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Foreword 

Robert Lindsay 

The field of osteoporosis has advanced significantly over the past several years. 
Only ten years ago many individuals, physicians and scientists considered the 
diagnosis of osteoporosis only when patients presented with fractures. We now 
consider fractures to be the clinical sequelae of the underlying disease that is 
defined as osteoporosis. This emphasizes the importance of the skeletal changes 
in the pathogenesis of the fractures that occur, while allowing clinical recognition 
of the other processes that lead to increased fracture risk in the aging population. 
Thus, the underlying skeletal disease is now defined as follows: 

"Osteoporosis is a systemic skeletal disease characterized by low bone 
mass and micro-architectural deterioration of bone tissue, with a 
consequent increase in bone fragility and susceptibility to fracture risk. " 

That definition, which clearly describes the pathophysiology of the disease is, 
however, less useful to the primary care physician who has to deal in a pragmatic 
fashion with patients who might be at risk of osteoporosis, or who already have 
the disease. 

This volume addresses that issue. The editor, Dr. Piet Geusens, who is a world 
renowned expert in this disease, has assembled an impressive group of physicians 
and scientists to address the various aspects of this disease important in daily 
clinical practice. 

It has been suggested that the average primary care physician will see two or 
more patients with osteoporosis every single day in practice, but recognize less 
than 10% of affected individuals, while treating only a fraction of those 
recognized. The redefinition of osteoporosis in terms of bone density, gives 
clinicians a tool to identify asymptomatic patients. Bone density predicts the risk 
of fractures. Consequently, a clear definition of who to measure, what test to use, 
and when (and how frequently) to order the test is fundamental to the prevention 
of osteoporotic fractures. In many respects, clinical practice in this area equates 
to the management of hypertension of cholesterol. By and large physicians are 
unaware of these tests, cannot easily interpret the results, and have not had clear 
guidance on when intervention is appropriate. A clear text providing this 
information is a timely addition to the primary care physicians' bookshelves, 
from which it should frequently be consulted. 

Several approaches are available for both prevention and treatment of 
osteoporosis. Thus, on identification of high risk patients or those who already 
have fractures, physicians have the capacity to intervene with effective therapies. 



vi R. Lindsay 

Because of the overall impact of the disease, a significant research effort within 
the pharmaceutical industry is currently directed toward new therapeutic 
approaches, which physicians may have available in the future. However, in order 
to make best use of these new approaches, physicians need to increase their 
understanding of the disease and its current diagnosis and management in 
preparation for the increased choices of the future. It is clear that industry tactics 
are aimed at direct to consumer advertising, and consequently patients will be 
corning to physicians increasingly frequently with questions, and demands, 
relating to osteoporosis, its diagnosis and treatment. This clear and concise text 
will allow the interested physician, both specialist and primary care, to 
accomplish that. 



Preface 

Piet Geusens 

I wait for the doctor with pains in my back ... When will he come? ... 

He will tell he had first to cure the fractured leg of Aesculapius and the fractured 

arm of Apollo 

Plautus, Menaechmi 

It is part of the cure to wish to be cured 

Seneca, Hippolytus 

Science has a human and thus personal face. Especially when clinical scientists 
express their view in a concise form, to convince their audience about the 
scientific basis of clinical practice. 

Osteoporosis is an example of a disease that has evolved from an inevitable 
sequence of events towards a clinical disease that can now be diagnosed and 
treated. 

In this book, we have brought together scientists, who have devoted much of 
their time to unravel the backgrounds of such a frequently occuring disease as 
osteoporosis. The aim of their condensed contributions is to bring the progressing 
knowledge on osteoporosis within the reach of the busy practitioner in the first 
and second line of patient care. 

Some overlap and difference in opinion between the chapters was inevitable. 
However, this can be informative too, since each chapter was conceived to answer 
specific questions that arise in daily clinical practice, when confronted with 
osteoporosis in an individual patient. In the final chapters, authors try to look into 
the future, as it is highly conceivable that new approaches for the diagnosis and 
treatment of osteoporosis will emerge within the next few years. 
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Bone Structure and Function 

Marie-Christine de Vernejoul 

Bone consists of an abundantly calcified extracellular matrix. This tissue serves 
three functions: mechanical, protective for the vital organs and metabolic as a 
reserve of ions especially calcium and phosphate. Bone tissue undergoes 
continuous renewal in order to maintain the mechanical competence of the bone 
matrix. This is performed by two cells: osteoclasts which resorb the calcified 
matrix and osteoblasts that synthesize new bone matrix. 

Bone Matrix 
95% of the bone matrix is made of collagen I, the only collagen present in bone. 
The remaining part of the bone matrix includes proteoglycans. They might have 
a role in mineralization, but they also bind several growth factors (decorin binds 
transforming growth factor beta (TGF-~) and heparan sulfate binds fibroblast 
growth factor (FGF)). The non-collagenous proteins of bone are synthesized by 
the osteoblasts. Osteocalcin is the most abundant one and is specific for bone. Its 
function is not yet clear. The other non-collagenous proteins of bone, osteopontin, 
bone sialoprotein, and thrombospondin have an amino acid sequence (R-G-D) 
which mediates the attachment of the cells to the bone matrix and are involved in 
bone cells attachment and differentiation. 

Bone matrix is the most abundant reservoir of the organism for growth factors. 
TGF-~ and the other members of this family of growth factors, the bone 
morphogenetic proteins (BMF) are trapped in a latent form. The insulin-like 
growth factors (IGF-I and IGF-II) are bound to their binding proteins. 
Furthermore, the FGF is also present in the bone matrix. These growth factors 
are secreted by the osteoblasts and are also able to stimulate osteoblast 
recruitment and matrix synthesis. 

Bone Cells and Bone Remodeling 
Osteoclasts are highly specialized cells uniquely localized on endostal bone 
surfaces (Figure 1.1). Their origin is hematopoietic and they share a common 
precursor with the monocyte-macrophage. They are large polarized 
multinucleated cells with an average of 10 to 20 nuclei. Osteoclasts have a 
specialized cell membrane with folds and invagination at the interface with bone 
surface, called "ruflled border". In order to resorb the mineralized bone matrix, 
osteoclasts produce proteolytic enzymes and hydrogen ions in the 
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Figure 1.1. Bone cells and bone remodeling. 

microcompartment localized between the ruffled border and bone. Among the 
enzymatic equipment of the osteoclasts aimed at degrading the bone matrix, the 
tartrate-resistant acid phosphatase is quite specific. The osteoclasts produce also 
enzymes, such as cathepsin-K able to degrade collagen. They are active at the low 
pH found in the resorption microcompartment. The acidification of the 
mineralized matrix depends on proton production by carbonic anhydrase-II, 
which deficiency induces the lack of bone resorption and osteosclerosis, and 
proton excretion by a proton pomp, of the vacuolar type, located at the ruffled 
border. The osteoclasts are attached to the bone matrix during the resorbing 
process by integrins, of which the vitronectin receptor is the most important one. 
It has been shown that inhibiting this protein impairs bone resorption. 
Osteoclasts have receptors for calcitonin, which induce retraction of the cell from 
the bone matrix and therefore a transient cessation of bone resorption. 

Osteogenesis starts by recruitment and proliferation of pre-osteoblastic cells 
from a stem cell, progressive differentiation of these cells in osteoblasts and bone 
extracellular matrix synthesis. In the long bone the stem cell of osteoblast is 
present in the medullar stroma. The medullar stromal stem cell can give rise to 
adipocyte mesenchymal or chondroblast cells after induction by hormonal or 
local factors. Differentiation of osteoblasts is a complex issue. Initially, local 
mitogenic factors induce cell multiplication. During this phase of active 
proliferation cells express early genes such as oncogen c-fos and myc and histone 
H4. Phosphatase activity, an early marker of osteoblast function, appears also in 
this phase. After the proliferation phase, the osteoblasts express type I collagen, 
followed by osteocalcin and bone sialoprotein-I. Differentiating osteoblasts are 
attracted by chemotactism towards pre-existing bone matrix by growth factors 
and proteins of the matrix. Osteoblasts adhere to the matrix, polarize and secrete 
a new matrix. It is also believed that osteoblasts are directly involved in the 
mineralization of this matrix by budding from their cytoplasmic membrane of 
vesicules rich in alkaline phosphatases. Osteoblasts actively secrete all the growth 
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factors which will be trapped in the matrix. Also, they synthesize cytokines, 
mainly Interleukine-6 (IL-6), and the hematopoietic growth factor, Macrophage 
Colony Stimulating Factor (M-CSF) which might be responsible for osteoclast 
recruitment. Contrarily to the osteoclasts, the osteoblasts have receptors for 
several hormones including parathormone and estrogens and have a pivotal role 
in the response of the osteoclast to these hormones. 

Bone remodeling is a process allowing renewal of bone matrix (Figure 1.2). 
The cycle of bone remodeling lasts approximately 3 months in adult human bone 
and about 1 million bone remodeling units are present in the human skeleton and 
are activated sequentially. The start of the remodeling sequence is the activation 
phase which corresponds to osteoclast differentiation. In vitro studies showed that 
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soluble factors released by osteoblasts are required for this phase. These factors 
include the M-CSF. The second phase is resorption by osteoclasts which lasts 
about 15 days. The signal informing osteoclasts to stop digging the old matrix is 
not completely elucidated. Then comes the reversal phase: osteoblast precursors 
start to fill the resorption cavity. The growth factors stored in the bone matrix, 
are released in an active form during osteoclastic bone resorption and can 
subsequently stimulate osteoblast proliferation. They could therefore be involved 
in the physiological "coupling" between resorption and formation. 

This "coupling" between resorption and formation is dependent on local factors 
released by osteoclasts from the ancient matrix. Indeed the last phase is 
apposition of new matrix by osteoblasts and complete filling of the cavity by new 
matrix. This process leads to maintenance of bone mass and an equilibrated 
balance between resorption and formation. 

Cortical and Trabecular Bone 
Diaphyses are made of cortical bone whereas metaphyses (extremities of the long 
bones and vertebral bodies) are made of trabecular bone. Cortical and trabecular 
bone remodeling are described in Table 1.1. The number of bone remodeling 
units per volume is 20 times higher in trabecular than in cortical bone due to the 
higher size of the remodeling units in cortical bone. By contrast, as the whole 
skeleton is made for 90% of cortical bone, the number of remodeling units in the 
trabecular bone is only 3 time higher than in the cortical bone. Vertebrae consist 
of 50% trabecular bone, and 50% cortical bone, and femoral neck consist of 30% 
trabecular and 70% cortical bone. 

Table 1.1. Differences in bone remodeling in cortical and in 
trabecular bone (from M. Parfitt). 

Number of bone remodeling units 
per mm2 bone tissue 
in the skeleton 

Number of remodeling units 
activated each hour 

Renewal (% per year) 

Cortical bone 

0.2 
0.3 x 105 

100 
3-4 

Trabecular 
bone 

4 
1.4 x 105 

760 
25 

The activation frequency is a lot higher in trabecular as compared to cortical 
bone due to the higher interface of trabecular bone with the marrow which is the 
origin of both type of bone cells. The integration of all these data, explain that the 
renewal of trabecular bone is 5 to 8 times higher in trabecular bone. Therefore the 
consequence of a desequilibrium in the bone balance will be apparent earlier in 
trabecular (vertebrae) than in cortical (femoral neck) bone. 
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Physiology of Calcium Homeostasis 
and Bone Remodeling 

Dirk Vanderschueren & Roger Bouillon 

Normal Calcium Homeostasis 
Plasma ionized calcium (Cal is regulated within narrow limits. Only 43% of 
total plasma calcium (normal concentration between 8.3 and 10.3 mgldl) is 
ionized, another 10% is complexed to anions and the majority is bound to protein 
(90% to albumin). Normal concentrations of plasma ionized calcium therefore 
range between 1.8 and 3.0 mgldl. 

Calcium in plasma and extracellular fluid (the central pool of calcium) is less 
than 2% of total body calcium. The bulk of total body calcium (as for magnesium 
and phosphate) is present in the skeleton. The endoskeleton is composed of 
crystalline molecules such as hydroxyapatite CalO(P04MOHh which provides 
mechanical support and serves as a reservoir for the central pool of calcium. 

This central pool of calcium has large fluxes across three epithelia (bone, 
kidney and intestine) which are regulated and modulated by the calciotropic 
hormones (Figure 2.1). 

Adults in zero net calcium balance do not have net daily flux between the 
central calcium pool and bone. Thus urinary (plus sweat) calcium equals the daily 
net calcium absorption from intestine. Major deviations from zero calcium 
balance occur during skeletal growth, bone senescence, lactation and during 
disease. 

The Calciotropic Hormones 

Parathyroid Hormone (PTH) 
PTH is the major hormone of calcium homeostasis. PTH is secreted by the 
parathyroid gland which serves as the central detector of plasma calcium by a 
specific membrane bound G-protein coupled calcium receptor. 

The principal storage form in parathyroid secretory vesicles is the native 
hormone which consists of 84 amino acids. Although for full biological activity 
(binding to PTH-receptor), only the 34 amino terminal acids are needed, PTH 
circulates in its 1-84 form together with carboxy-terminal fragments that lack 
any relevant biological activity. Plasma calcium is the major modulator of PTH 
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Figure 2.1. The central pool of calcium has large fluxes across the 
kidney, intestine and bone. The figure shows daily fluxes in balance for 
a diet of 900 mg. 

secretion. When plasma calcium increases, PTH secretion is inhibited within 
seconds. PTH gene transcription and replication of parathyroid cell mass are also 
decreased by both calcium and 1,25(OH)2D3, respectively in a scale of hours and 
weeks. 

PTH acts to increase plasma Ca ++ concentration in three ways: 

• In the presence of permissive amounts of active Vitamin D, it stimulates bone 
resorption, resulting in release of calcium and phosphate. 

• It enhances intestinal Ca ++ and phosphate absorption indirectly by promoting 
the production of calcitriol in the kidney. 

• It augments active renal Ca ++ reabsorption in the distal tubule. 
PTH also reduces proximal tubular reabsorption of phosphate. On the other hand, 
PTH tends to increase phosphate entry in the extracellular fluid by its effect on 
bone and intestinal absorption. However, the urinary effect of PTH on phosphate 
usually predominates. Therefore it mostly tends to lower serum phosphate. 

Vitamin D 
Vitamin D (cholecalciferol) results from conversion of 7-dehydrocholesterol in 
the skin, during exposure to solar ultraviolet irradiation. Cholecalciferol (vitamin 
D3) must be distinguished from ergocalciferol (vitamin D2) which is produced by 
ultraviolet irradiation of the fungal steroid ergosterol. Following the 
photochemical conversion of 7-dehydrocholesterol to vitamin D, it is transported 
in plasma bound to a vitamin D binding globulin. Before exerting biological 
effects, vitamin D undergoes a series of further metabolic conversions. The first 
step involves its hepatic conversion to a 25-hydroxylated derivative [25(OH)D3], 
the major circulating metabolite and vitamin D store in the body. Subsequently, 
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the renal lex.-hydroxylase enzyme converts 25(OH)D3 to the biologically active 
form 1,25(OH)2D3 (l,25-dihydroxy-vitamin D or calcitriol). 

The main regulators of l,25(OH)P3 synthesis are the serum concentrations of 
l,25(OH)P3 itself, calcium (calcemia), phosphate (phosphatemia) and PTH. 
PTH is the major inducer of the renal 25(OH)D3-1ex.-hydroxylase. Calcium is both 
a direct and an indirect regulator of this enzyme but its indirect effect through 
regulation ofPTH is the more potent of the two. 

The principal effects of 1,25(OH)P3 on calcium metabolism are to increase 
intestinal absorption of calcium and phosphate by inducing the synthesis of 
several proteins, including a specific calcium binding protein and a Ca-ATPase 
involved in intracellular calcium transport and serosal calcium uptake, 
respectively. 

Vitamin D is also needed for appropriate bone mineralisation but, whether this 
is mainly an indirect effect via raising serum calcium and phosphorus or the 
result of direct stimulation of osteoblasts, is not firmly established. Bone 
resorption, however, is also stimulated by 1,25(OH)2D3 especially since this 
hormone is the most powerful stimulus for osteoclast differentiation. Other target 
tissues are the parathyroid glands, where l,25(OH)2D3 suppresses the formation 
ofPTH, and the kidney, where the main effect of 1,25(OH)P3 is downregulation 
of its own synthesis by suppression of lex.-hydroxylase as well as induction of 24-
hydroxylase activity, which is the first step in the vitamin D catabolic pathway. 

Calcitonin 
Calcitonin is a 32-amino-acid polypeptide. Calcitonin is secreted by the 
parafollicular cells of the thyroid gland. The major stimulus of calcitonin is 
calcium. Calcitonin directly inhibits calcium and phosphate resorption by the 
osteoclasts. However, at physiological rates of bone resorption, the effects of 
calcitonin are only minimal. The major effects of the calciotropic hormones are 
summarized in Figure 2.2. 

Bone Composition 
Bone is made up essentially of mineral, organic matrix, cells and water. The 
mineral amounts to about two-thirds of the total dry weight of bone. It is made of 
small crystals which chemically contain mainly hydroxyapatite. The organic bone 
matrix amounts to about 35% of the dry weight of bone. It consists of 90% 
collagen, which provides bone its tensile strength by a complex three­
dimensional structure, comparable to that of a rope. The remainder of the bone 
matrix is made of various non-collageneous proteins. The most abundant ones are 
osteonectin, osteocalcin, also called bone gla-protein (BGP), osteopontin and 
bone sialoprotein. 

There are 4 major types of bone cells: osteoblasts, lining cells, osteocytes and 
osteoclasts. The osteoblasts, which derive from mesenchymal stem cells located 
in the bone marrow, are the cells that synthesize the osseous organ bone matrix. 
In a second step, this matrix calcifies extracellularly. Modulation of bone 
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formation may occur at the level of the recruitment of new osteoblasts as well as 
through the alteration of osteoblast function, not only calciotropic and sex 
hormones in vitro, but also the insulin-like growth factors (IGFs), transforming 
growth factor (TGF-~), acidic and basic fibroblast growth factors (FGFs), 
platelet-derived growth factor (pDGF), bone morphogenetic proteins (BMPs) and 
prostaglandins, influence bone formation in vitro, but their role in vivo is not yet 
clear. In contrast, corticosteroids inhibit bone formation. 

When the osteoblasts are not in the process of forming bone matrix, they are 
flat and therefore called resting osteoblasts or lining cells. Both active and 
resting osteoblasts form a membrane at the surface of the bone tissue. 

Some osteoblasts are embedded within bone during the process of bone 
formation and mineralization. They are then called osteocytes. They are located 
in lacunae and interconnected by long cytoplasmic processes among themselves 
and with osteoblasts. Gap junctions at the membrane contact sites make a 
functional syncytium, allowing bone to respond to stimuli over large areas. These 
cell processes are located within canaliculi, which contain, together with the 
lacunae, the so-called bone fluid. As the surface of these lacunae and canaliculi is 
very large, in humans about 1000 m2, the bone fluid is in immediate contact with 
the mineral, with which it is in equilibrium. The osteocytes are thought to 
influence the composition of this bone fluid and therefore may also play a role in 
calcium regulation. Osteocytes are also well located for responding to mechanical 
stress and may play a key role in translating mechanical stress into changes of 
bone formation and bone resorption. 

",, __ !_TH ~.88'" PTH ~ __ .~) 'j 
- parathyroid glands di;~1 

kidney 

Figure 2.2. The major calciotropic hormones PTH and 1,25(OH)2D3 
constitute an integrated endocrine unit. It involves calcium sensing by 
the parathyroid gland, cooperative action of PTH and 1,25(OH)2D3, 
modulation of calcium fluxes across duodenum, bone and distal kidney, 
feedback on PTH and 1,25(OHhD3 synthesis by calcium and 
1,25(OH)2D3. 
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The fourth type of cell in bone is the osteoclast. It originates from the 
hematopoietic compartment, more precisely from the granulocyte-macrophage 
colony-forming unit (GM-CFU). Osteoclasts are usually large multinucleated 
cells that are situated either on the surface or within the' cortical or at the 
trabecular bone, often in depressions called Howship' s lacunae. Within the 
cortical bone, osteoclasts are located at the tip of the remodeling units, burring 
the vascular canals in which the new osteons will be formed. Osteoclasts resorb 
bone in a sealed-off microenvironment located between the cell and the bone. 
Bone resorption can be modulated by altering either the recruitment of new 
osteoclasts or the activity of mature osteoclasts. Both processes seem to be under 
the control of the cells of osteoblastic lineage, which synthesize some factors such 
as cytokines, acting directly on the osteoclasts and/or their precursors. 

The three main hormones modulating bone resorption are parathyroid hormone 
(PTH), 1,25 (OHh vitamin D3 (calcitriol) and calcitonin, the first two increasing, 
the latter decreasing resorption. Furthermore, estrogens in women and 
testosterone in men inhibit bone resorption, in part at least by decreasing the 
production of interleukin (IL-6). Menopause and ovariectomy, as well as 
orchidectomy, induce a dramatic increase in bone resorption, probably mediated 
by an increase in IL-6. 

Not only IL-6 but also the interleukins -1, -3 and -11 (IL-l, IL-3, IL-11), tumor 
necrosis factor-a. and -~ (TNF-a., TNF-~), macrophag~ colony-stimulating factor 
(M-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), stem 
cell factor (SCF) and prostaglandins may increase bone resorption in vitro. 
Interferon-y (IFN-y), TGF-~, IL-4 and IL-13 on the other hand, decrease bone 
resorption. Some of these cytokines are produced by the cells of osteoblastic 
lineage and therefore possibly involved in the osteoblast-osteoclast interaction. 

Modeling and Remodeling 
Bone is continuously being turned over by the two processes of modeling and 
remodeling. In the former, new bone is formed at a location different from the 
one destroyed, resulting in a change in the shape of the skeleton during growth. It 
therefore allows not only the development of a normal architecture during 
growth, but also the adaptation of skeletal architecture to mechanical stress in the 
adult. Furthermore, it increases the size of the vertebrae during adult life. In 
remodeling, which is the main process in the adult, bone resorption and 
formation occur in the same place without change in the shape of bone. Both 
modeling and remodeling, however, result in the replacement of old by new bone. 
This allows both the maintenance of the mechanical integrity of the skeleton and 
assures its role as an ion bank. 

The remodeling rate is between 2% and 10% of the skeletal mass per year. It is 
increased by parathyroid hormone, thyroxine, growth hormone and 1,25(OH)2 
vitamin D3, decreased by calcitonin, estrogen and glucocorticosteroids. It is also 
stimulated by microfractures and mechanical stress. The cancellous bone, which 
represents about 20% of the skeletal mass, makes up 80% of the turnover, while 
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Figure 2.3. Bone remodelling occurs in different phases. During the 
resorption osteoclasts replace the lining cells. During the reversal phase, 
osteoblasts replace osteoclasts and form osteoid that is mineralized 
thereafter. Finally, a new bone structural unit is formed. 

the cortex, which represents 80% of the bone, makes up only 20% of the 
turnover. The morphological dynamic substrate of bone turnover is the "bone 
multicellular unit" (BMU) or "bone remodeling unit" (BRU). The morphological 
entity formed when the process is terminated is called the "bone structural unit" 
(BSU) which corresponds to the packet in cancellous bone, and to the osteon in 
cortical bone. Both in the cortex and in the trabeculae, the first step of bone 
remodeling is activation of osteoclasts which erode bone. In a second step, the 
resorption sites are refilled by the osteoblasts. 

Normally, the amount of bone formed equals the amount destroyed, so that the 
balance is zero. The bone remodeling process is illustrated in Figure 2.3. 

Summary 
• Calcium homeostasis is dependent on 3 major organs (intestine, kidney and 

bone) and on 3 major hormones (PTH, 1,25(OHhD3, and calcitonin). 

• Bone composition is complex and contains matrix with minerals and proteins 
(collagen and others) 

• Bone is continuously turned over by osteoclasts and osteoblasts, during 
growth by modeling and during adulthood by remodeling. 
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Biomechanics of Bone and Fracture 

Lis Mosekilde 

The incidence of vertebral fractures has increased three- to fourfold for women 
and more than fourfold for men during the last 30 years. In the UK and 
Scandinavia, fractures of the femoral neck have shown the same pattern, with a 
two- to threefold increase in incidence for both men and women. The data are 
age-adjusted and therefore highlight the decrease in bone mass or bone quality 
from generation to generation. To arrest or reverse these increases in osteoporotic 
fractures, effective preventive regimens must be established. However, in order to 
do so, a basic understanding of age-related changes in the quality and strength of 
vertebral bone and of the femoral neck is crucial. 

Vertebrae 

Normal Age-related Changes 
When peak bone mass has been attained, at the age of 25-30 years, the vertebral 
body consists of a central trabecular network demarcated by a bony shell of 
approximately 400-500 f.lm thick. The cortical thickness and the density of the 
trabecular network are identical for young men and women, but the cross­
sectional area is 25-30% larger in men. This difference in cross-sectional area 
leads to a higher bone mass in men and also to a higher strength (or loadbearing 
capacity). In young individuals, the loading capacity of a lumbar vertebral body is 
of the order of 1,000 kg, or even more in men (Figure 3.1a). 

With age, the density and architecture of the internal trabecular bone change as 
a result of the remodeling process (which has a slightly negative balance). 
Concomitantly, there is a thinning of both the endplates and the cortical shell due 
to endosteal resorption of bone. As a result of these changes, the loadbearing 
capacity of the vertebral body is reduced to only l20-150 kg in an elderly 
individual. The decline in cortical thickness and in trabecular density are 
identical for men and women, but during normal aging there is a male-specific 
increase in cross-sectional area of the vertebral bodies. The modeling process 
causes this increase in cross-sectional area through periosteal apposition, and it 
acts as a compensatory mechanism for the age-related decline in bone density 
(Figure 3.1b). 
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Figure 3.1. (a) The vertebral body of a young individual. The 
trabecular network is dense and well-connected. (b) The vertebral 
body of an elderly individual. There is a loss of density and of 
structural integrity 

Osteoporosis 
In osteoporosis, the normal age-related changes in cortical thickness and 
trabecular bone density and connectivity become even more pronounced. The sum 
of these changes causes an extreme weakening of the vertebral bodies. The 
loadbearing capacity of whole lumbar vertebrae often declines to values around 
60-90 kg (i.e. a reduction from "peak" of around 90%). In osteoporotic patients, 
the cortical thickness declines to values around 120-150 /lm. The central 
trabecular architecture changes with loss of connectivity, due to osteoclastic 
perforations of the thin horizontal trabeculae (Figure 3.2a), and with formation of 
microcalluses on vertical trabecular structures due to overloading and 
microfractures (Figure 3.2b). 
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Figure 3.2. (a) Scanning electron microscopy showing osteoclastic 
perforation of a horizontal strut (the footprints of the osteoclast are 
still visible). (b) Scanning electron microscopy of a microcallus (early 
healing microfracture) located typically on a vertical trabecula. 
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The radiographic picture of such changes shows, primarily, an extremely thin 
structure of the vertebral trabecular network, with a predominance of vertical 
structures. Thereafter, small endplate depressions appear, as a result of thin 
endplates and the weakened trabecular structure beneath. The next stage is, 
typically, biconcave vertebrae followed first by wedge shaped vertebral bodies and 
finally by complete compression fractures. 

The strength of vertebral bone in osteoporotic patients is determined by both 
trabecular and cortical bone, but because the trabecular network has almost 
totally disappeared at this stage, the cortical ring assumes relatively more 
importance (Table 3.1). As in normal individuals, the size of the vertebral body is 
important for its loadbearing capacity, and several studies have shown that 
osteoporotic women typically have small vertebral bodies. 
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Table 3.1. Characteristic age-related changes in vertebral trabecular 
bone density, cortical thickness, strength, and strength of the cortex 

as a percentage of total strength. 

Age (years) 20-40 70-80 Osteoporotic 

Density (g/cm 3 ) 0.200-0.250 0.100-0.150 0.060-0.090 
Cortical thickness (mm) 400-500 200-300 120-150 
Strength (kg) 1000-1200 150-250 60-150 
Strength of cortical rim 25-30 70-80 80-90 
(% of total) 

The ratio between vertebral fractures in men and women was previously 
thought to be 1: 10, but new data show that this is incorrect and that the ratio is 
near 1: 2. 

The reason for this sex-specific difference can be explained by the differences 
in the aging pattern of men and women: (l) men achieve a higher peak bone 
mass than in women, mainly because of the larger cross-sectional area of their 
bones (25-30% larger than in women); (2) men have no accelerated bone loss in 
middle age; (3) men seem to be able to compensate for loss of bone material 
strength by increasing vertebral cross-sectional area with age; in addition, (4) 
men seem to have less tendency to trabecular perforation than women. 

Femoral Neck 

Normal Age-related Changes 
Like the vertebral bodies, the femoral neck consists of a central trabecular 
network and a relatively thin cortical shell. 

The age-related changes at the femoral neck site are identical to those 
described at the vertebral body site: a decline in trabecular density and 
connectivity and a thinning of the cortical shell. 

The femoral neck is very special, however, in that part of the neck is placed 
intracapsularly - this means that it is not covered by periosteal tissue - and 
therefore it cannot increase in size during normal aging due to periosteal 
apposition. For this reason, loading of the femoral neck might not prevent 
cervical fractures (intracapsularly) but only affect intertrochanteric fractures 
( extracapsularly). 

Fractures 

The femoral neck fracture also differs from the vertebral fracture by always being 
related to a trauma (e.g. a fall). Therefore, fracture incidence at this site is related 
not only to bone strength as such, but also to muscle strength and balance. The 
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ratio between femoral neck fracture in men and women is 1: 2.5, but some ofthis 
ratio might well be explained by the fact that women fall twice as often as men. 

The Importance of Loading for Maintenance of Bone 
Mass, Structure and Strength 
Loading affects the human skeleton through two different mechanisms: 
remodeling and modeling. 

The remodeling process, which causes thinning and perforation of the 
trabecular structures, will increase dramatically during immobilization (leading 
to bone loss of 60-70% within 6 months). However, loading the skeleton against 
gravity a few times daily will delay the remodeling process and thereby reduce 
the extreme loss of bone mass. 

Vigorous, daily exercise or sport might even be able to arrest the normal age­
related bone loss by decreasing activation of the remodeling process. 

The modeling process adds new bone to the periosteal surfaces; loading 
stimulates the process, leading to bones with larger cross-sectional areas and 
thicker cortices. Loading of the skeleton thereby leads to stronger bones and a 
decline in fracture liability. 

Summary 
Strength of vertebral bone and of the femoral neck is determined by several 
factors, including cortical thickness, trabecular bone density, architecture, and 
bone size. All these factors change with age as a result of the remodeling process. 

When the changes become pronounced, osteoporotic fractures occur. Although 
there are differences in the aging patterns between men and women, the general 
pattern for both sexes is identical and leads to an extreme loss of bone strength 
(70-80%). In osteoporosis, this loss of bone strength might well amount to 90% 
of "peak bone strength". 

Loading plays an important role in the maintenance of trabecular connectivity 
(through the remodeling process) and in the periosteal apposition (through the 
modeling process). Loading is therefore important for the maintenance of bone 
strength during normal aging - and exercise plays an important role in the 
prevention of osteoporotic fractures. 
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Epidemiology of Osteoporosis 

Richard W. Keen & Tim D. Spector 

Osteoporosis is a common skeletal disease characterized by low bone mass, 
deterioration of skeletal architecture and an increased susceptibility to fragility 
fracture. Osteoporotic fractures tend to occur at skeletal sites with a high 
trabecular bone content, with common fractures being in the thoracic and lumbar 
spines, the hip and at the wrist. These fractures are characterized by higher 
incidence rates in women compared to men, and a sharp rise in the fracture rates 
with increasing age. The lifetime risk for these common osteoporotic fractures in 
British men and women is shown in Table 4.l. Fracture incidence in the 
community shows a bimodal distribution with age, with peaks in youth and the 
elderly. Fractures in the young commonly affect long bones due to major trauma 
and their incidence is consequently higher in males compared to females. 

Table 4.1. Lifetime risk of the common osteoporotic-related 
fractures in U.K. men and women aged 50 years. 

Hip 

Vertebral (spine) * 

Distal forearm (wrist) 

Men(%) 

3 

2 

2 

Women (%) 
14 

11 
13 

*Data for clinically diagnosed vertebral deformity. 

Low bone mineral density (B:MO) is implicit in the definition of osteoporosis, 
and is a strong predictor for subsequent fracture. The World Health Organization 
has devised definitions for established osteoporosis (B:MO 2.5 standard deviations 
below the peak, young normal mean), and with these definitions it has been 
possible to estimate the prevalence of osteoporosis within populations. In the 
u.K. the prevalence of established osteoporosis in women aged 50-54 years is 
3.5% at the lumbar spine and 2.0% at the femoral neck. These prevalence rates 
are age-dependent, such that at the age of 70-74 years these figures have risen to 
15% at the spine and 20% at the hip. 

Hip Fracture 
Hip fractures represent the most serious of osteoporotic fractures, with an excess 
mortality at 6 months and a major associated morbidity in survivors. The average 
age when a hip fracture occurs in the UK is 79 years with most of these occurring 
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after a fall from a standing height or less. Potential modifiable factors in the 
etiology of hip fracture include the frequency of falls, the individual's response to 
the fall, and impaired skeletal structure and strength. There is a world-wide 
seasonal variation in hip fracture, with the highest occurrence being in the 
winter. This may be a consequence of the icy conditions increasing the likelihood 
of falls, a cold induced reduction in neuromuscular response to falls or to reduced 
vitamin D levels due to low sunlight exposure. Hip fractures are commonest in 
Northern European countries and from their descendents in North America. Most 
countries have seen a doubling in rates of hip fracture over the last 30 years 
although rates now appear to be plateauing. 

Vertebral Fracture 
Vertebral fractures are commonly asymptomatic and prevalence estimates can 
only be reliably obtained by radiological survey of the thoracolumbar spine 
although there remains a lack of a universally accepted definition for vertebral 
deformity and fracture. Recent data from the European Vertebral Osteoporosis 
Study has· suggested an overall prevalence of vertebral deformity of 
approximately 12% in both sexes. Spinal deformity was more common in 
younger males compared to females, probably as a consequence of occupation and 
trauma. This difference in prevalence rates between the sexes was reversed in old 
age, with women showing a steeper gradient in this age-related increase. 
Vertebral deformities are also associated with reduced life expectancy, probably 
as a consequence of pre-existing comorbid conditions. 

Forearm Fracture 
Forearm fracture incidence rates in women increase linearly from age 40-65 
years and then plateau, whereas in males the incidence remains constant between 
20 and 80 years. The age-adjusted sex ratio for these fractures is 4: 1 (female to 
male), which is more marked than for both hip and vertebral fractures. There is a 
seasonal variation in the incidence of wrist fractures, which is more clearly 
associated with falls onto an out-stretched arm during the winter months. 

Risk Factors 
Risk factors for osteoporosis and fracture include factors influencing bone mass, 
skeletal architecture, and tendency for falls. Many studies have identified 
epidemiological risk factors that are associated with these at the population level, 
although these risk factors appear too insensitive to act as predictive or diagnostic 
tools for individual subjects (Table 4.2). It remains to be determined however 
whether any of these risk factors can be modified in a cost-effective manner to 
significantly reduce the incidence of osteoporosis and the healthcare burden of 
fracture. 
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Table 4.2. Epidemiological risk factors for 
osteoporosis and fracture. 

Age 

Premature menopause 

History of amenorrhea 

Low body mass index 

History of anorexia nervosa 

History of hyperthyroidism 

Smoking 

Alcohol intake 

Caffeine intake 

Current use of benzodiazepines 

Current use of anti-convulsants 

Low exercise levels 

Inability to rise from chair 

Previous fractures 

History of maternal hip fracture 

Low bone density 

Increased hip axis length 

Low quantitative ultrasound 
measurement 
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Family and twin studies have demonstrated a strong genetic component to 
osteoporosis, with 60-85% of the population variation in BMD being attributable 
to genetic factors. Maternal history of hip fracture is associated with a 2-fold 
increased risk of hip fracture, and similar increases in the risk of wrist fracture 
are seen in those with a positive history of fracture at this in first-degree relatives. 
The genetic influence on osteoporosis risk may also have an influence on other 
known risk factors such as skeletal size, hip geometry, bone architecture and 
muscle strength. 

Conclusion 
Over the next 50 years the number of hip fractures in all countries will continue 
to increase due to an aging population. Osteoporosis is a complex multifactorial 
disease which remains asymptomatic until a fracture occurs and strategies need to 
be developed to accurately identify "high risk" subjects who may benefit from 
preventive treatments before the fracture occurs. Strategies for this may include 
combinations of risk factor profiles, bone density or bone structure measurements, 
bone markers or genetic markers. Understanding the epidemiology of 
osteoporosis and fracture risk may therefore ultimately aid in reducing the public 
health burden of this common disease. 
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Summary 

R. W. Keen and T. D. Spector 

Osteoporosis is a complex disease characterized by reduced bone mass, 
deterioration in skeletal architecture and an increased fracture risk. Common 
osteoporotic fractures occur at the hip, thoracolumbar spine and wrist (Colles' 
fracture). 

The incidence of osteoporotic fractures increases with age in both sexes. For 
white Caucasian women the lifetime risk for experiencing any osteoporotic­
related fracture is 30%. The lifetime risk in males is approximately 1/4 that of 
females. 

Fracture incidence is highest in those of Northern European background with 
lower rates being observed in other racial groups such as Afro-Carribeans. 
Fracture rates can however vary within countries with populations of the same 
racial background, suggesting the action of unique environmental factors. 

Hip fractures will increase in all countries over the next 30-50 years due to 
both an aging population and to an increase in the age-adjusted hip fracture 
incidence. 

The risk factor profiles for the 3 main osteoporotic fractures show both 
common epidemiological risk factors and also factors that appear site specific. 
Knowledge of these factors may accurately identify "high risk" subjects. 

Modification of key epidemiological risk factors may lead to a reduction in 
osteoporotic fracture and will ultimately reduce the burden of this common 
disease. 
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Pathophysiology of Fractures 

Michael R. McClung 

Fractures are the complication of osteoporosis much as strokes are the 
complication and result of hypertension. It is only through fractures that 
osteoporosis manifests its clinical effects or has clinical relevance. Fractures 
occur in patients with decreased bone strength who experience an injury. Thus 
the pathophysiology of fractures encompasses a multitude of factors which 
determine bone strength (bone mass, bone quality, age and skeletal geometry) 
and the frequency, nature of and effects of injuries (Figure 5.1). Each of these 
factors becomes more prevalent with advancing age, resulting in the exponential 
increase in the prevalence of fractures related to osteoporosis in elderly 
individuals. Understanding the determinants of fracture risk provides the basis of 
appropriate and effective interventions to reduce fracture frequency and the 
complications of osteoporosis. 

Osteoporosis 

Bone Turnover Rate 

Figure 5.1. Determinants of fracture risk. Both skeletal and non-skeletal 
factors are important predictors and determinants of fracture risk. 
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Peak Bone Mass 
The level of bone mass in adults is determined by the level of peak bone mass 
acquired during skeletal maturation and by the rate and duration of bone loss 
which occurs thereafter. Peak bone mass is attained by age 20-25 and is 
influenced by both genetic and environmental factors. The role of hereditary in 
determining peak bone mass is dominant and accounts for 60-80% of the 
variance in peak bone mass. The effect is in part related to body size and build, 
but is also related to other factors. Peak bone mass can be optimized by various 
environmental factors including nutrition (especially calcium and caloric intake), 
physical activity, and sex steroid status. The combined effects of heredity and 
these environmental factors can be modified by medical problems such as 
anticonvulsant and glucocorticoid use, intestinal malabsorption, type I diabetes, 
and chronic inflammatory conditions. 

