183,

Establishing ‘fracture chains’, or having a systematic
approach to the treatment and rehabilitation of patients with
osteoporotic fractures, will improve the outcome and be
cost-effective. The chain needs to be activated at the first
point of interaction with the health care system, commonly
the ambulance or emergency room personnel, in order to
optimize the final outcome and be continued beyond the
hospital management of a fracture.

The rehabilitation of a patient begins when the patient
enters the hospital doors. All measures taken during the
treatment of the patient are steps in the rehabilitative
process of restoring function. In-hospital professionals have
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4.103 Team approach — fracture care chain in hospital.
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4.104 Team approach — fracture care chain after
discharge.

counterparts in the out-patient care and in the social service
systems, and it is helpful to regard the care process as a
chain of initiatives, where each link needs to be established
before the patient is admitted (4.103). If communication
systems are in place, the duration of the hospital stay will be
shortened and the patient will be able to return home earlier.
One way to improve care chains is to have specifically
assigned liaison persons: one for the assessment of
osteoporosis, one for functional rehabilitation, and one for
living circumstances.
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4.105 Examples of brochures giving fracture advice for
patients.

In primary care, a similar structure needs to be
established, so that functional gains during in-hospital care
are maintained and continue to improve (4.104). In
addition, most patients need continuous encouragement
and reassurance that their training is not harmful, since such
anxiety is common. Additional areas (such as medical
management of comorbidities and reassessment of
pharmacotherapy, initiation of osteoporosis treatment if
indicated, the nutrition of the patient, and fall prevention

measures especially in the home) need to be addressed by



the ‘out-patient primary care team’ in order to avoid new
trauma.

It is important to meet the expectations of the patient, but
also to inform the patient correctly of a realistic outcome
with each type of fracture. The patient plays the main role
in the rehabilitative process — apart from adequate fracture
treatment the care givers serve as facilitators and supporters
in the process.

Pain is a limiting function in the initial period after
sustaining a fracture. Nevertheless, mobility training should
in all cases, with the exception of unstable fractures, begin
the day after fracture treatment. The extent of training will
be determined by the type of fracture. The patient needs to
be informed both verbally and in written form. Simple
brochures supplying information on each of the major types
of osteoporotic fractures, their treatment, and the expected
outcome, should provide easy instructions on how to
continue training at home (4.105). The relevant brochure is
given to the patient or their relatives at the time of treatment
regardless if a fracture can be fully managed in an out-
patient setting or if it needs hospital care.

Few fractures can be managed orthopaedically so that full
recovery of prefracture status is regained. The aim of
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management is to achieve the best possible outcome
considering the severity of the fracture and patient-related
factors, such as the patient’s age, comorbidity, and cognitive
function. Hip fractures are often associated with
significantly impaired functioning, as is shown in Figure
4.106!8%, Tt describes the probability (percent with 95% CI)
of events after sustaining hip fracture, given that the patient
was not characterized by the event before fracture. Over
55% needed a walking aid or were unable to walk; however,
it is a vastly better outcome to be able to walk with a walker
compared to needing full-time care. Thus, for some
patients, mobility with a walking aid should be the realistic
goal of rehabilitation.

Proximal humerus fractures are often associated with a
remaining limitation in range of motion. In a study of 376
patients followed over 1 year, 88% achieved an excellent or
good outcome Table 4.13'85. Age was the main factor
determining outcome, nevertheless, subjectively, the older
patients tended to accept functional limitations better and
still regard the result as good!®0. This points to the
importance of informing the patient of the expected
outcome and to define the aim of rehabilitation in terms of

what is possible in view of the fracture.
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4.106 Probability of events after hip fracture. (Adapted from Osnes EK, et al. (2004). Consequences of hip fracture on
activities of daily life and residential needs. Osteoporos Int, 15(7):567-574.)
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Table 4.13 Relationship of age to functional outcome (expressed in weeks)

Age (years) <20 20-29  30-39

Shopping 4.9 5.9 6.7 6.1
Dressing 1.7 3.7 3.2 2.7
Hygiene 1.7 4.1 3.1 29
Housework 2.9 71 6.3 5.0
Driving 0 6.9 7.4 8.8
Employment 3.4 4.0 4.8 8.6

