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FOREWORD 
LA WRENCE G. RAISZ, MD 

Division of Endocrinology and Metabolism, 
University of Connecticut Health Center. Farmington. CT 

The rapid transfer of new knowledge concerning the pathogenesis, diagnosis, preven
tion, and treatment of disease into clinical practice has always been a major challenge in 
medicine. This challenge is particularly difficult to meet in osteoporosis, not only because 
there has been so much new knowledge generated in recent years, but also because this 
disorder has not caught the attention of many practicing physicians. The goal of this 
volume is to help primary care physicians develop a better understanding of osteoporosis 
and a more effective approach to diagnosis, prevention, and treatment. As primary care 
physicians become more and more responsible for the maintenance of health and the 
prevention of disease, osteoporosis must become one of their important concerns. 

The magnitude of the problem of osteoporosis has been widely publicized. Within the 
next 30 years, the cost of hip fractures alone is expected to exceed $40 billion a year in the 
United States and will be a major cause ofincreased mortality. In addition, vertebral crush 
fractures will cripple more and more of our elderly population, both men and women. This 
enormous toll is not inevitable. Current methods of identifying individuals at risk and 
applying preventive programs could reduce the incidence offractures by 50% or more. This 
should be the minimum goal of clinicians. We must identify and apply the principles and 
practices that will achieve a substantial reduction in fracture incidence and disability at a 
manageable cost. This will only occur if there is an effective dialog between health care 
providers and those who are developing new approaches in osteoporosis. 

There are other reasons for the substantial lag between the development of new knowl
edge and its application in osteoporosis. One important reason is that there are many areas 
of controversy. For example, there is still no general agreement about the role of screen
ing for osteoporosis or the costs and benefits of hormone replacement therapy. We still 
are not sure about the relative efficacy of different nonhormonal forms of treatment. This 
book will neither fully resolve nor avoid these controversies, but try to provide guidance 
to the practicing physicians so that they can select the best alternatives for their patients. 
As pointed out by Guyatt, we do not yet have the necessary information from extensive 
prospective clinical trials that are available for other common disorders, for example, in 
the treatment of hypertension. This is a common situation in medicine. Physicians make 
decisions based on limited knowledge, but they can make better decisions if they have 
ready access to the knowledge that is currently available. The aim of this book is to 
provide that knowledge as well as the opinions of individuals who have worked exten
sively in this field. Thus, it will help the reader become acquainted with the fundamental 
principles of bone biology, as well as the current understanding of pathogenetic mecha
nisms, clinical features, and therapy of osteoporosis. 

One of the most controversial topics is diagnosis. It is easy to diagnose osteoporosis 
in a patient with fractures. This is accomplished to a great extent by ruling out other 
disorders that can mimic or aggravate osteoporosis. A more difficult, but potentially more 
important, approach is to diagnose osteoporosis before fractures occur. Diagnostic cri
teria have been developed based on bone density, but there is not general agreement 
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about the populations to be screened. Part III on "The Diagnosis of Osteoporosis" pro
vides guidelines for the clinical use of bone densitometry, while Part V provides a series 
of "clinical scenarios," which cover many of the situations that the clinician is likely to 
encounter in diagnosis as well as management. 

How will this book be most useful to the clinician? First, a careful initial reading will 
provide primary care physicians with a general understanding of osteoporosis and alert 
them to considering this disorder as part of their routine evaluation of postmenopausal 
women and go back again and again to review the practical aspects of clinical interpretation 
of bone densitometry and the treatment options described here. Finally, the clinical sce
narios will provide practical approaches to a number ofthe situations that clinicians encoun
ter repeatedly. In using these scenarios, it is important that clinicians recognize not only the 
similarities, but the subtle variations in presentation among different patients and use the 
breadth of opinion presented here to develop an appropriate plan of management. 

Though we can provide a solid basis for clinical practice, its effectiveness will depend 
on the commitment of primary care physicians not only to recognize this important 
clinical problem, but also to keep up with this rapidly changing field. This is particularly 
true for such topics as "Alternative Methods of Measuring Bone Mass" and "Biochemical 
Markers of Bone Turnover." New developments in these areas are occurring rapidly and 
could evolutionize our approach to screening and diagnosis. 

In addition, an increasing number of therapeutic options will soon become available. 
New bisphosphonates and alternatives to estrogen as well as other agents are undergoing 
clinical trials. These fresh approaches have already resulted in novel FDA-approved 
drugs for the prevention and treatment of osteoporosis. Thus, throughout this text, the 
authors have tried to provide the basis for evaluating new as well as established 
approaches. Though fully confident that this first edition will be useful to its readers for 
some time, I nonetheless expect that it will require revision in time. The preparation of 
such a second edition will be guided not only by new developments in the field, but also 
by the comments and criticisms of our readers. Thus, we hope that everyone who uses 
this book will think about ways that it can be made clearer and more useful and com
municate their ideas to the Editor. 



PREFACE 

In the mid-1990s, the ultimate challenge facing health care providers is the quest for 
comprehensive treatments for chronic diseases within a framework of reduced patient 
access and limited financial resources. Osteoporosis is one ofthose diseases. Basic and 
molecular studies of the skeletal remodeling system have produced a wealth of new 
information about the osteoporotic process. Clinical studies employing new "bone spe
cific" agents have generated tremendous enthusiasm for newer therapeutic options, as 
well as providing a greater understanding of the spectrum of metabolic bone diseases. 
This expanded knowledge base has set the stage for even greater technological thrusts 
aimed at earlier diagnoses and cost-effective treatments. 

A simultaneous revolution in the provision of American health care will crest well into 
the next century. This tide will produce more primary care physicians, but reduce the 
number of specialists and subspecialists. Additionally, because of limited financial 
resources, there will be less opportunity for patients to seek consultations with "bone" 
specialists. At the same time, the potential for universal coverage will mean that more 
patients will enter the medical system earlier in the course of their disease. The complex
ity of care inherent in our delivery system, coupled with the flourishing of primary care 
physicians, will present a major challenge f.or the proper management of chronic dis
eases. On the other hand, if we are to make a dent in the rising incidence of osteoporosis, 
the battle should be carried to the forefront of medicine-the offices of primary care 
providers. 

The treatment of osteoporosis always begins with the message of prevention. This 
theme is stressed in our metabolic bone clinic, whether for an 18-year-old girl with a 
strong family history, or a 90-year-old man in a nursing home. To accomplish prevention 
on a broader scale will require a tremendous educational effort, aimed not only at patients, 
but also at primary care providers. Currently, little time is spent on the care and treatment 
of patients with osteoporosis in the medical education process. For example, in medical 
schools two weeks or less are committed to teaching the physiology ofthe musculosk
eletal system. Needless to say, within that time frame, studying rare genetic and meta
bolic syndromes occupies a more prominent place than understanding a very common 
disorder. In postgraduate training programs the situation is not much better. Osteoporosis 
is rarely discussed since it is primarily an "outpatient" disease. Often, when studied, this 
disorder is considered part of the "aging" process, not as a separate pathophysiological 
disorder. Finally, in subspecialty training, the management of metabolic bone disease 
crosses many lines, thereby diluting its essence. Yet care of the osteoporotic women is 
the province of rheumatologists, endocrinologists, gynecologists, internists, family prac
titioners, physician extenders, nurse practitioners, and orthopedic surgeons. 

The inspiration for Osteoporosis: Diagnostic and Therapeutic Principles came from 
discussions, consultations, and lectures with primary care providers across the country. 
Everywhere I traveled, providers agreed that a need existed for a clinically oriented book 
about osteoporosis that would provide in-depth coverage of areas not often taught or 
reviewed. Specifically, the sections on therapeutic intervention and interpretation of 
bone densitometry are a direct result of hundreds (maybe thousands) of questions from 
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providers at grand rounds and dinner meetings. The design of the treatment section was 
also the result of input by family physicians and internists who felt the need, not to index 
drugs, but rather to work through clinical scenarios. The extensive effort focusing on 
quality of life and nondrug treatment options resulted from input by Drs. McClung, 
Stock, Miller, and Ms. Love McClung and Ovedorff, members of a "quality oflife" study 
group. The section on clinical decision making by Dr. Guyatt represents a bold attempt 
to have clinicians use an evidence-based approach to treat cases of osteoporosis. The 
physiology and pathophysiology ofthis disease is complex and overwhelming. There
fore, I have added a glossary of terms in hopes of providing clarity to some very difficult 
issues. 

Osteoporosis: Diagnostic and Therapeutic Principles is an effort to educate primary 
care providers, students, house staff, endocrinologists, gynecologists, rheumatologists, 
and orthopedic surgeons about the pathogenesis and treatment of osteoporosis. The con
tributors to this book were carefully chosen not for their fame or number of publications, 
but because they were first and foremost clinician~octors who see patients with 
osteoporosis. Yet, each author is, in his or her own right, a distinguished academician. 

It is my fervent hope that Osteoporosis: Diagnostic and Therapeutic Principles will 
help ensure that the proper evaluation and treatment of patients with osteoporosis can be 
conducted by health care providers from all medical disciplines. Only through this mecha
nism can osteoporosis ultimately be prevented. 

Clifford J. Rosen 
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1 The Cellular and Biochemical Aspects 
of Bone Remodeling 

Julie Glowacki, PHD 
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RATIONALES OF TREATMENTS FOR OSTEOPOROSIS 

BIBLIOGRAPHY 

1. REMODELING OF BONE TISSUE 

Metabolic bone diseases are fundamentally disorders of bone remodeling. Bone 
remodeling is the highly integrated process of resorption and successive formation of 
bone tissue that results in the maintenance of skeletal mass with renewal of the mineral
ized matrix. This is accomplished by focal cell-mediated degradation and regeneration 
of bone tissue without compromising the overall architecture of the anatomy of bones 
(Fig. 1). The remodeling sites are known as basic multicellular units (BMUs). The re
newal of bone tissue occurs through orchestrated cycles of activity called Activation
Resorption-Formation (ARF). The first step is activation of quiescent osteoclasts and 
precursors that begin to excavate a cavity on a bony surface. After an amount of time, 
osteoblast precursors are activated and refill the excavation site. Under ideal conditions, 
the amount of bone fill equals the amount resorbed, with no net change in the volume of 
bone. Consequently, the molecular composition of the adult skeleton is not static, but it 
changes as new bone fills each excavation site. 

This continuous process of internal turnover endows bone with a capacity for true 
regeneration in response to injury. Physiological remodeling has its counterpart in 
the selective resorptive and synthetic activities that occur spontaneously in injured bone. 
The principles of rigid fixation and compression fixation accelerate internal bridging of 
bone by orienting the resorptive wave and osteogenic regeneration across the fissure. In 
addition to and related to the bone's capacity for scarless repair, incorporation of bone 
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4 Part I I Skeletal Physiology 
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Fig. 1. Cellular events during the bone remodeling sequence. Reprinted with permission from Baron 
et al. (1983). 

grafts and osteointegration with metallic implants rely to varying degrees on oriented 
tunneling and osteogenesis. The mechanisms of coupling the resorptive and synthetic 
processes in four dimensions are not fully understood, but they are at the heart of under
standing pathophysiological states in which they are uncoupled. 

The consequences of remodeling are easily appreciated by comparison with acellular 
(or anosteocytic) bone that many marine fish produce. In those species, bone is secreted 
as a nonvital structure like a hair or fingernail. Such bone lacks metabolic activity. It is 
capable of growth by surface accretion but does not undergo remodeling. As a result, such 
skeletons do not contribute to mineral homeostasis, and they are not capable of true 
regeneration in response to injury. These findings lend some insight into the origin and 
function of internal bone remodeling. A central function appears to be the acute provision 
of mineral for metabolic needs. The architecture and cellularity of bone are well adapted 
to accomplish this with great efficiency without compromising mechanical strength. The 
admirable Darwinian success with which cellular vertebrate bone accomplishes these 
tasks should not be devalued as pathophysiological mechanisms of metabolic bone dis
eases, such as osteoporosis, are considered. 

The accurate measurement of bone turnover is fundamental for diagnosis and evalu
ation of treatment for disorders of bone metabolism. Bone biopsy was introduced in the 
1960s as an investigative procedure for quantitative evaluation of histological parameters 
of resorption and formation. The anterior iliac crest is the standard biopsy site. Measures 
of trabecular bone volume, unmineralized osteoid volume, bone resorption and forma
tion surfaces, and osteoclast numbers are important static indices of bone condition. 
Dynamic measure of mineral apposition rate requires administration of two doses of 
tetracycline prior to biopsy. The antibiotic binds to sites of calcification, and the width 
of the gap between the labels reflects the calcification rate between the two doses. Other 
measures of bone turnover discussed below have become useful once they have been 
correlated with these direct histomorphometric indices. 
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2. THE FUNCTIONS OF BONE 

In many vertebrates, the skeleton has two unique and major functions: mechanical and 
metabolic. The mechanical function provides the structural framework for the organism 
that permits support, locomotion, and protection of organs. The metabolic function of 
skeletal tissue consists of storage of calcium that can be mobilized when needed for vital 
bodily functions, including clotting of body fluids, neuromuscular irritability, growth 
and regeneration, maintenance of mucous coverings, intercellular contacts, and ameboid 
and ciliary motion. Phosphate and other ions are also stored in bone. Another important, 
but not unique, function of the skeleton is as a site for hematopoiesis. Bone tissue is well 
suited to accomplish all these diverse functions. The mechanical properties of bone 
result from the combined properties of the components of its extracellular matrix. The 
extracellular matrix is composed of organic osteoid (primarily collagen type I) and an 
organic mineral phase, largely in the form of a poorly crystalline hydroxyapatite. Central 
to understanding metabolic bone diseases is the fact that in pathological situations, the 
mechanical functions of the skeleton may be sacrificed in order to maintain mineral 
homeostasis within the organism or to respond to factors integral to this maintenance. 

Calcium homeostasis is tightly regulated in humans by parathyroid hormone (PTH), 
1,25-dihydroxyvitamin D, and calcitonin (CT). These calcitropic hormones regulate 
calcium levels in serum by actions on bone, intestine, and kidney .. Other ions, hormones, 
and target tissues are involved in mineral homeostasis. It is helpful to reduce this com
plexity to the key elements concerned with control of three ions (calcium, magnesium, 
and phosphate) with three hormones (PTH, CT, and I ,25-dihydroxyvitamin D) acting on 
three target tissues (intestine, kidney, and bone). Calcium and phosphate enter the blood 
from the intestine, are removed through the kidney, and are stored in bone. None of these 
is continuous, each is bidirectional depending on dietary intake, and each is modulated 
by the calcitropic hormones. Nutritional and lifestyle factors that strain this system's 
campaign for mineral homeostasis can increase the drain on skeletal reserves, and 
increase the risk of osteopenia and fracture. From the perspective of the bone tissue, 
decreased dietary intake of calcium, for example, would favor efflux of mineral at the 
expense of bone formation and renewal. Being calcium-replete, however, may not im
pede inevitable loss of bone with age. 

PTH increases bone resorption, and it increases calcium reabsorption in the kidney. 
It regulates intestinal absorption of calcium indirectly by enhancing I-hydroxylation of 
25-hydroxyvitamin D in the kidney. The active hormone, 1,25-dihydroxyvitamin D, 
increases renal reabsorption of calcium and increases intestinal calcium absorption. It has 
complex effects on bone cells, increasing some functions of osteoblasts (osteocalcin and 
alkaline phosphatase synthesis) and decreasing others (collagen synthesis). It promotes 
the differentiation of osteoclasts. Calcitonin can be thought of as the antihypercalcemic 
hormone; it inhibits resorption of bone. It inhibits renal reabsorption of calcium and also 
increases the production of 1,25-dihydroxyvitamin D. 

Other hormones affect calcium and skeletal homeostasis in complex ways. Growth 
hormone, insulin, and sex hormones have important anabolic effects on skeletal growth, 
whereas glucocorticoids can inhibit both formation and resorption directly. Glucocorti
coids also increase resorption by direct stimulation of PTH secretion and by secondary 
hyperparathyroidism through impaired intestinal absorption of calcium. 

Prostaglandins and cytokines stimulate bone resorption, and may mediate bone loss in 
inflammatory, neoplastic, and other states. 
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3. THE STRUCTURE OF BONES 

3.1. Cortical and Cancellous (Trabecular) Bone 
The long bones of the skeleton consist of a thick and dense outer layer or cortex of 

compact bone of which 90% by volume is calcified. The flat bones (cranial bones, 
scapula, mandible, ileum) are bicortical with a variable amount of space between the two 
layers of dense cortical bone. This type of bone is well suited for the mechanical and 
protective functions of the skeleton. 

The internal spaces of the vertebrae, the ileum, and the ends ofiong bones, in particu
lar, are filled with a network of calcified trabeculae that comprise cancellous bone. Only 
15-25% ofthe volume of trabecular bone is calcified tissue, the remainder being marrow, 
connective, or fatty tissue. Thus, cancellous bone is porous, lighter than cortical bone, and 
contains expansive surfaces covered with cells. 

3.2. Woven and Lamellar Bone 
At the microscopic level, two main types of osseous tissue can be distinguished. In 

woven bone, there is a higher volume ratio of cells to matrix, and the matrix is either 
homogeneous or composed of coarse fibers condensed in angular woven patterns. It is 
observed during active growth periods, in fracture callus, in heterotopic osteogenesis like 
myositis ossificans, and in osteosarcomas. It is considered to be immature or provisional, 
to be replaced by more organized bone. 

Lamellar bone is best appreciated with polarized light microscopy as multilayered 
matrix synthesized by orderly accretion in parallel sheets or as osteons, with concentric 
plates surrounding a blood vessel. Cell density is lower than in woven bone, but these 
cells are interconnected by cellular processes in radiating canaliculi that can be visualized 
in suitably prepared specimens. Darkly staining cement lines bounding osteons represent 
a unit of newly synthesized bone that has replaced older bone. Remodeling through 
resorption and formation around Haversian canals is the key to understanding the osteonal 
system. Osteons are branching interconnected structures that are the architectural units 
of cortical bone. This longitudinal tunneling can overlap multiple osteons, resulting in the 
mosaic of partial osteons and irregular pieces of interstitial bone that are the remnants of 
former osteons removed during remodeling. Not all osteons are equally mineralized. 
Quantitative microradiography shows that younger osteons can contain only 70% of the 
mineral in older ones. Knowing that mineral crystallinity and insolubility increase with 
time, one can speculate that remodeling serves to rejuvenate the more readily exchange
able mineral reserve. An alternate view is that normal bone remodeling evolved to repair 
microdamage inflicted on the tissue by normal wear and tear. The remarkable feature of 
this tissue is that it accomplishes both of these functions with precision and fidelity. 

3.3. Endochondral or Membranous Development 

Several mechanisms of bone development contribute to embryonic and postnatal 
skeletal growth. The limb bones and axial skeleton develop from a cartilaginous template 
within which ossification occurs. This is termed endochondral ossification. In contrast, 
membranous ossification is the simpler and possibly most primitive form of osteogen
esis. The term refers to the embryonic condensations of fibrocellular mesenchyme that 
precedes the appearance of bony specules. The vault of the skull, clavicle, maxilla, 
mandible, and facial bones are formed in this way. 
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4. THE COMPOSITION OF BONE TISSUE 

4.1. Cellular Components 

The cells of bone are responsible for mediating the direction and magnitude of flow 
of minerals into and out of stored skeletal reserves. Bone is also rich in nerves, blood 
vessels, and marrow. The bone cell population consists of osteoblasts, osteocytes, and 
osteoclasts. Monocytes/macrophages and mast cells may also serve unique functions in 
bone. Cell division is restricted to progenitor cells that differentiate into osteoblasts and 
osteoclasts under appropriate stimuli. 

Osteoblasts are derived from progenitor cells of mesenchymal origin. They are mono
nucleated cells characterized by cytoplasmic organelles that are typical of secretory cells, 
namely abundant rough endoplasmic reticulum and a large Golgi zone. Their major 
functions are to synthesize and secrete collagen and proteoglycan complexes that consti
tute osteoid, and to playa role in matrix mineralization. At least two products of the 
osteoblast, alkaline phosphatase and bone y-carboxyglutamic acid-containing protein 
(BGP or osteocalcin), may be involved in mineralization. It is also likely that, because 
they cover many surfaces of the bony trabeculae, osteoblasts may regulate the movement 
of ions in and out of bone fluid. It has also been shown that the osteoblast is capable of 
mediating the stimulation of bone resorption by agents, such as PTH. Under certain 
conditions in embryogenesis, the osteoblast may resorb osteoid from bone surfaces prior 
to mineralization. Hormones that increase bone formation include growth hormone, 
thyroid hormones, androgens, insulin, vitamin D metabolites, and, under conditions of 
low dose and interrupted delivery, parathyroid hormone. Glucocorticoids are potent 
inhibitors of osteoblastic activity 

Osteoblasts form a layer of cells on bone surfaces, and they are connected by tight 
junctions, most abundant in growing animals. The productivity of osteoblasts has been 
estimated in rapidly growing rats and rabbits as the rate of 170 Jl1ll of matrix/d. This is 
considered 170 times faster than the rate of matrix apposition in adult humans, or 100 Jl1ll3 
of matrix volume/d and 1 Jl1llId of appositional bone formation. 

Available biochemical assays for monitoring bone formation rely on the measurement 
of either osteoblastic enzymes that escape into serum or fragments of structural macro
molecules that are bypro ducts of matrix synthesis. Nondialyzable urinary hydroxypro
line is an example of the latter, but is not convenient for routine use. There are several 
reliable serum markers of bone formation, including bone-specific alkaline phosphatase, 
osteocalcin (or BGP), and procollagen I extension peptides (carboxy terminal). Although 
these markers are byproducts of osteoblastic activity and are increased with skeletal 
growth, they are also increased in conditions that are characterized by increased bone 
turnover, such as primary and secondary hyperparathyroidism, hyperthyroidism, Paget's 
disease, and acromegaly. Serum osteocalcin is an index of osteoblastic activity, but also 
is correlated with bone loss because in these conditions, bone formation and resorption 
are coupled at an accelerated rate of turnover. Menopause also induces an acceleration 
in bone turnover that is reflected in a significant increase in serum osteocalcin. 

When an osteoblast completely surrounds itself within matrix, it is called an osteocyte, 
residing in a lacuna within the mineralized matrix, but maintaining cytoplasmic connec
tions with other osteocytes and with surfaced osteoblasts. This network of cells and 
processes in bone canaliculi provides continuity with the vascular circulation. This ana
tomical arrangement results in a very high surface area of interaction between the 
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osteocytic network and bone matrix. The main function of the osteocyte is to maintain 
minute-to-minute exchange of mineral in the bone matrix. This function is mediated 
through the acres of surface area presented by their cytoplasmic extensions. 

Osteocytes also serve as transducers of mechanical loading on bone. The piezoelectric 
property of bone matrix allows for transmission ofload throughout the skeleton. How this 
is sensed by the osteocyte and osteoblasts is the subject of intense investigation. Simply 
stated, "Wolff's Law" describes the mathematical relationship between the form and 
function of bone. It is the cells of bone that respond to external forces, compression and 
tension, and effect changes in the internal architecture of bony trabeculae to provide 
maximum resistance to these forces. Thus, superfluous bits of bone are removed, and new 
bone is deposited without loss of function to transform the bone's anatomy. Functional 
induction of new architecture is seen clearly in the eventual smoothing of a fracture that 
has healed with deplacement. 

Osteoclasts are large, multinucleated cells found on the surface of bone and in 
Howship's lacunae. They are the major cells responsible for bone resorption and remod
eling, containing a variable number of nuclei (often 20 or more) and vacuolated cyto
plasm. The osteoclastic cytoplasm is abundant with lysosomes that contain lytic enzymes. 
Osteoclasts possess calcitonin receptors and are profoundly inhibited by this hormone. 
At the ultrastructural level, osteoclasts are characterized by membrane specializations 
called ruffled borders and clear zones of attachment or sealing to underlying bone matrix. 
This sealing ring encloses a compartment between the cell and the bone. The osteoclast 
progenitor cell is related to the hematopoietic stem cell, and its differentiation is similar 
to that of the macrophage and foreign body giant cell. Osteoclastic bone resorption is 
stimulated by PTH, 1,25-dihydroxyvitamin D, and by local regulators, such as 
interleukin-l and prostaglandin E2. Osteoclastic bone resorption is inhibited by calcitonin. 

Osteoclastic bone resorption is accomplished by the activity of four major enzyme 
systems: carbonic anhydrase, the proton pump, calcium-dependent ATPase, and the 
sodium/potassium pump. The polarized secretion of hydrogen ions into the compartment 
between the osteoclast and bone delineated by the clear or sealing zone of attachment 
promotes the solubilization of calcium from the bone surface. Once the bone has been 
decalcified, acid proteases can degrade the organic fraction of bone. 

Because the skeleton contains approx 60% of the body collagen, the amount of col
lagen breakdown products in a 24-h urine sample has been taken as a measure of bone 
destruction. In adults, the majority of hydroxyproline in the urine is derived from degra
dation rather than synthesis. Gelatin-containing food must be avoided during a hydroxy
proline test period. Values >21 mg/g creatinine suggest increased loss of skeletal mass. 
Thus, increased urinary hydroxyproline is associated with bone resorption diseases, such 
as hyperthyroidism, Paget's disease of bone, metastatic bone disease, and hyper
parathyroidism. 

Because hydroxyproline is a constituent of collagen in nonskeletal tissue, this test has 
limited sensitivity and specificity. Newer assays have been developed for measurement 
of more specific breakdown products of bone collagen crosslinks. Urinary pyridinoline 
and deoxypyridinoline crosslink assays have recently become widely available for diag
nosis, prognosis, and monitoring response to therapies for metabolic bone diseases. 

4.2. Bone Extracellular Matrix 
The osteoblast produces sheets of oriented collagen in lamellae. The organic phase of 

bone is termed osteoid and is comprised of collagen fibers that are produced by the self-
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aggregation of individual collagen molecules secreted by the osteoblast. With maturation 
of collagen fibrils, intennolecular crosslinks covalently render the collagen fibrils less 
soluble. Proteoglycans and hyaluronan comprise the ground substance in the organic 
matrix of bone, also produced by the osteoblast. The glycoproteins of bone include 
osteonectin (SPARC, BM-40), osteocalcin (BGP), matrix Gla-containingprotein (MGP), 
and the so-called RGD proteins osteopontin, fibronectin, thrombospondin, and bone 
sialoprotein. Minor components ofthe bone matrix include serum proteins, proteolipids, 
and growth factors. Factors or activities produced by bone or isolated from the bone 
matrix include insulin-like growth factor-II, transfonning growth factor-~, insulin-like 
growth factor-I (regulated), platelet-derived growth factor, basic fibroblast growth factor 
(bFGF), acidic fibroblast growth factor (aFGF), bone-derived growth factor ~-2 (micro
globulin), IGF-binding proteins, bone morphogenic agents, and cytokines. 

The rigidity of bone is provided by the mineralized fraction. Bone hydroxyapatite is 
an imperfect crystal of calcium phosphate salt(CaJO [P04MOHh), having substitutions 
by magnesium, sodium, strontium, carbonate, citrate, and fluoride. The hydroxyapatite 
crystal structure within bone has a high surface area capable of exchange with the extra
cellular fluid compartment. 

There are several theories to explain the mineralization of organic matrix of bone. 
Several of the organic components of the bone matrix have been shown to posses nucle
ating sites capable of precipitating mineral in vitro: collagen, Gla-containing proteins, 
phosphoproteins, glycoproteins, acidic phospholipids, and proteolipids. This is consid
ered the catalytic nucleation mechanism. Alkaline phosphatase contributes to mineral
ization by increasing the local concentrations of inorganic phosphate above the critical 
ion product to cause spontaneous precipitation of hydroxyapatite. Alkaline phosphatase 
also contributes to mineralization by inactivating inhibitors of crystal growth, e.g., py
rophosphate. Serum alkaline phosphatase is elevated in situations of increased bone 
fonnation, for example, Paget's disease of bone, osteoblastic carcinoma, and hypercal
cemic hyperparathyroidism, and in situations of failed mineralization, for example, in 
rickets and in osteomalacia. Nonnal mineralization is impaired in vitamin D-deficiency, 
aluminum intoxication, fluoride intoxication, and phosphate deficiency. 

Mineralization of matrix begins in two different ways. In lamellar bone and in dentin, 
the early mineral crystals appear within collagen fibrils. In woven bone and in cartilage, 
mineralization begins within membrane-bound matrix vesicles in the extracellular 
tissue space. 

A third mechanism of biomineralization is displayed by enamel tissue. Enamel pro
duction begins with the fonnation oflow-mol-wt amelogenins andhigh-mol-wt enamelin. 
Mineralization of enamel begins with the breakdown and selective loss of these proteins 
coincident with the fonnation of apatite crystals. Mature enamel has the least organic 
component, 1 % by weight, of all mineralized tissues. (Dentin contains 20% organic compo
nent and bone contains 25%.) Enamel mineral is considered the most crystalline of the 
biological apatites, having larger and less strained crystals than in dentin or bone. As a 
result, dissolution of dentin and bone is relatively easier than of enameL Mineralization 
of enamel is impaired in amelogenesis imperfecta. 

Once fonned by these nucleation processes, hydroxyapatite crystals will autocatalyti
cally promote further crystal fonnation at calcium/phosphate ion products at or even 
below adult human levels. This point is like "Lot's Wife Problem." What prevents us 
from turning into pillars of hydroxyapatite? The thermodynamic answer lies in the 
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naturally occurring ionic and macromolecular inhibitors in the extracellular fluid. 
Although the mechanisms regulating the composition of this fluid are not completely 
understood, the most important physiological substances that stop crystal growth are 
pyrophosphate, citrate, Mg2+, and some of the proteoglycans, glycoproteins, and proteins 
of bone matrix. Tetracycline, Sr2+, and bisphosphonates are potent nonphysiologic 
inhibitors of mineralization. 

Several therapeutic modalities involve interactions with mineralization mechanisms. 
In fluoride treatment, the fluoride anion substitutes for hydroxide in the mineral crystal, 
thereby increasing crystal size and decreasing solubility. Bisphosphonate treatment for 
Paget's disease is based on the incorporation of this pyrophosphate analog into the 
abnormally small crystals that characterize this disease. By increasing crystal size, min
eral solubility is decreased. Gallium nitrate treatment for humoral hypercalcemia of 
malignancy is another example of pharmacological increase in mineral crystal size and 
resultant decrease in mineral solubility. Another clinical problem benefited by under
standing of the mechanisms of mineralization was osteomalacia associated with hemo
dialysis. The mystery was solved when aluminum was identified in bone biopsies from 
these patients. Aluminum from dialysis fluids accumulated into newly precipitated min
eral crystals, preventing further mineralization. Corrective measures were introduced to 
monitor aluminum levels in these solutions. This example and the use of tetracycline to 
label acutely a new mineral point out the dynamic and continuous nature of skeletal 
mineralization in the adult. 

5. CELLULAR PATHOPHYSIOLOGY IN METABOLIC BONE DISEASES 

5.1. Diseases in Which the Primary Abnormality Is Increased Bone Resorption 
5.1.1. OSTEOPOROSIS 

Osteoporosis is the most frequently occurring metabolic bone disease and is particu
larly common in elderly women. Although a gradual decline in bone mass occurs with 
aging in both men and women, osteoporosis results from an exaggeration of the imbal
ance between resorption and formation. In 1982, Riggs characterized two distinct syn
dromes of involutional osteoporosis. Type I (also called high-turnover) osteoporosis 
occurs in postmenopausal women between the ages of 50 and 65, is associated with 
accelerated loss of trabecular bone and therefore with mainly vertebral fractures, and is 
pathogenetically related to estrogen deficiency. Type II (also called low-turnover) os
teoporosis afflicts both men and women predominantly over the age of75, involves both 
trabecular and cortical bone, results in hip and vertebral fractures, and is attributed to an 
age-related decline in osteoblast function superimposed on the lower bone mass that 
results from decades of imbalance between resorption and formation. It is important to 
note that calcium metabolism of most patients with osteoporosis is normal compared with 
that of normal subjects of a similar age. Calcium deficiency may be a contributory factor 
in some cases, but is not the sole or principal factor in most cases. 

A number of hormonal factors have been implicated in the pathogenesis of osteo
porosis. It is curious that, in most reports, there are no differences between post
menopausal women with osteoporosis and normal subjects in plasma concentrations 
of gonadal steroids and gonadotropins. In some studies, differences have been re
ported in levels of testosterone, progesterone, sex hormone-binding protein, and 
dehydroepiandrosterone. 
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An etiological role in osteoporosis has been postulated for PTH, 1,25 dihydroxyvitamin 
D, and calcitonin. Because of the lack of universal differences in these honnones, it is 
likely that osteoporosis comprises a heterogeneous group of skeletal disorders, and that 
both sex honnones and calcitropic honnones are important in pathogenesis. 

What is clear is that dysregulation of balanced bone turnover by the coordinated 
activities of bone-producing osteoblasts and bone-resorbing osteoclasts lies at the heart 
of this devastating disease. 

Diseases that may predispose to the development of osteoporosis are hyperthyroidism, 
hyperparathyroidism, Cushing's disease, Addison's disease, paralysis, chronic obstructive 
lung disease, intestinal malabsorption, renal dysfunction, malignancy, diabetes mellitus, 
pregnancy, and rheumatoid arthritis. A number of drugs are associated with osteoporosis, 
and include corticosteroids, thyroid honnone, anticonvulsants, aluminum-containing 
antacids, heparin, immunosuppressants, and some antihypertensive medications. 

5.1.2. PAGET'S DISEASE 

Paget's disease is characterized by excessive and abnonnal remodeling of bone, usu
ally localized in one region of the skeleton, such as the skull, pelvis, or ends oflong bones, 
but occasionally widespread. The primary abnonnality is in osteoclastic resorption. 
Osteoclasts are abundant in affected tissue, may assume bizarre shapes, and may contain 
up to 100 nuclei/cell. These cells present an advancing resorptive front with a circular 
fonn in the skull (osteoporosis circumscripta) or an arrowhead shape in long bones. An 
intense osteoblastic reaction follows the resorptive activity. The excessive bone·that is 
produced has the irregular pattern of woven bone. Incomplete osteons and irregular 
cement lines result in a mosaic histological quality. Active sites are highly vascular, but 
in time, the disease process slows down, bums out, and leaves dense sclerotic bone with 
little evidence of cellular activity. 

The stimulus for increased numbers and activity of osteoclasts has not been defini
tively identified, but inclusions resembling viral nucleocapsids and antigens of the 
measles and respiratory syncytial virus have been identified in Pagetic osteoclasts. 

The architecture of Page tic bone is not well suited for mechanical support. Although 
fracture healing appears to be nonnal, the bone is subjectto defonnity. Pain, degenerative 
arthritis, and secondary neurological abnonnalities are some of the serious sequelae of 
Paget's disease. 

The biochemical abnonnalities of Paget' s disease are direct consequences of increased 
bone turnover. The net exchange of bone calcium is usually nonnal however. 

5.1.3. OSTEITIS FIBROSA CYSTICA 

Osteitis fibrosa cystica is the bone disease resulting from parathyroid honnone excess. 
Increased osteoclastic activity leads to radiolucency, bone cysts, fractures, and defonni
ties. Osteocytic lacunae appear enlarged. As a compensatory response, osteoblastic 
activity is increased with a patchy distribution. Increased bone turnover and hyper
calcemia are found in all patients. 

5.1.4. HUMERAL HYPERCALCEMIA OF MALIGNANCY (HHM) 

Hypercalcemia accompanying malignant disease is more commonly the result of gen
eralized increased bone resorption than to metastasis. Squamous carcinomas (lung, 
esophagus, cervix, vulva, skin, head, and neck), renal, bladder, and ovarian carcinomas, 
and some breast carcinomas can function as classical endocrine glands because they 
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secrete humoral calcemic factors that act on the skeleton and kidney. Currently, HHM 
describes a specific clinical syndrome owing to the production of parathyroid hormone
related protein, PTHrP. 

Bone lesions in HHM differ from those resulting from hyperparathyroidism in that 
osteoblasts are not increased in HHM. In some manner, osteoblastic activity is uncoupled 
from the stimulated osteoclasts. Another difference is that osteoclastic bone resorption 
accounts for hypercalcemia in HHM, whereas in hyperparathyroidism, hypercalcemia is 
the result primarily of effects on the kidney and intestine. 

Tumors have been reported to produce a variety of other factors that can stimulate 
osteoclastic bone resorption, such as PTH itself, osteoclast activating factor (OAF or 
interleukin-l), prostaglandins, especially of the E2 series, and other osteolytic sterols 
and peptides. 

5.2. Diseases in Which the Primary Abnormality Is Increased Bone Formation 

Paget's disease is often diagnosed by its focal osteoclerotic changes, but this bone 
formation is a process secondary to the osteolytic phase. That is also the case for hyper
parathyroidism. 

High exposure to fluoride in water or from industrial contamination produces 
significant increases in bone density with coarsening and thickening of bony trabe
culae, periosteal new bone formation, and spinal osteophytosis. The sclerotic bone 
is lamellar, with increased osteocytes and prominent cement lines. Muscles, liga
ments, and tendons are also prone to calcifications. Fluorosis often affects the teeth, 
with mottling of the enamel. 

In acromegaly, the excess of growth hormone, both directly and indirectly, produces 
new subperiosteal bone growth, which may not be accompanied by equivalent bone 
resorption. 

5.3. Diseases in Which the Primary Abnormality Is Decreased Bone Resorption 

5.3.1. OSTEOPETROSIS 

Osteopetrosis is a rare, inherited disorder with abnormally dense bone throughout 
the skeleton. The autosomal recessive form is fatal, and the autosomal dominant forms 
are more benign. Although there may be different forms of the disease in humans, bone 
resorption is reduced because of either reduced numbers or reduced activity of osteo
clasts. In the most severe form, the dense bone is deficient in marrow and results in 
anemia. Others problems include compression of cranial nerves, optic atrophy and blind
ness, hearing loss, and abnormal dentition. Although dense, the bones are structurally 
weak and they fracture readily. It is surprising that fractures heal satisfactorily. Marrow 
transplantation and treatment with 1 ,25-dihydroxyvitamin D are both designed to increase 
differentiation of osteoclasts, and have had some success. 

5.3.2. HYPOPARATHYROIDISM 

In hypoparathyroidism, deficiency ofPTH results in decreased osteoclastic activity, 
which in tum results in decreased osteoblastic activity. Radiographic bone findings are 
usually normal, but decreased metabolic activity is revealed by calcium kinetic and 
biochemical studies. 
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5.4. Diseases in Which the Primary Abnormality Is Decreased Bone Formation 
5.4.1 OSTEOMALACIA 

In children, deficient mineralization of the skeleton is called rickets. In adults, it is 
called osteomalacia. In both, it can result from deficiency of the factors important in bone 
formation: calcium, phosphorus, 1,25-dihydroxyvitamin D, or alkaline phosphatase. 
There are a variety of abnormalities of vitamin D that can result in osteomalacia. Although 
dietary deficiency of vitamin D is rare in the US, malabsorption disorders or impairment 
of renal activation of vitamin D (both congenital or acquired) results in osteomalacia. 

In young patients, undermineralized cartilage confers structural weakness to the skel
eton. Manifestations include flattening of the skull and pelvis, bowing of the legs, and 
splaying of epiphyses. Cartilaginous ends of the ribs can become protuberant (called the 
rosary of rickets). In adults, the most common symptom is bone pain. Radiographic 
features are generalized osteopenia and telling lucent areas, Looser's zones, perpendicu
lar to the long axis of the bone. Histologic examination of un decalcified biopsies reveals 
thick layers of osteoid on most, if not all the bone surfaces. 

5.4.2. RENAL OSTEODYSTROPHY 

Renal osteodystrophy occurs in chronic and advanced renal failure. It has 2 principal 
components: osteitis fibrosa cystica due to secondary hyperparathyroidism and osteoma
lacia due to deficiency of 1,25-dihydroxyvitamin D production. The pathogenesis of 
these features is that phosphate retention leads to secondary hyperparathyroidism and the 
decreased renal hydroxylation of vitamin D. Calcium supplementation and phosphate 
restriction are designed to suppress the parathyroid glands, whereas vitamin D supple
mentation corrects the deficiency of activated hormone and promotes mineralization. 