Increased calcium intake in children and adolescents results in a modest 
increase in bone mass, but the extent to which this effects final peak bone mass is 
not yet clear. Growing children and young adults who habitually are more 
physically active have higher bone mass than their sedentary peers. Young adults 
of both genders who experience a delay in puberty or transient intervals of sex 
steroid deficiency after puberty seem to have lower peak bone mass. 

Bone Loss 
Following the acquisition of skeletal maturity, bone mass is relatively stable 
during young adult years, although some longitudinal studies suggests a very 
slow rate of bone loss beginning as early as age 30 in both men and women. The 
determinants of bone loss in healthy premenopausal women and young men, if it 
occurs, are not known. In women, a clear change in skeletal status occurs at 
menopause. As a consequence of estrogen deficiency, the rate of bone turnover 
increases and the imbalance between resorption and formation widens. As a 
result, bone loss accelerates to about 2% per year (measured by absorptiometric 
techniques). Within about five years, the rate of bone loss gradually slows to <1% 
per year. Recent studies demonstrate that the rate of bone loss again accelerates 
in advanced age, perhaps as a result of acquired inefficiencies of calcium balance 
including decreased intake of calcium and vitamin D, decreased solar exposure, 
impaired renal activation of vitamin D, and intestinal resistance to active vitamin 
D metabolites. Indeed, older individuals frequently have subclinical vitamin D 
deficiency and/or secondary hyperparathyroidism which may drive osteoclastic 
bone resorption and bone loss. This may explain the observation that calcium and 
vitamin D administration seems to have greater effects on bone mineral density 
(HMD) in older women compared to those in early menopause. 

Bone Mass and Fracture Risk 
The relationship between bone mass and fracture risk has been well studied in 
women over age 65. As bone mass decreases, fracture risk increases 
exponentially (Figure 5.2a). For every standard deviation (SD) decrease in bone 
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density, the risk of osteoporotic fracture increases by a factor of 1.5-2. The risk of 
hip fracture is even more strongly predicted by measuring bone density in the 
proximal femur, for hip fracture risk increases by 2.6 fold for every SD decrease 
in hip density. The relationship between bone mass and fracture risk is at least as 
strong as the relationship between blood pressure elevation and the risk of stroke 
and is much stronger than the association of serum cholesterol levels and the risk 
of heart attack. 

The nature of the relationship between bone density and fracture risk is such 
that a relatively large decrease in BMD from young normal values is required 
before fracture risk becomes clinically significant. However, in patients with very 
low bone mass, quite small changes result in significant changes in fracture risk. 
This in part may explain the large reduction in fracture incidence afforded by 
pharmacologic treatments which cause only small changes in bone density in 
patients with osteoporosis. 

Since the relationship between bone density and fracture risk is exponential, 
there is no true "fracture threshold", a level of bone density where fractures begin 
to occur. Rather, there is a progressive increase in fracture risk as bone density 
declines. From a clinical perspective, however, fractures related to osteoporosis 
are uncommon in individuals whose bone density is within 2.5 SD of the average 
young adult values, while individuals with BMD values below this value are at 
quite high risk of experiencing a fracture over the next few years. This then is the 
basis of the definitions of osteoporosis (such as that of the World Health 
organization) based solely on BMD values. 

Bone Quality 
As bone loss occurs, architectural changes accrue that further impair skeletal 
strength. The number of trabecular plates decreases as does the "connectedness" 
of the trabecular network. The relative importance of bone mass versus bone 
"quality" is difficult to determine, since practical methods of assessing bone 
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quality are not available. By the time clinical osteoporosis is evident, bone quality 
is impaired. How much bone mass must decrease before these architectural 
changes begin to occur is not known. The answer to this question will have 
potential importance in determining the most appropriate and optimal time to 
intervene with agents to prevent progression of bone loss and the deterioration of 
bone quality. In addition to the macroscopic architectural changes, more subtle 
changes in bone quality may occur due to the accumulation of microdamage 
within the bone. As this structural damage occurs, bone fragility increases. The 
normal bone remodeling process minimizes this problem by repairing this 
microdamage. In patients with low turnover forms of osteoporosis, the 
accumulation of microdamage may be a very important component of skeletal 
fragility. 

Bone Remodeling 
In addition to its effect on BMD, an increased rate of bone remodeling appears to 
be a factor in fracture risk. Several studies now demonstrate that elevation of 
biochemical tests which reflect bone turnover or modulation of calcium 
metabolism are predictive of hip fractures in older women. These tests include 
biochemical markers of bone resorption (Type I collagen crosslinks) and bone 
formation (bone-specific alkaline phosphatase, osteocalcin), elevated parathyroid 
hormone and low serum 25(OH) vitamin D3 levels. These tests not only 
demonstrate the pathogenesis of fracture risk but may be useful clinically in 
assessing the need of individual patients for therapeutic intervention and for 
monitoring the response to therapy. 

Age 
Age itself is an important predictor of fracture risk. The risk of fracture due to 
osteoporosis doubles every 5-7 years. Only part of this effect is related to bone 
density changes with age. Older individuals are at greater risk of fracture than 
are younger subjects with the same bone density (Figure 5.2b). The effects of 
aging on fracture risk are a combination of age-related changes in bone density 
and quality, bone turnover rate and the risk of injury. Whether there is a unique 
effect of aging in fracture risk other than these effects is unknown. 

Skeletal Geometry 
It is clear that bone mass is not the only skeletal factor which affects bone 
strength or fracture risk. The geometry of material properties is of substantial 
importance in determining strength (see Chapter 3). One easily measured 
geometric variable is the hip axis length described by Faulkner et al., a measure 
through the long axis of the femoral neck from the trochanter to the inner margin 
of the pelvis. This value can be obtained from the image of the standard DXA 
BMD test of the proximal femur. The measurement is predictive of hip fracture, 
independent of bone density and body size, and seems to be the most valuable of 
many measurements assessed in the proximal femur. Differences in hip geometry 
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may explain, at least in part, the observation that Asian women experience fewer 
hip fractures than do Caucasian women, despite having lower bone mineral 
density, for the hip axis length is shorter in Asian compared to Caucasian 
women. 

Previous Fractures 
One of the strongest predictors of fracture risk is the presence of a previous 
osteoporotic fracture. Prevalent spine fractures increase the risk of subsequent 
fracture by two- to five-fold. Likewise, having one hip fracture is a risk factor for 
subsequent fractures of the other hip, and having a wrist or spine fracture also 
increases the risk of subsequent hip fracture. The mechanism of this effect is not 
known. It is independent of BMD, but may reflect altered bone quality or the 
presence of other extraskeletal risk factors. At least in the spine, the alteration of 
skeletal mechanics and loading characteristics of vertebrae adjacent to the 
fracture site is a likely component of this effect. A maternal history of hip 
fracture is also an independent risk factor for hip fracture in older women. 

Injury 
While patients with osteoporosis are at risk for increased fracture, not all patients 
with osteoporosis experience fracture. Almost all fractures due to osteoporosis 
occur after an injury, albeit minor. Most hip fractures (>90%) occur as a result of 
a fall (very few hip fractures occur spontaneously, causing the fall). About 50% of 
spine fractures are also related to falls. Fall frequency increases with aging. Many 
studies have identified clinical risk factors predictive of falls (Table 5.1) or 
fractures (Table 5.2). 

Table 5.1. Important risk factors for falls. 

Use of sedatives 

Cognitive impairment 

Lower extremity disability 

Palmomental reflex 

Foot problems 

Disturbances of gait and balance 

Many of the determinants and predictors of falls are also known to be risk 
factors for fracture, underscoring the importance of falls in the pathogenesis of 
osteoporotic fractures. Incorporating an assessment of these risk factors for falls 
and fractures into daily clinical practice has two important roles. First, some of 
these risk factors for falls are correctable or modifiable, providing targets for 
therapeutic intervention with which to decrease fracture risk. Additionally, 
physicians can combine clinical risk factors with other measures such as BMD to 
more clearly stratify patients into gradations of risk. In one large study of hip 
fractures in elderly women, the great majority of hip fractures occurred in a small 
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set of subjects who had multiple clinical risk factors for fracture and the lowest 
BMD. 

Table 5.2. Important risk factors for fractures. 

Types of Falls 

Thinness, loss of weight 

Weakness 

Smoking 

Sedative medications 

Neurologic diseases 

Visual impairment 

History of falling 

Maternal hip fracture 

Prior fragility fracture 

Low bone mass 

The type of fall determines both the likelihood and the type of fracture. Falling 
forward usually results in a fracture of the distal radius. A fall into a sitting 
position may result in spinal fractures, while hip fractures most often occur when 
elderly subjects fall to the side, resulting in a strike to the trochanter. Individuals 
most likely to fall to the side are those who are frail and weak, have impaired 
balance, and who walk slowly. Recognition of such patients allows for 
appropriate interventions to decrease the frequency or effects of these fractures. 

Fortunately, most falls do not result in a fracture. The ability of persons to 
protect themselves from the effects of a fall influence fracture risk. Individuals 
who are strong and who have better reflexes are less likely to sustain a fracture 
when they fall. 

Other Injuries 
Fractures of the spine and ribs often occur with other minor forms of trauma such 
as an injury while twisting or lifting or being hugged vigorously. Education about 
proper safety precautions and body mechanics is important to minimize these 
injuries. 

Summary 
There are multiple determinants of fractures, many of which are related to each 
other by virtue of there increased prevalence with aging. Osteoporosis (or low 
bone mass) is a major risk factor for fractures, but it is not the only factor. 
Appropriate strategies for decreasing fracture frequency will include both 
pharmacologic and nonpharmacologic approaches which address the wide variety 
of risk factors for fracture with which our patients present. 
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Short- and Long-term Outcome of 
Osteoporotic Fractures 

Anthony R. Lyons 

Fractures taken as a whole increase in incidence with advancing age but those of 
the ankle, proximal forearm bones and digits have been shown to occur 
independently of the fall in bone mass associated with osteoporosis. 

The most common fractures in osteoporotic patients are those of the distal 
radius (Colles' fracture), vertebral body and proximal femur. These will be 
considered in this chapter. 

General Comments 
Fractures in osteoporotic patients heal normally with formation of appropriate 
fracture callus and remodeled bone. Satisfactory internal fixation to allow early 
mobilization or weight bearing is sometimes difficult to achieve and this limits 
the application of the principles of osteosynthesis in these patients. Low demand 
elderly patients tolerate a greater degree of malunion than would be acceptable 
for a younger individual. Treatment aims to restore function (and therefore 
mobility) as soon as practicable to avoid the higher degree of morbidity and 
mortality seen in such patients with pre-existing co-morbidities. It should 
therefore be carried out by an experienced surgical and nursing team with 
expertise in dealing with osteoporotic patients. 

Assessment of rehabilitation potential is vital for each individual case. Non­
surgical therapy including physiotherapy and occupational therapy are prescribed 
as appropriate and are directed at achieving a satisfactory functional outcome. 
Currently available drug treatments for osteoporosis including hormone 
replacement therapy, bisphosphonates and calcium and vitamin D do not appear 
to adversely affect fracture healing if taken in the recommended manner and 
doses. 

Vertebral Fractures 
These fractures may occur spontaneously or as a result of minimal trauma. The 
most usual sites for fractures to occur is the thoraco-Iumbar region (TIl - L4) 
and the mid-thoracic region (T5 - T8). The incidence is probably underestimated 
as many are asymptomatic. The proportion of all such fractures causing non-
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specific back pain is therefore unknown. Multiple fractures are associated with a 
greater degree of morbidity than single fractures. 

Short-term Outcome 
Many fractures remain asymptomatic and are found only incidentally on X-rays 
taken for investigation of chronic low back pain. Whilst fractures may indeed 
cause pain, back pain per se is so common in those past retirement age it may be 
attributable to other pathology. 

Onset of well localized pain after varying degrees of trauma (with the pain felt 
at the level of the fracture) occurring suddenly or over a very short (few days at 
most) timespan is characteristic of an acute vertebral fracture. The site of the 
vertebra affected and the radicular nature of the pain may differentiate it from 
that of an acute disc protrusion. There is usually no bone tenderness to be felt on 
palpation. The neurological signs are seldom sustained in the long term and only 
very rarely lead to surgical intervention. 

Fractured bone is a source of haemorrhage and this may be significant 
(particularly in multiple fractures). This may affect the retroperitoneal space 
leading to bowel ileus and abdominal distension. 

During this period the patient may be disabled by the combination of pain and 
paravertebral muscle spasm. 

Medium-term Outcome 
The acute pain and in particular associated radicular dermatomal pain may last 
for several months. It may give way to chronic back ache as the biomechanics of 
the back are altered by the new anatomical arrangements. 

Long-term Morbidity 
Repeated fractures lead to a loss of height and if of the wedge type seen 
commonly in the dorsal spine may lead to the development of a kyphosis. This 
increases the incidence of pulmonary complications by restricting thoracic 
expansion, decreasing vital capacity and exercise tolerance. 

The loss of abdominal cavity vertical height causes abdominal protrusion which 
increases the likelihood of symptomatic hiatus hernia and other more non­
specific gastrointestinal symptoms. A kyphosis may lead to increased neck pain 
and paravertebral muscle fatigue particularly if there is pre-existing degenerate 
cervical spine disease. 

Chronic pain and loss of normal body habitus may combine to cause 
depression. 

Mortality 
Mortality increases after vertebral fracture although interpreting data is difficult 
because of the associated co-morbidities. The increase is not seen immediately 
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after the fracture (and as discussed an unknown percentage of fractures are 
asymptomatic) but is continuous. 

Hip fractures 
The fractures usually occur as a result of mild trauma such as a simple fall. 
Almost all require surgical intervention as non-operative treatment is associated 
with the complications of immobilization including decubitus ulcers and 
pulmonary complications. 

Mortality and morbidity are associated with the fall, hospitalization and co­
morbidities. 

Short-Term Outcome 
Many patients are unable to summon help after falling and may be found 
hypothermic with a developing orthostatic pneumonia and decubitus ulcers all of 
which increase short term mortality. Hospital complications are common (>30%) 
and relate not only to the implants used in surgery (dislocation, fixation failure, 
infection) but also the complications of anaesthetic stress. They are correlated 
strongly with pre-surgery anaesthetic gradings (American Society of 
Anesthesiologists ASA Score). In-hospital mortality averages 10%. 

Long-Term Outcome 
Long term morbidity is high. A serious post-operative complication increases the 
1 year mortality by a multiple of three. Functional recovery results remain poor as 
assessed with relation to mobility and dependency. Prospective case controlled 
data are scarce and suggest that between 41 and 97% of all fractures regain pre­
fracture walking ability and this is positively associated with male sex, young 
age, absence of dementia or post-operative confusional state and somewhat 
counterintuitavely use of a walking aid prior to fracture. Implant specific 
complications including infection have been shown to reduce mobility but there is 
no clear relationship between type of fracture or type of implant 1 year after 
surgery. 

Hip fracture patients constitute one of the groups of long stayers in any hospital 
system and the ability to return home is an increasingly important outcome 
measure. It is especially important when the reported data suggest that those who 
return home have a 40-fold chance of remaining alive at 10 years as compared to 
those institutionalized. Those at home sustain only a 31% reduction in social 
function as compared to a 55% reduction in those transferred to a rehabilitation 
center. Return to independence is predicted by age less than 85 years, pre­
operatively being able to perform some activities of daily living, living with 
another and being able to walk independently at discharge. 

Patients with no residual pain do better after a hip fracture. Intracapsular 
fractures are associated with less pain than extracapsular fractures and also do 
better if the femoral head is replaced rather than screwed in situ - a finding 
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attributable to the stability of the implant in the femoral canal. It has been 
reported that at an average of 3.5 years follow up 45% of patients were still 
experiencing significant pain. 

Mortality 
Hip fracture is one clinical sign of declining general health. The death rates in 
patients sustaining a hip fracture exceed those of the general population. The 
death numbers are probably underreported but may be gleaned from follow up 
data of specific prostheses with an average of 30% one year mortality. 

If case controlled studies are examined the overall true (over that expected) 
mortality approximates to 15%. The mortality rate has been constantly shown to 
be associated with poorly controlled systemic disease (especially four or more co­
morbidities), cognitive dysfunction and operative intervention before stabilization 
of three or more co-morbidities. The associations between male sex, advanced 
age, institutionalization, fracture and anaesthetic type are less clear when co­
morbidities are taken into consideration. 

Fractures of the Distal Radius 
In 1841 Benjamin Colles described his eponymous fracture of the distal radius 
but data from prospective studies relating function to treatment are scarce. 
Nevertheless these fractures are common, painful and may require operative 
intervention to place the bony fragments in the most anatomical position. 

Assessment of outcome from published studies is difficult because of the 
differing classification systems used by authors. Reported results vary widely and 
are described here. 

Functional Outcome 
An analysis of over 1600 cases using the grading scale of Lindstrom showed that 
76% of cases achieved a satisfactory result within 6 months of injury. However, 
many patients continue to complain of subjective symptoms - as many as 46% -
97% in one series. 

Symptoms complained of include a feeling of weakness of the hand (2.3% -
6.6%), poor grip (18% - 35%) and persistent pain at the fracture site (24% -
75%). 

Increasing age appears to lead to poorer functional results and younger patients 
(less than 64 yr.) have been demonstrated to regain movement more quickly. The 
original degree of dorsal tilt of the distal fragment (i.e. the initial displacement) 
or fracture pattern has been shown to have no effect upon the end result except 
results are inferior in severely comminuted intra-articular fractures. Even perfect 
anatomical reductions have been associated with a 2-5% poor functional result. 

The residual dorsal tilt however has been shown to correlate with functional 
loss and the value of greater than 10° has been shown to lead to a greater than 
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40% unsatisfactory results. Angulation also significantly increases the loss of grip 
strength. 

Complications 
Reflex sympathetic dystrophy (algodystrophy) has commonly been reported after 
such fractures which develops within the first 9 weeks after injury. The incidence 
has been reported to be as high as 30% with some individuals remaining 
symptomatic at the six month stage. It may lead to pain and tenderness of the 
wrist with finger stiffness and vasomotor disturbances to produce a blue, cold, 
mottled, painful hand. 

Non-union of the radius is almost unheard, of however non-union of the ulnar 
styloid is relatively common and is most usually painless unless of the 
hypertrophic non-union type. 

The development of post-traumatic osteoarthritis varies from 3 - 18% with a 
higher incidence in comminuted intra-articular fractures. However, there appears 
to be a discrepancy between the radiologically apparent changes and 
symptomatology with only approximately one-third of affected patients being 
symptomatic. 

Median and ulnar nerve compression at the wrist is well described following 
Colles' fracture and is associated with intra-articular fractures, older age and 
residual dorsal angulation. The incidence of median nerve compression varies 
between 0.2% and 17% (mean 2.9%) in the literature. Symptoms may develop 
many weeks after the fracture has united and may also be associated with 
increased dorsal angulation. The majority of median nerve compressions require 
no formal surgical input. Ulnar nerve compression is much less frequent (> 1 %). 

Tendon injuries are uncommon (extensor pollicis longus tendon rupture 0.5%-
1 %), with 44-72% occurring in undisplaced fractures and the majority occurring 
within 9 weeks of injury. Rupture of extensor communis has been described but is 
very rare. 

Mortality does not seem to be higher in patients with Colles' fracture than the 
general population when co-morbidities are controlled for in the analysis. 
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Genes and Osteoporosis 

Chris White & John Eisman 

Osteoporotic fracture is the clinical endpoint of a lifetime exposure to factors that 
cause increased skeletal fragility and affects a large population of elderly women 
and men. Low bone mineral density predicts the risk of an individual sustaining 
osteoporotic fracture and can be viewed to represent the cumulative exposure over 
childhood, adolescence and adult years of a number of genetic and environmental 
factors that affect bone strength. The study of genetic factors in osteoporosis was 
previously complicated by the fact that fractures occur relatively late in life and, 
therefore, establishing pedigrees of affected and unaffected members within a 
family would be logistically complex. However, bone mineral density 
measurements that predict osteoporotic fracture have allowed the identification of 
individuals at increased risk of osteoporosis at a younger age. Bone mineral 
density values provide a quantitative measure of skeletal strength with normally 
distributed values. Individuals at increased risk of sustaining osteoporotic fracture 
lie within the lower end of this normal range. This has the advantage of replacing 
the categorical classification of fracture versus non-fracture with a continuously 
distributed variable and allows the identification of the degree to which genetic 
and environmental factors contribute to the variance of this trait. Moreover the 
identification of genetic factors that determine bone strength must consider the 
trait in the light of environmental exposure. It is conceivable that genes that pre­
dispose to low bone density and fracture in one environment may be protective in 
a different environment. The study of genetic factors that determine bone 
strength, therefore, must consider the environment in which the genes are 
exposed and the context in which those observations are made. 

Genetics of Osteoporosis 

Osteogenesis Imperfecta as a Discontinuous Trait 
Understanding the molecular basis of disorders that lie beyond the clinical and 
quantifiable normal range has contributed to our understanding of normal bone 
physiology. Mutations within a number of specific genes have been shown to 
affect key regulatory and developmental processes in skeletal maturation, 
turnover and integrity. Thus within a population a small number of individuals 
and family members sustain fractures that are distinct from the expected clinical 
presentation and pattern of inheritance evident in the wider population. These 
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distinct clinical entities can be viewed as being discontinuous from the normal 
population distribution of bone mineral density and expected clinical presentation 
of osteoporosis and substantial progress has been made in identifying the genetic 
basis of these disorders. A specific set of gene mutations are responsible for these 
syndromes that are phenotypically similar and yet occur at an earlier age and/or 
demonstrate a more classic Mendelian pattern of inheritance with affected and 
unaffected family members associated with segregating mutations and markers of 
the disease. 

Osteogenesis imperfecta in its various forms presents the model of a 
discontinuous trait and disease. Mutations within the coding region of Type 1 
collagen genes cause osteogenesis imperfecta, with a number of inheritance 
patterns and degrees of clinical severity that range from spontaneous fractures 
in utero and childhood years to more mild forms that overlap with the expected 
pattern of osteoporosis in the wider community. The study of these traits, with 
earlier onset of disease and identification of affected individuals, has been 
assisted by the ability to perform classic linkage studies with segregating modes 
of transmission between generations within families. 

Type 1 collagen is the major structural protein in bone and consists of a 
heterotrimeric complex of two al and one a2 molecules. The majority of patients 
with osteogenesis imperfecta have mutations in the gene for either the pro al (I) 
chain or the pro a2 (I) chain of type 1 procollagen. The mutant procollagen 
molecules act in a dominant negative manner. They are incorporated into the 
type 1 procollagen molecule that also contains normal pro a chains and cause 
increased susceptibility to degradation and impaired formation of the 
extracellular matrix and mineralization. The severity of the clinical phenotype 
appears to be related to the level of mutant gene expression, the type of mutation 
and its position within the coding region of the alpha chain. These defects in type 
I collagen lead to altered skeletal integrity and composition with measurable 
reductions in bone mineral density, and increased fragility clinically evident as 
fracture. However these discrete mutations that cause osteogenesis imperfecta 
affect only a minority of patients within a population. At low frequency they 
cannot explain the genetic contribution to variability in bone mineral density and 
the majority of women and men at increased risk of sustaining osteoporotic 
fractures do not possess these mutations. 

Continuous Traits and Quantitative Analysis 
Non-invasive techniques for the accurate and reproducible measurement of bone 
density of the appendicular and axial skeleton allow for the objective evaluation 
of any genetic influence on this trait. From early childhood to adolescence bone 
mineral density increases slowly before a pubertal increase in skeletal growth 
increases bone mass and density towards its peak level. With further aging bone 
is subsequently lost from this peak level, and bone density at advanced age can be 
considered a summation of genetic and environmental factors that influence peak 
bone density and its subsequent loss. Within a population sample men and 
women of the same age exhibit a wide population variance in bone density with 
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two standard deviations exceeding 20% of the mean bone mineral density value. 
Part of the variability of bone mineral density is related to age which can be 
viewed as an index of environments which change significantly over a lifetime. 

Variability in a continuous trait such as bone mineral density arises from the 
multifaceted interaction between changing environments and inherited factors 
and differs from Mendelian disorders in that heritability does not follow simple 
segregating modes of transmission. Twin studies provide the opportunity to 
investigate the relative contribution of genetic and environmental effects to the 
variability of bone mineral density. While environmental effects such as calcium 
intake, smoking, alcohol, physical exercise and particularly the menopause are 
important factors in determining bone mineral density, these studies have 
identified that genetic factors are the major determinant of bone mineral density, 
contributing up to 80% of the variance in peak bone mineral density. Moreover 
genetic factors that determine bone density at different sites within the axial and 
appendicular skeleton are predominantly shared. However a proportion of 
specific genetic and environmental effects are operative at sites such as the 
femoral neck. This would be consistent with unique genes and environmental 
effects such as exercise and muscle mass influencing osteoporotic fracture risk of 
the hip. The rate at which bone density changes may also be under genetic 
control although it is not known whether the same genes that modulate peak bone 
mass also determine its loss. 

Having identified that genetic effects are predominant in determining bone 
mineral density the quest for specific genes has led to the identification of a 
number of candidate gene markers that include polymorphisms of the vitamin D 
receptor and type 1 collagen genes. In comparison to mutations in the coding 
region of genes causing discontinuous traits such as osteogenesis imperfecta, the 
majority of the polymorphisms linked to quantifiable continuous traits such as 
bone density reside within regions that do not code for specific mutations (e.g. 
promoter, intronic or flanking regions) and the molecular basis for any genetic 
effect is unknown. 

The majority of candidate gene studies have been performed in association 
studies and have provided conflicting results in different populations as to 
whether a candidate marker, such as the vitamin D receptor gene polymorphism, 
is contributing to low bone density and increased osteoporotic fracture risk. 
Association studies of a genetic marker with a trait such as low bone mineral 
density determine whether the marker is over-represented compared to that 
expected from the frequency of the marker within the population studied. These 
studies are weakened in the presence of gene-environment interactions, 
unidentified population admixture or recombination events within populations. A 
significant gene-environment interaction occurs where genotype determines the 
physiological response to an environmental variable. Polymorphisms of the 
vitamin D receptor are related to differences in gut calcium absorption under 
conditions of dietary calcium restriction which are not present on a replete diet. 
An analysis of allele frequencies in populations that have inadvertently mixed 
together, including one population with higher bone density, will lead to the 
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detection of an apparent association between genotype and bone density even 
when this association does not exist. Recombination between the marker and 
effect gene could also explain differences between studies in different 
populations. The polymorphism may be linked to an effect gene distant from the 
marker in one population that is not evident in other populations because of 
recombination between the marker and the responsible gene. 

Linkage studies provide stronger evidence for a genetic marker contributing to 
bone density. These studies within families and between sib-pairs provide 
evidence that inheritance of the marker and the trait are linked. Importantly the 
ability of these studies to detect a genetic effect depends upon the heritability of 
the trait, the discordance in bone mineral density between relatives and the 
number of relationships and markers tested, allele frequency and gene 
dominance. As a highly heritable trait, bone mineral density is suitable for these 
quantitative trait analyses but further studies into the genes that influence bone 
density and osteoporotic fracture risk in the general popUlation will require 
consideration of the environment in which those observations are made, 
particularly in relation to those factors already known to influence bone density. 
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Bone Densitometry, X-Ray and 
Quantitative Ultrasound 

Glen M Blake & Jgnac Fogelman 

In the past decade osteoporotic fractures have been recognized as one of the most 
significant problems in public health. In white women aged 85 years, 95% of 
fractures of the hip and spine, 80% of forearm fractures and 60% of fractures at 
other sites are caused by osteoporosis. In the age group 65-84 years the 
percentages are 90%, 70% and 50% respectively. Increased awareness of the 
scale of morbidity and mortality attributable to osteoporosis has led to major 
efforts to develop new treatments aimed at preventing fractures. Alongside these 
developments there has been rapid evolution of new radiological techniques for 
the non-invasive assessment of skeletal status. 

The technique most associated with the recent rapid growth in clinical 
applications of bone densitometry is dual X-ray absorptiometry (DXA). DXA was 
developed in the mid-1980s from the earlier technique of dual photon 
absorptiometry (DPA) by replacing the 153Gd radionuclide source used in DPA 
with a X-ray tube. The advantage ofDXA is that it allows measurements of bone 
mineral density (BMD) of the spine and hip with high precision, short scanning 
times and low radiation dose to the patient. The spine and hip are important 
measurement sites because they are frequent sites for osteoporotic fractures. 
Additionally, due to the presence of the metabolically active trabecular bone in 
the vertebral bodies, the spine is a sensitive site for monitoring response to 
treatment. 

Despite the widespread popularity ofDXA scanning of the spine and hip, there 
is continuing interest in new techniques for assessing the peripheral skeleton. In 
recent years the old technology of single photon absorptiometry (SPA) used to 
perform bone densitometry scans of the distal forearm has been updated by 
replacing the 1251 radionuclide source by a X-ray tube. Another new peripheral 
technique is quantitative ultrasound (QUS) scanning of the calcaneus. Bone 
ultrasound systems use frequencies in the range 0.1-1.0 MHz and measure 
broadband ultrasonic attenuation (BUA) and speed of sound (SOS) in the heel. 
The attraction of QUS devices is that they do not use ionizing radiation. 
Although DXA is presently the more widely accepted procedure, there is growing 
evidence that a QUS scan is predictive of fracture risk and is an effective 
substitute for a BMD measurement in the calcaneus. 
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Physical Principles of Dual X-Ray Absorptiometry (DXA) 
The fundamental principle behind DXA is the measurement of the transmission 
through the body of X-rays with two different photon energies. Because of the 
dependence of the attenuation coefficient on atomic number and photon energy, 
measurement of the transmission factors at two energies enables the areal 
densities (i.e. mass per unit projected area) of two different types of tissue to be 
inferred. In DXA scans these are taken to be bone mineral (hydroxyapatite) and 
soft tissue respectively. 

The replacement of the 153Gd radionuclide source used in DPA with a X-ray 
tube improved the performance of bone densitometers by combining higher 
photon flux with a smaller diameter source. The availability of an intense, narrow 
beam of radiation shortened scan times, enhanced image definition, and 
improved precision. Two alternative methods are used to generate the dual 
energy X-ray spectrum: 

(1) A rare earth filter with a K-absorption edge in the range 40-50 keY splits the 
X-ray beam into high and low energy components that mimic the emissions 
from 153Gd. Manufacturers selling DXA systems using this technique include 
Lunar (Madison, WI), Norland (Fort Atkinson, WI) and Osteometer 
(Roedovre, Denmark). 

(2) Switching the X-ray generator between high and low kVp during alternate 
half cycles of the mains supply. This method is used by Hologic (Waltham, 
MA). In Hologic scanners a rotating reference wheel containing bone and 
soft tissue equivalent filters calibrates the scan image pixel by pixel. 

FAN BEAM PENCIL BEAM 

Figure 8.1. Comparison of scanning geometry for a pencil beam DXA 
system with a single detector (right) and a fan beam scanner with a 
multidetector array (left). 
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Fan Beam Dual X-Ray Absorptiometry 
The first generation of DXA scanners used a pinhole collimator producing a 
pencil beam coupled to a single detector in the scanning arm. Since then the most 
significant development in DXA technology has been the introduction of new 
systems that use a slit collimator to generate a fan beam coupled to a linear array 
of detectors (Figure 8.1). 

Fan beam studies are acquired by the scanning arm performing a single sweep 
across the patient instead of the two dimensional raster scan required by pencil 
beam technology. As a result scan times have been shortened from around 5- 10 

___ -=-.... _:11 ill 

Figure 8.2. Illustrations of two advanced DXA systems. (a) The 
Lunar Expert-XL; (b) The Hologic QDR-4500A. 

b 
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minutes for early generation scanners to 10-30 seconds for the latest fan beam 
systems. 

In the latest commercial DXA systems such as the Lunar Expert and Hologic 
QDR-4500 (Figure 8.2) use of a fan beam coupled to a solid-state detector 
constructed in the form of a multi-element linear array has significantly improved 
image resolution. This allows easier identification of vertebral structure together 
with the artifacts due to degenerative disease that can limit DXA studies of the 
lumbar spine. By supporting the source and detectors on a rotating C-arm, these 
systems enable lateral scans of the spine to be acquired with the patient in the 
supine position. With further development this may allow the acquisition of 
clinically useful vertebral morphometry studies to investigate vertebral fractures. 

Dual X-Ray Absorptiometry of the Spine and Hip 
Scans of the lumbar spine and hip are the two most frequently performed DXA 
studies. There are several reasons for this choice, but the most important are the 
clinical significance of the spine and hip as sites of osteoporotic fractures and the 
belief that the most reliable indicator of fracture risk at any site is a BMD 
measurement at that site. Although osteoporosis is a systemic disease, the 
correlation coefficients between BMD values at different sites are typically 
around r ~ 0.7 and thus a BMD measurement at anyone site is far from being a 
perfect predictor of that at any other site. Therefore individual patients may show 
unexpectedly low BMD at the femoral neck compared with the lumbar spine and 
vice-versa. Thus many clinicians believe they can offer more reliable advice to 
patients about their treatment based on a combination of measurement sites 
rather than a single site only. The provision of a hip scan alongside a spine scan 
is particularly helpful in elderly patients in whom spine BMD can be elevated due 
to degenerative disease and therefore may not reflect true skeletal status. 

Another reason for performing BMD scans of the spine is the rapid turnover of 
the metabolically active trabecular bone in the vertebral bodies which makes the 
spine the optimum site for monitoring response to treatment. For this reason 
there is interest in performing DXA scans of the lumbar spine using the lateral 
instead of the posteroanterior projection since this isolates the vertebral bodies 
from the posterior elements and better approximates the objective of measuring 
trabecular bone free of the artifacts caused by degenerative disease. While some 
studies suggest lateral may be superior to conventional posteroanterior spine 
DXA for identifying patients with osteopenia and osteoporosis, other studies have 
reached the opposite conclusion. Thus the diagnostic potential of lateral DXA 
remains controversial. 

Peripheral X-Ray Absorptiometry 
Despite the widespread popularity of DXA scanning of the spine and hip, there 
has been continuing evolution of new instruments for X-ray absorptiometry 
studies of the peripheral skeleton. In single X-ray absorptiometry (SXA), a low 
voltage generator (40 kV) replaces the 1251 radionuclide source formally used in 
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SPA. SXA devices require the patient's forearm to be immersed in a water bath 
while the scan is acquired to correct for the effects of soft -tissue attenuation. The 
most recent development has been the introduction of peripheral DXA (pDXA) 
devices based on similar principles to standard DXA equipment. This dispenses 
with the need for a water bath and allows the patient's forearm to be scanned in 
air. 

The advantages of SXA and pDXA include the small footprint of the devices, 
relatively low price, and exceptionally low radiation dose. However, although a 
large number of studies have confirmed the ability of forearm BMD 
measurements to predict fracture risk, many clinicians prefer to base their advice 
to patients on spine and hip measurements. 

Quantitative Ultrasound Measurements of Bone 
The peripheral technique that has raised the most interest in recent years is 
quantitative ultrasound scanning (QUS) of the calcaneus. Interest in bone 
ultrasound studies developed following the report of Langton in 1984 that a 
measurement of broadband ultrasonic attenuation (EUA) in the calcaneus could 
differentiate between elderly women who had sustained a recent hip fracture and 
healthy elderly women with no history of fracture. The calcaneus was chosen as 
the measurement site because it is easily accessible, has a high percentage of 
trabecular bone, and is weight bearing with a similar pattern of loss as the spine 
in osteoporosis. 

Langton's studies showed that the attenuation coefficient for the propagation of 
ultrasound through the heel increased linearly with frequency and that, due to the 
high attenuation in trabecular bone, the frequency range 0.1-1.0 MHz was 
optimal for determining skeletal status. BUA is defined as the slope of the plot of 
attenuation against frequency and is measured in units of dBlMHz. 

Alongside BUA, most commercial QUS systems also measure the speed of 
sound (SOS) by dividing the propagation distance by the transit time. The 
accurate measurement of SOS in bone requires a determination of bone thickness. 
However, systems that use a water bath for coupling the ultrasound transducers to 
the patient's heel generally measure the time of flight velocity, defined as the 
mean velocity of sound through bone, soft-tissue and water. Contact systems 
using pads that press against the skin measure heel velocity, defined as the mean 
velocity through bone and soft-tissue. As with BUA, the relatively narrow range 
of calcaneal widths limits the impact of these different definitions on the clinical 
utility of the measurements. 

A major attraction of bone ultrasound devices is that they do not use ionizing 
radiation. The instrumentation is less expensive than X-ray technology and the 
contact systems such as the CUBA (McCue, Winchester, UK) and Sahara 
(Hologic, Waltham, MA) are highly portable. Therefore ultrasound has a 
potential for wider applicability than DXA which is largely restricted to major 
hospital centers. 
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Figure 8.3. (a) Illustration of the Osteometer DTU-one imaging 
ultrasound system. (b) Scan image of the calcaneus acquired using the 
DTU-one system. 

Most commercial ultrasound systems use a foot support that positions the 
patient's heel between fixed transducers. Thus the measurement site cannot be 
adapted to different size and shape of the heel. However, some devices such as 
the DTU-one (Osteometer, Roedovre, Denmark) produce images of BUA and 
SOS by performing a raster scan of the calcaneus thus allowing more consistent 
placement of the measurement site (Figure 8.3). 

A widely advocated advantage of QUS is that, because attenuation is largely 
due to the scattering of sound waves by trabeculae, BUA measurements contain 
information on the structural integrity of cancellous bone. In vitro studies have 
confirmed that BUA values correlate with histomorphometric parameters of 
trabecular structure. However, careful mapping of BUA, SOS and BMD in the 
calcaneus shows such high correlations that, notwithstanding the in vitro 
evidence, there is little variance left to be attributed to structure. This suggests 
that QUS scans are essentially a substitute for a BMD measurement in the 
calcaneus. 
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Future Developments in Dual X-Ray Absorptiometry 
DXA scanners have undergone rapid development with the introduction of fan 
beam systems that have reduced scan times from 5-10 minutes for first 
generation systems to 10-30 seconds for the latest technology. However, there is 
a limit to the value of these developments for routine bone densitometry studies. 
While appointment times have been reduced from around 30 minutes per patient 
to perhaps 15 minutes, it is difficult to see how patient throughput can be further 
improved. Moreover, there is little evidence that advances in technology have 
improved the precision of the BMD measurements, which is a key index of 
system performance, while radiation dose has tended to increase. There is a case 
for arguing that simpler and cheaper equipment that made DXA studies more 
accessible would be of greater benefit to patients. 

Future Developments in Quantitative Ultrasound 
The current status and future potential of ultrasound techniques have been 
explored in a recent consensus report. To date, the strongest evidence supporting 
QUS is the prospective studies of hip fracture prediction reported in elderly 
women. Although a strong case can be made that QUS is also expected to predict 
fracture risk in younger women, more epidemiological studies are required to 
clarify its role in investigating recently postmenopausal women. A limitation of 
ultrasound compared with DXA is the relatively poor precision of QUS 
measurements. This is important because it prevents the use of ultrasound 
technology in follow-up studies to monitor response to treatment. The problem is 
compounded by the lack of suitable phantoms for monitoring instrument stability. 
Notwithstanding these problems, QUS technology has the potential to provide a 
cheap, portable, radiation free method that will make bone densitometry studies 
more widely available. 