40-49

50-59 60-69 70-79 80-99  Pvalue
7.5 7.9 7.2 9.1 <0.05
33 4.3 4.4 5.7 <0.001
3.9 4.9 5.2 6.0 <0.001
7.9 9.4 7.4 21.0 <0.01
20.0 35.0 17 11.0 <0.001
6.8 10.3 — - <0.001

(Adapted from Court-Brown CM, et al. (2001). The epidemiology of proximal humeral fractures. Acta Orthop Scand,

72(4):365-371.)
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Chapter 5

Osteoporosis in
clinical care

Introduction

Osteoporosis is common and the burden of the resultant
low-trauma fractures great and increasing. Action must be
taken at all stages of life to effectively prevent and treat
osteoporosis (5.1, Table 5.1). Healthy youths may develop
osteoporosis in later years — it is not always predictable even
in older people. It is therefore the responsibility for all to
follow a bone healthy lifestyle at all stages of life, to
maximise peak bone mass and prevent loss during older
years. There are some who are, however, at higher risk than
others of osteoporosis and fracture. These people need to be

Normal

Osteoporosis

—<—> Fracture

Morbidity and
mortality following
fracture

5.1 Schematic to illustrate stages when the burden of
osteoporosis on the individual and on society can be
reduced.

identified and treated appropriately to reduce that risk (see
Chaper 3). There are also those who have osteoporosis and
have sustained a fracture. It is important that they regain
their independence as much as possible, as well as reduce
their risk of further fracture. They need rehabilitation and
often pain management. They also need treatment to
improve bone strength and to reduce the risk of falls so that
the risk of further fracture is reduced. In these ways the
impact of osteoporosis can be lessened.

Table 5.1 When and how to prevent
osteoporosis and fracture

When
« At all ages

How
* Bone mass
— Maximize peak bone mass
— Delay onset of bone loss
— Prevent bone loss in older age
» Maintain physical fitness throughout life
* Prevent falls in later life
» Treat those at highest risk close to the time when
probability of fracture greatest
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Opportunities for prevention
and treatment

There are clearly some specific opportunities to recognize
those at most risk and to intervene (5.2). Some of these will
be considered

Childhood and adolescence
Bone mass acquired during childhood and adolescence is a
key determinant of bone health in adulthood. Any factor
that affects the development of the skeleton during these
early years will affect attainment of peak bone mass and will
have long-term consequences on bone health in later life,
and increase the risk of future osteoporosis and fracture.
Osteoporosis in adulthood can, therefore, have its origins
already in these early years and detrimental factors to bone
health need to be recognized and corrected where possible.
Osteoporosis may also (rarely) manifest itself in childhood
and adolescence with low-trauma fractures, such as in
diseases treated with high doses of corticosteroids.

Bone development requires good nutrition along with
physical stimulation in an environment of normal gonadal

hormones, without the presence of noxious substances such
as from smoking, excess alcohol, or corticosteroid therapy.
However, the majority of bone mass and strength is
determined by genetic factors which cannot as yet be
modified.

In childhood and early adulthood, the commonest
specific cause for inadequate bone acquisition relates to
gonadal hormone deficiency which can affect both sexes.
Females with late menarche and secondary amenorrhoea
need to be identified and the underlying cause found and
treated. Anorexia nervosa and over-exercise syndrome are
common causes of low bone mass leading to premature
osteoporosis and fracture. This is a consequence of poor
nutrition, low body mass, and gonadal hormone deficiency.

Adequate nutrients during the growth phase are
important, and lactose intolerance can result in lifelong low
calcium intake. Gluten intolerance also increases the risk of
future osteoporosis if not diagnosed early and treated by
close adherence to an appropriate diet. Specific nutrients are

Risk factors

Lack of exercise
Inadequate calcium intake

Lack of physical activity
Lack of sunlight exposure
Inadequate calcium intake

AN z(r)r?c:k(ijr%t > Poor nutrition
Comorbidities
Excess alcohol Multiple pharmacotherapy
Childhood Teenager Young adult Middle age Old age Old age + fracture
Idiopathic osteoporosis B orexii Menopause Falls
Over-exercise 2° osteoporosis

1° and 2° amenorrhoea

Causes

5.2 Risk factors for osteoporosis and fracture.



important, but the body mass index (BMI) is a simple way
of estimating the overall adequacy of nutrition; it is
recommended that the BMI is 19 or above.