6. RATIONALES OF TREATMENTS FOR OSTEOPOROSIS 

The overall goal is to identify individuals at risk for osteoporosis and provide them 
with a safe, effective, and inexpensive intervention to prevent development of the dis
ease. Because of the heterogeneity off actors known to contribute to osteoporosis and the 
unknown genetic components of disease risk, there is insufficient information available 
at this time to embark on such a public health plan. 

Because of the importance of peak bone mass on subsequent bone mineral density with 
aging, attention is being paid to determining measures that can optimize bone mass in 
teenagers. At the present, exercise and nutritional factors are emphasized. 

Preventative measures have been proposed for menopausal women at increased risk. 
Modifiable nutrition/lifestyle factors include reduction of alcohol, salt, caffeine, and the 
excessive consumption of animal protein, and elimination of cigaret consumption. Ad
equate calcium intake has been advocated, although there is little evidence about the 
effects of calcium intake on the rate of bone loss. Likewise, exercise may be a threshold 
issue of importance within a normally accepted range. 

Some women display accelerated rates of bone loss on estrogen withdrawal by the 
natural menopause. The central question to be answered is why all women do not develop 
osteoporosis with advanced age. It appears that all women display accelerated bone loss 
on ovariectomy. Well-designed studies consistently show that estrogens reduce bone loss 
as long as treatment continues. Furthermore, it has been shown that fracture frequency 
is reduced with early use of estrogens. Estrogens may protect the skeleton by multiple 
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mechanisms. One way is by stimulation of endogenous calcitonin, which is antiresorptive 
and inhibits osteoclastic activity. Another is by inhibition oflocal mediators of osteoclas
tic differentiation, such as interleukins 1, 6, and 11. 

Simply stated, the rationale for treatment of osteoporosis is similar to that for preven
tion. If only bone resorption is inhibited, however, fracture risk may not be reduced for 
patients whose bone mass is below the hypothetical fracture threshold. It may be neces
sary to institute therapy with agents or regimens designed to stimulate bone formation at 
an earlier stage before the loss of too many osteoblasts and precursors, and before the loss 
of bony trabeculae on which to accrete new bone. 

Many interventional studies with the very elderly have been disappointing, with tran
sient effects, very modest effects, or unacceptable side effects, for example GI distur
bances with fluoride therapy. Questions have been raised about the quality of the new 
bone that has been produced under the influence of fluoride and whether there is a risk 
of increased brittleness with close-to-effective doses. Another concern is whether fluo
ride promotes axial bone formation at the expense of peripheral bone. Such concerns are 
not restricted to fluoride, but may be raised with other agents that become incorporated 
into new bone. 

Modulation of the bone remodeling cycle has been proposed as a strategy for increas
ing bone mass. It is reasoned that agents that inhibit bone resorption, for example, may 
be limited in effectiveness if, via the endogenous coupling mechanisms, there follows a 
period of inhibited bone formation. The design of a coherence treatment strategy follows 
from our understanding of the remodeling process. The skeleton would be pulsed 
with an agent to activate bone remodeling units synchronously, for example, PTH or 
1 ,25-dihydroxyvitamin D. This would be followed by an agent to depress bone resorption 
(calcitonin, estrogen, or bisphosphonates) and produce shallower resorption cavities. 
Osteoblastic activity could then be left free or stimulated by fluoride to fill or overfill 
these cavities, achieving positive bone balance. The cycle would be repeated to manipu
late the set points for resorption and formation. Although there is currently little evidence 
for the feasibility of this concept, it is biologically sound and is being tested. 

Because treatment of established osteoporosis is theoretically and practically difficult, 
efforts are directed at preventive measures. 
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1. CALCIUM 

Dietary calcium intakes by females in the US typically average considerably below the 
RDAs for calcium, starting at age 11 yr. The RDAs for females (and males) are 1200 mg 
of calcium! d from 11 through 24 yr and 800 from 25 and onward (1). The NIH Consensus 
Conference on Calcium in 1994 suggested that calcium intakes should be 1000 mg/d for 
women beginning at menopause and 1500 for postmenopausal women who are not 
receiving any form of estrogen replacement therapy (2). Probably most nutritionists are 
not in agreement with the NIH recommendation of 1500 mgld because it is practically 
impossible to obtain compliance with such a high intake from a combination of food 
consumption plus additional calcium via supplements. Furthermore, the scientific evi
dence of skeletal benefits in support of a daily recommendation of 1500 mg of calcium 
alone is not convincing. (Calcium plus vitamin D may be more effective.) No harm, of 
course, would be anticipated from an intake of 1500 mgld or even as high as 2000, a value 
now considered the upper limit of safe intake. (Neither the FDA nor the RDA Committee 
has published specific amounts of calcium consumption beyond which the safety of 
consumers would be a concern.) 

The remainder of this section on dietary calcium deals with the relationships of typical 
calcium intakes (i.e., <800 mg a day) offemales to the development of peak bone mass 
(PBM), to the maintenance of bone mass, and to the prevention of loss of bone mass. 
Issues revolving around behaviors of females relating to selecting healthy choices of 
calcium-containing foods are also addressed. 

From: Osteoporosis: Diagnostic and Therapeutic Principles 
Edited by: C. J. Rosen Humana Press Inc., Totowa, NJ 
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1.1. Relationship of Calcium Intake to the Acquisition of PBM 

Bone development in early life is determined by many factors, including hereditary, 
endocrine, and nutritional, as well as other environmental variables, including physical 
activity. The timing of menarche in girls has a profound effect on bone development and 
the accumulation of bone mass (as measured by bone mineral content or BMC), because 
of the short window for growth after the regular production of sex hormones, but both 
calcium intake and level of physical activity also have strong influences on development 
ofPBM following menarche (3). 

Early menarche is associated with high BMC and bone mineral density (BMO), 
whereas girls with late menarche have lower BMC and BMO values (4). The age of 
menarche of American females and of those in affluent developed nations, such as Swit
zerland, has typically been lowered in the past several decades, and also average heights 
by age 11 yr have increased. Similarly heights achieved by age 18 have also increased, 
but it is probable that the net gain in height between ages 11 and 18 has improved at a 
lesser rate than the premenarcheal rate of growth. 

Since approx 90% offemale BMC and BMO is accumulated by 16 to 18 yr of age (5,6), 
girls clearly must amass a large amount of their peak bone mass (PBM > during the period 
from the start of pre me narche (roughly ages 9 to 11 in the US and other affluent nations) 
to the end of their adolescent development. This brief window of 6 yr or so is a critical 
time for accruing an estimated 40-50% of the PBM, as assessed at age 30. (Calcium 
balance data also support this timing of PBM accrual at approx age 30 [7].) Calcium 
intake in adequate amounts during this 6-yr time frame is clearly important, but the few 
published scientific reports suggest that the premenarcheal skeleton may be more respon
sive to higher calcium intakes then the peri- or postmenarcheal bone tissue is to calcium 
supplementation that brings total calcium intakes considerably above the RDA (8). The 
BMC and BMD gains of postmen arc heal girls resulting from calcium supplements are 
surprisingly small (9,10). Postmenarcheal girls definitely increase their values ofBMC 
and BMD, but the same high level of calcium intake from supplements is much less 
effective after menarche and continuing until late in adolescence than among pre
menarcheal girls (9, 10). A prospective study of postpubertal girls from 13 to 17 yr showed 
gains in BMC and BMO, but not in BMAD (apparent BMO that corrects for increased 
dimensions or size of the measurement site) (11). During this time, probably the hor
mones of development dominate the physiology of postmenarcheal growth and, conse
quently, energy and the macronutrients drive skeletal development and mineralization 
much more so than the intake of calcium or any other micronutrient (12). 

By late adolescence and early adulthood, the positive influence of calcium consump
tion on skeletal accumulation diminishes considerably, although adequate dietary cal
cium still remains important, as assessed at age 20 (3). The beneficial effect of calcium 
intakes at or approximating the age-specific RDAs of women in their 20s and 30s con
tinues, but again at very low rates of gain. Only one prospective investigation supports 
the concept of significant gains in BMC and BMO by women in the third decade of life 
(13). Another prospective study ofa small number of women demonstrated losses of bone 
mass as early as the 30s in control subjects, but women (experimental subjects) who 
received extra servings of calcium-rich foods for a period of a year lost little or no bone 
mass while supplemented (14). A few cross-sectional studies also support the concept of 
continuing accrual ofBMC and BMO of women during their 20s and even possibly their 
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30s, but the women in these studies were quite physically active and their bone mass gains 
could not be determined (J 5-19). 

A study of premenopausal mother-daughter pairs clearly supports the possibility of 
continuing incremental gains in PBM during the third and possibly even the fourth 
decades oflife, since the mothers (mean age of 44 yr) had almost 10% greater BMC and 
5% greaterBMD of the radius than their daughters (mean age 18 yr) (20). An explanation 
for the higher values of the mothers is that they have continued to be physically active 
after their teens, and they have delivered and raised at least one baby. It is postulated that 
the lifting and carrying of babies probably contributes to not only increased bone mass 
but also to better bone because of exercise-induced formation of new bone tissue. There
fore, the timing ofPBM could possibly even be pushed back to as late as 40 yr of age in 
women who maintain optimal calcium intakes and modest but regular levels of physical 
activity. Most women, however, do not substantially increase their PBM beyond 20 or 
25 yr because they do not retain a fairly physically active lifestyle. The greater benefit of 
exercise compared to adequate intakes of calcium on bone mass development has also 
been propounded by a report from the Netherlands where average calcium intakes are 
300--400 mg a day higher than in the US (21). 

Starting at approximately age 40, BMD begins to decline at a low rate ofloss in nearly 
all women, probably as a consequence of diminished physical activity and the decline of 
ovarian production of estrogens. A cross-sectional investigation of vertebral BMD 
changes in females between 18 and 44 yr showed no significant decline (22). Starting at 
about age 40, however, practically all studies of women between 40 yr and the menopause 
demonstrate minimal declines in both bone mass and density, independent of calcium 
intake (23). A few reports of upper body strength regimens have shown that total body 
BMD (or hip BMD) can be maintained by women during this time frame, but the effects 
of calcium supplementation alone on BMC or BMD have not yet been adequately exam
ined in women in their 30s or 40s. 

1.2. Relationship of Calcium Intakes 
to the Maintenance of BMD at and Following Menopause 

During the menopausal transition, the decline of ovarian estrogen production has a 
profound adverse effect on skeletal mass (and BMD), as first measured by hand radio
gramme try (24) and subsequently by absorptiometric methods. Exogenous calcium 
supplementation during this period has little effect on bone measurements (25,26). Fol
lowing the early postrnenopause, however, calcium supplements administered to women 
do exert minimal, positive effects on BMD for periods up to 2 yr (26-31). Most, but not 
all, studies have shown skeletal benefits of calcium supplementation in postmenopausal 
women, and a meta-analysis has demonstrated that the majority of investigations have 
reported positive effects (32). One 5-yr prospective study of a large sample of older 
postmenopausal women (77-82 yr) on high-calcium intakes (~RDA), however, reported 
that these women lost BMC and BMD at the same rate as women on low-calcium intakes 
«RDA), independent of other measured variables (33). The high-calcium-consuming 
women in this study were obtaining practically all of their calcium from foods and rela
tively little from supplements. Supplementation of elderly nursing home patients in France 
with both calcium and vitamin D resulted in improved BMD, better indices of bone 
metabolism, and reduced fractures compared to a control group receiving a placebo (34). 
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It has been suggested that the act of administering calcium supplements per se to 
elderly subj ects, especially in the presence of vitamin D, may stimulate new bone remod
eling cycles that last for a period of only a year or so in the renewed accumulation of bone 
mass, but the new remodeling cycle does result in increased BMC and BMD over this 
period (35). Whether these gains in bone of elderly women can be retained beyond this 
transient period, with or without calcium supplementation, remains to be determined. 

1.3. Calcium in Foods 
Calcium is not abundantly distributed in foods, but dairy products provide good 

amounts (200-400 mg) in each serving. For adolescents, 3-4 servings/d are required to 
meet the RDA of 1200 mg/d. whereas for adults 2-3 servings/d are sufficient to yield 
800 mg, the current adult RDA. 

Relatively few other foods provide calcium in substantial amounts. These foods include 
dark greens (except for spinach whose calcium is not bioavailable) (36,37), small fish 
with soft bones, and breads and other baked goods prepared with calcium propionate. In 
the typical adult American diet, roughly 60% of all calcium is derived from dairy prod
ucts, about 25% from bakery products, approx 10% from vegetables (dark greens) and 
fruits. and another 5% from miscellaneous foods. 

In comparison to calcium. the distribution of phosphorus is widespread, i.e., in all the 
major food groups. In fact. calcium distribution (and occasionally availability) from 
foods is so limited that the food industry has voluntarily undertaken calcium fortification 
of new products in order to improve the intakes of females (38). Calcium-fortified foods, 
such as breads and orange juices, are just beginning to have an impact on calcium intakes, 
but the extent of the benefit of calcium fortification is not yet known. 

1.4. Food Habits of Adolescent Girls 
The typical food habits of teenage girls supply calcium in amounts much less than the 

RDA of 1200 mg/d, mainly because girls do not choose dairy products as frequently as 
recommended (three to four servings each day) to optimize PBM. The behaviors asso
ciated with the limited selection of dairy products are complex, but several reasons are 
given for the avoidance of dairy products. A few of these are the following: Milk and 
cheese are animal foods, and many young people have become vegans (strict) or partial 
vegetarians. Dairy products are considered to be high in fat. Milk is not considered "cool" 
in comparison to cola or other nondairy drinks. Unfortunately, not enough young people 
understand the important contributions that low-fat dairy products make in nutritional 
status with respect to calcium, protein, vitamin D, riboflavin, folic acid, vitamin B12 
(cobalamin), and several other micronutrients (39,40). 

The premenarcheal girls clearly need the most calcium to support their robust gains in 
BMC, and then peri- and postmenarcheal females need sufficient amounts of calcium to 
support their continued skeletal accrual of the mineral phase of bone tissue. All of these 
groups of females are the ones that should receive focused nutrition education in order 
to improve their overall nutritional consumption patterns and their specific inclusion of 
calcium-rich foods in their diets. Many of the late adolescent females will become preg
nant prior to their 20s, and it would be highly desirable for good pregnancy outcomes for 
them to have good nutritional intakes well before conception. 

So many low-fat, or no-fat dairy products are available in the food markets today that 
females (and males) can readily make healthy food choices for the provision of optimal 
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intakes of calcium and other essential micronutrients. Unfortunately, however, too 
many young females either do not heed the nutritional knowledge they possess, or else 
they have not adequately been taught about the nutrient composition offoods, especially 
calcium-rich foods. Nutrition education toward improving food-related behaviors among 
young women is greatly deficient in the US. 

1.5. Role of Calcium Supplements 

Calcium supplementation, often coupled with vitamin D (400-800 IU/d), has become 
commonplace in the annamentarium of physicians to improve the calcium nutritional 
status of patients. Prior to recommending a daily dosage of 500 or 1000 mg of calcium, 
it would be wise to obtain either a 24-h recall of total food and drink consumption of a 
quick-and-dirty calcium frequency questionnaire based on the commonly consumed 
calcium-rich foods (41,42). 

Other questions of importance are the ascertainment of a "typical" pattern of eating and 
whether nutrient supplementation is already being used by the patient. If a dietitian
nutritionist is available to administer the questionnaire of choice and to elicit other 
infonnation about usual dietary practices of the patient, better assurance of optimal 
dosage of supplemental calcium can be attained. For example, many elderly women on 
fixed incomes often consume the same foods every day, sometimes including foods 
designed for animal pets. Calcium-rich foods are frequently not purchased by the elderly 
because of their short storage time and the need to go to the market frequently. 

Many choices of calcium supplements exist, but bioavailable calcium carbonate tab
lets, if tolerated, remain the most economical sources. 

1. 6. Summary 
Dietary calcium intakes of most American females, and some males, are typically far 

too low to meet their age-specific RDAs. Recommendations of 1200 (11-24 yr olds) and 
800 (>24 yr) can readily be achieved by the appropriate numbers of servings of 
calcium-rich foods, preferably low-fat dairy products. If these RDAs cannot be met, or 
even approximated by the consumption of foods, then calcium supplementation at an 
appropriate dose (250, 500, or 1000 mg/d), with or without vitamin D, should be insti
tuted. Because the scientific data do not support doses higher than those for the specific 
age categories of the RDAs, it makes no sense to try to push 1500 or 2000 mg of calcium 
daily, especially to older patients. No hann should result from these extra high doses, 
although constipation, gagging reflex, and gastrointestinal discomfort have been reported by 
elderly users of calcium supplements. It should be recalled that high-calcium foods 
provide many other nutrients in addition to calcium that help the nutritional status of 
patients, whereas calcium supplements contain only calcium and an anion. Thus, the 
adage "foods first; supplements second" is worth adhering to in clinical practice. 

In addition to adequate calcium intakes by females, a number of reports have supported 
the benefit of regular physical activity in conjunction with RDA levels of dietary calcium 
in order to enhance bone mass and to prevent the development oflow bone mass (43). 

2. PHOSPHORUS 

A dietary deficiency of phosphorus is virtually impossible, because this element is 
found in all foods as an anion or as part of diverse organic molecules. The problem with 
dietary phosphorus is that Americans consume an excess of this element in relation to 
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calcium, thus skewing the dietary calcium-to-phosphorus (Ca:P) ratio. Although RDAs 
do exist for phosphorus (and they are identical to those for calcium throughout the life 
cycle), they are practically meaningless because daily intakes invariably exceed the 
RDAs (44). 

The most important characteristic of high dietary phosphorus consumption, including 
phosphate additives in many processed foods and cola drinks, is the typically low Ca:P 
ratio that results. Because so many American foods are processed with phosphates, 
women (and men) may potentially be placed at risk for the development of osteoporotic 
fractures because of the low Ca:P ratio of their diets (38,45). 

2.1. Calcium:Phosphorus Dietary Ratio and Bone 
Few reports have provided data relating the estimated Ca:P ratio of intakes to measure

ments ofBMC and BMD. One recent cross-sectional study has shown a negative contri
bution of dietary phosphorus to bone mass and density in young adult women, whereas 
calcium intake had a positive effect on bone (18). Another report suggested that the 
phosphoric acid in cola drinks may have been responsible for bone fractures in girls who 
were investigated after their reported fractures (46). 

Other experimental investigations have shown that administration of a lower Ca:P diet 
or of phosphate salts alone will significantly alter calcium homeostasis, but these clinical 
studies were of too short a duration to demonstrate skeletal effects of the low Ca:P ratios. 
These reports are reviewed next. 

2.2. Role of Phosphorus in Elevating Serum Parathyroid Hormone (PTH) 

The human experimental studies using altered Ca:P dietary ratios illustrate how acute 
and rapid the PTH hormonal response is to the phosphorus (or phosphate) load admin
istered (47). In the five short-term studies reviewed here, lasting from 5 d to 8 wk, PTH 
concentrations in the blood were significantly elevated when measured at the end of all 
experiments (48-52). Furthermore, other parameters of calcium homeostasis and bone 
resorption, when measured, were perturbed in a consistent fashion with elevated PTH 
concentrations in response to a high-phosphorus load or a low Ca:P ratio of the diet. 
Typical results (but with some inconsistencies among the studies) were as follows: 

1. Plasma 1,25-dihydroxyvitamin D was elevated; 
2. Urinary cyclic AMP was elevated; 
3. Serum osteocalcin was elevated; and 
4. Urinary hydroxyproline was elevated. 

Numerous experimental investigations using rodent and other animal models have 
provided corroborative data on abnormally enlarged parathyroid glands, elevated PTH 
levels, and severely reduced bone mass following treatment with low Ca:P ratio diets. 

2.3. Phosphates as Additives in Foods and Soft Drinks 
Since practically all foods contain modest to large amounts of phosphorus and only a 

few have much calcium, it is reasonable that the dietary ratios will almost always be < 1: 1 
from foods alone (but not if calcium supplements are taken). In fact, the optimal ratios 
obtained by women in the US who have good diets with respect to calcium and other 
nutrients range between 0.70 and 0.75. Many women consume diets with Ca:P ratios 
<0.50 (45), and some ingest these minerals at ratios even <0.25, ifno dairy products are 
consumed. These prevalence estimates of intake ratios may be even worse because of the 
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difficulties of accurately determining phosphorus intakes because of the widespread use 
of phosphate additives in processed foods and cola beverages by food manufacturers. 
Therefore, the monitoring of the US food supply for phosphorus consumption, with 
respect to calcium intake, needs to be advanced, so that nutritionists and other scientists 
can obtain better estimates of total phosphorus intakes from unprocessed foods, pro
cessed foods, and beverages (38,45). 

2.4. Summary 
High-phosphorus intakes are potentially hazardous to bone health because of the 

development of a mild secondary hyperparathyroidism that may contribute to osteo
porosis. Short-term studies have provided convincing data on the adverse effects of high
phosphorus diets on PTH and markers of bone metabolism. Long-term research findings 
on the effects of an abnormally low Ca:P ratio are not available yet to make strong 
recommendations, but it is advisable that physicians become aware of the potential 
adverse effects of a chronic elevation of PTH (even though within the upper level of 
normal hospital values) and to recommend adequate calcium intakes-at the RDA levels 
or modestly greater-for all females at any age to counter the high phosphorus levels in 
the American food supply. 

3. MACRONUTRIENTS AND ENERGY 
The macronutrients (carbohydrates, fats, and proteins) in foods provide the energy 

used by our bodies from their C-H bonds after metabolic degradation and entry of the 
acetyl CoA or carbon-backboned keto acids in the Krebs citric acid cycle. Foods that 
supply the macronutrients also generally carry the micronutrients (with the exception 
noted above for calcium) and nonnutrients. Only plants, however, provide the 
nonnutrients, such as dietary fiber and other phytochemicals. 

3.1. Total Energy Intake 
The typical amount of energy consumed from foods by an individual is critical for the 

intakes of the micronutrients in the amounts needed to support numerous cellular and 
extracellular roles. For example, if too little energy is consumed each day, micronutrient 
intakes will also be low, unless a broad-spectrum supplement is taken daily. 

3.2. Carbohydrate Intake 
Except for milk (lactose), almost all the carbohydrates in the diet are provided by 

starches or their derivatives from plant foods. When complex carbohydrates are con
sumed from fruits, vegetables, nuts, seeds, and whole-grain cereals, they are accompa
nied by large amounts of dietary fiber and often also by micronutrients. These plant foods 
contain fair amounts of phosphorus, but very little calcium. 

3.3. Fat Intake 
Animal fats and vegetable oils contain essentially no calcium and relatively small 

amounts of phosphorus that exist in the phospholipids, such as phosphatidylcholine. 

3.4. Protein Intake-Animal vs Plant Sources 
Protein-rich foods contain fair amounts of phosphorus, but very little calcium, except 

for dairy products. Plant proteins, such as soybeans and their products, are considered 
high-quality protein sources because they have protein scores that are equivalent to 
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proteins from meats, fish, and poultry. The animal proteins, however, contain larger 
amounts of the amino acids, including arginine, that act as hormone (insulin and gluca
gon) secretagogues following a meal. 

The potential adverse effects of high consumption patterns of animal proteins (but not 
plant proteins) has been investigated in short-term studies. A hypercalciuric action of 
animal protein or of protein extracts from these foods has now been well established, both 
acutely and over periods of a few weeks (53). Long-term experimental data ofhigh-protein 
(animal) dietary patterns on bone measurements are lacking, but they are required to 
establish with reasonable certainty any adverse role of chronic intakes of animal proteins 
in the development of osteoporosis. A few reports are reviewed next to illustrate the 
difficulty of teasing out a negative role of high protein consumption from animal sources 
on bone mass and density. 

3.4.1. STUDIES OF ANIMAL VS PLANT FOODS ON CALCIUM 

Several reports have demonstrated adverse effects of high protein intakes from animal 
sources on calcium retention. A type of meta-analysis showed that all but one study abut 
of almost 20 reports provided data that increases in animal protein induced hypercalciuria 
(53). Most investigators presumed that the hypercalciuria resulted from chronic ingestion 
of meals containing large amounts of animal protein (54-56), but one group showed that 
the protein effect is acute and occurs following any high-protein meal containing animal 
sources (57). The absence of hype rcalci uri a after the consumption of soy protein suggests 
that the effect of animal protein is specific for amino acids found in good amounts in 
animal, but not plant proteins. The mechanism for the protein-induced hypercalciuria has 
not been established, but several possibilities exist, including excess acid (H+) produc
tion, stimulation of insulin and glucagon, and increased urinary sulfate excretion. 

The possibility that such high consumption patterns of animal proteins could contrib
ute to long-term bone losses has been supported by epidemiologic investigations that 
show adverse effects on BMC and BMD of young adult women who regularly consume 
high-protein diets (18). One group has even hypothesized that high-protein diets contrib
ute to hip fractures (58). 

3.4.2. STUDIES OF THE BONE MASS OF VEGETARIANS (VEGANS) 

The role of a vegetarian diet, i.e., plant proteins, on skeletal development, the main
tenance of bone mass, and the incidence of fractures, compared to omnivores, has not 
been thoroughly investigated. A few studies suggest that little difference exists between 
the late-life declines in BMC and BMD of vegetarian and omnivorous women (33), but 
additional prospective studies are needed to confirm this observation. The overall diets 
ofthe vegetarian women, however, did seem to be healthier than those of the omnivorous 
women studied (59). Based on the short-term studies reviewed above, one would think 
that it would be relatively easy to demonstrate adverse long-term effects of high-protein 
diets, but the critical studies probably have not yet been designed. 

3.5. Summary 
Of the macronutrients, only high intakes of proteins from animal sources have been 

implicated as adversely affecting bone mass. Short-term, but not long-term, investiga
tions have demonstrated protein-induced hypercalciuria as a potentially deleterious fac
tor in the development oflow bone mass and osteoporosis. Further long-term experiments 
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using specific proteins (e.g., meat, egg white, or lactalbumin) are needed to establish 
whether a long-term deleterious skeletal effect results from high animal protein con
sumption pattern. 

4. CONCLUDING REMARKS 

Several dietary factors, such as excessive intakes of phosphorus and animal protein, 
may have potential adverse effects on bone development and maintenance, whereas 
others, especially calcium and vitamin D, have beneficial effects on bone tissue and 
measurements of BMC and BMD at almost every stage of the life cycle. In addition, 
several other essential micronutrients probably also are needed at reasonable intake 
levels on a daily basis for the growth and maintenance of the skeleton. These other 
nutrients, including vitamins, such as vitamin K, and trace elements, such as fluoride, 
have not been adequately studied to make any recommendations other than to follow the 
RDAs for intake guidelines. Finally, the forces impinging on the skeleton from physical 
activities, including the lifting and handling of infants and children as well as other 
upper-body-strength exercises, may have strong independent effects on bone measure
ments throughout life. 
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1. INTRODUCTION 
Vitamin D is not in the strict sense a vitamin, but a hormone. Vitamin D is synthesized 

in the skin by the action of sunlight. Once vitamin D is formed in the skin or ingested in 
the diet, it journeys to the liver and kidney, where it is hydroxylated sequentially on 
carbons 25 and 1, respectively, to form its biologically active form 1,25-dihydroxyvitamin 
D (1,25[OH]zD). The major physiologic function of vitamin D is to maintain the extra
cellular and blood concentrations of calcium within the physiologic range in order to 
maintain cellular activities and neuromuscular function. Vitamin D is not only important 
for the skeletal health in healthy growing children, but this hormone is also essential for 
maintaining a healthy skeleton throughout our lives. Vitamin D insufficiency and defi
ciency are now being recognized as a major health problem for the elderly. 

2. FACTORS THAT INFLUENCE 
THE PRODUCTION OF VITAMIN D3 IN THE SKIN 

It is casual everyday exposure to sunlight that provides humans of all ages with their 
vitamin D requirement (1). During exposure to sunlight, the solar high energy ultraviolet B 
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Fig. I. Photochemical events that lead to the production of vitamin D3 and the regulation of vitamin 
D3 in the skin. Reproduced with permission from ref. 1. 

(UVB; 290-315 run) photons are absorbed by the precursor of cholesterol, 7-dehydro
cholesterol, in the skin. This absorption process causes a transformation of 7-dehydro
cholesterol (provitamin D3) to previtamin D3. Previtamin D3 is unstable and over several 
hours is converted to vitamin D3 (1). Once formed, vitamin D3 exits the skin into the 
circulation bound to the vitamin D-binding protein (Fig. 1). 

There are a variety off actors that can markedly influence the vital cutaneous synthesis 
of vitamin D3. Melanin is a natural sunscreen, and people with increased melanin content 
in their skin require longer exposures to sunlight to produce an adequate amount of 
vitamin D3 (2). Similarly, the topical use ofa sunscreen will act like melanin and absorb 
the sunlight responsible for making vitamin 0 3 in the skin (3). The proper use of sun
screen with a sun protection factor (SPF) of 8 will diminish by >95% the cutaneous 
production of vitamin 0 3. Chronic use of sunscreens by the elderly can result in vitamin 
D insufficiency and deficiency (4). Clothing is a very effective sunscreen and will absorb 
vitamin D3-producing photons, thereby preventing the cutaneous production of vitamin 
0 3 in skin covered with clothing (5). Glass and most plastics efficiently absorb UVB 
radiation explaining why exposure to sunlight indoors will not result in any production 
of vitamin D3 in the skin (1). 

The stratospheric ozone layer is responsible for absorbing most of the damaging high
energy uv photons, but permits some ofthe vitamin D3-producing UVB radiation to reach 
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Fig. 2. Photosynthesis of pre vitamin D3 at various times on cloudless days in Boston in October 
Ce) and July (0). Adapted from Lu Z, Chen T, Holick MF. Influence of season and time of day 
on synthesis of vitamin D3• In: Holick MF, ed. Biological Effects of Light, Berlin: Walter de 
Gruyter, 1992, pp. 53-56. Reproduced with permission from ref. 1. 

the earth, The zenith angle of the sun plays a crucial role in determining the number of 
vitamin Drproducing UVB photons that are able to penetrate through the ozone layer and 
reach the earth's surface. In Boston (42°N), exposure to sunlight will produce vitamin D3 
in the skin during the spring, summer, and fall months. However, as the sun's position 
migrates south of the equator, the zenith angle of the sun is markedly increased causing 
the sunlight to strike the atmosphere at a more oblique angle, giving an opportunity for 
the ozone layer to absorb efficiently the UVB photons. This explains why during the 
months of November through February exposure to sunlight throughout the day in Bos
ton will not produce any significant quantities of vitamin D3 in the skin (6). In Edmonton 
Canada (52°N), vitamin D3 production in the skin is halted between the months of October 
and March. However, in more southern latitudes, such as in Los Angeles (34°N), Puerto 
Rico (I8°N), and Buenos Aries (35°S), enough UVB photons penetrate the earth's strato
spheric ozone layer to permit the synthesis of vitamin D3 in the skin throughout the year 
(1). Similarly, the time of day determines how many UVB photons reach the earth's 
surface. Thus, during the summer in Boston, exposure to sunlight will promote vitamin 
D3 synthesis from approx 7:00 AM Eastern Daylight Time (EDT) until 4:00 PM EDT, 
whereas in the fall, vitamin D3 synthesis occurs much later in the morning -9:00 AM EDT 
and ceases after -3:00 PM (1) (Fig. 2). 

Aging is associated with a decrease in the skin's concentration of 7 -dehydrocholes
terol. As a result, an elderly 70+-yr-old person will make approx 25-30% of the amount 
of vitamin D3 that a younger person can (7) (Fig. 3). 

Excessive exposure to sunlight will not result in vitamin D intoxication, During the 
initial exposure to sunlight, 7-dehydrocholesterol is converted to previtamin D3. How
ever, once previtamin D3 is formed, it can either thermally isomerize to vitamin D3 or be 
photochemically degraded to two biologically inertphotoproducts, lumisterol and tachysterol 
(1) (Fig. 1). Similarly, when vitamin D3 is made in the skin, it also can absorb energy from 
sunlight resulting in its degradation to biologically inert photoproducts (1,8) (Fig. I). 
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Fig. 3. Circulating concentrations of vitamin D in response to a whole-body exposure to 1 minimal 
erythemal dose in healthy young and elderly subjects. Reproduced with permission from ref. 1. 

3. DIETARY AND SUPPLEMENTAL SOURCES OF VITAMIN D 

There are very few foods that naturally contain vitamin D. Those foods containing 
variable amounts of vitamin D include fatty fish, such as mackerel and salmon, and fish 
liver oils, such as cod liver oil. There are several foods that are fortified with vitamin D, 
including milk, some cereals, and some bread products. Although milk is considered to 
be a major food source of vitamin D, three separate studies have shown that <20% of milk 
samples evaluated from all sections of the United States and in western Canada contain 
the amount of vitamin D stated on the label. Approximately 50% of the milk samples did 
not contain 50% of the amount stated on the label and 14% of skim milk samples contained 
no detectable vitamin D at all (9-11). No other dairy products, such as cheese, yogurt, ice 
cream, and so forth, are fortified with vitamin D. Multivitamin preparations containing 
400 IV of vitamin D and pharmaceutical preparations of vitamin D (50,000 IU/capsule) 
contain at least the amount stated on the label. 

4. METABOLISM AND BIOLOGIC ACTMTY OF VITAMIN D 

Vitamin D3 is the naturally occurring vitamin D that is produced in the skin. Vitamin 
D2 comes from the uv irradiation of the fungal and plant sterol ergosterol. Both vitamin 
D3 and vitamin D2 are considered to be equally biologically potent in humans. Once 
vitamin D3 is made in the skin or vitamin D2 and vitamin D3 (vitamin D without a 
subscript represents either vitamin D2 or vitamin D3) are ingested from the diet, the 
vitamin D is transported to the liver, where it is metabolized to its major circulating form, 
25-hydroxyvitamin D (25-0H-D) (12-14) (Fig. 4). 

At physiologic concentrations, 25-0H-D is biologically inert on calcium metabolism. 
The vitamin D metabolite requires a further hydroxylation in the kidney to form its 
biologically active metabolite 1,25(OHhD (Fig. 4). 25-0H-D and 1,25(OHhD can be 
further metabolized on carbon 24 to form 24,25-dihydroxyvitamin D and 1,24,25-tri
hydroxyvitamin D, respectively. It is thought that this 24-hydroxylation step is the ini
tiation step for the degradation of25-0H-D and 1,25(OH)2D. 1 ,25(OH)zD3 continues to 
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Fig. 4. Metabolism of vitamin D and the biologic actions of 1,2S(OHhD. Reproduced with per· 
mission from ref. J. 

undergo further hydroxylation in the side chain followed by a cleavage between carbons 
23 and 24 to form the water-soluble excretory product calcitroic acid (J 2, J 3). 

It is 1,25(OH)zD that is responsible for the major biologic functions of vitamin D in 
maintaining the serum calcium within the normal physiologic range. This hormonal form 
of vitamin D is recognized by a specific vitamin D receptor (VDR) in the small intestine 
that results in an increase in the efficiency of intestinal calcium absorption. Separately, 
1,25(OH)2D3 stimulates stem cells within the bone marrow to become mature osteo
clasts, which, in tum, mobilize calcium stores from the bone (Fig. 4). 

Any decrease in the blood-ionized calcium concentrations stimulates the parathyroid 
glands to increase the synthesis and secretion of parathyroid hormone (PTH) (12,14). 
PTH not only increases tubular reabsorption of calcium in the kidney and mobilizes stem 
cells to become osteoclasts, but it also stimulates the renal metabolism of 25-0H-D to 
1,25(OHhD. Thus, PTH indirectly regulates intestinal calcium absorption through its 
influence on the renal production of 1,25(OHhD. PTH and 1 ,25(OH)2D act in concert to 
mobilize monocytic stem cells in the bone marrow to become osteoclasts, thereby in
creasing calcium removal from the bones. The net effect ofPTH and 1,25(OH)zD3 is to 
raise serum-ionized calcium concentrations in order to preserve neuromuscular function 
and cellular activity. Once the ionized calcium concentrations are within the normal 
range, the calcium sensor in the parathyroid glands (15) signals the parathyroid glands 
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to decrease the production and secretion ofPTH. Separately, 1,25(OH)2D also indepen
dently interacts with a vitamin D receptor in the parathyroid glands, resulting in an 
inhibition of the transcription of the PTH gene and a decrease in the secretion ofPTH (1 6). 

5. BIOLOGIC FUNCTION OF VITAMIN D IN THE BONE 

Vitamin D deficiency iIi children results in the bone-deforming disease rickets 
(1,12,17, 18). In adults, the epiphyseal plates are closed, and therefore, the skeletal signs 
of rickets, including widening of epiphyseal plates and deformed long bones especially 
of the legs and rib cage, are not apparent. Instead, vitamin D deficiency causes a miner
alization defect in the skeleton of adults resulting in the metabolic bone disease osteoma
lacia (1,12, 18). Osteomalacia cannot be easily distinguished on X-ray from osteoporosis, 
since both are recognized as osteopenia, i.e., a decrease in the opacity of skeleton on X
ray (1,12, 18). Osteomalacia, unlike osteoporosis, can cause isolated or generalized deep 
bone pain and, like osteoporosis, increases the risk of skeletal fractures (1,12, 19-21). 

6. USE AND INTERPRETATION OF VITAMIN D ASSAYS 

There are no commercial assays available to measure vitamin D in the blood. To 
determine the vitamin D status of a person, the measurement of 25-0H-D is recom
mended. The normal range for 25-0H-D is variable depending on which commercial 
assay is used. However, a level of<1O ng/mL is considered to be vitamin D deficiency. 
Although the upper limit of normal is approx 55 ng/mL, blood levels of up to 100 ng/mL 
as seen in lifeguards are not considered to be vitamin D intoxication (12,22). However, 
25-0H-D levels of>125-150 ng/mL would be considered, in face of hypercalcemia, to 
be vitamin D intoxication (12,22,23). It is now recognized, especially for the elderly, 
that 25-0H-D levels need to be at least 20 ng/mL in order to satisfy their body's require
ment for vitamin D. There is strong suggestive evidence that, for the elderly, 25-0H-D 
levels below 20 ng/mL result in an increase in circulating levels of PTH that are not 
necessarily outside of the normal range. When these patients receive vitamin D supple
mentation or sunlight in the summer and their 25-0H-D levels increase above 20 ng/ 
mL, the PTH levels often fall by as much as 25-50%, and the bone mineral density in the 
spine and hip increases (1,24-26) (Fig. 5). Thus, vitamin D insufficiency occurs when 
the 25-0H-D falls between 10 and 20 ng/mL and vitamin D deficiency when 25-0H-D is 
below 10 ng/mL. 

There are a several acquired and inherited disorders in the metabolism of25-0H-D to 
I ,25(OHhD that are associated with a variety of hypo- and hypercalcemic disorders and 
metabolic bone diseases (12,17,18,22,2 7). There are three circumstances whereby a renal 
deficiency in the production of 1,25(OH)2D3 can cause metabolic bone disease and 
exacerbate osteoporosis in the elderly. The elderly who often have mild or moderate renal 
failure can have a decreased capacity to produce 1,25(OHhD. The normal range for 
1,25(OHhD is 16-65 pg/mL. These patients often have circulating concentrations of 
1,25(OHhD <20 pg/mL. 

Elderly osteoporotic patients may have a decreased ability to upregulate the renal 
production of 1,25(OHhD in response to PTH (Fig. 6) (28, 29}. A very rare disorder 
known as oncogenic osteomalacia is associated with severe hypophosphatemia and very 
low circulating concentrations of 1,25(OHhD (12,18,22). This disease causes severe 
osteomalacia and can result in deep unrelenting bone pain. 
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Fig. 5. Seasonal changes (as percentage of previous measurement) in: (A) serum parathyroid 
hormone (PTH) and 25-0H-D over 18 mo, and (B) changes in bone mineral density (BMD) of the 
lumbar spine during 12 mo in women living in rural Maine. Results are ± SEM. Reproduced with 
permission from ref. 24. 