Summary 
Over the past decade growing awareness of the impact of osteoporosis on the 
elderly popUlation and the consequent costs of healthcare has stimulated 
development of new treatments to prevent fractures together with new imaging 
technologies to assist in diagnosis. With its ability to perform high precision 
measurements of the spine and hip, DXA is well suited to meet this latter need. 
The provision of scanning equipment has expanded rapidly and DXA studies are 
widely used in diagnosing osteoporosis and aiding decisions over treatment. DXA 
technology is also playing a major role in clinical research, especially in trials of 
new treatments. Whether DXA can meet the anticipated need for wider provision 
of diagnostic services to properly target these treatments is presently unclear. The 
major alternative is quantitative ultrasound measurements of the calcaneus. 
Although QUS technology is cheaper than DXA and is proven in its ability to 
predict fracture risk in the elderly, its future role remains unclear because of poor 
precision, lack of appropriate phantoms for quality control and doubts about how 
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predict fracture risk in the elderly, its future role remains unclear because of poor 
precision, lack of appropriate phantoms for quality control and doubts about how 
to interpret results in younger women. The outcome of this debate will determine 
the provision of bone densitometry services over the next 10 years. 
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Biochemical Indices and 
Bone Turnover 

Pief Geusens 

Biochemical indices are used in the differential diagnosis of osteoporosis and 
other metabolic bone diseases. In addition to the measurement of parameters of 
calcium homeostasis (calcium, phosphate, alkaline phosphatase) and the 
hormones controlling this process (parathyroid hormone, vitamin D metabolites), 
an increased number of specific markers of bone formation and bone resorption 
have been developped during recent years. 

Biochemical Indices in the Differential Diagnosis of 
Metabolic Bone Diseases 
Several biochemical indices are essential in the differential diagnosis of 
metabolic bone diseases. These biochemical indices should be measured in case 
of suspicion of secondary osteoporosis. In Table 9.1 some examples of this 
additional information in the differential diagnosis of osteoporosis and other 
metabolic bone diseases are given. 

Assessment of the Level of Bone Turnover 
The assessment of the level of bone turnover has markedly improved with the 
development of sensitive and specific biochemical markers in the circulation and 
urine reflecting the level of bone formation and bone resorption (Table 9.2). 

These biochemical indices of skeletal metabolism are valuable in the study of 
osteoporosis and have contributed to our understanding the pathophysiology of 
osteoporosis and the effects of treatment in group studies. At the time of the 
menopause, the biochemical indices of bone turnover increase markedly in the 
order of 30-100% and decrease after treatment with antiresorptive agents such as 
hormonal replacement therapy. Prospective clinical studies suggest a relation 
between parameters of bone turnover, bone loss and fracture risk. In some 
instances, the combination of bone mass measurements with parameters of bone 
turnover could better predict subgroups of patients at risk for accelerated bone 
loss. Bone markers are therefore likely to play an important role in the 
management of osteoporosis. A combination of markers for bone formation and 
resorption might reflect the different different events of the complex process of 
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bone remodeling, but the optimal combination which may influence therapy has 
not been yet defined. 

Table 9.1. Biochemical indices in the differential diagnosis of osteoporosis. Some 
examples of the value in differential diagnosis are shown. 

Measurement Change Differential diagnosis 

Calcium 
- serum 

- urine 

Phosphate 
- serum ..v 

- urine l' 
Total alkaline 
phosphatase l' 

Immunoreactive 
parathyroid 
hormone (iPTH) l' 

..v 
Vitamin 0 
metabolites 
- 25 (OH) 03 

Indices of bone 
turnover 
- formation 

- resorption 
l' 
l' 

increased bone resorption (e.g. 
hyperparathyroidism, bone metastasis, myeloma) 
parathyroid hypofunction or hyporesponsiveness, 
osteomalacia 
hypercalciuria (drugs, hyperabsorption from the 
gut, renal loss) 

hyperparathyroidism, heredetary or acquired 
osteomalacia 
phosphate diabetes 

Paget's disease, hyperparathyroidism, 
osteomalacia, fracture, renal osteodystrophy, liver 
disease 
hypophosphatasia 

hyperparathyroidism (primary, secondary) 
hypoparathyroidism 

deficiency (diet, sun) 

see Table 9.2 

The use of measurements of bone turnover in daily clinical practice in the 
individual patient is essential in the diagnosis and monitoring of diseases such as 
Paget's disease and tumor-induced osteolysis. However, in the evaluation of the 
patient with osteoporosis, the interpretation is hampered by the high intra- and 
inter-individual variations of these parameters. Indices of bone turnover show 
seasonal and circadian variations. Therefore, the use in osteoporosis is limited 
and studies are currently performed to further evaluate the place of bone turnover 
parameters in the diagnosis and treatment of osteoporosis in the individual 
patient. 
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Table 9.2. Biochemical indices of bone turnover in osteoporosis. 

Formation 
Total alkaline phosphatase 
Bone-specific alkaline 
phosphatases 
Osteocalcin 
Procollagen peptides 

Resorption 
Urinary calcium/creatinine 
Tartrate-resistant acid 
phosphatase 
Hydroxyproline 

Hydroxyline glycosides 

Pyridinium crosslinks 
(pyridinoline, 
deoxypyridinoline) and 
related peptides 

Suggested reading 

Source Measurement in 

liver - bone - gut serum 
osteoblasts serum 

osteoblasts serum 
osteoblasts urine 

bone - kidney - other organs urine 
osteoclasts - prostate - serum 
blood cells 
collagen degradation in bone urine 
- skin - liver 
collagen degradation in bone urine 
- skin -liver 
collagen cross-links in bone urine, serum? 
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Extraskeletal Risk and Protective 
Factors for Fractures 

Jan Dequeker & Steven Boonen 

Although there are general risk factors for all types of fragility fractures, the risk 
may differ according to the type of fracture and the period of life when these 
fractures occur. 

Two types of fractures are commonly distinguished: type I fractures occurring 
at trabecular bone sites, particularly at the spine and the forearm distal radius, 
affecting women six times more than men in the age of 50 to 65 years; type II 
fractures occurring at more cortical bone sites, in particular the proximal femur 
and the humerus and other long bones, affecting women two times more than 
men from the age of 70 years onwards. The pathophysiology behind each of these 
types is different. Type I osteoporosis is related to hormonal changes, in 
particular sex hormones and corticosteroids, while type II osteoporosis is related 
to aging and general fragility. 

Risk Factors - General Aspects 
In both types of fragility fractures additional factors have exerted for long periods 
a silent negative or positive effect on the bone reserves. Some of them are 
modifiable and others are not (Table 10.1). Among the modifiable factors 
corticosteroids play an important and strategic role. 

Although at present, the best risk factor estimation for osteoporosis is the 
measurement of bone density in particularly by DEXA spine or hip, clinical risk 
factors estimates should not be disregarded. Low bone density is only one of a 
number of the risk factors for fracture in menopausal women, some of which 
have similar independent estimates for risk association with fractures. These 
include a history of maternal hip fracture, previous fractures of any type after the 
age of 50, self-rated health as fair to poor, previous hyperthyroidism, inability to 
rise from a chair without using one's arms, a faster resting pulse rate, and poorer 
depth perception. 
An important new concept has recently emerged concerning risk factors for 
osteoporosis. Each risk factor on its own, although related to osteoporosis, is not 
sensitive and specific for detection of the patient with a low bone density and at 
high risk for fracture. But a combination of several risk factors is much more 
sensitive and helpful for identification of patients at risk for osteoporosis and to 
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assist in clinical decision making to prevent osteoporosis or to prevent further 
fractures at any age or period in life. 

Table 10.1. Risk factors for osteoporosis according to pathophysiologic 
background. 

Background 

Genetic 

Anthropometric 

Hormonal 

Dietary 

Lifestyle 

Concurrent illness 
and drugs 

Factor 

Family history of osteoporotic fracture 
Caucasians-Asians> Blacks 
Absence of generalized osteoarthritis 

Small stature 
Fair, thin, pale skinned 
Thin body habitus 
Long hip axis length 

Women> men 
Early menopause 
Late menarche 
Nulliparity 
Exercise-induced amenorrhea 
Anorexia nervosa 

Low dietary calcium 
Excess protein 
Excessive alcohol 

Sedentary 
Smoking 

Gastrectomy, hyperparathyroidism 
Rheumatoid arthritis 
Hyperthyroidism 
Cushing's syndrome, corticosteroid therapy 
Neurological diseases: cerebrovascular accident, 
Parkinson's disease, dementia 
Transplantation 

The National Osteoporosis Foundation of the United States uses a combination 
of the following risk factors: smoking, a maternal fracture history and low body 
weight. Individuals with more than two of these risk factors have a greater than 
30% increase in fracture risk at any age. 

Risk Factors More Specific for Hip Fracture 

Low Body Mass Index 
Both low body weight and low body mass index have been documented to 
increase the risk of hip fracture, even after adjustment for bone mineral density. 
This relationship may be partially due to an underlying, confounding 
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correspondence between body weight and bone mass as a result of enhanced 
conversion of androgens to estrogens in peripheral fat. However, low body mass 
index may also be associated with increased loads applied to the femur due to 
insufficient absorption of impact energy in soft tissues. 

Previous Fractures 
Several prospective studies have indicated that previous fractures of the proximal 
femur, the distal radius and the proximal humerus increase the risk of sustaining 
a subsequent fracture of the hip. Moreover, a woman whose mother had a hip 
fracture, especially before the age of 80, is at least twice as likely to have a hip 
fracture herself as a woman without such a maternal history. Other types of 
maternal fractures, on the other hand, do not increase hip fracture risk, and the 
risk is independent of bone mass, height, and weight. Inherited characteristics of 
the proximal femur besides density, or perhaps a propensity to fall on the hip, 
may account for this familial predisposition. 

Medical Conditions 
The onset of a fall initiates several types of protective responses which may 
attenuate the force of impact and decrease the risk of a fracture. As the 
effectiveness of these responses depends on muscle function, the decline in 
muscle strength that occurs with age might impair protective responses of elderly 
fallers. Consistent with this assumption, muscle weakness has been shown to be 
associated with the risk for hip fracture. In addition to neuromuscular 
dysfunction, poor visual functioning is likely to increase the risk of falls in 
general and to impair the protective responses when a fall occurs. Numerous 
studies have indeed indicated that impaired vision increases the risk of hip 
fracture. According to recent prospective evidence, poor depth perception and a 
reduced ability to perceive contrast may be particularly important, rather than 
impaired visual acuity. Similarly, fracture risk is also elevated in patients with 
cognitive impairment. Except for being associated with compromised protective 
responses, cognitive impairment may be associated with fracture risk because 
impaired judgment may predispose cognitively impaired persons to engage in 
more hazardous activities. 

Both thyroxine and triiodothyronine directly stimulate bone resorption, and the 
effect is dose-dependent. One consequence is an increase in bone turnover seen 
consistently with hyperthyroidism. The increase in bone resorption is not fully 
compensated for by an increase in bone formation, resulting in net bone loss. 
Clinically, this imbalance between bone formation and resorption is reflected by a 
strong association between hyperthyroidism and the risk of hip fracture. 
Deleterious effects of primary hyperparathyroidism on the skeleton have also 
been demonstrated in numerous studies, particularly at sites with a predominance 
of cortical bone. However, a recent population-based, prospective study did not 
show an increase in hip fracture risk in primary hyperparathyroidism. Finally, 
cross-sectional data have suggested an increase in hip fracture risk with non­
insulin-dependent diabetes mellitus, but these estimates were based on very small 



56 Risk and Protective Factors 

numbers. Moreover, almost all studies indicate that bone mass is unaffected by 
diabetes, and diabetes was not associated with an increased risk of hip fracture in 
a recent prospective study among women 65 years of age or older. 

Low Vitamin D Status 
A low vitamin D status (lack of sun exposure, low vitamin D diet) in frail elderly 
living indoors for months or years, is associated with increased incidence of hip 
fracture. Vitamin D deficiency in addition to renal insufficiency induces muscle 
weakness and secondary hyperparathyroidism. 

Medications 
Studies of bone mineral density at different sites, including the proximal femur, 
have indicated a significant loss of bone during corticosteroid therapy. There is 
evidence that steroid-induced bone loss at the hip is most marked during the 
initial months of therapy, with subsequent slowing. It is not known if there is a 
threshold dose for corticosteroid effect, but bone loss has been consistently 
documented with doses exceeding 7.5 mg of prednisone per day. In line with 
these densitometric data, case-controlled studies have provided evidence to 
suggest that the use of steroids is associated with an increase in incidence of hip 
fractures. 

Nonsteroidal drugs have also been implied in the pathogenesis of fractures of 
the proximal femur in elderly women. In particular, the use of psychotropic 
drugs has been hypothesized to increase the risk of hip fractures by increasing the 
likelihood of falls or by increasing the proportion of falls that result in a fracture. 
Both cross-sectional and prospective studies have indeed shown that the use of 
long-acting benzodiazepines is associated with an increased risk of hip fracture. 
By contrast, no association is observed with the use of short half-life drugs. 

Physical Inactivity 
In several case-controlled studies, customary physical inactivity was found to be 
an independent risk factor for hip fracture in elderly people. In accordance with 
these cross-sectional reports, recent prospective data have confirmed that 
decreased levels of physical activity are associated with a substantially increased 
risk of hip fracture. The protective effect of physical activity may partially be 
accounted for by an increase in muscle strength, but physical inactivity remains 
strongly associated with hip fracture risk after adjusting for test results on 
neuromuscular function. Similarly, the detrimental effect of physical inactivity 
may be complicated by the presence of underlying chronic diseases which may 
confound the physical inactivity-fracture risk relationship. However, the 
relationship is unaffected by adjustment for dependence in daily living activities, 
a marker of general disability. 
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Caffeine Intake, Smoking, and Alcohol Consumption 
Several cohort studies have provided evidence that caffeine consumption 
increases the risk of hip fracture. Adjustment for bone density does not 
substantially affect the risk of hip fracture associated with caffeine intake, 
suggesting that caffeine may influence the risk of fracture in other ways. 

Cross-sectional as well as longitudinal data have provided evidence that 
smoking adversely affects bone density and increases the rate of bone loss at a 
variety of skeletal sites, including the proximal femur. In line with these 
densitometric data, current smoking was found to be associated with an increased 
risk of hip fracture, both in case-controlled and most (but not all) prospective 
population-based studies. The exact mechanism for this association has not been 
established yet, but may be mediated through an effect of smoking on estrogen 
metabolism and calcium absorption. In addition, smokers differ from their non­
smoking counterparts in several potentially important respects including a lower 
body mass index and a lower degree of physical activity. 

Current alcohol intake has generally been found to increase the risk of hip 
fracture in women aged less than 65 years. Both deleterious effects on bone 
metabolism and an increased risk of trauma have been implied in the 
pathogenesis of alcohol-related fractures. In elderly women, however, several 
cross-sectional and longitudinal studies failed to find a positive association 
between moderate alcohol intake and risk of hip fracture, suggesting that the 
effect may be confined to younger people. 

Protective Factors 

Obesity and Osteoarthritis 
Clinical observations in patients who have symptomatic osteoporosis have 
revealed that patients with vertebral collapse and hip fracture have a lower than 
average body weight, less subcutaneous fat, a thin body habitus and rarely suffer 
from generalized osteoarthritis. Obese women have a greater load and thus have 
increased mechanical forces on the bones which are beneficial. In addition to 
these increased mechanical forces, subcutaneous fat plays an important role after 
the menopause, when the only source of female hormone estrogen comes from 
the conversion - also called aromatization - of androstenedione (a male related 
hormone) into oestrone by subcutaneous fat. 

Osteoarthritis protects against osteoporosis as large epidemiological studies 
have shown that cases with mild or severe osteoarthritis have a 10% higher bone 
density at all measured sites, corrected for osteophytes and body weight, and this 
increase corresponds to 10 years of hormone replacement therapy or 10 kg of 
extra body weight. 

The inverse relationship between osteoarthritis and osteoporosis is of particular 
interest because osteoarthritis affects about two thirds of the elderly population 
and therefore osteoarthritis could eventually be a good help to select patients for 
preventive therapy against osteoporosis. Because the first clinical signs of 



58 Risk and Protective Factors 

generalized osteoarthritis become apparent around the age of 50 in the form of 
Heberden or Bouchard nodes at the finger joints, respectively at the distal and 
proximal interphalangeal finger joints, these observations gain in importance and 
may help the clinician to decide about long-term prophylaxis of osteoporosis. 
Although osteoarthritis protects against osteoporosis, this does not mean that 
osteoarthritis cases will never sustain a fracture. Osteoarthritis, however, may 
postpone the occurrence of fragility fractures for a number of years. 

A larger bone density in osteoarthritis is most likely genetically determined. 
The alteration in bone characteristics in osteoarthritis is not restricted to 
quantitative elements as increased bone density and bone mass, but also to 
qualitative elements as shown by a change in bone composition and repair. 

Summary 
Although the best risk factor estimation for osteoporosis is the measurement of 
bone density, estimation of clinical risk factors and protective factors should not 
be disregarded. A combination of several risk factors is much more sensitive and 
helpful to identify patients at risk for osteoporosis and to assist in clinical 
decision making. Protective factors such as obesity and osteoarthritis on the other 
hand may help to identify patients not at high risk for osteoporosis. 
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Dual Energy X-Ray Absorptiometry in 
Daily Clinical Practice 

Pief Geusens 

Indications for Bone Mass Measurements 
There is a growing consensus on the indications for bone mass measurements in 
clinical practice. As bone mass measurements predict a patient's risk of fracture, 
there is international agreement between experts that osteoporosis can be 
diagnosed on the basis of bone mass measurements, even in the absence of 
prevalent fractures and that bone mass measurements provide information that 
can affect the patient's management. The choice of the appropriate measurement 
site(s) for the assessment offracture risk may vary depending on specific medical 
circumstances of the patient and should in any given clinical circumstance be 
based on an understanding of the strength and limitations of the different 
techniques. Furthermore, bone mass data should be accompanied by a clinical 
interpretation. 

Table 11.1. Clinical indications for bone densitometry. 

Presence of strong risk factors: 

Previous fracture of hip, spine, or 
wrist 

Radiological evidence of osteopenia 
or vertebral abnormality 

Monitoring: 

premature menopause «45 years) 
prolonged secondary amenorrhoea 
primary hypogonadism 
anorexia nervosa 
malabsorption 
primary hyperparathyroidism 
long-term corticosteroid therapy 
organ transplantation 
chronic renal failure 
myelomatosis 
hyperthyroidism 
prolonged immobilization 

bone loss ('fast losers') 
treatment effect (non-responders) 
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Indications for bone mass measurements are given in Table 11 .1. In contrast to 
these well documented indications it is recognized that there are currently 
insufficient data to justify convincingly the use of bone mass measurements to 
screen unselected people. Bone mass measurements that will not be followed by 
appropriate evaluation, or that will not influence the patients' or physicians' 
behavior, are not advisable. 

Interpretation of Bone Mass Measurements 
For interpretation of bone densitometry results, a value of bone density is mostly 
reported in terms of differences in standard deviations from the mean of age- and 
sex-matched controls ('Z-score') or to the mean peak bone density (,T-score'). 
From a practical point of view, this scoring method is preferred over comparisons 
in percent, as percent differences from the mean can only be well interpreted 
when the normal variation in the population is taken into account. It is important 
to distinguish fracture risk assessment as a prognostic tool from the diagnosis of 
osteoporosis as a diagnostic tool. 

A working group of the World Health Organization has recently proposed 
several diagnostic categories on the basis of the results of the T -score of bone 
densitometry (Figure 11.1). 

(1) Normal bone density: bone density within 1 standard deviation (SD) of the 
young adult reference mean 

(2) Osteopenia: bone density more than 1 SD below the young adult mean but 
less than 2.5 SD below this value 

(3) Osteoporosis: bone density 2.5 SD or more below the young adult mean 

(4) Severe (,established,) osteoporosis: bone density more than 2.5 SD below the 
young adult mean in the presence of one or more fragility fractures. 

Using this definition of osteoporosis, 30% of postmenopausal women have 

Bone Density 
(T-Score) 

+21-----. 

+1 r----. 

20 40 60 80 

Age (years) 

Figure 11.1. Diagnostic categories on the basis of the results of the T­
score of bone densitometry (World Health Organization). 
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osteoporosis and more than 50% had already a fragility fracture. These diagnostic 
criteria are a basis for appropriate diagnosis and can be helpful in decisions on 
prevention and treatment. These criteria are likely to change as experience 
increases, such as for the definition of hypertension. However, they provide a 
framework for clinical practice and further investigation, and permit greater 
accuracy in describing the extent and the characteristics of osteoporosis. 

For the final interpretation of bone densitometry, quality control procedures 
and an appropriate protocol are needed. Quality control depends on regular 
calibration, the use of adequate reference ranges, positioning of the patient, 
definition of regions of interest and exclusion of interfering factors, such as 
extraskeletal calcifications. 

Examples of protocols lay-outs for bone densitometry are shown in Figure 11.2 
(lumbar spine) and Figure 11.3 (hip). 

Bone Measurements for Monitoring Progress 
In longitudinal studies precision is more important. Precision is generally better 
in vitro than in vivo and better in younger than in elderly or osteoporotic patients. 
In the clinical setting, the precision of photon absorptiometry (1-4%) - and this 
is true for all other current techniques - is insufficient to measure short-term 
changes of the order of 1-5% per year in individual patients. Since the abnormal 
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Figure 11.2. Results of bone densitometry in the lumbar spine (Lunar 
device as an example). 
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Figure 11.3. Results of bone densitometry in the hip (Hologic device 
as an example). 

bone loss and any therapeutic response are both slow and low (1-5 % per year), 
changes in a particular individual over a span of a few months or even a full year 
cannot be detected within acceptable confidence limits. In group studies however, 
the rates of loss as indicators of therapeutic effect can be evaluated over a shorter 
period because reproducibility errors will be damped by the larger numbers 
involved. For monitoring metabolic bone diseases and their response to 
treatment, bone mass measurements should be performed at a skeletal site 
containing predominantly trabecular bone and at another one with predominantly 
cortical bone. 

Global Risk Assessment for Osteoporosis 
In Chapters 5 and 10, it has been shown that global fracture risk in an individual 
patient is dependent on skeletal and extra-skeletal factors. A systematic screening 
for clinical risk factors is possible in daily practice. Furthermore, bone 
densitometry should be performed when a greater clinical risk for osteoporosis is 
present, especially when the result of the bone densitometry will affect treatment. 
When performing risk assessment, special attention is required for identifying 
reversible (e.g. low bone density, impaired vision) or expected risk factors (e.g. 
bone loss early after menopause, corticosteroid therapy). As an example, some 
typical clinical circumstances for risk assessment for osteoporosis are depicted in 
Table 11.2. 
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Table 11.2. Some examples of typical clinical circumstances involved in risk 
assessment for osteoporosis. Clinical cases in 4 women and in 1 man are shown 

and should be read from top to bottom. For specifications of risk factors, see 
Chapters 5 and 10. (+ = Yes, - = No). 

Risk assessment Women Man 

History 
Personal 

-age 50 65 65 85 65 
- hypogonadism + + + + 
- diseases + Chronic bronchitis 
- medication + Steroids 
-life style 

smoking + 
alcohol + 
physical + + 
activity 
diet 
- calcium + + + 

- protein + + + 
-vitamin 0 + + + 

- previous falls + + 

- previous fracture + + 
- institutionalized + 

Familial 
- hip fracture in the + + 

mother 
- cardiovascular + 

disease 
Clinical examination 
- body mass index low nl high low nl 
- race (Caucasian) + + + + + 

- muscle strength nl nl nl low low 

- balance, gait nl nl nl bad nl 

-vision nl bad nl bad nl 
Biochemical evaluation 
- suspicion of secondary no yes no yes yes 

osteoporosis 
- 'fast loser' + + + 

Bone densitometry 
- T-score nl low nl low low 

Risk for osteoporotic 
fractures low hi~h low high high 
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Summary 

P. Geusens 

Measurement of bone mass has largely contributed to our understanding of age­
related bone growth, bone loss and osteoporosis. Several measurement techniques 
are now available. Taking into account the accuracy and precision in normal and 
pathological conditions, these methods are a valuable diagnostic tool in daily 
clinical practice for diagnosis and follow-up of the individual patient. They 
should be interpreted together with the global risk assessment in each patient. 
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Differential Diagnosis: Back Pain and 
Osteoporosis 

Maren G. Scholz & Helmut W Minne 

Back pain is very common in industrial countries. In Europe and the USA the 
lifetime prevalence is 60%, and 35% of the population suffer from back pain at 
least once a year. The incidence of back pain in elderly people is even higher 
than this. The causes of back pain are considered to be multifactorial and in 
explaining the high incidence rates, osteoporotic fractures appear not to be 
considered as important as chronic musculoligamentous strain, osteoarthritis, 
chronic intervertebral disc disease, facet joints and spinal stenosis. However, pain 
is still one of the most limiting symptoms for osteoporosis patients. 

Osteoporosis in a progressive stage leads to the destruction of the structure and 
function of the bone. As a result fractures occur. In the spine the regions T7-T9 
and T12-Ll are especially at risk because of the natural kyphotic shape and the 
resulting forces on the vertebrae. Incident fractures often entail acute severe pain 
for several months. Consecutive vertebral fractures and subsequent malfunction 
of joints, tendons and muscles can cause chronic pain. Fractures are often 
associated with chronic pain perception, both in clinical practice and in research 
approaches. For instance, when a physician looks at an x-ray which shows 
multiple fractures patients will often hear: "you must be in terrible pain". 
However there is a great variability in patients' pain perception with a 
comparable degree of somatic lesion. 

There is no specific pain pattern which can be attributed to osteoporosis. When 
comparing patients with osteoporosis and chronic low back pain due to other 
causes, it has been found that although pain is the leading symptom in both 
groups there are no differences in intensity and frequency. Osteoporosis related 
pain perception seems to be more localized in the thoracic spine as opposed to 
back pain which occurs in the lower back due to other causes such as chronic disc 
degeneration or osteoarthritis. It is also assumed that pain which occurs from a 
recent fracture is usually felt in the region where the fracture occurs. However 
drawing any definite conclusion about location and pattern is still not possible. 

Osteoporosis is often described as "the silent thief'. Patients who are suffering 
from this disease do not know that they are - as long as no fractures will occur. It 
is not yet possible to make any firm statement about whether osteopenia can 
produce back pain as a result of rnicrotraumatic lesions or from static changes in 
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the bone structure. At this time most research denies any relation between low 
bone mass and high pain perception. 

Half of the spinal fractures are asymptomatic. Some 30 to 50% of patients 
attribute the pain arising from a fracture incident to other problems of the back. 
But when asked about the attendant circumstances about 80% of the patients can 
give further details. Study results show that only 35% of the fractures which are 
detectable on x-rays are clinically diagnosed. This further indicates that fractures 
can be easily overlooked in clinical practice. However symptoms such as a high 
degree of kyphosis and height loss over 4 cm suggest the presence of at least one 
fracture in the vertebral column. 

As described above, there are several difficulties which impede a deeper 
understanding of the relationship between vertebral lesion and quality of life 
parameters such as pain. A further complicating factor is the fact that there is no 
gold standard for the assessment of these two parameters. The number of 
fractures or deformities discovered is dependent on investigator, method and 
model: different methodological approaches can produce a great variation in 
incidence and prevalence of fractures that are found. Measurements of pain are 
equally problematic. The results of questionnaires that inquire about the pain that 
patients suffer are biased by the great differences in the way that pain is perceived 
whereas physical pain measurements do not take the patients' sensual and 
emotional differences into consideration. It therefore comes as no surprise that 
such ill-defined and differing investigation methods produce results on the 
relations between back pain and osteoporotic lesion which create more confusion 
than clarification. 

In spite of all these limitations, some consensus exists about the relation 
between vertebral deformities and back pain: 

• Patients with vertebral fractures experience reinforcement of pain during 
physical activity. Bending, standing, rising from lying and doing housework 
all aggravate the pain. Relief of pain tends to occur with rest, physiotherapy, 
heat applications and moving around. 

• Strong correlations have been shown between vertebral deformities and 
clinical symptoms. However, the number of fractures is a poor predictor for 
the limitations in daily living, pain and other quality of life parameters. 
Continual measurements of spine deformity are better suited to explaining the 
relation between the lesion and the pain than the number of fractures. 

• The relationship between deformities and pain is not linear, but there is a 
significant relation between clinical measures of spinal deformation (such as 
height loss, distance from occiput to wall as an approximation for kyphosis 
and distance from iliac to ribs) and pain perception. Patients with stooped 
back and a height loss over 4 cm are twice as likely to experience pain than 
those without these clinical symptoms. Chronic pain in patients with 
osteoporosis is related to a high degree of kyphosis. Indeed, biomechanical 
stresses produced by excessive curvature of the thoracic spine are believed to 
be a common cause of chronic back pain. Compensatory hyperlordosis in the 
lumbar spine could cause chronic low back pain too, but our clinical 
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experience shows only few patients with kyphosis where compensatory 
lordosis is present. Static changes, for example extended kyphosis, cannot 
exclusively be explained by vertebral deformation. There is for example an 
age-related increase of 6% or higher per decade in kyphosis index 
independent from specific diseases. Various techniques have been used to 
quantify thoracic curvature (Debrunner kyphometer, body contour index, 
distance from occiput to Wall). Despite measurement problems, it seems 
appropriate to measure kyphotic deformity as a means for getting a further 
insight into individual pain perception. 

Therefore, we can conclude that fractures are associated with height loss and 
kyphosis and are related to an increased risk of pain and disability. 

A large cross-sectional study in 2992 women indicated that the degree of 
deformity for each vertebral body explains pain perception better than the number 
of fractures or deformities. Each woman's worst vertebral deformity was 
correlated to back pain and disabilities in daily living. Women with vertebral 
deformities below 4 SD show no correlation to these parameters whereas women 
whose deformity was greater or equal to 4 SD had a 1. 9 times higher risk of 
moderate to severe back pain, a 2.6 times higher risk of disability and were 2.5 
times more likely to loose more than 4 cm in height. There was no increase in 
this relative risk when multiple fractures below 4 SD were assessed but multiple 
fractures greater or equal to 4 SD seemed to enhance the relative risk of pain and 
disabilities even more. 

It has been found that one incident fracture during the last 4 years causes a 2.8 
times higher risk for pain, two recent fractures cause a 7.8 times higher risk for 
pain and three incident fractures increase the risk of pain by 21.7 times. The risk 
of disability also rises (relative risk: 4.0) with a recent fracture. It is difficult to 
define the cut-off when a fracture is recent or old. However data indicate that a 
fracture older than 2 years is less painful and less distressing than a recent 
fracture. 

In order to explain the great differences in pain, it is insufficient to concentrate 
only on somatic factors. Other factors seem to play a major role in this context. 
Psychosocial aspects are also relevant for explaining pain perception. Individual 
differences and capabilities are linked to the perception of chronic pain and social 
factors (such as social support) also have an impact. The lack of Sense of 
Coherence (SOC), for example, which is the capability of a person to realize 
comprehensibility, manageability and meaningfulness in his or her own life is 
associated with pain. It is higher in the low pain groups than in the groups with 
severe pain. SOC itself is not independent from social aspects (such as marital 
status and net income) and the number of critical life events. Patients with high 
pain perception also show a higher depression score. These results indicate that it 
might be possible to reduce pain and improve quality of life with adequate 
psychological intervention models which focus on improving SOC and reducing 
depression as an additional necessity to the conventional drug and functional 
therapy. 
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In conclusion, back pain is one of the leading symptoms in patients with 
osteoporosis but there is no causal linking between somatic lesion and individual 
pain perception. 

Suggested Reading 
Cummings S, Tabor H. (1995) The epidemiology of vertebral fractures. In: Genant H, 

Jergas M, v. Kujik C. (eds) Vertebral Fracture in Osteoporosis, pp. 3-14. 
Ettinger B, Black D, Nevitt M et al. (1992) Contribution of vertebral deformities to 

chronic back pain and disability. J Bone Miner Res 7(4): 449-455. 
Ettinger B, Cooper C. (1995) Clinical assessment of vertebral fractures. In: Genant H, 

Jergas M, v. Kujik C. (eds) Vertebral Fracture in Osteoporosis, pp. 15-19. 
Huang C, Ross P, Wasnich R. (1996) Vertebral fractures and other predictors of back pain 

among older women. J Bone Miner Res 11(7): 1026-1032. 
Leidig-Bruckner G et al. (1997) Clinical grading of spinal osteoporosis. Quality of life 

components and spinal deformity in women with chronic low back pain and women 
with vertebral osteoporosis. J Bone Miner Res 12(4): 1-13. 

Leidig G, Minne HW, Sauer P et al. (1990) A study of complaints and their relation to 
vertebral destruction in patients with osteoporosis. Bone and Mineral 8: 217-229. 



13 

Differential Diagnosis: 
Bone Pain and Fractures 

Carlo Gennari 

Bone pain is a very common feature of many metabolic bone diseases such as 
metastatic bone disease, osteoporosis and Paget's disease of bone. The bone pain 
that accompanies such diseases can very often be severe and debilitating. 
Attempts to relieve pain in these conditions can dominate the management of the 
overall disease. A common factor in many metabolic bone diseases is increased 
bone resorption, mediated by activated osteoclasts, a pathophysiological process 
that often results in pain by a variety of direct and indirect mechanisms. The 
mechanism of pain is complex and depends on an increasing number of 
interrelated pathways and mediators. The sensation of pain from bone is still 
poorly understood, although it is believed to depend mainly on the action of 
nociceptors in the periosteum and around joint surfaces, whilst areas such as the 
cortex and bone marrow are believed to be insensitive to pain. In general terms 
bone pain can be categorized as arising from one of the following mechanisms: a 
direct action on bone nociceptors or a secondary mechanical effect. A number of 
chemical mediators can directly affect bone nociceptors, in addition to structural 
damage to nerve fibres by direct compression of tissue. Often mechanical 
pressures on an area of bone that is pain insensitive may alter the shape of a 
nearby joint and cause pain. For instance, a vertebral compression fracture may 
distort a nearby apophyseal joint, triggering nociceptors and resulting in pain. 
Although the mechanisms of bone pain, in a variety of different diseases, may 
have common pathways, the role of certain mediators in the cause of the pain 
may differ and this may have therapeutic implications. 

There is little evidence that bone loss itself causes symptoms, until such time 
that a fracture occurs; even a vertebral fracture can remain asymptomatic. It is 
perhaps this clinically silent nature of the disease that makes osteoporosis such a 
challenge. Therefore, in osteoporosis, all the clinical manifestations are a direct 
or indirect consequence of fracture and thus, bone pain is the main clinical 
symptom. 

There are both osseous and extra-osseous factors that contribute to fracture in 
patients with osteoporosis: the osseous factors include decreased skeletal mass, 
altered architectural orientation of skeletal structures and reduced strength of the 
skeletal material. The extra-osseous factors include principally propensity to fall, 
poor reflex response to a fall, inadequate energy absorption by soft tissue at the 
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point of impact. The relative contribution of each factor will vary from person to 
person as well as across the different fracture syndromes. Often decreased mass is 
considered the single most important factor in most patients, but this may be 
because we have recognized it the longest and understand it the best. 

In clinical practice non-specific back pain is a very common complaint, the 
causes of which are extremely varied. In general, osteoporosis is not associated 
with back pain until a vertebral fracture has occurred. Even when a fracture has 
occurred, many patients are without obvious clinical symptoms. Osteoporotic 
vertebral fracture should always be considered within the differential diagnosis of 
any non-specific back pain. There are many major diseases that cause bone pain 
(Table 13.1). 

Table 13.1. Diseases causing bone pain. 

Trauma or osteoporotic fracture 
Osteomalacia: Vitamin D deficiency 

Anticonvulsants 

Myeloma 
Metastatic malignancy 
Paget's disease of bone 
Osteomyelitis 
Hyperparathyroidism 
Fibrous dysplasia 
Osteogenesis imperfecta 
Pseudo-bone pain: 

Renal failure 
Hypophosphataemia 
Acidosis (systemic or renal 
tubular) 
Intoxication (bisphosphonates, 
fluoride, aluminium) 

Polymyalgia rheumatica 
Parkinsonism 
Hypothyroidism 

The importance of reaching the correct diagnosis is self evident, as some of the 
causes are invariably fatal and others may be easily treated or are fatal if left 
untreated. The most common causes of true bone pain, as opposed to joint pain, 
are trauma, osteoporosis and malignancy. Distinguishing among these different 
causes can be difficult and some diagnoses are often only made after exclusion of 
all other diseases. A number of diseases affecting the musculo-skeletal system 
such as polymyalgia rheumatica, hypothyroidism, Parkinsonism may also 
produce symptoms resembling pain of bony origin. 

The majority of painful episodes in osteoporosis are not due to the osteoporotic 
process itself but are associated with fractures, particularly vertebral fractures. 
Vertebral crush fractures result from a combination of the osteoporotic process 
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and minor trauma. The extent of the fracture can vary from mild biconcave 
indentation of the vertebral body by the intervertebral disc to a complete anterior 
and posterior collapse, through various degrees of anterior wedging The most 
commonly affected vertebra are from T8 to L3 and, generally, the more severe the 
fracture, the more painful the episode. In a study, performed in 107 osteoporotic 
patients, divided into two groups according to the presence or absence of 
vertebral fractures, the assessment of bone pain by a visual analogue scale 
revealed that the majority and the severity of painful episodes were associated 
with the presence of vertebral fractures. Nevertheless, many vertebral fractures 
remain asymptomatic. Presenting pain is usually acute, diffuse, related to 
movement and often ameliorated by rest. The site of pain is often found to relate 
approximately to the anterior and posterior rami of the affected nerve roots. The 
pain is often of sufficient severity to be accompanied by shock and vomiting, and 
generally solves after two weeks of bed rest, but it may persist if a continuing 
pressure on surrounding structures is present or if the episode is repeated at 
another site. 

Pain due to acute vertebral fracture can be extremely severe and therefore 
difficult to manage. In the initial management, the aim is tc reduce the level of 
discomfort and improve mobility as soon as possible. Immobilization should be 
avoided, since prolonged immobilization is associated with bone loss. Alleviating 
pain and discomfort will generally improve mobility. Simple analgesics are 
sometimes sufficient to alleviate the pain, but in patients in whom simple 
analgesics do not provide adequate pain relief, non-steroidal anti-inflammatory 
drugs or narcotic analgesics may be necessary. To date a large number of clinical 
studies have shown calcitonin either by injection or by nasal spray to be effective 
in the acute stages of management of acute vertebral collapse. This treatment is 
able to determine a significant shortening of the painful phase in osteoporotic 
patients. 

In addition to keeping the patient mobile, physiotherapy may help to strengthen 
the muscles of the back, leading to greater support of the spine and reducing the 
risk of future fractures. Some pain relief may also be achieved with the use of a 
transdermal electric nerve stimulation device (TENS). 