Steroid treatment at these ages, especially if in high doses,
for diseases such as asthma, juvenile idiopathic arthritis,
systemic lupus erythematosis or rheumatoid arthritis, or
related to organ transplantation is a common cause of
osteoporosis developing in childhood and presenting with
low-trauma fracture. Cystic fibrosis now has a better
survival prognosis and the complication of osteoporosis
presenting with fracture is now becoming a problem
affecting these children’s quality of life. Prolonged
immobilization can affect skeletal development, such as
related to spinal injuries or cerebral palsy.

Diagnosis of osteoporosis is difficult by bone density in
the growing skeleton as it is dependent on stage of puberty
(Tanner stage), and the relationship of bone density with
fracture risk is not established for this age. However, it is an
important age to recognize those few young people with
these conditions that will put them at future risk of
osteoporosis and fracture. Reversing the risk factors is most
important, such as minimizing dose and duration of oral
steroid use in asthma or maximizing BMI and correcting
estrogen deficiency in anorexia nervosa. The evidence for
specific treatments such as bisphosphonates is small and the
outcome used is bone density. This is used as a surrogate for
future fracture risk, but the value of bone density at this age
in predicting events that may not happen for many years is
not established.

Children and adolescents should be made aware of the
importance of bone health and encouraged to follow a bone
healthy lifestyle with regular weight-bearing exercise,
adequate dietary calcium, sufficient sunlight exposure and
oily fish in the diet for vitamin D, and avoiding smoking and
excess alcohol. Those at specific risk need to be recognized
and managed appropriately.

Osteoporosis in clinical care

Case study 1

At 22 years of age, a young female was referred for
assessment of bone mineral density (BMD) because
of an eating disorder throughout her adolescence.
She had a late menarche at 16 years and then
irregular periods for 3 years and had since been
receiving deoprovera injections for contraception. She
had always been thin and her BMI was 16.4 when
she was 18 years old. When she was assessed at 22
years her BMI| was 18.5. She admitted to anorexia
and also periods of bulimia. Her bone density was low
with a Z-score of -2.19 in the lumbar spine and -2.05
in the proximal femur. She was counselled about her
poor bone health and future risk of fracture and she
was strongly recommended to improve her nutrition,
to gain weight, and to use the oral combined
contraceptive pill. As her grandmother had recently
fractured her hip and lost her independence as a
result, she followed the advice; when reassessed 2
years later she had gained 6 kg in weight, achieving a
BMI of 21.5, was taking oestrogen in the form of the
oral contraceptive pill, and had increased her bone
density in the lumbar spine by 5.74% per annum and
in the proximal femur.

Comment: Anorexia nervosa is a very important
cause of low bone mass in adolescence that can lead
to osteoporosis in later life. Sometimes it is severe
enough to cause osteoporosis and fracture at an
early age. Management is to improve diet and body
weight and ensuring adequate oestrogen levels. It is
often very challenging to treat as the person often has
a resistance to gaining weight and they frequently do
not wish to take oestrogens. Concern about
osteoporosis and fracture can sometimes help
encourage the person to accept a higher weight.

The gain in bone mass demonstrated in this case
is exceptional with an initial rapid increase in bone
density but sustained improvement, but this shows
what can be achieved if there is good concordance
with recommendations.

149
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Case study 2

This 17-year-old boy has cystic fibrosis and was seen
in the Osteoporosis Clinic for assessment of risk of
future osteoporosis. His bone density in the lumbar
spine was Z score -2.29. He had a calcium-poor diet
and was not able to do a lot of physical activity, being
limited by breathlessness. He was encouraged to do
more weight-bearing activities and advised how he
could achieve this despite impaired respiratory
capacity by a physiotherapist. He was given calcium
and vitamin D supplements. His bone density will be
repeated in 2 years and if it worsens further
compared to what would be expected for his age,
then pharmacological treatment may be considered.

Comment: The outcome of cystic fibrosis has
improved but with improved survival the complication
of osteoporosis due to the condition, its effects on
mobility and its treatment has become more of a
problem. Low BMD can occur as a consequence of
decreased exercise, glucocorticoid therapy,
malabsorption, low body weight, and chronic
infection. Adequate calcium and vitamin D is
important in the diet or through supplementation,
along with maximising weight-bearing activities. This
will need physiotherapy advice. If bone density is very
low during adolescence or early adulthood, then
pharmacological treatment is used to improve it, with
the aim of preventing fractures at an early age.