7. CAUSES OF VITAMIN D DEFICIENCY 

Vitamin D deficiency can be caused by a decrease in the synthesis of vitamin D3 in the 
skin owing to: 

1. Clothing of all sun-exposed areas; 
2. Excessive sunscreen use over all sun-exposed areas; 
3. Aging; 
4. Changes in the season of the year and time of day; and 
5. Increase in latitude. 

For the elderly who are institutionalized, it is often the lack of any exposure to sunlight 
that is the principal cause of vitamin D insufficiency and deficiency for them. 

Malabsorption of vitamin D is associated with fat malabsorption syndromes, including 
Crohn's disease, sprue, Whipple's disease, and hepatic dysfunction (12,22,30). Dilantin 
and phenobarbital can alter the kinetics for the metabolism of vitamin D to 25-0H-D, 
requiring that these patients received two to five times the RDA for vitamin D in order 
to correct this abnormality (J 2,22). It is rare to have a deficiency of 25-0H-D owing to 
liver dysfunction because of the large capacity that the liver has to produce 25-0H-D. It 
is often the fat malabsorption associated with liver failure that causes vitamin D defi
ciency. Patients with nephrotic syndrome who excrete >4 gm of proteinl24 h can be 
vitamin D-deficient because the 25-0H-D, which is bound to vitamin D-binding protein, 
is lost in the urine along with albumin (J 2,22,31). 
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Fig. 6. (A) Effect of synthetic parathyroid hormone (hPTH-[1-34]) on levels of 1,25(OHhD in 
normal subjects (solid circles) and patients with untreated osteoporosis (open squares). All values 
are expressed as the mean ± SEM. The single asterisk denotes significant differences at p < 0.0 I, 
and the double asterisk at p < 0.05, between the level in the patients and that in the controls at 
corresponding time-points. Asterisks also refer to significant differences between the preinfusion 
baseline levels and levels at particular time-points. (B) Effect ofhPTH -( 1-34) on serum levels on 
ionized calcium (Ca2~, and (C) inorganic phosphate (Pi) in normal subjects (solid circles) and 
patients with osteoporosis (open squares). All values are expressed as mean ± SEM. There was no 
significant difference between the levels in the two groups. Modified and reproduced with permis
sion from ref. 28. 

A decrease in the renal production of 1,25(OHhD3 in the kidney can be a cause for a 
vitamin D-deficient state in the elderly. Replacement with I ,25(OH)2D3 (0.25 J..Ig once or 
twice a day) usually corrects this abnonnality. 

8. RECOMMENDATIONS FOR MAINTAINING 
A NORMAL VITAMIN D STATUS IN THE ELDERLY 

Casual exposure to sunlight provides all of us with most, if not all of our vitamin D 
requirement. The elderly who are often indoors, and especially those who are institution
alized and not exposed to sunlight, are very prone to developing vitamin D deficiency and 
vitamin D insufficiency. Although the elderly have less capacity to produce vitamin D 
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Fig. 7. (A) Change in serum 25-0H-D levels from baseline in elderly rest home residents in 
Auckland, New Zealand (37°C) spending 15 or 30 minld outdoors in the spring who exposed their 
heads, necks, forearms, and lower legs to sunlight. n = 5 each group; *p < 0.06, **p < 0.02, and 
***p < 0.005 adapted from ref. 32. (B) Seasonal variation in serum 25-0H-D levels in Denmark 
adapted from ref. 33. 

in their skin, exposure to as little as 15-30 min on a verandah of hands, face, and forearms 
several times a week will result in increasing circulating concentrations of 25-0H-D 
(Fig. 7) (32). For a healthy young person, a whole-body exposure to one minimal erythe
mal dose of sunlight results in an increase in circulating levels of vitamin D3 comparable 
to taking between 10,000 and 25,000 IV of vitamin D a day (1). Extrapolating to the 
elderly a whole-body exposure of sunlight causing a minimum skin redness is equal to 
taking, orally, approx 2500 and 16,000 U of vitamin D. Therefore, the elderly will benefit 
from having their face, forearms, and hands exposed to suberythemal amounts of sunlight 
two to three times a week during the spring, summer, and fall in far northern and southern 
latitudes (Fig.7) (33). People who are at latitudes nearer the equator need less exposure 
throughout the year to promote vitamin D3 synthesis in their skin (1,6). If an elderly 
person wishes to stay outside for a longer period of time, they can use a sunscreen with 
a sun protection factor of 15 or greater after the initial beneficial exposure. Therefore, by 
using this practice, the elderly can take advantage ofthe beneficial effect of sunlight while 
preventing the damaging effects caused by excessive exposure of unprotected skin to 
sunlight. 

Since foods cannot be depended on for a guaranteed source of vitamin D, an excellent 
alternative is to provide a multivitamin that contains 400 IV (1) of vitamin D each day. 
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Fig. 8. Cumulative probability of hip fracture and other nonvertebral fracture in the placebo group 
and the group treated with 800 IU of vitamin D 3 and 1200 mg of calcium, estimated by the life
table method and based on the length of time to the first fracture. Modified and reproduced with 
permission from ref. 20. 

Although the RDA for adults over the age of 24 yr is 200 IU (34), there is mounting 
evidence that in the absence of exposure to sunlight, the body's requirement for vitamin 
D is closer to three to four times the RDA or between 600 and 800 IU of vitamin D each 
day (1,20,25,35). When healthy ambulatory women with a mean age of84 ± 6 yrreceived 
1.2 gm of calcium with 800 IU (20 JJg) of vitamin D2, they had a 43 and 32% lower number 
of hip and nonvertebral fractures compared to a similar group of women who were not 
supplemented with either calcium or vitamin D (Fig. 8) (20). It is not recommended that 
the elderly take two multivitamin pills to increase their vitamin D intake because of the 
risk of vitamin A intoxication. 

An alternative to supplement quickly a patient with vitamin D insufficiency and vita
min D deficiency is to give him or her 50,000 IU of vitamin D once a week for 8 wk. The 
25-0H-D increases rapidly and after 8 wk is in the midnormal range of25-45 ng/mL. 
After this 8-wk treatment, a multivitamin containing 400 IU of vitamin D will help 
maintain a normal vitamin D status. It has been suggested for the elderly that are infirm 
and unable to be outdoors that they receive an im injection of 150,000 IU of vitamin D 
once a year. This therapy was shown to maintain the serum 25-0H-D throughout the year 
and decrease the incidence of skeletal fractures (36). This may be a cost-effective alter
native to help prevent vitamin D deficiency in this susceptible group of patients. 

Only rarely is there a need to provide elderly patients with 1,25(OH)2D3 (calcitriol; 
Rocaltrol). Patients with moderate renal failure and oncogenic osteomalacia clearly 
benefit from receiving 0.25-0.5 JJg of 1,25(OH)2D3 once or twice a day (18,22). Care 
must be taken to make certain that the patients do not develop hypercalciuria or hyper
calcemia. Patients with osteoporosis and who may have a defect in the PTH-mediated 
renal production oft ,25(OH)2D, may also benefit from 1 ,25(OH)zD3 therapy. In a group 
of over 300 elderly women receiving 0.25 JJg of 1,25(OH)zD3 twice/d with a variable 
amount of calcium intake from their diet had a significant increase in bone mineral 
density, and decrease in vertebral and nonvertebral fractures compared to a control group 
of subjects taking 1000 mg of calcium (37) (Fig. 9). 
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Fig. 9. Percent of new fractures in women who took either 0.25 J..tg of 1,25(OH)zD3 twice a day 
or supplemental calcium (l g/d). Modified and reproduced with permission from ref. 37. 
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Fig. 10. Intestinal calcium absorption as a function ofluminal calcium concentration in healthy 
young and old adults, studied after their adaptation to low or high dietary calcium intakes. The 
illustrated measurements were made in the jejunum using a triple-lumen intestinal intubation 
technique. The postprandial luminal calcium concentrations on low-calcium diets normally range 
from 0.3 to 2.0 mM/L, and from 3.0 to 8.5 mM/L on very high dietary calcium intakes. Modified 
and reproduced with permission from ref. 38. 

9. THE ROLE OF THE VITAMIN D RECEPTOR IN BONE HEALTH 

It is recognized that aging alters the efficiency of the intestine to absorb dietary cal
cium. Young adults who are on a low-calcium intake can increase the efficiency of 
intestinal calcium absorption from 15 to up to 60% when switched from a high- to low
calcium diet (38) (Fig. 10). The mechanism for this increase is thought to be owing to the 
increased production of 1,25(OH)2D and/or an increase in the number of vitamin D 
receptors in the intestinal absorptive cells. The elderly are unable to increase the effi
ciency of intestinal calcium absorption when on a low-calcium intake (Fig. 10). Although 
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Fig. 11. Structure of the vitamin D receptor (VDR) gene showing the nine exons and interviewing 
introns and untranslated region. The nine exons are transcribed into the VDR mRNA, which, in 
tum, is translated into the VDR, which contains a DNA and a hormone-binding domain. 

the exact mechanism for this lack of adaptability is unknown, there is evidence that there 
may be a small decrease in the number of vitamin D receptors in the small intestine that 
could account for this (39). Alternatively, a decrease in the PTH-stimulatory production 
of 1,25(OHhD may playa role (28,29) (Fig. 6). There are no significant differences in 
circulating levels of 1,25(OHhD whether you are 20 or 80 yr of age (40). 

Recently, it has been suggested that there are several polymorphisms in the vitamin D 
receptor gene (41). The vitamin D receptor gene is composed of nine exons, which are 
sequences of DNA that are transcribed and the mRNAs are spliced together to form 
the messenger RNA for the vitamin D receptor (Fig. 11). In between the nine exons are 
intervening DNA sequences known as introns. An alteration in the nucleotide sequence 
of an intron, although not directly affecting the amino acid structure of the vitamin D 
receptor, may playa role in the stabilization of the mRNA for the VDR, and therefore, 
the translation of its mRNA to the vitamin D receptor. There are two polymorphism's 
somewhere within the intron and exon sequences between exon 7 and the 3'-untranslated 
region. Some reports have suggested that a polymorphism of the VDR gene detected with 
the endonuclease BsmI is associated with bone mineral density of the hip and spine 
(41,42). Homozygotes without a cut site for BsmI designated as BB have a lower bone 
density than homozygotes with both DNA strands having this restriction site and desig
nated as bb (Fig. 12). It has been suggested that the genetic composition of the VDR gene 
may be responsible for the number ofVDRs present in the intestine, and bone that could 
ultimately affect intestinal calcium absorption and peak bone mass. Several other inves
tigators have been unable to demonstrate this association; and therefore, this concept is 
somewhat controversial at this time (43). 
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Fig. 12. Higher bone density is associated with the b allele of the VDR gene of the lumbar spine. 
Modified and reproduced with pennission from ref. 41. 

10. CONCLUSION 

Vitamin D insufficiency and deficiency in men and women over the age of 60 yr is now 
being recognized as a significant health risk for fractures. In a nursing home setting, 
residents not receiving a vitamin D supplement are especially at risk for vitamin D 
deficiency. In one study, 56 and 83% of elderly residents who did not receive a vitamin 
D supplement had 25-0H-D levels below 20 ng/mL at the end of the summer and middle 
of the winter, respectively (44). An insufficiency and deficiency of vitamin D cause a 
marked decrease in the efficiency of calcium absorption. With an inadequate supply of 
vitamin D, the efficiency ofthe intestine to absorb dietary calcium is no greater than 15-20%. 
In the presence of vitamin D, the efficiency can be increased substantially (up to 60-80%). 
The lack of vitamin D causes secondary hyperparathyroidism, resulting in the mobiliza
tion of precious stores of calcium from the bone. This process can greatly exacerbate 
osteoporosis. Therefore, vitamin D insufficiency and deficiency not only causes osteo
malacia, but will also worsen osteoporosis resulting, in decreased bone mass and in
creased risk of fracture. 

It is reasonable to obtain a measurement of serum 25-0H-D along with calcium and 
phosphorus when evaluating a patient for osteoporosis. A serum 1,25(OH}zD may also 
be valuable at times to detect insufficient renal production of this hormone. 

Vitamin D deficiency is easily corrected with sunlight exposure, a vitamin D supple
ment, or a vitamin D pharmaceutical preparation. With the recent popularity of using bis
phosphonates for treating osteoporosis, it is especially important to make certain that 
the patient is vitamin D-sufficient before bis-phosphonates are contemplated, since bis
phosphonates can cause osteomalacia. 
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1. OVERVIEW OF OSTEOPOROSIS 

Osteoporosis is a clinical syndrome of reduced bone mass and increased fracture 
susceptibility. In most cases, the disease is characterized by back pain from recurrent 
vertebral compressions, although fractures of the distal tibia, hip, ribs, or wrist can be the 
initial presentation. The vast majority of cross-sectional and longitudinal studies in men 
and women now confirm an increased risk for fracture ifbone mineral density (BMD) 
(spine, hip, wrist, or total body) is more than 1 SD below predicted for a healthy 35-yr
old person. The relative riskIU SD is approx 2.5, and increases exponentially with the 
number of previous vertebral fractures and the extent of reduction in BMO (1,2). 

Despite the strong and independent predictive value of bone mass measurements, 
trauma occupies a central role in the pathophysiology of osteoporotic fractures (Fig. 1). 
It has been estimated that about one-third of white community dwelling individuals over 
age 75 will fall at least once per year, with about 6% of those falls resulting in fracture 
(3). Several etiologic factors (muscle mass, balance, use ofneuroleptics, fraility, angle 
of the fall, and so on) predispose elderly "fallers" to fracture. However, a low bone density 
means that the force (stress) required to produce a fracture is less. Hence, minimal trauma 
(e.g., sneezing, coughing, lifting a window against resistance, twisting, or slipping) in a 
woman with a very low BMO can result in a compression fracture of the spine or a 
catastrophic hip fracture. 

2. FACTORS THAT AFFECT BONE MASS 

This chapter will focus on the multitude of factors that affect bone mass. All interact 
through three common pathways, which determine fracture susceptibility: 

From: Osteoporosis: Diagnostic and Therapeutic Principles 
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Fig. 1. The pathophysiology of an osteoporotic fracture includes low bone mass and trauma. Both 
are equally important in detennining relative risk. Low bone density is a function of either inad
equate peak bone mass or accelerated bone loss. 

1. The metabolic control over bone turnover; 
2. Bone strength (a function of both the density and the mechanical properties of bone ); 

and 
3. The number and type offalls sustained over a given period (a complete discussion of the 

etiologies offalls and their prevention in age-related osteoporosis is found in Chapter 18). 
This discussion will focus on how specific nutritional, metabolic, honnonal, and envi
ronmental factors affect bone turnover. 

At any given point in a person's life, adult bone mass represents the sum of two events: 
(1) acquisition of peak bone mass between the ages of15 and 25 and (2) age-related bone 
loss (Fig. 2). Several cross-sectional and longitudinal studies have demonstrated that age 
is one of the strongest risk factor for fracture at any site (4-6). However, numerous other 
etiologic factors affect bone mass and, therefore, contribute to fractures during several 
junctures in life. The periods in a person's life that appear to be the most vulnerable to 
these factors include: 

1. Acquisition of bone mass during adolescence (Fig. 2: period "a"); 
2. Maintenance of peak bone mass from age 20 to 50 (Fig. 2: period "b" + "c"); 
3. Bone loss associated with estrogen deprivation (ages 50-65) (Fig. 2: period "d"); 

and 
4. Age-associated bone loss (ages 65-100) (Fig. 2: periods "e" + "f'). 

For example, estrogen deprivation in the sixth decade accelerates age-related bone 
loss, but its severity may vary from individual to individual depending on other patho
genetic factors (Fig. 2: different slopes during period "d"). The "slope" of bone loss is 
determined by the sum of genetic, hormonal, and environmental factors that act in the 
absence of estrogen to accelerate bone turnover. In a similar manner, it is a combination 
of various factors that govern the state ofthe senescent and adolescent skeleton (various 
rates of acquisition or loss are noted in Fig. 2). In sum, BMD is the single best predictor 
of future fracture. Etiologic factors influence BMD by acting through a final common 
pathway, the bone remodeling unit. 
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Fig. 2. The acquisition and maintenance of bone mass are essential to skeletal health over a 
lifetime. The y-axis represents the T score, a measure of the units of standard deviation from a 
normal healthy 35-yr-old control. Bone density below 1 SD is considered "osteopenic" and below 
2.5 SD is classified as osteoporotic. In period "a," bone mass is acquired; the rate of acquisition 
during phase "a" is genetically and hormonally determined. The light lines represent theoretical 
rates of acquisition, which would have a future (positive or negative) impact on fracture risk. 
Periods "b + c" represent a time when bone mass is consolidated. It is thought that some bone loss 
might occur in susceptible individuals during phase "c." In period "d," bone loss during meno
pause may be rapid or slow, depending on environmental and possibly genetic factors. During 
phases "e + f," bone loss may plateau or continue its downward spiral, depending on calcium 
intake, sunlight exposure, estrogen use, and other factors. 

3. BONE REMODELING 
AND THE PATHOPHYSIOLOGY OF OSTEOPOROSIS 

The bone remodeling cycle is a tightly coupled physiologic process where bone 
resorption equals bone fonnation and net bone mass is maintained (Fig. 3 [7]). The basic 
remodeling unit consists of several cell types intimately associated with the bone marrow 
compartment (see Chapter 1). Remodeling is the predominant adult skeletal metabolic 
process serving two major functions: (1) to provide a constant and rapid source of calcium 
for homeostatic processes; and (2) to enhance strength and elasticity of the skeleton. 
Remodeling during late adolescence is especially important and unique because it rep
resents the only time when bone fonnation exceeds resorption (Fig. 2 "a"). Factors that 
limit bone acquisition (dotted lines in Fig. 2: period "a") figure prominently in final adult 
bone density and, therefore, could become important risk factors for future osteoporosis 
(e.g., a 10% reduction in peak bone mass would mean that BMD would fall into a 
theoretical "fracture" range [shaded area <2.5 SD from mean] much earlier than expected: 
see Fig. 2). 

The remodeling cycle begins when a quantum of bone is resorbed by activated osteo
clasts (i.e., the resorption phase). This is followed by recruitment of osteoblasts, which 
secrete collagenous osteoid and other matrix proteins to fill the resorption lacunae. Min-
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Fig. 3. Bone remodeling represents the coupling of resorption to formation. In general, Type I 
osteoporosis is associated with enhanced resorption, whereas Type II osteoporosis (also called 
"senile") is related to reduced bone formation with normal or increased bone resorption. The net 
effect is a reduction in bone mass with Type I or Type II osteoporosis. 

eralization of osteoid completes this cycle in 100 d. In the adult skeleton, trabecular bone 
sites (vertebrae, distal radius, parts of the femur) are remodeled more frequently than 
areas where cortical bone predominates (e.g., long bones), primarily because of the 
greater surface area-to-volume ratio. In healthy adults, as many as two million remodel
ing sites may be active at anyone time, and nearly 25% of trabecular bone is resorbed and 
reformed each year (7). On the other hand, cortical bone is metabolically less active; 
hence, its remodeling frequency is eightfold lower than trabecular bone. 

As a general rule, during remodeling, the amount of bone resorbed equals the amount 
of bone formed, thereby preserving bone mass. This balance is maintained because 
activation of the osteoclast cannot occur in the absence of the osteoblast. In fact, the 
initiating event in the remodeling cycle is signaling of the osteoblast to generate 
osteoclast-active cytokines. Hence, remodeling proceeds in cycles that begin and end 
with the osteoblast. This ensures that the coupling process remains intact. Uncoupling of 
the remodeling cycle occurs when resorption exceeds formation, either because of 
enhanced recruitment of osteoclasts or impaired osteoblastic activity. Since osteoclast
mediated bone resorption is a relatively rapid process (3-13 d) compared to formation 
(90-110 d), repetitive activation of the remodeling cycle ultimately leads to an imbalance 
with osteoclastic activity exceeding osteoblastic function for a period of months to years. 

Involutional (or primary) osteoporosis can be classified according to uncoupling 
defects in the remodeling unit. Type I (postmenopausal) osteoporosis is caused by accel
eration in bone turnover as a result of hormonal deprivation. Although the entire remod
eling unit is activated by estrogen deprivation, bone resorption exceeds bone formation 
because oftime constraints on osteoblast activity. The result is a net loss of bone. In Type 
II (senile or age-related) osteoporosis, the capacity of the osteoblast to form new bone is 
impaired, even though resorption is either normal or enhanced (Fig. 3). Thus, chronic 
imbalances in remodeling lead to persistent deficits in bone mass which eventually 
translate into increased fracture susceptibility. 
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The classification of osteoporosis pennits a relatively straightforward interpretation 
of bone loss in involutional osteoporosis (i.e., both Types I and II). However, it may be 
too simple. For example, elderly women with low calcium intakes exhibit significant 
bone loss (Fig. 2: e + t) approximately equal to the rate of decline in bone mass during 
the perimenopausal period (Fig. 2: d) (8). In this scenario, the mechanism of bone loss 
is an abnonnal mix of resorption and fonnation. In calcium-deficiency states, PTH: 
secretion is enhanced. This secondary hyperparathyroidism results in increased bone 
resorption with subsequent liberation of calcium from its skeletal stores. In order to 
conserve intravascular calcium, however, bone fonnation must be suppressed. There
fore, imbalances in the remodeling cycle in Type II osteoporosis result from a combina
tion of increased bone resorption and decreased bone fonnation. 

Irrespective of the type of osteoporosis, identifying etiologic factors that adversely 
affect the basic multicellular unit and thereby increase an individual's risk for fracture 
will remain a major goal both in the prevention and treatment of osteoporosis. 

4. ETIOLOGIC FACTORS IN OSTEOPOROSIS 

4.1. Genetic Regulation 

The risk of an osteoporotic fracture is dependent on BMD, which in tum is related to: 
(1) the acquisition of peak bone mass and (2) the net rate of bone loss. The effects of 
honnonal and environmental factors on bone loss have been examined in detail at both 
the molecular and cellular level. Recently, the importance of bone acquisition in the 
pathogenesis of osteoporosis has emerged. In tum, the role of genetic detenninants in that 
process has been underscored. It is now estimated that as much as 70% of the variation 
in peak bone mass can be accounted for by genetic factors (9). Genetic regulation of bone 
loss after honnonal deprivation has also been theorized, although to date evidence to 
substantiate that hypothesis has not been forthcoming. In this section, comments will be 
confined to studies that suggest that genes regulate peak bone mass and therefore are 
important etiologic factors in the osteoporotic syndrome. 

A family history of osteoporosis has always been considered a risk factor for future 
bone disease. Recent evidence from clinical studies provides some support for this con
tention. McKay et al. studied mother-daughter andmother-grandmother pairs, and found 
a very strong family resemblance at the proximal femur and lumbar spine (10). Hansen 
et al. noted in a cross-sectional study of mother-daughter pairs that premenopausal bone 
densities at the spine, hip, and distal foreann were very closely related (1 f). Because of 
the diverse extent of genetic and environmental variability within parent-child cohorts, 
these data alone are insufficient to conclude there is a significant genetic regulatory 
component in the acquisition of bone mass. 

Human twin studies afford stronger support for the genetic hypothesis. Smith et al. 
were the first to recognize significantly greater variation in radial bone mass and width 
in dizygotic than in monozygotic twins (12). More recently, other groups have demon
strated that bone densities of the spine and hip in young adult monozygotic twins are 
subject to much less variation than those in dizygotic twins (9, f 3, f 4). However, studies 
in older (>age 50) monozygotic twin population have shown less concordance, suggest
ing that environmental and honnonal effects become more pronounced over the life of 
an individual. In fact, common environmental factors (diet, exercise, sunlight exposure, 
and others) shared by adult twins make definitive conclusions about the precise genetic 
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contribution to bone mass difficult. Still, it is likely that there are certain genes that control 
peak bone mass. 

To define further potential candidate genes that regulate bone acquisition, investiga
tors have begun to study genomic control over synthesis of bone-specific proteins. Kelly 
et al. recently reported a strong genetic effect on serum osteoca1cin (see Chapter 11), a 
noncollagenous skeletal protein synthesized by osteoblasts (J 5). In that study, within-pair 
differences in osteocalcin in dizygotic twins predicted within pair differences in bone 
density at the lumbar spine and femoral neck. This finding suggested that genetic effects 
on bone formation were related to bone density. 

Osteocalcin (also called bone Gla-protein [BGP]) synthesis in osteoblasts is regulated 
by (1,25 [0 HhD3), a critical steroid for the bone remodeling unit (as well as for absorption 
of calcium). Therefore, research efforts have focused on the role of vitamin D in the 
regulation of bone mass. Morrison et al. first reported the presence of several restriction 
fragment length polymorphisms (RFLPs) (i.e., differences in DNA sequences in coding 
[exon] or noncoding [intron] regions of a particular gene) for the vitamin D receptor 
(VD R) in humans, which predicted the variance in serum osteocalcin (J 6). Subsequently, 
these investigators demonstrated that specific alleles in the vitamin D receptor gene were 
important contributors to the genetic variation in bone density among twins and os
teoporotic women from Australia (J 7). Similar findi~gs have recently been reported in 
premenopausal North American women by one research group, although no relationship 
between VDR genotype and BMD was noted by two other investigative teams (18-20). 

The vitamin D receptor is only one of many factors that regulate skeletal homeostasis. 
Other genes that affect bone mass will almost certainly be found. Indeed, bone mass 
acquisition is likely a polygenic trait regulated by a host of genes at various locations in 
the human genome. Although this polygenicity might limit the usefulness of one approach 
(RFLP) for determining markers of low bone mass, it does provide a guarantee that 
clinicians can eventually define specific genes that regulate components of the acquisi
tion of bone density. Currently, experimental animal models are being utilized to screen 
for such candidate genes. 

For the practitioner, the significance of these efforts cannot be understated, even 
though its relevance in 1996 may be obscure. Figure 2 illustrates the importance of peak 
bone mass in determining future fracture risk. For example, the higher the bone mass at 
adolescence, the longer it would take for bone density to fall to a level where fractures 
would be more apt to occur. On the other hand, a peak bone mass that is lower than 
expected would predispose an individual to a higher risk of future fracture. Several lines 
of evidence illustrate this point. Significant differences in peak bone mass have been 
reported in black males and females vs similarly aged white men and women (21). These 
racial differences are also associated with differences in serum parathyroid hormone 
(PTH) levels, osteocalcin and (l,25[OHhD3) (21). Taken together, these data might 
explain the lower prevalence of osteoporosis in black women across all age groups 
compared to whites. Genetic factors are clearly an important cause for racial differences 
in bone mass. Still, preliminary studies of black vs white premenopausal women have 
failed to reveal that bone acquisition rates are related to polymorphisms in the VDR gene. 
This again reinforces the polygenic nature of this disorder and the difficulty inherent in 
searching for a single genetic defect (J 8). 

In contrast to enhanced acquisition, failure to attain optimal bone mass is associated 
with lower bone density later in life and therefore probably represents a major risk factor 
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for osteoporotic fractures. For example, boys with delayed puberty (late onset of test
osterone production) tend to have lower bone mass in their 30s than age-matched men 
who went through puberty between ages 12 and 15 (22). Similarly, women with primary 
amenorrhea have reduced bone density in their 30s and 40s even after hormone replace
ment (23). Thus a critical period exists in the acquisition phase that is related to nutri
tional, environmental, hormonal, and genetic effects. 

If, in the future, clinicians are able to screen adolescents for those at the greatest risk 
for osteoporosis, then preventive measures to optimize bone mass could be undertaken 
in time to capitalize on the accelerated formation phase of remodeling. For example, in 
a large monozygotic twin study, calcium supplementation for 3 yr to prepubertal boys 
increased radial bone mass by 5% (24). Although 5 % does not seem like a large number, 
changes in bone density of that proportion translate into a significant reduction in fracture 
risk. Therefore, even though genetic determinants cannot be reversed, optimization of 
environmental and hormonal factors during adolescence could make a significant differ
ence over the lifetime of an individual. Hence, the search for genetic factors that deter
mine peak bone mass will have major implications for the prevention of osteoporosis well 
into the next century. 

4.2. Hormonal Factors in the Pathogenesis o/Osteoporosis 

Systemic hormones are the major regulators of bone remodeling and therefore repre
sent powerful determinants of bone mass. The presence of gonadal steroids (androgens 
and estrogens) are critical in the acquisition of bone mass, whereas the cessation of sex 
steroid production in middle life triggers bone loss Adequate growth hormone (GH) 
secretion is a necessity for optimal bone mass and could be very important in the main
tenance of adult bone mass. PTH is the principal regulator of calcium homeostasis within 
the remodeling unit, and during calcium deficiency, PTH has major pathogenetic effects 
on bone. Abnormalities in these hormones can lead to the development of osteoporosis. 
However two caveats about these regulatory factors are important: (1) None of these 
hormones acts solely on the bone remodeling unit, but rather work in concert with other 
autocrine paracrine, and endocrine factors; and (2) calciotropic hormones work through 
intermediary factors to provide the signals necessary to activate the multicellular unit 
(e.g., gonadal steroids act via the interleukins and other cytokines; GH works through 
insulin-like growth factor-I; PTH action is mediated through insulin-like growth factor-I 
and certain cytokines). 

4.2.1. GONADAL STEROIDS 

The importance of estrogen in maintaining calcium homeostasis was first noted by 
Fuller Albright more than 50 yr ago. In 1941, he established that estrogen replacement 
to postmenopausal women reduced urinary calcium excretion, thereby promoting cal
cium balance (25). Although knowledge about the remodeling unit is much greater now 
than in the I 940s, investigators are only just beginning to understand the mechanisms of 
estrogen action on bone. Furthermore, recent attention to peak bone mass has only served 
to highlight further the importance of gonadal steroids in the acquisition and maintenance 
of bone mass (see Chapter 14). 

Both androgens and estrogens are essential for acquiring optimal bone mass during 
adolescence. In anorexia nervosa, especially in older teenagers, BMD at all sites is 
reduced primarily because of amenorrhea (26).lt is not certain whether progesterone and 
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estrogen are both necessary for optimization of peak bone mass, although luteal-phase 
abnormalities (without amenorrhea) in female athletes may contribute to osteopenia at an 
early age (27,28). Similarly, males with delayed puberty or secondary hypothalamic 
hypogonadism have low bone mass even in their 20s (29). 

As noted previously, the two major determinants of adult bone mass are acquisition 
and loss. Recent work has focused on the cellular and molecular mechanism of postmeno
pausal bone loss (7). In women during and immediately after menopause, the rate of bone 
loss is 1 O-fold higher than the rate of decline in bone mass from the ages of35 to 50 (Fig. 
2: period "c"). The withdrawal of estrogens in experimental animals and humans leads 
to an immediate upregulation of interleukin-6 (IL-6) synthesis in bone marrow stromal 
and osteoblastic cells (see Chapter I) (7). IL-6 (and IL-II), in turn, stimulates 
osteoclastogenesis, which results in accelerated bone resorption (7). This process is 
completely inhibited by 17 -~ estradiol. A similar scenario holds for androgen deprivation 
and replacement (7). However, the precise mechanism and the time course for enhanced 
sensitivity of osteoclastic precursor cells to these cytokines have not been determined. 
Still these findings open up endless possibilities for using natural and synthetic antago
nists to specific cytokines in order to rebalance the remodeling unit. 

Originally the beneficial effects of estrogen replacement on bone were thought to be 
only operative in women who were early in their postmenopausal lives. Now several 
studies have shown that almost all women (irrespective of time after menopause) respond 
to estrogen treatment by maintaining their bone density (30). Therefore, estrogen depri
vation may be an important pathophysiologic component of bone loss over the entire 
postmenopausal life of a woman. Further proof of that assumption comes from the 
Framingham study where investigators have demonstrated that only current exposure to 
estrogen protects against hip fractures (i.e., past use of estrogen is not considered to have 
beneficial effects on relative fracture risk) (31). In fact, cessation of postmenopausal 
estrogen use at any age leads to the prompt acceleration of bone remodeling at a rate that 
approximates that during the perimenopausal period of the individual. 

The effects of androgen deprivation on osteoclastogenesis in males are similar to 
withdrawal of 17 -~ estradiol and almost certainty represent the major mechanism of bone 
loss for adult hypogonadal males (see Chapter 20) (7). However, men do not spontane
ously undergo cessation of gonadal function, making it much more difficult to discern the 
in vivo effects of gradual testosterone diminution on bone mass. In fact, most males with 
spinal osteoporosis are not hypo gonadal. Larger and longer longitudinal studies in males 
will be needed to define the precise role of testosterone in age-related bone loss. 

4.2.2. GH 

OR secretion reaches its height during adolescence, and is critical to both longitudinal 
growth and acquisition of peak bone mass. OH deficiency in animals and humans is 
associated with small bones and low BMD, even after correction for size (32). Since GH 
secretion is positively affected by enhanced sex steroid production, its role in the attain
ment of adult bone mass has been examined. In one recent study, serum GH concentra
tions were higher in black men than whites, suggesting a possible link between GH 
secretion and peak bone mass (33). In that study, serum IGF-I levels, a more integrated 
measure of GH secretion, did not differ between groups. More studies are needed to 
determine the precise role of GH in the acquisition of bone mass after longitudinal 
growth ceases. 



Chapter 4 I Pathophysiology of Osteoporosis 55 

The effects of GH secretion on the maintenance of adult bone mass have received 
considerable attention over the last several years. Part of this focus can be attributed to 
one preliminary study that suggested that GH deficiency was responsible for the fraility 
of aging (34). Newer assay methods and sampling techniques have pennitted a closer 
examination of GH secretion profiles during aging. Pulses of GH secretion continue 
throughout life, although the frequency and amplitude of secretion are lower during the 
eighth and ninth decades (35). 

For the most part, attempts to link the decline in GH secretion in elders with age-related 
bone loss have been relatively unsuccessful. However, several lines of evidence suggest 
that GH does play an important role in maintenance of adult bone mass. First, acquired 
GH deficiency (owing to pituitary humors or infiltrative disease of the pituitary/hypo
thalamus) is associated with mean bone densities, which are lower than age-matched 
controls even after replacement of other honnones (36,37). Second, acromegalics (patients 
with excess GH secretion) have bone densities that are either nonnal or increased despite 
hypogonadism (38). Third, serum insulin-like growth factor bindingprotein-3 (IGFBP-3), 
a carrier protein for IGF-I, which is induced by GH, correlates closely with total body 
bone density in adult males (39). Fourth, GH replacement for I yrto GH-deficient adults 
produces a significant rise in BMD (40). On the other hand, except for one study, GH 
therapy to elderly men and women has not been shown to have significant effects on bone 
mass, other than activation of remodeling sequences (34). Further studies will be needed 
to detennine the role of GH in the acquisition and maintenance of bone mass. 

4.2.3. PTH 

A nearly constant concentration of serum calcium is essential for free-living organ
isms. PTH controls extracellular calcium balance by mobilizing this cation from the 
skeleton through osteoclast-mediated bone resorption. PTH secretion from the parathy
roid gland occurs in response to a fall in serum calcium. Although diseases related to 
calcium sensing have been known for more than 50 yr, only in the last two years has the 
physiologic mechanism responsible for regulation ofPTH secretion been clarified. Brown 
et al. were the first group to clone a calcium sensing receptor from bovine parathyroid 
tissue (41). These G-protein surface receptors on the parathyroid gland are responsive to 
changes in extracellular calcium, so that a decreased serum calcium triggers a cascade of 
second messages, which lead to increased PTH secretion. Mutations in this receptor 
produce genetic conditions, such as familial hypocalcuric hypercalcemia or neonatal 
hyperparathyroidism, where the set point for PTH secretion is altered (42). It is likely, 
although not proven, that alterations in this receptor may playa role in other disorders of 
the parathyroid gland. 

Chronic states of calcium deficiency lead to an upregulation ofPTH secretion (via the 
calcium sensing receptor), which in tum stimulates bone resorption, thereby maintaining 
serum calcium within a narrow physiologic range. Serum PTH levels increase with age 
as a result of impaired calcium absorption (owing to reduced 25-hydroxyvitamin D 
[25-0H-D] and age-related alterations in renal function (leading to reduced synthesis of 
[1,25(OHhD]) (43). Such perturbations have prompted investigators to speculate that 
secondary hyperparathyroidism is a major pathogenetic factor in age-related bone loss. 
However, prospective data to support that hypothesis are limited. In most studies of 
elderly subjects, serum PTH is inversely related to serum 25-0H-D (8,44,45). However, 
the relationship between PTH and BMD or change in bone density is less convincing, 



56 Part II I The Pathophysiology of Osteoporosis 

especially when age is held constant (8.46.47). Meunier et al. demonstrated a weak 
relationship between PTH and femoral neck BMD (r =-0.21) after age adjustment in 
older institutionalized women from France (48). In contrast, several studies have shown 
that calcium or calcium and vitamin 0 supplementation prevents bone loss at the hip and 
suppresses serum PTH, even though changes in PTH do not predict changes in bone 
density (8,45.46). 

The precise mechanism whereby increased PTH could cause bone loss in the elderly 
is not well understood. There is no doubt that sustained excesses ofPTH can be catabolic 
to bone (e.g., primary hyperparathyroidism). Moreover, recent evidence derived from 
biochemical markers of bone turnover in elders with low vitamin 0 levels supports the 
thesis that bone resorption is increased in secondary hyperparathyroidism (49). On the 
other hand, in calcium-deficiency states, bone formation is either suppressed or 
unchanged, leaving the remodeling unit uncoupled (i.e., increased bone resorption com
pared to formation). Whether this type of uncoupling represents a defect in the senescent 
osteoblast or PTH induction of a skeletal inhibitor of bone formation remains to be 
determined (50). Hence, the mechanism of PTH-induced bone loss continues to be 
undefined. 

4.2.4. THYROID HORMONE 

Thyroid hormone can stimulate bone remodeling by activating receptors on the osteo
blast (51). In general, thyroxine shortens the remodeling cycle, so that resorption exceeds 
formation and the unit becomes imbalanced. Severe untreated thyrotoxicosis can lead 
to increased serum calcium and accelerated bone loss (see Fig. 4). Biochemical markers 
of bone turnover are generally increased in the serum and urine of patients with thyro
toxicosis (see Chapter 11) (52). Moreover, anectodal cases of thyroid hormone excess 
associated with low bone mass and fractures have been reported for more than 100 yr. 
Still, no studies to date have documented a higher incidence of osteoporotic fractures 
in hyperthyroid patients, although a previous history of hyperthyroidism may represent 
an independent risk factor for hip fractures in elderly subjects (53). In general, 
thyrotoxic bone disease is completely reversible once the hyperthyroidism has been 
treated (54). In fact, hypothyroidism is associated with a marked reduction in the bone 
remodeling frequency, allowing osteoblasts to "catch-up" with osteoclasts, thereby 
recoupling the remodeling cycle. More clinically relevant, however, is the question of 
whether exogenous thyrotoxicosis or chronic suppressive thyroxine therapy has a del
eterious effect on bone. 

Early cross-sectional studies suggests that women On thyroid hormone had lower 
bone densities in the femur and radius than age-matched controls (pre- and postmeno
pausal) (55.56). However, some of the patients in those studies had a previous history of 
thyrotoxicosis thereby complicating interpretation of the results. A more recent study 
reported that suppressive doses of levothyroxine (TSH < 0.05 J.lU/mL, but adjusted to 
the lowest possible dose) given to premenopausal women were not associated with bone 
loss from either the spine or hip (57). On the other hand, postmenopausal women over
treated with thyroxine may be at risk for bone loss (58). A recent report suggests that 
estrogen replacement therapy may negate the risk of bone loss in these patients, again 
suggesting that increased bone resorption from any etiology can be suppressed by hor
mone replacement therapy (59). 
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In summary, thyroid disease and thyroid honnone replacement are very common in the 
general population, as is postmenopausal osteoporosis. However, bone loss from thyro
toxicosis is reversible with treatment, and there is little evidence to date suggesting that 
thyroid honnone replacement causes osteoporotic fractures. On the other hand, judicious 
use ofthyroxine is indicated, especially in postmenopausal women who may be at higher 
risk for developing osteoporosis because of imbalances in the remodeling unit. Newer 
biochemical markers of bone turnover (osteocalcin, urinary collagen crosslinks) may 
provide evidence of increased bone turnover, allowing the clinician to make the 
proper dose adjustments net essary to minimize bone loss. As with all chronic disor
ders, prudent observation of the patient remains the cornerstone of successful therapy. 