Summary 
Bone pain is a very common feature of many metabolic bone diseases such as 
metastatic bone disease, osteoporosis and Paget's disease of bone. The 
mechanism of pain is complex and depends on an increasing number" of 
interrelated pathways and mediators. In general terms bone pain can be 
categorized as arising from one of the following mechanisms: a direct action on 
bone nociceptors or a secondary mechanical effect. There is little evidence that 
bone loss itself causes symptoms, until such time that a fracture occurs. 
Therefore, in osteoporosis, all the clinical manifestations are a direct or indirect 
consequence of fracture and thus, bone pain is the main clinical symptom. The 
most common causes of true bone pain, as opposed to joint pain, are trauma, 
osteoporosis and malignancy. Distinguishing among these different causes can be 
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difficult and some diagnoses are often only made after exclusion of all other 
diseases. Pain due to acute vertebral fracture can be extremely severe and 
therefore difficult to manage. In the initial management, the aim is to reduce the 
level of discomfort and improve mobility as soon as possible. Immobilization 
should be avoided, since prolonged immobilization is associated with bone loss. 
Simple analgesics are sometimes sufficient to alleviate the pain, but in patients in 
whom simple analgesics do not provide adequate pain relief, non-steroidal anti­
inflammatory drugs or narcotic analgesics may be necessary. To date a large 
number of clinical studies have shown calcitonin either by injection or by nasal 
spray to be effective in the acute stages of management of acute vertebral 
collapse. This treatment is able to determine a significant shortening of the 
painful phase in osteoporotic patients. 
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Differential Diagnosis: 
Low Bone Mass 

Michael Kleerekoper & Dorothy A. Nelson 

Low bone mass is necessary but not sufficient for osteoporosis and fracture. It is 
the major contributor to the risk of fracture in an individual patient, but other 
factors also come into play. These include age, previous fracture, family history 
of fracture, and frequency of falls. Thus, when a patient has a bone mass 
measurement that results in a value that is lower than expected for age, and/or 
compared with young normals, it should be assumed that the risk of fracture is 
increased in this patient and intervention should be considered. Interventions can 
include pharmacologic therapy to stabilize or increase bone mass, lifestyle 
changes to protect the fragile skeleton, and physical activities that increase 
muscle strength and improve balance. 

Age is a risk factor for osteoporosis over and above low bone mass. For every 5 
years of age, risk increases by approximately l. 5. Some investigators have 
described two distinct types of osteoporosis depending on an individual's age and 
which bony component is most affected. Type I osteoporosis has been 
characterized by low bone mass in largely trabecular regions of the skeleton that 
is associated with the rapid bone loss of menopause. In this dichotomous model, 
type II osteoporosis affects mainly cortical bone and occurs later in the lifespan. 
Since trabecular bone has a greater surface area than cortical bone, it is more 
likely to be lost first and at a more rapid rate than cortical bone, no matter what 
the cause. Cortical bone is ultimately affected to a measurable and significant 
degree when bone loss proceeds unchecked. Thus, both compartments of bone are 
affected in osteoporosis and it is simpler and more accurate not to dichotomize 
the condition. 

There is one cause of bone loss that appears to preferentially affect the cortical 
compartment, and that is hyperparathyroidism. Because of this phenomenon and 
the fact that differential diagnosis must take this possibility into account, it is 
helpful to measure bone mass at more than one skeletal site. However, this 
approach of mUltiple measurement sites can result in a conundrum when the 
results are discordant. If a mainly cortical site, such as the radial shaft, has low 
bone mineral content or density, and other sites such as the distal forearm, spine 
or hip are more normal, then hyperparathyroidism should be considered. 

If there is discordance among sites, with at least one abnormally low, and 
hyperparathyroidism is not a likely cause, then it is probably best to err on the 
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conservative side and assume that there is systemic low bone mass, or 
osteoporosis. There are only two possible explanations for obtaining different 
measurements at different sites : that the results really are different, or that they 
only appear to be different. In the first scenario, the sites may be different because 
of inherent differences in the bone(s) at the two sites. Alternatively, some factor 
may have affected the two sites differently during the patient's lifetime. Different 
measurement sites, even proximal and distal sites in the same long bone, do 
differ with respect to the proportion of cortical and cancellous bone. As discussed 
above, it is expected that skeletal sites with a larger proportion of cancellous bone 
will be affected the most by accelerated bone loss. Additionally, sites with more 
trabecular bone are presumed to be more metabolically active, but this too may 
depend on other factors such as proximity to fatty or hematopoietic marrow. 

In the second scenario, where the discordance is more apparent than real, the 
explanation may be the error, although relatively small, that is inherent in bone 
mass measurements (1-2%). There are ranges of measurements, around the 
patient's measurement, that contain the "true" value. These ranges can be 
constructed using statistical tools that provide some level of confidence (such as 
95%) that the true value falls within the range. If one site, by chance, is over or 
under estimated, and the other site is over or under estimated in the opposite 
direction (but still within the confidence interval), the results from the two sites 
may appear to be different. Thus, it is important to know and to keep in mind the 
level of error associated with bone mass measurements at the various sites, with 
various techniques, and at the clinician's own centre. 

In summary, when bone mass measurements differ at two or more skeletal 
sites, it may be a reflection of differential rates of bone loss at the sites due to age 
or menopause, or it may suggest a secondary cause of bone loss that affects 
cortical more than cancellous bone. Alternatively, it may result from 
measurement error. In any case, a low bone mass at any skeletal site signals an 
increased fracture risk. 

There are many epidemiologic data linking deficits in bone mass to increased 
fracture risk. Studies show that an abnormal measurement at any skeletal site is a 
good predictor of fracture risk. If the clinician wants to know about fracture risk 
at a specific site, such as the hip, then a measurement at that site is the best 
choice. In general, however, low bone mass is associated with increased fracture 
risk, and this relationship is stronger than that established for cholesterol levels 
and the risk of heart disease. This analogy, similar to that for high blood pressure 
and risk of stroke, is an important one because it emphasizes that abnormal 
measurements - high or low - are not in and of themselves disease. Rather, low 
bone mass like high serum cholesterol or blood pressure, signifY a risk of some 
clinically significant event. And, as is the case for all of these abnormal 
measurements, they must be considered in the context of a clinical examination, 
the individual patient's history, and important personal characteristics such as 
age, body size, ethnicity, etc. In summary, low bone mass is perhaps the most 
important measurement in the diagnosis of osteoporosis and fracture risk, but a 
myriad of factors that affect bone mass and fracture risk must also be considered. 
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We must emphasize that low bone mass does not necessarily mean that bone 
has been lost since it is not possible to make such a dynamic statement on the 
basis of a single time point measurement. At any time the bone mass represents 
the difference between the peak bone mass attained during growth and the 
subsequent loss. This issue cannot be resolved unless serial bone mass data are 
available. However the lower the initial bone mass in seemingly healthy 
individuals, the more likely it is that bone loss has occurred. An important 
approach is not only to compare the individual's value to peak bone mass (T­
score) but to an age, sex, and ethnicity adjusted reference interval (Z-score). With 
normal aging the T -score is low but the Z-score remains normal. 

A value below the age, sex, and ethnicity adjusted reference interval should 
prompt a search for secondary causes of accelerated bone loss. i.e. a deficit in 
bone mass that cannot be fully accounted for by age or menopausal bone loss. The 
differential diagnosis of accelerated bone loss is extensive and includes 

• hormone excess: parathyroid (primary or secondary) 
thyroid (endogenous or exogenous) 
cortisol (endogenous or exogenous) 

• hormone deficiency: estrogen (premenopausal from any cause) 
testosterone 

• drugs: 

• diseases: 

Summary 

vitamin D 
anticonvulsants 
anticoagulants 
antimetabolites 
malabsorption 
systemic mastocytosis 
paraplegia/tetraplegia 
multiple myeloma 

Low bone mass is an important clinical finding. It is the most precise method for 
assessing fracture risk in an individual subject, with risk prediction improved by 
additional data gathered from the history and physical examination. The pattern 
of low bone mass may provide clues to specific causes of accelerated bone loss 
such as hyperparathyroidism, where the value also plays an integral role in 
determining whether or not definitive treatment (parathyroidectomy or estrogen) 
is indicated. Finally, a very low value compared to individuals of the same age, 
sex, and ethnicity provides clues to important, often treatable, secondary causes 
of accelerated bone loss. 
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Differential Diagnosis: 
Falls 

Jes B. Lauritzen & Klaus Hindso 

Most osteoporosis-related fractures are a consequence of decreased bone density 
and falls. 

Risk Factors for Falls 
The risk factors for falls are numerous. In order to develop preventive strategies, 
it is necessary to identify risk factors associated with falls. According to a review 
by Myers et al, risk factors for falls can be categorized into the following nine 
groups (Table 15.1): 

• general physical functioning 
• gait, balance and physical performance 
• musculoskeletal and neuromuscular measures 
• demographic factors 
• sensory impairments 
• medical conditions 
• indicators of general health 
• medication us 
• psychological, behavioral, social, and environmental factors. 
However the relationship between level of physical activity and risk of falls is 
rather complex and a high activity level in the elderly may be accompanied with 
both increased and decreased risk of falls or fractures. Interventional studies to 
prevent falls have been performed and few studies targeting several potential risk 
factors have shown it possible to reduce the occurrence of falls. 

Aging influences the postural control mechanisms, which include vision, 
vestibular function, proprioceptive and exteroceptive receptors, in addition to the 
central cerebral integration of these inputs. Muscle function also deteriorates with 
aging and the overall result may be a frail, elderly subject with unsteady, slow 
movements, tripping, swaying gait and an obvious need for aided support. 
Vitamin D3 and calcium supplementation in nursing home residents has been 
shown to reduce the rate of hip fractures, probably due to a reduction in the 
occurrence of falls, as BMD was unaltered, but unfortunately no information was 
available regarding muscle strength, balance and rate of falls. Nutritional factors 
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Table 15.1. Significant risk factors associated with falls. 

1. General physical functioning 
mobility 

ambulation/mobility 
trouble walking 400 m 

physical activity 
difficulty indoors 
>4 days spent in bed 
goes shoppinglvisiting 
large amount movement daily 
>2 different activities/week (protective) 
vigorous elderly: 

fell away from home 
fell on stairs 
more serious injury 

disability 
physical disability 

specific activities of daily living 
ADL dependent, impaired 
difficulty: 

going up/down stairs 
dressing 
rising from chair 

can't rise from chair (protective) 
nocturia 2-3 x1night 

2. Gait, balance physical performance 
poor tandem gait 
poor turning in place 
turning reaching 
poor postural stress test 
static/dynamic balance 

decreased Romberg 

dizziness, vertigo, unsteady 

impaired stepping, stumbles 
walks with/without device 

housebound 
days of limited activity 
> 10 activities past week 
frequency outdoors 

lower extremity disability 

getting in/out bed 
bending down 

can't rise from chair 

gait, balance abnormalities 
> 12 steps to turn circle 
poor one-foot stand 
body sway 
abnormal push/pressure 
reaction 
decreased standing on 
compliant surface 

3. Muscoloskeletal and neuromuscular measures 
decreased muscle strength: handgrip, elbow, knee, hip 
lower extremity peak torque/power lower dorsiflexion power 
muscle weakness/episodes musculoskeletal problem 
decreased ankle dorsiflexion decreased ankle plantar 

flexion 
plantar reflex abnormal 
peripheral neuropathy 
decreased toe joint position sense 

increased hand reaction time 

limited knee extension 
abnormal position sense 
decreased sharp-dull 
discrimination 
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4. Demographic 
age (protective) 
female 

5. Sensory 
vision problems 
impaired dark adaptation 
errors in vertical perception 
direct error in horizontal perception 
cataracts 

6. Medical conditions 
number of medical conditions 
stroke 
Parkinson's disease 
dizziness 
faint / black out 
depression 

Falls 

age 
Caucasian 

decreased visual acuity 
double vision 
vertical perception problems 
direct visual error 

heart disease 
transient ischemic attack 
vertigo 
giddiness 
neurotic disorder 
dementia 
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respiratory disorder 
gastrointestinal disorder 
arthritis 

chronic lung disease 
incontinence: urinary or fecal 
osteoporosis 

recent weight loss 
depression of pulse-pressure 

7. General health 
history of fall 
self-reported decline in health 

8. Medication use 
number of drugs 
drugs 

antidepressants 
non-phenothiazide tranquilizer 
hypnotics 
psychoactive drugs 
vasodilators 

hypotension 
systolic SP, heart rate 

history of injurious fall 
emotional problems 

tranquilizer 
sedatives 
psychotropic drugs 
anti psychotics 
NSAID 

diuretics cardiac medications 
(protective) 

cardiac medications antihypertensive 
oral hypoglycemics adverse drug reaction 

9. Psychological, behavorial, social and environmental factors 
behavorial factors 

lower safety preference no fear of falling 
physical restraints needed 

psychological/mental/cognitive impairment 
confusion after hospitalization 
reversible condition affecting cognition 
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Table 15.1. Continued. 

social/physical environment 
living alone 
social activities (low) 
household type 

social interactions (less) 
environmental hazards 

may be important, but difficult to quantitate, but malnutrition and 
undernourishment may be associated with other known risk factors for falls. 
Excessive alcohol intake increases the risk of falls. 

No general test for fall risk estimation is available, but postural sway test, 
Romberg test, measuring ortostatic hypotension, or muscle strength tests may 
give some valuable information. Tinetti et al. have proposed an index for chronic 
fallers. A recent prospective study from the Lyon-group performed fall-risk status 
measurements (gait speed, tandem walk score, calf circumference, and visual 
acuity) in addition to femoral BMD and calcaneal broadband ultrasonic 
attenuation (BUA), and they found a relation to subsequent risk of hip fracture. 
Femoral BMD and calcaneal BUA and fall-risk score had approximately the 
same predictive ability. 

Occurrence of Falls 
The annual rate offalls is 28-35% among home dwellers more than 65 years of 
age and 3242 % of subjects older than 75 years of age sustain at least one fall a 
year. For nursing home residents the occurrence is l.5 falls per resident per year, 
and the annual rate of fallers is higher than 80%. Repeat fallers in nursing homes 
account for more than 40% of all falls among the residents. 

Most falls do not cause major injuries, but the risk of injuries following falls in 
the elderly is very high. The incidence of falls leading to medical treatment in the 
elderly is 6-19 per 1000 persons per year. More than 10% of elderly people more 
than 90 years of age will be treated in hospital due to a fall within one year. In a 
Danish nursing home the proportion of falls on the hip compared with all falls 
was 24% in women and 13% in men and the incidence offalls on the hip was 36 
per 100 residents per year in women and 16 in male residents. In case of impact 
to the hip the risk of hip fracture in women was 0.25 and 0.33 in men. 

The following conditions are of importance for a fall to cause a hip fracture: 
impact near the hip; protective reflexes; local soft tissue energy absorption; and 
bone strength. Preventive measures against hip fractures should be aimed at these 
various fundamental risk factors. More than 90% of hip fractures are related to a 
direct impact to the hip, although only one fourth of impacts to the hip in the 
elderly lead to a hip fracture. Rarely a hip fracture occurs without a direct 
trauma. In falls on the hip compared to other falls the odds ratio for a hip fracture 
is 17.1-2l.7. 
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Force and Energy in Falls on the Hip 
In unprotected falls performed by stuntmen on a force platform the effective load 
acting on the hip was 35 per cent ofthe body weight. The force obtained in these 
falls on the hip showed a peak force of 3.5 kN (energy 113 Joules) in a female 
weighing 60 kg. 

Protective Responses 
The initial potential energy in falls can be reduced significantly by protective 
responses as shown by stuntmen. Elderly people experience minor and other 
traumas compared to young subjects. Reduced reaction time and slow 
coordination has been found related to risk of fractures. Many patients with hip 
fractures are admitted from nursing homes, and this group is characterized by 
disturbances in their neuromuscular functions. 

Energy Absorption 
Energy absorption in soft tissue can be a more important factor than bone 
strength in relation to hip fractures. Experimental studies have shown that the 
energy absorption may account for up to 75% of the energy, and partially explain 
why overweight protects against hip fractures. 

Women with hip fractures weigh on average 5 kg less compared with controls. 
In addition women with hip fractures seem to have less soft tissue covering their 
hips compared with controls even when adjusted for body mass index. 

About 42% of all falls sustained within home occur in the bathroom. Impact 
attenuation of floor coverings may have a minor effect on the peak force in case 
of falls even when one compares tiles with a carpet floor covering. 

Bone Strength 
The fracture threshold in the hip has been studied in cadavers and the breaking 
strength ranges from 5.5-9.2 kN in young people (n = 9) and the breaking 
strength in the hip ranges from 2.0--6.3 kN in old subjects (n = 8). The impact 
site and the body mass index are strong predictors of hip fracture risk. 

The type of impacts leading to either a femoral neck or a trochanteric fracture 
is still unsolved. A lateral impact may be more likely to lead to a neck fracture, 
while a posterior/lateral impact may lead to more trochanteric hip fractures. The 
various types of falls in the elderly has not yet been fully investigated. 

Risk of Hip Fracture 
Numerous risk factors for hip fracture exist, and preventive actions must focus on 
several modalities in order to prevent hip fractures. Residents in nursing homes, 
elderly patients admitted to hospitals for dizziness, falls, fractures and 
compromised mobility are certainly at risk. Home dwellers as such with the above 
mentioned risk factors are also a target group for protectors. 
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Analyses have shown that use of hip protectors are indeed cost -saving, due to the 
high cost of hip fracture treatment and rehabilitation and the substantial and 
immediate protective effect from the hip protectors. 
All elderly women and men with increased risk of falls and osteoporosis should 
be considered candidates for hip protectors, besides other preventive measures. 

Conclusion 
The risk of falls is multifactorial, and the prevention must adapt to this fact. The 
cascade of events leading to fracture involves: a fall, protective responses, energy 
absorption and bone strength. Prevention of falls and fractures must be 
multifactorial due to the many risk factors related to the elements provoking falls 
and the subsequent cascade of events leading to fracture (Table 15.2). The target 
groups are frail elderly subjects, who are institutionalized/hospitalized or home 
dwellers. 

Summary 

Table 15.2. Preventive actions against falls. 

• Maintaining physical activity. Balance exercises. 
Endurance exercises. 

• Adjustments and avoiding fall hazards in the 
home environment 

• Securing a qualitative and quantitative diet 
• Adjustment of medication interfering with 

neuromuscular status 
• Supplementation of vitamin 03 and calcium 

among nursing home residents 
• Use of external hip protectors 

A fall and a trauma are almost obligatory events for a fracture to occur, except for 
osteoporosis related spine fractures, where spontaneous fractures are more 
common, at least the specific trauma may be difficult to define. Most falls do not 
cause major injuries, but the risk of fractures in falls among elderly is very high 
due to pre-existing silent osteoporosis. As a consequence, the type of fall is the 
main predominator of the type of osteoporosis fracture the elderly subject will 
sustain. The force acting on the hip in falls from standing height is about 3.5 kN, 
and while the breaking strength of the hip in the elderly ranges from about 2-6 
kN a hip fracture will only occur in susceptible subjects in case of unprotected 
falls of the hip. 

The risk factors for falls are numerous, and those elderly experiencing repeated 
falls tend to have more functional disability, impaired mobility, neuromuscular 
and vestibular dysfunction, in addition to poor vision. Aging interferes with 
sensory and postural modalities and increases the risk of falls. eNS-active drugs 
and alcohol are also important risk factors. The occurrence of falls is high among 
nursing home residents and frail elderly community dwellers. 
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Preventing falls is difficult, however non-pharmacological multifactorial 
intervention programs have shown 9-12% fewer falls corresponding to an odds 
ratio between 0.74 and 0.85. 

Vitamin D3 and calcium supplementation in nursing home residents have been 
shown to reduce the rate of fractures by one third, probably due to a reduction in 
the rate offalls. 

Efficient hip protective systems have been developed and may be a significant 
factor in the prevention of hip fractures, and clinical studies have shown a 50-
80% reduction in the rate of hip fractures. More than 90% of all hip fractures can 
theoretically be prevented by hip protectors and those who may benefit most are 
frail elderly home dwellers, nursing home residents and elderly patients admitted 
to hospitals. 

A multifactorial intervention to reduce the occurrence of falls and consequently 
fractures is mandatory. 
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Prevention During Growth and 
Young Adulthood 

Charles W. Slemenda 

There is little question that the response of the skeleton to stimuli such as dietary 
factors and exercise is greatest during periods of rapid growth. Although the 
precise timing of peak bone mass differs somewhat among the various skeletal 
sites, by age 18 the skeleton is nearly fully developed and only very modest 
increases in bone mass or density can be expected after the cessation of 
longitudinal growth. 

Calcium 
Randomized intervention studies aimed at increasing peak bone mass have been 
limited to calcium clinical trials. At least four such trials have been completed, 
and all have shown modest (+2-5%) short-term gains in bone mineral content 
and density associated with 300-1000 mg/day supplements. The gains in bone 
density do not appear to be larger in those clinical trials with larger calcium 
doses, and only one study has shown a consistently larger effect in those children 
who entered the trial with lower dietary calcium intake. Calcium balance studies 
have suggested that children and adolescents may continue to increase net 
calcium absorption up to about 1500 mg/day, although precise estimates of the 
maximum useful calcium dose are not available. 

The issue of whether or not these benefits of calcium intake can be maintained 
upon cessation of supplementation remains to be completely resolved. Three of 
the four published studies have reported slower post-supplement bone gain in 
previously supplemented children compared with control group subjects, 
resulting in a loss of the calcium benefit within 2-3 years post-supplementation. 
The most recent study has raised the possibility, however, that maintenance of 
this beneficial effect may be possible, although longer follow-up of the study 
subjects will be required. Increased calcium intake, whether from dietary or other 
sources, is unlikely to provide long-term benefits unless these higher levels of 
calcium intake are maintained for long periods. Observational studies in older 
adults are consistent in this regard, demonstrating 3-6% higher bone densities in 
those women with high calcium intakes in childhood and adolescence. 

It is often recognized that some populations, particularly those in developing 
nations, have habitually low calcium intakes, and yet rarely suffer osteoporotic 
fractures. This difference in fracture rates, however, probably reflects the high 
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levels of physical activity and greater strength that is common among the elderly 
members of these societies. In fact, the few studies that have actually examined 
bone density in low calcium intake areas of Africa have found density to be lower 
than in comparable European populations. Thus, the international data are 
consistent in this regard as well. 

It has been suggested that other dietary components, particularly phosphoric 
acid from carbonated beverages, caffeine, protein and sodium, may negatively 
influence calcium balance. Few studies, aside from short-term laboratory 
experiments, have addressed these issues in free-living subjects, and none has 
been studied in clinical trials. There are already many reasons to believe that 
lower sodium, caffeine and protein intakes may be beneficial, but the effects of 
changes in these patterns on peak bone density remain to be established. 

Physical Activity - Potential Benefits 
Clinical trials to rigorously determine the magnitude of exercise effects on the 
growing skeleton have not been done. Studies of self-selected athletes raise the 
possibility of selection bias, which might favor the entry of those with greater 
muscle mass and bone density into studies. This bias is impossible to avoid in 
observational studies. The observational data, however, are consistent regarding 
the types of activities needed to influence skeletal density, assuming that biases 
do not play an important role in what has been reported. Weight-bearing 
activities, particularly those that involve impact loading, such as gymnastics, 
basketball, volleyball, figure skating, and similar endeavors, yield more favorable 
skeletal effects than swimming or cycling, both of which provide minimal 
skeletal loading. The potential magnitude of exercise effects appears to be greater 
than that of calcium supplementation, although direct comparisons are not 
possible. Children in the uppermost quarter of physical activity, using either self­
or parent-reported data, had, in one study, 8-12% higher bone densities than 
children in the lowest 25% of activity, and gained significantly more bone over 
time than did low activity children. 

Recently published data on young girls involved in gymnastics or figure skating 
provide further evidence regarding the importance of high impact activities. 
Several studies of these groups have shown that, even in the presence of high 
frequencies of menstrual disturbances (oligo- and amenorrhea), these girls have 
higher average bone densities than normal controls. And, unlike many other 
sports, these activities favor smaller, lighter children who are unlikely to be 
selected for large skeletons. Both of these sports involve repetitive, high impact 
activities, and both involve equipment (i.e., skates, gymnastics apparatus) which 
help increase the speed and forces to levels beyond those seen in other sports. 
Before specific activities can be recommended, however, studies into the effects 
of these activities on other musculoskeletal components (e.g., the joints) should 
be completed. 
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Physical Activity - Potential Risks 
Extremely intense physical activity can be accompanied by amenorrhea in young 
women. Although there are exceptions, as noted above, this condition is usually 
associated with reduced bone density. The balance between adequate and 
excessive activity is not difficult to achieve, although it may be difficult to 
convince some athletes to reduce the intensity of their activities. Few data exist to 
evaluate the interaction between diet and activity, but increased caloric intake 
may be useful in the prevention or resolution of activity induced amenorrhea, 
although there have not been convincing clinical studies to support this concept. 
It is less well appreciated that young men with extremely high activity levels may 
also have low bone mass. Runners, for example, have been shown to have 5-15% 
lower bone densities than control subjects, although it has been argued that this is 
primarily due to lower body weights. Ultimately, however, athletic activity that 
results in disturbances of normal gonadal function or disturbed eating patterns 
requires intervention. 

Anorexia Nervosa 
A discussion of factors influencing peak bone mass and ultimate fracture risk 
would be incomplete without consideration of this devastating condition. Young 
women who develop anorexia may have severe osteopenia or osteoporosis at the 
time of diagnosis. Treatment of the underlying psychological problem and 
recovery of the weight lost are associated with higher bone densities in women 
followed over a decade or more. However, even among those women with the 
most complete recoveries there may remain a skeletal density deficit. In those 
with poor recoveries this deficit may be as large as 1-2 standard deviations at the 
time of peak bone mass resulting in a substantial increase in fracture risk. 
Specific treatments for these skeletal problems have not been developed for young 
women. Treatment of the frequently accompanying amenorrhea with estrogens 
has not been shown to correct the deficits in skeletal mass, and other therapies 
currently available for older women have not been tested in children or 
adolescents. 
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Prevention Early i~fter Menopause: 
Hormonal 

Nikolai A. Manassiev & John Stevenson 

The menopause signals a major transition in female physiology. During the 
reproduction years, a woman's ovaries mainly produce estradiol, with levels in 
the blood varying between 180 and 1500 pmo1l1 depending on the day of the 
cycle. Following the menopause, estradiol levels are commonly below 110 pm01l1. 
Since estradiol is a hormone which affects many biological processes, its decline 
starts a chain of events which lead to the development of vasomotor symptoms, 
genitourinary atrophy, osteoporosis and cardiovascular disease. 

The Effect of Estrogen on Bone 
The development of osteoporosis depends both on the peak bone mass attained 
and its subsequent loss. Peak bone mass is achieved in early adulthood and is 
largely genetically determined. This has been confirmed in studies comparing 
bone mass in twins and in studies of racial groups that have migrated. To a lesser 
extend, bone mass is dependent on diet, exercise, alcohol consumption, smoking, 
drugs (e.g. corticosteroids, contraceptive pills, liver enzyme inducers), parity and 
the presence or absence of estrogens. The rate of change in bone mass depends on 
the way various factors affect the bone mass through altering the balance between 
bone resorption and formation. Estrogens seem to have a central role in 
regulating bone mass. 

The development of osteoporosis results from an imbalance between bone 
resorption and bone formation. The loss of gonadal function and aging are the 
two most important factors. Starting around the fourth or ftfth decade of life, men 
and women lose 0.3 -0.5% of bone a year. After the loss of the gonadal function, 
this is increased by up to tenfold in women due to an increase in bone turnover. 

Mechanism of Action 
Estrogens are thought to affect the bone both directly and indirectly. 

Direct Actions 
Studies on osteoblast-like osteosarcoma cells and in human osteoblast-like cells 
have shown that these possess estrogen receptors. Estrogen binds to the receptors 
and, through the classical estrogen receptor medicated mechanism, leads to 
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response from the cells which may include the production of type I collagen and 
transforming growth factor-beta (TGF- ~). 

Estrogen also acts through locally produced factors: cytokines, growth factors 
and prostaglandins. Cytokines (IL-l, IL-6), tumor necrosis factors and TGF-~, 
are potent inducers of bone resorption and osteoclast formation. They are secreted 
by stromal cells in the bone marrow and by osteoclasts. It has been suggested that 
estrogens are potent inhibitors of IL-6 and perhaps of other cytokines. The 
changes in bone turnover are most pronounced where metabolic activity is high 
such as in trabecular bone. 

Indirect Actions 
Estrogens may alter the set point at which the parathyroid hormone (PTH) 
responds to calcium, thus reducing the PTH secretion and the rate of bone 
turnover. It may also stimulate intestinal calcium absorption by enhancing renal 
1,25(OH) D synthesis. It may also enhance secretion of calcitonin, a hormone 
which inlfibits bone resorption. 

The Case for Early or Late Intervention with Estrogen 
The decreased bone mass seen following the menopause and the development of 
osteoporosis represent a major public health issue. Osteoporosis and fractures 
occur much more often in women than in men. One standard deviation decrease 
in bone density leads to a threefold increase of the risk of fracture. For women 
aged 50, the lifetime risk of osteoporotic fracture is 30-4,0%, more than three 
time that in men. 
Several factors are considered to playa role: 

(1) women have a lower skeletal mass at maturity; 

(2) because of the menopause, the bone loss is greater in women than in men; 

(3) life expectancy is greater for women; 

(4) women seem to suffer falls more frequently than men. 

Public awareness about osteoporosis is increasing and more and more women 
require information from their health providers about fracture risk and 
osteoporosis prevention and treatment. Currently estrogens are one of the most 
potent medications for preventing bone loss and increasing bone mass after it has 
been lost following the menopause. 

There is no definition in the literature what is early and late postmenopause. If 
we consider that many women spend about 30 years in menopause (between the 
ages of 50 and 80), then the first 10 years or so postmenopause may be 
considered early, and thereafter the late postmenopause. The menopause 
indicates a significant reduction in ovarian estrogen production and thus a time 
when sex hormones can start to be replaced. There is evidence that, in the early 
years following surgical or natural menopause, there is a period of accelerated 
bone loss, which in later life decreases but still continues into old age. During 
these early years, the bone microstructure may be adversely compromised with 
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perforation and loss of trabecular elements. The process of architectural damage 
is probably irreversible, even if estrogens are given later in life. Early 
intervention will maximize the number and integrity of trabecular structures 
remaining in the bone tissue and will help to retain bone strength. When 
estrogens are given late in the menopause the increase in bone density is only due 
to the increased mass/thickness of the remaining trabecular elements. Thus the 
bone may never regain its original strength. Nevertheless estrogens can benefit 
bone strength and reduce fracture risk even in women with established 
osteoporosis by the conservation and strengthening of these remaining trabecular 
elements. Thus late intervention may still give considerable benefit in term of 
fracture risk reduction. 

The menopause is also associated with vasomotor symptoms, insomnia, 
urogenital atrophy and psychological and psychosomatic symptoms in the vast 
majority of women. Hormone replacement treatment (HRT) will effectively treat 
these symptoms. In addition, if HRT is given earlier in the menopause, its side 
effects (withdrawal bleeds, premenstrual syndrome-like symptoms, nausea, 
headache, bloatedness, muscle cramps) may be more easily accepted by women. 
The main disadvantage of early intervention with HRT is the necessity of 
prolonged treatment which requires long term compliance, and the potential 
increase in the risk of any long-term adverse effects. The benefits of prolonged 
HRT on lipids and lipoproteins include reduction of the incidence of CVD and 
stroke, preventing unfavorable changes in lipids, glucose and insulin metabolism, 
coagulation and fibrinolysis which are seen following the menopause. HRT also 
improves muscle strength, increases skin thickness and may prevent the 
development of Alzheimer's diseases. Furthermore, since prevention is better 
than cure, there are compelling reasons to start estrogen replacement as soon as 
estrogen deficiency occurs. 

Evidence of Hormone Replacement Therapy Efficacy on 
the Skeleton 
In many older studies, the site of measurement is the wrist or the metacarpal 
bones. This may not truly correlate with the bone density in the spine and the hip. 
Often, there is no distinction between surgical-induced and natural menopause. 
Following early surgical menopause, the rate of bone loss may be greater than 
seen with natural menopause. The method of measurement and its coefficient of 
variation is important. For some methods, precision is 1-2.5% which is well 
within the expected yearly bone loss or gain, thus longer follow-up studies are 
required. 

The presentation of results is not always clear. For example, expressing group 
data as means and standard errors conceals the fact that some 8-15% do not 
conserve bone with standard therapy. 
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Treatment Regimens 

Estrogens with or without Progestogens: Oral Treatments 
There are two main oral estrogens: conjugated equine estrogens (CEE) and 17-~ 
estradiol (E2). Oestrone sulphate is also available but is used to much lesser 
extent. CEEs are available in two dosages: 0.625 mg and l.25 mg. They consist 
mainly of estrone (50%) and equilin (25%) but virtually no estradiol. 17-~ 

estradiol is available in I, 2 and 4 mg tablets. Taken by mouth, it is transformed 
mainly to estrone. All orally available estrogens undergo first pass hepatic 
metabolism and are transformed to estrone and estriol. This produces favorable 
effects on lipids and lipoproteins, increasing HDL and decreasing LDL, but may 
increase the renin-substrate and certain haemostatic factors. Synthetic 17-0.­
alkylated estrogens, such as ethinyl estradiol, are not used in HRT because they 
are not oxidized by 17-~ estradiol dehydrogenase and therefore have a greater 
effect on the liver. 

The bone conserving dose of oral estrogens is 0.625 mg for CEE, 1 to 2 mg E 
or l.5 mg for estrone. Unopposed estrogen is used in hysterectomized womeJ 
whilst progestogen addition for 12-14 days each month is necessary in non­
hysterectomized women to prevent endometrial hyperplasia and carcinoma. 
Different progestogens in equipotent dosages will be equally effective in 
preventing endometrial disease, but will have different metabolic effects. More 
androgenic progestogens, such as 19-nortestosterone derivatives in dosages of I 
mg norethisterone acetate (NET A) or 75 f-Lg levonorgestrel, will provide a very 
good cycle control. NET A may also have additional bone sparing effects of its 
own. 

Less androgenic progestogens, such as C-21 pregnane derivatives 
medroxyprogesterone and dydrogesterone, have fewer side effects such as acne, 
greasy skin and fluid retention. 

In order to avoid monthly withdrawal bleeds, estrogens and progestogens may 
be given continuously as continuous combined HR T. After 6 months of such 
treatment, some 60-70% of truly postmenopausal women will be amenorrhoeic, 
which may greatly increase their compliance. However, continuous combined 
HRT has been less well studied with regard to its metabolic effects. 

Parenteral Estrogens 
Parenteral estrogens can be administered in the form of patches, implants or gels. 
In the case of patches and gels, estrogen in the form of estradiol is delivered 
through the skin, whilst implants are inserted subcutaneously, where they slowly 
release estradiol. In this way, the first-pass metabolism in the liver is avoided and 
much smaller amounts are needed. Patches are changed once or twice weekly, 
and implants are usually inserted every 6 months, which may improve 
compliance. The patches deliver estradiol at a steady rate, and this way peaks and 
troughs are avoided. The implants have a high initial peak which may last up to 
2-4 weeks. Once inserted, they cannot be easily removed, and estrogen levels 
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may build up with frequent use. It is therefore necessary to monitor estrogen 
levels before a new implant is inserted and to delay administration until the levels 
fall to under 500 pmolll. 

The estradiol gel (estrogel) contains 1.5 mg estradiol in 2.5 g of gel (two 
measures of 1.25 g each), which delivers approximately 75 Ilg of estradiol 
through the skin. The suggested initial dosage is one or two applications of 2.5 g 
of gel daily (two to four measures). 

Bone sparing doses are 50 Ilg/day for the patches, 50 mg for the implants and 
2.5 g daily for estradiol gel (1.5 mg estradiol). 

Table 17.1. Bone-conserving doses of estrogens. High-dose is the dose 
suggested for use in young women with premature menopause whereas 
low-dose is the dose suggested for use in elderly women. Bone density 

monitoring may be necessary in such cases. 

Estrogen· Normal High-dose Low-dose 

Conjugated equine estrogens 0.625 mg 1.25 mg 0.3 mg* 

Estrone sulphate 1.5 mg 3 mg 0.75 mg* 

Oral estradiol 17 2mg 4mg 1 mg 

Transdermal estradiol 17(patch) 0.05 mg 0.1 mg 0.025 mg 

Subcutaneous estradiol 17 50 mg 100 mg 25 mg 

*achieved by giving 1 tablet on alternate days. 

Norethisterone 
Estrogens are contra-indicated in some women, especially those with estrogen­
dependent tumors, such as breast cancer or uterine cancer, or with 
thromboembolic phenomena. In those patients, progestogens as sole treatment 
may provide symptomatic relief and will prevent bone loss. Norethisterone, 5 mg 
bd continuously, will increase the bone density in early postmenopausal women, 
followed for up to 3 years. The mechanism of action is not clear, but its 
androgenic properties may play a role. Less androgenic progestogens such as 
medroxyprogesterone acetate have no effect on bone density. 

Tibolone 
Tibolone is a synthetic compound with weak hormonal properties. Comparative 
animal studies have demonstrated that the estrogenic properties of tibolone are 
one fiftieth of those of ethinylestradiol, its progestogenic properties one eighth of 
those of norethisterone, and its androgenic properties one third of those of 
norethisterone. It effectively relieves vasomotor symptoms and does not stimulate 
the endometrium. The standard dose of 2.5 mg/day leads to an increase in bone 
density in the forearm and the lumbar spine. Around 6% non-responders to 
treatment were found after 2 years. 
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Testosterone 

N. A. Manassiev and J. stevenson 

Testosterone is produced in small amounts in women. Some 50-60% of 
testosterone originate from the ovary whilst the rest is produced by peripheral 
conversion of adrenal androstenedione and androstenedione sulphate. Overall, 
the ovary contributes about two-thirds and the adrenal about one-third of the 
circulating testosterone. Testosterone is largely protein bound and only the free 
fraction is active. Testosterone has anabolic and androgenic effects. It increases 
muscle bulk, increases bone density and stimulates peripheral hair growth and 
sebaceous gland secretion. Oral testosterone esters have adverse metabolic effects. 
Testosterone can be administered non-orally to women by implants. 

Nandrolone decanoate, 50 mg i.m., administered every 3 to 4 weeks, leads to 
significant increase of bone density when used in both early postmenopausal 
women and in women with established osteoporosis. Gains in bone density in the 
femoral neck and the lumbar spine are observed. The side effects most often 
encountered are raised blood pressure, leg oedema, voice hoarseness and facial 
hair, which are seen in up to 50% of the women receiving nandrolone. 

Adverse Effects and Risks of Postmenopausal Hormone 
Replacement Therapy 
Withdrawal bleeding is one of the reasons why the majority of women starting 
HRT stop after a short time. With sequential HRT most women will experience 
regular withdrawal bleeds. The duration is between 3 and 7 days and the periods 
are generally lighter than in reproductive years. If the bleeding starts on or after 
the eleventh day of the progestogen phase, this usually means that the 
endometrium has undergone an adequate secretory transformation. If women do 
not bleed on sequential HRT or on continuous combined HRT, this indicates that 
the endometrium is atrophic and does not need investigation. 

The lifetime risk of endometrial cancer is about 3% for women aged 50. 
Unopposed estrogen increases this risk 4-6 times after 5 years of use and 10 
times after 10 years of use. The addition of progestogens for at least 12 days each 
month will reduce the risk of developing endometrial cancer virtually to the 
background rate. Endometrial assessment is only required in women on 
sequential therapy whose withdrawal bleed changes in amount, timing or 
duration. Women on continuous combined or sequential HRT who were 
amenorrhoeic but started to bleed after a period of time will also need to be 
investigated. 