Adulthood

Peak bone mass is achieved in early adulthood. This is
dependent on genetic factors and other personal and
lifestyle factors during the first 2-3 decades. Bone mass
declines from mid-life onwards, due to an imbalance
between formation and resorption. Any factors which cause
an imbalance between formation and resorption or
increased bone turnover will lead to bone loss and future
osteoporosis with increased fracture risk.

Premature loss of sex hormones will result in the early
onset of bone loss, such as associated with secondary
amenorrhoea or premature menopause (i.e. before 45 years
of age). Infertility is often associated with low oestrogen
levels that need to be treated beyond the management of

Case study 3

A 12-year-old boy had developed systemic juvenile
inflammatory arthritis (Still's Disease) at the age of
4 years. He required corticosteroids to control his
disease adequately from a year from its onset, often
at high doses. At the age of 11 years he suddenly
developed severe back pain, initially localized to the
low back, but after a day he had pain radiating
around the whole torso. His mobility was further
reduced. X-ray showed a wedge fracture of T11 and
loss of anterior height of several lower thoracic and
lumbar vertebrae. He was commenced on alendronic
acid.

Comment: The need for high-dose corticosteroid
treatment in childhood is not common but can lead to
major skeletal complications with osteoporosis,
fracture, and avascular necrosis. Antiresorptive
therapy is used to prevent and treat steroid-induced
osteoporosis, and this should be considered at the
initiation of high-dose corticosteroid therapy.
Parenteral bisphosphonate in the form of pamidronate
has often been used. It is also important to minimize
the dose and duration of corticosteroid in disease
suppressing therapy. The consequent fractures will
add to the problems of the child and need to be
managed in terms of pain control and minimizing
disability.

infertility. Pregnancy can be rarely associated with
osteoporosis with rapid loss of spinal bone mass and
fracture, but may also relate to surgical removal or chemical
ablation of the ovaries or testes.

Conditions may develop which increase the risk of
osteoporosis due to factors such as their inflammatory
nature, resultant reduced mobility, impaired nutrition, or
treatment with corticosteroids (7Table 2.8). Lifestyle factors
continue to be very important at this age. Smoking and
excess alcohol will continue to have a harmful effect on the
skeleton throughout life and need to be avoided. This is
currently a major problem as the current trend is an increase
in these risk factors in young adults. Maintaining physical



activity is very important at this stage of life for bone and
general health, and there is a similar current trend to
increasing physical inactivity and loss of fitness. Regular
exercise is recommended, but it should not be promoted in
a way that discourages those who are not wishing to go to a
gym or go jogging. Weight-bearing exercise such as brisk
walking is also of value and may be more sustainable into
later life.

This is an important age to promote a bone healthy
lifestyle to establish patterns of behaviour that will continue
throughout the rest of life. It is also important to recognize

Case study 4

A 33-year-old woman has primary amenorrhoea due
to a rare condition, Kallman’s syndrome. Her bone
density in the lumbar spine was T -3.23 and in the
proximal femur was T -3.37. She had sustained low-
trauma fractures of her wrist and metatarsals. This
was despite taking hormone supplements in the form
of the combined oral contraceptive pill for over 12
years from 18 years, and then combined hormone
replacement therapy. In Kallman’s syndrome, there is
a specific lack of gonadotrophin-releasing hormone
(GnRH) which normally stimulates excretion of both
luteinizing hormone (LH) and follicle-stimulating
hormone (FSH). These gonadotrophins are necessary
to stimulate ovarian follicular development and
ovulation and absence results in amenorrhoea,
infertility, and the consequences of oestrogen
deficiency. GnRH therapy is now possible.

Comment: Sex hormones are important for the
normal development of bone mass and any deficiency
during the years of skeletal growth and consolidation
will increase the risk of future osteoporosis. This
needs to be recognized and treatment given to
ensure normal oestrogen levels throughout
adolescence and adulthood until the expected age of
menopause. Sometimes amenorrhoea or
oligomenorrhoea is associated with a low BMI and/or
over-exercise syndrome. Inadequate oestrogen levels
may present as infertility and, after treatment for this,
the use of ongoing oestrogen needs to be considered
to benefit bone health.
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those situations which arise during this age that will increase
the risk of osteoporosis and fracture in later life. Risks need
to be reduced by the best management of the condition that
increases the risk, such as good control of rheumatoid
disease with suppression of inflammatory disease activity,
avoiding long-term corticosteroids, and maintaining
physical function. Bone active drugs such as
bisphosphonates are sometimes used at this age if the risk of
future fracture is considered high enough, although there
are little data about the long-term benefits of such an

approach.