4.3. Environmental Factors 

Several environmental factors are involved in the etiology and progression of osteo
porosis. Smoking, alcoholism, and various medications have been noted as causative 
factors in the pathophysiology of osteoporosis. 

4.3.1. SMOKING 

Tobacco smoking has been linked to a reduction in bone density, although the exact 
mechanism by which smoking facilitates bone loss is unclear. Some studies indicate that 
women who smoke have lower levels of serum estrogen compared to nonsmokers, and 
that smoking may be associated with early menopause (60,61). Smokers have been noted 
to have higher rates of vertebral fractures and greater rates of bone loss following meno-
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pause (61-03). In a recent study of female twins, it was concluded that a woman who 
smokes one pack of cigarets each day throughout adulthood will, by the time of meno
pause, have an average deficit of 5-1 0% in bone density, which is sufficient to increase 
the risk of fracture (63). Differences in spinal bone density between members of a pair 
of twins in this study were associated with differences in the serum concentrations of 
PTH, calcium, and urinary pyridinoline. 

Several researchers have investigated the relationship between smoking and decreased 
bone density. Johnston et al. hypothesized that women and men who smoke are more 
slender than theirnonsmoking counterparts and therefore have lower bone density because 
ofless stress and strain imposed on their skeletons (64). The association between cigaret 
smoking and BMD has been examined prospectively in a population-based study of older 
Caucasian men and women (65). Smoking patterns and BMD measurements were deter
mined at a baseline evaluation and, again 16 yr later in a group of 544 men and 
822 women. Smoking was positively and significantly associated with decreased hip 
bone density and increased risk of hip fracture in old age. 

The exact mechanism by which smoking reduces bone mass and increases the risk of 
osteoporotic fractures remains unclear, and several possibilities are currently being 
investigated. Cigaret smoking may be related to altered production of sex steroids, 
aberrant mineral metabolism, or changes in PTH (66,67). 

4.3.2. ALCOHOLISM 

Alcohol is known to be toxic to osteoblasts and thereby disruptive to the bone remod
eling cycle (68). Bone loss is severe in those that abuse alcohol, in that both men and 
women alcoholics exhibit bone mass values similar to those found in individuals of the 
same sex, but 40 yr older (69). Chronic excessive alcohol consumption may result in 
dietary deficiencies, reduced intestinal absorption or increased urinary loss of nutrients, 
hyperparathyroidism, liver damage, and hypogonadism (70). 

Abuse of alcohol disrupts bone metabolism and can ultimately cause osteoporosis. 
Unfortunately, the confounding factors associated with excessive intake of alcohol have 
complicated the investigation of the effect of alcohol on bone . Several avenues of 
biochemical research have yielded information about the relationship between alcohol 
intake and bone metabolism. Laitinen et al. investigated the direct effect of alcohol on 
bone and noted an elevation of serum PTH levels (71). In 1994, Laitinen et al. concluded 
that in alcohol-intoxicated subjects, the parathyroid glands do not respond normally to 
a hypocalcemic stimulus, and that bone formation is uncoupled from accelerated bone 
resorption. A correlation between serum bone Gla-protein levels, low levels of serum 
vitamin D3, and BMD in chronic alcoholics has been found, suggesting that alcohol 
directly depresses bone formation (72, 73). Finally, magnesium (mg) deficiency (ow
ing to renal Mg-wasting, dietary deprivation, and gastrointestinal losses) in alcoholics 
has been noted to contribute to bone loss by its effects on mineral homeostasis. In Mg 
depletion, there is often hypocalcemia resulting from impaired parathyroid secretion, low 
levels of serum 1 ,25(OH2)D3, as well as renal and skeletal resistance to PTH action. These 
changes are seen with even mild degrees of Mg deficiency and may contribute to the 
metabolic bone disease seen in chronic alcoholics (74). 

The effect of "social drinking" (1-2 drinks/d) on bone density is less clear. Numerous 
studies have failed to find associations between alcohol consumption and bone loss, 
although this may reflect the modest levels of consumption by the women in these studies 
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(75). Alcoholism is undoubtedly associated with increased fracture risk, but the basis for 
this association may be owing to the excessive falls and nutritional deficiencies that 
accompany excessive alcohol intake, rather than the effects of alcohol on bone. 

4.3.3. GLUCOCORTICOIDS 

Abnormally high levels of glucocorticoids interfere with the bone remodeling process 
and calcium regulation in a variety of ways. Glucocorticoids decrease the amount of 
calcium absorbed from foods and increase urinary excretion, leading to an increase in 
PTH and concomitant removal of calcium from bone (76). Glucocorticoids act on cal
cium metabolism at many levels to produce osteoporosis, the major pathogenic effect 
probably being an inhibition of bone formation (77). Glucocorticoids stimulate osteo
clasts and inhibit osteoblasts, causing a disturbance in the bone remodeling cycle. Glu
cocorticoid action on osteoblasts can be direct, by activating or repressing osteoblast 
gene expression, or indirect by altering the expression or activity of osteoblast growth 
factors (78). Finally, the production of estrogen in women and testosterone in men is 
reduced by glucocorticoids, leading to an exacerbation of bone loss. Glucocorticoids 
affect the areas of the skeleton containing the greatest proportion of trabecular bone, and 
early changes in BMD can be noted in the spine and femoral neck of patients on gluco
corticoid therapy (79). 

Despite the well-known detrimental effects of glucocorticoid excess, no effective 
means of treating or avoiding steroid-induced bone loss is currently available. It is clear 
that the risk of bone loss is dose-related, and therefore, the lowest effective dose of 
glucocorticoid therapy should be a constant goal (80). Inhaled glucocorticoids have 
gained widespread recognition as a means of avoiding the systemic effects of oral glu
cocorticoids. Unfortunately, studies of inhaled glucocorticoids have yielded conflicting 
results with some data suggesting that inhaled glucocorticoids may have less deleterious 
effects on skeletal metabolism (81-83). 

4.3.4. OTHER MEDICATIONS 

Immunosuppressive drugs, such as Cyclosporine A, may be associated with bone loss 
after long-term treatment. Studies in animal models have demonstrated that immunosup
pressive drugs alter calcium homeostasis by stimulating bone resorption (84,85). The 
treatment and prevention of bone loss in these patients are further complicated by the fact 
that immunosuppressive drugs are frequently used in combination with glucocorticoids, 
which cause osteoporosis by increasing bone resorption and decreasing bone formation. 

Long-term use of heparin for anticoagulation may lead to bone loss and spontaneous 
fractures (86). Heparin has been noted to decrease the stability oflysosomes and release 
lysosomal enzymes that may be responsible for bone loss (87). Heparin-induced os
teoporosis is a relatively rare occurrence, but one that should be considered, particularly 
in postmenopausal women. 
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1. INTRODUCTION 

Not very many years ago, osteoporosis was not considered a specific disease process 
worthy of attention, but was regarded simply as part of the natural aging process. Over 
the past two decades, improved diagnostic modalities and therapeutic options have dra
matically focused attention on this disease, almost to a point where statements about 
prevalence, incidence, health care costs to society, and so forth, border on hyperbole. This 
chapter will attempt to summarize the increasing amount of carefully derived epidemio
logic data from a number of sources, separating fact from fiction. However, the reader 
should be aware that much of our knowledge base, particularly as it relates to the 
prevalence and incidence of osteoporotic fractures, particularly at sites other than the 
proximal femur, remains speCUlative. This is simply because national data bases for 
fractures other than those requiring hospitalization, such as hip fractures, are either 
nonexistent or have substantial logistic biases with respect to ascertainment and verifi
cation of the data. Perhaps in recognition of these difficulties, a World Health Organiza
tion (WHO) Study Group has recently developed diagnostic criteria for osteoporosis 
based solely on measured bone mass (1), with fracture no longer being required for the 
diagnosis. For population-based activity, which is the principal role of the WHO, this is 
very appropriate and certainly makes it an easier task to compose a chapter such as this. 
At the same time, it is important to point out that population-based diagnostic criteria may 
not necessarily translate directly to diagnostic criteria in individual patients. 

2. PREVALENCE OF OSTEOPOROSIS 

The prevalence of osteoporosis, (i.e., the number of individuals in a defined group in 
whom bone mass is >2.5 SD below the mean of peak adult bone mass) has been estimated 
to be 30% of all postmenopausal white women in the US (2). Site-specific estimates are 
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16.5% for osteoporosis atthe lumbar spine, 16.2% atthe hip, and 17.4% for the midradius. 
Other data place the site-specific prevalence at the hip at 23% (3), so that between one 
in five and one in seven white women >50 yr of age in the US have osteoporosis of the 
hip, at least by this definition. It is of course difficult to develop similar prevalence data 
using the past occurrence of an osteoporotic hip fracture as the definition. 

One rationale for using bone mass and not fracture to define osteoporosis for preva
lence studies in osteoporosis is the extremely difficult task of ascertaining the relation
ship between skeletal fragility and the severity of trauma that resulted in a fracture, in 
addition to the difficulty of ascertainingjust how many individuals in a given population 
have had a fracture in the past. Additionally, it has been well established from cross
sectional and prospective studies that the risk of fracture increases as bone mass decreases, 
with doubling of the risk for each standard deviation decrement in bone mass (4). Given 
this, it is assumed that the prevalence of osteoporosis will be lower in populations known 
to have higher bone mass than white women in the US, including US males and US blacks 
of both sexes, but actual prevalence data have not been estimated. Some estimates for 
vertebral fracture prevalence have included 27% of women in Minnesota at age 65 (5) and 
21 % of Danish women at age 70 (6), but there are several important limitations on these 
data, as detailed in the following section. 

3. INCIDENCE OF NEW FRACTURES RESULTING 
FROM OSTEOPOROSIS 

Almost all fractures of the proximal femur require hospitalization with or without sur
gical intervention. Thus, hospital discharge data provides a very firm base for assessing the 
true incidence (i.e., the number of new cases in a defined period of time) of these fractures. 
Given what is known about the increasing likelihood of fracture with advancing age, the 
Medicare data base that focuses on people age 65 or older can be regarded as a very reliable 
guide to the true incidence of hip fractures that result from osteoporosis. The most recent 
figures that have been published set this figure at approx 275,000 new osteoporotic hip 
fractures each year in the US (7). The female:male ratio for this incidence is 2:1, with 
African-Americans, both female and male having a much lower incidence (Fig. 1). 

A discussion of incidence rates for hip fractures is straightforward, because a fractured 
neck of femur is a fractured neck of femur. Several factors markedly limit our ability to 
document rigorously the true incidence of osteoporotic vertebral fractures. First, it is 
believed by most authorities that such fractures may occur spontaneously in the absence 
of both an identifiable traumatic event, no matter how trivial, and in the complete absence 
of acute symptoms. This is in sharp contrast to hip fractures, where an identifiable trau
matic event, such as a fall, is present in more than 95% of the cases, and in the absence 
of a sensory deficit, these fractures are always symptomatic. Second, there continues to 
be considerable debate about what vertebral abnormality constitutes a true vertebral 
fracture (see Chapter 7). Most patients who present for acute medical care because they 
think they might have sustained a long bone fracture (arm, leg, digit, clavicle, and so on) 
are usually correct in their assumption, and the presence of a new fracture is relatively 
easy to confirm by history, physical examination, and plane radiograph. Vertebral frac
tures result in permanent deformity of the vertebral body, so that without a previous 
radiograph for direct comparison, it is impossible to be certain that any deformity is 
clearly new. Radiographic technique is also more critical when attempting to detect 
vertebral fractures, particularly when the vertebrae are markedly demineralized. 
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Fig. 1. Hip fracture incidence around the world as a ratio of the rates observed in various 
populations to those expected for white women in USA. e, North America; ., Northern Europe; 
0, Southern Europe/Africa; ., Asia; <>, Oceania. 

To overcome these technical problems, several groups have devised rigorous proto
cols for obtaining plane radiographs of the spine in a true lateral projection, avoiding any 
magnification errors from one radiograph to the next, and then quantifying vertebral body 
dimensions. This techniques has been referred to as vertebral morphometry, and a new 
(incident) vertebral fracture is defined as a reduction in vertebral body height between 
one radiograph and the next. There is no consensus concerning how much of a reduction 
must be present to qualify as a new fracture (as opposed to measurement imprecision), 
but most authorities favor a 20-25% reduction of measured vertebral height. One addi
tional caveat is that when determining fracture incidence, it is important to standardize 
the time interval between radiographs, since vertebral fractures, again unlike peripheral 
fractures, are not all or none events, but may be graded phenomena with a 25% or greater 
reduction occurring in several smaller steps, none of which would be counted as fractures 
as just defined, but clearly in retrospect, all contributing to the vertebral deformity. 

This lengthy, somewhat technical discussion of the detection and quantitation of ver
tebral fractures underscores the difficulty in accurately reporting the incidence ofverte
bral fractures. It also assumes importance when discussing the impact of therapy on 
vertebral fracture rate where it becomes important to understand precisely what method 
was used to define a fracture when comparing studies from different sources. For example, 
the reported fracture rate in osteoporotic subjects given placebo in different clinical trials, 
which should be a fairly constant figure, varies by at least one order of magnitude (8). 
Finally, although it is easy to use hospital discharge data to determine the denominator 
for hip fracture incidence, and be reasonably assured that one can compare rates in 
different communities and countries, the same is not quite true for vertebral fractures, 
since the rate will vary markedly with the population being studied. All subjects must be 
able to have at least two spine radiographs separated by a fixed period of time, and this 
has potential to introduce bias by excluding those not able to meet this minimal criterion 
for inclusion in the survey. The older the population or the lower the bone mass, the 
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Fig. 2. Estimated number of fractures for men and women in different regions ofthe world in 1990, 
2025, and 2050. Modified from ref. 9. 

greater the likelihood of fracture, so these aspects must be considered when detennining 
the incidence of vertebral fracture. Furthennore, studies have demonstrated that the 
presence of a vertebral fracture or defonnity at the baseline radiograph increases the 
subsequent likelihood of new fractures, independent of bone mass (10). 

4. TRENDS IN THE PREVALENCE 
AND INCIDENCE OF OSTEOPOROSIS 

The risk of sustaining an osteoporotic fracture increases with age and with decreasing 
bone mass. As the populations of the world age, one can anticipate a dramatic increase 
in the prevalence of both osteoporosis and osteoporotic fractures, even if the incidence 
in any given population decreases over time. The greatest impact is likely to be seen in 
currently underdeveloped countries, where the greatest increase in life expectancy is 
anticipated (Fig. 2). 
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1. INTRODUCTION 

Osteoporosis is defined as a reduction in bone mass associated with increased skeletal 
fragility. By far, fractures are the most clinically significant aspect of the osteoporotic 
syndrome. Compression fractures in the midthoracic and upper lumbar region of 
the spine lead to chronic back pain, reduction in physical activity, body deformity, 
muscle weakness, and fatigue. In general, the principal therapeutic end point for judging 
the efficacy of treatment is a reduction in fracture rate. Perhaps of more importance, 
however, to the patient is a diminution of symptoms associated with the consequences of 
fracture. These changes would be expected to lead to an improvement in quality of life 
for that individual (J ,2). Not all individuals are symptomatic from osteoporotic compres
sion fractures of the spine, and the proportion of patients with vertebral osteoporosis who 
suffer morbid consequences is unknown (3). Women with severe osteoporosis are at 
consistently higher risk of having any symptoms, compared with women with mild 
osteoporosis or no osteoporosis (4). The risk of pain and disability increases with the 
number and severity of fractures, and individuals with prevalent fractures have an 
increased risk of back pain and physical disability, which persists for 3 years or more on 
average (4,5). To what degree the severity of osteoporotic symptoms affects the psycho
social status of patients is not well understood. Because patients may not openly discuss 
their emotions and concerns about living with this disease, the psychosocial status of all 
patients needs to be assessed. A key therapeutic strategy is to identify and address the 
individual psychosocial needs of each patient, so a renewed sense of life satisfaction 
might be achieved while coping with a chronic, painful disease. 
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Table 1 
Consequences of and 

Psychological Responses to Osteoporosis 

Consequences of Osteoporosis 
Pain 
Reduction in physical activity 
Body deformity 
Muscle weakness 
Fatigue 
Social isolation 
Loss of independence 

Psychological Responses to Osteoporosis 
Stress 
Depression 
Feelings of worthlessness 
Fear 
Anxiety 
Poor self-image 
Anger 
Feelings of hopelessness 

The consequences of vertebral osteoporotic fractures have profound effects on patients' 
lives (3). A woman hearing the diagnosis of osteoporosis for the first time may feel 
frightened and anxious about how this condition will affect her now and in the future. The 
psychological responses of patients who suffer from symptomatic vertebral osteoporosis 
arise largely as a result of their pain and disability. In a study evaluating the impact of 
spinal fractures on the general well-being in elderly women, it was found that women 
with spine fractures complained of back pain well beyond the time of acute fracture (6). 
These women had significant levels of depression, anxiety. and sleeplessness associated 
with a decline in vitality, general health, and self-control (6). It is important for clinicians 
to address the psychological responses of stress, depression, anxiety, anger, and fear, 
which are clearly evident in the majority of patients who have symptomatic vertebral 
osteoporosis (Table 1). 

Back pain, ranging in degree of severity, duration, and frequency in individual patients, 
is the most common consequence of vertebral osteoporosis. This type of pain is usually 
aggravated by sitting, standing, or reaching forward for any length oftime. Patients with 
back pain experience stress, which is related to the increased need for coping mechanisms 
necessary to adjust to daily living activities (7). Patients who have led active, independent 
lives may have to give up driving, performing traditional household chores, shopping, 
and recreational activities. Often older individuals find it difficult to ask for help in coping 
with an altered lifestyle (8). Becoming dependent on others to do what one has always 
done for oneself contributes to feelings of worthlessness and depression. Signs of depres
sion include increased somatization, poor sleep patterns, appetite disturbances, lack of 
concentration, and reduced interest in social activities. Isolation and withdrawal from 
family and friends often become a defense mechanism against the perceived loss of 
ability to maintain control and self-confidence in social interactions. 

Although symptomatic back pain may be the most common symptom of vertebral 
osteoporosis, other consequences of this disorder can cause psychological responses 
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leading to diminished sense of well-being. Reduction in physical activity can be the result 
of fear of new fractures. Newly diagnosed patients as well as patients with established 
osteoporosis often view themselves as fragile, and may become frightened at the prospect 
of engaging in physical activities that they perceive would put them at risk for a new 
fracture and new episodes of acute back pain. Fear of falling creates anxiety, and these 
patients develop a sedentary lifestyle, which contributes to isolation (9). Patients, even 
in the absence of symptoms, perceive themselves as having a disabling disease that can 
negatively affect their self image. 

Consequences of vertebral osteoporosis that lead to changes in physical appearance 
have an emotional impact. Women who previously enjoyed fashionable clothes and 
shoes have difficulty finding clothes that "camouflage" a humped back and a protruding 
abdomen. High-heeled shoes are no longer an option because of changes in balance and 
fear off aIling. Changes in physical appearance and the need to adjust clothing styles often 
contribute to a woman's perception of feeling "old and ugly." 

Anger that such a circumstance has befallen them is a psychological response of many 
women. They have never heard of osteoporosis, do not understand its causes, nor have 
they been informed of anything that could be done to improve their discomfort, disability, 
and physical appearance. 

2. WHAT PATIENTS SAY 
ABOUT HOW OSTEOPOROSIS HAS AFFECTED THEIR LIVES 

Esther, 82 Years Old, on Lifestyle Changes and Adaptation 
"One of the hardest thingsfor me is getting in and out of the car. I cannot shop very long 
like I used to be able to. To put my arms up while 1 am looking through a clothes rack 
really hurts me. When I walk, 1 am looking around all the time with my face looking down 
at the sidewalk. I cannot go up and down curbs because of the jolting and hurting my 
back. When you cannot look at the flowers for fear of falling, walking is not nearly as 
much fun. One of the things I love to do and cannot do anymore is sit at my sewing 
machine, because 1 am stooped over and I have too much pain when I do that. I have 
learned to do Hardanger, which is Norwegian embroidery. 1 sit back in my easy chair. 
1 have no back pain at all, and I have something to do with my hands. Now I am teaching 
classes in Hardanger. Teaching classes makes me feel worthy. That is something I 
enjoy. " (9) 

Pearl, 85 Years Old, on Loss of Independence 
"After I got acquainted with osteoporosis, everything seemed to change. I lost six inches 
in height from it. Being unsure of myself in setting around and having to depend on 
someone else has been the hardest thing for me. It has affected my lungs and heart, 
crowding them up from the fractures. It pushes my organs, down. When you were young, 
you went out to go to work. You had to become independent, do for yourself, and help 
others along the way. When you do that all your life, and along toward the end you get 
slapped down Urom osteoporosis} you have to askfor help. It really makes it hard. "(9) 

Carol,81 Years Old, on Depression 
HI think the frustration and efforts to keep things as they were, and knowing that you 
cannot in the end lead you to get very depressed. You realize you are no longer in 
control. Family members and people you know expect you to be like you always were. 
One tries to live up to that. Those of us who have always taken care of everyone else and 
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have invested a great deal of time withfriends and family need to let them take their turn. 
Maybe it is time to give up a facet of your personality that wants to have everything 
under control all the time. There is a certain amount of growth involved, and it is very 
painful at the time. But once you realize this, it can be easy and you can grow. " (9) 

Beatrice, Age 77, on Fear, Anger, and Resolve 
"I am alone in the world. I worked in afactory on an assembly line until I was 70. Then 
I could no longer lean over trays because of back pain. Finding out that I had osteoporo
sis was very frightening. I was so afraid that eventually I could not take care of myself. 
I am still worried about that. I am angry that this has happened to me, but now Ifigure 
I need to learn all I can do to help myself. I have always considered myself pretty tough 
and even this [osteoporosis] does not change my mind about that!" 

3. CLINICAL INTERVENTIONS 
TO ENHANCE PSYCHOSOCIAL WELL-BEING 

Education about osteoporosis, the symptoms that may be experienced, the possible 
complications, and current approaches to management will improve patients' under
standing of the disease, and enhance their ability to cope with the long-term nature of this 
chronic disease (/0). Decreased anxiety, reduced fear, less depression, and improved 
future outlook are positive results of an ongoing educational program. When there is 
meaningful change in patients' understanding of the disease, they are more apt to take 
responsibility for self-management and to avoid harmful activities (11). 

A patient education program that addresses osteoporosis management and related 
psychosocial issues can be initiated by the physician, but requires consistent reinforce
ment by the entire health care team, including nurses, social workers, physical therapists, 
and nutritionists. The idiosyncratic nature of osteoporosis (i.e., each patient responds 
differently to fracture pain), role changes, and the stress of coping with an irreversible, 
debilitating disease demand that educational goals be individualized (J 2). Enlisting the 
patient and family members as partners with the health care team is critically important. 
Only when patients and family members understand the etiology and prognosis of the 
disease can they be expected to carry out medication, exercise, and dietary recommen
dations faithfully (13). The patient-family-physician partnership also helps to avoid 
situations where caring family members may hinder outcomes, such as when a support 
giver out of empathy or concern reinforces a behavior that is incompatible with an optimal 
outcome. For example, a daily exercise regimen may demand that the patient exercise 
to the point of feeling discomfort, and a sympathetic caregiver, who does not under
stand the ultimate goal, may place immediate comfort before long-term gain and dis
courage the required activity. 

Although the health care team prospective is ideal, time and cost may necessitate that 
a physician in a solitary setting enlist the patient and accompanying family members as 
partners at the first evaluation visit. A key component of this partnership is sharing the 
elements of an osteoporosis education program. 

Elements of this program should include: 

An explanation of: 
What osteoporosis is; 
Why the disease occurs; 
How it affects physical function; 
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What can be done to treat osteoporosis; and 
How symptoms of fractures can be relieved. 

An offer of professional support: 
Recognition that symptoms are real; and 
Validation of emotional responses to living with a chronic disease. 
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Repeated planned contact with the physician and other members of the health care 
team is important. This is based on the fact that older people do not ask for help as readily 
as younger individuals, and need regular encouragement and support to do so. Frequent 
updates of factual knowledge prevent incorrect perceptions on the part of patients and 
families, prevent "information overload" when too much material is shared at one time, 
and promote timely changes to interventions as patients progress. Regular follow-up 
visits allow the physician and other team members to assess current psychosocial status, 
and help patients feel more hope and optimism. 

Educational strategies for patients with osteoporosis may include: 

• Enlisting patients and families as partners at initial visit; 
• Providing written instructions on individualized treatment regimens; 
• Addressing the patient's and family's questions, concerns, compliance issues, and psy

chosocial needs on subsequent visits; 
• Presenting supportiye, topic-oriented, formal educational programs for patients and 

families; 
• Conducting self-management training classes; 
• Sponsoring workshops and seminars; 
• Making available educational pamphlets and newsletters; 
• Providing telephone support; 
• Offering nutritional consultation; 
• Establishing group exercise classes; 
• Providing referrals for individual counseling; and 
• Encouraging attendance at peer support groups. 

4. OSTEOPOROSIS SUPPORT GROUPS 
Meeting other patients who have experienced similar problems or events in the course 

of their disease is especially helpful (14). An educational peer support group provides a 
forum in an unthreatening atmosphere, which encourages patient information sharing, 
legitimizes the acceptance of available social and community support services, and gives 
the physician and health care team members an opportunity to update the group on new 
advances in the management of osteoporosis. 

Support groups vary widely in their nature, purpose, and goals. They may be commu
nity-based and organized by a committed patient, or located in an osteoporosis center and 
staffed by members of the health care team. There is clear evidence that patients improve 
their sense of control and independence by gaining information about their chronic dis
ease, and thus, improve their ability to understand and follow advice where self-manage
ment is important (15). 

As our population grows older, the problems posed by chronic and disabling condi
tions increasingly demand our attention. Although a cure for osteoporosis may be years 
away, we now have the means to manage not only a patient's physical condition, but also 
the opportunity to improve the quality of life for the "whole" person. Osteoporosis 
information resources are listed in Table 2. Providing education and professional support 
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Table 2 
Osteoporosis Information Resources 

National Osteoporosis Foundation 
1150 17th Street, NW 
Washington, DC 20036 
(202) 223-2226 or (800) 223-9994 

Publication on osteoporosis 
Contacts for local support groups 

Administration on Aging 
330 Independence Avenue, SW 
Washington, DC 20201 
(202) 619-0641 

American Association of Retired Persons 
60 I E Street, NW 
Washington. DC 20201 
(202) 434-2277 

Publications (Modern Maturity) 
Advocacy 

National Center for Nutrition and Dietetics 
American Dietetic Association 
216 West Jackson Blvd. 
Chicago. IL 60606-6995 
(800) 366-1655 consumer nutrition hotline 

National Chronic Pain Outreach Association 
7979 Old Georgetown Road 
Bethesda, MD 20814 
(301) 652-4948 

National Daily Council 
6300 North River Road 
Rosemont, IL 60018-4233 
(312) 696- 1020 

National Institute on Aging Information Center 
POBox 8057 
Gaithersburg, MD 20898-8057 
(800) 222-2225 
Publishes 

Resource Directory for Older People 
Who? What? Where? Resources far Women's Health and Aging 
Age Pages (fact sheet series) 

National Women's Health Network 
514 10th Street NW, Suite 402 
Washington, DC 20004 
(202) 347-1140 
Member-based educational organization 

continued 
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Table 2 (continued) 

Older Women's League 
666 Eleventh Street NW, Suite 700 
Washington, DC 20001 
(202) 783-6686 or 1-800-TAKE-OWL 
Published Status Report on osteoporosis, fact sheets, resource guides 

Women's Health America 
429 Gammon Place 
PO 9690 
Madison, WI 53715 
(608) 833-9102 
Educational materials 

State and Regional Offices on Aging 
Area and town councils provide community support, transportation, 

and "meals on wheels" 
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to help patients and their families cope with their physical, emotional, and social needs 
can make a significant contribution to a patient's life satisfaction (16). 
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1. INTRODUCTION 
Hypertension would be nothing but a physiologic variant, of no practical, medical 

importance, save for the fact that it leads to symptoms and adverse outcomes, such as 
stroke. Likewise, there would be little medical interest or concern about osteoporosis 
were it not for the associated fractures. It is the fracture outcome, along with the related 
pain, disability, cost, morbidity, and mortality, that ultimately defines osteoporosis. All 
public health and medical efforts are aimed at preventing fractures. Therapeutic trials are 
ultimately based on a fracture outcome. For these reasons, it is important to define 
osteoporotic fracture as precisely as possible. 

2. DEFINITION 
Fracture. A break, breach, cleft, crack, split. A break in a bone, or occasionally a tear 
in a cartilage. 

The clinical diagnosis of fracture is usually straightforward, and is based on clinical 
and radiographic criteria. However, as discussed below, fracture definition and diagnosis 
are not always simple, particularly with regard to vertebral fractures. 

A recent consensus conference defined osteoporosis as a metabolic bone disease "char
acterized by low bone mass and microarchitectural deterioration of bone tissue, leading 
to enhanced bone fragility and a consequent increase in fracture risk" (J). Therefore, a 
fracture, in order to be classified as osteoporotic, should occur in a patient meeting the 
above definition. 

From: Osteoporosis: Diagnostic and Therapeutic Principles 
Edited by: C. J. Rosen Humana Press Inc., Totowa, NJ 
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Table 1 
Nonosteoporotic Fracture Etiologies 

Traumatic fractures in childhood and adolescence 
Occupation-related trauma 
Severe trauma from any source 
Other metabolic bone diseases 

Hyperparathyroidism, primary and secondary 
Osteomalacia 
Osteoporosis Imperfecta 

Malignancy 
Multiple myeloma 
Primary bone malignancy 
Metastatic bone malignancy 

However, in clinical practice, the diagnosis of osteoporotic fracture is also a diagnosis 
of exclusion. For example, traumatic fractures in childhood and adolescence are non
osteoporotic; these include skull fractures among infants and long bone fractures in 
adolescents. Another class of non os teoporotic fractures are occupation-related fractures, 
frequently involving the hands and feet. Finally, there are other metabolic bone diseases 
that must be excluded (Table 1). 

3. CHARACTERISTICS OF OSTEOPOROTIC FRACTURES 

Normal, healthy bones can be fractured by trauma of sufficient force. Thus, os
teoporotic fractures are those that either occur spontaneously, or as the result of mild or 
moderate trauma. Mild or moderate trauma is usually defined as a fall to the ground from 
a sitting or standing position. Such trauma would not ordinarily cause fractures in a 
healthy, 30-yr-old woman. In actual practice, it is often not possible to classify fractures 
by the degree of trauma involved. There are an infinite variety of falls and resulting forces 
on bone; there are also multiple protective mechanisms involved. Also, the incidence of 
falls does not begin to explain the exponential increases offractures with aging. Although 
severe traumas (e.g., auto accident, falls from heights) are usually obvious, it is often not 
possible to determine precisely the amount of force involved with lesser degrees of 
trauma. For these reasons, a finding of low bone mass is usually used to confirm the 
diagnosis of suspected osteoporotic fracture. 

Although osteoporosis is the most common etiology oflow bone mass or density, there 
are other diseases that can also be manifested by osteopenia. These include osteomalacia, 
hyperparathyroidism, and multiple myeloma These conditions in particular may need to 
be excluded. 

Nevertheless, the most useful clinical characteristic of an osteoporotic fracture is its 
association with low bone mass. Many prospective and cross-sectional studies have 
shown an association between low bone density and increased fracture risk (2-5). Ver
tebral fracture incidence increases by a factor of2.0-2.4 for each standard deviation (SD) 
decrement in bone density (6). Al SD decrease in bone density is comparable to a 17-yr 
increase in age (7). Nonspine fractures are also inversely related to bone density, with 
relative risks of 1.5-2.7 for each 1 SD decrease in bone density. 
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Table 2 
Comparison of Methods 

for Classifying a Type of Fracture Associated with Low Bone Mass 

Classified by 
minimal/moderate 

Fracture type Bone massa traumab Agee 

Humerus 
Hip 
Vertebral 
Pelvic 
Wrist 
Rib 
Leg 
Hand 
Foot 
Toe 
Clavicle 
Patella 
Ankle 
Elbow 
Face 
Finger 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

aBased on significant (p < 0.05) relation with at least two measures of appendicular 
bone mass. 

bMore than 50% of fractures at the site preceded by fall from standing height or 
less, or spontaneous. 

cBased on significant (p < 0.05) relation with age. 
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Seeley et aI., in the study of osteoporotic fractures, concluded that low bone mass 
resulted in the most consistent classification of osteoporotic fracture (8). Fractures of the 
ankle, elbow, finger, and face were not associated with bone mass at any measurement 
site (Table 2). Employment of age or trauma-related criteria, in this study, led to incon
sistent fracture classifications. A more recent study suggests that many ankle fractures 
are associated with low bone mass and, therefore, would be considered of osteoporotic 
etiology (9). 

4. CURRENT FRACTURE RISK 

Because the relationship between bone density and fracture risk is continuous, the level 
of bone density that represents osteoporosis is necessarily arbitrary. There have been two 
general approaches used to define an osteoporotic threshold or cutoff level. The first is 
based on the current level of bone mass. A World Health Organization (WHO) Study 
Group has recommended that the mean bone density of healthy young adults be consid
ered the reference level (l 0). The SD variations above and below the young adult mean 
level are also described as T -scores. (Approaches employing age-matched reference 
ranges, i.e., the Z-score, were not considered useful.) Normal values are those not more 
than 1 SD below the young adult mean value (Fig. 1). Osteoporosis is represented by 
values that are more than 2.5 SD below the young adult level. Severe or established 
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Fig. 1. WHO classification of osteoporosis based on bone density T -scores. The light-gray area 
denotes women with osteopenia and the dark-gray area, osteoporosis. This represents current 
fracture risk. An approach to future cumulative fracture risk has been incorporated into a standard
ized fracture risk report, which is based on RLFP (12). 

osteoporosis is defined as T-scores of more than -2.5, occurring in the presence of one 
or more fragility fractures. These proposed thresholds conform reasonably well to the 
actual life-time risks of fracture. 

The problem area involves those women who have lesser degrees of bone density 
reduction, but who would benefit from therapies to prevent bone loss. The WHO Study 
Group recommended that density values that lie between I and 2.5 SD below the young 
adult mean value be considered osteopenic. It is this group in whom prevention of bone 
loss may be most useful. However, as illustrated below, an 80-yr-old woman whose T -score 
is-I.O ("osteopenic") might receive less benefit from treatment than a 50-yr-old woman 
with aT-score of -0_9 ("normal"). 

5. CUMULATIVE, FUTURE FRACTURE RISK 

The alternative approach is based on the concept of life-time fracture risk. For a 
population of50-yr-old women with average bone density, there is a 15% life-time risk 
of hip fracture (11) . For a population at 2 SD below average at age 50, the life-time risk 
is about 60%. However, life-time risks for populations are difficult to translate into 
clinical guidelines for individual patients. 

The concept of remaining lifetime fracture probability (RLFP) incorporates initial age, 
life expectancy, anticipated bone loss, and initial bone density to estimate the future 
probability of any fracture (12) . Since bone loss can be altered by therapeutic interven
tion, the RLFP model also facilitates objective therapeutic decisions. For example, con
sider two women with identical bone density T-scores of-1.0 (Table 3). The 80-yr-old, 
with more limited life expectancy (and future bone loss) has an estimated RLFP of 0.4; 
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Table 3 
Comparison ofRLFP for 50- and 80-Yr-Old Women with Identical T-Scores 

Age Initial T-score RLFP without Rxa RLFP with Rxb 

50 -1.0 3.1 0.4 
80 -1.0 0.4 0.2 

a Assumes average life expectancy and future bone loss rates. 
b Assumes complete prevention of future bone loss. 
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even with treatment that prevents all bone loss, her RLFP is only reduced by 0.2 to 0.2. 
However, the 50-yr-old has an RLFP of3.1, and complete prevention of bone loss lowers 
her RLFP by 2.7 to 0.4. Thus, individual risk!costlbenefit decisions can be improved by 
incorporating information other than current bone density levels alone. Models, such as 
RLFP, are also capable of incorporating other major risk factors, such as existing (preva
lence) fractures. 

6. FRACTURES PREDICT FRACTURES 

There is one additional characteristic of osteoporotic fractures that is worthy of discus
sion. Independent of bone density, existing osteoporotic fractures are strong predictors 
of future fragility fractures (13). Women with a single, prevalent vertebral fracture at 
baseline experience subsequent vertebral fractures at a rate 2.6-3.0 times greater than 
women without prevalent fractures, independent of bone mass (6). Women with two or 
more prevalent fractures developed new fractures at about seven to nine times the rate of 
women without prevalent fractures. Thus, each prevalent spine fracture had an effect on 
fracture risk slightly greater than a 1 SD decrease in bone mass. 

The mechanism of this phenomenon is of interest. One possibility is that prevalent 
fractures serve as a surrogate indicator of defective bone quality (which is not reflected 
by bone mass or density). Another possibility is more mundane; women with fractures 
may fall more frequently than women without fractures. A third hypothesis is based on 
mechanical factors; deformation of one vertebral body may alter the load distribution on 
other vertebrae, particularly those adjacent to the original fracture. This hypothesis would 
help to explain the "clustering" of spine fractures in the T7-T9 and TlI-Ll regions (14). 

Opposing the mechanical hypothesis is the finding that existing, nonspine fractures 
also increase the risk of subsequent spine fractures (15). Women with prevalence nonspine 
fractures had a threefold greater risk of subsequent spine fractures, independent of the 
known association between existing spine fractures and subsequent spine fractures 
(Fig. 2). Women with both an existing nonspine fracture and low bone mass (50th per
centile or lower) had an eightfold greater risk of new spine fractures, compared to women 
above the 50th percentile of bone mass and no existing fractures. Finally, women with 
existing fractures at both nonspine and spine locations, and low bone mass had a 16-fold 
greater risk of subsequent spine fractures. 

7. FRACTURE DIAGNOSIS 

Most patients with acute fractures will complain of pain at the fracture site. Physical 
examination may reveal swelling, tenderness to palpation, and pain with movement or 
weightbearing. 
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Fig. 2. Age-adjusted rate ratios for new spine fractures for women with low heel bone density 
($50th percentile) compared with women with high bone density. and further categorized accord
ing to the presence or absence of prevalent fractures. 

Radiographs are the primary diagnostic tool; most fractures will exhibit characteristic 
displacement or a discontinuous bone contour. Nondisplaced fractures may not be radio
graphically apparent. Of the alternative imaging methods, radionuclide bone scintigra
phy may be most useful when the radiograph is negative or equivocal. Computed 
tomography may be helpful in some circumstances. 

7.1. Nonvertebral Fractures 
Fractures of the distal radius ("Colles' Fracture") are a typical osteoporotic fracture. 

This injury usually results from a forward fall on an outstretched hand The distal fragment 
of the radius is tilted backward, displaced posteriorly, and often impacted. Distal radius 
fractures demonstrate a significant association with bone density of the distal radius, in 
addition to bone density measured elsewhere in the skeleton (8). 

Fractures of the proximal humerus also occur frequently from a fall on an outstretched 
hand. Displaced fractures are frequent, and there are often several fragments. Proximal 
humerus fractures, unlike fractures of the shaft or distal humerus, increase with age, and 
three-fourths of such fractures occur in women. 

Hip fractures may involve the femoral neck or occur between the trochanteric pro
cesses (Fig. 3). Femoral neck, or cervical, fractures can be occult in the elderly, with little 
or no apparent trauma. The fracture line may be undetectable on initial radiographs, and 
bone scintigraphy may be required to establish the diagnosis. Scintigraphy additionally 
provides important information about vascular supply to the femoral head. 