Breast cancer is a major cause of cancer death in women in UK. The lifetime 
risk for a woman aged 50 and living in the UK is about 8-l0%. The fear that 
HR T administered to postmenopausal women will increase the breast cancer risk 
is one of the major reasons why many women will not take HRT in the 
menopause and many doctors will advise against it. However, evidence that HRT 
increases breast cancer risk is not conclusive, and there is evidence of a lower 
mortality rate in women on HRT who develop breast cancer. 
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Until very recently, HRT was not thought to be associated with an increased 
risk of venous thromboembolism. Some recent case controlled studies have 
suggested a two- to fourfold increase of venous thromboembolism in HR T users 
compared to age-matched non-users. However, there are concerns about these 
studies. Nevertheless, women with previous venous thromboembolic events 
suggestive of thrombophilia or with a strong family history of thromboembolic 
disorders may warrant haemostatic investigation prior to treatment. There are 
reasons for recommending the use of trans dermal HRT in such women. 

Summary 
Hormonal prevention of osteoporosis with estrogens is a major advance in 
preventive medicine. Such treatment leads to improved longevity and quality of 
life. It also produces relief of menopausal symptoms and decreases the incidence 
of other menopause related conditions affecting the urogenital, cardiovascular 
and central nervous systems. It may, however, have some undesirable adverse 
effects. They may be minor, as in the case of abdominal bloatedness, muscle 
cramps, headache, breast tenderness, or unscheduled vaginal bleeding. They may 
be also major, as in the case of the unresolved questions about the long-term 
safety of estrogen on the breast. Careful selection of patients and careful 
monitoring of therapy will help keep the adverse effects and risks to a minimum. 
Early intervention with hormone replacement is clearly an important strategy for 
the prevention of postmenopausal osteoporosis. 
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Prevention Early After Menopause: 
Non-hormonal Intervention 

Aurelio Rapado 

Prevention should be directed towards the optimization of peak bone mass. 
Unfortunately major contributors (race and heredity) are unchangeable and the 
impact of other potential factors such as exercise and nutrition is of uncertain 
value. 

Nevertheless as non-hormonal factors account for the large inter-regional 
differences in the incidence of osteoporosis, lifestyle factors are of great 
importance in determining bone mass. In this setting, avoiding risk factors from 
adolescence could playa role in preventing fractures later in life 

There are some key indications to start bone loss prevention early after 
menopause. These include the presence of strong risk factors as premature 
menopause, prolonged secondary amenorrhea, primary hypogonadism. Other 
conditions include a previous fragility fracture, radiographic evidence of vertebral 
deformity, significant loss of height or thoracic kyphosis. Low body weight is also 
a risk factor as this is related to the postmenopausal production of estrogen and to 
a decreased weight on the skeleton. In fact there is evidence that loss of mineral 
in the forearm is reduced in women who are heavier. 

Different nutritional factors have been associated with an increased risk of 
osteoporosis and these could be controlled at this stage. Calcium and vitamin D 
recommended daily allowances are amply covered in nowadays, but sunshine 
exposition could contribute to a better absorption and metabolism. Avoiding 
excessive amounts of meat and fish will reduce the rate of sulphate elimination, 
hence inducing urinary calcium loss and a negative calcium balance. Caffeine­
containing drinks can increase the urinary excretion rate of calcium but its 
contribution to osteoporosis is at best circumstantial. High sodium diet increases 
the urinary excretion of calcium due to a decrease in renal tubular reabsorption 
which might stimulate the secretion of parathormone and thus increase the 
activation frequency of bone. 

Smoking affects skeletal mass loss and fracture risk in several ways and the 
skeletal protection provided by estrogen replacement therapy is lost in those who 
smoke. 

Alcohol use alters calcium regulating hormones, reduces bone formation and 
results in osteopenia. Heavy alcohol consumption increases hip fracture risk. 
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Certain drugs such as corticosteroids, thyroxin, heparin, lithium, cytotoxic 
chemotherapy of anticonvulsivants, increase bone loss and reduce bone formation 
through their effect on mineral metabolism and bone cell functions. Due to 
considerable variation between individual patients in their resistance to 
osteopenic effect it is mandatory to monitor the dose and keep it to a minimum. 

The tropic effect of physical activity on the skeleton has stimulated the use of 
many exercise regimens to prevent bone loss. Weight-bearing exercises are the 
most effective but the threshold, type, degree and periodicity that are optimal for 
bone mass is not known. For various reasons the impact of exercise regimens, 
particularly strength and aerobic, is small and does not prevent bone loss due to 
estrogen deficiency. Weightbearing exercise at an intensity that exceeds the level 
of usual activity for 30 minutes three times a week should help to prevent bone 
loss in many adults. 

More important is to avoid prolonged immobilization. The role of isometric 
exercises in patients with established osteoporosis is beneficial to avoid bone loss 
and control of falls. The effect of exercise on bone mass may be enhanced by 
calcium supplementation and the benefits from estrogen and exercise appear to be 
additive. 

The phase of net bone loss is commonly thought to begin at or around the 
menopause but in fact starts earlier and is accelerated after the menopause. The 
rate of bone loss varies considerably among the population. Some cases with 
accelerated bone loss could be identified, namely "fast-losers", by bone­
densitometry or biochemical markers. In this group and for those with already 
established osteopenia or osteoporosis by densitometric definition, a 
pharmacological approach is indicated and association of certain antiresorptive 
drugs, including estrogens, is advisable. 

Several drugs have been shown to prevent or at least to decrease the rate of 
bone loss early after menopause. Calcium must be supplemented as aging is 
associated both with a reduced dietary intake and a relative malabsorption of 
calcium. Dietary calcium should therefore be evaluated and, if necessary, brought 
up to a daily intake of 1.000 mg in women on estrogen and 1.500 mg in those not 
on estrogens. Food and dietary products bestow enough calcium in healthy 
women but in some cases calcium preparations are necessary. The elemental 
content of calcium is important. The availability of calcium is greater with meals. 
Calcium supplements divided over the meals are not to exceed 500 mg. 
Prevention of eventual side-effects must be taken in consideration. 

Calcitonin in pharmacological amounts is an inhibitor of bone resorption. 
Several studies confirm a decrease in vertebral fracture frequency, vertebral 
deformities and of the risk of hip fracture. 50 IU/day given by nasal spray for 5 
days per week prevent bone loss at the spine after menopause. Larger doses might 
be required at cortical sites. New preparations and ways of administration will 
reduce inconvenient side-effects. 

Bisphosphonates are now widely used for prevention of bone loss, not only in 
perimenopausal women but also in patients taking corticosteroids and other 
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forms of secondary osteoporosis. Table 18.1 shows the regimens of 
bisphosphonates most frequently used and/or under study in human clinical 
trials. These doses prevent bone loss. The effects on fracture rate are discussed in 
Chapter 20. 

A great variety of combinations, sequential and intermittent regimes, has been 
studied for prevention of osteoporosis. Ipriflavone, raloxifene, strontium salts 
may be of interest in the near future. In cases with associated arterial 
hypertension, thiazide diuretics, through its effect on renal tubular reabsorption 
of calcium, could be a good choice. 

Table 18.1. Bisphosphonates to prevent bone loss in osteoporosis and/or 
under study in human clinical trials (Kanis, 1996) 

Agent Dose (mg) Regimen 

Etidronate* 400 2 weeks out of 12 
Tiludrontate 50-200 7 days out of 28 
Clodronate 800 Daily or daily every other month 
Pamidronate 150 Daily or intermittent 
Alendronate* 10 Daily 
Ibandronate 2.5 Daily (also 5 mg 3 monthly Lv.) 
Risedronate 5 Daily or 2 weeks on 2 weeks off 

*given with calcium 

Summary 
Prevention includes control of strong risk factors early after menopause, such as 
different diseases, nutritional factors, smoking, alcohol excess, certain drugs and 
immobilization. The role of calcium intake and physical activity is stressed. 
Antiresorptive drugs, as calcitonins or bisphosphonates play a important role in 
preventing osteoporosis and bone fractures. 
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Prevention in Old Age: Pharmacologic 
and Non-Pharmacologic Strategies to 
Prevent Hip Fracture 

Steven Boonen 

Hip fractures among the elderly are a worldwide epidemic, and the number of 
these fractures is expected to rise dramatically as the populations age. In addition 
to high financial costs, femoral neck fractures are associated with high morbidity, 
high risk for long-term institutionalization, and increased risk of death. 
Considering the magnitude of the problem, any substantial reduction in the hip 
fracture burden depends on prevention. In view of the complex pathogenesis of 
hip fractures, preventive strategies should focus on the frequency of falling in the 
elderly as well as on the prevalence of compromised femoral integrity as a 
consequence of bone loss. 

Ex vivo experiments on cadaveric specimens have indicated that over 90% of 
the variance in femoral failure load in a fall configuration can be predicted by 
measuring bone mineral density at the proximal femur, suggesting that the age­
dependent decrease in bone mass is the most important cause of diminishing 
bone strength with aging and, therefore, of osteoporotic fracture risk. Consistent 
with this assumption, bone mineral density has been shown to associate 
significantly with hip fracture in prospective cohort studies. 

The increase in hip fractures with age, however, is not fully accounted for by 
the decline in bone mineral density of the proximal femur: even after adjustment 
for bone density, each decade increase in age is still associated with a substantial 
increase in fracture risk in elderly women. Other factors, in addition to bone 
density, must therefore increase the susceptibility to hip fractures. These factors 
contribute to the risk of hip fracture in other ways, presumably by influencing 
qualitative characteristics of bone other than bone density or by affecting the 
incidence or impact of falls. 

Targeting of Preventive Strategies 
In addition to low bone mass, many potential risk factors for hip fracture, such as 
low body mass index, previous fractures, muscle weakness, impaired vision, 
cognitive impairment, a history of hyperthyroidism, use of long-acting sedatives, 
and physical inactivity have been identified in case-controlled and prospective 
studies. Although some of these factors act as least partly through effects on bone 
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density, recent data indicate that numerous risk factors still exert significant 
effects on the risk of fracture after adjustment for bone density and that the 
assessment of risk factors and the measurement of bone density have 
complementary value for the prediction of hip fracture. In a prospective cohort 
study by Cummings et al. involving 9516 community-based women 65 years of 
age or older, women who had five or more risk factors (15% of the study 
population) had a probability of fracture in the next five years of about 10%, 
whereas the 47% of women with two or fewer risk factors had a probability of 
about I%. Moreover, the incidence-ratio of hip fracture ranged from 1.1 (95% 
confidence interval 0.5-1.6) per 1000 woman-years among women with no more 
than two risk factors and normal bone density for their age to 27 (95% confidence 
interval 20-34) per 1000 woman-years among those with five or more risk factors 
and bone density in the lowest third of their age. These findings indicate that a 
small number of women with multiple risk factors and low bone density have an 
especially high risk. They account for a large proportion of hip fractures and 
should be the focus of intensive preventive efforts. While some risk factors may 
not be directly modifiable, their increased attributable risks suggest that targeting 
equivalently effective preventive efforts at these subgroups may result in a greater 
reduction in the rate of serious injury than a preventive program aimed at the 
overall elderly population. Moreover, the identification of several disparate risk 
factors, none with a large relative risk, supports the multifactorial nature of hip 
fracture and suggests that a multidimensional rather than a single, intervention 
strategy may result in the greatest risk reduction. 

Pharmacologic Strategies to Prevent Hip Fracture 
Even in women aged 80 years and over, bone density continues to be strongly 
associated with the risk of femoral fractures. Based on these and similar data, 
age-related fractures are considered to be primarily the consequence of bone loss 
and increased bone fragility. In line with this dominant view on fracture etiology, 
prevention studies have primarily focused on pharmacologic interventions to 
increase bone density of the femoral neck. 

Prevention of Estrogen Deficiency-Induced Bone Loss at the 
Proximal Femur 
The residual effects of estrogen deficiency-related bone loss (partially) account 
for the higher incidence of hip fractures in elderly women compared to elderly 
men, even though the rates of slow bone loss are similar. As a consequence of the 
combined effects of both types of bone loss, bone density of the femoral neck 
declines about 58% over a lifetime in women (39% in men), while density of the 
intertrochanteric region ofthe proximal femur falls about 53% (35% in men). 

A significant effect of estrogen substitution therapy, initiated 
perimenopausally, on bone density, including mineral density at the proximal 
femur is well-documented. In women who receive lifelong therapy, bone density 
at 80 years may decrease by about 10% from bone density at menopause, as 
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compared with a decline of about 30% in women who have never been treated. 
However, when estrogen substitution is discontinued, bone density declines at a 
rate similar to the perimenopausal one. About 10-15% of skeletal mass is 
estrogen-dependent, implying that this amount of bone is rapidly lost in 
postmenopausal women, perimenopausally if estrogen therapy is not initiated or 
later in life when estrogen substitution is discontinued. In a cross-sectional 
analysis involving 212 postmenopausal women (mean age 76 years) from the 
Framingham Study, Felson et al. reported on the long-term effect of 
postmenopausal estrogen substitution on bone density. Among women of 75 years 
old or older, even 10 or more years of past estrogen therapy were not associated 
with a significant effect on femoral bone density. 

In line with these densitometric data, several cross-sectional studies have 
provided evidence to suggest that the protective effect of estrogen substitution on 
hip fracture incidence does not persist after discontinuation of the estrogen 
therapy. In a study by Weiss and co-workers involving 320 postmenopausal 
women and 567 age-matched controls, a decreased risk of fracture (0.43, 95% 
confidence interval 0.3 to 0.6) was evident only in case of current estrogen 
intake. Similar findings were reported in a retrospective cohort analysis of 2873 
women in the Framingham Study. The adjusted relative risk in women who had 
taken estrogens within the previous 2 years was reduced to 0.34 (0.12 to 0.98). In 
contrast, past estrogen use was less protective (0.74, 0.49 to l.14). Finally, the 
waning effect of postmenopausal estrogen therapy on senile osteoporosis was 
recently confirmed by a prospective cohort study involving 9704 ambulatory 
women 65 years of age or older. The relative risk for hip fracture tended to be 
lower among current users (0.60, 0.36 to l.02) than among never-users. Previous 
use of estrogen, even for more than 10 years, had no substantial effect on fracture 
risk. To prevent hip fractures in old age, estrogen treatment may have to be 
initiated perimenopausally and continued indefinitely. 

Prevention of Age-related Femoral Bone Loss 
The cumulative response of a deficit in calcium intake and an age-related decline 
in calcium absorption, which is partially accounted for by vitamin D deficiency, 
is a negative calcium balance stimulating parathyroid hormone (PTH) secretion. 
Serum PTH has indeed been reported to show a significant, though limited, age­
related increase. This age-associated increase in intact PTH is (partially) 
determined by the progressive decline in vitamin D [25(OH)D] status, 
suggesting that age is associated with mild secondary hyperparathyroidism 
necessary to maintain normal serum 1,25(OH) D concentrations. In addition, the 
ability of PTH to increase renal la.-hydroxylaie Jctivity appears to diminish with 
age, possibly owing to diminished renal mass, and this may contribute to the age­
associated increase in PTH. 

In the concept of age-related (type II) osteoporosis, a key role has indeed been 
attributed to this vitamin D deficiency-related secondary hyperparathyroidism. In 
line with this concept, the increase in serum PTH with aging correlates directly 
with the increase in markers of bone turnover. High serum PTH levels resulting 
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from low calcium intake and vitamin D deficiency are therefore likely to 
contribute to bone loss by inducing an age-related increase in activation 
frequency, i.e., the number of remodeling units activated. As there is already a 
net loss of bone within each remodeling cycle in the elderly and as PTH increases 
the birth of new remodeling units, the effect of secondary hyperparathyroidism 
will be to amplify the uncoupling between bone resorption and formation and to 
increase the amount of bone lost per unit time. 

Effect of Calcium Substitution on Bone Loss 
and Fracture Risk 
Much of the research on the effect on dietary calcium in the elderly has focused 
on the relationship of calcium intake to bone density rather than fracture and has 
yielded contradictory results. A more consistent relationship has emerged from 
several calcium supplementation trials, which generally have shown a small, but 
positive, effect of calcium on bone loss in older women. Fewer studies have 
examined the relationship between dietary calcium and hip fracture risk, and 
these have also produced conflicting results. However, most of these studies have 
used a case-control design. Recently, a number of prospective studies on the role 
of calcium in hip fracture risk have been published, and each has produced 
somewhat different results, possibly because of different ranges of dietary 
calcium, unstandardized dietary assessments, misclassification errors, and/or 
sampling variation due to fluctuating dietary intakes. In fact, only one 
prospective study to date has demonstrated a statistically significant protective 
effect of calcium in postmenopausal women, suggesting that there is no overall 
effect of dietary calcium on hip fracture risk. However, although not statistically 
significant, the finding of decreased relative risks in all other prospective studies 
indicates that further investigation may be warranted. In particular, future 
research should clarify if, and to what extent, calcium may be more effective in 
certain age subgroups of postmenopausal women. In this regard, recent data 
suggest that the effect of calcium may vary during menopause, being relatively 
ineffective in attenuating bone loss until late menopause. This issue is elucidated 
clearly in a study by Dawson-Hughes et al., in which, with the same 
investigational design, the same measurement methods, and the same calcium 
sources, a modest calcium supplement abolished age-related femoral bone loss in 
(vitamin D-replete) women 6 or more years postmenopausal, but was quite 
without effect in women within 0-5 years following menopause. Similarly, in a 
recent cohort study of non-institutionalized women aged 50-74 years, the age­
adjusted risk of hip fracture was substantially reduced in the highest quartile of 
calcium intake compared to the lowest quartile, but only in the subgroup of 
women who were at least 6 years postmenopausal. In general, these evaluations 
of the relationship between calcium intake and fracture risk in elderly women are 
suggestive of a beneficial effect. 

The effectiveness of calcium supplementation in suppressing 
hyperparathyroidism and reducing fracture incidence will depend on the dosage 
of the calcium supplement. While the optimal intake of calcium that is required 
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to maxllll1Ze PTH suppression remains to be established, the current 
recommended dietary allowance (RDA) of 800 mg per day in older subjects 
undoubtedly is inadequate. In fact, even in (vitamin D-replete) women with a 
daily intake of 800 mg of calcium, both parathyroid function and markers of bone 
remodeling are markedly elevated. In contrast, recent evidence suggests that 
women over age 65, maintained for 3 years on a calcium intake averaging 2400 
mg per day, manifest not the values of PTH secretion and bone resorption typical 
for their age, but young adult normal values instead. The fact that secondary 
hyperparathyroidism is not prevented by a calcium intake approximating 800 mg 
per day (as recommended by the Food and Nutrition Board of the National 
Academy of Sciences), and that PTH levels can be returned to young normal 
values at a calcium intake well-above the current RDA is a clear indication ofthe 
inadequacy of the current 800 mg figure for the elderly and supports the recent 
recommendation of the National Institutes of Health Consensus Conference on 
Calcium Nutrition that elderly subjects should consume at least 1500 mg of 
calcium per day. 

In addition to the dosage of the calcium supplement, timing of the 
administration may be important. Recent studies indicate that bone resorption is 
characterized by circadian variation, and the daily rhythm of PTH secretion of 
calcium intake is likely to be an important determinant of this rhythm. 
Attenuation of the circadian rhythm of bone resorption by oral calcium 
supplementation may therefore critically depend on the timing of the 
supplements. Consistent with this assumption, evening calcium supplementation 
abolishes the night-time increase in levels of PTH, attenuates the circadian 
rhythm of bone resorption, and reduces overall daily bone resorption in healthy 
premenopausal women. In contrast, morning calcium supplementation has no 
significant effect on the circadian rhythm of bone resorption. Although it remains 
to be established whether similar findings apply to older people, these data 
suggest that evening calcium supplementation may be required to suppress 
hyperparathyroidism-induced bone loss in the elderly. 

Effect of Vitamin 0 Substitution on Bone Loss 
and Fracture Risk 
To test the effect of vitamin D on the incidence of hip and other osteoporotic 
fractures in elderly women, large-scale intervention studies have recently been 
reported. In a prospective, randomized study in 3270 elderly women with a mean 
calcium intake of 500 mg per day and a mean serum 25(OH)D of 15 ng/mL, 

3 
Chapuy and co-workers reported that, compared to placebo, supplementation 
with cholecalciferol (800 IU per day) and calcium (l.2 g per day) increased bone 
mineral density at the proximal femur and reduced the risk of hip fracture 
significantly (Table 19.1). 
After 18 months, femoral bone density had increased 2.7% in women who were 
given the supplement and declined 4.6% in placebo recipients. Women who 
received cholecalciferol and calcium had a 25% decrease in the incidence of hip 
fractures and other peripheral fractures. Moreover, support was provided 
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(increased serum 25 (OH)D 3 and decreased serum PTH concentrations) for a 
biochemical mechanism of this effect. However, these strong findings must be 
tempered by the wide age range of the 3270 subjects studied (69-106 years of 
age), the high dropout rates (30% withdrew for reasons other than death) and the 
lack of a factorial design that would allow the relative merits of each of the 
supplements to be determined. 

Table 19.1. Effects of Vitamin D3 and calcium supplementation on the number of 
fractures in elderly women. 

Vitamin D3 (800 IU) Placebo P Value 
and Calcium (1.2 g) 

Active-treatment analysis 
Number of women 1208 1168 
All nonvertebral fractures 151 204 0.020 
Hip fractures 73 103 0.040 

I ntention-to-treat analysis 
Number of women 1387 1403 
All nonvertebral fractures 160 215 <0.001 
Hip fractures 80 110 0.004 

Chapuy et aI., N Engl J Med 1992. 

Lips et aI., on the other hand, recently conducted a prospective double-blind 
trial in 2578 elderly men and women (mean age 80 years) to study the effect of 
cholecalciferol substitution (400 IV per day). No calcium supplement was used. 
While the participants in the Chapuy trial were mainly residents of nursing 
homes, about 40% of the participants in the Lips study lived independently. Mean 
daily calcium intake was 1,000 mg and mean serum 25 (OH)D3 level 10 ngimL. 
Despite a significant increase in femoral mineral density of 2.2% after 2 years, no 
effect on fracture incidence was noted during a median follow-up of 42 months. 

It is unlikely that the higher dose of vitamin D in the Chapuy study is 
responsible for the difference in results. The additional increase in serum 25(OH) 
D3 when using a 800 IV dose is negligible, which is confirmed by the similar 
increase of serum 25(OH) D3 in both studies. Although mean baseline serum 
25(OH) D3 and age were similar, the dietary calcium intake was much lower in 
the Chapuy study, which may account for the higher baseline serum PTH levels 
and the subsequently greater reduction after supplementation. In fact, the 
decrease in serum PTH concentration in a sample of the Chapuy study was about 
50% after calcium and vitamin D treatment, whereas this concentration 
decreased only 15% in a nonrandom sample from the Lips trial after vitamin D 
supplementation. These changes in parathyroid activity suggest that the calcium 
supplement contributed substantially to the observed effects in the Chapuy trial. 
Thus, the effect of vitamin D supplementation might be greater when a calcium 
supplement is also used. In addition, the effect of vitamin D substitution on the 
incidence of fractures may only be apparent in an older, frailer population than 
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the one studied by Lips. In line with this assumption, recent retrospective data 
have provided further evidence that the use of vitamin D supplements is not 
associated with a significant decrease in overall risk of hip fracture in 
community-based women, supporting the concept that vitamin D might be 
targeted optimally to the frail elderly institutionalized population. 

Non-pharmacologic Strategies to Prevent Hip Fracture 
About 1 % of falls cause hip fracture and about 5% result in any type of fracture. 
In vitro data on the relationship between bone mineral density and fracture load 
have indicated that an increase of more than 20% in femoral neck mineral 
density would be required to raise the mean fracture load to the level of the 
impact loads from a fall on the hip. However, controlled trials of pharmacologic 
interventions have demonstrated increases of only a few per cent in femoral neck 
density emphasizing the continuing need for intervention strategies that focus on 
fall prevention and/or reduction in fall impact. 

Prevention of Falls 
Over 90% of hip fractures have been documented to be the result of falls. The 
annual incidence of falls among elderly persons living in the community 
increases from 30% after 65 years of age to 40% among those over the age of 80. 
Falls are even more common in the institutionalized elderly, which may 
contribute to the fact that institutionalized elderly people are not protected from 
sustaining a hip fracture. Although some falls have a single cause, the 
predisposition to fall may, rather, result from the accumulated effect of multiple 
factors. 

Falls are complex, multifactorial events, and this may partially explain the fact 
that they have been proven remarkably resistant to prevention. Recently, 
however, Tinetti et al. reported that an intensive multifactorial intervention 
strategy could be used to decrease the incidence of falls (Table 19.2). The study 
population consisted of noninstitutionalized men and women who were at least 
70 years of age and who had at least one or more selected risk factors for falling. 
In the subjects assigned to intervention, standardized intervention protocols were 
used for each identified risk factor. Three types of intervention were applied: 
adjustment in medications, behavioral instructions and exercise programs. 
During 12 months of follow-up, 35% of the intervention group fell, as compared 
with 47% of the control group, corresponding with an adjusted incidence-rate 
ratio for falling of 0.69 (95% confidence interval 0.52-0.90). In addition, the 
proportion of persons who had the targeted risk factors for falling was reduced in 
the intervention group, suggesting that risk factor modification contributed to the 
decreased occurrence of falls. Similarly, combined data from a number of recent 
trials have demonstrated that certain exercise programs significantly reduce the 
fall incidence ratio in elderly patients. 



108 S. Boonen 

Table 19.2. Multifactorial intervention strategy to reduce the risk of falling among 
elderly people. 

Risk factors 

• Postural hypotension 

• Use of any benzodiazepine 
or other sedative-hypnotic 
agent 

• Use of 4 prescription 
medications 

• Inability to transfer safely 
to bath-tub or toilet 

• Environmental hazards for 
falls or tripping 

• Any impairment in gait 

• Any impairment in transfer 
skills or balance 

Intervention 

Behavioral recommendations; decrease in 
dosage, discontinuation, or substitution for 
medications that may contribute to 
hypotension 
Education about the appropriate use of 
sedative-hypnotic agents; nonpharmaco­
logic treatment of sleep problems; tapering 
and discontinuation of medications 
Review of medications with primary 
physician 
Training in transfer skills; environmental 
alterations, such as grab bars or raised 
toilet seats 
Appropriate changes, such as removal of 
hazards, safer furniture (correct height, 
more stable), installation of structures such 
as grab bars or handrails on stairs 
Gait training; use of an appropriate 
assistive device; balance or strengthening 
exercises if indicated 
Balance exercises; training in transfer skills 
if indicated; environmental alterations 

• Impairment in muscle Resistance training 
strength 

Tinetti et al., N Engl J Med 1994. 

However, the degree to which the effects of these interventions can be generali­
zed will need to be determined in other settings. Moreover, no effect of the 
strategies studied was documented on hip fracture incidence. While multifactorial 
fall prevention efforts have demonstrated moderate reductions in fall incidence, 
such programs are expensive and potentially inefficient. In fact, none of the 
studies individually or collectively in any meta-analysis had an effect on injurious 
falls. The critical question of the efficacy of preventive strategies for fall injuries 
will therefore have to await clinical trials specifically designed for that purpose 
and specifically targeted on selected subgroups. 

Reduction of Impact of Falls 
The loads required to fracture the isolated elderly femur in vitro are significantly 
(an order of magnitude) smaller than estimates of the potential energy generated 
during a typical fall from standing height. Even at rates of load applied during a 
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typical fall, the estimated impact force on the hip is '35% greater than the average 
femoral fracture load. These experimental findings suggest that the energy 
transmitted during falling and impact, rather than bone strength, may be the 
dominant factor in the biomechanics of fracture of the hip. The energy 
transmitted to the proximal femur during a fall may vary considerably, as it is 
determined by the impact energy created by the fall and the energy absorption 
capacity of the trochanteric soft tissue. 

An external protective device, designed to divert the impact energy from the 
greater trochanter, has been shown to significantly reduce the energy transmitted 
to the proximal femur and may substantially reduce the risk of hip fracture in 
elderly individuals. In a randomized prospective trial by Lauritzen and co­
workers, application of a polypropylene device to nursing home residents was 
associated with a relative risk of femoral fracture of 0.44 (95% confidence 
interval 0.21 to 0.94). The diversion of the impact away from the greater 
trochanter did not result in an increase in non-hip fractures. In addition, all 
subjects in the intervention group who sustained a fracture failed to use their 
protectors at the time of the injury. 

Conclusion 
By any standard, osteoporosis is one of the most important diseases encountered 
in geriatric practice. The complexity of the pathogenesis of hip fractures implies 
the need for a multifaceted strategy of prevention. Although many risk factors for 
senile osteoporosis are potentially preventable or reversible with targeted 
interventions, the beneficial effects of most strategies have not yet been 
adequately documented, indicating the need for additional long-term controlled 
studies. 

Summary 
• Strategies for the prevention of hip fracture should focus on the frequency of 

falling as well as on the prevalence of compromised femoral integrity as a 
consequence of bone loss. 

• Given the high prevalence of falls among the elderly, a performance-oriented 
functional assessment should be targeted at all patients over 75 years of age. 
As the risk of falling increases with the number of risk factors, risk may be 
reduced by modifying even a few contributing factors. 

• Recent intervention studies have indicated the need to provide adequate 
supply of both calcium and vitamin D (1500 mg and 400 IU daily, 
respectively), in particular to the frail elderly institutionalized population. 
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Treatment of Osteoporosis 

Henry G. Bone 

Once the diagnosis of osteoporosis is established, a plan of medical intervention 
should be formulated, taking into account the severity of the osteoporosis, any 
contributory causes, other medical conditions which may influence treatment, 
and the circumstances of the patient. 

The evaluation of the patient for contributory causes of decreased bone mass, 
and appropriate specific intervention when such conditions are found, is essential 
to successful treatment of the disorder. Obviously, medical disorders such as 
Cushing's disease, myeloma or gluten enteropathy, should be addressed directly. 
More common are subtle abnormalities affecting bone and mineral metabolism. 
Specifically, many patients with osteoporosis are found to have nutritional 
deficiencies, or impaired calcium and/or vitamin D absorption. It is also not 
uncommon for patients with osteoporosis to have renal calcium wasting. Such 
patients may have a personal or family history of urolithiasis. One or more 
contributory factors may be present in as many as one-fourth or more of patients 
with osteoporosis, and may be even more common in patients whose osteoporosis 
is especially severe or premature. 

In patients in whom abnormalities of calcium metabolism have been excluded 
or corrected, contemporary treatment is directed at altering the balance of bone 
remodeling, generally by suppressing bone resorption. In most cases this is 
accomplished with hormone replacement therapy or non-hormonal antiresorptive 
agents. However, the role of mechanical loading must not be forgotten. Regular 
weight bearing exercise is an essential part of any successful regimen. 

Treatment of Disorders of Calcium Metabolism 

Nutritional Deficiencies 
Inadequate dietary calcium and vitamin D intake are common, especially in the 
elderly or institutionalized patient. The effectiveness of supplementation of 
calcium and vitamin D in such patients has been well demonstrated to alleviate 
such deficiency states, with a consequent reduction in fracture rate. Clinical 
studies of calcium administration, and the evaluation of placebo-control group 
subjects receiving calcium supplements in many clinical trials, have 
demonstrated the ability of adequate calcium and vitamin D nutrition to at least 
stabilize the bone mass in many patients. Typical recommendations include 1,500 
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milligrams of elemental calcium daily, in divided dosage, and four hundred to 
eight hundred international units of vitamin D per day, depending on the 
patient's sunlight exposure. Various calcium preparations are available including 
tablets, capsules, solutions and fortified beverages. Some patients find calcium 
supplements constipating. In such cases, dairy products, calcium-enriched 
beverages (e.g. orange juice) and aqueous solutions are apt to be better tolerated. 
Stool softeners and generous water intake are also important. Alternatives to 
calcium carbonate may be better tolerated by patients who are bothered by release 
of carbon dioxide gas. The effectiveness of nutritional therapy can be judged by 
measurement of the twenty-four urine calcium excretion, which should increase 
from the subnormal pre-treatment levels typical of deficiency states to the normal 
range within a few months on the supplements. It is also useful to measure 25-
hydroxyvitamin D levels to assure adequacy of vitamin D treatment. Target 
serum 25-hydroxyvitamin D levels are at least 20 ng/mI and preferably 30 ng/mI. 

Impaired Calcium Absorption 
More problematic are patients who are unable to absorb adequate amounts of 
calcium and/or vitamin D even when usually adequate amounts are taken by 
mouth. On careful evaluation, some of these patients will be found to have 
gluten enteropathy, although such patients will often have little in the way of 
gastrointestinal symptoms (in contrast to patients whose celiac disease is 
diagnosed earlier). These patients may respond to gluten-free diets but will 
usually require extra calcium and vitamin D, as recovery of absorptive function 
may be slow and incomplete. Administration of parenteral vitamin D or oral 
calcifediol (25-hydroxyvitamin D) generally will be adequate to provide normal 
circulating vitamin D levels in such patients, but small amounts of extra calcitriol 
(1,25-dihydroxyvitamin D) supplementation may be useful when the gut surface 
is not adequate to respond to normal vitamin D levels. Other patients will have 
impaired absorption due to a variety of identifiable conditions (for example 
Crohn's disease) which may be amenable to medical intervention. When the 
underlying condition can not be completely corrected, extra calcium 
supplementation and parenteral administration of vitamin D or oral 
administration of its more potent metabolites may be required. It is particularly 
important to monitor the urinary calcium and oxalate excretion in patients with 
fat malabsorption because such patients may have hyperoxaluria, and may be 
prone to urolithiasis even in the presence of normal urinary calcium excretion. 
In such patients, special efforts to reduce the fat intake and control dietary 
oxalate will be important, and calcium adminstration may help to control oxalate 
absorption. 

It is also fairly common to find impaired renal I-alpha hydroxylation of 
vitamin D in older patients with osteoporosis, especially in patients with mild, 
often sub-clinical, deterioration of renal function. Such patients may not be 
adequately treated with ordinary supplements and may also require treatment 
with a potent vitamin D metabolite to correct the calcium malabsorption problem. 
A further group of elderly osteoporotic patients have apparently normal vitamin 
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D metabolism or have received compensatory therapy, and nevertheless may have 
poor absorption of calcium. The mechanism of this age-related impairment of 
calcium absorption is undetermined, but if increased amounts and frequency of 
calcium prove ineffective, cautious use of calcitriol may help. Great care must be 
used in the prescribing of calcitriol as it can cause hypercalciuria and/or 
hypercalcemia in as many as one-third of patients receiving just 0.5 micrograms 
per day. When used in osteoporosis patients it should be given cautiously starting 
with 0.25 mcg daily. The serum and 24-hour urine calcium levels must be 
monitored after about two months on treatment and two to three times per year 
thereafter. Dosage of the calcitriol and calcium can then be adjusted. Other potent 
vitamin D analogues may be less dangerous but care must still be taken to adjust 
the dose to the individual patient. When possible, calcifediol should be used, 
leaving the final regulatory step, I-alpha hydroxylation, intact. Calcitriol acts by 
stimulating intestinal calcium transport and it also directly suppresses 
parathyroid hormone at the glandular level. However, calcitriol is in addition an 
extremely potent stimulant to bone resorption, and therefore is truly a double­
edged therapeutic sword. Generally in cases where the use of potent vitamin D 
metabolites is considered, specialist consultation is appropriate. 

Renal Calcium Wasting 
This condition, which has traditionally been associated with urolithiasis, may 
have an increased frequency in the elderly population, in which it appears to be 
associated with osteoporosis. These patients will have excessive 24-hour urine 
calcium excretion, often with high-normal to mildly elevated parathyroid 
hormone levels, as well as elevated fasting urinary calcium/creatinine ratios. As 
long as the patient maintains a low sodium intake, oral treatment with thiazide 
diuretics or indapamide is generally effective in suppressing the renal calcium 
excretion into the normal range, thereby correcting the associated mild secondary 
hyperparathyroidism, and restoring calcium balance. It is critically important to 
measure sodium excretion in such patients prior to and on therapy so that the role 
of sodium in the generation of the hypercalciuria can be appreciated in the 
individual case. The usual considerations associated with the use of diuretics, 
such as potassium balance, apply in hypercalciuric patients as well as any other. 

Pharmacotherapeutic Interventions in Bone Remodeling 
Most currently available drugs for osteoporosis act primarily by controlling bone 
resorption. The dominant mechanism for early increases in bone mass in patients 
receiving anti-resorptive drugs is the remodeling transient effect, whereby the 
bone remodeling space is reduced, with the reduction in remodeling space being 
seen as an increase in bone mass. In addition to decreasing bone mass, excessive 
rates of bone resorption may contribute to fragility by perforating trabeculae and 
creating weak points which may become fracture sites. Thus control of resorption 
may provide benefits in addition to increased bone mass. 
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Estrogen Replacement Therapy 
Estrogen replacement therapy influences bone and mineral metabolism in several 
respects. Firstly, excessive bone resorption is decreased. This appears to be the 
dominant mechanism of action of estrogen in patients with rapid postmenopausal 
bone loss. Secondly, intestinal calcium absorption is enhanced. Thirdly, there 
may be favorable effects on bone formation mediated by direct estrogen effects on 
osteoblasts and/or a favorable effect on local production of growth factors within 
bone. Use of estrogen does not eliminate the need for adequate calcium and 
vitaminD. 

Mechanisms of Action 
Available estrogen preparations all appear to have essentially similar effects on 
bone metabolism, varying mainly with respect to potency and therefore dosage 
requirements. Although some progestins may have modest effects on bone 
metabolism, these are much less important than the effects of the estrogen with 
which the progestins are administered. Estrogens clearly reduce the excessive 
bone resorption associated with estrogen deficiency. This acceleration of bone 
resorption is probably due to elevation of tissue levels of pro-osteolytic cytokines 
in bone. There is increasing evidence that the anti-osteolytic effects of estrogen 
are mediated at least partly by suppression of excessive levels of IL-6, perhaps IL­
I, and possibly other cytokines which are increased in estrogen deficient women. 
Serum 25-hydroxyvitamin D, and calcitriol levels are increased by estrogen 
administration, which may explain the finding of improved calcium absorption in 
estrogen treated patients. The increase in total serum levels of vitamin D 
metabolites is in large part due to increased serum vitamin D-binding protein 
levels. However, free calcitriollevels have been demonstrated to increase as well. 
Finally, there may be beneficial effects of estrogen on stromal cells and 
osteoblasts. These effects and their significance are much less well defined, but 
the presence of estrogen receptors in those cells has been demonstrated. 

Dosage and Administration 
Perhaps the most important issue in successful estrogen therapy is regulation of 
the dosage. Proper regulation of the estrogen dosage is essential to achieving both 
efficacy and good tolerability. Various trials have been conducted to identify 
efficacious dosages. In such trials, many patients have a good result on doses 
lower than those required to produce a benefit in every patient. This is more 
likely to reflect variations in absorption and metabolism of the medications than 
true variation in target tissue responsiveness. Most of the anti-resorptive effect of 
estrogen is achieved at steady state serum estradiol levels over about 50-60 pglrnl. 
Levels of greater than 130 pglrnl are rarely, if ever, required for control of 
postmenopausal vasomotor symptoms. Clinical dose-response relationships for 
the other estrogen effects on bone and mineral metabolism are not well 
characterized, but clinically effective dosages have been identified for the 
commonly used estrogens. Typically recommended dosages for common 
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estrogens include estradiol, 0.5-2.0 mg orally per day or 50-100 mcg daily by 
transdermal administration. Conjugated equine estrogens are usually effective at 
0.625 mg p.o. daily. It is noteworthy that in patients taking conjugated equine 
estrogens, absorption and cleavage of estrone sulfate, followed by the metabolism 
of estrone to estradiol accounts for the production of the most active steroid and 
allows for a number of points of potential variation in metabolism of this very 
widely used medication. 