Case study 5

A 51-year-old woman had a bilateral salpingo-
oophorectomy and partial hysterectomy for
tuberculosis at the age of 23 years. She received
oestrogen replacement therapy for 2 weeks following
surgery. Her aunt had breast cancer and she was
advised against taking prolonged oestrogen
replacement therapy. At the age of 51 she was
markedly osteoporotic, with a bone density in the
lumbar spine of T -3.28 and in the proximal femur of
T-3.19.

Comment: She is now at high risk of future fracture. It
would have been advisable for her to have taken
oestrogen replacement therapy up to the expected
age of menopause to ensure she developed and
maintained her peak bone mass. Treatment with an
antiresorptive drug to improve and maintain bone
mass is now indicated but the duration of therapy for
someone at this age to prevent fracture effectively in
later life is unclear. A 10-year period of treatment with
reassessment of fracture risk at that stage to decide
on ongoing therapy would be a reasonable approach.
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Case study 6

A 41-year-old man developed asthma at the age of 18
years which was treated with inhaled steroids and
occasional courses of high-dose oral steroids. He
then required regular oral steroids with doses of
10-20 mg prednisolone daily. At 30 years, he twisted
his right ankle and fractured the distal tip of the left
maleolus, and he also fell that year and fractured the
right clavicle. At 33 years, he had avascular necrosis
of the right hip leading to a total hip replacement. He
also fractured several ribs during karate. He works as
a scaffolder but has not had any major accidents.

At 35 years his bone density was assessed with T
score lumbar spine of -4.61 and T score of the
proximal femur of -1.04. He has taken
bisphosphonates for the last 6 years and his bone
density has increased in the lumbar spine by 2.96%
per annum and in the proximal femur by 0.46% per
annum. He has been advised about avoiding trauma
such as karate and also at his work. He has not
sustained any further fractures.

Comment: Secondary causes of osteoporosis
commonly present in men. Corticosteroid therapy is a
common cause and this needs to be recognized more
in clinical practice so that prevention can be
considered. As is common in younger men, various
work and leisure activities can put these patients at
risk of fracture and advice needs to be given about
this along with treatment to improve bone strength.

Midlife: peri- and postmenopausal years

Specific causes of increased bone loss may develop in later
life. However, most people identified as having osteopenia
and osteoporosis at this age do not have a specific cause.
They may have a variety of risk factors that have increased
their likelihood of having a low bone mass and of sustaining
a fracture in the future; these risk factors can be used to
identify who should be formally assessed for bone density
and whether or not to treat. Identification of those at risk
and assessment by bone densitometry is, however, only
appropriate if the person is prepared to, and capable of,
taking any recommended treatment for long enough to
achieve its goal of fracture prevention.

Age is the most important risk factor for fracture and it is
most cost-effective to assess people for their risk when over
65 years, although those with specific causes of osteoporosis
should be recognized at all ages. Some of these causes are
more common at this stage of life (see Table 2.8).
Aromatase inhibitors used for treating postmenopausal
breast cancer will increase the risk of future osteoporosis.

Women and men at high risk can either be found by a
systematic approach at a health check or opportunistically
when being seen for an intercurrent problem. Risk factors
may be documented on health records. A low-trauma
fracture at this age, such as a Colles’s fracture, is a strong
risk factor for future fracture. Many people are not in
routine contact with their family physicians and public
awareness campaigns are needed to encourage them to
enquire about their individual needs for preventive therapy
for osteoporosis. Simple checklists such as the International
Osteoporosis Foundation One-Minute Test (3.13) can be
used.

A bone healthy lifestyle is recommended at all ages,
although the level of physical activity that is possible may be
reduced. In those with a high probability of future fracture,
specific treatments such as bisphosphonates, strontium, and
parathyroid hormone (PTH) have been shown to be
effective in reducing the risk of fracture.



Case study 7

A 57-year-old woman fell onto her outstretched hand
and sustained a Colles’ fracture. Her primary care
physician was concerned about her risk of sustaining
a subsequent fracture. As her mother fractured her
hip at 82 years, she was also concerned and wanting
to reduce her risk. She kept fit, taking regular walks,
and had a good diet including dairy products. She
smoked occasionally and drank 14 units of alcohol
weekly. She was referred for bone densitometry
which was lumbar spine T -2.32 and proximal femur T
-2.75.