Intertrochanteric fractures usually result from a fall. The intertrochanteric region of 
the proximal femur contains about 50% trabecular bone, as compared to the femoral neck, 
which is about 25% trabecular bone (J 6). 

Of interest is the fact that patients with intertrochanteric fractures are much more likely 
to have a recurrent fracture of the same type in the opposite hip (J 7, 18). Likewise, 
recurrent femoral neck fractures are also more likely in patients with prior femoral neck 
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Fig. 3. (A) Intertrochanteric fracture, and (B) femoral neck fracture. 

fractures on the opposite side (17,18). There may also be different risk factors operative 
in the two types of hip fractures. (19). Other nonspine fractures considered osteoporotic 
are listed in Table 2. 

7.1. Vertebral Fractures 

Although vertebral fractures are the most common of all osteoporotic fractures, their 
study has been hampered by the lack of consensus regarding the definition of vertebral 
fracture. Unlike nonspine fractures, where there is usually a distinct split or cleft in the 
bone, spine fractures are represented by a continuous range of vertebral deformations. 

Vertebral radiographs are the primary diagnostic tool. Because a large proportion of 
vertebral fractures are asymptomatic and/or did not corne to medical attention, self-reporting 
is not sufficiently accurate (20). Height loss can result from vertebral fractures, but can 
also occur from other causes, rendering it nonspecific. 

The interpretation of radiographs has traditionally been visual. Vertebral fractures 
have been classified as crush, wedge, and end plate (Fig. 4). More recently, quantitative 
vertebral morphometry has been employed as shown in Fig. 4. 

7.2.1. INCIDENCE VERTEBRAL FRACTURES 

The diagnosis of incidence vertebral fractures can be less problematic than the diag
nosis of pre-existing fractures, particularly if a prior radiograph is available. Substantial 
vertebral height reductions usually represent a fracture, but there is some measurement 
error involved. Some studies have defined a new fracture as a ~ 15% reduction in anyone 
of the three measured heights (Ha, Hm, Hp). In order to reduce false positives, other 
investigators propose a more stringent criterion of~O%. For nonclinical, research pur
poses, a change exceeding 3 SDs of the mean of differences for that vertebral level has 
been proposed (21). Although the best radiographic definition is not established, when 
there are questionable, new fractures in clinical practice, bone scintigraphy is usually 
employed to resolve the diagnosis. A new vertebral fracture will show diffusely increased 
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Fig. 4. Vertebral morphometry measurements are typically based on placement of six (6) points 
that define the anterior (Ha)' middle (Hm), and posterior (Hp) heights of the vertebral body. Crush, 
wedge, and end-plate fractures are illustrated. 

activity for approx 6 mo after the fracture occurs (Fig. 5). On occasion, bone scintigraphy 
will be positive prior to the appearance of radiographic collapse. 

7.2.2. PREVALENCE VERTEBRAL FRACTURES 

There are more suggested definitions of prevalence vertebral fractures than there are 
vertebral bodies. The National Osteoporosis Foundation (NOF) convened a working 
group in 1994 to review criteria for definition of a prevalence vertebral fracture (21). 
Since bone scintigraphy is useful only for the diagnosis of recent vertebral fractures, 
diagnosis of old fractures is based on radiographic and morphometric criteria. Also, since 
vertebral deformities can result from other processes, including congenital, degenera
tive, and malignant diseases, these etiologies must be excluded by visual interpretation 
of the radiograph. 

The two basic approaches involve (1) comparison of vertebral dimensions or ratios 
within the same individual, and (2) comparison of an individual's vertebral dimensions 
to population-based normal ranges. 

Although the population-based approach has advantages, it is not usually practical for 
clinical application. There are potential differences between ethnic groups and sexes, in 
addition to age cohorts. If an appropriate reference population is available, the fracture 
definition is based on comparison with normal values of means and standard deviations 
for each vertebral level. The NOF suggests that in studies involving community popula
tions, prevalence vertebral fractures be defined as a reduction of3 SDs or more below the 
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Fig. 5. (A) The 99mTc-MDP scan reveals intensely increased activity in the T5 and T7 vertebral 
bodies, indicative of a recent fracture. The old fractures have healed and show no increased 
activity; (B) the spine radiograph reveals multiple thoracic and lumbar fractures, but the age ofthe 
fractures cannot be determined. 

nonnal dimensions for that particular vertebral level. Less stringent criteria (i.e., -2 SDs) 
result in too many false positives, whereas a more stringent criterion of -4 SDs results in 
reduced sensitivity. The best criterion depends on the use; for higher sensitivity in clinical 
settings, a less stringent criterion (combined with visual interpretation) may be preferred. 
For studies involving groups or populations, a more stringent criterion, with fewer false 
positives, may be preferable. 

In the absence of population-based nonnal ranges, the clinician can define vertebral 
deformities by several methods: 

1. Ratios of vertebral dimensions within or between vertebrae (22,23); 
2. Normalization of vertebral heights by dividing all other dimensions by the corresponding 

dimensions ofT4 or T5 (24); and 
3. Calculation of average vertebral size, and statistical confidence limits, for the individual (25). 

8. SUMMARY 

Low bone mass predicts fractures. Fractures also independently predict fractures. 
Individuals with both low bone mass and existing fractures have markedly elevated risks 
for future fractures. The clinical implications are several. First, the primary goal of 
interventional efforts should be the prevention of the first fracture. Second, patients who 
present with acute, nonviolent fractures, even though the fracture itself may have low 
morbidity (e.g., rib fractures), should have bone density routinely measured, and if os-
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teoporosis is continned, appropriate intervention instituted. Finally, because fractures 
themselves provide important prognostic infonnation, fracture histories should be care
fully explored; vertebral fracture diagnosis should be radiographically investigated in 
older patients, particularly in those with low bone density. 
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The field of bone densitometry has grown rapidly, particularly in the last 15 years. A 
variety of techniques are now available from which the physician may choose. Beyond 
the simple consideration of geographic accessibility, the choice of technique may be 
determined by the intent of the measurement. Some techniques, because of the skeletal 
sites to which they can be applied, or because of their accuracy and reproducibility or both 
are better suited for certain types of measurements. 

Bone density measurements can be broadly divided into two types: assessments of 
fracture risk or quantification of bone mineral content or density (BMC or BMD). Assess
ments offracture risk can be further divided into global fracture risk assessments or site
specific fracture risk assessments. The quantification of bone density may be required to 
confirm osteopenia or osteoporosis suspected from the appearance of the skeleton on 
plain skeletal radiography, to confirm sufficient osteopenia to accept a diagnosis of 
fragility fracture, to detect the effects of disease processes on specific regions of the 
skeleton, or to detect changes in the bone mass or density over time from disease pro
cesses or therapeutic interventions. Once the intent of the desired measurement has been 
determined, the physician can decide which site or sites should be measured, and the 
degree to which the accuracy and precision of the various techniques will affect the 
interpretation ofthe test. Only then can the physician decide which technique to employ. 

Plain skeletal radiographs when viewed by the unaided eye have never been useful for 
assessing bone density. Demineralization becomes visually apparent only after 40% or 
more of the bone density has been lost (1). Beyond that general statement, no quantification 
of the bone density can be made. Plain radiographs have been used to perform qualitative 
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Fig. 1. Qualitative spinal morphometry. The vertebrae on this lateral lumbar spine film exhibit 
marked accentuation of the vertical trabecular pattern and thinning of the cortical shell. This is a 
Grade II spine. 

and quantitative skeletal morphometry, which constituted some of the earliest attempts 
to assess bone density. Plain radiographs were also used to assess bone density based on 
the optical densities of the skeleton when compared to simultaneously X-rayed standards 
of known density. With the advent of the photon absorptiometric techniques, most of 
these early methods have fallen into disuse. Nevertheless, a brief review of these tech
niques should both enhance the appreciation of the capabilities of modern testing and 
provide a background for the understanding of modern technologies. 

1. QUALITATIVE MORPHOMETRY 

1.1. Qualitative Spinal Morphometry and the Singh Index 
1.1.1. QUALITATIVE SPINAL MORPHOMETRY 

Qualitative morphometric techniques for the assessment of bone density have been in 
limited use for over 50 years. Grading systems for the spine relied on the appearance of 
the trabecular patterns within the vertebral body and the appearance and thickness of the 
cortical shell (2). 

Vertebra were graded from IV down to I as the vertical trabecular pattern became more 
pronounced with the loss of the horizontal trabeculae and the cortical shell became 
progressively thinned. The spine shown in Fig. I demonstrates a pronounced vertical 
trabecular pattern. The cortical shell appears as though it were outlined in white around 
the more radiotranslucent vertebral body. These vertebrae would be classified as Grade II. 
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Fig. 2. The Singh Index and calcar femorale thickness. A Grade 2 Singh Index would be assessed 
here indicating the presence of osteoporosis. The arrow points to the calcar femorale, which 
measured 4 mm in thickness. Values <5 mm are associated with hip fracture. 

1.1.2. THE SINGH INDEX 

The Singh Index is a qualitative morphometric technique that was similarly based on 
trabecular patterns, but based on those seen in the proximal femur (3). Singh and others 
had noted that there appeared to be a predictable pattern to the disappearance of the five 
groups of trabeculae in the proximal femur in osteoporosis. Based on this order of dis
appearance, radiographs of the proximal femur could be graded 1-6 with lower values 
indicating a greater loss of the trabecular patterns normally seen in the proximal femur. 
Studies evaluating prevalent fractures demonstrated a good association between Singh 
Index values of 3 or less with the presence of fractures of either the hip, spine, or wrist. 
Figure 2 shows a proximal femur with a Singh Index of 2. Only the trabecular pattern 
known as the principal compressive group, which extends from the medical cortex of the 
shaft to the upper portion of the head of the femur, remains. This patient was known to 
have had osteoporotic spine fractures as well as a contra lateral proximal femur fracture. 
Subsequent attempts to demonstrate a strong correlation with Singh Index values and 
bone density of the proximal femur measured by dual-photon absorptiometry (DPA) 
have not been successful (4). 

These qualitative morphometric techniques are highly subjective. In general, the best 
approach required the creation ofa set of reference radiographs of the various grades to 
which all other radiographs could be compared. 
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2. QUANTITATIVE MORPHOMETRIC TECHNIQUES 

2.1. Calcar Femorale Thickness, Radiogrammetry 
and the Radiologic Osteoporosis Score 

2.1.1. CALCAR FEMORALE THICKNESS 

A little-known quantitative morphometric technique involves the measurement of the 
thickness of the calcar femorale. The calcar femorale is the band of cortical bone imme
diately above the lesser trochanter in the proximal femur. In normal subjects, this thick
ness is >5 mm. In femoral fracture cases, it is generally <5 mm in thickness (5). The arrow, 
seen in Fig. 2, is pointing to the calcar femorale. This patient had previously suffered a 
femoral neck fracture. The thickness of the calcar femorale measured 4 mm. 

2.1.2. RADIOGRAMMETRY 

Radiogrammetry is the measurement of the dimensions of the bones using skeletal 
radiographs. Metacarpal radiogrammetry has been in use for over 30 years. The cortical 
width of the metacarpal was measured in one of two ways. Using a plain radiograph of 
the hand and fine calipers or transparent ruler, the total width and medullary width of the 
metacarpals of the index, long, and ring fingers were measured at the midpoint of the 
metacarpal. The cortical width was calculated by subtracting the medullary width from 
the total width. Alternatively, the cortical width could be measured directly. A variety of 
different calculations were then made, such as the metacarpal index and the hand score. 
The metacarpal index (MI) is the cortical width divided by the total width. The hand score 
(HS), which is also known as the percent cortical thickness, is the MI expressed as a 
percentage. Measurements on the middle three metacarpals of both hands were also made 
and used to calculate the six metacarpal hand score (6HS). Other quantities derived from 
these measurements included the percent cortical area (%CA), the cortical area (CA), and 
the cortical area to surface area ratio (CAlSA). The main limitation in all of these mea
surements is that they were based on the false assumption that the point at which these 
measurements were made on the metacarpal was a perfect hollow cy linder. Nevertheless, 
using these measurements and a knowledge of the gravimetric density of bone, the bone 
density, bone ash, and bone calcium could be calculated. The correlation between such 
measurements and ashed bone is good, ranging from 0.79 to 0.85 (6,7). The reproducibil
ity of metacarpal morphometry is quite variable depending on the measurement used.* 
The measurement of total width is very reproducible. The measurement of medullary 
width or the direct measurement of cortical width is less reproducible, because the delin
eation between the cortical bone and medullary canal is not as distinct as the delineation 
between the cortical bone and soft tissue. Reproducibility has been variously reported as 
excellent to poor, but in expert hands, it is possible to achieve a reproducibility of 1.9% (8). 

Although metacarpal radiogrammetry is an old technique and somewhat tedious to 
perform, it remains a viable means of assessing bone density in the metacarpals. Meta
carpal radiogrammetry demonstrates a reasonably good correlation to bone density at 
other skeletal sites measured with photon absorptiometric techniques (9). The tech-

*Techniques are often compared on the basis of accuracy and reproducibility. Both are usually 
described with percent coefficients of variation (%CV). The %CV is the standard deviation 
divided by the mean of replicate measurements expressed as a percentage. The lower the %CV, 
the better the accuracy or reproducibility. 
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nique is very safe, since the biologically significant radiation dose from a hand X ray is 
extremely low at only I mrem. 

Radiogrammetry can also be performed at other sites, such as the phalanx, distal 
radius, and femur (10-12). Combined measurements of the cortical widths of the distal 
radius and the second metacarpal have been shown to be highly correlated with bone 
density in the spine as measured by DPA (10). 

2.1.3. THE RADIOLOGIC OSTEOPOROSIS SCORE 

The radiologic osteoporosis score combined aspects of both quantitative and qualita
tive morphometry (12). Developed by Barnett and Nordin, this scoring system utilized 
radiogrammetry of the femoral shaft and metacarpal, as well as an index of biconcavity 
of the lumbar vertebra. In calculating what Barnett and Nordin called a peripheral score, 
the cortical thickness of the femoral shaft divided by the diameter of the shaft and 
expressed as a percentage was added to a similar measurement of the metacarpal. A score 
of 88 or less was considered to indicate peripheral osteoporosis. The biconcavity index 
was calculated by dividing the middle height of usually the third lumbar vertebra by its 
anterior height and expressing this value as a percentage. A biconcavity index of 80 or 
less indicated spinal osteoporosis. Combining both the peripheral score and biconcavity 
index resulted in the total radiologic osteoporosis score, which was considered to indicate 
osteoporosis if the value was 168 or less. 

3. RADIOGRAPHIC PHOTODENSITOMETRY 
Much of the development of the modem techniques of single-photon absorptiometry 

(SPA) and DPA and dual-energy X-ray absorptiometry (DXA) actually came from early 
work on the X-ray-based method of photodensitometry. In photodensitometry, broad 
beam X-ray exposures of radiographs were obtained, and the density of the skeletal im
age was quantified using a scanning photodensitometer. The effects of variations in tech
nique, such as exposure settings, beam energy, and film development, were partially 
compensated by the simultaneous exposure of a step wedge of known densities on the 
film. An aluminum wedge was most often used, but other materials, such as ivory, were 
also employed (l J). This technique could only be applied to areas of the skeleton in 
which the soft tissue coverage was <5 em, such as the hand, forearm, and os cal cis, 
because of technical limitations created by scattered radiation in thicker parts of the body 
and "beam hardening" or the preferential attenuation of the softer energies of the 
polychromatic X-ray beam as it passed through the body. It was also used in cadaver 
studies of the proximal femur (J 4). Such studies noted the predictive power for hip frac
ture ofthe density of the region in the proximal femur known as Ward's triangle ** long 
before the prospective studies of Cummings et ai., using the modem technique ofDXA in 
1993. The accuracy of such measurements was fairly good with a 5% error. The correla
tion between metacarpal photodensitometry and ashed bone was high at 0.88 (6). This is 
a slightly better correlation than seen with metacarpal radiogrammetry. The reproduc
ibility of photodensitometry was relatively poor, however, with a reproducibility ranging 
from 5 to 15% (J 6). In this regard, the six metacarpal radiogrammetry hand score was 

**Ward's triangle was first described by F. O. Ward in Outlines of Human Osteology, Lon
don: Henry Renshaw, 1838. It is a triangular region created by the intersection of three groups 
of trabeculae in the femoral neck. 
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superior (2). Radiation dose to the hand was the same for metacarpal radiogrammetry and 
radiographic photodensitometry. In both cases, the biologically significant radiation dose 
was negligible. 

Radiographic photodensitometry was developed and used extensively by Mack et al. 
(17). Many of the original studies ofthe effects of weightlessness on the skeleton in the 
Apollo astronauts were performed by Mack and Vogtat Texas Woman's University (18). 

4. RADIOGRAPHIC ABSORPTIOMETRY (RA) 

RA is the modem-day outgrowth of radiographic photodensitometry (19,20). The 
ability to digitize high-resolution radiographic images and to perform computerized 
analysis of such images has largely eliminated the errors introduced by differences in 
radiographic exposure techniques and overlying soft tissue thickness. As performed in 
the US, RA of the hand involves taking two X-rays of the left hand using nonscreened 
film, each at slightly different exposures. The initial recommended settings are 50 kVp 
at 300 rnA for 1 sand 60 kVp at 300 rnA for I s. The exact settings will vary slightly with 
the equipment used and are adjusted so that the background optical density of each of the 
two hand films matches a sample film supplied by CompuMed, Manhattan Beach, CA. 
An aluminum alloy reference wedge, also supplied by CompuMed, is placed on the film 
prior to exposure, parallel to the middle phalanx of the index finger. The developed films 
are sent to CompuMed for analysis. The X-ray images are then captured electronically 
with a high-resolution video camera. The average density of the middle phalanxes of the 
index, long, and ring fingers is reported in RA units. Figure 3 illustrates the X-ray 
appearance of the hand and aluminum alloy reference wedge. Other manufacturers are 
employing updated radiographic absorptiometric techniques, such as the Bonalyzer by 
Teijin in Tokyo and the Osteoradiometer by NIM in Verona, Italy. 

In cadaveric studies, the accuracy ofRA for the assessment of bone mineral content 
of the middle phalanxes is very good (21). The correlation between the RA values and 
the ashed weight in the phalanxes was excellent with r= 0.983. The accuracy was 4.8%. 
The authors of this study did note that increasing thicknesses of soft tissue, which might 
be seen in very obese subjects, could potentially result in an underestimation of RA 
values. The short-term reproducibility of these measurements was also excellent at 0.6%. 

The ability to predict bone density at other skeletal sites from hand radiographic 
absorptiometry is as good as that seen with other techniques such as SPA, DPA, DXA, 
or quantitative computed tomography (QCT) of the spine. This does not mean that RA 
hand values can be used to predict accurately bone density at other skeletal sites. 
Although the correlations between the different sites as measured by the various 
techniques are correctly said to be statistically significant, the correlations are too weak 
to allow clinically useful predictions of bone mass or density at one site from measure
ment at another. 

The utility of modem-day radiographic absorptiometry in predicting either a global or 
site-specific fracture risk remains to be established. A recent analysis of 1579 hand 
radiographs obtained with the older technique of photo densitometry during the National 
Health and Nutrition Examination Survey I (1971-1975) suggested its potential utility 
in this regard. During a median followup of 14 yr, which extended through 1987,49 
osteoporotic hip fractures occurred. Based on radiographic photodensitometry of the 
second phalanx of the small finger of the left hand, the age-adjusted relative risk for hip 
fracture was 1.6 (23). This is a modem analysis of films acquired using the older technique 
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Fig. 3. Radiographic absorptiometry. The aluminum step wedge is seen, positioned adjacent and 
parallel to the middle phalanx of the index finger. 

of photon absorptiometry and not truly representative of radiographic absorptiometry as 
it is performed today. Nevertheless, it suggests that modern-day RA may be similarly 
useful. A technique, such as RA, has the obvious advantages of being easy to perform and 
of widespread geographic accessibility, since standard X-ray equipment is used. The 
costs of RA include the costs of the X-ray film, the aluminum alloy reference wedge, 
which is reusable, the performance of two hand films, postage to CompuMed in Califor
nia, and analysis costs from CompuMed. In general, these total costs will approach or 
equal the average cost of bone density testing with SPA, DPA, or DXA. 

5. THE PHOTON ABSORPTIOMETRY TECHNIQUES 

In radiology, attenuation refers to a reduction in the number and energy of photons in 
an X-ray beam. This is referred to as a reduction in the beam's intensity. To a large extent, 
the attenuation of X rays is determined by tissue density. A difference in tissue densities 
is responsible for creating the images seen on an X ray. The denser the tissue, the more 
electrons it contains. The number of electrons in the tissue determines the ability of 
the tissue either to attenuate or transmit the photons in the X-ray beam. The differences 
in the pattern of transmitted or attenuated photons create the contrast necessary to discern 
images on the X ray. If all the photons were attenuated (or none were transmitted), no 
image would be seen because the film would be totally white. Ifall of the photons were 
transmitted (or none were attenuated), no image would be seen because the film would 
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Fig. 4. SPA of the radius. Photo courtesy of Lunar Corp. 

be totally black. The difference in the attenuation of the X-ray photon energy by different 
tissues is responsible for the contrast on an X ray, which enables us to see the images. If 
the degree of attenuation could be quantified, it would be possible to assess quantitatively 
the tissue density as well. This is the premise behind photon absorptiometry and the 
measurement of bone density. 

5.1. Single-Photon Absorptiometry (SPA) 

Writing in the journal Science in 1963, Cameron and Sorenson described a new method 
for determining bone density in vivo by passing a monochromatic or single-energy ph·o
ton beam through bone and soft tissue (24). The amount of mineral in the path transversed 
by the beam could be quantitated based on the difference between the beam intensity 
before and after passage through the region of interest. In the earliest SPA units, the 
results of multiple scan passes at a single location, usually the mid-radius, were averaged 
(25). In later units, scan passes at equally spaced intervals along the bone were utilized, 
such that the mass of mineral per unit of bone length could be calculated. A scintillation 
detector was used to quantitate the photon energy after attenuation by the bone and soft 
tissue in the scan path. The photon source and the detector are both highly "collimated," 
which means that the size and shape of the beam are restricted. Both move in tandem 
across the region of interest on the bone, coupled by a mechanical motor drive system. 
Iodine-125 at 27.3 ke V or americium-241 at 59.6 ke V was originally used to generate the 
single-energy photon beam, although most SPA units subsequently developed in the US 
employed only 1251. 

The physical calculations for SP A determinations of bone mineral are valid only when 
there is uniform thickness of the bone and soft tissue in the scan path. In order to create 
this kind of uniform thickness artificially, the limb to be studied had to be submerged in 
a water bath or surrounded by a tissue-equivalent material. As a practical matter, this 
limited SPA to measurements of the distal appendicular skeleton, such as the radius and, 
later, the os calcis. Figure 4 illustrates a patient undergoing an SPA study of the midradius. 
Although difficult to see in the photograph, the area of interest in the forearm is wrapped 
with a tissue-equivalent gel-filled bag to produce the necessary uniform thickness. After 
the photon attenuation is quantified, the determination of the amount of bone mineral is 
based on a comparison to the photon attenuation seen with a calibration standard derived 
from dried defatted human ashed bone of known weight. 
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Table 1 
The Relative Percentages 

of Cortical and Trabecular Bone at Various Skeletal SitesQ 

Region oJinterest % oj Trabecular bone % oj Cortical bone 

AP spine (DPAlDXA) 66 34 
AP spine (QCT) 100 
Lateral spine (DXA)b ++++ 
Femoral neck 25 75 
Ward's area b ++++ 
Trochanteric region 50 50 
Os calcis 95 5 
Midradius 1 99 
Distal radius 20 80 
Ultradistal 8-mm radius 25 75 
Ultradistal 5-mm radius 40 60 
Phalanges 40 60 
Total body 20 80 

QThe exact composition of some of these skeletal sites is controversial. These are considered 
clinically useful characterizations of the percentages of cortical and trabecular bone. 

bThis site is highly trabecular, but the exact composition is not defined in the literature. 
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Several sites on the radius can be evaluated with SPA. Commonly used sites are the 
33% site, the 50% site, the 10% sites and the 5- and 8-mm sites. The sites designated as 
a percentage are named based on the location of the site on the radius in relationship to 
the overall length of the ulna. In other words, the 50% site on the radius is located at a site 
on the radius that is directly across from the site on the ulna, which marks 50% of the 
overall ulnar length, not 50% of the overall radial length. The 5- and 8-mm sites are 
located on the radius at the point where the separation distance between the radius and 
ulna is 5 or 8 mm, respectively. The 33 and 50% sites are often referred to as midradial 
sites, whereas the 10% is considered a distal site. The 5- and 8-mm sites and a third site 
where the ulna and radius conjoin are considered "ultradistal" sites. The difference 
between these sites is in the relative percentages of cortical and trabecular bone found at 
the site. Table 1 summarizes the percentages of cortical and trabecular bone at a variety 
of skeletal sites that can be assessed with current densitometry techniques. 

SPA is both accurate and reproducible, although these parameters will vary slightly 
with the site studied. For SPA measurements of the midradius, the accuracy has been 
reported as ranging from 3 to 5% and reproducibility as ranging from 1 to 2% (24,26-28). 
In expert hands, the reproducibility of midradial measurements should approach 1%. 
Early measurements of the distal and ultradistal radius did not demonstrate the same high 
degree of reproducibility primarily because of the marked changes in composition of the 
bone with very small changes in location along the distal and ultradistal radius. With 
newer instruments which employ computer enhanced localization routines and rectilin
ear scanning, SPA measurements of the distal and ultradistal radius should approach a 
reproducibility of I % (29). Accuracy of measurements at the os calcis with SPA has been 
reported to be <3% and reproducibility as 3% or less (27). The skin radiation dose for both 
the radius and os calcis is 5-10 mrem (27,28). The biologically important radiation dose, 
the absorbed dose equivalent, is negligible. Results are reported as either BMC in grams 
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or as bone mineral content per unit length (BMC/L) in g/cm. The time required to perform 
such studies is approx 10 min. The cost for SPA studies of the appendicular skeleton 
ranges from US $35.00 to US $125.00 (28,30). 

The ability to predict the risk of appendicular fractures with single-photon 
absorptiometric measurements of the radius is well established (31-33). SPA measure
ments of the radius also appear to be good predictors of fracture risk of the spine and good 
predictors of global fracture risk (31,34,35). 

5.2. Dual-Photon Absorptiometry (DPA) 

The basic principle involved in DP A for the measurement of bone density is the same 
as for SPA: the ability to quantitate the degree of attenuation of a photon energy beam 
after passage through bone and soft tissue. In dual-photon systems, however, an isotope 
that emits photon energy at two distinct photoelectric peaks or two isotopes, each emit
ting photon energy at separate and distinct photoelectric peaks, are used. When the beam 
is passed through a region of the body containing both bone and soft tissue, attenuation 
of the photon beam will occur at both energy peaks. If one energy peak is preferentially 
attenuated by bone, however, the contributions of soft tissue in beam attenuation can be 
mathematically subtracted (36). As in SPA, the remaining contributions of beam attenu
ation from bone can be quantified and then compared to standards created from ashed 
bone. The ability to separate bone from soft tissue in this manner finally allowed quan
tification of the bone density in those areas of the skeleton that were surrounded by large 
or irregular soft tissue masses, notably the spine and proximal femur. DP A can also be 
used to determine the total body bone density. The development ofDP A and its applica
tion to the spine, proximal femur, and total body is attributed to a number of investigators: 
B. O. Roos, G. W. Reed, R. B. Mazess, C. R. Wilson, M. Madsen, W. Peppler, B. L. Riggs, 
W. L. Dunn, and H. W. Wahner (37-42). 

The isotope most commonly employed in DPA is gadolinium-l 53, which naturally 
emits photon energy at two photoelectric peaks, 44 and 100 ke V. It is at the photoelectric 
peak of 44 keY that bone preferentially attenuates the photon energy. The attenuated 
photon beams are detected by a NaI scintillation detector and quantified after passage 
through pulse-height analyzers set at 44 and 100 keY. The shielded holder for the 153Gd 
source, which is collimated and equipped with a shutter that is operated by a computer, 
moves in tandem with the NaI detector in a rectilinear scan path over the region ofinterest. 
A point-by-point calculation of bone density in the scan path can be made. Figure 5 is the 
intensity-modulated image of the spine created with an early DPA device. Figure 6 
demonstrates the intensity-modulated images of the same spine created with a later DPA 
device and newer pencil-beam and fan-array dual-energy X-ray absorptiometers. 

Bone density studies of the lumbar spine are performed with the photon energy beam 
passing in a posterior to anterior direction. Because of the direction of the beam, the 
vertebral body and the posterior elements are included in the scan path. The transverse 
processes are eliminated. This results in a combined measurement of cortical and trabe
cular bone, which includes the more trabecular vertebral body surrounded by its corti
cal shell and the highly cortical posterior elements. The results are reported as an areal 
density in g of mineral/cm2• The BMD of the proximal femur is also an areal density 
that is acquired with the beam passing in a posterior to anterior direction. Figure 7 
shows an early dual-photon absorptiometer with the patient positioned for a study of 
the lumbar spine. 
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Fig. 5. The intensity-modulated image of the spine created with an early DPA device. 

Fig. 6. An intensity-modulated image of the spine of the same patient created with four different 
devices. From left to right, a late DPA device, early DXA pencil-beam device, late DXA pencil
beam device, and a fan-array DXA device. Photo courtesy of Lunar Corp. 

DPA studies ofthe spine require approx 30 min to complete. Studies of the proximal 
femur take 30-45 minutes to perform. Total body bone density studies with DPA require 
1 h. Skin radiation dose is low during spine or proximal femur studies at 15 mrem. 
Accuracy ofDPA measurements of the spine ranges from 3 to 6% and for the proximal 
femur, from 3 to 4% (43). Reproducibility for measurements of spine bone density is 
2-4% and around 4% for the femoral neck. The cost of a DPA study of the spine or 
proximal femur ranges from US $125 to US $200 and US $75 to US $125, respectively 
(27,30). 
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Fig. 7. DPA of the spine. Photo courtesy of Lunar Corp. 

DPA was considered a major advance from SPA because it allowed the quantification 
of bone density in the spine and proximal femur. DPA does have several limitations, 
however. Machine maintenance is expe~sive. The 153Gd source must be replaced yearly 
at a cost of$5000. 00 or more. It has also been noted that as the radioactive source decays, 
values obtained with DPA increase by as much as 0.6%/mo (44). With replacement of the 
source, values may fall by as much as 6.2%. Although mathematical formulas have been 
developed to compensate for this effect of source decay, it remains a cause for concern, 
affecting both accuracy and reproducibility. The overall reproducibility of 2-4% for 
DPA measurements of the spine and proximal femur limited its application for serial 
measurements of bone density. Two measurements performed with a technique that has 
a precision of2% will yield a difference that is accurate at a 95% confidence level within 
±5.5%. If the reproducibility is only 4%, the resulting difference is accurate to within 
±11.1 % (45). Even at an 80% confidence level, these numbers fall to only ±3.6% and 
±7.3%, respectively. This creates a margin of error that is too great to be clinically useful 
in following changes in bone density over time with only two measurements. Although 
these confidence intervals can be narrowed by performing multiple measurements within 
a given period of time , this increases the costs associated with the testing, which similarly 
serves to reduce its clinical utility in this regard. 

As a practical matter, all spine bone density studies in which the photon beam passes 
in an AP or PA direction will be unable to separate the more highly trabecular vertebral 
body from its more cortical posterior elements. Calcifications in the overlying soft tissue 
or abdominal aorta will attenuate such a beam, falsely elevating the bone density values. 
Arthritic changes in the posterior elements of the spine will also affect the measurement (46). 

The ability to make site-specific predictions of fracture risk of the spine and proximal 
femur or global fracture risk predictions with dual photon absorptiometry has been 
established in prospective trials. 

5.3. Dual-Energy X-Ray Absorptiometry (DXA) 

The underlying principles ofDXA are the same as those ofDPA. With DXA, however, 
the radioactive isotope source of photon energy has been replaced by an X-ray tube. 
There are several advantages of X-ray sources over radioactive isotopes. There is no 
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source decay, which would otherwise require costly replacement of the radioactive 
source. Similarly, there is no concern of a drift in patient values owing to source decay. 
The greater source intensity or "photon flux" produced by the X-ray tube and the smaller 
focal spot allows for better beam collimation which results in less dose overlap between 
scan lines and greater image resolution. Scan times are faster and precision is improved. 

Because X-ray tubes produce a beam that spans a wide range of photon energies, the 
beam must be narrowed in some fashion in order to produce the two distinct photoelectric 
peaks necessary to separate bone from soft tissue. The major manufacturers of dual
energy X-ray absorptiometers in the US have chosen to do this in one of two ways. Lunar 
Corp. of Madison, WI and Norland. Corp. of Fort Atkinson, WI use rare earth K-edge 
filters to produce two distinct photoelectric peaks. Hologic, Inc. of Waltham, MA uses 
a pulsed power source to the X-ray tube to create the same effect. 
_ K -edge filters produce an X-ray beam with a high number of photons in a specific range. 
The energy range that is desired is the energy range that is just above the K-absorption 
edge of the tissue in question. The K-edge is the binding energy of the K-shell electron. 
This energy level varies from tissue to tissue. The importance of the K-edge is that at 
photon energies just above this level, the transmission of photons through the tissue in 
question drops dramatically. That is, the photons are maximally attenuated at this energy 
level (47). Therefore, to separate bone from soft tissue in a quantifiable fashion, the 
energy of the photon beam should be just above the K -edge of bone or soft tissue for 
maximum attenuation. Lunar Corp. uses a cerium filter that has a K -shell absorption edge 
at 40 keY. A cerium-filtered X-ray spectrum at 80 kV will contain two photoelectric 
peaks at about 40 and 70 keY. The samarium K-edge filter employed by Norland Corp. 
has a K -shell absorption edge of 46.8 ke V. The samarium-filtered X-ray beam at 100 k V 
produces a low-energy peak at 46.8 ke V. In the Norland system, the high-energy peak is 
variable because the system employs selectable levels of filtration, but the photons are 
limited to < 1 00 ke V by the 100 k V employed. The K -edge of both cerium and samarium 
results in a low-energy peak, which approximates the 44-ke V low-energy peak of gado
linium-IS3 used in most dual-photon systems. 

The Hologic dual-energy X -ray absorptiometer utilizes a different system to produce 
the two photoelectric peaks necessary to separate bone from soft tissue. Instead of 
employing K-edge filtering of the X-ray beam, Hologic employs alternating pulses at 70 
and 140 kV to the X-ray source. 

Most regions of the skeleton are accessible with DXA. Studies can be made ofthe spine 
in both an anterior-posteriort and lateral direction. Although access to the lumbar spine 
in the lateral projection is limited by rib overlap ofLl and L2 and pelvic overlap ofL4, 
the lateral projection offers the ability to eliminate the confounding effects of dystrophic 
calcification on densities measured in the AP direction (48). It also eliminates the highly 
cortical posterior elements, which contribute as much as 47% of the density measured in 
the AP direction (49). The proximal femur, radius, os calcis, and total body can also be 
evaluated with DXA. Scan times are dramatically shorter with DXA when compared to 

t Although spine bone density studies with DXA are often referred to as AP spine studies, the 
beam actually passes in a posterior to anterior direction. Such studies are correctly characterized 
as PA spine studies, but it has become an accepted convention to refer to them as AP spine bone 
density studies. One of the new fan-array DXA scanners, the Lunar Expert, does perform AP 
spine studies. 
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Fig. 8. The Lunar DPX, a DXA pencil-beam absorptiometer. Photo courtesy of Lunar Corp. 

DPA. Early DXA units required approx 4 min for studies of the AP spine or proximal 
femur. Total body studies required 20 min in the medium scan mode and only 10 min in 
the fast scan mode. Later DXA units scan even faster, with studies of the AP spine or 
proximal femur requiring only 2 min to perform. 

The values obtained with DXA studies of the skeleton are highly correlated with values 
from earlier studies performed with DPA and, consequently, its accuracy is considered 
comparable to that of DPA (50-53). DXA values are consistently lower than values 
obtained with DPA. There are also differences in the values obtained with DXA equip
ment from the three major manufacturers. Values obtained with either a Hologic or 
Norland DXA unit are consistently lower than those obtained with a Lunar DXA unit, 
although all are highly correlated with each other (54-56). Comparison studies using all 
three manufacturers' equipment have resulted in formulas that allow for conversion of 
the values between the manufacturers, but the margin of error in such conversions is too 
large to make such comparisons clinically useful. The development of a universal stan
dard to which the machines could be calibrated or a "standardized BMD" should elimi
nate this problem in the future. 

Radiation exposure with dual-energy X-ray equipment is extremely low for all scan 
types. Expressed as skin dose, radiation exposure during an AP spine or proximal femur 
study is only 2 mrem. The biologically important absorbed dose equivalent is only I 
mrem (57). 

Perhaps the most significant advance seen with DXA is the marked improvement in 
reproducibility. Expressed as a coefficient of variation, short-term reproducibility in 
normal subjects has been reported as low as 0.9% for the AP lumbar spine and 1.4% for 
the femoral neck (53). Reproducibility studies over the course of I yr have reported 
values of 1 % for the lumbar spine and 1.70/0-2.3% for the femoral neck (53). 

DXA has been used in prospective studies to predict fracture risk. In one of the largest 
studies of its kind, DXA studies of the proximal femur were demonstrated to have the 
greatest predictive ability for hip fracture compared to measurements at other sites with 
SPA or DPA (15). 

Figures 8, 9, and 10 illustrate DXA units from the three major manufacturers in the US. 
These units are considered first-generation DXA units or "pencil-beam" scanners. The 
next generation ofDXA scanners are called "fan-array" scanners. The difference between 
these two types of scanners is illustrated in Figs. 11 and 12. Pencil-beam scanners employ 
a collimated X-ray beam, which moves in tandem in a rectilinear pattern with a single 
detector, or in the case of the Norland unit, two sequential detectors. Fan-array scanners 
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Fig. 9. The Norland XR-26, a DXA pencil-beam absorptiometer. Photo courtesy of Norland Corp. 

Fig. 1 O. The Hologic QDR 1000, a DXA pencil-beam absorptiometer. Photo courtesy ofHologic, Inc. 

Pencil -Beam, Rectilinear Scanners 

Fig. 11. Pencil-beam DXA absorptiometers. The single-detector and collimated X-ray beam move 
in tandem in a rectilinear scan path. 
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Fan-Array Scanners 
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Fig. 12. Fan-array DXA absorptiometers. An array of detectors obviates the need for a rectilinear 
scan path. 

Fig. 13. The Lunar Expert, a fan-array DXA device. Photo courtesy of Lunar Corp. 

Fig. 14. The Hologic QDR 4500, a fan-array DXA device. Photo courtesy of Hoiogic, Inc. 

employ an array of detectors, which obviates the need for a rectilinear scan path. Scan 
times are reduced to as low as 30 s for a study ofthe spine in the AP direction. Figure 13 
is the Lunar fan-array scanner, the Expert, and Fig. 14 is the Hologic fan-array scanner, 
the QDR-4500. Image resolution is also enhanced with the fan-array scanners. Images of 
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Fig. 15. Fan-array DXA Images. Photo courtesy of Lunar Corp. 

radiographic or near-radiographic quality can be obtained as shown in Fig. 15. This has 
created a new application for bone densitometry scanning called morphometric X-ray 
absorptiometry or MXA. With MXA, images of the spine obtained in the lateral projec
tion can be used for computer analysis of the vertebral dimensions and diagnosis of 
vertebral fracture. It is also conceivable that MXA software will be developed to measure 
hip axis length from studies of the proximal femur. Hip axis length has been shown to be 
an independent predictor of hip fracture risk (58). 

DXA is progressively replacing older DPA units in most clinical sites. The improved 
scan times, improved image resolution, lower radiation dose, greater precision, greater 
flexibility in application to a variety of skeletal sites, and lower cost of operation give 
DXA clear advantages over DP A. 