In those women who do not have vasomotor symptoms, a dosage near the low 
end of the effective range for a particular estrogen preparation may be used as a 
starting dosage in order to minimize mastodynia and other symptoms. After a 
month or two, the dosage can then be titrated up using serum estradiol levels and 
markers of bone turnover to achieve an effective dosage on an individualized 
basis. It is desirable to achieve mid-normal premenopausal indices of bone 
resorption. In contrast, women with clinical vasomotor symptoms will generally 
require a somewhat larger starting dosage in order to relieve those symptoms 
promptly. The same principles of titration on the effects on bone metabolism may 
still be employed. It should not be assumed that single dosage of estrogen is 
optimal for all patients although the popular dosages are typically effective in a 
large percentage of women. Although in the past many physicians have 
prescribed estrogen on a twenty-five days per month basis or some other cyclic 
approach, currently used estrogen dosages are generally designed to achieve early 
follicular phase levels of estrogen in the serum and do not require cyclic 
administration. Therefore, the estrogen is usually given on a continuous or daily 
basis. 

Endometrial Effects 
In patients who have not undergone hysterectomy, management of the uterine 
effects of estrogen is of great importance in achieving a successful long-term 
treatment program. The major objective is to prevent endometrial hyperplasia 
and endometrial carcinoma, and it is extremely important to minimize 
unscheduled bleeding. Progestins may be used on a cyclic basis to induce a 
regular shedding of the endometrial lining. This is an approach that has been 
shown to have a protective effect on the endometrium and has been successfully 
used for many years. In typical regimens the estrogen is administered daily, and 
the progestin is administered for twelve to fourteen days of each cycle, with 
bleeding expected at about day ten to twelve. Many older women especially find 
regular menstruation annoying, so regimens have been designed to minimize 
bleeding. The continuous combined treatment regimen is now widely employed. 
In this program, not only is the estrogen given on a daily basis, but so is the 
progestin. The purpose is to prevent the stimulation and proliferation of the 
endometrial lining. This approach is effective in a majority of patients, if both the 
patient and the physician are prepared for a few months of irregular bleeding, 
which often occurs. However, perhaps one-third of patients will not achieve 
amenorrhea within six months. Most such patients will switch to regular cyclic 
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therapy, so the bleeding will at least be predictable and scheduled, or they may 
choose a non-estrogenic anti-resorptive treatment. 

Risk-Benefit Assessment 
A major concern about estrogen is, of course, the question of its role in the 
creation of excessive risk for breast cancer. Although even meta-analyses of this 
risk vary in their conclusions, it does seem that there is little if any increase in 
risk at moderate doses of estrogen given for up to five years or perhaps somewhat 
more, but there may be increasing risk with higher doses and longer-term 
treatment. On the other hand, there is considerable evidence of major favorable 
effects of estrogen on cardiovascular risk. With careful surveillance for breast 
cancer using modern mammographic techniques, the risk to the patient is 
probably much less than the benefit obtained from prevention of cardiovascular 
morbidity, as well as the prevention of osteoporosis and minimization of 
urogenital atrophy. There is also increasing evidence that there may be a 
favorable effect on cerebral function in women taking estrogen. Thus, for women 
with no specific contraindication to estrogen therapy, the risk-benefit analysis is 
generally very favorable. The anticipated introduction of selective estrogen 
receptor modulators (see below) may eventually have an important impact on the 
use of estrogen. 

Androgen Therapy 
Androgens are, of course, highly appropriate therapy for osteoporosis in 
testosterone deficient men. Both transdermal and intramuscular depot 
formulations are useful. Androgens are sometimes used in the treatment of 
osteoporosis in women, but their usefulness is greatly limited by their virilizing 
effects and unfavorable influence on lipid metabolism. 

Non-estrogen Anti-resorptive Agents 

The Calcitonins 
Calcitonins are 32 amino acid peptides which act by means of specific receptors 
on osteoclasts to suppress the activity of those cells. Thus calcitonins are in 
principle extremely specific and selective physiological anti-resorptive agents. 
The safety record of calcitonin has been outstanding, with virtually no history of 
major long term adverse effects. Until recently the usual route of administration 
was by injection, but nasal calcitonin sprays have been introduced which deliver 
therapeutically adequate dosage of calcitonin for most patients. A number of 
clinical trials have demonstrated a modestly favorable effect on bone mass in 
patients with osteoporosis. In some studies, this effect has been concentrated in 
patients with particularly high rates of bone turnover and much less pronounced 
in patients with modest rates of bone turnover. In addition to the modest effect on 
bone mass, there is some evidence for a beneficial effect on fracture rate. 
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However, the evidence concerning antifracture efficacy is less definite than for 
some other medications. 

Salmon calcitonin has been administered as a subcutaneous injection in a 
typical dosage of 50 iu daily. This medication has an excellent safety record, but 
can cause flushing and/or nausea. Initiating therapy with much lower dosages 
(10-20 iu) and gradually increasing as tolerated, appears to reduce the adverse 
effects. One possible advantage of injected calcitonin is relief of skeletal pain 
which is reported by some patients. This effect is neither well understood nor 
altogether predictable, but can be useful, especially in the period after 
compression fractures. The nasal calcitonin spray has achieved much better 
tolerability than was the case with the injections. A typical regimen of nasal 
calcitonin is 200 international units sprayed daily in alternating nostrils. This 
probably delivers about 25-50 international units in the average patient. It is 
extremely important for patients on calcitonin to have adequate calcium and 
vitamin D intake and absorption since calcitonin can cause a calciuric effect and 
may actually result in secondary hyperparathyroidism if adequate calcium and 
vitamin D are not present. Monitoring of the anti-resorptive effect of calcitonin is 
particularly important, and measurement of baseline and on-treatment levels of 
urinary collagen metabolites or other measurements of bone resorption/turnover 
is important so that therapy can be adjusted in order to achieve an optimal result. 

Bisphosphonates 
The geminal bisphosphonates are pyrophosphate analogues which are widely 
used in the treatment of various bone and mineral disorders including 
osteoporosis. The pioneer drug in this class was etidronate, an effective anti­
resorptive drug which causes defective mineralization at about the same dosage 
as that which controls bone resorption. This became a clinically significant 
problem at the higher doses employed for Paget's disease of bone and was a 
concern in the management of osteoporosis as well. Therefore a regimen was 
devised in which etidronate was administered cyclically for two weeks out of 
every three months. Calcium is administered during the eleven weeks off 
etidronate, but is avoided during the period of treatment with etidronate because 
it prevents the absorption of the medication. This strategy appears to have 
minimized the clinical significance of the mineralization defect, although focal 
osteomalacia has been described in biopsy specimens from clinical trials. In 
clinical trials, etidronate was shown to increase bone mineral density. However, 
the definitive phase III studies failed to demonstrate consistent and convincing 
evidence of overall antifracture efficacy, although there was some evidence for a 
favorable effect in a high risk subgroup. 

Subsequent generations of bisphosphonates have been designed to enhance 
anti-resorptive potency and diminish the relative potency of the anti-mineralizing 
effect. Parnidronate has been used in a variety of bone disorders and was shown 
to be effective in the treatment of osteoporosis, but problems with tolerability in a 
more recent formulation has impaired its introduction into clinical use as an oral 
agent. Intravenous parnidronate has been shown to be useful in the treatment of 
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osteoporosis, especially that associated with transplantation. Clodronate has not 
been used extensively in the treatment of osteoporosis, although it has similar 
potency to etidronate without the mineralization defect. At the time of writing, 
the bisphosphonate with the greatest clinical importance for the treatment of 
osteoporosis is alendronate. This aminobisphosphonate is much more potent than 
etidronate and somewhat more potent than pamidronate, and does not have any 
clinically significant adverse affect on matrix mineralization. A very extensive 
program of clinical trials has been conducted, demonstrating a substantial 
increase in bone mass on treatment. This occurs rapidly in the first six to twelve 
months, as would be expected due to the bone remodeling transient effect, but 
appears to continue into the third year at least. Favorable effects on bone mass 
have been noted not only in the spine but also in the femur, radius and total body 
measurements when compared with placebo-treated subjects. In a large, carefully 
conducted study, alendronate given as 5 mg per day for two years and 10 mg per 
day for the third year, resulted in a reduction in fracture rates of about 50% in 
osteoporotic women with low bone mass and at least one vertebral compression 
fracture prior to study entry. Similar percentages of fracture reduction were noted 
for both the spine and long bones. Even more impressive was the reduction by 
approximately 90% in the number of women having second vertebral fractures 
during the study. One potential adverse effect of this generally well-tolerated 
medication is esophageal irritation, particularly in patients with reflux or other 
esophageal dysfunction. This was not a common problem in clinical trials, in 
which patients with severe gastroesophageal reflux were usually excluded. It is 
essential that the medication be taken with water only and that a period of at least 
one-half hour elapse prior to food being ingested, otherwise absorption of the 
medication may be very substantially impaired. As with all anti-resorptive 
medications, a background of adequate calcium and vitamin D nutrition is 
essential to therapeutic success with bisphosphonates. Other bisphosphonates in 
clinical development for osteoporosis include risedronate, tiludronate, and 
ibandronate. These medications may be appearing on the clinical horizon within 
the next few years. The mechanisms of action are substantially similar, and the 
points of differentiation amongst them will be expected to emerge in the course of 
clinical trials. 

Fluoride 
Fluoride is the only stimulant of bone formation that is used extensively in 
clinical practice. After more than thirty years of evaluation and use, its role is 
still controversial. It has been well demonstrated that fluoride stimulates 
formation of bone. However, fluoride is also incorporated into the bone mineral 
structure forming fluoroapatite. This appears to alter the mechanical properties of 
bone in fluoride-treated animals and humans. Mechanical strength testing has 
shown that there is a progressive loss of strength as fluoride content in bone 
increases. In addition, fluoride can cause osteomalacia and formation of woven 
bone. Thus there is persistent concern about the integrity of the relationship 
between bone mass and bone strength in fluoride-treated patients. In 
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consideration of this problem, prospective, double-blind, placebo-controlled 
clinical trials of 75 mg of fluoride daily were conducted at two large medical 
centers. In both of these· trials, fluoride increased bone mass as measured 
radiographically, but failed to improve fracture rates, and in fact there were 
numerically more fractures seen in the fluoride treated group than in the control 
subjects. It has been suggested that the dosage of fluoride employed in those trials 
was excessive. Additional studies have been performed at lower dosages. In one 
relatively small study, using a proprietary slow-release fluoride preparation, an 
apparent reduction in fractures was reported. Caution must be used in 
interpreting and generalizing the results of this small study, however. In a recent, 
much larger multi-center study, employing a similar dosage of fluoride in a 
different formulation, no improvement in fracture rate was achieved. It has been 
suggested that a very narrow therapeutic window may exist in which fluoride can 
be administered safely and effectively, but this has not been adequately 
corroborated to overcome the concerns raised by a long history of preclinical and 
clinical studies. In view of the unfavorable experience with fluoride in several 
well controlled studies, recommendation of "slow-release" or other preparations 
of fluoride for general use must await corroboration by favorable results in large 
multi-center trials. At the time of writing, it seems that fluoride should be used 
with great caution, if at all. It should probably never be used in patients with a 
relative deficit of cortical bone, although it may have a limited place in the 
treatment of predominantly axial osteoporosis. 

On the Horizon and Beyond 

Estrogen Agonists/ Antagonists 
Following the discovery that tamoxifen has a mitigating effect on bone loss, a 
number of other mixed estrogen antagonists have been investigated as anti­
osteoporosis agents. These agents are also known as selective estrogen receptor 
modulators (SERMs). Preliminary results with these agents suggest that they are 
capable of producing an estrogen-like effect on bone resorption in estrogen­
deficient animals and women and may have an estrogen-like effect on lipid 
profiles as well. On the other hand, they appear to have an antiestrogenic effect 
on breast and uterine tissue. Thus these agents may have a very attractive profile 
of effects for the prevention and treatment of osteoporosis in postmenopausal 
women who do not require estrogen for symptom control. Long-term studies of 
the safety and efficacy of these agents are ongoing, but core clinical trials for 
raloxifene are nearly complete at the time of writing. It seems likely that slightly 
different profiles will emerge for different SERMs. This may result in a very 
advantageous situation from the standpoint of patients and physicians, if the drug 
profile can be matched to individual patient requirements. Conceivably, 
urogenital symptoms of estrogen deficiency might be managed with low-dose 
intravaginal estrogen in patients who take SERMs for their systemic affects. At 
the present time, it appears that women in the early postmenopausal period who 
are troubled with vasomotor symptoms will still require true estrogens. 
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Other Agents 
Parathyroid hormone, parathyroid hormone-related peptide and their analogues 
are especially interesting because of their ability to stimulate cancellous bone 
formation. However, increased cortical bone resorption remains a problem at this 
time. Roles for IGF-I and perhaps other growth factors have also been suggested. 
These agents will remain investigational for the foreseeable future. Ipriflavone 
and tibolone are also under investigation but their role has not been established. 
Advances in the understanding of the molecular and cell biology of bone are 
expected to provide more opportunities for intervention in the next few years. 

Exercise 
Regular, weight-bearing exercise, such as walking, is essential to the 
maintenance of skeletal mass. Thirty minutes of walking three or four times 
weekly should prevent loss of bone due to lack of mechanical loading. The 
possible role of resistance training with heavy weights in the treatment of 
osteoporosis remains to be established. Patients with back pain due to kyphosis 
caused by compression deformities usually find that a well-designed, correctly 
performed program of exercises for the improvement of posture, strengthening of 
the back and abdominal muscles and relief of muscle spasm, will provide greater 
pain relief than analgesics and promote an enhanced sense of well-being. 

Summary and Conclusions 
A well-planned program of treatment for osteoporosis depends on correction of 
all underlying nutritional and physiologic abnormalities. Superimposed on this 
physiologic approach is a strategy of controlling bone resorption in order to 
achieve a more favorable balance between resorption and formation. The 
selection of therapy in an individual patient must take into account that patient's 
other particular needs and characteristics. For instance, a woman with severe 
vasomotor symptoms will generally require estrogen replacement in one form or 
another, while a woman who has had a breast malignancy will probably not be a 
good candidate for estrogen, and must use an alternative anti-resorptive. Long­
term therapy with estrogen seems to be well tolerated and effective, although 
increasing attention must be paid to the risk of breast cancer with high doses and 
protracted treatment. Similarly, the approved non-estrogen anti-resorptive agents 
seem to be safe and effective, although very long-term treatment experience is not 
as yet available. At the time of writing we do not have satisfactory stimulants of 
bone formation to repair the imbalance from the other side of the equation. 
Although fluoride may be useful in carefully selected cases, serious concerns 
about its detrimental effects on bone strength and mineralization remain. 
Individualized therapy based on normalized physiology remains the cornerstone 
of the successful program of intervention. 
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Surgical Therapy of Fractures 

Karl1. Obrant & Olof Johnell 

Osteoporotic fracture, also called fragility fracture, is defined as a fracture 
occurring with increasing frequency with age and more commonly in women. 
There are numerous types of such fractures, the most serious one being the hip 
fracture. Also, wrist fracture, vertebral fracture or fracture of the proximal 
humerus are frequently sustained by osteoporotic women. 

Wrist Fracture 
The wrist fracture is the most common osteoporotic fracture. The typical patient 
is a postmenopausal 65-year old woman living independently. The fracture is 
usually sustained outdoors and in increasing numbers in icy conditions. 
Therefore, in an orthopaedic department such as the authors' place of work, 
representing a recruitment area of 250,000 inhabitants and situated in Northern 
Europe, the number of such fractures is usually one or two every day, with a 
record of 55 fractures in one day! The fracture is sustained when falling with the 
arm extended, in an attempt to protect the body with the palm taking the impact. 
A dorsal and radial compression of the distal radius appears (Colles' fracture). In 
fewer than 10% of the cases there is a volar angulation instead (Smith fracture). 

The Colles' fracture is reduced by applying traction on the first and second 
digits and thereafter volar forced angulation. A plaster-of-Paris cast is applied on 
the dorsoradial aspect of the forearm (Figure 21.1). 

It is important to make allowance for the fingers as well as the elbow to be able 
to move freely, to instruct the patient to use the arm and hand as much as 
possible and also to carry the arm in a position as high as possible in order to 
avoid swelling and immobilization atrophy. After reduction, an X-ray 
examination is performed to ascertain that the fracture is in an acceptable 
position in the plaster. Another X-ray examination is performed after 10 days in 
order to detect those 5-10% of fractures that re-dislocate in spite of being fixated. 
For fractures without complications 4 weeks in a plaster cast is usually long 
enough. Thereafter free mobilization is allowed. For the fractures which initially 
can not be reduced or those which have re-dislocated after 10 days, some kind of 
primary or secondary operative procedure may be necessary. In young individuals 
with high demands on their wrist an exploration of the fracture system and 
internal fixation may become necessary. 
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Figure 21.1. Colles' fractures are usually treated by applying a short 
plaster-of-Paris cast on the dorsoradial aspect of the forearm. Four 
weeks of immobilization are usually enough for fracture healing. 

The outcome after Colles' fracture is usually regarded as good, but 25% of 
patients will, even three years after the fracture event, experience a loss of 
strength and some stiffness. There are women who suffer a re-fracture of their 
distal radius once or even several times. Each such event results in an additional 
impairment of the function of the wrist. 

Shoulder Fracture 
Fracture of the surgical neck of the proximal humerus is not uncommon in older 
women. The reason for sustaining this type of fracture is usually an impact force 
directly onto the shoulder. Mostly, this fracture is not very dislocated, making a 
conservative treatment regimen feasible. Only seldom is the fracture severely 
dislocated or comminuted, in which case an open reduction with or without 
osteosynthesis is necessary. In a "four-fragment" type of fracture there is no hope 
for fracture healing and normal function of the shoulder. In younger individuals 
with this type of fracture a joint arthroplasty should be considered. 

In uncomplicated cases of this type of fracture, a few weeks of immobilization 
in "straps-and-bandages" is advisable and alleviates pain. After this short period, 
free mobilization is allowed, but the services of a physiotherapist may be 
necessary. The rehabilitation period is usually extended over several months, and 
the end-result is not always favourable in terms of range of motion. Most 
patients, however, will eventually be free of pain. 

Vertebral Fracture 
The epidemiology of vertebral fracture is poorly understood, since up to 50% of 
these fractures may be subclinical and the individual affected will not seek 
medical advice. The fracture, subclinical or not, may appear after any 
insignificant trauma. In severely osteoporotic women an unusual or severe cough 
may be sufficient to fracture one or several vertebrae. Vertebral fractures 
sustained after low energy trauma are hardly ever defined as unstable and. do not 
result in complications on the spinal canal. Therefore, in more than 99% of these 
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cases conservative, non-operative treatment is advocated. There is hardly ever 
need for specific orthopaedic regimens for these patients. After a few days of rest 
it is advisable that the patient mobilizes herself as much as possible in order to 
avoid further demineralization, which inevitably occurs after a fracture and 
especially after long-time immobilization. Mild analgesics and prescription for an 
orthopaedic corset or crutches may alleviate the patient's symptoms. Outcome 
studies after vertebral fractures have usually found that there is a social 
impairment and persistent backpain, especially in those individuals who have two 
or several fractured vertebrae. 

Figure 21.2. Hip fracture with 
typical shortening and outward 
rotation of the affected limb. 

Hip Fracture 
Hip fracture patients usually present at 
the emergency room after falling with 
immediate impact on the lateral aspect 
of the hip followed by inability to stand 
or walk. In typical cases the extremity is 
rotated outward and shortened (Figure 
21.2). It is impossible from a clinical 
examination to judge whether a fracture 
is intracapsular (femoral neck fracture) 
or extracapsular (trochanteric fracture). 
After an X -ray examination the exact 
diagnosis can be set. The distinction 
between the two types of fracture is 
important since the operative treatment 
and the outcome varies considerably. If 
surgical facilities are available to 
undertake the operation promptly there 
is no need for pin traction, but if the 
patient has to wait several hours or 
maybe days for surgery an applied pin 
traction can be of value since it may 
alleviate pain in the hip region. In 
general, there is consensus that surgery 
is the treatment of choice for both 
femoral neck fracture and trochanteric 
hip fracture, although in some very 
unusual cases of impacted fractures or 

when the patient has severely impaired general health, conservative treatment 
may be advisable. 

Femoral Neck Fracture 
Since the middle of this century almost all of these fractures have been internally 
fixated, in all countries in the Western World. Such a fixation can be performed 
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with different devices, of which there are hundreds on this flourishing market. 
The interpretation of this situation should be that no device is better than another. 
Common for all of them, however, is that there is a very high rate of 
postoperative complication. The main complications occurring are, early 
secondary displacement, pseudarthrosis and femoral head necrosis. Especially in 
primarily displaced femoral neck fractures, the complication rate is high, and 
approximately half of the patients complain of symptoms of restricted walking 
ability or continuous pain leading to re-operation for about every third patient. 
The secondary operation performed is then often an arthroplasty. 

Because of the high number of operative failures after internal fixation of these 
fractures, the orthopaedic community has turned more and more to performing 
primary arthroplasties on these patients. The decision as to whether this 
arthroplasty should be a hemi-arthroplasty replacing only the femoral head, or a 
total joint replacement is based on the age of the patient and her general physical 
status. The rationale for this is that total arthroplasties are considered to stay 
intact for longer than hemi-arthroplasties. The latter operation, on the other 
hand, is a considerably smaller surgical trauma for the patient, and is therefore 
advocated in the very old or frail patient with a prognosis indicating limited 
mobility. Also after arthroplasty, however, the complication rate is not negligible. 
The main complication is dislocation of the artificial joint, which will lead to an 
inevitable reduction under general anaesthesia once or several times, and in a few 
cases also a re-operation. The frequency of such dislocations is higher in these 
patients than in patients operated because of osteoarthritis, because hip fracture 
patients are often senile and do not cooperate postoperatively. Also, the decreased 
muscular mass in such elderly individuals will promote joint laxity, which will 
therefore lead to an increased risk of dislocations. 

There are very few prospective, randomized studies where internal 
osteosynthesis has been compared to joint replacement. From the few that exist, 
however, it would appear that arthroplasty is to be preferred, at least in severely 
dislocated fractures. 

Trochanteric Hip Fracture 
Despite the fact that this fracture engages more bone than does the femoral neck 
fracture, it poses a much smaller problem. The operative treatment performed at 
most centers today is an internal fixation with a sliding screw introduced into the 
femoral neck and femoral head, and which in turn is allowed to slide in a 
cylindrical plate itself attached to the femur by separate screws. This concept 
allows for impaction of the fracture fragment when the patient puts his weight on 
the leg. Fracture healing is therefore enhanced. In spite of some shortening of the 
fractured extremity after healing, there are no long-term complications associated 
with this type of fracture. The short-term complications are few and hardly more 
than 5% of the patients will have to be re-operated. 
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Rehabilitation after Hip Fracture 
Regardless of whether internal fixation or joint arthroplasty has been performed, 
the patient is allowed to walk and to put weight on the fractured leg the day after 
operation. Only in severely comminuted fractures or in fractures where the 
operative procedure has not been good should there be a restriction on weight 
bearing. The time when these patients can return to their original accommodation 
varies considerably. 

Summary 
The orthopaedic treatment for most fragility fractures is generally 
uncontroversial, except for minor details. For the hip fracture, and especially the 
femoral neck fracture, on the other hand, there are great controversies due to the 
high complication rate, whatever treatment modality we have chosen. There is an 
ongoing effort, with large, prospective studies, to try to solve these controversies. 
Independent of the outcome of these studies, there is consensus that the treatment 
of hip fracture will remain a challenge. 
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Osteoporosis in Men 

Ego Seeman 

In 1990, about 30% of the 1.7 million hip fractures worldwide occurred in men. 
The age specific incidence of hip fractures is increasing. By the year 2025 the 
number of hip fractures in men will be similar to the numbers seen in women 
now and will be compounded by the greater numbers seen in women (Figure 
22.1). The morbidity and mortality of hip fractures is three times higher in men 
than women. The prevalence of spine fractures is similar in men and women, 
around 10-20% of persons over 65 years of age. Whether the fractures are the 
result of trauma in youth or underlying bone fragility is uncertain. In men, the 
incidence of forearm fractures is low and remains so throughout old age. 
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Figure 22.1. By the year 2025, the number of men with hip fractures will 
be similar to the number of women with hip fractures in 1990 (adapted 
from Cooper et al). 

Pathogenesis: Reduced Bone Gain and Increased 
Bone Loss 
A low peak bone mineral density (BMD), excessive bone loss or both 
mechanisms contribute to the reduced BMD found in men with fractures. Peak 
bone mass is greater in men than in women because men have bigger bones 
(Figure 22.2). Peak volumetric bone density is the same in men and women-
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the amount of bone in the bone is the same in men and women. The amount of 
trabecular bone loss is similar in men and women but perforation in women (due 
to increased resorption) results in loss of connectivity while trabecular thinning 
(due to reduced bone formation) in men results in maintenance of the 
connectivity. Men lose less cortical bone than women because subperiosteal 
cortical bone formation is greater in men than in women while endosteal 
resorption is greater in women than in men. 

Men Women 

Subperiosteal expansion 
~ (greater in men) 

Endocortical resorption 
(greater in women) 

Figure 22.2. Cortical bone loss occurs by endosteal thinning in women 
and men. The cortical thinning in men is less than in women because of 
compensatory periosteal bone deposition which maintains the bending 
strength of bone. 

Fracture incidence is lower in men than women because in men the diameter of 
the vertebral bodies and long bones is greater at maturity, bone loss relative to 
peak is less (10 versus 25%), trabecular loss occurs by thinning not perforation 
(Figure 22.3) and cortical thinning by endosteal resorption is offset by periosteal 
deposition. 

Figure 22.3. Trabecular thinning occurs in men because reduced bone 
formation is the main mechanism responsible for bone loss. Trabecular 
perforation occurs in women because of the increased bone turnover 
associated with menopause. 
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Testosterone falls with age due to a decreased Leydig cell number, changes in 
hypothalamic-pituitary function and coexistent illness. This is usually not 
accompanied by a rise in gonadotrophins. Risk factors for fractures include 
excessive alcohol intake, tobacco use, inactivity, leanness, low calcium intake, 
and reduced strength. Drug therapy such as corticosteroids, anticonvulsants, 
heparin, excessive thyroid hormone replacement may cause bone loss (Table 
22.1). 

Table 22.1. Osteoporosis in men: Assessment of men presenting with 
spine or hip fractures: Differential diagnosis 

Common 
• usually idiopathic 
• hypogonadism 

- idiopathic (normal gonadotrophins) 
- testicular failure (elevated gonadotrophins) 
- alcoholism 

• alcoholism (without hypogonadism) 
• myeloma (secretory and nonsecretory) 
Uncommon 
• hypogonadism secondary to 

- Klinefelter syndrome 
- prolactinoma 
- kallman's syndrome 
- haemochromatosis 
- hyperprolactinaemia 
- pituitary tumour 
- anorexia nervosa 

• malabsorption, adult onset celiac disease 
• Cushing's dyndrome 
• primary hyperparathyroidism 
• idiopathic hypercalciuria 
• mastocytosis 
• thyrotoxicosis 

Fractures may be the presenting, and sometimes the only, clinical feature of 
diseases including multiple myeloma (secretory and nonsecretory), adult onset 
celiac disease, Cushing's syndrome, primary hyperparathyroidism, idiopathic 
hypercalciuria, mastocytosis and others. Each of these illnesses must be 
considered in the differential diagnosis of men presenting with fractures (Figure 
22.4). Many illnesses associated with osteoporosis have effects on gonadal 
function, a treatable cause of bone loss (idiopathic hypogonadism, pituitary 
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tumors, Klinefelter syndrome, hyperprolactinemia, anorexia nervosa, excessive 
exercise, haemochromatosis, exogenous corticosteroids) (Table 22.2). 

HISTORY 
Fractures 

atraumatic 

- osteoporosis 

- malignancy 

• traumatic 
Medical assessment 

reduced libido 

• reduced shaving 

• development of gynaecomastia 

• headaches (pituitary tumour) 

• galactorrhoea (prolactinoma) 

• flushing 

• reduced physical endurance 

• lethargy 
• reduced muscle mass 

• bruising 
• proximal muscle weakness 

striae (Cushing's syndrome) 

• polyuria 

• nocturia. thirst (hypercalcaemia 
of any cause) 

• weight loss (malignancy. 
malabsorption. thyrotoxicosis) 

Risk factor assessment 

• alcohol intake 

tobacco use 

family history of haemochromatosis 

history of anorexia nervosa 

• low ca!clum intake 

• family history of fractures 

• drug therapy 

- corticosteroids 

- anticonvulsants 

- heparin 

- excessive thyroid hormone 
replacement 

EXAMINATION 
Measure height 
- look for kyphosIs (if spine fractures) 

Features of hypogonadism include 

no temporal baldness 

• smooth frne wnnkled skin 

• high pitched speaking voice 

• decreased axillary and body hair 

• gynaecomastia 

reduced pubic hair 

female pubrc hair distnbution 

• small prostate 

• reduced testicular size. Orchidometer 
provides measurements which 
correspond with ultrasonic 
measurements (testicular volume < 2.5 
cm. length < 5 mL. lack of scrotal 
pigmentation and rugae. reduced 
phallus length « 5 cm) in prepubertal 
hypogonadism) 

long legs with an increasad leg/trunk 
ratio (arm span 6 em > height. crown 
to pubis/pubis to floor ratio <1 in 
prepubertal hypogonadism. 

Normal skeletal proportions 
(postpubertal hypogonadism). bruiSing. 
straie. loss of proximal musc"'ature 
(Cushing's syndrome). hepatomegaly 
(alcohol excess). slate grey pigmentation 
(haemocromatosis). 

Figure 22.4. Medical history and clinical examination in the differential 
diagnosis of osteoporosis in men. 

Falls 
No fall, no hip fractures. Falls among 2793 respondents over 65 years was 28%; 
19% in men and 34% in women during 12 months. Sedative use, cognitive 
impairment, lower extremity disability and palmomental reflex are risk factors 
for falls. In 232 men aged 35 to 96 years with hip fracture from moderate trauma 
(compared to controls). The risk of hip fracture was increased two-fold overall in 
the presence of thyroidectomy, gastric resection, pernicious anemia, and chronic 
bronchitis and almost seven-fold in the presence of risk factors for falls such as 
hemiplegia, Parkinsonism, dementia, blindness, and vertigo. These two classes of 
risk factors together accounted for 72% of the hip fractures. 
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Table 22.2. Investigations in men with osteoporosis. 

Test 
Testosterone 
Follicle stimulating hormone 
and luteinizing hormone 

Prolactin 
Full blood examination 
Protein electrophoresis and 
immunoelectrophoresis, 
Bence-Jones protein 
Bone marrow biopsy 

Calcium 

Phosphate 

Alkaline phosphatase 

24 hour urine calcium 
excretion 
Creatinine clearance 

Explanation or suspected condition 

SHBG*, T/SIjBG ratio 
are usually inappropriately normal in 
patients with reduced testosterone. This 
may indicate the presence of a pituitary 
tumour, but usually not. The 
inappropriately normal levels suggest 
age-related decrease in hypothalamic 
pituitary function. 
prolactinoma 
anaemia?, myeloma, malabsorption 
myeloma 

may be needed to diagnose nonsecretory 
myeloma 
- low (malabsorption, vitamin 0 
deficiency) 
- high (primary hyperparathyroidism, 
myeloma) 
-low in osteomalacia, primary 
hyperparathyroidism 
sometimes elevated (after fracture, 
coexistent Paget's disease) 
seen in osteoporosis in young men 

screening PSA** should be done when androgen therapy is 
administered although there are still no 
guidelines as to how frequently this 
should be done. 

* SHBG = Sex hormone binding globulin 

** PSA = prostate-specific antigen 

Prevention and Treatment 

133 

Patients with painful fractures require reassurance that the pain is temporary. 
Relief of pain can be achieved with frequent analgesia, massage, physiotherapy 
and hot baths. Correction of risk factors is indicated (alcohol excess, tobacco use). 
Exercise is unlikely to increase BMD, it may prevent further bone loss. 

Increasing Peak BMD and Preventing Bone Loss 
The prevention of fractures in men involves attention to risk and protective 
factors influencing bone peak BMD, bone loss and falls. A 10-30% higher peak 
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BMD may be achieved by vigorous exercise before puberty. The effect of calcium 
supplementation on bone mass in growing males is unclear. Increased dietary 
calcium before puberty in females may increase peak bone density and bone size. 
Avoidance of low body weight, delayed puberty, and tobacco use may also result 
in a higher peak BMD. 

In adulthood, avoidance a sedentary lifestyle, maintaining mobility, flexibility, 
speed of movement may reduce the incidence and severity of falls. Exercise may 
slow bone loss but is unlikely to restore bone already lost. Calcium 
supplementation may slow the rate of bone loss but clinical trials have not been 
done. Avoidance of tobacco and excessive alcohol use are reasonable approaches 
to prevention. Awareness of subclinical hypogonadism and illnesses is needed in 
the prevention and treatment of fractures. Androgen therapy increases bone 
density in hypogonadal men. Testosterone pellet implants (3 x 200 mg) are an 
effective means to provide replacement given poor compliance in the elderly. 

Restoring Reduced BMD 
Randomized controlled trials with fracture rates as endpoints have not been done 
in men. Testosterone should be considered in men with proven hypogonadism. 
Bisphosphonates probably should be considered given the favorable results in 
women and the limited data in men. Calcium supplements may slow bone loss. 

Testosterone in men are appropriate in the setting of hypogonadism and should 
be confined to men with proven hypogonadism. Testosterone may increase BMD 
in eugonadal men but the trials are short term. Testosterone treatment of older 
mildly hypogonadal but healthy men has not been studied in a randomized 
controlled trial. Whether a reduced risk for fracture may be offset by an increased 
risk for prostatic cancer is unknown. Thus treatment must await randomized 
clinical trials or must be given in recognition of the lack of data. 

Androgen replacement therapy in hypogonadal men may increase muscle mass 
and strength, libido, bone mass and hair gro"th. Impotence in older men has met 
with variable success with treatment. Contraindications include prostatic cancer, 
prostatic hypertrophy, sleep apnoea, inappropriate sexual activity syndromes and 
breast cancer. Hormonal therapy with androgens, gonadotrophins or GNRH is 
contraindicated in men with prostatic carinoma or breast cancer as these are 
androgen responsive malignancies. 

The testosterone esters (enanthate and cyprionate) are the most effective, safe, 
practical and least expensive androgen preparations but result in widely 
fluctuating levels oftestosterone. They are given 200mg every 10-14 days or half 
this dose for low dose treatment. Dosages may be modified according to the 
individual giving 100mg weekly or 300mg every 3 weeks as appropriate. Lower 
doses or more gradual administration may be needed in certain situations 
(chronic bladder neck obstruction). Testosterone implants of three to six 200mg 
pellets maintains levels for 4-6 months. 

Serious side effects are rare: excessive libido, worsening sleep apnoea, weight 
gain due to anabolic effects on lean mass and sodium retention. Patients with 



Osteoporosis in Men 135 

congestive cardiac failure, hepatic cirrhosis, nephrotic syndrome may have 
worsening oedema. Urinary obstruction and retention is very uncommon except 
in the presence of co-existing prostatic carcinoma. Stimulation of erythropoiesis 
may cause erythrocytosis. HDL may decrease, 17-alkylating agents cause greater 
suppression of HDL than the esters. Aromatization of testosterone to oestradiol 
may result in painful or painless gynaecomastia. Allergy to sesame oil used to 
administer the enanthate or cotton seed oil used to administer the ciprionate may 
occur. Pellet extrusion, local haematoma, inflammation, infection and fibrosis 
may result from a subcutaneous implant. Most studies with androgen replacement 
therapy have shown no effect on serum prostatic specific antigen, prostatic 
examination, prostatic volume or symptoms of urinary outlet obstruction. Two 
studies have shown a modest increase in PSA with testosterone replacement. 

Bisphosphonates reduce the risk of fracture in women by about 50 percent. The 
drugs have not been systematically studied in men but limited data are available 
suggesting that HMD increases in men. Screening for vitamin D deficiency is 
recommended as patients are often vitamin D deficient on admission to nursing 
homes. No benefits were reported in ambulant healthy community dwelling men 
receiving 1,000mgld calcium and 25J.lgld cholecalciferol in a double-blind 
placebo controlled three year trial. Calcium and vitamin D supplementation 
reduce hip fracture risk in women in nursing homes and may also do so in men. 
No reduction in hip fracture incidence was found in one study of women and men 
living in the community. 1,25 dihydroxyvitamin D has been reported to reduce 
the risk of fracture in women but has not been studied in men. Calcitonin has 
been shown to reduced bone loss following acute castration in men. Fluoride may 
increase trabecular bone mass but bone strength may not increase so that this 
drug cannot be recommended for use in women or men. 

Summary 
1. Fractures, particularly hip fractures, are a public health problem in men. 
2. Hypogonadism may be common in elderly men but may occur later in life, 

gradually, in some but not all men, and at a time when the pattern of falls 
may favor the occurrence of hip fractures. Men with fractures often have 
undiagnosed primary or secondary hypogonadism 

3. Illnesses with few clinical features may be present in men with fractures. 
Causes of secondary osteoporosis (alcoholism, myeloma, malabsorption, 
primary hyperparathyroidism, haemochromatosis, Cushing's diseases) should 
be sought with a high index of suspicion. 

4. Falls are a modifiable and important cause of hip fracture. Information 
concerning factors predisposing to falls in men is needed. 

5. There is no known treatment for osteoporosis in men. Testosterone treatment 
should be considered in men with proven hypogonadism. Calcium 
supplements and bisphosphonates are reasonable options given the lack of 
information. 
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Corticosteroid-induced Osteoporosis 

Vasi Naganathan & Philip N Sam brook 

Pathophysiology 
Corticosteroids are thought to cause bone loss by a combination of inhibitory 
effects on bone formation and enhanced bone resorption, with the inhibitory 
effects on bone formation appearing to be most important. 

For the most part, the decreased bone formation is due to direct effects on cells 
of the osteoblastic lineage although indirect effects related to sex steroid 
production are also important. Corticosteroids have complex actions on gene 
expression in bone cells dependent on the stage of osteoblast growth and 
differentiation. Corticosteroids decrease cell replication and repress type I 
collagen gene expression by the osteoblast by decreasing the rates of transcription 
and destabilizing a.1(1) collagen mRNA. Corticosteroids have complex and 
unique effects on collagen degradation and regulate the synthesis of matrix 
metalloproteinases. In addition to direct actions on the collagen gene, 
corticosteroid effects on skeletal cells may be indirect and involve effects on the 
synthesis, release, receptor binding or binding proteins of locally produced 
growth factors. Corticosteroids decrease IGF-I synthesis in osteoblasts by 
transcription mechanisms and inhibit IGF-II receptor expression in osteoblasts. 

Corticosteroids also decrease net intestinal absorption of calcium and increase 
urinary phosphate and calcium loss by direct effects on the kidney, contributing 
to secondary hyperparathyroidism and hence increased bone resorption. 

It is generally considered that the majority of corticosteroid bone loss occurs in 
the initial 12-24 months of therapy and with chronic low dose therapy lesser loss 
is observed. The effect of corticosteroids is most apparent in regions of the 
skeleton with a high trabecular bone content, with fractures most commonly 
occurring in the spine and ribs. 

Prevention 
Corticosteroid effects on bone metabolism are reflected in marked changes in 
biochemical measures of bone turnover but at present there is no reliable way of 
predicting by such markers which patients will lose bone on corticosteroids. A 
bone density measurement remains the best predictor of risk of fracture and 
should be performed in patients starting high dose, long term corticosteroids as 
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well as an x-ray of the thoracic and lumbar spine. If the bone density 
measurement reveals a reduced value or the spinal x-ray reveals a prior vertebral 
fracture, prophylaxis becomes most important. Currently only the 
bisphosphonates and the active vitamin D metabolites have evidence to support 
their efficacy for prophylaxis. 