Comment: She has a high probability of future
fracture because of experiencing a low-trauma
fracture, a maternal history of hip fracture, and a low
bone density. However, any further fracture may not
occur for several years. She needs to improve her
lifestyle by stopping smoking but she is already taking
regular exercise and has a good dietary calcium
intake. Pharmacological treatment with an
antiresorptive drug should be recommended to
reduce fracture probability. The ideal duration is
unclear at this age from present evidence, but 10
years of treatment followed by reassessment of
fracture probability to decide on ongoing therapy
would be an approach.

Case study 9
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Case study 8

A 72-year-old woman had presented with pain and
morning stiffness across her shoulders, in the upper
arms and in the thighs. Her erythrocyte sedimentation
rate (ESR) was 53 mm/h. A diagnosis of polymyalgia
rheumatica was made and she was commenced on
prednisolone. She took 15 mg daily for a month and
then 12.5 mg daily, but after 3 weeks she suddenly
developed severe low back pain and wedging of T11
was noted on X-ray. She had a bone density
assessment which was lumbar spine T -2.45 and
proximal femur T -2.37.

Comment: Corticosteroid therapy is associated with
increased bone turnover, bone loss, and increased
risk of fracture. The increase in bone turnover
following the initiation of corticosteroids can
occasionally result in the early manifestation of a low-
trauma fracture, in particular if bone density was
previously low. The increased fracture risk is,
however, in part, independent of bone density. The
decision to use prophylactic treatment to reduce
fracture risk is therefore based on dose of
corticosteroids, age, and a lower threshold of bone
density. Some guidelines suggest preventative
treatment if T score is lower than -1.5; or if
corticosteroid dose is =15 mg/day: or previous low-
trauma fracture; or age over 65 years.

A 67-year-old woman developed coeliac disease at the age of 5 years and was treated by diet but was never very
consistent about complying with it and has not been strictly gluten free until recent years. She was found to have
endomysial antibodies and 5 years ago was still found to have subtotal villous atrophy despite apparently being on an
appropriate diet. She has always had a low body weight. Her menarche was 13 and she had an early menopause at
41 years. She has not sustained any fractures. Her bone density was assessed at the age of 67 years and in the
lumbar spine the T score was -5.41 and in the proximal femur, -3.29. She was encouraged to comply with her gluten-

free diet and was being treated with alendronate 70 mg weekly.

Comment: She has severe osteoporosis and is at high risk of fracture. Treatment is indicated with an antiresorptive
agent but an alternative treatment to consider with such a low bone density is PTH, in particular if an X-ray of the
spine shows any vertebral deformity. Evidence shows benefit from PTH therapy in this situation, but access to this
treatment may vary in countries dependent on reimbursement criteria. This case also demonstrates the importance of

adhering to a strict gluten-free diet in coeliac disease.
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In old age

In the more elderly, the potential gain from any intervention
is greater because of the high probability of fractures in the
later decades of life. The opportunities for case finding are
greater at this age as many will be in contact with health
professionals for routine procedures such as flu vaccination
or as a result of various intercurrent problems.

It may become apparent that they have had events such
as a previous Colles’ fracture, an early menopause, or had a
fall in the last year that will increase their risk of sustaining
a fracture. The person may present with a low-energy
fracture of the limb bones or pelvis, a sudden onset of back
pain, or a gradual loss of height and stoop. Once a fracture
has occurred in the presence of low bone density, it is
considered established osteoporosis.

Risk of future fracture needs to be considered, including
the potential contribution of bone fragility and propensity to
fall. In addition, if they have recently sustained a fracture,
following a diagnostic workup (see page 68), any pain needs
to be controlled and function and independence restored as
far as possible through rehabilitation (see page 135). If they
are at high risk of further fracture, then prevention through
increasing bone strength and reducing risk of falls is
necessary.

Maintaining physical activity is important at this age, not
so much to increase bone strength but to reduce risk of
falling and to preserve general fitness. Balance and
coordination exercises should be considered, especially if
these are poor. Ensuring adequate calcium intake and that
vitamin D levels are adequate is important, but the evidence
for suggesting supplementing these further is not
established. The frail institutionalized elderly appear to
benefit most from calcium and vitamin D supplementation.