5.4. Single-Energy X-ray Absorptiometry (SXA) 
SXA is the X-ray based counterpart of SPA, much as DXA is the X-ray based coun

terpart ofDP A. SXA units are being used to measure bone density in the distal radius and 
ulna and os ca1cis. Although the distal peripheral skeleton can be measured with DXA as 
well as SPA, SXA units have the advantage of not requiring radioactive isotopes, which 
reduces the cost of operating the equipment and should contribute to more reliable long
term performance. The accuracy and precision ofSXA appears to be comparable to SPA (59). 

5.5. Quantitative Computed Tomography (QCT) 
Although QCT is a photon absorptiometric technique like SPA, SXA, DPA, and DXA, 

it is unique in that it provides a three-dimensional quantitative image, which makes 
possible a direct measurement of density and a spatial separation of trabecular from 
cortical bone. In 1976, Ruegsegger et al. developed a dedicated peripheral quantitative 
CT scanner using 1251 for measurements of the radius (60). Cann and Genant are credited 
with adapting commercially available CT scanners for the quantitative assessment of 
spinal bone density (61, 62). It is this approach that has received the most wide-spread use 
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in the US, although dedicated CT units for the measurement of the peripheral skeleton, 
or pQCT units, are beginning to appear in clinical centers. 

QCT studies of the spine utilize a reference standard or phantom that is scanned 
simultaneously with the patient. The phantom, which contains varying concentrations of 
K2HP04, is placed underneath the patient during the study. A scout view is required for 
localization, and then an 8-10 mm thick slice is measured through the center of two or 
more vertebral bodies, which are generally selected from TI2 to L3 (63). A region of 
interest within the anterior portion of the vertebral body is analyzed for bone density and 
is reported as mg/cm3 K2HP04 equivalents. This region of interest is carefully placed to 
avoid the cortical shell ofthe vertebral body such that a pure three-dimensional trabecular 
density is reported unlike the two-dimensional areal mixed cortical and trabecular den
sities reported with AP studies of the spine utilizing DPA or DXA. Figure 16 shows a 
QCT study of the spine. 

A study ofthe spine with QCT requires about 30 min (30). The skin radiation dose is 
generally 100-300 mrem. This overestimates the biologically important absorbed dose 
equivalent, because only a small portion of marrow is irradiated during a QCT study of 
the spine (57). The absorbed dose equivalent is generally in the range of only 30 mrem, 
although this is still 30 times greater than the dose delivered with an AP spine study with 
DXA. The localizer scan, which precedes the actual QCT study, will add.an additional 
30 mrem to the absorbed dose equivalent. Nevertheless, these values are still quite accept
able in the context of natural background radiation of approx 200 mremlmo. CT units that; 
by their design, are unable to utilize 10w-kVp settings for QCT studies, may deliver skin 
and absorbed doses 3-10 times higher. 

The accuracy of QCT for measurements of spine BMD is affected by the presence of 
marrow fat (63~5). Marrow fat increases with age, resulting in an increasingly large 
error in the accuracy of spine QCT measurements in older patients. The accuracy ofQCT 
is reported to range from 5 to 15%, depending upon the age of the patient and percentage 
of marrow fat. The presence of marrow fat results in an underestimation of bone density 
in the young of about 20 mg/cc and as much as 30 mg/cc in the elderly (63). The error 
introduced by marrow fat can be partially corrected by applying data on vertebral marrow 
fat with aging originally developed by Dunnill et a1 (66). In an attempt to eliminate the 
error introduced by marrow fat, dual-energy QCT or DEQCT was developed by Genant 
and Boyd (67). This method clearly reduced the accuracy error introduced by the pres
ence of marrow fat to as low as 1.4% in cadaveric studies (64,65). In vivo, the accuracy 
error with DEQCT is 3-6% (30,63). The drawbacks ofDEQCT are that the radiation dose 
is increased approx 10-fold compared to regular or single-energy QCT (SEQCT) and the 
precision is not as good. The precision of SEQCT for vertebral measurements in expert 
hands is 1-3% and for DEQCT, 3-5% (63,68). Expertise in either SEQCT or DEQCT is, 
in the opinion of most, severely limited. The cost of a QCT spinal bone density measure
ment is around US $150 (30). 

The ability to measure bone density in the proximal femur with QCT is also limited. 
Using both dedicated QCT machines and standard CT units, investigators have attempted 
to utilize QCT for measurements of the proximal femur (69, 70). This capability remains 
restricted to a few research centers. 

QCT of the spine has been used in studies of prevalent osteoporotic fractures, and it 
is clear that such measurements can distinguish osteoporotic individuals from normal 
individuals as well or even better than DP A (71-74). Fractures are rare with values above 
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Fig. 16. QCT of the spine. The K2HP04 phantom is seen underneath the patient. Photo courtesy 
of Dr. David Sartoris. 

110 mg/cc and extremely common below 60 mg/cc (75). Because QCT measures only 
trabecular bone, which is more metabolically active than cortical bone, rates of change 
in disease states observed with QCT spine measurements tend to be greater than those 
observed with AP spine studies performed with DPA or DXA (61,76). This greater 
magnitude of change partially offsets the effects of the poorer precision seen with QCT 
compared to DXA. The correlations between spine bone density measurements with 
QCT and skeletal sites measured with other techniques are statistically significant, but 
too weak to allow accurate prediction of bone density at another site from measurement 
of the spine with QCT (22,73,74). 

Peripheral QCT or pQCT is becoming more widely available. These are small, dedi
cated units that are utilized primarily for the measurement of bone density in the forearm. 

6. THE CHOICE OF TECHNIQUE 

6.1. To Quantitate the Bone Mass or Density 
While it is understood that not all techniques are readily available in all locales, 

additional logic can be applied to the choice oftechnique to be used in clinical practice. 
In certain circumstances, the clinician is primarily interested in quantitating the bone 
mass or density as opposed to assessing fracture risk. This situation might arise in circum
stances in which demineralization is suggested on plain skeletal radiography or in which 
an apparent fragility fracture has occurred, and the clinician wishes to confirm the 
impression of osteopenia. In such cases, it is most appropriate to measure the site in 
question. As noted earlier, one cannot measure one skeletal site and predict bone density 
at another skeletal site with any technique with a degree of accuracy that would make such 
predictions clinically useful. The choice of technique, then, is based on the ability to 
measure the site in question with a high degree of accuracy. For example, if on plain films, 
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demineralization of the spine is suspected, QCT, DPA, or DXA could be utilized to 
quantitate the bone density in the spine. Although the accuracy ofQCT is affected by the 
presence of marrow fat in older individuals, the accuracy of AP spine studies with D P A 
or DXA may be affected by the presence of dystrophic calcification in the scan path. If 
it is known from plain films that dystrophic calcification is unlikely, DPA or DXA is an 
appropriate choice. If dystrophic calcification is present, QCT would be preferable. If an 
assessment of bone density in the proximal femur is desired, only DPA and DXA are 
generally available for this purpose. Studies of the radius or os calcis can be performed 
accurately with either SPA, DXA, SXA, or pQCT. As a practical matter, total body bone 
density assessments are restricted to DXA. 

There are also circumstances in which a physician may be looking for the effects of 
a disease process on the skeleton and may wish to quantitate the bone mass or density in 
the region of the skeleton that may be affected. Certain disease processes will have a 
predilection for regions of the skeleton or types of bone. For example, primary hyperpar
athyroidism may cause a preferential loss of cortical bone. In such a case, a skeletal site 
that is primarily cortical bone should be measured. An SPA, SXA, or DXA study of the 
midradius would suffice for this assessment, as would a DPA or DXA study of the 
femoral neck. Cushing's disease or corticosteroid-induced osteoporosis will quickly 
devastate the trabecular bone of the axial skeleton. A bone density measurement of the 
spine with QCT, DPA, or DXA would be appropriate here. 

If a bone density measurement is being performed in order to follow the effects of a 
disease process or therapeutic intervention over time, the choice of technique is deter
mined by the technique that will measure the site that is expected to be affected with the 
greatest precision. For measurements ofthe spine, this would be DXA. For measurements 
ofthe proximal femur, again DXA would be the appropriate choice. For measurements 
of the midradius, SPA and DXA are equally excellent. 

6.2. To Assess Fracture Risk 

In assessing fracture risk, the clinician must decide if a site-specific or global fracture 
risk is desired. If a site-specific fracture risk assessment is indicated, then the technique 
that will measure the site in question with the greatest accuracy should be chosen. For 
global fracture risk assessments, measurements of the radius, spine, and proximal femur 
all have value, such that the physician can choose virtually any ofthe available techniques 
that will measure those sites. 
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9 Clinical Interpretation 
and Utility of Bone Densitometry 

Paul D. Miller, MD, FACP 

Low bone mass is currently recognized to be the most important predictor of future 
fracture risk (1). Its predictive value is as good as the predictive value of high cholesterol 
or high blood pressure for myocardial infarction or stroke (1). It is now recognized that 
it is extremely important to diagnose osteoporosis before a fragility fracture occurs, just: 
as it is important to diagnose high blood pressure or high cholesterol in asymptomatic 
patients before strokes or heart attacks occur. This change in the clinical concept of 
osteoporosis diagnosis to the identification of asymptomatic patients prior to the 
occurrence of a fragility fracture is new, but important for all clinicians to under
stand. The diagnosis of osteoporosis before a fracture occurs requires a change in the 
definition of osteoporosis. Previously, the diagnosis of osteoporosis required the pres
ence of a fragility fracture. The new definition in nonfractured patients is based on levels 
of bone mass reduction. 

There are two major scientific justifications for making the diagnosis of osteoporosis 
before a fracture occurs based on bone mass reduction. First, the relationship between 
declining bone mass and increasing fracture risk is exponential (Fig. 1). For each standard 
deviation (SD) the bone mineral density (BMD) declines from the mean young normal 
BMD, the current relative fracture risk increases 1.5-2.5 times (1-7). Hence, early iden
tification of asymptomatic nonfractured patients, with smaller reductions in bone mass 
is important, since these patients are unaware of continued bone loss, which places them 
at increased risk of fracture. Second, once the first fragility fracture occurs, the risk for 
a second fracture increases enormously in patients with low bone mass. This increased 
risk has been shown to be as high as 25 times greater in some studies (1). Conceptually, 
waiting for the first fracture to occur is analogous to diagnosing and treating hypertensive 
patients only after a stroke has occurred. Therefore, prevention of the first fragility 
fracture should be the clinician's goal. Making a pre fracture diagnosis of osteopenia (low 
bone mass) or osteoporosis is conceptually important both for predicting current fracture 
risk and the remaining lifetime fracture probability. The current fracture risk is defined 
as the relative risk of a fragility fracture occurring within the subsequent 5 yr, and has 
been determined predominantly in elderly women (1-7). The remaining life-time frac
ture probability (RLFP) is defined as the risk of fracture occurring during a woman's 
lifetime when bone mass has been determined at any age. RLFP is determined by a 
woman's current bone mass, current age, projected rate of bone loss, and anticipated life-
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Fig. I. Exponential relationship between decreasing bone mass (mean ± standard deviation [SD]; mean 
age, 63.7 yr) and increasing incidence of vertebral fractures. Adapted from ref. 22 with permission. 

span (8-10). These latter two variables are unknown in an individual patient, but can be 
defined using known ranges of bone loss rates and life expectancy. Nomograms can be 
used to estimate an individual patient's RLFP. The RLFP is greater in a younger woman 
than in an older woman with equal levels of bone loss, since the younger woman's life
span is longer and hence, time of exposure to low bone mass is longer. Thus, the younger 
woman is exposed to low bone mass and continual bone loss for a longer period of time 
with subsequent greater RLFP if no intervention is prescribed. Hence, detection of 
osteopenia or osteoporosis, based on levels of bone mass alone, has important implica
tions for women of all ages. 

The diagnostic thresholds to define osteopenia (low bone mass) and osteoporosis in 
nonfractured patients have recently been agreed on by international panels of the World 
Health Organization (WHO) and the International Society for Clinical Densitometry 
(SCD) (11,12). Low bone mass orosteopenia is defined as any BMDbetween 1.0 and 2.5 
SD below the mean BMD of young normal adult Caucasian women. Osteoporosis is 
defined as BMD more than 2.5 SO below the mean young normal value. The diagnostic 
threshold for osteoporosis is defined at this level, since over 95% of fragility fractures 
occur in patients with BMD more than 2.5 SO below the mean young normal bone mass. 
It is important to identify patients with osteopenia (BMD 1.0-2.5 SO below young 
normals), because they have both a greater current and life-time risk for fragility fractures 
as compared to patients with normal bone mass. If these patients remain unrecognized 
and untreated, and bone mass continues to decline, then they have a much greater risk of 
fracture as their age increases. It has been suggested that these definitions of osteopenia 
and osteoporosis may overdiagnose this disease, since by the age of85 yr, nearly 85% of 
Caucasian women will fulfill these criteria, particularly if multiple skeletal sites are 
measured. However,justification for this diagnostic criteria rests with the knowledge that 



Chapter 9/ Interpretation and Utility of Bone Densitometty 

Bone 
Mineral 
Density 

.---=--------

50 Yrs 
Age 

115 

Fig. 2. Bone mass declines with aging after the menopause in an untreated woman (-). Ideally, this 
loss in bone mass could be preventable with current therapies and measurement techniques (---) 

ifleft undetected and untreated, nearly 50% of a1l50-yr-old Caucasian women will have 
an osteoporotic-related fracture in their life-time with one out of six women developing 
hip fractures. This high prevalence of osteoporosis-related fractures will not be reduced 
unless high-risk individuals are detected and some intervention takes place. 

New techniques for bone mass measurement are accurate, precise, and· objective. 
Routine radiographs are insensitive and subjective. However, they do provide valuable 
information. For example, the presence of a single fragility fracture of a vertebrae 
increases the relative risk ofa second fracture five times, independent of bone mass. The 
risk of future fracture increases exponentially as the number of previous fragility frac
tures increases (6.7.13). 

The skeletal site of bone mass measurement and the technique to be used for screening 
a patient for osteoporosis should be decided by a clinician knowledgeable about the 
strengths and limitations of the skeletal site and the techniques. A few clinical caveats are 
important. First, in the female Caucasian population under the age of 65 yr, osteoporosis 
(BMD more than 2.5 SO below young normal values) is more often detected by measure
ments performed at the spine and/or the spine and hip measurements than at the wrist. 
This may be related to the higher metabolic turnover rate of cancellous bone, which is 
more readily measured at the spine, compared to cortical bone, which is the predominant 
bone type at the wrist (J4). Second, in the peri menopausal population, there is discor
dance in bone mass measured at different skeletal sites in an individual patient. Bone 
mass may be normal at the spine, but low at the hip or vice-versa (J5.J6). Hence, mea
suring at least two skeletal sites (spine and hip) is usually advisable for the first diagnostic 
determination. In fact, the more skeletal sites measured, the greater are the chances of a 
diagnosis of low bone mass or osteoporosis being made (7.17). It is possible that in 
untreated perimenopausal patients, monitoring bone loss at two skeletal sites might be 
also considered, since the rate of bone loss in an individual untreated patient might also 
be discordant. The determination of whether more than one skeletal site should be mea
sured serially in a patient once therapy has been started is not clear. However, discordance 
in response to pharmacological therapy has been suggested in patients receiving estrogen 
and tamoxifen (J 8.19). 
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In the elderly population, the PA-spine bone mass is often falsely elevated by 
osteophytes, and hence, the diagnosis of osteoporosis may be missed. This false elevation 
of the PA-spine may also be observed in younger rheumatology patients with axial 
arthropathies. In clinical states where low bone mass should be present (e.g., elderly 
women without estrogen replacement or patients with prevalent fragility fractures), but 
is not found using P A-spine measurements, then measuring a second skeletal site is 
necessary. In these cases, measurement of the lateral spine, which is predominantly 
cancellous bone, by lateral spine DXA, or measuring the center of the vertebral body, 
which is also predominantly cancellous bone, by QCT techniques may be very useful. It 
has been suggested that since such a large proportion of very elderly patients have false 
elevations of the PA-spine measurements owing to osteophytes, the hip measurement be 
substituted as the primary sites for DXA in this population for the determination oflow 
bone mass (20). Hip measurements, in fact, might be more diagnostic in the elderly 
population (21); however, once a diagnosis is made, serial hip measurements (femoral 
neck and! or trochanter) change very slowly over time, both in response to pharmacologi
cal intervention and during normal aging. Additionally, the precision ofDXA at the hip 
site is not as good as the precision ofD XA at the P A -spine sites. Therefore, larger changes 
in bone mass are required at the hip before clinically significant changes owing to aging 
or intervention can be separated from changes related to errors in measurement (22-24). 
Hence, clinicians currently have a difficult decision in circumstances where the PA-spine 
measurement is falsely high and yet longitudinal monitoring is important for clinical 
decisions. There is currently no simple solution, since the long-term longitudinal preci
sion of supine lateral DXA has yet to be established in the elderly population, and the 
longitudinal precision of QCT measurements is limited as well. If a QCT scanner is 
designated to perform only spine measurements and recalibration is performed prior to 
or during each use, then this technique may be precise enough to determine longitudinal 
changes in the spine. However, in most common hospital settings, this designated QCT 
application is the exception. 

Clinicians interpreting bone mass measurements should be cognizant of the precision 
errors of the bone mass technology they use in order to interpret changes properly when 
following patients longitudinally. For any biological test, a change in an individual 
patient should be at least 2.8 times the precision error ofthe measurement (i.e., coefficient 
of variation) before a change can be considered to be real rather than within the variability 
ofthe test (22). In this case, for example, since the precision error ofthe P A -spine by DXA 
is 1.5-2.0%, then more than a 5.6% change at this skeletal site by this technology should 
be seen before a change is considered real rather than apparent. Hence, clinicians should 
not necessarily consider that bone loss is occurring or a change in therapy is needed when 
changes by any technique fall within the measurement error. Alternatively, a small change 
should not be totally discounted, since it might suggest a trend that needs to be monitored 
with future measurements. 

In contrast to the detection and diagnosis of low bone mass, any skeletal site may be 
used for fracture prediction in the elderly population (3,5,25). In this population, any 
skeletal site is equally predictive of fracture at any other skeletal site. The measurement 
ofBMD at the hip is slightly more predictive of a hip fracture than measurement ofBMD 
at any other skeletal site to predict hip fracture (5,21). One may question why it is 
important to distinguish between the detection oflow bone mass (which may be depen
dent on the technique used and skeletal site measured in the population under 65 yr old) 
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and the prediction of fracture (which may not be dependent on the technique used or site 
measured in the population over 65 yr old). In the early menopausal patient, decisions 
regarding estrogen replacement or other preventive interventions are often made if low 
bone mass is found in order to preserve bone mass and are decisions that are independent 
of current fracture prediction decisions. Furthermore, since bone mass may be discordant 
in this population, two skeletal sites should be measured, especially if the initial site has a 
normal BMD, in order to make these clinical decisions. 

In counseling patients about their fracture risk based on a bone mass measurement 
result, there are two distinct fracture risk assessments to consider: the current relative risk 
and the RLFP. Current fracture risk (e.g., the relative risk of a fracture occurring in the 
5 yr following the bone mass measurement) has, with one exception, only been deter
mined in longitudinal data in women with a mean age of 65 yr. Hence, it currently is not 
correct to equate the current fracture risk ofa 50-yr-old to that ofa 70-yr-old woman with 
equal levels of reduced bone mass. The younger woman's current fracture risk is likely 
to be lower, since age is an independent risk factor for fractures, independent of bone 
mass. The RLFP, however, for the younger woman with no treatment intervention is 
likely to be greater than for the older woman since the younger woman has many more 
years of exposure to low bone mass. The RLFP can be calculated from the woman's age, 
current level ofBMD, rates of bone loss, and life-span in order to provide an absolute life
time fracture probabilitY number that can enhance clinical decisions. 

Specially trained clinicians should be involved, at some level, in the interpretation of 
bone mass measurements ifthe measurement is to have its most useful impact on patient 
care. The measurement of bone mass is not as simple to perform or interpret as a blood 
pressure measurement. Daily phantom calibration and quality control are required to 
prevent equipment drift and large measurement errors. Ongoing education is necessary 
for these trained clinicians and their technicians, since the technology of bone mass 
measurements is changing rapidly. 

No one medical specialty should claim densitometry as its own unique area. Radiolo
gists, endocrinologists, rheumatologists, gynecologists, and many others have 
substantial professional reasons to perform bone densitometry and include it as a 
part of their patient care. It is important, however, that continuing education and 
certification be maintained among these various professionals to assure the highest 
standards of professionalism. 

The most useful type of information that can be provided to a physician requesting a 
bone mass measurement is one that allows that physician to understand what the test 
means in an individual patient, in order for that physician to make relevant decisions. 
Currently, the computer printout provided by the bone mass measurement manufacturers 
is confusing to most physicians receiving bone densitometry reports. The age-matched 
Z-scores are often misleading for the older population, but do have value in the pediatric 
and adolescent popUlation. A normal age-matched Z-score in an older adult with fragility 
fractures is often misinterpreted as indicating that the patient does not have osteoporosis. 
In these cases, an incorrect misdiagnosis is the result, since the diagnosis of osteoporosis 
has been erroneously made by assessing the patient's bone mass as it compares to 
age-matched controls. At the present time, bone mass decreases in most postmenopausal 
women not on estrogen as their age increases. Therefore, if osteoporosis were to be 
defined on the basis of age-matched data, then the prevalence of osteoporosis would not 
increase with age, and yet it does at this time. However, postmenopausal bone loss should 
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not be an accepted process of aging. The goal of osteoporosis prevention is to maintain 
peak bone mass and prevent bone loss. If this is achieved, then age-matched Z-score 
would be essentially the same as young adult Z-scores and age-matched Z-scores would 
be eliminated. Hence, the data shown in Fig. 2 should ideally apply. Therefore, the bone 
mass of an individual adult patient of any age for osteoporosis diagnosis and fracture 
prediction should be compared to the normal peak bone mass of young adults (i.e., 
T-score or young adult Z-score). This level of bone mass should be ideally maintained 
throughout life, and bone loss owing to aging (i.e., the age-matched Z-scores) should not 
be allowed to occur. Also since the strength of a bone is largely dependent on its ideal 
absolute bone mineral content (BMC), both the diagnosis of osteoporosis and the rela
tionships between low bone mass and future fracture risk are related to the young normal 
bone mass and not to age-matched bone mass. As mentioned, this is especially clear when 
a physician observes an elderly woman with fragility fractures who has a very low bone 
mass when compared to a young adult but a normal age-matched bone mass. A diagnosis 
of "normal" in this case would certainly be misleading and a disservice to the patient. 

The interpretation of bone mass measurement should also include an assessment of the 
relationship of a particular bone mass measurement to valuable information obtained 
from the patient. This information can also help the physician make clinical decisions. 
For example, providing a brief narrative report to the physician requesting a bone mass 
measurement can provide specific suggestions for both diagnostic and intervention regi
mens based on a patient questionnaire, and can make that individual test more meaningful 
for both the patient and the physician. The depth and range ofthese recommendations is 
dependent on the knowledge and experience of the individual clinician interpreting the 
report. Offering diagnostic suggestions (i.e., further laboratory tests, radiology tests, 
bone biopsies, and so forth) or suggestions for intervention (i.e., ERT in an osteopenic 
patient, or other pharmacological treatments in a patient with prevalent fragility fractures 
who is not a candidate for ERT) can enhance the value of bone mass measurements for 
both the patient and the physician. Any diagnostic and intervention suggestions should be 
carefully considered and based on and correlated with the bone mass measurement result 
and the patient historical data. This type of clinical interpretation can be performed in a 
professional and competent fashion in a physician-supervised practice where the patient 
is referred only for the bone mass testing and is not necessarily examined by the physician. 

The measurement of bone mass for clinical decisions should be performed at any age 
on any sex when it will influence this clinical decision. It is an objective measurement. 
This measurement is not a risk for our patients, and will also have cost savings and be cost
effective by the early diagnosis and treatment of osteoporosis before the hip fractures 
occur (2fr30). Furthermore, by reducing fractures, the quality oflife for our patient will 
be enhanced. Ifperformed and interpreted correctly, bone mass measurement is a very 
useful objective tool that can enhance clinical decision making. 
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1. INTRODUCTION 

Recent estimates suggest that osteoporosis affects 30% of postmenopausal Caucasian 
women in the US (1). Osteoporosis is defined as a bone mineral density (BMD) more 
than 2.5 SD below the young normal mean. An additional 54% ofpostmenopausa] women 
have osteopenia, defined as a BMD more than 1 SD below young normal mean, but <2.5 
SD below. Osteoporosis accounts for 1.2 miJJion fractures annually with an estimated 
annual cost of $1 0 billion. 

Models have been developed to predict bone mass based on risk factors (2.3). Although 
these models were highly significant in predicting bone mass at a given skeletal site, 
neither identified more than 73% of women with low bone density. Prospective studies 
have demonstrated the association between a maternal history offragility fracture and the 
individual risk of osteoporosis (4). Therefore, family history of fracture, particularly 
maternal, appears to be a significant risk factor for osteoporosis in postmenopausal 
women. In general, however, the assessment of risk factor status does not appear to be 
an efficient tool for the identification of perimenopausal women with low bone mass (5). 
The poor performance of the risk factor models may be explained by unmeasured genetic 
factors, which are important determinants of bone mass. 

Assessment of bone mass remains indispensable to determine osteoporosis risk, since 
risk factors alone are not sufficient for accurate delineation of either low or normal bone 
density. It is clear that bone density is a very good predictor of fracture risk (6-10). As 
bone density decreases, fracture rate increases. Women with bone density in the 
lowest quartile have an 8.S-fold greater risk of hip fracture than those in the highest 
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quartile (7). Interestingly, calcaneal density is nearly as good a predictor of hip fracture 
as is hip density (7). 

Methods used to measure BMD include single energy X-ray absorptiometry (SXA), 
dual-energy X-ray absorptiometry (DXA), and quantitative computed tomography 
(QCT). Each of these methods is accurate and precise in measuring bone mass. Although 
quantitation of bone mass is the best predictor of fracture risk, the above instruments are 
relatively costly, and most importantly, are not readily available to the average physician 
and/or patient. Such techniques as quantitative ultrasound, which are not costly and are 
radiation-free, could make assessment of bone mass more readily available. This would 
allow the targeting of those women with lowest bone mass and greatest fracture risk for 
intervention with preventive therapy. 

2. ULTRASOUND MEASUREMENTS 

Bone density is a predictor offracture risk (6-10). The increase in risk offracture with 
decreasing bone density is greater than those reported for the risk of coronary artery 
disease with increasing cholesterol levels or blood pressure (11). The increase in risk of 
fracture is similar to the increase in risk of stroke-related mortality in women with 
increasing blood pressure (12). However, in addition to density, it is believed that struc
ture, elasticity, and geometry of bone are important determinants of its strength. These 
are variables about which current densitometric-based methodology provides no infor
mation, but which may be important in determining fracture risk. It has been suggested 
that quantitative ultrasound measurements (velocity and attenuation of the sound wave) 
may provide additional information about bone quality apart from density. 

Ultrasound instruments may measure the velocity of the sound wave through bone 
and/or the speed of sound from one transducer to another. Velocity of the sound wave 
through bone assesses the speed of the sound wave from one bone surface to the other. 
Hence, the value represents the time it takes the sound wave to pass through bone alone. 
The speed of sound is the time it takes for the sound wave to travel from one transducer 
to another. Thus, the speed of sound through all materials between the transducers, e.g., 
bone, fat, soft tissue, and water, will be included in the measured value. The greater the 
connectivity or complexity of a structure, the greater will be the velocity of the sound 
wave through the structure. Thus, normal bone will have higher velocity values than 
osteoporotic bone. Measurements of velocity of sound through bone provide an index of 
microhardness and elastic properties, a reflection of the capacity of bone to resist defor
mation (13-15). The velocity of the sound wave through bone is also dependent on the 
mineral content (16). When bone mineral is decreased by demineralization with nitric 
acid, there is a linear decrease in velocity (16). The velocity of the sound wave through 
bone is also largely influenced by trabecular separation (17). As the parallel and perpen
dicular components of trabecular separation increase, the velocity of the sound wave 
through the bone deceases (17). 

The ultrasonic attenuation depends on bone structure, which can be described by the 
spatial distribution and size ofthe individual trabeculae. The more complex a structure, 
the more the sound wave passing through it will be blocked or attenuated. Thus, normal 
bone will have higher attenuation values than osteoporotic bone. The spatial arrangement 
of a structure also affects sound wave attenuation. The trabecular orientation of a bone 
affects ultrasound attenuation, but not BMD (18,19). Ultrasound attenuation is also 
influenced by both trabecular separation and connectivity (J 7), and correlates closely 
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with bone volume (20). This may be an important detenninant of fracture risk, since 
osteoporosis is characterized by a process that removes entire trabeculae, leaving those 
that remain more widely separated, but only slightly reduced in thickness (21). The broad
band ultrasound attenuation and bone density of human femoral neck specimens correlate 
with femoral neck hardness detennined by incremental indent depth (22). Contrary to 
findings in bone specimens containing cortical and trabecular bone, incremental indent 
depth for trabecular bone cubes correlates only with BMD, not ultrasound attenuation. 
This suggests that the correlation between indent depth and broad-band ultrasound 
attenuation depends upon the presence of cortical bone (J 9). 

Thus, velocity of the sound wave through bone and the attenuation of the sound wave 
are related to biomechanical properties of bone: elastic modulus, compressive strength, 
and hardness. These are material characteristics that describe mechanical properties of 
a tissue that are independent of geometry and architecture (23). Stiffness, which is avail
able as a measurement on certain ultrasound instruments, does not reflect a biomechani
cal property of bone. It is an algorithm derived from the attenuation and the speed of the 
sound wave through bone, and as such, is dependent on those two measurements. 

3. QUANTITATIVE ULTRASOUND TO ASSESS BONE MASS 

Clinical studies have employed quantitative ultrasound to assess bone mass in adult 
women (20,24-47), in pediatric subjects (48), and in patients with primary hyperpara
thyroidism (49). Broad-band ultrasound attenuation is not affected by heel width 
(50-52). In contrast, increases in heel width and fatthickness result in an underestimation 
of the speed of sound (52), demonstrating the importance of measuring velocity of sound 
through bone rather than speed of sound from one transducer to another. 

Because ultrasound assesses properties of bone in addition to density, such as elasticity 
and structure, it should be expected that ultrasound values at a skeletal site do not corre
late exactly with densitometric evaluation of that site. Broad-band ultrasound attenuation 
(BUA) and velocity of the sound wave (VaS) at the calcaneus correlate with density of 
the calcaneus detennined by single-photon absorptiometry (SPA), r = 0.51 and r = 0.72, 
respectively (28). Using SXA of the calcaneus, the correlation between the densitometric 
value andBUA in25 womenisr=O.72 (30), whilewithDXA the correlations are similar, 
r=0.66 to 0.8 (33,34). Ina study of64 Caucasian women, BUAand vas correlate with 
heel density detennined by DXA, r= 0.73 andr= 0.66, respectively (31). These studies 
correlating density with quantitative ultrasound values at the same site suggest that 
approx 45o/(}-50% of the BUA and vas values can be accounted for by density. Even 
BUA and vas values appear to measure different properties in humans (r = 0.74), 
suggesting that only 55% of the two measurements reflect similar properties of bone (31). 

Both BUA (20,24,26,27,32-34,37,41,44,46) and vas (41,42,45,46) decrease with 
age in women. The fall in BUA values after menopause parallels the fall in lumbar spine 
BMD (Versace M., personal communication). BUA nonnative values have been reported 
in three different populations of women using the same instrument. Damilakis et al. (32) 
studied 93 nonnal Greek women between the ages of25 and 87; Palacios et aJ. (34) studied 
III nonnal Spanish women between the ages of 30 and 70; Salamone et al. (44) 
examined 259 nonnal Caucasian women between the ages of 45 and 76 yr. A woman was 
defined as nonnal based on the absence of back pain and fracture. In the three studies, 
BUA values were similar at any given age in these diverse populations (32,33,44). 
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BUA values are significantly decreased in women with osteoporosis (24,27,32,33,36) 
and increase during a program of brisk walking (29). The postmenopausal fall in BUA 
(53) and VOS (42) is prevented by estrogen replacement therapy. BUA values have a 
sensitivity and specificity for osteoporosis that range between 65 and 85% when os
teoporosis is defined by bone density values (24,26,33,40). 

4. ULTRASOUND VALUES AS A PREDICTOR OF FRACTURE 

Bone density is a very good predictor offracture risk (6-10). Nevertheless, it is clear 
that many women whose bone density is age-appropriate suffer fractures (54,55). 
Although studies have shown that approx 75 to 80% of the variance in the ultimate 
strength of bone is accounted for by bone density (56), a variety of changes in the material 
composition or structural geometry of the skeleton can modify the effects of altered bone 
mineral content (57). Thus, it should not be surprising that ultrasound, a technique that 
assesses bone quality as well as density, is a predictor of fracture. There is a strong 
correlation between ultrasonic properties of the calcaneus and the load required to frac
ture cadaveric proximal femurs (58). Femoral neck density and trochanteric density are 
strongly associated with femoral failure load (,2 = 0.79 and 0.81, respectively,p < 0.00 I). 
Calcaneal density (,2= 0.63, p < 0.001) and BUA (,-2= 0.51,p = 0.002) are also signifi
cantly associated with the femoral failure load (58). 

Women with VOS values approx 2 SD below young normals have a sixfold higher 
likelihood of having one or more fractures than women with velocities above that level 
(59). Femoral neck density is decreased by 23% in women who sustain hip fractures, 
whereas BUA is decreased by 41 % in these women (24). BUA is as good a discriminator 
between normal subjects and patients with osteoporotic vertebral fractures, as is bone 
density of the spine measured by dual-photon absorptiometry (DPA) (26). In a prospec
tive study of 1414 elderly women, those most at risk of sustaining hip fractures were those 
with low BUA (60), suggesting that, although the technique does not correlate perfectly 
with densitometry, it may identify women at greatest risk for later sustaining hip fracture. 
In a retrospective study of 50 women with hip fractures and 50 control subjects, BUA was 
a better discriminator of hip fracture than DXA at either the hip or spine (61). BUA and 
VOS also have been shown to discriminate hip and vertebral fracture as well as densito
metry of the respective sites in a study of336 women over age 60 (62). In this retrospec
tive study, the ultrasound values remained as independent predictors of hip fracture even 
after correction for bone density, age, and years since menopause. This finding supports 
the hypothesis that ultrasonic measurements contain useful information about bone 
strength not contained in bone density measurements (62). Ultrasound velocity at the 
tibia also discriminates between women with and without vertebral fracture as effectively 
as densitometry of the spine (63). In a retrospective study of 4685 women over the age 
of69 who are participating in the Study of Osteoporotic Fractures, BUA was compared 
with bone density of the spine, hip, and calcaneus as a predictor offracture risk (64). BUA 
was strongly associated with risk of fracture with odds ratios that remained significant 
even after correction for BMD. Thus, quantitative ultrasound measures characteristics of 
bone strength that are in part independent of density and in themselves are risk factors for 
fracture (64). In a retrospective study of 649 women, the relationship of calcaneal BU A 
with vertebral fracture risk is similar in magnitude to associations observed for density 
measurements of the calcaneus and spine (65). 
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Fig. 1. The independent relation between BUA and vertebral fracture. Percentage with vertebral 
fracture by BUA and spine BMD. Tertiles labeled from lowest (1) to highest (3). reprinted from 
ref. 67 with permission of Blackwell Science, Inc. 

Quantitative ultrasound values are better correlated to the type of hip fracture than 
DXA, discriminate subjects with hip and vertebral fracture equally well as DXA, and 
appear to provide an indication of fracture risk independent ofBMD (Fig. 1) (66,67). 
Ultrasound velocity is as good as single photon absorptiometry (SPA) in estimating odds 
of fracture (68). 

These studies (59--68) suggest that quantitative ultrasound is as good a predictor of 
fracture risk as BMD (6-10). However, the studies have been retrospective (59--68) and 
may include unappreciated confounding variables. Two recent reports indicate that quan
titative ultrasound can prospectively predict fracture risk. Incident vertebral deformities 
in 130 postmenopausal women were assessed over a 2-yr period. Women with ultrasound 
velocity values more than 1 SD below the mean for the group had a 3.3- to 4.6-fold greater 
likelihood of sustaining a vertebral fracture (69). In a prospective study of 6,183 women 
followed for 1.4 yr, both low broad-band ultrasound attenuation and low BMD were 
associated with an increased risk of subsequent fracture, both nonspine and hip fractures 
(70). However, the quantitative ultrasound values did not provide information about 
fracture independent ofBMD (70) . This may be the result of the relatively small number 
offractures, 250 nonspine including 38 hip fractures. Nevertheless, the combined retro
spective (59-68) and prospective (69,70) studies indicate that quantitative ultrasound is 
as good a predictor of vertebral and hip fracture risk as bone densitometry and may 
provide additional information regarding bone quality. 

5. SUMMARY 

Decreased bone mass is the major risk factor for fracture. Osteoporosis-related frac
tures are responsible for increased morbidity and mortality, as well as increased health 
costs. The diagnosis of osteoporosis is often not made until a fracture occurs because of 
the lack of widespread availability of bone densitometry instruments. Quantitative ultra-
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sound is a low-cost, radiation-free potential alternative to bone densitometry as a method 
to predict those individuals at greatest risk for subsequent fracture. Regardless of whether 
ultrasound provides information about bone that is independent of density, its ability to 
predict fracture risk will allow those patients to be targeted for preventive therapy. 
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1. INTRODUCTION 

Bone remodeling is a continuous and dynamic process of renewal, whereby a quantum 
of new bone is reformed following dissolution. As noted previously, this physiologic 
cycle serves to provide a constant source of calcium for homeostatic functions, while 
preserving the biomechanical properties of bone itself. During bone resorption, calcium 
and other matrix constituents are released into the bloodstream where they are metabo
lized or excreted. As bone formation proceeds, skeletal-specific proteins (enzymes or 
matrix components) can leach into the circulation in relatively high concentrations, per
mitting measurement by various techniques, including radioimmunoassay. Over the last 
decade several new assays for biochemical markers of bone remodeling have been devel
oped (Table I). These measurements have been shown to correlate with dynamic studies 
of bone histomorphometry and calcium kinetics. Therefore, these tests have the potential 
to become useful clinical tools in predicting bone loss and fractures. 

Theoretically, knowing the dynamic state of the remodeling unit could provide critical 
information not obtainable from bone density studies. For example, an asymptomatic 52-
yr-old postmenopausal woman presents to the office with a family history of osteoporosis 
and concern about possible use of estrogen. A lumbar spine bone density reveals that the 
patient is -0.5 SD below the mean for a 35-yr-old. At this point in time, it would be 
difficult for the clinician to predict her rate of bone loss or her future fracture risk without 
knowing an earlier (or latter) bone density. Even with this data, the question could be 
asked: Did this patient have a bone mineral density (BMD) + 1.0 SD from mean 3 yr ago, 
or has she always had a bone density near normal with minimal loss during her meno
pause? A single blood or urine test for one of these biochemical markers could provide 
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Table 1 
Markers of Bone Turnover 

Indices of bone formation 

Total alkaline phosphatase (TAP) 
skeletal alkaline phosphatase (SAP) 

Serum osteocalcin (OC) 
Procollagen I extension peptides (PICP) 

Indices of bone resporption 

Urinary calcium/creatine 
Urinary hydroxyproline 
Urinary collagen crosslinksa 

deoxypyridinoline 
pyridinoline 
N-telopeptide crosslinks 
C-terminal crosslinks 

Serum Type I collagen crosslinks 
C-terminal crosslinks (ICTP) 

aCollagen crosslinks can be assayed in urine and in serum by several different techniques. Total 
collagen crosslinksrepresent a chromatographic method of measuring both deoxy- and pyridinoline 
crosslinks. By chromatography, each component can also be determined. Free pyridinoline 
crosslinks (not bound to peptides) can be measured by ELISA; both N-terminal peptides and C
terminal peptides bound to the crosslinks can be measured by ELISA. 

the clinician with an approximation of bone turnover, thereby alerting the provider to the 
need for some form of prophylactic therapy in this woman (e.g., estrogen, calcitonin, or 
a bisphosphonate). Furthermore, ifthe practitioner elects to treat this patient, a biochemi
cal marker could demonstrate whether the drug was or was not successful in suppressing 
bone resorption. Finally, a single biochemical marker at one point in time might predict 
how this individual will respond to antiresorptive therapy in terms of bone density (1). 
Hence, in this patient, clinical application of bone markers may provide potentially useful 
information. 