Bisphosphonates are analogues of pyrophosphate that bind to hydroxyapatite at 
sites of bone remodeling. They inhibit bone resorption primarily, and several 
bisphosphonates including etidronate, pamidronate, alendronate, tiludronate and 
residronate are available in various countries. At this time, only etidronate has 
been studied as a preventive agent in corticosteroid osteoporosis. In one small 
study in women with temporal arteritis commencing corticosteroids, the 10 who 
were randomized to cyclical etidronate exhibited no spinal bone loss compared to 
the 10 calcium treated patients. These data are encouraging but further 
prevention studies with newer more potent bisphosphonates are required. 

The use of vitamin D in corticosteroid bone loss became popular following 
early studies, but these studies, which were not randomized, measured forearm 
rather than spinal bone density as their primary efficacy endpoint and, most 
importantly, were not primary prevention in design but rather conducted in 
patients on chronic corticosteroids with so called "established" osteoporosis. 

More recent are the results of a prevention study comparing calcium 1000 mg 
daily plus vitamin D (50,000 units weekly) with placebo over 3 years. There was 
no statistically significant difference in spinal bone loss between calcium/vitamin 
D and placebo and the amount of bone loss observed at the spine after 12 months 
with the calcium/vitamin D combination was similar to that seen in the calcium 
alone treated control groups in two other recent prevention studies. Thus the use 
of calciferols as prophylactic agents remains uncertain. 

Although the term vitamin D is sometimes used to encompass both the 
calciferols and calcitriol, this is misleading since calcitriol has quite a distinct 
therapeutic profile. Calcitriol is the active hormonal form of vitamin D, 1,25 
dihydroxy-vitamin D. A recent study examined the effect of calcitriol as a 
preventative agent in a large randomized double blind controlled trial with spine 
bone density as the primary endpoint. Patients treated with calcium alone lost 
bone at the lumbar spine (-4.3% per year) whereas those treated with either 
calcitriol or calcitriol plus calcitonin lost bone at a much reduced rate (-1.3% and 
-0.2% per year respectively). There was no statistically significant difference 
between the two calcitriol groups, whereas both groups were significantly 
different from the calcium group. The mean daily dose of calcitriol used was 0.6 
Ilg. A recent study with I-alpha hydroxy vitamin D (alphacalcidol) confirms that 
the active vitamin D analogues have efficacy in prevention of bone loss in 
patients starting corticosteroids. 

Treatment of Corticosteroid Osteoporosis 
The first principle of treatment of corticosteroid induced bone loss is to use the 
lowest possible dose of corticosteroids. Corticosteroid osteoporosis may be 
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partially reversible and whenever possible corticosteroids should be withdrawn. 
For patients with established corticosteroid osteoporosis on chronic therapy, 
numerous therapies have been studied including calcium, vitamin D metabolites, 
estrogen, bisphosphonates and calcitonin. 

Although calcium supplements have been shown to decrease biochemical 
markers of bone resorption in corticosteroid treated patients, recent randomized 
controlled trials in patients starting corticosteroids where calcium was used as the 
control therapy suggest calcium at best offers only partial protection. 
Consequently, whilst an adequate calcium intake should be recommended, 
calcium alone probably does not have a major role to play in prevention or 
treatment of corticosteroid bone loss. 

With regard to vitamin D, early studies suggested a role in the treatment of 
chronic corticosteroid users, but only the forearm site was studied. A recent study 
of calcium plus vitamin D3 (500 IV/day) appears to confirm a benefit in patients 
with rheumatoid arthritis treated with chronic low dose corticosteroids, 
amounting to about a 2% difference compared to placebo. However there were 
some methodological problems with this study including that half of the baseline 
values of anteroposterior spinal bone density were estimated from lateral scans, 
not directly measured. Moreover the small rise in bone density may have largely 
been a "remodeling transient" whereby the increase was due to filling of bone 
spaces undergoing active remodeling. 

Hypogonadism is commonly seen in males and females treated with 
corticosteroids suggeEting a role for hormone replacement therapy. The 
combination of estrogen and progestogen therapy increased bone mass over one 
year in one small open study of post menopausal women with asthma on chronic 
corticosteroids and a randomized controlled trial of the effect of estrogen 
replacement therapy in rheumatoid arthritis reported a small benefit of treatment 
at the lumbar spine over two years in a subgroup of patients receiving low dose 
corticosteroids. Based on these studies, it is recommended that post menopausal 
women taking glucocorticoids should receive estrogen replacement if there are no 
contra-indications. No randomized trials have been performed in corticosteroid 
treated premenopausal women and in those with normal menstrual cycles, 
hormone treatment is inappropriate, although in woman with irregular menstrual 
cycles, use of the oral contraceptive may be indicated. In males, there has only 
been one study in a small number of asthmatics chronically treated with 
corticosteroids which showed a benefit with testosterone therapy at the spine but 
not the hip after 12 months of monthly injections. Accordingly, if the serum 
testosterone level is low in males, consideration should be given to the use of 
testosterone therapy in patients established on corticosteroids. 

With respect to the bisphosphonates, a study in patients with corticosteroid 
dependent chronic obstructive airways disease treated with oral pamidronate 
demonstrated a significant increase at the lumbar spine over 2 years and several 
open studies suggest efficacy for cyclic etidronate in chronic corticosteroid users. 
It is reasonable to assume that the newer, more potent bisphosphonates will be 
similarly active in corticosteroid osteoporosis and currently there are several 



140 v. Naganathan and P. N. Sambrook 

trials ongoing with these new generation bisphosphonates which will address this 
issue directly. However, because of the long skeletal retention, bisphosphonates 
are not normally used in treatment of younger individuals. 

Calcitonin has been studied in patients starting corticosteroids and receiving 
chronic corticosteroids with varying results. A study in chronic corticosteroid 
users did show apparent benefit from calcitonin at the spine, but in two recent 
prevention studies, there was no statistically significant additional benefit of 
adding calcitonin to calcitriol or cholecalciferol. 

Summary 
Corticosteroids are widely used in the treatment of patients with chronic 
inflammatory diseases. Since the most rapid bone loss occurs in the first 12-24 
months after commencing high dose corticosteroids, it is important to consider 
two different therapeutic situations, (a) prevention in patients starting 
corticosteroids and (b) treatment of patients on chronic corticosteroids who will 
already have some significant degree of corticosteroid related bone loss. 

An adequate calcium intake is recommended and any contributing factors to 
osteoporosis should be treated. A bone density will give information about the 
future risk of osteoporotic fracture and the need for active pharmacological 
treatment. Patients commencing high dose long term corticosteroid therapy 
should be treated prophylactically with active vitamin D metabolites 
(alphacalcidol or calcitriol) or a bisphosphonate and the treatment may need to be 
continued for 1-2 years. Patients on chronic corticosteroids may improve their 
bone density by treatment with vitamin D metabolites (including the calciferols) 
and bisphosphonates. In post menopausal women, concomitant use of estrogen 
replacement therapy is also appropriate. In a patient on long-term therapy it is 
important to review the need for continuing treatment or the possibility of dosage 
reduction. 
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Tumor-induced Osteolysis 

Jean-Jacques Body 

Some Important Clinical Aspects 
The skeleton is the most common site of metastatic disease in breast and prostate 
cancer and the site of first distant relapse in almost one half of the patients with 
breast cancer. The most common sites of bone metastases are, in decreasing 
order, the thoracolumbar spine, the pelvis, the lower limbs, the upper limbs and 
the skull. On the other hand, multiple myeloma is almost always characterized by 
multiple lytic lesions, which constitute the hallmark of the disease although 
myeloma can also present as diffuse osteoporosis. 

Tumor-induced osteolysis (TIO) of breast cancer is the source of a considerable 
morbidity, including pain, long bone fractures in 10-20%, and tumor-induced 
hypercalcemia (TIH) in 10-15% ofthe cases, although this last "classical" figure 
is certainly less nowadays because of the use of bisphosphonates. The median 
survival after first relapse in bone is close to 2 years compared to 3 months after 
first relapse in liver, which implies that the clinical burden induced by breast 
cancer-induced osteolysis is enormous. Metastatic skeletal disease actually 
accounts for the largest component of hospital costs in cancer patients. 

A review of endocrine and chemotherapy trials suggests that patients with 
metastatic bone disease have a lower response rate to antineoplastic therapy than 
patients with soft tissue or visceral metastases. Low response rates in bone are 
actually probably artefactual due to the poor sensitivity of our current assessment 
methods. Symptom evaluation, measurement of tumor markers and of 
biochemical parameters of bone turnover should be more investigated for early 
assessment of bone response. 

Pathophysiology of Tumor-induced Osteolysis: Rationale 
for the Use of Bisphosphonates 
The propensity of breast cancer cells to metastasize in bone could notably be due 
to the rich supply of relevant growth factors present in the skeletal 
microenvironment, which can increase breast cancer cell growth. Bone 
destruction itself is essentially mediated by osteoclast activation rather than by 
direct osteolytic effects of metastatic cancer cells, although osteoblasts or immune 
cells could also be important target cells for the action of secretory products from 
various tumors. 
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Many studies have established the essential role of a parathormone-like 
substance, named parathyroid hormone-like protein (PTHrP) in all types of 
cancer hypercalcemia. The nature of the tumoral factor(s) responsible for 
osteoclastic activation in the complex process of TIO remains unknown, but 
recent data indicate that PTHrP could here too play an essential role. PTHrP-like 
substances are thus expressed by about 60% of human breast tumors and breast 
cancers metastasizing to the skeleton produce PTHrP more frequently than the 
tumors metastasizing to non-osseous sites. Local production of PTHrP and of 
other osteolytic factors such as TGFs by cancer cells in bone would stimulate 
osteoclastic bone resorption, partly through the osteoblasts, whose proliferation 
would also be inhibited, impairing the bone repair process. Such factors also 
induce osteoclast differentiation of hematopoietic stem cells and/or activate 
mature osteoclasts already present in bone. Increased osteoclast activity will then 
cause local foci of osteolysis, which could further stimulate cancer cells 
proliferation. These data indicate that it is rational to target bone-resorbing cells 
for the treatment and perhaps in the future the prevention of bone metastases. 

Bisphosphonates are potent inhibitors of bone resorption. Their mechanism of 
action is complex and it is probable that several mechanisms are operative, the 
relative importance of each being a function of the chemical structure of the 
compound. Bisphosphonates localize preferentially to sites of active bone 
resorption and they can directly inhibit the activity of mature osteoclasts. The 
recruitment of osteoclasts could also be reduced, especially by 
aminobisphosphonates. Recent findings suggest that osteoblasts, or at least those 
lining the bone surface, could be the essential target cells for bisphosphonates 
with secondary effects on the osteoclasts, probably through a change in the 
secretion of an inhibitor of osteoclast recruitment. The relative importance of this 
osteoblast-dependent inhibitory activity of bisphosphonates compared to a direct 
inhibition of osteoclast activity remains to be determined. Whatever their precise 
mechanism of action, bisphosphonates have opened the way for a noncytotoxic 
medical treatment of bone metastases. 

Bisphosphonates for the Treatment of Tumor-induced 
Osteolysis and its Complications 

Tumor-induced Hypercalcemia (TIH) 
The introduction of bisphosphonates has dramatically changed the therapeutic 
management of cancer hypercalcemia, whether of paraneoplastic origin or due to 
bone metastases. The superiority of pamidronate over etidronate, clodronate, 
mithramycin and calcitonin for the treatment of Till has been demonstrated in 
several prospective comparative trials. 

Rehydration (generally 2-3 litres of saline or its equivalent over 24-36 hrs) 
remains an essential therapeutic step but clodronate and parnidronate have 
supplanted all other compounds. A single-day 1500 mg infusion of clodronate is 
the most convenient way to administer that compound but it is less efficient than 
a 90-mg parnidronate infusion (generally infused over 3-4 hrs), not only in terms 
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of success rate ~90% vs ±80%), but even more in terms of duration of 
normocalcemia (2-4 weeks vs 1-2 weeks). The newer bisphosphonate 
ibandronate at doses of 2-4 mg can correct TIH in at least 75% of the cases. 

Bone Pain 
It has not been convincingly demonstrated that currently available oral 
bisphosphonates can reduce metastatic bone pain. When pooling the available 
data of several phase II trials with iterative pamidronate infusions, a clear-cut 
relief of bone pain appeared to occur in more than one third of the cases. Placebo­
controlled studies have shown that clodronate and pamidronate infusions can 
indeed exert significant analgesic effects. With high doses of pamidronate (90-
120 mg), a significant analgesic effect is observed in about two thirds of the 
patients. 

Sclerosis of Lytic Bone Lesions 
Repeated pamidronate infusions can induce an objective sclerosis of lytic lesions 
in one-fourth to one-third of the patients. Bisphosphonates can thus lead to bone 
"recalcification" by themselves and this phenomenon of "recalcification" appears 
to be similar to what can be achieved by conventional hormone- or 
chemotherapy. Similarly, an increase in the objective bone response rate to 
chemotherapy has been shown in a large randomized clinical trial when patients 
were receiving chemotherapy plus pamidronate as compared to chemotherapy 
alone, 33% vs 18%, respectively. 

The dose of 90 mg of pamidronate appears to be the most adequate to treat the 
complications of TIO and, based on clinical and biochemical data, infusions 
should be administered every 3-4 weeks. 

Bisphosphonates for the Prevention of Complications of 
Breast Cancer and Myeloma-induced Osteolysis 

Breast Cancer 
The low absorption of oral bisphosphonates constitutes a major obstacle to their 
use as oral drugs in cancer patients. Two large-scale studies in patients with 
breast cancer metastatic to the skeleton, one with clodronate and one with 
pamidronate, nevertheless indicate that the prolonged administration of oral 
bisphosphonates can significantly reduce the frequency of morbid skeletal events, 
notably the incidence of hypercalcemic episodes, of vertebral deformities and of 
episodes of severe bone pain. However, they exert no significant effects on the 
skeletal event-free period, on survival, or on the radiological aspect of lytic 
lesions and there is only a mild decrease in the need for systemic treatment 
changes and for radiotherapy on bone lesions. The active daily dose of clodronate 
is at least 1600 mglday but a dose-response effect beyond that dose is unknown. 

The results obtained with intravenous bisphosphonates are more impressive 
than with oral compounds. Large scale double-blind randomized placebo-
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controlled trials comparing monthly 90-mg pamidronate infusions to placebo 
infusions for one year in addition to chemo- or hormonetherapy in breast cancer 
patients with at least one lytic bone metastasis have just been completed. The 
results are particularly impressive in the chemotherapy trial where the median 
time to the occurrence of the first skeletal-related event was increased by 47% in 
the pamidronate group (13.1 vs 7.0 months). There was also a significant 
reduction in the proportion of patients having any skeletal-related event, in the 
number of non-vertebral pathological fractures, and in the proportion of patients 
having radiation to bone or surgery on bone, by about one half for each. The 
objective response rate of bone lesions to chemotherapy was also increased. The 
follow-up of this trial has shown that the mean skeletal morbidity rate (number of 
skeletal-related events per year) has been 2.1 in the pamidronate group compared 
to 3.3 in the placebo group. Placebo-controlled trials with the newer 
bisphosphonate ibandronate, given orally or intravenously, are ongoing. 

Despite the higher efficacy of intravenous bisphosphonates compared to oral 
compounds, the choice between both routes of administration is influenced by 
individual circumstances. For example, the intravenous route will be preferred by 
most clinicians if the patient is already receiving chemotherapy every 3-4 weeks, 
while the oral route may be preferred for patients receiving hormone therapy. 
More importantly, the optimal selection of patients for treatment remains to be 
defined, although it is likely that patients with multiple lytic bone lesions will 
benefit most. The optimal duration of treatment is also unknown, especially that 
the criteria for stopping their administration must be different from those used to 
stop directly antineoplastic drugs. Bisphosphonates are aimed at reducing the 
complications of bone metastases and they should not necessarily be stopped 
when metastatic bone disease is evolutive. However, criteria are lacking to 
determine if and how long a patient benefits from bisphosphonate administration. 
New biochemical markers of bone resorption may help to identify those patients 
continuing to benefit from therapy, as preliminary data suggest that a 
normalization of their concentrations is necessary to have beneficial effects. 

Multiple Myeloma 
Multiple myeloma is typically characterized by a marked increase in osteoclast 
activity and proliferation, a phenomenon which could by itself playa contributory 
role to the growth of myeloma cells in bone. Bisphosphonates appear to be of 
great benefit for these patients. Clodronate given at 2400 mg daily for two years 
has been shown to significantly reduce the proportion of patients who develop a 
progression of lytic bone lesions. Clodronate appears to be effective only in 
patients who respond to standard chemotherapy, although the benefits become 
more apparent when the effects of chemotherapy wear off. 

The efficacy of regular 90-mg pamidronate infusions in addition to 
antimyeloma chemotherapy regimen has also been demonstrated in a large scale 
double-blind placebo-controlled trial. The proportion of patients developing a 
skeletal-related event was significantly smaller in the pamidronate than in the 
placebo group, 24% vs 41%, and the mean morbidity rate was 2.1 in the placebo 
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group vs 1.1 in the pamidronate group. Preliminary follow-up data on this trial 
suggest a prolongation of the survival in the pamidronate group in the patients 
receiving second or subsequent lines of chemotherapy. These trials indicate that 
bisphosphonates in addition to chemotherapy are superior to chemotherapy alone 
in patients with multiple myeloma with lytic lesions, although the optimal 
duration and doses of treatment are unknown. 

Summary 
The propensity of breast cancer cells to metastasize in bone could notably be due 
to the rich supply of relevant growth factors present in the skeletal 
microenvironment, which could increase breast cancer cell growth. Bone 
destruction is essentially mediated by osteoclast activation. Bisphosphonates are 
potent inhibitors of osteoclast-mediated bone resorption that have opened the way 
for a noncytotoxic treatment of bone metastases. They have become the standard 
treatment for treating tumor-induced hypercalcemia and, at adequate dose levels 
(90 mg), the efficacy of pamidronate is not significantly influenced by the tumor 
type or the degree of metastatic bone involvement. Regular pamidronate infusions 
can also relieve bone pain probably in more than one third of the cases and an 
objective sclerosis of osteolytic lesions can be seen in one fourth of the patients. A 
dose of 90 mg of pamidronate administered every 3-4 weeks could constitute an 
adequate therapeutic scheme for the treatment of established tumor-induced 
osteolysis. On the other hand, the prolonged administration of oral 
bisphosphonates can reduce the frequency of morbid skeletal events by about one 
fourth. Regular pamidronate infusions have larger effects and they also reduce 
the proportion of patients having radiation to bone or surgery on bone by about 
one half. The objective response rate of bone lesions to chemotherapy is also 
increased. On the other hand, regular pamidronate infusions in addition to 
antimyeloma chemotherapy regimen in myeloma patients can reduce the mean 
morbidity rate by almost 50%. Lastly, therapy with bisphosphonates also has the 
advantage to prevent postmenopausal osteoporosis in women cured from breast 
cancer for whom estrogen replacement therapy is still considered to be 
contraindicated. 
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Osteoporosis During Young Adulthood 

Robert Marcus 

Investigators in the bone field have long considered osteoporosis to be exclusively 
a condition of bone loss. We understand now that successful acquisition of bone 
during adolescence is a major determinant of final adult bone mass and 
powerfully affects later bone loss and fragility. Indeed, the variance around values 
for peak bone mass far exceeds the amount of bone that is lost during later adult 
life. Adolescence represents a period of opportunity when appropriate attention to 
lifestyle factors, particularly diet and physical activity, permit optimal 
development of a bone mass commensurate with that programmed by genetic 
endowment. Failure to attend to these factors may lead to diminished peak bone 
mass and a higher risk for subsequent fracture. 

Genetic Influences on Bone Acquisition 
About 75% of the variance in peak bone mineral density (HMD) is genetically 
determined, and considerable interest has centered about identifying the specific 
responsible genes. The BMD measurement itself is highly influenced by bone 
size, so these genes include those that determine body size, such as genes related 
to the Growth HormonelInsulin-like Growth Factor-I axis. A major role in 
skeletal development has been shown for estrogen in both boys and girls, and a 
polymorphism in the estradiol receptor also appears to influence bone acquisition. 
Polymorphisms of the vitamin D receptor gene have been inconsistently 
associated with bone mass, but little work has been reported to date that relates 
this polymorphism to bone acquisition. 

Environmental Influences on Bone Acquisition 
Among the lifestyle factors that could be implicated in successful bone 
acquisition, dietary calcium and weight-bearing physical activity have the 
strongest experimental support. Clinical trials consistently show greater bone 
acquisition when supplemental calcium is given. However, the ultimate impact of 
supplementation on adult bone mass remains in doubt, since differences between 
treatment groups dissipate shortly after stopping the supplement. Particularly in 
teenage girls, average habitual dietary calcium is well-below recommended 
levels, making dietary calcium a limiting nutrient for bone acquisition in a large 
segment of the teenage population. Within limits, increased physical activity has 
been consistently associated with improved bone density throughout growth and 
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development. Sustained immobilization during adolescence may severely 
jeopardize bone acquisition. In years past, long-term bed rest for a teenager with 
acute rheumatic carditis is an example of this type of restricted activity. 

By contrast, some adolescent girls exercise to the point that menstrual function 
ceases and circulating estradiol reverts to a prepubertal range. Such girls exhibit 
substantial deficits in bone mass. Depending on the patient's age, these may 
represent interruption of bone acquisition, bone loss, or a combination of the two. 
Athletes most likely to develop exercise associated amenorrhea are those who 
participate in endurance events, such as long-distance running, and who initiated 
serious exercise training prior to or within a short interval after menarche. Ballet 
dancers and gymnasts are also highly susceptible to oligo/amenorrhea. Some 
evidence indicates that women gymnasts actually show unexpectedly high BMD 
values, perhaps reflecting the high impact nature of their training. 

Other lifestyle factors that likely impair bone acquisition in teenage girls 
include early pregnancy, and ethanol or tobacco use. However, very little specific 
information has been reported concerning these factors during the growth years. 

Specific Examples of Acquisitional Osteopenia 

Inherited Disorders 
Osteoporosis is a sine qua non for inherited mutations in the type I collagen gene, 
known collectively as Osteogenesis Imperfecta (01). Some young adults with 
osteoporosis may have subclinical forms of 01 that represent unique and difficult­
to-identify mutations in collagen or other bone-specific proteins. Other important 
genetic disorders also lead to osteoporosis in young adults. Cystic Fibrosis (CF) is 
associated in adults with profound osteopenia. It is difficult to find any consistent 
aspect of the disease or its treatment that is related to bone mass. Exposure to 
corticosteroids, hypogonadism, and intestinal malabsorption are all common but 
highly individual. Nonetheless, with more successful early therapy, survival into 
the 3rd and 4th decades and beyond has become common for CF patients, and it 
is appropriate to pay attention to long-term skeletal health. Appropriate 
supplementation with calcium and vitamin D, and estrogen or testosterone 
replacement are clearly indicated. If patients experience fractures, a potent 
bisphosphonate is likely to offer benefit. 

Marfan syndrome is associated with low BMD, primarily in the appendicular 
skeleton. In addition, the femoral neck length in these patients is significantly 
increased. The combination of low BMD and long hip axis length makes such 
patients at uniquely high long-term risk for hip fracture. Just as with CF, Marfan 
patients now survive well beyond the 4th decade, largely the result of successful 
surgical repair of the thoracic aorta. Thus, Marfan women should be considered 
likely candidates for hormone replacement therapy at the time of menopause. 
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Osteoporosis Due to Environmental Factors 
Anything that jeopardizes cyclic reproductive function in women may lead to 
bone loss. In particular, exercise-associated amenorrhea has been discussed 
above. Successful treatment requires encouraging the woman to decrease her 
exercise volume to the point that menses return. Women who remain 
amenorrheic but are given supplemental calcium and/or estrogen appear not to 
achieve important gains in bone mass. Frequently, such women have been 
amenorrheic for several years, and recovery of bone mass in that setting seems to 
be particularly disappointing. 

Anorexia nervosa is a common disorder of young women. It is associated with 
severe deficits in bone mass. When patients are in their teen years, these deficits 
mostly reflect failure to acquire bone; later on, bone loss may be the primary 
mechanism. Although estrogen deficiency may contribute, the most important 
determinant of bone deficits in anorexia nervosa is the decrease in body weight. 
Similarly, weight rehabilitation is the most important predictor of improvement 
in bone mass. Calcium or estrogen alone or in combination are not effective 
unless weight is also restored toward normal. The use of potent bisphosphonates 
for patients with these conditions is probably indicated if they are experiencing 
fracture. However, no published data yet support this approach. 

Treatment of Low Bone Mass in Young People 
General hygienic interventions, such as dietary or supplemental calcium and 
adequate physical activity (customized for individual tolerance) are recommended 
for virtually all patients. Recommendation of drug therapy, however, is 
problematic. The impact of potent bisphosphonates on bone acquisition is not 
certain, nor is it clear that young individuals with low bone mass derive sufficient 
gains in BMD or anti-fracture benefit to justify using these agents prior to the 
times in life when bone loss begins to be an important factor. For the present, I 
reserve their use for patients who have, in addition to low BMD, already 
experienced at least one low-trauma fracture. 
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Immobilization, Exercise and 
Osteoporosis 

Mehrsheed Sinaki 

Immobilization and Bone Loss 
Bone is exposed to constantly changing patterns of loading and adapts to these 
changes through alterations in bone mass and skeletal geometry. Decreased 
weight bearing and immobilization are known stimuli to bone resorption. 
Weightlessness in space travel has been reported to result in a 33% loss of 
trabecular bone volume over a 25-week period. There is sufficient evidence to 
support the concept that the absence of pressure forces on the skeleton is 
primarily responsible for disuse osteopenia. However, the exact mechanism 
whereby bone mineral is lost is uncertain. Mechanical strain on the matrix 
stimulates bone formation at the cellular or molecular level. The mechanism by 
which the mechanical signal is transduced into a biochemical signal is not 
known. 

The rehabilitative management of osteoporosis consists of; (1) management of 
established osteoporosis and (2) rehabilitative management of complications. 

Established Osteoporosis 
The objectives of the rehabilitative program for established osteoporosis are to 
maintain or improve posture, relieve or lessen pain, increase activity, and 
improve safety of ambulation. A progressive sound strengthening exercise 
program for axial and appendicular musculature can decrease the risk of falls. In 
addition, increasing mobility can reduce concomitant low self-esteem and 
depression. The feeling of being locked in a fragile skeleton can, at times, be 
distressing. It may be helpful to consider counseling and psychiatric help for 
severe depression. If skeletal fragility interferes with antigravity exercises, the 
progressive rehabilitation program can be initiated with "in-water" exercises. 

Skeletal Complications Related to Osteoporosis 
Along with the treatment outlined above, the following measures should be 
considered for complications of osteoporosis; spinal supports and gait assistive 
devices to improve patient's posture, prevent falls, restore confidence, increase 
activity, and improve balance. Maintenance of musculoskeletal flexibility and co-
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ordination will allow the patient freedom to participate in weight -bearing and 
loading exercises. Implementation of sedative physiotherapy such as application 
of cold at the acute stage and moist heat and mild stroking massage at the 
chronic stage can decrease muscular pain and related malposture. 

Mechanical loading whether related to healthy body weight or weight training 
exercises contributes to skeletal health. Weight-bearing exercises such as walking 
and stair climbing can decrease age-related bone loss. However, discontinuation 
of these activities results in a reduction of bone mass to baseline levels. Upper 
extremity loading exercises expose the vertebral bodies to compressive forces that 
can be beyond the biomechanical competence of the osteoporotic spine. 
Therefore, they should be limited and used with proper techniques. Improvement 
of back extensor strength can reduce kyphotic posture and risk of vertebral 
fracture. Back exercises should consist of a combination of back extension and 
isometric lumbar flexion exercises to avoid increased sacral inclination (Figure 
26.1). 
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Figure 26.1. Significant positive correlation between back extensor 
strength and sacral inclination in 65 healthy, active, estrogen-deficient 
women aged 48-65 years. From Sinaki et al; Am J Phys Med Rehabil 
75(5); 370-374,1996 (by permission). 

Back Supports 
Back supports are used in an attempt to support and correct posture as much as 
possible. Semirigid or rigid back supports are used, depending on the severity of 
the spinal osteoporosis, the patient's tolerance, and the acuity of compression 
fracture. 

In cases of acute compression fracture, the purpose of supporting the spine is to 
expedite ambulation while allowing rest for the painful area of the back. Patients 
can be instructed to perform isometric exercises while wearing their back 
support. Supports used for pain sometimes have to be applied for a prolonged 
period, in which case atrophy of the back muscles may result. Physiotherapy is 
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necessary to prevent this atrophy and should include exercises that strengthen the 
trunk muscles and provide muscular stability (Figure 26.2). 

Figure 26.2. (a)-(c) Back extension exercises; (a), (b) In prone position, 
(c) In sitting position. This position avoids or minimizes pain in patients 
with severe osteoporosis. (d), (e) Deep-breathing exercise combined with 
pectoral stretching and back extension exercise. Patient sits on a chair, 
locks her hands behind her head, and inhales deeply while she gently 
extends her elbows backward. While exhaling, she returns to the starting 
position. This is repeated 10 to 15 times. Figures (b), (c), and (e) modified 
from Sinaki (1982) Mayo Clin Proc 57:699-703 with permission; Figures 
(a) and (d) from Sinaki (1995) In: Riggs BL, Melton LJ III (eds) 
Osteoporosis; Etiology, Diagnosis and Management, 2nd edn. Lippincott­
Raven Publishers, Philadelphia Chapter 20, pp 435-473, with permission. 

Exposure of the fragile skeleton to physical exertion beyond its biomechanical 
competence during activities of daily living or recreational activities can be 
deleterious. Avoidance of strenuous physical activities is recommended. An 
exercise program for the fragile skeleton needs to be progressive with supervision 
in the early stages. Avoidance of kyphotic posturing through use of a weighted 
kypho-orthosis (posture Training Support or PTS) and a daily exercise program 
is highly recommended. The PTS can be used in patients with a lack of tolerance 
for other spinal supports or in patients who have kyphotic posturing despite 
thoracolumbar supports. The PTS can also be used as a method of educational 
biofeedback and proprioceptive training for prevention of kyphotic posturing of 
the osteoporotic spine during activities of daily living. PTS can also improve 
ambulatory posture and decrease the tendency to fall in patients who develop 
axial instability with aging or other degenerative central nervous system 
disorders. 
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Cardiovascular Conditioning and Fragile Skeleton 
Immobility is associated with loss of muscle strength, loss of BMD and reduction 
of cardiovascular fitness. Exercises that are beneficial for fitness and 
cardiovascular conditioning are not necessarily weight-bearing and effective for 
improvement of bone mineral density. Not all types of exercises are safe for the 
osteoporotic spine. In severe osteoporosis, if improvement of cardiovascular 
condition is indicated, swimming or simply walking in water can be a good, safe 
start. Immobile patients may also benefit from water exercises before starting 
antigravity exercises. 

The effect of immobility when added to the presence of connective tissue 
diseases exacerbates bone loss. The combination of collagen disease and 
immobility in rheumatoid arthritis results in a significant reduction of bone mass, 
especially at the proximal femur. Indeed, the fracture risk is increased by about 
100% in rheumatoid arthritis patients. These patients will benefit from regular 
daily isometric muscle contraction exercises which can help to preserve muscles 
despite the inflammation of the joints. Patients who suffer a period of immobility 
in bed need to resume their daily activities plus some additional exertional 
exercises with supervision. 

Implementing exercise programs which include safe ambulatory activities with 
use of gait assistive devices can improve skeletal loading which is so needed. 

Assistive Devices 
The use of assistive devices (canes or walkers) is of utmost importance to 
improve safety during patient's ambulatory activities. 

Gait-assistive devices include a conventional cane, supportive canes with a 
broader base of support and prongs, walkers, and wheeled walkers. Walkers are 
more supportive than canes and are used for limited ambulatory activities. In 
cases of prolonged immobility, the ambulatory activities can be initiated with 
sitting position and use of a wheelchair with progression to standing and use of 
gait aids. As the patient's improvement allows, weight-bearing and weight­
training programs can also be initiated. 

In addition to the above rehabilitative measures, other factors such as nutrition 
and pharmacological intervention must be considered. A daily calcium intake of 
1500 mg and daily vitamin D intake of 600 to 800 IU is recommended. The 
detrimental effect of postmenopausal bone loss can be reduced with proper 
pharmacological intervention including hormone replacement therapy, use of 
calcitonin, or alendronate sodium. These measures will be discussed in other 
chapters. 
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Nutrition and Osteoporosis 

Peter Burckhardt 

The impact of nutrition on bone varies over the main periods of life (growth and 
adolescence, mature adulthood, early postmenopause, senescence) in its nature 
and in its importance. Nutrition influences growth and development of peak bone 
mass and maintenance of adult bone mass, modifies postmenopausal bone loss, 
and has an important impact on bone loss and bone health in advanced age. 
Although mainly considered as an environmental factor, nutrition, respectively 
its impact on bone, is influenced by genetic conditions. For example, the effect of 
a calcium supplementation in calcium deficiency depends partially on the vitamin 
D-receptor gene allele. Despite this, and despite the fact that nutrition accounts 
maximally for 20% of the variance of peak bone mass, it represents a modifiable 
factor in the pathogenesis of osteoporosis offering the possibility for corrective 
interventions. 

The major nutritional components of which the influence on bone has been 
studied, are the following: calcium, vitamin D, protein and sodium. 

Calcium 
Intake, Absorption, Losses 
Calcium intake varies geographically, but is not correlated with the geographic 
incidence of osteoporosis. It is low (300-600 mg per day) in some Asiatic 
countries, higher in the US and highest in Northern Europe (average about 1400 
mg in some countries). It mostly depends on habits acquired during childhood, 
and decreases in senescence. 

The need for growth (girls ± 145, boys ± 185 mg/day) should be covered by the 
nutritional intake. In addition, the obligatory losses should be compensated at all 
ages, including those by urine, feces and the skin. They sum up to an average of 
300 mg, minimum 150 mg. They are probably smaller when calcium intake is 
constantly low, due to adaptive mechanisms, but they cannot be measured 
individually on a routine basis. 

Calcium absorption efficiency depends on age and intake: in postmenopausal 
women, it is between 20 and 25% at an intake of 1 g, and 30% at an intake of 0.5 
g. Absorption lowers with age, together with a loss of adaptation to a low intake. 
Absorption is enhanced when calcium is given together with food and in several 
doses. 
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About SO-70% of dietary calcium comes by dairy products. Sardines, nuts and 
some vegetables (broccoli) are less important, although relatively rich in calcium, 
because consumed in smaller amounts. Calcium from milk, cheese, yogurt and 
from mineral water, is as well absorbed as calcium from commercially available 
supplements. Reported differences between various preparations are clinically 
irrelevant for normal gastric pH. 

The administration of 1 g of calcium or more decreases PTH secretion, bone 
resorption and 1,2S(OHh vitamin D3 levels. Because absorption is enhanced 
when calcium is given with food and in several daily doses, calcium should be 
prescribed at doses of maximum SOO mg at once and not in the fasting state The 
nocturnal rise of bone resorption cannot be decreased by calcium given in the 
evening or at bed time, since it is caused by the physical inactivity of the night 
rest. Therefore, calcium should be prescribed with the meals, at any time. 

Recommended Intakes 
Since obligatory losses can not be determined for a given individual, they should 
be estimated at 300 mg. Assuming an absorption of 20-2S%, an intake of 1200-
IS00 mg would be necessary for maintaining an equilibrated calcium balance. 

The Effect on Bone 

Childhood and Adolescence 
Optimal nutrition is necessary for the full development of the genetic potential. 
High calcium intake correlates with higher bone mass in school children, in 
puberty and in adolescence, although it is not certain that this effect persists. 
Supplementation with dairy products seems to cause longer lasting effects than 
with calcium salts. Premenopausal women remembering regular milk intake at 
childhood have higher lumbar BMD. In any case, malnutrition and anorexia lead 
to osteoporosis, and insufficient calcium intake probably to suboptimal peak bone 
mass. All this justifies the recommendation of an adequate calcium intake, if 
possible in form of dairy products, during growth and adolescence. 

Adulthood and Premenopause 
Calcium favors the maintenance of BMD together with physical activity, but its 
effect on premenopausal bone loss is uncertain. Therefore, an adequate 
nutritional calcium intake is recommended for premenopausal women, but it is 
unnecessary to prescribe a calcium supplementation unless there is a high risk of 
osteoporosis or a distinctively low calcium intake. 

Early Postmenopause 
Bone loss in this period does not depend from calcium intake, but from the lack 
of estrogens. For this reason, calcium supplementation usually has no significant 
effect during the first years after menopause. Nevertheless high calcium intake 
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was associated with higher BMD before and after the menopause; but it does not 
influence the amount of bone loss in-between. 

Late Menopause 
Calcium supplementation inhibits bone loss, if intake is low. It acts mostly on 
cortical bone, but a positive effect on lumbar BMD has also been reported with 2 
g of calcium, decreasing bone loss without preventing it. The effect of calcium 
supplementation is reinforced in postmenopausal, elderly women, when 
combined with exercise. 

Senescence 
Over the age of 70 years, calcium intake correlates with bone density, when the 
initial intake is below 900 mg. Calcium supplementation at this age decreases 
bone loss almost by half, and over 80 years even by 2 to 4% per year. In elderly 
women, calcium intake is correlated with BMD at all hip sites, especially at the 
femoral neck. It therefore seems that with increasing age, calcium 
supplementation is of growing importance, because normal intake declines and 
absorptive adaptation to low intake disappears. 

Influence on Fracture Incidence 
Calcium intake correlates with fracture risk, when intake is very low, but not 
necessarily when intake is high. Therefore calcium intake must be sufficient, i.e. 
1200-1500 mg per day, but not very high. When intake is low, calcium 
supplementation decreases hip fracture risk in postmenopausal women and also 
the risk of vertebral fractures. It has also been clearly demonstrated that high 
calcium intake with food or with supplements, decreases hip fracture incidence in 
elderly persons. 

Calcium in the Treatment of OsteoporoSiS 
Given to osteoporotics, calcium decreases bone resorption, increases slightly 
BMD or decreases bone loss. Hip fracture rate can be decreased when the initial 
calcium intake was low. The same applies to vertebral fractures in elderly 
women. But no effect of calcium was yet observed in women without vertebral 
fractures. As an adjuvant to medical treatment of osteoporosis, calcium is added 
to all treatments of osteoporosis (bisphosphonates, calcitonin, fluoride, estrogens, 
etc.). In antiresorptive treatments, it helps to avoid hypocalcemic reactions and 
inappropriate stimulation of PTH, and in the treatment with fluoride it avoids 
mineralization defects. In all events, it covers the need for a positivation of bone 
balance. 
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Vitamin 0 

P. Burckhardt 

Source, Intake, Requirements 
Vitamin D is produced in the skin (UV irradiation), and supplied by food, 
especially fish and dairy products. In parts of the US, 40% of young adults and a 
large proportion of elderly women are vitamin D deficient, at least in winter. Up 
to 60% of elderly persons and the majority of residents of homes for elderlies, as 
well as chronically hospitalized patients are vitamin D deficient. They are 
confined to indoor life and therefore depend from vitamin D intake from food. 
However, their intake is inadequate, in homes only of 50-150 IU per day. When 
plasma levels drop below 25-30 nmolll, PTH levels rise, and at even lower levels, 
also alkaline phosphatase rises. This secondary hyperparathyroidism indicates 
increased bone turnover, in addition to eventual insufficient mineralization. This 
occurs mainly in the elderly, residents of homes, but also in postmenopausal 
women, when the vitamin D intake and sun exposure provide less than 200 IU 
per day. 