There are now several options for increasing bone strength
at this age with strong evidence-bases demonstrating fracture
prevention within 1 year in older people, including the very
elderly. Since life expectancy in an 80-year-old woman in
Western Europe is over 5 years, treatment of those at high
risk is appropriate. There is little comparative data between
the different treatment options to help decide which is most
appropriate in each circumstance. An important factor is the
likelihood of the person taking the treatment for the
necessary duration to gain benefit; factors such as mode and
frequency of administration will influence this.

Case study 10

At 81 years, a previously fit woman tripped over a toy
of her visiting grandchild, fell and sustained an
undisplaced cervical fracture of her right hip. It was
pinned, she was mobilized and discharged to her
home. She was in good general health but had
impaired vision. She had not fallen previously in the
last year and had good balance and coordination.
She did not like dairy products, did not smoke or drink
excess alcohol. She took very little outdoor exercise,
never having been a keen walker. Her menopause
was at 45 years and she had never taken hormone
replacement therapy. Her mother had also fractured
her hip when she was 79 years.

Comment: She has sustained a low-trauma fracture
which may relate to underlying osteoporosis. She has
made a good recovery but is at risk of further fracture.
Mortality is increased following hip fracture but mainly
in frailer individuals who have comorbidities and are
biologically aged. Risk factors for osteoporosis and
fracture include early menopause, poor lifestyle for
bone health, maternal history of hip fracture, and
having sustained a low-trauma fracture. Her lifestyle
needs to improve with adequate dietary calcium and
regular physical activity such as a daily brisk walk for
30 minutes. If she is willing to take long-term
treatment then her probability of further fracture can
be better estimated by also performing bone density
assessment. If this confirms osteoporosis (T = -2.5),
then the probability of further fracture is very high and
treatment will be cost-effective. Even without a bone
density measurement, the probability of a further
fracture at this age is high; however, some people will
not be osteoporotic and may not benefit so much
from pharmacological treatment. It would have been
appropriate to assess her for fracture probability by
bone densitometry before she sustained the hip
facture in view of the maternal history of hip fracture.



Case study 11

At 73 years, a frail woman with a long-standing
history of obstructive airways disease spontaneously
developed severe back pain at the level of her waist.
She had become stooped over the previous 4 years
with height loss of about 5 cm. She had not fallen.
She was feeling bloated after eating. She had been
treated with inhaled steroids for many years for
obstructive airways disease and usually needed 2—-3
courses of high-dose oral steroids each year for the
last 15 years when she had exacerbations associated
with chest infections. She had smoked heavily until
the age of 57 years. Her mobility has been limited by
her breathlessness for many years. She was thin,
with a BMI of 18.5. She had loss of anterior vertebral
body height at T11, L2, and L4 and had a wedge
fracture at L1.

Comment: She almost certainly has osteoporosis
causing her to sustain spontaneous vertebral
fractures. Long-standing obstructive airways disease
and corticosteroid therapy are contributory factors. It
is important to exclude other causes such as
myeloma and secondary malignancy. A bone density
measurement will add little to the clinical decision
making and the result in the spine difficult to interpret
because of the vertebral deformities. She has a high
probability of further vertebral of appendicular
fracture. Pharmacological treatment is indicated if she
is willing and able to take it long-term. She should
also take adequate calcium and vitamin D, and
supplements may be the best way of ensuring this in
the present situation. Physical activity should be
increased if possible. Balance and coordination need
to be reviewed and improved if necessary and
feasible. Use of systemic corticosteroids should be
avoided if possible.
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Conclusion

Osteoporosis can be effectively prevented and treated. As it
is so common, all people at all ages should be encouraged to
follow a bone healthy lifestyle. This will not only reduce the
future burden due to osteoporosis but will also reduce the
burden of other musculoskeletal conditions® and chronic
diseases®.

Situations may arise at any age that will increase the
probability of future osteoporosis and fracture and these
need to be recognized and action taken to minimize the risk.
As people get older and the 10-year probability of fracture
becomes high, then those at most risk should be identified
and treated if indicated. Once a fracture has occurred
related to osteoporosis, following appropriate fracture
management including pain control and rehabilitation, steps
need to be taken to prevent further fracture. This includes
improving bone strength and reducing the risk of falling. We
are now fortunate to have a range of effective interventions
to achieve this.
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