Despite the theoretical scenario presented above, it is important to note that biochemi
cal markers of bone turnover cannot make the diagnosis of osteoporosis. Still, markers 
do have a role in clinical medicine and can be used (as in the case) to measure bone 
remodeling indirectly. With rapid technological advances, it is likely that more markers 
will become available. Hence, within 5 yr, at least one biochemical marker will be 
accessible on multiphasic screening in a manner analagous to cholesterol or calcium. By 
choice or not, the provider will have to deal with interpretation of these markers. There
fore, understanding the strengths and limitations of these indices will become increas
ingly more important in the management of osteoporosis. 

2. MARKERS OF BONE RESORPTION 

2.1. Background 

Bone is composed of a mineral or inorganic component (calcium hydroxyapatite) and 
an organic or protein matrix. The organic matrix is composed primarily of collagen, 97% 
of which is Type I collagen (2). De novo synthesis of collagen, a three peptide chain held 
together in a helical structure (Fig. 1), is critical to subsequent bone formation, since it 
provides the lattice necessary for crystalization and mineralization. Type I collagen is 
secreted by osteoblasts as procollagen-containing peptide extensions (3). During 
extracellular processing and just prior to mature fibril formation, amino- (N-) and 
carboxy- (C-) terminal extensions are cleaved and released into the circulation. The 
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Fig. 1. Type I collagen is the predominant peptide within the bone matrix. It is a helical structure 
composed of three peptide strands held together through CCLs. 

Location of Trivalenr 
Hydroxypyridinium Cross-Links in 

Collagen Fibrils. 

Fig. 2. The trivalent hydroxypyridiinium crosslinks (including deoxypyridinoline and pyridino
line) anchor Type I collagen peptides at the N-terminal and C-terminal ends. 

C-tenninal fragment remains intact, but the N-tenninal fragment can be incorporated 
back into bone as a low-mol-wt fragment. 

The final step in the extracellular processing of collagen is the crosslinking of the three 
collagen fibrils at both the C- and N-tenninal portions (telopeptides) of the molecule 
(Fig. 2). This occurs at unique amino acids (hydroxylysine or lysine) in collagen. In 
bone and cartilage, hydroxylysine predominates. Hence, most crosslinks are pyridinoline 
(pyr) or hydroxypyridinoline (deoxypyridinoline, D-pyr) (see Fig. 2). D-pyr is found 
exclusively in bone and dentin while pyr is a crosslink component of skin, joint and 
cartilaginous tissues_ In human bone, the ratio ofpyr/D-pyris approx 2:3 (4). The break
down of these crosslinks during the early stages of bone resorption guarantees their 
presence in the circulation bound to peptide fragments (C-telopeptides). whereas excre
tion in the urine represents a combination offfee peptide (~30%) and bound pyridinolines 
(N-telopeptides) (5). Pyridinolines are not metabolized but are excreted in a diurnal 
pattern with a peak at night and a nadir during the afternoon (6). Hence, timed collections 
ofpyridinolines may provide an integrated measure of bone turnover. 
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The most abundant noncollagen protein in bone (and the seventh most abundant pro
tein in the body) is osteoca1cin (also called bone Gla-protein).1t is a 49 amino acid peptide 
with three glutamic acid residues and a strong affinity for hydroxyapatite (7). It is syn
thesized by osteoblasts, and is specific for bone and dentin. Its precise biologic function 
is unknown although it is a marker of the differentiated osteoblast. The vast majority of 
osteocalcin is deposited in bone by osteoblasts, although 1 % is released into the circu
lation and can be measured by radioimmunoassay (8). During bone resorption, osteocalcin 
fragments can be detected in the serum and urine. 

Total alkaline phosphatase is the most widely used marker of bone formation, even 
though it is the least specific and sensitive for most metabolic bone diseases (except 
Paget's disease of the bone). There are three isoenzymes of alkaline phosphatase, which 
differ according to posttranslational glycosylation. This processing allows the enzyme to 
attach to cell membranes and vesicles (9). The principal substrates for alkaline phos
phatase in bone are organic and inorganic phosphates and pyrophosphates, thus making 
its enzymatic activity critical for mineralization. Total serum alkaline phosphatase (TAP) 
represents the spillover from several tissues. Fifty percent of TAP is skeletal alkaline 
phosphatase (SAP) derived almost exclusively from osteoblastic synthesis. 

Osteoca1cin, alkaline phosphatase, collagen, collagen crosslinks (CCLs), and hydrox
yproline are the basic remodeling proteins that commercial assays can currently measure 
in either serum or urine (see Table 1). Each will be examined in the following sections 
under bone resorption markers or bone formation indices. 

2.2. Markers of Bone Resorption 
2.2.1. URINARY CALCIUM/CREATININE 

Twenty-four-hour urine collections for calcium and creatinine have been used to 
extrapolate the status of bone remodeling activity in various metabolic bone conditions. 
As noted in Chapter 2, Albright reported increased urinary calcium excretion in post
menopausal women, suggesting negative calcium balance during menopause (J 0). Since 
then, this test has been widely used and modified by a simultaneous assay for urinary 
creatinine. However, use of the ratio of urinary calcium to creatinine is plagued by low 
specifity and sensitivity. Numerous factors can affect calcium excretion (dietary calcium, 
PTH, vitamin D status, salt intake, and so on). Furthermore, there is a large intrasubject 
coefficient of variation (up to 50%). Finally, 24-h urinary collections are particularly 
cumbersome even in the most experienced hands. Hence, even though urinary calcium 
is the cheapest of the biochemical markers, this test has low sensitivity, lacks specificity 
and is a very poor predictor of bone loss. 

2.2.2. URINARY HYDROXYPROLINE 

After collagen synthesis by osteoblasts, the amino acid proline is hydroxylated and 
incorporated into bone matrix where it contributes to collagen fibril stability. About 13% 
of collagen contains hydroxyproline (J 1). During collagen breakdown (i.e., bone resorp
tion), hydroxyproline is released into the circulation both free and bound to polypeptides. 
The free and peptide-bound constituents are filtered in the urine; free hyroxyproline is 
completely reabsorbed and metabolized in the liver, whereas peptide fragments remain 
in the urine. Unfortunately, a significant proportion of urinary hydroxyproline originates 
from the breakdown of nonskeletal collagen (12). Furthermore, dietary hydroxyproline 
is absorbed readily and is present in several food sources, including gelatins. Urinary 
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measurements are made by high-performance liquid chromatography (HPLC) or calo
rimetry, and are usually expressed as a ratio of hydroxyproline to creatinine clearance. 
Owing to complex metabolic pathways, and the lack of specificity, urinary hydroxypro
line correlates poorly with bone resorption assessed by calcium kinetics or bone 
histomorphometry (13). 

In summary, hydroxyproline excretion is a sensitive marker of increased bone turn
over, but its specificity is poor. Furthermore, special dietary instructions are an absolute 
necessity. In general, newer biochemical markers with enhanced specificity have sup
planted hydroxyproline as an indicator of bone turnover. 

2.2.3. URINARY eeLs 
Pyridinoline CCLs represent one ofthe final steps in the maturation and stabilization 

of collagen within the bone matrix. As noted previously, these crosslinking amino acids 
are generated extracellularly and provide stability for the helical fibrils of Type I col
lagen. CCLs are rapidly dissolved during bone resorption, are relatively specific for bone, 
are not influenced by diet, and are not metabolized in the circulation. Therefore, these 
compounds have been considered the best markers of bone turnover. Furthermore, mea
surement of pyridinoline CCL excretion correlates closely with histomorphometric 
determinants of bone resorption in women with osteoporosis (14). 

In the past 5 yr, clinical experience with pyridinoline CCLs has grown, especially in 
states of high bone turnover (Paget's disease of bone, thyrotoxicosis, hyperpara
thyroidism). CCL excretion has been shown to correlate with histomorphometric evi
dence of increased bone resorption in these disorders (J 5-17). Recent studies have focused 
on pyridinoline CCL excretion in osteoporosis in order: (1 ) to determine the precise rate 
of bone loss in a postmenopausal woman; and (2) to assess an individual's response to 
antiresorptive therapy. Technological modifications have recently improved the speed 
and accuracy of measuring pyridinoline CCLs. A brief(nontechnical) discussion of these 
different methodologies follows. 

Pyridinoline CCLs are released into the circulation during bone resorption and are 
excreted as both free pyridinolines (deoxypyridinoline and pyridinoline) and pyridino
lines bound to bone specific C- or N- terminal ends of Type I collagen (Figs. I and 2). 
There are several different ways to measure pyridinoline CCLs. The most sensitive and 
accurate methodology for urinary pyridinoline CCL excretion is high performance liquid 
chromatography (HPLC) which permits quantitation of total CCLs into D-pyr and pyr 
(18). In addition to the expense, there are several other disadvantages that prevent wide
spread clinical utility of HPLC. First, only a few laboratories have the capability to 
determine D-pyr and pyr by this methodology. Second, the assay involves a rather labo
rious multistep procedure of acid hydrolysis, extraction, and then HPLC. In addition, 
CCL recovery by HPLC may be incomplete. Finally, the extent of intra subject variability 
has not been studied. 

In the past 3 yr, there have been considerable advances in the development of simpler, 
more precise measures of pyridinoline CCLs both in the urine and serum These tests rely 
on ELISA (enzyme-linked substrate assays: N-telopeptide and free pyridinoline) or RIA 
technology (serum type I collagen crosslinked C-telopeptide, ICTP). The N-telopeptide 
urinary assay uses a monoclonal antibody (MAb) to the intermolecular crosslink domain 
on the N-terminal region of the Type I collagen molecule, thereby measuring the 
pyridinoline link and a portion of the collagen protein (see Fig. 2) (19). Free pyridino-
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line crosslinks are measured in the urine by an ELISA assay, which preferentially detects 
free CCLs rather than those bound to N-terminal fragments of collagen (20). Serum ICTP 
is assayed by RIA, and it employs antisera directed against the C-terminal region 
(C-telopeptide) of the peptide bound to pyridinoline crosslinks. These compounds are 
released directly into the serum during bone resorption (21). 

For each of these resorption markers, studies have been conducted to determine their 
sensitivity and specificity for detecting bone loss and predicting responsiveness to anti
resorptive therapy. Although evidence that these markers can predict future fractures is 
lacking, the ease of these measures should permit critical data to be forthcoming relatively 
shortly. Fig. 3 illustrates the value of each of these tests in detecting accelerated bone 
turnover among 85 postmenopausal osteoporotic women (22). In these women four of the 
five indices of bone turnover (not ICTP) were well above levels of normal premenopausal 
women (33-171 % above normal; p < 0.001). In addition to measuring changes in bone 
turnover, D-pyr by HPLC and N-telopeptide by ELISA were both able to predict accu
rately spinal bone loss over 15 mo (22). Thus, these data suggest that several markers of 
bone turnover could be useful adjuncts for detecting bone loss in postmenopausal women. 

In addition to detecting accelerated bone loss, biochemical markers of bone remodeling 
may provide important patient-specific information about bone responsiveness to 
antiresorptive therapy. Several studies have confirmed that pyridinoline CCLs are sup
pressed by conventional therapies. In 12 older postmenopausal women, 6 wk of conjugated 
equine estrogen (0.625 mg/d) suppressed pyridinoline CCL excretion (by HPLC), free 
pyridinolines (ELISA), and N-telopeptides (by ELISA) by 30% (23). In this study, after 
discontinuation of estrogen, indices of bone resorption returned to pretreatment levels. In 
a separate study of 65 early postmenopausal women, 5, 20, and 40 mg of alendronate 
suppressed N-telopeptide excretion in a dose-dependent manner up to 60% ofbaseline (19). 
Finally, 10 mg of alendronateto 85 postmenopausal women for 15 mo reduced N-telopeptide 
and total pyridinoline excretion (HPLC) to premenopausal levels within 1 mo of therapy 
and predicted bone density changes over the ensuing 15 mo (see Fig. 4) (22). 

These data reinforce the potential significance of biochemical markers in determining 
the extent of bone loss and responsiveness to treatment. However, longer clinical trials 
will be needed to assess how accurately pyridinoline CCLs predict long-term bone loss 
and fractures. Moreover, many questions remain unanswered. For example, there are no 
studies that have shown that women with high bone turnover have a higher fracture 
incidence. Second, urinary pyridinoline CCL determinations still have a relatively high 
coefficient of variation (1 0-40%) (19). Third, over the course of several years, postmeno
pausal women change their rate of bone loss in both directions (24). Finally, predictions 
based on CCL excretion about the rate of bone loss have been most extensively studied 
only in early and late postmenopausal women. Generalizations about pyridinoline CCLs 
in other populations are not yet supported by critical data. 

In the meantime, commercially available pyridinoline CeL studies can provide a 
relatively precise and accurate indication of bone turnover in most postmenopausal 
women. In addition, these tests are accessible to primary care providers and are relatively 
inexpensive ($55-100/test) compared to serial bone mass measurements. Furthermore, 
pyridinoline CCL assays can be performed reliably on morning 2-h collections, thereby 
eliminating the need for cumbersome 24-h urinary collections. Their future clinical util
ity will depend on newer technologies that should lower the cost ofthese tests, increase 
accessibility, and hopefully permit fracture prediction. 
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Fig. 3_ Individual values for four markers of bone formation and five markers of bone resorption 
in 84 elderly osteoporotic women. For each marker, the solid line represents the mean of the patient 
population; the dotted line and the gray zone in the background are the mean and the normal range, 
respectively (±l SD) for premenopausal controls. Reprinted from ref. 22 with permission. 
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Fig. 4. Mean t-score values for N-telopeptide and bone alkaline phosphatase in elderly osteoporotic 
women at baseline and after 1,3,6,12, and 15 mo of treatment with 10 mgld ofalendronate. 
T -scores are the number of SD from the mean of 46 premenopausal women. Reprinted from ref. 
22 with permission. 

2.3. Markers of Bone Formation 
2.3.1. BACKGROUND 

Biochemical markers of bone formation have been utilized for many yr in the manage
ment of metabolic bone diseases. For example, TAP remains one of the most sensitive 
and specific indicators of clinical activity in Paget's disease. However, Paget's disease 
is characterized by tremendous increases in bone remodeling activity. Osteoporosis, on 
the other hand, is not associated with the same degree of bone resorption. Therefore, other 
tests that reflect bone formation have been studied. 
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In general, markers of bone formation reflect increased osteoblastic function. In that 
context, during stages of osteoblast differentiation, collagen metabolites are expressed 
first, followed by osteocalcin, and then alkaline phosphatase. Therefore, it would be 
expected that the earliest markers of differentiation would be the most sensitive to changes 
in bone formation (25). However, other factors contribute to the metabolism of these 
markers, making each somewhat unique in its ability to correlate with bone turnover 
activity. Furthermore, it should be remembered that in almost all cases of osteoporosis, 
bone formation remains at least partially coupled to bone resorption, even though resorp
tion rates can far exceed formation. Therefore, during states of high turnover, markers of 
bone formation should be increased. In contrast, during treatment of osteoporosis with 
drugs that block bone resorption, bone formation is suppressed. Therefore, these markers 
may be potentially useful in detecting accelerated bone turnover (increases in serum 
markers) and response to therapy (decreases in serum markers). 

Because bone formation markers are assayed in serum, their measurements tend to 
have better precision (i.e., the percent variation with repeated testing in the same indi
vidual), but lower sensitivity than urinary markers. Therefore, attempts have been made 
to combine urine and serum testing to determine the precise rate of bone turnover in a 
given individual. However, this model has not proven cost-effective nor has it been 
shown to predict fractures. In this chapter, I will focus only on individual measures of 
bone formation. 

2.2.2. ALKALINE PHOSPHATASE 

TAP activity comprises the sum of skeletal, intestinal, and hepatic components, and 
therefore lacks specificity for mild abnormalities in bone remodeling. Fifty percent of 
TAP is derived from osteoblastic production; hence, increased TAP can be noted in some 
patients with osteoporosis. The most common causes for a mildly elevated TAP are: 

1. Recent fracture; 
2. Coexisting osteomalacia; 
3. Numerous medications, including anticonvulsants; and 
4. Metastatic disease to bone. These disorders limit the clinical utility of TAP, except in the 

diagnosis and treatment of Paget's disease. 

Since SAP and hepatic alkaline phosphatase (HAP) are derived from a single gene, 
attempts have been made to enhance the specifity and sensitivity of TAP by examining 
fractions of circulating alkaline phosphatase. Electrophoresis, heat inactivation, lectin 
precipitation, and MAb with RIA have been used in assays for SAP. However, none of 
the above, except the RIA, have produced results which greatly enhance sensitivity and 
specificity. Two groups of investigators previously demonstrated that SAP levels (by 
RIA) clearly distinguish osteoporotic from normal postmenopausal women (26,27). More 
recently Garnero et al. reported twofold higher SAP levels among late postmenopausal 
women than premenopausal controls (see Figs. 3 and 4) (22). Furthermore, SAP was 
found to be the best discriminator among bone formation markers between older 
osteoporotics and younger controls, and could predict the rate of bone loss and response 
to alendronate in 85 women treated for 15 mo (22). 

Bone formation markers may be important in monitoring the response to treatment 
with anabolic agents that stimulate new bone. Fluoride therapy increases TAP and SAP, 
and these markers predict favorable responses (in terms ofBMD) to this treatment (28). 
hPTH (1-38) administered to postmenopausal osteoporotic patients also produces a 
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significant rise in TAP (29). On the other hand, SAP levels do not increase during either 
rhGH or rhIGF-I therapy in elderly women (30). 

In conclusion, SAP has the potential to become a clinically relevant marker for bone 
turnover in postmenopausal women. Further studies will be required to assess its predic
tive value in fractures and its response to antiresorptive therapy. In addition, the cost and 
application ofthese tests in clinical practice require further study. However, it is clear that 
SAP represents an improvement over TAP in both sensitivity and specificity. 

2.2.3. OSTEOCALCIN 

Osteocalcin is a bone-specific protein produced by osteoblasts late in the differentia
tion scenario (25). Its function is unknown, although it is produced in both carboxylated 
and decarboxylated forms, serum levels increase with age, and osteocalcin synthesis is 
modulated by vitamin D (31). Serum osteocalcin is not stable ifleft at room temperature 
for several hours or with repetitive defrosts. Furthermore, there is significant diurnal 
variation (up to 25%) between peak and trough levels. Some osteocalcin cam be released 
from bone directly into the circulation during bone resorption. 

Osteocalcin has traditionally been measured by RIA, although recently sandwich 
immunoradiometric and ELISA assays have become commercially available through 
kits or in reference laboratories (32). Osteocalcin levels are increased during states of 
accelerated bone remodeling, such as hyperparathyroidism, hyperthyroidism, Paget's 
disease of bone, and acromegaly. These levels also correspond with histomorphometric 
changes in these disorders (33). Serum levels of osteocalcin are suppressed during chronic 
treatment with glucocorticoids, estrogens, and bis-phosphonates. 

In idiopathic postmenopausal osteoporosis, serum osteocalcin levels are either normal 
or elevated. In general, the higher the osteocalcin, the greater the remodeling frequency 
and the lower the bone density (34,35). Among 52 postmenopausal osteoporotic women, 
Charles et al. reported a significant correlation between osteocalcin and bone mineraliza
tion rates (36). Several groups have now demonstrated that osteocalcin levels are markedly 
increased in elders compared to premenopausal women (22,39). This is consistent with 
histomorphometric evidence of increased bone turnover during aging. Recently, Szulc et 
al. reported that decarboxylated osteocalcin (in contrast to fully carboxylated osteocalcin) 
was a good predictor of hip fracture in elderly women (37). Changes in carboxylation of 
osteocalcin are thought to be related to alterations in vitamin K within the skeleton, 
although the functional significance of these alterations is unknown (38). 

Civitelli et al. were the first to report that high levels of osteocalcin prior to treatment 
with calcitonin predicted an enhanced bone density response to antiresorptive therapy 
(1). Although many physicians treating metabolic bone diseases select women for 
antiresorptive therapy based on these data, confirmation with other therapeutic agents has 
not been forthcoming. However, at least one subsequent study has shown that in elders, 
changes in osteocalcin during 3 mo can predict bone density responses to alendronate 
over 12 mo of therapy (22). Hence, there may be value in doing serial osteocalcin levels 
to assess long-term effects of antiresorptive therapy. 

Once again, as with all the bone formation indices, more studies will be needed before 
this marker can be used reliably to predict future fracture or rate of bone loss in postmeno
pausal women. Furthermore, the cost of serum osteocalcin remains relatively prohibitive 
($80--150/assay). Therefore, its role in the assessment and management of osteoporotic 
patients remains to be determined. 
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2.3.4. PROCOLLAGEN I EXTENSION PEPTIDES (PICPs) 
Collagen is synthesized as procollagen-containing peptide extensions in both the 

C- and N-tenninal ends. These are cleaved from the rest of the molecule before its 
incorporation into collagen fibrils. Procollagen peptides are produced in equimolar ratios 
to collagen and then are released into the circulation, where they are metabolized in the 
liver after a relatively short half-life (40). Immunologically different propeptides are 
produced in various tissues, but the contribution to serum PICP from collagen other than 
type I is relatively small. A commercially available RIA can detect these peptide frag
ments in serum (41). PICPs are synthesized by osteoblasts and exhibit fairly significant 
diurnal variation. Although these peptides are relatively specific for bone formation some 
N-tenninal peptide fragments make their way into the circulation after bone resorption. 
Hence, the commercial assays employ antibodies to the C-terminal end of the PICP. 

Since the development of the radioinamunoassay for PICP is new, definitive state
ments about its predictive value in osteoporosis must await further studies. It is known 
that PI CP levels correlate with histological indices of bone formation and calcium kinetic 
studies (36,42). However, the onset of menopause is associated with only a mild increase 
in serum PICP, and this rise does not predict subsequent bone loss (43). Likewise, Charles 
et al. could not show differences in PICP levels between osteoporotics and normal con
trols (36). Hence, in 1996, PICP does not appear to have an advantage over other bone 
formation markers and may, in fact, be less sensitive. Further longitudinal studies will be 
required to assess the value of this biochemical marker in osteoporosis. 

3. CONCLUSIONS 

Biochemical markers of bone turnover cannot make the diagnosis of osteoporosis. 
However, development of more sensitive and specific tests that reflect bone remodeling 
have proven useful in predicting an individual's rate of bone loss and response to thera
peutic interventions. At the present time, there remain several variables that limit univer
sal application of these markers to clinical practice. These include: 

1. Cost: Most of the newer assays are around $1 OO/sample, although urinary N-telopeptide 
at one reference laboratory is approx $50. In the managed care environment of the mid
and late 1990s, it is unlikely that these tests will find widespread use, unless they can be 
used to predict fractures or the risk of osteoporosis. Since a similar amount of money can 
buy a patient a single-site bone density measurement, which can accurately predict frac
ture risk, it seems certain that biochemical markers will not replace bone densitometry. 
Furthermore, a combination of assays may improve sensitivity and specificity, but would 
increase costs. Paradigms that predict future loss or fracture rate need to be developed, 
since these tests are being considered for reimbursement by most third-party payers. 

2. The clinical significance of biochemical markers: Until greater information is available 
about the reliability of these markers in clinical practice, many practitioners may not 
understand the strengths and limitations inherent in these studies. Paradoxically, endocri
nologists and rheumatologists have used some of these markers for years. However, little 
data exist about their practical utility or cost-effectiveness. Certainly, greater educational 
efforts will be needed for all providers before these tests are widely used. Until then, it 
remains to be seen whether these biochemical markers will be employed routinely for 
management decisions in osteoporotic patients. 

3. Intrinsic variability of the tests: For physicians who manage osteoporotic patients, bone 
densitometry is valued as a highly precise clinical tool (precision errors of 0.5-4.0%) 
However, in the vast armamentarium of clinical medicine, no laboratory test can approach 
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Fig. 5. A ROC analysis was used to determine the sensitivity and specificity of percent change in 
N-telopeptide excretion 3 mo after hormone replacement therapy for change in BMO of the spine 
at 1 yr. The change in bone resorption at 3 mo determines the probability of change in spine 
BMD from baseline to 1 yr with a 84% sensitivity and 80% specificity. Reprinted from ref. 44 
with permission. 

that level of precision. Indeed, most biochemical markers of bone turnover have relatively 
reasonable precision errors (10-40%), but pale in comparison to densitometry. Hence, 
expectations about these studies must be tempered by the realization that they represent a 
single blood or urine test in a complex individual. Furthermore, biochemical markers have 
inherent variability because they reflect bone remodeling, a process that is very sensitive 
to seasonal change, circadian rhythms, ethnicity, menstrual cycles, and dietary changes. 
Therefore, prediction of bone mass by biochemical markers awaits further studies. 

Having stated those concerns, however, it seems likely that biochemical markers of 
bone resorption and fonnation can play an important role in the day-to-day management 
of patients with osteoporosis. For example, in the hypothetical patient presented earlier 
who had a spine bone density -0.5 SD below the mean and was worried about honnone 
replacement, a biochemical marker, such as urinary N-telopeptide, might provide the 
clinician with enough infonnation to urge therapeutic intervention. Moreover, if 1 0-15% 
of postmenopausal women are nonresponders to HRT, then an N-telopeptide measure
ment could demonstrate this relatively quickly, rather than waiting for an annual bone 
density measurement. In that same vein, a recent multicenter study suggests that the 
N-telopeptide response to estrogen therapy in postmenopausal women could provide 
the clinician with a finn prediction of future BMD changes in that patient (44). In that trial 
of248 postmenopausal women, the percent change in N -telopeptide excretion after 3 mo 
of HRT was a very strong predictor of l-yr spine BMD (44). Receiver-operator charac
teristic analysis (ROC) for that trial is shown in Fig. 5. These data further support the 
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notion that a >30% decrease in N-telopeptide excretion three mo after initiation ofHRT 
is 91-95% sensitive ofa maintenance or gain in spine BMD. 

In summary, there is a role for biochemical markers of bone turnover in the patient with 
osteoporosis. Like everything in clinical medicine. the practitioner must understand the 
strengths and limitations of these assays prior to their utilization in order to derive the 
greatest benefit for his/her patient. 
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The decision to offer patients a particular treatment is rarely straightforward. In the 
area of osteoporosis, the choices are particularly complex. In clinical trials of osteoporo
sis, the outcomes that are easy to measure are of questionable importance, and the impor
tant outcomes occur infrequently and often far in the future. In the prevention of 
osteoporosis, the patient faces years of changes in lifestyle and possible side effects of 
medication, for a distant and uncertain outcome. In this chapter, I will outline the issues 
we should consider when offering a treatment recommendation. The discussion follows 
closely an approach my colleagues and I have offered in another publication (1). 

1. DESCRIBING THE IMPACT OF A TREATMENT 

One reason clinicians give medication is to prevent a specific adverse outcome, such 
as a hip fracture. The extent to which a treatment reduces the likelihood of such an adverse 
outcome can be presented in different ways. These include the relative risk, which is the 
ratio of the risk of the adverse events in treated patients to the risk of adverse events in 
the untreated patients; the relative risk reduction or( I-relative risk) (2); the absolute risk 
reduction, which is the difference in the absolute risk of the adverse outcome between 
treatment and control groups; and the number needed to treat, which is the inverse of the 
absolute risk reduction. The size of the treatment effect will play an important part in the 
decision to administer or withhold therapy. 
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2. COLLECTING THE EVIDENCE 

Traditionally, investigators presenting literature reviews have failed to specify how 
they selected their evidence, to appraise systematically the methodological quality of the 
evidence, or to present a quantitative summary oftheir results. This traditional approach 
contrasts with systematic overviews of the evidence. By "systematic," I mean overviews 
that meet the following five standards: the overview addresses a focused clinical ques
tion, uses appropriate criteria to select studies for inclusion, conducts a comprehensive 
search; appraises the validity of the individual studies, and applies appropriate statistical 
methods to summarizing the data (3). Ideally, treatment recommendations should be 
made on the basis of systematic overviews. Treatment recommendations that are based 
on a literature review that meets these five criteria are stronger than those that do not. 

3. STRENGTH OF EVIDENCE 

Because randomized trials provide unique protection against bias, they yield stronger 
evidence about intervention efficacy than other study designs. Overviews of randomized 
trials, therefore, provide far stronger evidence about efficacy than do overviews of cohort 
and case-control studies (Table 1). The strength of evidence from an otherwise systematic 
overview of randomized trials will, however, depend on the consistency of the results 
from study to study. When different studies in the same overview yield very different 
estimates of intervention efficacy (a situation we refer to as "heterogeneity" of study 
results), one must question why. Possibilities include differences in the patients, the way 
the interventions were administered, the way the outcomes were measured, or the way the 
studies were conducted. An alternative to each of these explanations is that the simple 
"play of chance" is responsible for heterogeneity in study results. If investigators 
cannot explain large variation in study results, any inferences we make about treat
ment effect will be weaker. We therefore rank the strength of evidence from over
views of randomized trials according to the presence or absence of unexplained 
differences in results from study to study (Table 1), and overviews with significant and 
important heterogeneity (Level B) are ranked lower than those without significant 
and important heterogeneity (Level A). 

Because the potential for bias is much greater in cohort and case-control studies than 
in randomized trials, recommendations from overviews combining studies with these 
latter designs will be much weaker (Table 1). Frequently, randomized trials yield smaller 
estimates of efficacy than do observational studies of the same treatments (4,5). Thus, 
we classify observational studies as providing weaker evidence than randomized trials 
(Table 1). 

4. CHOICE OF THE RIGHT OUTCOME 

Ifwe told a patient that a medication would increase her bone density but would do 
nothing else (not prevent fractures or reduce pain), she would be very unlikely to take 
the treatment, and she would be right. Although there is appreciable evidence of a mod
erate relationship between bone density and fracture, it does not follow that increasing 
bone density will reduce fracture rate or that the magnitude of any reduction in fracture 
rate that does occur will be clinically important. Weare in the same situation with bone 
density and fractures as we were with hypertension and stroke or coronary artery 
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Table 1 
Proposed Levels of Evidence for Treatment Recommendations in Osteoporosis 

Strength of the study design 
Level A: RCTs, no clinically important or statistically significant heterogeneity 
Level B: RCTs, significant heterogeneity 
Level C: Observational studies 

Strength of the outcome 
Level A: Important to patients (pain, functional limitation, fracture oflong bones) 
Level B: Of questionable importance to patients (vertebral fractures) 
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Level C: Important to patients only through relation to other variables (bone density) 
Precision of the outcome 

Level A: Entire confidence interval below threshold number needed to treat 
Level B: Confidence interval overlaps threshold number needed to treat 

disease 30 yr ago, or that we continue to be in with cholesterol and coronary disease. 
Thirty years ago, we knew of the strong association between hypertension and stroke, but 
we did not know whether reducing blood pressure would reduce the stroke rate. Estab
lishing that effect required randomized trials focusing on stroke itself. 

Even if we had randomized trials demonstrating that an intervention reduces vertebral 
fractures, this may not be important to patients. Only if this reduction in fractures is 
associated with decreased pain and deformity are patients likely to consider the inter
vention important for them. Treatment recommendations based on substitute end 
points are weaker than recommendations based on outcomes that are indisputably 
important to patients. 

5. DECIDING WHAT CONSTITUTES AN IMPORTANT DIFFERENCE 

Any decision about initiating a preventive or therapeutic regimen represents a trade-off 
between patient or public benefits, on the one hand, and toxicity, cost, and administrative 
burden to patients and providers, on the other. Clinicians do not, therefore, administer all 
efficacious treatments (efficacious in that they have a positive effect on some important 
outcome) to all potentially eligible patients. 

For administration of preventative or treatment interventions for patients with os
teoporosis, it is useful to think of a threshold effect, above which one would treat and 
below which one would not treat. One way of thinking about this threshold is in terms of 
the number of patients one would need to treat to prevent a single adverse outcome (6, 7). 
For instance, a 50-yr-old woman has a 15% lifetime risk of fracturing her hip, and the 
median age of the fracture is 79 (8). Observational studies suggest that long-term estrogen 
therapy will reduce this risk by 25%. Thus, our best estimate is that 15 of 100 untreated 
women will have a hip fracture, whereas approx 11 treated women will have a hip 
fracture, a difference of 4 in 100. We must therefore treat 25 women for 30 yr to prevent 
a single fracture. 

In considering whether it is worthwhile to treat 25 women for 30 yr with hormones to 
prevent one fracture, we identify two sorts of undesirable events. One is the clinical event 
that treatment is preventing (which we will call the target event, in this case, a hip 
fracture), and the other is the adverse effects attributable to treatment. These adverse 
effects include symptoms and associated impairment of quality of life, the side effects, 
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the inconvenience, and the cost. Whether it is worth treating will depend on the relative 
values we place on preventing the target event and incurring the adverse effects of 
treatment. Treatment recommendations will be strengthened if they include each of the 
following steps: 

I. Estimating the risk of adverse outcomes, which patients can expect if they are not treated; 
2. The extent to which the risk can be reduced by the treatment (from which follows the 

number needed to treat); 
3. All the adverse effects that follow from treatment, including inconvenience and cost; and 
4. The values placed on avoiding the target event or avoiding the adverse effects. 

6. THE THRESHOLD NUMBER NEEDED TO TREAT, 
AND THE PRECISION OF THE ESTIMATE 

OF THE TREATMENT EFFECT 

Consideration of the adverse effects of therapy implies that there is a threshold number 
needed to treat above which it is no longer worthwhile treating. Most people would agree, 
for instance, that if we had to treat 1000 women for 30 yr with hormone replacement 
therapy to prevent a single fracture, it would not be worth it. A recommendation to treat 
will be strong if we are confident that the numberneeded to treat falls below the threshold 
value above which treatment is no longer worthwhile. Deciding on a threshold number 
needed to treat for use of hormone replacement therapy is challenging, for we would ttave 
to take into account possible effects on coronary artery disease and uterine cancer, side 
effects of the medication, and issues of convenience and acceptability. 

Our confidence in the number needed to treat falling below the threshold value above 
which we would no longer treat will depend, in part:, on the precision of the estimate of 
treatment effect. We represent this precision by the confidence interval, the range within 
which the true treatment effect is likely to lie. Let us assume we decide that our threshold 
number needed to treat for hip fractures is 30: we are willing to administer 30 yr of 
estrogen therapy to no more than 30 women to prevent a single hip fracture--ifmore than 
30 must be treated, we would withhold therapy. Although the point estimate of the 
relative risk reduction with hormone replacement therapy is 0.25, the 95% confidence 
interval ranges from 0.32 to 0.16 (8). Given the risk of fracture without treatment of 15%, 
our best estimate of number needed to treat, 25 patients, suggests we should treat. How
ever, if the true risk reduction is only 0.16, we would need to treat approx 40 women to 
prevent a hip fracture and would therefore recommend that treatment not be offered. 

A recommendation to treat gains strength when the precision of the estimate of the 
treatment effect is such that the highest plausible numberneeded to treat is still lower than 
the threshold above which we would not treat. If the range of plausible number needed 
to treats exceeds this threshold, treatment recommendations lose strength (Table 1). 

7. CONCLUSION 

Considering each of the issues I have raised requires a great deal from those making 
recommendations. Ideally, the investigator will either find or conduct a rigorous overview of 
the literature, identify all the relevant benefits and adverse effects of the therapy, determine 
whether treatment is worthwhile by explicitly valuing the benefits and adverse effects, 
and decide whether the recommendation to treat ornot to treat is robust. This last decision 
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involves considering the study design of the investigations, the extent to which they consid
ered outcomes of importance to patients, and the precision of our estimates of the treat
ment effect. Currently, very few recommendations about treatment meet all these criteria. 

Although those recommending treatment policies may despair when they view the 
criteria I have proposed, they (and their readers!) must at least consider these issues. If 
a recommendation to treat is based on an unsystematic sampling of the literature, ifit is 
based on observational studies, if the outcome prevented is a substitute end point, if all 
the adverse outcomes have not been considered and valued, and if the estimate of the 
treatment effect is imprecise, the reader is entitled to considerable scepticism about the 
recommendation. Thus, authors will assist their readers if, in considering the issues I have 
raised, they explicitly label the strength of the recommendations they put forth. 
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I. INTRODUCTION 
The skeleton contains 99.5% of body calcium and provides a mineral reservoir to 

support plasma calcium concentrations at times of need. Since the intestine is the only site 
for calcium to enter the body, it seems obvious that dietary calcium intake should be a 
major determinant of skeletal acquisition and maintenance. However, the truth of this 
statement has been difficult to establish. Seemingly contradictory interpretations ofthe 
literature receive widespread publicity in the scientific and lay media regarding the 
proper role of dietary calcium, resulting in a substantial residue of misunderstanding and 
skepticism among physicians and other health professionals, as well as the community 
at large. In this chapter, I propose to clarify what is currently understood with respect to 
this issue. If successful, I hope to convince the reader that the importance of dietary 
calcium is linked to specific phases in the life cycle and that proper attention to calcium 
intake at specific times oflife is, in fact, an effective strategy to improve bone health. This 
chapter will not deal with nutritional aspects of normal and low birthweight infancy 
because of the highly specialized nature of that topic. 

Epidemiological data are mixed concerning relationships between calcium intake and 
either bone density or fracture incidence. The major constraint on such data is that it is 
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remarkably difficult to determine with accuracy exactly how much calcium a person 
habitually consumes. The tools used to assess nutrient intake, food frequency and dietary 
recall questionnaires, diet diaries, and the like are notoriously inaccurate. Correlations 
among them, even including test--retest comparisons of the same instrument, are fairly 
weak, requiring that surveys include hundreds or even thousands of individuals to dem
onstrate statistically meaningful relationships. Many published surveys do not even 
approach having adequate statistical power for this purpose. This is particularly the case 
when attempting to determine the relationship between calcium intake and bone acqui
sition during growth and development, a time when genetically determined factors already 
account for about 80% of the population variance in bone mass, leaving only a small 
component that could possibly be influenced by diet. Moreover, the nutrient composition 
tables on which these analyses rely are also frequently inaccurate. Substantial variation 
in calcium content of foodstuffs occurs in different geographical regions owing largely 
to differences in water hardness, and the published nutrient data bases may be in error by 
several hundred percent for given foods. Finally, absorption and utilization of calcium do 
not simply reflect crude mineral intake, but vary highly, depending on such factors as 
intrinsic absorption efficiency, vitamin D status, renal function, and other dietary 
constituents that may affect absorption and/or excretion, including protein, fiber, and 
sodium. None of these issues has been adequately addressed or controlled for in epide
miological studies. 

On the other hand, it has been much easier to demonstrate prospectively that calcium 
supplementation protects bone mass. Most, ifnot all, randomized controlled trials, even 
of relatively small size, have been able to show differences in bone gain or loss over time 
between calcium- and placebo-treated subjects. 