Effect on Bone and Recommendations 
Low plasma levels of 250H-Vitamin D3 correlate also with decreased vertebral 
BMD, especially in elderlies. Below 30 nmol/l, they correlate with decreasing 
BMD at the proximal femur. On the other side, elderlies with relatively high 
vitamin D levels have significantly higher femoral BMD, but equal lumbar or 
radial BMD. Therefore, vitamin D deficiency seems to have an almost specific 
effect on the cortical bone on the femoral neck. Indeed, women with hip fractures 
show lower 250H-Vitamin D3 levels, and elderly people with low vitamin D and 
elevated PTH levels show an accelerated bone loss and an elevated risk for hip 
fracture. 

Recommendations 
Elderly persons living in homes and with an intake of only 150 IU should be 
supplemented by at least 400 IU, which is the minimal required dose in the case 
of a low calcium intake. Considering that elderly persons take only about 20 IU 
when they do not drink milk, and 30 to 150 IU with milk, substitution with 400 
IU would bring the total intake up to 500 IU. 

Vitamin D supplements of 400 to 800 IU per day normalize the 250H-Vitamin 
D3 and PTH levels. In addition, the treatment increases lumbar BMD, and 
femoral BMD slightly, as long as the calcium intake is low. 

But 400 IU could not prevent hip fracture and the same dose given to 
postmenopausal women decreased bone loss only when calcium was added. 800 
IU given to postmenopausal women, in the average over 60 years, decreased 
femoral bone loss by half, but did not influence vertebral BMD. It needed 800 IU 
given together with 1 or 1.2 g of calcium in order to decrease hip fracture 
incidence in the elderly by almost 50%. Therefore, vitamin D supplementation is 
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important for the femoral neck already in the 60' s, and significantly decreases 
hip fracture incidence in elderlies. 

The effect of vitamin D is the same when the supplement is given as an 
intermittent high dose or as a daily low dose. It is almost impossible to replace 
the lack of vitamin D due to the absence of direct sun light by vitamin D from 
dietary sources. Enrichment of milk with vitamin D or of margarine, or even 
bread, as done in certain countries, does not guarantee a sufficient intake. Only 
regular consumption offish (not deep frozen, not smoked) would provide enough, 
but for most countries, this is either unusual or too expensive. For this reason, 
supplementation by vitamin D is recommended in elderly osteoporotics, and for 
prevention of osteoporosis in all elderly persons living indoors. 

Proteins 
Sufficient protein intake is essential for bone health. Protein malnutrition during 
childhood and adolescence leads to growth retardation and to low peak bone 
mass, the extreme example being anorexia nervosa. The positive effect of 
proteins is partially explained by its stimulatory effect on the secretion of the 
insulin-like growth factor (lGF). During adulthood and senescence, the needs for 
proteins are constant, but intake declines with age. Low protein intake in 
elderlies, a frequent· phenomenon, contributes to bone loss. Protein 
supplementation in elderlies increases femoral BMD. 

Excessive protein intake was associated with a higher risk for osteoporosis and 
osteoporotic fractures. This might apply to animal protein (meat), but not to 
vegetal proteins such as soya. Indeed, the metabolism of dietary animal proteins 
produces organic acids, respectively acid residues, which need to be buffered and 
eliminated. They contribute to a trend to a metabolic acidosis which increases 
urinary calcium excretion. On the other hand, bone being the main source of 
buffers (mainly carbonate), metabolic acidosis stimulates the release of calcium 
from bone by chemical effects and by stimulation of osteoclasts, and also inhibits 
osteoblast function. This might explain why a constant high intake of dietary 
animal proteins can lead to a negative calcium balance and to increased bone 
loss. It remains open, ifvegetal proteins have a more positive long term effect on 
bone. But despite this potential negative effect of a high intake of animal protein, 
protein deficiency must be strictly avoided. 

Sodium 
Intake of salt has largely increased over the last 200 years, especially in non 
maritime regions. High sodium intake increases urinary calcium excretion and 
contributes to a negative calcium balance. By varying sodium intake, not only 
calcium excretion can be modulated, but also that of markers of bone resorption. 
It is possible that this effect depends more on the anion chloride, than on sodium. 
Although it is probable that the secular increase of salt intake over some 
generations contributed to the secular increase of osteoporosis, epidemiologic 
data proving this are lacking. The same applies to the long term effect to the 
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potentially calcium sparing effect of salt restriction. In case of hypercalciuria, it is 
however recommended to reduce an eventually high intake of salt as the first 
therapeutic intervention. 

Other Nutritional Factors 
Vitamin K stimulates bone formation, partially because it is essential for 
gammacarboxylation of osteocalcin. Low vitamin K levels correlate with low 
BMD, with lower osteocalcin and with increased hip fracture risk. But vitamin K 
deficiency is not an isolated cause of osteoporosis, since it is usually part of 
clinically more alarming conditions such as e.g. malabsorption. If vitamin K 
insufficiency contributes as a co-factor to osteoporosis in the elderly, remains an 
open question, since its diagnosis depends on costly measurements. 

The influence of various trace minerals such as zinc, selenium, strontium on 
bone health is still poorly documented. It is still possible, that chronic 
insufficiency in these trace elements is frequent and exerts a chronic negative 
effect on bone, but prospective and interventional studies are scarce. 

Mineral Waters 
Mineral waters are recognized as a natural source of calcium. In certain cases, 
they contain almost half as much calcium as milk. Calcium from mineral water is 
as well absorbed as that from dairy products. However, it would be wrong to 
consider mineral water as an only source of calcium. First, it contains a variable 
amount of sodium, which might increase urinary calcium losses. Finally, it 
contains a variable amount of bicarbonate. High intake of bicarbonate decreases 
bone resorption, decreases urinary calcium excretion and stimulates bone 
formation. By that it has a positive effect on calcium balance. It is therefore 
probable, that the content of bicarbonate in mineral water is at least as important 
as that of calcium. 
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The Menopause: A Woman's View 

Rosemary Rowe & Linda Edwards 

Question a group of women about their attitude towards the menopause and the 
replies you receive will be highly diverse. Some will subscribe to the male 
conspiracy theory that doctors have over-medicalized the problem in order to 
extend their power over women and that "the change" is purely a natural event in 
one's life. Others will regard it as a major point of transition in a woman's life 
sometimes viewed negatively as the beginning of old age, sometimes viewed 
positively as a time when women enjoy greater freedom. A small minority may 
recognize that it is a time when women become estrogen deficient, a state which 
needs to be carefully managed to avoid long-term problems such as osteoporosis 
or heart disease. 

For health care professionals this bewildering range of responses may be 
enough to dissuade them from even tackling the issue. How can general protocols 
be effective when confronted by such a range of attitudes which will strongly 
influence willingness to accept medical advice let alone commence and continue 
with therapeutic agents? In these cost conscious days, the whole process is likely 
to be so time consuming that many healthcare professionals may balk at investing 
resources into an exercise with no guaranteed successful outcome. However such 
a nihilist approach cannot be justified when the cost of non-intervention in terms 
of morbidity and mortality from osteoporosis and cardiovascular disease is so 
high. 

Most women will live a third of their lives post menopause and healthcare 
professionals have a responsibility for enabling their patients to enjoy as high a 
quality of life as possible during this time. To achieve this goal it is vital that 
doctors and other medical staff understand what influences a woman's attitude to 
the menopause, what concerns they have regarding prophylactic interventions 
and how they can in tum encourage women to take appropriate steps to maintain 
their long-term health and well-being. 

Surveys have shown that whilst women identifY health care professionals as an 
important source of information regarding the menopause many do not consult 
their doctor at this time, relying on information gleaned from alternative sources 
including friends, family and the media which may vary considerably in the 
reliability of the information and advice offered. These different information 
sources together with the individual woman's personal experience of menopause 
will shape her attitude towards it. If a woman's experience of menopause is 
positive and generally problem free she may regard it with relief as a liberation 
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from premenstrual syndrome (PMS), period pains and monthly bleeding. In such 
circumstances she is unlikely to request support from her general practitioner and 
may thereby fail to receive advice and information on long term health issues that 
arise as a result of estrogen deficiency. lf a woman is both socially and 
economically disadvantaged she is unlikely to find the time to "bother" her doctor 
about menopausal symptoms and just simply put up with them, as her mother did. 

In contrast, female health care professionals and women who are regularly 
exposed to medical professionals, such as the wives of gynaecologists, are more 
likely to seek advice and follow recommendations for treatment (see reference 
attached). Social and cultural factors are therefore just as likely as physical 
symptoms to influence women's attitudes to the menopause and whether they are 
willing to seek medical advice. 

Whether a woman is receptive to advice given will depend partly on her 
attitude to the menopause and partly on concerns she may have regarding 
treatment, and in particular hormone replacement therapy (HRT). For those 
women who regard the menopause as just a "natural event" with which we should 
not interfere, there is often great resistance to take hormones. This, together with 
anxiety regarding the possible increased risk of breast cancer, fears of alleged 
weight gain with HRT and a reluctance to continue or resume monthly bleeding, 
explains the very low uptake of HRT. A woman's views will also be shaped by 
the experience of her friends and family. If female friends have suffered side 
effects such as bloating and breast tenderness from HRT and have discontinued 
therapy she will be much less willing to try HRT for herself. However, if her 
mother suffered 'from osteoporosis there is evidence now that this will persuade 
her to take HRT. Similarly if there is a history of breast cancer in the family it is 
highly unlikely that HRT will be considered an option. The physician's response 
to menopause queries will also influence future behavior. A lukewarm or negative 
response to a request for advice on HRT, - perhaps an overemphasis of the risks 
of breast cancer after 5-10 years on therapy, and the patient is likely to seek a 
further consultation. 

Attitudes are further confused for those women who experience an early 
menopause, before age 45, either naturally or surgically induced. Many women 
find symptoms of approaching menopause at this age, as ovaries begin to fail, all 
the more distressing if their doctor dismisses them without investigation as being 
"too young". Some find themselves battling with no diagnosis or inappropriate 
prescriptions for anti-depressants which further confuses the issues. 

Given all these different factors that influence a woman's attitude and response 
to menopause, how can healthcare professionals provide appropriate support and 
advice? The first step is to be conscious of the different health beliefs and 
concerns that women hold and to develop services which recognize this diversity. 
Waiting for women to present in the surgery may not be appropriate, as those 
who need advice most may well not wish to "bother" their GP. Some mechanism 
is required to ensure that all women approaching the menopause receive 
information and advice - especially those with premature ovarian failure. This 
may be through group meetings held in the evening, well woman clinics, or 
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may be through group meetings held in the evening, well woman clinics, or 
opportunistic advice' offered at the time that a woman attends for a cervical 
smear, or individual consultations. 

One-off advice is unlikely to answer all her questions so it is sensible to 
establish a two stage procedure which involves the woman seeing the practice 
nurse first for general advice and information about the menopause followed by 
time for her to consider this information and then an appointment with the GP at 
which she can raise any outstanding concerns. All discussions need to include a 
review of the individual's personal and family history as well as consideration of 
the various treatment options available. Involvement in the decisionmaking 
process is critical for women to have a realistic understanding of the likely 
benefits of taking HRT and for them to feel sufficiently committed to persist with 
therapy in spite of initial side effects. Recall is vitally important to ensure that 
women are taking treatments prescribed and to ensure that short term side effects 
are monitored and alternative therapies prescribed if side effects continue to be 
troublesome. 

Women's physiological and psychological response to the menopause varies 
enormously. Providing good information and advice and opportunities for women 
to express their concerns are vitally important if physicians are to assist women 
in coping with both its short and long-term effects. Patient societies such as the 
National Osteoporosis Society (in the U.K.) offer valuable assistance to 
healthcare professionals by providing well balanced patient literature, resources 
for medical staff and in encouraging the media to portray a balanced view of the 
menopause. It is only through this partnership of care that women and their 
physicians will feel empowered to adopt a positive approach to the menopause 
and its long-term consequences. 
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Future Developments: Risk 
Assessment 

Philip D. Ross 

While there are many risk factors for fractures among the elderly, this discussion 
is restricted to assessment using risk factors related to osteoporosis - that is, 
those related to bone strength. 

Radiographic Absorptiometry 
One of the earliest techniques for measuring bone densitometry is radiographic 
absorptiometry (RA), which quantitates bone mineral density (BMD) by 
comparing the bone image density on a standard radiograph to a reference range, 
usually based on an aluminum wedge included in the exposure field. The 
traditional RA approach was temporarily abandoned when newer techniques such 
as photon and x-ray absorptiometry were developed, partly because of problems 
with precision. However, computerized analysis has improved the precision 
considerably, and the RA technique is currently enjoying a revival. Two common 
measurement sites are the finger (phalanges) and hand (metacarpal). The 
precision is approximately 1% for the phalanges measurement, and 2% for the 
metacarpal. Both measurements predict fracture risk as well as other BMD 
measurements. 

A new RA approach has been developed which acquires and calculates BMD in 
a single step using a dedicated table-top unit to perform film-less imaging, 
thereby eliminating the need for expensive standard radiography equipment, as 
well as the additional time and cost of developing and analyzing images on film. 
While RA appears to be perfectly suitable for screening and assessing fracture 
risk, its role in monitoring treatment is less certain, because there is some 
evidence that changes in phalanges BMD during treatment may not be as large as 
those seen at other sites such as the spine. However, other techniques have 
shortcomings as well; spine BMD measurements are often adversely affected by 
osteo-arthritis and other conditions. The usefulness of RA and other measures for 
monitoring changes over time should become clear in the near future as more 
longitudinal data emerge. 
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Quantitative Ultrasound 
Quantitative ultrasound (QUS) measurements measure the propagation of non­
ionizing ultrasound waves to evaluate characteristics of bone related to strength 
and elasticity. It is not certain what bone characteristics QUS actually measures, 
and changes in QUS during treatment mayor may not accurately reflect changes 
in bone strength (the same may be true of BMD to some extent). QUS 
measurements are often performed at the calcaneus because it contains a large 
proportion of trabecular bone, but measurements at other sites (such as the tibia, 
patella, and phalanges) have also been developed. Heel QUS measurements are 
similar to BMD measurements in their ability to predict fractures. Furthermore, 
QUS may complement BMD by providing additional information about bone 
strength. Thus, QUS promises to be an important modality for assessing fracture 
risk, especially considering the portability, speed, and lack of ionizing radiation. 
Although the radiation exposure associated with standard BMD measurements is 
much lower than natural radiation exposure levels, patient perceptions may 
sometimes favor the use of QUS, as in measurements of children. QUS may also 
have economic and logistic advantages in communities which restrict the use of 
x-ray densitometry. 

Bone Geometry and Structure 
Hip axis length (HAL) and other measures of bone geometry are associated with 
hip fracture risk. Although such measurements may help to identify which 
patients are at high risk of fractures, it is unlikely that treatment will modify 
HAL; therefore, BMD (or possibly QUS or biochemical markers) must be relied 
on to monitor the effectiveness of treatment. If hip BMD is measured, HAL 
represents additional, "free" information that can be used to complement BMD 
for assessing fracture risk. However, if other BMD measurements are obtained 
routinely instead of hip BMD, then obtaining HAL incurs additional costs. 

Fractal analysis and other image analysis techniques are being developed to 
provide information about bone structure (micro-architecture) to complement 
BMD for evaluating bone strength and fracture risk using standard radiographs, 
magnetic resonance imaging, or computed tomography. Analysis of regional 
differences in BMD within single bones such as the hip or vertebral body is also a 
promising technique, but may be limited to assessing risk at specific fracture sites 
(such as the hip) rather than general fracture risk. Morphometric imaging of the 
spine has also been developed for diagnosing vertebral fractures; this technique 
may have advantages over conventional radiography because the x-ray beam 
remains perpendicular to the spine at all levels. However, poor resolution in the 
upper spine remains a problem at present. 

The Future of Risk Assessment 
By its very definition, prevention requires that intervention begins prior to the 
occurrence of fractures. To accomplish this without needlessly treating people 
with low risk, screening to identify high risk individuals will be necessary. Thus, 
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all women should be evaluated at the time of menopause, as well as elderly men 
and people of any age with major risk factors such as hypogonadism or 
corticosteroid use. 

Inexpensive, compact methods such as appendicular densitometry (including 
RA) and QUS will largely replace DXA for widespread screening. Mass 
production and technical refinements can reduce the cost to the point where 
skeletal risk assessment will be accessible in most physicians' offices. Given 
safety, speed, convenience, and low cost, screening of children and adolescents 
will probably become common, enabling skeletal deficiencies to be identified and 
corrected during development, thereby reducing the need for treatment later in 
life. The general practitioner will almost certainly play a key role in evaluating 
skeletal development in children and fracture risk in adults, because there are no 
symptoms or other tell-tale signs of osteoporosis and osteopenia. 

I nterpretati on 
Fracture risk exists along a continuum which is much larger in range than is 
apparent from simply using a single cutoff (such as aT-score < -2.5). For 
example, people with T-scores above the -2.5 cutoff generally have only 3 to 4 
times greater risk than those below the cutoff, whereas differences in risk of 20 
times are apparent when the full scale of BMD (or QUS) is used. Furthermore, 
fracture risk does not depend solely on BMD, but also on age and other risk 
factors, which should be taken into consideration. Many physicians are not 
familiar with this concept, and this is a major impediment to understanding and 
applying the results of risk assessment. One approach called remaining lifetime 
fracture probability (RLFP) calculates the risk of future fractures based on current 
BMD and age. The potential benefits of treatment to reduce bone loss rate can 
also be estimated (compared to an assumed average loss rate). At older ages, the 
reduced life expectancy limits the potential benefit of treatment. 

A normogram is provided here for estimating RLFP (Fig. 29.1). In general, 
continuing treatment with estrogen (>5 years) or bisphosphonates (>2 years) will 
reduce fracture risk and the corresponding RLFP estimates by about half. 
Software to calculate RLFP is also available through at least one site on the 
Internet (www.medsurf.com). RLFP represents the average number of fractures 
during a patient's remaining life; patients with RLFP = 5 will experience an 
average of 5 fractures in the future. When risk is low (RLFP <1), patients will 
derive little benefit from treatment, because treatment cannot prevent many 
fractures. However, when RLFP is high, treatment can prevent mUltiple fractures. 
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Figure 29.1. The T-score is calculated as the observed BMO minus the 
mean for women at age 35, divided by the standard deviation (SO) of 
BMO for young women. Thus, the T-score represents the number of SO 
above or below the mean BMO for young adult women. RLFP: 
remaining lifetime fracture probability. 

Summary 
Although osteoporosis affects the majority of elderly women and many men, only 
a small proportion of people have received risk assessment or treatment. To make 
wide-spread risk evaluation possible will require compact, fast, and inexpensive 
methods. Two likely candidates are quantitative ultrasound, and radiographic 
absorptiometry (or digital radiography). "User-friendly" statistical models such as 
remaining lifetime fracture probability will increase patient and physician 
acceptance and understanding of risk assessment. Better understanding, in turn, 
will help match high risk patients with more potent treatments, and reduce 
unnecessary treatment of low risk patients, as well as improving compliance. 
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Future Therapies 

IanR. Reid 

At the present time, the therapy of osteoporosis is an intense focus of research for 
both commercial and non-commercial agencies. Some new therapies are likely to 
be introduced into clinical practice within the next 12 months, others are in phase 
1-3 clinical trials, and still others have, to date, only been evaluated in the 
laboratory. 

Bisphosphonates 
The bisphosphonates (e.g. etidronate and alendronate) have recently become 
widely used in osteoporosis therapy. A number of new bisphosphonates of much 
greater anti-resorptive potency are under development. Their advent will result in 
the use of smaller doses and a probable reduction in gastrointestinal side-effects. 
The possibility of administering these agents by three monthly intravenous 
injections and by other non-oral routes, are also being studied. Current evidence 
suggests that more potent agents are unlikely to achieve greater increases in bone 
density than those already available, so these developments will contribute 
mainly to convenience and safety. Other means of interfering with osteoclast 
function are under investigation but it remains to be seen whether they will have 
any therapeutic advantages over the bisphosphonates. 

Estrogen Agonists/ Antagonists 
The estrogen antagonist, tamoxifen, has partial estrogen-like effects on bone and 
lipid metabolism. These properties have led to interest in other agents of this 
class, which appear to have a variety of profiles of tissue-specific estrogen 
agonist/antagonist activities. Thus, tamoxifen acts as an agonist on lipid 
metabolism, bone and the endometrium, whereas it acts as an antagonist in the 
breast. Raloxifene, an agent now in phase 3 clinical trials, shares tamoxifen's 
agonist properties in bone and lipid metabolism, but is an anti-estrogen in both 
the endometrium and breast. This represents a very attractive range of activities, 
but the results of ongoing clinical studies will need to be awaited before their 
therapeutic potential can really be judged. The tissue-specific variability of 
agonist/antagonist properties of these compounds has led to the realization that 
the estrogen receptor and its regulation at the gene transcription level is much 
more complex than previously thought. This complexity is reflected in the new 
term for this class of compounds, selective estrogen receptor modulators 
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(SERMs). They are likely to play a major part in disease prevention in 
postmenopausal women, though their role in the management of established 
osteoporosis is less certain. 

Bone Forming Agents 
The real challenge in osteoporosis research has been to develop agents that 
stimulate bone formation, in contrast to estrogen-like compounds and 
bisphosphonates which are primarily anti-resorptives. Parathyroid hormone 
(PTH), growth hormone, and insulin-like growth factor 1 (IGF-l) are each the 
subject of current clinical trials. PTH, an 84-amino acid peptide, is one of the 
principal regulators of plasma calcium concentrations. It acts on bone via 
receptors on the osteoblast and stimulates both bone formation and resorption. Its 
effects on bone mass appear to depend upon the dose in which it is administered 
and the frequency of its administration. In general, intermittent treatment with 
low doses results in increased bone mass in animal studies. A number of 
analogues have now entered clinical trials, including PTH(1-34) and PTH(1-38), 
and analogues of the related peptide, parathyroid hormone-related protein. 
Several small clinical studies have showed substantial increases in density of 
trabecular bone, but there has been concern regarding the cortical bone loss in 
some studies. Co-administration with estrogen may overcome this problem. 

Growth hormone acts directly on osteoblast-like cells causing the local 
production of IGF-l, which, in turn, acts as an autocrine regulator of osteoblast 
proliferation and protein synthesis. Growth hormone also regulates hepatic 
production of IGF-l and the circulating levels of this protein may influence 
osteoblast activity. Growth hormone increases bone turnover (both formation and 
resorption) and reduces urinary calcium loss. There have been several trials of its 
use in humans over the last 30 years, most of which have not demonstrated clear­
cut beneficial effects. As a result, it is not widely regarded as a promising therapy 
for osteoporosis. Attention has now moved to IGF-l, the administration of which 
increases bone turnover (both formation and resorption) in humans and causes 
fewer side-effects than growth hormone itself. Its effects on bone mass in clinical 
studies remain to be seen. 

Other Agents Currently Under Investigation 
There are many more potential therapies still being assessed in the laboratory, 
particularly other peptide growth factors. Transforming growth factor-p (TGF-P) 
and the bone morphogenic proteins (BMPs) belong to the same peptide family. 
They are produced by bone cells, are found in bone matrix, and probably have a 
role in the paracrine regulation of bone cell function, in particular promoting the 
growth of osteoblast precursors. Local or systemic administration of TGF-p in 
vivo stimulates bone formation. BMP2, platelet-derived growth factor, and 
megakaryocyte growth and differentiation factor are some of the other factors 
being similarly investigated. The future of any of these agents as a systemic 
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therapy is open to some doubt because of their multiple target cells and 
consequent likelihood of significant non-bone effects. 

Amylin is a 37-arnino acid peptide co-secreted with insulin. It has recently 
been demonstrated that amylin and a number of related peptides have effects on 
osteoblast proliferation and bone mass in vivo, comparable to those of TGF-~. 
Analogues are being developed which retain the bone-active properties of this 
family of peptides but lack their other effects on carbohydrate metabolism and 
blood pressure. Research is also being conducted with non-peptide factors, 
including the zeolites (compounds made up of (Si04)4- and (Al04)5- tetrahedra) 
and strontium salts, which have been shown to promote osteoblast proliferation. 
These agents are all a long way from clinical use at present. 

Summary 
Research into novel therapies for osteoporosis is more active at present than at 
any time in the past. It has led to the recent use of the bisphosphonates in this 
area, and to the development of selective estrogen receptor modulators. Growth 
factors acting on osteoblasts are currently the focus of laboratory studies but 
much more work will be necessary before their probable clinical utility can be 
judged. 
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How to Interpret New Data 

Robert P. Heaney 

" ... experience is misleading, and judgement is difficult. " - Hippocrates 

A physician tries a new bone active agent in his practice; his patients seem to 
improve and he is enthusiastic. Another, trying the same agent, sees little patient 
improvement, but notes serious drug side effects, and becomes convinced that the 
drug is more trouble than it is worth. Both are wrong, as the Hippocratic maxim 
suggests. It is impossible to say how much of the difference between the two 
experiences is due to placebo effects, to variations in the biological makeup of the 
patients concerned, or simply to random chance. 

General Study-design Considerations 
Instead of relying solely upon personal experience with new diagnostic and 
treatment methods, a physician depends on studies reported in the medical 
literature. Such reports can be grouped into efficacy trials, studies of causation 
and risk, and cost-benefit analyses. While more reliable than anecdotal personal 
experience, these types of reports do not remove the need for judgement. Each 
type has distinct weaknesses as well as strengths. 

Proof of efficacy of new agents is currently provided by double-blind, 
randomized, controlled trials (RCT), involving more than one medical center. 
Because this design eliminates the biases introduced both by the placebo effect 
and by the various selection factors which make one group of treated patients 
different from another, RCTs are now required by most national regulatory 
authorities for licensing of new drugs. Primary end points of these trials, 
applicable to the field of osteoporosis, will usually be bone mass or fracture rates. 
A useful agent will be one that reduces bone loss, leads to bone gain, or reduces 
fracture rate. The major strength of an RCT is that it permits strong causal 
inference, i.e., the conclusion that the differences found are really due to the test 
agent, rather than to other, unrecognized factors. Thus a positive result can be 
relied upon to mean that the drug is efficacious. The weakness of RCTs includes 
the fact that the design narrows the response range and thereby reduces the 
ability to find real effects that might be useful. Thus negative trials may mean 
little. Perhaps of more importance, many trials exclude subjects with a variety of 
co-morbid conditions and those taking other medications, i.e., precisely the kinds 
of situations commonly encountered in ordinary medical practice. Hence, while a 
positive RCT establishes that a drug is efficacious in its own right, it may tell a 
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physician little about how the drug might act in his practice. It is also important 
to recall that many agents for which efficacy has not been established in an ReT, 
are not, ipso jacto, ineffective. Many actually effective agents will never meet the 
standards of proof required in an ReT, because their target populations are too 
small, or the cost of studying them too high, or the available response range too 
limited. 

Estimates of risk (or of causation) are mostly derived from observational or 
epidemiological studies, because using an ReT to expose people to possible harm 
is precluded on ethical grounds. Since observational studies do not permit strong 
causal inference, one must look for external supports for the purported causal 
relationship. Some helpful clues are: (1) consistency (similar findings in different 
studies); (2) proportionality (the risk rises with exposure); (3) sequence (the 
exposure precedes the effect); and (4) biological plausibility. It is also important 
to determine whether the finding arose from an a priori hypothesis or was the 
result of multiple comparisons performed to see what relationships might emerge. 
Most epidemiologic studies measure a sufficiently large number of variables that 
some are bound to be "significantly" correlated, just from random chance alone. 
Such outcomes are of dubious value. 

Results of these kinds of studies are frequently reported as relative risks, or risk 
gradients, i.e., as estimates of the factor by which risk changes with exposure. A 
familiar example is the approximate doubling of fracture risk with every drop of 
one standard deviation in bone mineral density. But relative risk values, alone, 
give incomplete information. It is necessary also to know the basal risk of the 
outcome in question and to assess its importance, both medically and personally. 
Thus a regimen that increases endometrial cancer risk by the same 50% is of less 
importance than one that increases breast cancer risk by 50%. This is because 
basal risk of breast cancer is higher than that of endometrial cancer, and 
accordingly a 50% increase produces a larger number of cases than the same 
percent increase in endometrial cancer. Further, breast cancer is, overall, a more 
serious disorder, with a higher mortality. Finally, personal values enter into the 
judgement and influence the motivation to avoid risk. Thus, a regimen increasing 
breast cancer risk, but decreasing risk of myocardial infarction, will evoke 
different reactions in different women. Generally women fear breast cancer more 
than they fear coronary artery disease. There is no universally "correct" response 
in these circumstances. 

The third major kind of report deals with cost-benefit analyses. These have 
become increasingly important in the development of practice guidelines, in the 
registration of drugs, and in the deployment of screening tests and preventive 
regimens. While it makes obviously good sense to practice medicine with greater 
rather than lesser efficiency, it is also true that, to some extent, all cost-benefit 
analyses are both arbitrary and based upon false premises. The purpose of 
medicine is not to reduce cost, but to reduce suffering, morbidity, and mortality. 
Doing so will always cost more than not doing so. Arbitrariness enters the 
equation in the judgement of how much is too much, as well as in how the costs 
and benefits are measured. In general it is much easier to calculate the costs of an 
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intervention than to measure the savings it produces through disease prevention. 
Furthermore, there is a perverse element inherent in the use of cost-benefit 
analyses: as regulatory authorities escalate the standards of proof for a new drug, 
the cost of meeting those standards rises, and the price of the drug increases in 
parallel, thus negatively affecting the cost benefit profile of the drug. 

Special Skeletal Considerations 
The results of treatment trials of bone active agents must be analyzed in a way 
consistent with the underlying biology. In general, that means that early period 
responses must be analyzed separately from later responses. This is because 
osteoporotic fragility is the result of many years of bone loss and/or structural 
deterioration, because bone mass changes very slowly, and because the bone 
remodeling processes of formation and resorption are asynchronous. 

If the primary outcome variable is fracture, and if the agent being tested acts 
through an effect on bone mass, then it should be obvious that fractures occurring 
soon after starting treatment will reflect pre-treatment fragility, and not the effect 
of the treatment per se. Later on (after at least one year), when the treatment has 
had a chance to affect bone mass appreciably, the real effect of the agent, if any, 
will be manifest. By contrast, an agent affecting central nervous system reflexes, 
and thereby reducing falls in the elderly, would be expected to have an immediate 
effect, which could be tested much sooner. 

Somewhere from 2 to 20% of the skeleton may be involved in remodeling at 
any given time, and because remodeling loci are largely demineralized, this bony 
component is not detected by densitometry. Remodeling suppressive agents, such 
as calcitonin and the bisphosphonates, reduce the size of this "remodeling space", 
and over the several month remodeling life cycle, they reclaim a portion of that 
previously remodeling bone. This increase in bone mass is called a "remodeling 
transient". But it is not actually new bone; nor does this change predict the effect 
of the agent on bone balance. This distinction is shown in Figure 31.1. Line A 
represents the time course of bone density in the untreated state. Lines B-D show 
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the effects of three remodeling suppressors. All produce a transient amounting to 
about a 5% gain in bone mass, fully expressed at about one year. But agent B 
fails to alter remodeling balance, and bone loss continues as before, although 
from a higher baseline. Agent C, by contrast, stops bone loss entirely, and agent 
D actually leads to slight bone gain. Only by analyzing the data after one year can 
the three patterns be distinguished. 

Surprisingly, many osteoporosis trials fail to give adequate consideration to 
these features unique to the response of bone, and their reports often combine 
(and confuse) the early and late phase results. Thus, despite the trend toward 
greater evidential rigor, experience remains misleading, and judgement is no less 
difficult. 
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Socio-economic Impact 

L. Joseph Melton III 

Osteoporotic fractures pose an enormous public health problem, and a variety of 
interventions will be needed to reduce their impact. The only rationale for risk 
assessment is to employ these interventions efficiently. However, screening tests 
have costs and the long-term benefits of treatment may be uncertain. This creates 
a need to consider the costs of risk assessment and the costs of treatment as well 
as the costs of fractures that might be averted. 

Costs of Osteoporosis 
Fractures are ubiquitous. The lifetime risk of one or more of them in a 50-year­
old white woman is 75%. Even considering only the fractures traditionally 
associated with osteoporosis (hip, spine and distal forearm), the lifetime risk is 
about 40% and, in a 50-year-old white man, 13%. These fractures lead to a 
considerable burden of disability and cost. Thus, it has been estimated that white 
women aged 45 years or over in the United States will experience 5.2 million 
fractures of the hip, spine or distal forearm over the next ten years, leading to 2 
million person-years of fracture-related disabilities and to over US$45 billion in 
direct medical expenditures. The greatest amount of disability and cost is 
attributable to hip fractures, and other analyses concur that hip fracture is far and 
away the most important complication of osteoporosis by almost any measure. 
However, all of these fractures are associated with serious reductions in patient 
function and quality of life. 

The cost of managing the large number of fractures that occur each year is 
great. Direct medical expenditures for osteoporotic fractures in the United States 
in 1995 have been estimated at US$13.8 billion. Charges for hospitalization 
(US$8.6 billion) and nursing home care (US$3.9 billion) were the major 
contributors to overall cost, which was dominated by expenditures for the care of 
hip fractures (over US$30,000 per episode). Costs will rise dramatically in the 
future with growth of the elderly population. In Europe, persons age 65 years and 
over are expected to increase from about 68 million in 1990 to over 133 million 
in 2050, with a corresponding 80% increase in the annual number of hip 
fractures. If hip fracture incidence rates continue to increase as they have in many 
countries, the number of fractures and their associated costs will be greater still. 
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Costs of Risk Assessment 
With a public health approach to osteoporosis control, interventions are applied 
to everyone in order to improve some characteristic (e.g. bone density) in the 
population as a whole. No individual risk assessment is needed and costs relate 
solely to the interventions (see below). The clinical approach of early detection 
and treatment of high-risk individuals, on the other hand, often requires 
screening. Risk assessments might be aimed at low bone mineral density, 
excessive bone turnover or an increased likelihood of falling. Elevated bone 
turnover is common in elderly women and is an independent risk factor for 
fractures. If pharmacologic agents were deployed specifically to manipulate bone 
formation or resorption, biochemical markers of bone turnover would be needed 
to identify appropriate patients for treatment. No testing or treating algorithm has 
been developed, however, so it is not possible to estimate the cost of this 
approach. Similarly, development of multifaceted programs to prevent falls or to 
alter the biomechanical consequences of a fall (e.g. energy absorbing hip pads) 
will require screening for a high likelihood of falling. No cost estimates are 
available for this activity either. 

Most analyses have focused on mass screening for low bone density. 
Unselective screening of every woman at menopause would be quite expensive. 
Moreover, at a cost ofUS$53,61O per life year saved, an analysis by the Office of 
Technology Assessment indicates that it is not cost-effective to screen 50 year-old 
white women with dual energy x-ray absorptiometry of the hip in order to treat 
those more than 1 SD below the mean (about 16% of the population) with 
hormone replacement therapy (HRT) for 20 years. More hip fractures would be 
prevented by widespread use of HRT and, although costs would be higher, the 
cost per life year saved would be less (Table 32.1). Cost-effectiveness would also 
improve with longer treatment since most adverse events prevented by HRT occur 
late in life. However, the analysis was dominated by extraskeletal effects of HRT. 
Thus, the cost per year of life saved might increase from US$23,334 for universal 
HRT treatment for 40 years to US$43,765 if a decade of HRT doubled the risk of 
breast cancer instead of raising it by 35% as was assumed. Conversely, the cost 
per life year saved might fall to US$7,153 if the risk of myocardial infarction 
while on HRT were reduced by 80% instead of 50%. Most other analyses have 
reached the same general conclusions. 

However, an extensive analysis by the National Osteoporosis Foundation shows 
that selective screening with bone densitometry is cost-effective among women at 
high risk of fracture on the basis of low bone density, risk factors (family history 
of fractures, low body weight and cigarette smoking) or a personal history of 
fracture. This is particularly important with respect to drugs whose beneficial 
effects are limited to the skeleton. The Office of Technology Assessment 
estimated that initiating therapy at age 50 with such a drug at a cost ofUS$I,OOO 
per year would imply a cost per life year saved of nearly US$750,000 if all 
women were treated and over US$360,000 even if treatment were limited to 
women with osteopenia. Other analyses agree that unselective use of relatively 
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expensive drugs is unlikely to be cost-effective, especially if the treatments, 
themselves, have any adverse influence on quality of life. 

Table 32.1. Lifetime hip fracture risk (%) and cost per life year saved (US$) under 
different strategies for screening 50 year-old women for bone mineral density 

(BMD) and using estrogen replacement therapy (ERT). 

Screen, BMD threshold 

No Screen, ERT Screen, ERT No 
Duration of ERT screening, for BMD for BMD screening, 

no ERT <-1 SO < mean all on ERT 

NoERT 

Fracture risk 17.0 

Cost Baseline 

10 years 

Fracture risk 16.0 14.4 12.9 

Cost US$151,392 US$134,644 US$126,876 

20 years 

Fracture risk 15.3 12.4 9.8 

Cost US$53,610 US$42,724 US$45,761 

30 years 

Fracture risk 14.8 11.2 7.8 

Cost US$28,257 US$29,357 US$31,059 

40 years 

Fracture risk 14.7 10.9 7.2 

Cost US$27,486 US$22,431 US$23,334 

(Modified from U.S. Congress, Office of Technology Assessment (1995) Appendix C: 
Evidence on HRT and bone loss. In: Effectiveness and Costs of Osteoporosis Screening 
and Hormone Replacement Therapy, Volume II: Evidence on Benefits, Risks, and Costs. 
OTA-BP-H-l44,. U.S. Govenunent Printing Office, Washington, DC pp 19-33.) 

Costs of Treatment 
Due to the very large size of the affected population, the cost of treatment is a 
major issue. If interventions are cheap and safe enough (some forms of calcium 
and vitamin D), they may be employed indiscriminately as a public health 
measure. This can be done without risk assessment, although screening may be 
cost-effective if more expensive forms of calcium and vitamin D are used. Public 
health approaches will also be needed to promote maximum peak bone mass 
through improved diet and exercise, although few such programs exist and there 
are no estimates of cost on a population basis. The Office of Technology 
Assessment concluded that almost ten times more life years would be saved by 
universal HRT at the menopause, compared to targeting such therapy to women 



182 L. J. Melton III 

with low bone density, if estrogen actually reduces the risk of heart disease. 
However, the cost of treating every woman in the United States age 50 years or 
over with HRT, even at US$258-269 per year, could exceed the annual cost of 
hip fractures. Bone-specific agents (e.g. bisphosphonates, calcitonin) are not 
likely to be used so widely, and their cost (and cost-effectiveness) depends upon 
who is treated. This remains controversial. 

Summary 
Osteoporotic fractures exact a dreadful toll of pain, disability and expense. 
Because virtually the entire population is at risk for osteoporosis, inexpensive 
public health approaches are needed to help prevent the condition but they are 
not well developed. Pharmacological treatment of the entire population would be 
prohibitively expensive so risk assessment is needed to employ costly drugs more 
efficiently. Screening itself may be expensive, however, and efforts continue to 
define cost-effective approaches to the identification and treatment of individual 
patients at high risk for osteoporotic fractures. 
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