2. CALCIUM NUTRITURE 
DURING ACQUISITION OF PEAK BONE MASS 

Following the rapid accumulation of body mass during the years of infancy, there is 
a relatively gradual and linear acquisition of bone throughout the prepubertal years. With 
the onset of adolescent growth begins an acceleration in bone acquisition, so that about 
60% of final adult bone mass is acquired by girls across the age span -12-16 yr (with a 
2-yr delay and prolongation in boys). In any individual case, the period of greatest 
acquisition is restricted to a 2-3 yr interval corresponding to the time of greatest growth 
velocity. During puberty itself, dramatic changes in reproductive hormone status, par
ticularly estrogen, are the primary driving force for bone acquisition, both for boys and 
girls. At that time, an independent effect of dietary calcium is difficult to prove. However, 
an important study by Johnston et aI. (1) clearly demonstrated an effect of calcium 
supplementation in children who had not yet entered puberty. In that study of twins, one 
member of each twin pair was given supplemental calcium, whereas the otherpairreceived 
a placebo. Following 3 yr of intervention, there was a significant advantage in bone 
mineral density (BMD) acquired by the calcium-supplemented twin. When twins who 
had entered puberty were analyzed, no effect of calcium could be seen (Fig. 1). This 
elegant study eliminated many possible confounding factors related to physiologic and 
environmental variability by using twins, and the data seem compelling. The question 
that must be posed, however, is whether the bone density advantage in the supplemented 
children will persist. That is, when these children reach skeletal maturity, will there still 
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Fig. 1. Mean differences within twin pairs in the change in BMD of the radial midshaft among 
prepubertal and older children according to time in the study. Differences were significant among 
prepubertal children at 6 months and thereafter. Reproduced from ref. 1 with permission. 

be an advantage to the supplemented group? Another study of calcium supplementation 
was carried out in late-adolescent women by Lloyd et al. (2). In that 2-yr study, calcium 
supplementation led to a small, but statistically significant increase in bone mass com
pared to changes in a placebo group. 

Although about 95% of final peak bone mass in women seems to be acquired by age 
18, Recker et al. (3) have shown continued small increases in BMD until age 28. In that 
study, two factors emerged as important determinants of bone acquisition during the third 
decade, habitual physical activity and calcium intake. In fact, for dietary calcium, a 
progressive increase in bone acquisition was observed without any sign of attenuation 
even at a remarkably high level of2000 mg/d (Table 1). 

Thus, a reasonably strong case can be made for an important role for dietary calcium 
in the optimization of peak bone mass. Unfortunately, actual intakes of calcium by 
women in the US and many other countries are woefully inadequate. Figure 2 shows 
recent data from the Health and Nutrition Evaluation Survey (NHANES) (4). It can be 
seen that, beginning at age 11, American girls fail on average to meet recommended 
intake levels and never improve thereafter. These data reflect the fact that milk and dairy 
product consumption by female Americans has decreased substantially over the past 40 yr. 

3. CALCIUM NUTRITURE DURING YOUNG ADULT LIFE 

After peak bone mass is achieved, measurable changes in BMD can be shown only 
inconsistently until about age 50 in either men or women. Measurements of trabecular 
bone mass by iliac crest biopsy or by quantitative computed tomography do show a 
gradual reduction over this age span, but this has generally not been detected by single
or dual-photon projection densitometry. Regardless of when bone loss actually begins, 
the young adult years are generally a time of robust physiological compensations. It is 
possible for healthy young adults to subject their bodies to substantial degrees ofnutri
tional abuse without important consequences. The compensatory response to inadequate 
calcium intake includes hypersecretion of parathyroid hormone (PTH), which is fol
lowed by a cascade ofPTH -dependent alterations in renal function aimed at conservation 
of calcium. These include increasing the efficiency of renal tubular calcium reabsorption 
and activating the I a-hydroxylase enzyme that converts 25-hydroxyvitamin D (25-0H-D, 
the major circulating form of vitamin D), to its hormonal form, 1,25-dihydroxyvitamin 
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Table 1 
Estimated Effect of Dietary Calcium on Percen~ 

of Change in Spinal BMD in the Third Decade 

Calcium intake. mg 

220 
700 

lOOO 
1400 
2106 

% BMD change/decade 

-1.05 
+3.39 
+6.17 
+9.87 

+16.4 

a Adapted from ref. (3) with permission. 

D (1,25 [OHhD) (calcitriol). Calcitriol, in tum, promotes intestinal calcium absorption. 
In addition, PTH signals an increase in bone remodeling activity and delivery of skeletal 
mineral to the circulation. In young adults, these responses are generally prompt, and 
calcium balance is relatively quickly restored. At this time of life, it is very difficult to 
show any effect of calcium intake on rates of change in bone mass (5). 

4. THE SIXTH DECADE AND THE EFFECT OF MENOPAUSE 

In both men and women, onset of measurable bone loss can be easily and consistently 
shown after age 50. In men, this likely represents the accumulation over time of small 
deficits resulting from bone remodeling imbalance throughout adult life. In women, this 
same effect is magnified by an added component owing specifically to menopausal loss 
of endogenous estrogen. 

In the US, the average age of menopause is -51 yr. During this period of about 6 yr, 
the greatest component of bone loss is owing to estrogen loss and not to other factors. 
Therefore, it should be no surprise that calcium supplementation would be a relatively 
unimportant intervention for recently menopausal women. Nonetheless, in 1988, enor
mous confusion over the role of calcium was introduced by a paper published by Riis et 
al. (6). In that study, a group of Danish women within 2 yr of menopause was randomly 
assigned to take placebo, calcium, or estrogen for 2 yr. As predicted, the placebo group 
lost bone. The calcium group also lost bone, but, particularly in the cortical skeleton, this 
loss was significantly less than was seen for placebo. By contrast, the estrogen group 
maintained bone mass. The authors concluded that for this group of women, estrogen was 
a superior intervention to calcium. This study was widely reported in the lay press and 
has ultimately been seriously misrepresented to assert that calcium supplements are 
generally of no value. 

Interpretation of the Riis study requires an understanding of two issues: who these 
women were and where they lived. As stated, these subjects were all within 2 yr oftheir 
last menstrual period. They were therefore in a time of accelerated bone loss owing to 
estrogen deficiency. It makes no more sense to use calcium to counteract this particular 
component of bone loss than it would to treat pernicious anemia with iron. Moreover, it 
must be mentioned that the dietary calcium of this Danish population averages 1100 mg/d, 
which is about double that of North American women (4) (Fig. 2). Therefore, it is actually 
remarkable that the calcium-treated subjects ofRiis et al. (6) actually sustained less bone 
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Fig. 2. Daily calcium intake (mg) for females in the US population, 1976-1980. Reproduced from 
ref_ 7 with permission. 

loss than the placebo group. The most plausible interpretation of that result is that even 
in this calcium-replete population, there still exists a subset of individuals with relatively 
low calcium intake who benefit from supplemental calcium. 

5. THE LATER YEARS 

After age 60, the compensatory mechanisms that serve young adults so well gradually 
diminish. The renal response to PTH gradually attenuates, as does the ability of skin to 
synthesize vitamin D. Intrinsic deficits in intestinal mucosal and renal function accumu
late, and bone remodeling itself becomes more inefficient. Thus, it is no longer possible 
to adapt readily to reduced calcium intakes. Work from the laboratory of Heaney (8) and 
colleagues shows that elderly women who are not receiving replacement estrogen require 
about 1500 mg/d of calcium simply to achieve neutral calcium balance. 

Several important clinical trials now demonstrate skeletal benefit from assuring 
adequate calcium intake to elderly men and women. In the US, Dawson-Hughes and 
colleagues (9) have shown that women who are beyond the first several years postmeno
pause achieve significant increases in BMD, particularly if their habitual calcium in
take is low. Supportive results have been published in other small series from this 
country and abroad. Most impressive is an enormous French clinical trial from Chapuy 
et al. (10). In this study, more than 3000 elderly French women, average age 84, who 
were living in sheltered residential communities, were assigned randomly to receive 
placebo or a daily supplement of calcium (1000 mg) plus vitamin D (800 IU). At 18 mo 
followup, there was a reduction in all nonvertebral fractures and specifically in hip 
fracture of about 30% in the active treatment group relative to placebo. This reduction 
was actually evident by 6 mo of study, and has continued unabated over 4 yr of continu
ous followup. At 4 yr, there was actually a significant reduction in overall mortality of 
about 15% (Pierre Meunier, personal communication). Thus, a simple and inexpensive 
supplement of calcium and vitamin D achieved greater antifracture efficacy in a brief 
time than has been reported for any pharmaceutical intervention yet described for treat
ment of osteoporosis! 
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6. CALCIUM AND THE LIFE CYCLE, A SUMMARY 
1. During years of peak bone acquisition, calcium intake is limiting, yet underconsumption 

of this nutrient by women is widespread. In this age group, it is an enormous challenge 
to promote greater calcium intake. Whether this can be best achieved by nutrition edu
cation programs, by calcium fortification of foods that young women will eat, or by 
recommending the use of calcium supplements remains to be established. 

2. Between ages 25 and 50 yr, little evidence supports a critical role for calcium as an 
influence on skeletal maintenance. Unfortunately, this is the age group at which the great 
preponderance of calcium advertising revenue is directed. 

3. At menopause, the primary deficit is estrogen, and calcium alone simply does not make 
up for this lack. However, it appears that some component of bone loss at this time may 
be responsive to calcium intake. Whether very high calcium intakes can make up for 
estrogen lack has not been adequately studied. 

4. Beyond age 65, based on current evidence, a recommendation for men and women to 
consume at least 1000 mg/d of calcium, either in the diet or with the addition of supple
ment, seems prudent. Moreover, women who are nottaking hormone replacement therapy 
should have a total calcium intake of at least 1500 mg. This recommendation assumes that 
the individual does not suffer a condition that would contraindicate it, such as idiopathic 
hypercalciuria or untreated primary hyperparathyroidism. 

7. PROMOTING CALCIUM INTAKE: FOOD VS SUPPLEMENTS 

In the western diet, about 75% of calcium is obtained from milk or dairy products. 
Although it is possible to construct a strictly vegetarian diet that would provide calcium 
sufficiency, one should realize that it may take several cups of green vegetables to provide 
as much calcium as is present in a single 8-oz. glass of milk. One quart of milk contains 
about 1100 mg calcium, regardless of whether it is whole, reduced fat, skim, or chocolate 
milk. The calcium content of cheese varies widely. Aged natural cheeses, such as ched
dar, may contain several hundred milligrams of calciumll 00 g of cheese. On the other 
hand, cottage cheese, which enjoys a fine reputation as a healthy food, contains relatively 
little calcium, about 90 mg/l 00 g. This reflects the fact that cottage cheese is actually an 
acidified hydrolysate of whole milk, and that calcium, being readily soluble in an acid 
environment, is eluted in the whey. 

Calcium absorption from dairy products is not adversely influenced by lactase defi
ciency. For individuals who become symptomatic with lactose ingestion, lactase tablets 
can be taken with milk, or lactase-fortified milk can be purchased. In addition, yogurt is 
a calcium-rich product in which the lactose has been hydrolyzed. 

The bioavailability of calcium from dairy products and from most vegetables is com
parable, averaging about 25-30%. An exception to this rule is spinach, which, forreasons 
that are still unclear, is very poorly absorbed (-2%). This is not related to the oxalate 
content of spinach, since other vegetables that contain similar amounts of oxalate are 
absorbed with much greater efficiency. Considerable amounts of calcium can also 
be obtained from soups cooked with bones, but the duration of cooking and the broth pH 
are important concerns that are difficult to standardize. Small fish served with the bones, 
such as anchovies and herring, are also fairly rich sources of calcium. 

There is no absolutely compelling reason that calcium adequacy cannot be achieved 
by supplements as opposed to diet. However, there are some concerns that cause me to 
stress dietary modification as a first goal. Patients with osteoporosis have been shown to 
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have marginal or inadequate intakes of multiple nutrients, not just of calcium. These, of 
course, are not satisfied by the simple administration of a calcium supplement. Single 
nutrient supplements can occasionally induce undesirable nutrient-nutrient interactions. 
For example, some evidence has been presented that supplemental calcium may impair 
absorption of iron. Finally, even though inducing a long-term dietary modification may 
be a challenge, there is no reason to believe that long-term compliance with nutrient 
supplements is any more successful, and I think (although without firm evidence to 
support my view) that if healthful dietary choices can be instituted by an educated con
sumer, long-term dietary adherence is likely to be maintained. 

That being said, it is clear that many older adults are unwilling or unable to increase 
their dietary calcium intake to recommended levels, and for such people, use of calcium 
supplements is perfectly appropriate. Many calcium supplements are currently available 
at low cost. It is true that various studies show statistically significant advantages of one 
supplement over another. For example, the Dawson-Hughes studies indicate a better 
response to calcium-citrate-malate than to calcium carbonate. My own view of this issue 
is that since we are recommending a supplement for long-term, perhaps lifelong, con
sumption, the most important factor is that it be palatable and affordable to the indi
vidual patient, and that the number of pills to be taken should be minimized. In my 
personal experience, I have found calcium carbonate to be well suited to most patients. 
It is well tolerated, it contains 40% calcium by weight, which is more than most other 
salts, and it is available in tablets that each contain SOO mg or more calcium. Calcium 
carbonate can be well absorbed even by patients with achlorhydria, as long as it is taken 
with food. Difficulty in calcium absorption has been described with certain generic 
calcium carbonate preparations. but several reliably absorbed products are widely available. 

Certain preparations offer "chelated" minerals. magnesium, manganese, and/or other 
micronutrients in addition to calcium. No credible evidence supports a clinical benefit to 
those preparations, and I see no value in them. In addition, I am singularly unimpressed 
with the so-called benefits of "natural" calcium hydroxyapatite preparations. 

Calcium supplements are generally well tolerated. Some patients become constipated 
at high doses (-2000 mg/d). Patients frequently ask about the best time to take calcium 
supplements. My view is that whatever schedule will lead to long-term compliance 
should be encouraged, although there is a theoretical basis for taking part of the supple
ment just before bedtime. Dietary calcium has generally been completely assimilated by 
6 h after a meal. From that time to the next meal, maintenance of circulating calcium may 
require hypersecretion ofPTH and could lead to increased bone turnover. Nocturnal rises 
in blood levels ofPTH, of urinary calcium excretion, and of biochemical markers of bone 
turnover have been frequently observed. Suppression of these changes by administering 
a bedtime oral calcium load seems reasonable. However, not all of the nocturnal surge 
in bone turnover reflects nutrient availability. Some of this effect could be owing to the 
nocturnal surge in adrenal steroid production or to several hours of recumbency. 

8. IS THERE A NEED FOR SUPPLEMENTAL VITAMIN D? 

Classical presentations of vitamin D-deficiency osteomalacia are associated with cir
culating 2S-0H-D concentrations of 8 ng/mL or less. Therefore, published "normal" 
ranges for this marker of vitamin D nutritional status are frequently given as 10-S0 ng/mL. 
Considerable evidence indicates that this so-called normal range is seriously flawed. In 
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fact, it appears that 25-0H-D concentrations below -25 nglmL may be associated with 
hypersecretion of PTH, increased bone turnover, and increased bone loss in elderly 
people. I consider it a reasonable goal to maintain the 25-0H-D concentration above 25 
ngimL. In most regions of North America, there is a very high prevalence of vitamin D 
concentrations below this level among elderly people. This reflects not only the physi
ological inefficiencies that develop with age, but also the fact that, particularly at latitudes 
north of Saint Louis, the VV spectral content of sunlight does not stimulate vitamin D 
synthesis for much of the year. Therefore, in view of these considerations as well as the 
powerful impact of calcium/vitamin D on fracture incidence shown in the Chapuy study 
(8), it seems reasonable to recommend modest vitamin D supplementation (400-800 IU/d) 
as a general prescription for older men and women. Certainly, many robust elderly who 
live in more temperate areas of the US do maintain vitamin D status without the need for 
supplements, so this intervention should be individualized. However, at the 800 IV dose 
level, even fully vitamin D-replete individuals would not be harmed by taking a supplement. 

Prescribing 800 V of vitamin D is not as easy as it may sound. Very few single-nutrient 
preparations of vitamin D are actually marketed at the present time. Many health food 
stores sell 400 IV vitamin D capsules at a reasonable price. Some calcium supplements 
contain small amounts of vitamin D (usually -125 U/tablet). However, marketing 
emphasis has certainly been placed on the more potent (and more expensive!) forms of 
the vitamin, 25-0H-D or 1,25(OHhD (calcitriol). For patients with reasonably normal 
renal function, I see no advantage to either of these potent agents, and particularly with 
calcitriol, the substantial risk for hypercaIciuria and hypercalcemia complicates care by 
mandating regular laboratory surveillance. 
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I. INTRODUCTION 

Two decades of experience leave no doubt that sustained administration of estrogen 
to menopausal women conserves bone throughout the skeleton. Such conservation should 
theoretically protect against osteoporotic fracture, and, indeed, epidemiological studies 
support the view that long-term estrogen replacement does afford women such protec
tion. On the other hand, uncertainty remains about many aspects ofthis issue. Questions 
persist regarding the therapeutic schedule itself: the type, dose, and mode of administra
tion of estrogen that is optimal. Other questions concern the individuals who will receive 
estrogen: the age at which treatment begins, its duration, and the consequence of adding 
progestins to the treatment regimen. The level of uncertainty for these questions grows 
considerably when the end point is fracture protection rather than bone mass. In this 
chapter, I discuss the therapeutic use of estrogen to prevent or treat osteoporosis. 

2. MENOPAUSAL CHANGES IN SKELETAL HOMEOSTASIS 

2.1. Calcium Economy 

Women entering menopause experience a daily calcium loss of about 60 mg, com
pared to premenopausal values of 20 mg (1). This change reflects an increase in bone
resorbing over forming activity brought about mainly by an increased activation of new 
bone remodeling units. It is attended by measurable changes in whole-body calcium 
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economy: decreased intestinal absorption efficiency and increased urinary excretion, 
which may be the result of suppressed parathyroid hormone (PTH) secretion. The mag
nitude of this change in calcium balance may appear trivial, but after a decade, it would 
account for about 13% of an original whole body calcium mass of 1000 g, equivalent to 
a standard deviation in bone mineral density (BMO), and would lead to a two to threefold 
increase in the risk for fracture (2-4). In contrast, women who received estrogen replace
ment as they entered menopause show calcium balance and rates of mineral turnover that 
were the same as those of premenopausal women (5). To accommodate the menopausal 
changes in calcium economy by dietary means alone, a rise in daily calcium intake from 
1000 to about 1500 mg was necessary. 

The following sequence of events offers a plausible model for these menopausal changes: 

1. A reduction in circulating estrogen increases bone remodeling by promoting secretion by 
osteoblasts of skeletally active cytokines that, in tum, recruit osteoclast precursors; 

2. Increased osteoclastic bone resorption increases plasma ionized calcium activity, 
consequently increasing the load of calcium filtered by the kidney and suppressing 
PTH secretion; 

3. Reduced PTH concentrations decrease renal synthesis of 1,25(OH}zD, thereby decreas
ing the efficiency of intestinal calcium absorption. When estrogen is replenished, bone 
remodeling is suppressed, 1,25(OH)2P levels rise (6.7), intestinal calcium absorption 
improves (6), and calcium balance is restored (1). 

2.2. Bone Mass 
After peak bone mass is achieved by about age 30 yr (8), it remains relatively stable 

until about age 50. This statement may not apply to all skeletal sites; for example, earlier 
bone loss from the hip may occur (9), and the notion that conservation of bone mass is 
absolute prior to menopause or (in men) age 50 remains a function of the sites measured, 
as well as being an artifact of the detection system. 

The weight of evidence supports the concept that bone loss accelerates at menopause, 
and it appears that this acceleration begins when FSH levels increase in association with 
a reduction in circulating estradiol. Menopausal acceleration of bone loss affects the 
entire skeleton, but is particularly marked in trabecular bone, reflecting its higher preva
lence of bone surfaces, where turnover occurs. The magnitude of this change represents 
a two- to threefold increase in turnover rate and results 5 yr later in a typical decrease in 
BMO of about 15%, or about 1 SO. 

Considerable attention has been given to identifying women who are likely to be "fast 
losers," and therefore most likely to benefit from hormonal intervention. Although pre
dictive formulas based on body fat mass, urinary calcium and hydroxyproline excretion, 
and serum alkaline phosphatase activity have been proposed (J 0), it remains uncertain 
whether a discrete subgroup actually exists or whether rates of bone loss at menopause 
are normally distributed. 

2.3. The Later Menopausal Years 

Several years following last menses, bone turnover decreases. Based on cross-sectional 
studies, it has been commonly stated that the annual decrease in BMO slows and even 
stabilizes after about age 70 yr. Recent studies indicate a need to revise this view. Bio
chemical evidence of increased bone turnover in estrogen-deplete women persists well 
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Fig. 1. Effect of estrogen on metacarpal BMC. Filled circles represent estrogen-treated women; 
open circles represent placebo treatment. Reproduced from ref. 14 with permission. 

into the eighth decade (11,12). Body weight has a major influence on postmenopausal 
bone loss, heavier subje~ts being relatively protected (13), perhaps related to their higher 
degree of mechanical loading or to their higher circulating concentrations of estrone. 

3. SKELETAL EFFECTS OF ESTROGEN REPLACEMENT THERAPY 

3.1. Background 
Enthusiastic claims for the skeletal benefits of exogenous estrogen have been made for 

at least 40 yr. Conjugated estrogens were approved for marketing in the US in 1942 under 
provisions of the Food, Drug, & Cosmetics Act of 1938. This product was approved 
initially because it had satisfied a requirement to be sho'wn safe for its intended use in the 
treatment of menopausal symptoms, vaginitis, and amenorrhea. Following amendments 
to the Act in 1962, when it became necessary to show efficacy as well as safety, the Food 
and Drug Administration (FDA) announced a group of estrogen products to have satis
fied this additional requirement for their original intentions and to be "probably effec
tive" for selected cases of osteoporosis. In 1986, FDA upgraded the status of estrogen to 
"effective" for use in postmenopausal osteoporosis. At present, the following prepara
tions and daily doses have received approval for osteoporosis: 

1. Conjugated equine estrogens, 0.625 mg (Premarin®); 
2. 17p-estradiol transdermal patches, 0.05 mg (Estraderm®) 
3. Piperazine estrone sulfate tablets, 0.75 mg (Ogen®, 0.75 mg). 

3.2. Effects of Estrogen on Bone 

Initiation of estrogen replacement at the time of oophorectomy or within the first few 
years after natural menopause indisputably conserves bone mass. In 1976, Lindsay et aI. 
(14) reported a clinical trial in which oophorectomized women had been randomly 
assigned to receive mestranol, average dose 24 meg, or placebo. The placebo group 
progressively lost metacarpal bone, but bone mineral was maintained in the treatment 
group, a finding that persisted for 10 yr of followup (15) (Fig. 1). Similar results were 
achieved subsequently with other estrogen preparations, with other measurement tech-
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Fig. 2. Effect of estrogen on bone mass of recently oophorectomized women. Women were 
randomly assigned to placebo or to 1 of 4 doses of conjugated estrogen. Bone was assessed at entry 
and after 24 mo at multiple sites. QCT, lumbar spine trabecular bone mineral density (BMD) by 
quantitative computed tomography; CCT, combined cortical thickness from hand radiographs; 
NC-D, BMD of the mid-radius using single photon absorptiometry (Norland-Cameron densito
metry). Reproduced from ref. 16 with permission. 

niques, and at multiple skeletal sites (16-19). Genant et al. (16) administered estrogen for 
2 yr to women who had undergone oophorectomy within 2 mo of enrolling. Results 
showed a progressive reduction in lumbar spine BMD across a conjugated estrogen dose 
range of 0.15-0.6 mg/d, with maintenance of baseline BMD at only the 0.6-mg dose level 
(Fig. 2). In a 2-yr comparison against other agents thought likely to constrain bone loss, 
Christiansen et al. (19) reported that estrogen was significantly more effective than 
calcium vitamin D and its metabolites, thiazide diuretics, and fluoride. 

The curvilinear nature of menopausal bone loss engendered the idea that once the 
accelerated phase of early menopause subsides, there is little to be gained by starting 
estrogen. Fairly strong evidence argues against this view. Early studies demonstrating the 
efficacy of estrogen consisted of mixed groups of patients with established osteoporosis, 
many in their 60s when hormone therapy was started. Beginning in 1978, a series of 
papers appeared that established conclusively that estrogen confers skeletal benefits even 
beyond the initial menopausal years. Recker et al. (J 7) reported the effects of placebo, 
cyclic conjugated equine estrogens (0.625 mg with 5 mg methyltestosterone), and cal
cium carbonate (1000 mg/d) in postmenopausal women, age 5H5 yr. Loss offorearm 
bone mass was observed in the control and calcium groups, but was not significant for 
the estrogen group. 
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Lindsay et al. (20) treated osteoporotic postmenopausal women who were on average 
more than 14 yr beyond menopause with conjugated equine estrogens. After 2 yr, verte
bral bone mass increased significantly, with an upward trend at the proximal femur, 
whereas a calcium-treated control group lost bone from both sites. Quigley et al. (21) 
conducted a trial of estrogen in a large group of women whose age at entry was 51-80 yr. 
When results were stratified by age, significant protection offorearm bone mass was seen 
in all estrogen groups, without attenuation in the 71-80-yr-old group. Most recently, 
Holland et al. (22) demonstrated the efficacy of percutaneous estradiol implants on bone 
mass in older women. Thus, skeletal benefit can be achieved even when initiation of 
estrogen is delayed by more than a decade. There is insufficient specific information 
regarding fracture outcomes in women who start estrogen at an advanced age. 

As opposed to skeletal maintenance that was observed in very early menopausal 
women, BMD responses of women who are several years beyond last menses generally 
follow a pattern that is predictable from an understanding of the hormone's role as an 
antiresorptive agent: a rise in bone mass over 12-18 mo, followed by a plateau. This 
pattern is most compatible with an estrogen-induced decrease in the "remodeling space," 
a transient deficit in bone that represents areas where resorption has taken place, but 
where the formation response has not yet started or remains in progress. The plateau 
indicates restoration ofthis remodeling transient to a new steady -state level. In the recently 
concluded 3-yr multicenter Postmenopausal Estrogen/Progestin Interventions TrIal 
(PEP I) (23), unopposed estrogen increased lumbar spine BMD in a curvilinear pattern, 
resulting in a 4-5% increase over 3 yr. A similar trajectory was, observed at the proximal 
femur, although the magnitude of response was only about 2% (24). The reason that most 
studies of even recently menopausal women show this increased plateau trajectory rather 
than simple maintenance reflects the fact that, in contrast to Genant et al. (25), who 
assessed women within 2 mo of oophorectomy, other studies have generally required 
women to be at least 12 mo away from last menses to validate that they were truly 
postmenopausal. This delay is more than adequate for bone turnover to increase and for 
an expansion of the remodeling space to have occurred. 

Data from the Study of Osteoporotic Fractures (SOF), a prospective study of incident 
fractures in 9700 women who were at least 65 yr of age at entry (3), establish that older 
estrogen-replete women do lose bone, although at a slow rate. The maintenance effect 
that seemed absolute in younger women is not absolute, probably because estrogen does 
not completely forestall age-related changes in intestinal, renal, and parathyroid function. 

4. EFFECTS OF ESTROGEN ON FRACTURE 

Data suggesting that estrogen protects against fragility-related fractures are relatively 
sparse compared to those showing effects on bone mass. In an early clinical trial, 
Nachtigall et al. (25) showed less vertebral deformity in women assigned to take conju
gated equine estrogens than in placebo-treated women. This study was remarkable for 
two features: it was extremely small in size, and the estrogen dose, 2.5 mg/d of conjugated 
equine estrogens, was fourfold greater than that typically prescribed for menopausal 
hormone replacement. That study notwithstanding, most evidence supporting antifracture 
efficacy of estrogen comes from epidemiologic studies rather than clinical trials. The 
reason for this, of course, is the nontrivial nature of conducting prospective studies with 
adequate statistical power. Current industry-sponsored trials aimed at showing 
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antifracture benefit have enrolled several thousand osteoporotic women for at least 3 yr 
of observation. 

Epidemiological studies confirm a lower risk of fracture among women who have 
taken estrogen (26-30) and suggest a magnitude of protection of about 60%. Full real
ization of this benefit requires sustained hormone administration, probably for 5 yr or 
more (27). Results from the Framingham study (29) indicate that at least 7 yr of estrogen 
may be needed to achieve protection against fracture, and, in addition, suggest that even 
this degree of exposure is not adequate to protect bone mass in women beyond 75 yr of 
age. In contrast, Kanis et al. (28) found a 30% reduction in hip fracture risk for estrogen 
users beyond 80 yr of age. The importance of continuing to take estrogen therapy is seen 
in the report of Cauley et al. (30) from SOF. After adjusting for many potential confound
ing factors, current estrogen use was associated with a 34% decreased risk for all nonspinal 
fractures. Current users who initiated estrogen within 5 yr of last menses had a 50% 
reduction in risk, but those women who had stopped estrogen experienced no fracture 
protection, even if they had at one time taken estrogen for more than 10 yr. 

It is generally assumed that fracture protection directly reflects preservation of bone 
mass. Although this assumption is certainly compatible with the evidence, additional 
factors should be considered. In the SOF study (30), estrogen users showed a reduced risk 
for all nonspinal fractures even after the data were adjusted for bone mass. Subjects in 
case-control "or observational cohort studies did not randomly decide to take estrogen, and 
pretreatment characteristics of these women might themselves underlie a lower frac
ture risk. Women choosing to take estrogen may already exhibit higher than average 
commitment to healthful behaviors, such as patterns of diet, exercise, and use of 
alcohol or tobacco, that themselves reduce fracture risk. An important contribution 
to fracture risk, particularly hip fracture, is the tendency to fall. The great majority of hip 
fractures occur as the immediate consequence of a fall (see Chapter 19). The suggestion 
that long-term estrogen may influence the risk of falls is not unreasonable and requires 
investigation. 

5. PRACTICAL ASPECTS OF ESTROGEN REPLACEMENT 

5.1. When to Initiate Estrogen Replacement 

Fears that irreversible bone loss might occur if estrogen is withheld until all menstrual 
periods cease have led some physicians to consider initiation of therapy prior to meno
pause. Since accelerated bone loss does not occur in perimenopausal women with low 
circulating FSH values, commencing estrogen in the early perimenopausal years will 
probably not be beneficial. Insufficient data preclude a defmitive judgment about women 
with increased FSH concentrations who still have menstrual periods. Estrogen products 
used for menopausal indications do not provide effective contraception. If a physician 
wishes to prescribe estrogen for a woman who still has menses, oral contraceptive pills 
may be a superior choice. 

5.2. Choice of Drug and Dose Requirement 

The epidemiological studies discussed above establish a skeletal protective effect of 
oral estrogen. In the US, most estrogen-treated women during the past four decades have 
received a single drug, conjugated equine estrogens (Premarin®) at a single dose, 0.625 
mg/d, without the use of progestins. This preparation consists of a mixture of 1 0 steroidal 
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compounds, the most important of which are estrone and equilin sulfates. The fracture 
epidemiology thus depends heavily on this particular agent. Until recently, experience 
with other forms of estrogen has centered in Europe and the UK. Most, if not all, estrogens 
prescribed for menopausal women provide skeletal benefit. In addition to conjugated estro
gens, these include 17~-estradiol, ethinyl estradiol, estrone sulfate, mestranol, and others. 

Before discussing what is known about estrogen dosage and skeletal protection, a few 
general statements must be given that point out inadequacies of knowledge in this field. 
First, the number of studies that directly assess dosing requirements is very small and 
generally involve very few patients. For example, in the major study on which FDA 
approval of estrogen was based, only six women were assigned the 0.6-mg hormone dose 
at which BMD maintenance was observed (16). Second, studies have generally been 
conducted to assess the dose of hormone necessary for a treatment group to show BMD 
conservation relative to a placebo group. They have rarely had adequate power to com
pare one dose of hormone with another. Further, it is very difficult, indeed, almost 
impossible, to determine anything beyond group responses. If dosing studies are to be an 
aid to effective therapy, one must know how many patients can be expected to respond 
(ornot to respond) to any given dose. Finally, with few exceptions, conclusions regarding 
minimum effective dose reflect the experience at only one skeletal site. 

Doses of estrogen sufficient to elevate plasma 17~-estradiol concentrations to about 
70 pg/mL suppress bone remodeling and protect bone mass at the spine. In one study (31), 
>25 !Jg/d of l7~-estradiol promoted bone gain, whereas <15 !Jg did not prevent loss. 
Ettinger et al. (32) conducted a dose-response test of micronized 17~-estradiol in women 
who had been menopausal for up to 5 yr. Women receiving 0.5, 1.0, and 2.0 mg of drug 
showed annual increases in lumbar spine BMD of 0.3, 1.8, and 2.5%, respectively. In an 
interesting twist to this study, after one year of followup, women were all placed on 
open-label l7~-estradiol at 1.0 mg/d and followed for another 18 mo. Those who had 
previously received placebo increased BMD by 4.3%!yr. Changes in women who had 
initially received active drug varied inversely according to the initial dose assignment. 
Women receiving the 2.0-mg dose during the first phase actually lost bone when the dose 
was reduced. Changes in BMD at the radius were in the same direction as those at the 
spine, but of lesser magnitude. 

For conjugated equine estrogens, 0.625 mg/d is sufficient. Very few patients, <5%, so 
treated show significant bone loss from the spine or hip over 3 yr of followup. Some 
evidence suggests that spine BMD may be protected by as little as 0.3 mg of conjugated 
estrogens if patients also receive supplemental calcium (33). However, not all skeletal 
regions respond with identical sensitivity to estrogen, and the adequacy of the latter 
approach for conserving hip BMD is not established. Differential sensitivity may also 
affect the response to different estrogens, particularly those with intrinsically lower 
potency, such as estrone or estriol. For example, 2-yr treatment with 0.625 mg/d of 
estrone sulfate conferred protection at the spine, but 1.25 mg was necessary to protect the 
proximal femur (34). 

Some consideration has been given to the possibility that much higher doses of estro
gen might afford additional skeletal benefit. The basis for this supposition is evidence 
from animal studies that high doses of estrogen may have an osteotropic effect beyond 
the well-established antiresorptive action. Human evidence in favor of such an effect is 
scanty. Studd and Smith (35) carried out dose-response studies using percutaneous 
estradiol implants at doses ranging from 25 to 100 mg. At the highest doses, circulating 
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estradiol levels around 200 pg/ml were achieved, and increases in BMO at both the spine 
and hip correlated significantly with dose. 

Neither the side effect profile nor the impact of long-term high-dose estrogen on 
cardiovascular, breast, or other morbidity is known. At present, high-dose estrogen can
not routinely be recommended for patient management. 

5.3. Route of Administration 
The route of estrogen delivery appears not to be critical for skeletal response, since 

transdermal 17~-estradiol influences bone turnover and bone mass similarly to oral 
hormone (36). 

Field et al. (37) conducted a 2-yr placebo-controlled trial of 127 women who had 
undergone oophorectomy from 6 wk to 2 yr before entry. Women in active treatment 
groups were assigned to either 25,50, or 100 J,.Ig/d 17~-estradiol transdermal patches. By 
2 yr, BMO of the lumbar spine decreased 6.4% in the placebo group and 3.0% in the 
women receiving 25 J,.Ig estradiol, but increased by 0.8 and 3.7% in the higher-dose 
groups. At the midradius, placebo women lost 4.9% and the lowest-dose estradiol group 
lost 1.8%, but the higher-dose active groups lost 0.8 and 1.1 %, respectively. At both sites, 
changes in BMD for all active groups differed significantly from placebo. This study 
therefore supports a dose-responsive preservation of bone mass by transdermal estradiol, 
with a minimum dose for spine BMD conservation at -50 J,.Ig. . 

In a 2-yr study of early postmenopausal women using 28-d cycles of estradiol cream 
supplemented by progesterone, Riis et al. (38) showed significant improvement in BMO 
at the spine, radius, and whole body compared to a placebo group. Although this study 
was carefully executed and the results convincing, dosing characteristics seem to me less 
consistent and predictable with creams than with oral or patch estrogen, and are therefore 
less desirable. Studd et al. (39) conducted a year-long trial of percutaneous estradiol 
implants in postmenopausal women. Implant doses of 25-75 mg consistently achieved 
plasma estradiol concentrations >70 pg/mL, and were all associated with significant 
improvement in BMD at mUltiple sites. 

The favorable and equivalent skeletal response to both oral and other forms of estrogen 
delivery means for the prescribing physician that choice of estrogen preparation should 
probably be based on other considerations. In particular elevations in high density lipo
protein (HDL) cholesterol and reductions in low density lipoprotein (LDL) cholesterol 
have been observed primarily with oral estrogen. For women in whom achieving such 
changes is an important consideration (Le., in women with higher risk for cardiovascular 
disease and in whom lipoprotein profiles are unfavorable), an oral estrogen would appear 
to be a superior choice. On a more practical basis, some women uniquely experience 
headaches, malaise, or other systemic side-effects with one particular form of estrogen, 
but can tolerate other preparations. The physician can take comfort in the knowledge that, 
at least with respect to the skeleton, the method of delivery is not a matter of consequence. 

Other differences in metabolic response to oral and transcutaneous estrogen have been 
described, although their significance is not known. Oral therapy increases circulating 
concentrations of growth hormone and decreases blood levels of insulin-like growth 
factor I (I GF -I), whereas transdermal estrogen has been reported to increase I GF -I levels 
without changing those ofGH (40). Since human osteoblasts possess receptors for and 
respond to both growth hormone and IGF-I (41,42), a clinically relevant consequence of 
this difference cannot be excluded. 
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Fig. 3. Effect of estrogen withdrawal on forearm BMC. Subjects were treated initially with either 
estrogen/progestin (open circles) or placebo (filled circles) for 18 mo. They were then randomly 
assigned to continue hormone of placebo for an additional 12 mo. Subjects assigned initially to 
active treatment subsequently lost bone at a rate that was equivalent to that of the original placebo 
group. Reproduced from ref. 44 with permission. 

5.4. Cessation of Estrogen Therapy 
Uncertainty persists regarding the consequences of stopping estrogen. Lindsay et al. 

(43) observed an accelerated rate of bone loss in women who abruptly terminated estro
gen replacement therapy. In a more complex protocol, Christiansen et a1. (44) randomly 
assigned women to estrogen or placebo for 24 mo, at which time the estrogen group either 
switched to placebo or continued estrogen. The secondary placebo group lost bone over 
the next 12 mo at the same rate that was observed in subjects who had taken placebo from 
the beginning (Fig. 3). Thus, the authors found that bone is lost after termination of 
estrogen, but do not confirm the accelerated rate reported by Lindsay et a1. (43). 

5.5. The Role of Progestins 
Until very recently, the dominant form of estrogen therapy in the US was continuous 

unopposed estrogen. Concerns over protecting the uterus from hyperplasia and endome
trial carcinoma have led to the creation of multiple schedules for interposing a progestin 
on a cyclic or continuous basis. Since progesterone antagonizes some of the actions of 
estrogen, it was important to determine whether antagonism occurred on bone. Short-term 
administration of the most commonly used progestin, medroxyprogesterone acetate 
(MPA), 10 mg/d, had no independent effect, nor did it blunt the effect of estrogen on 
circulating concentrations of calciotropic hormones, on urinary calcium excretion, or 
urinary hydroxyproline (45). In the PEPI trial, no interaction of any of three progestin 
regimens on the beneficial effect of unopposed estrogen was observed, either on lumbar 
spine or on proximal femur BMD (24). These regimens included cyclic MPA, 10 mg/d 
for 12 d each month, continuous MPA 2.5 mg/d, or micronized progesterone, 200 mg/d 
for 12 d each month. Progestins other than MP A, such as norethindrone, may interact with 
the testosterone receptor, and have anabolic effects on muscle and bone (46). 
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Enthusiasm has been expressed for the use ofMPA as sole therapy, without estrogen. 
This idea comes from data suggesting that endogenous progesterone secretion may be 
important for skeletal maintenance in women of reproductive age. Prior et al. (47) reported 
that young athletic women who experienced> I anovulatory or short-luteal-phase cycle 
during a year of observation had increased rates of trabecular bone loss from the spine. 
In another study, the same group reported that treatment of such women with 10 mg MP A 
for 10 d each month was associated with a gain in spinal bone mass, whereas a placebo 
group lost bone (48). Several problems surround these reports. Assessments of menstrual 
abnormality were done by a method that is fairly imprecise for assigning the day of 
ovulation. The 4% annual rate of bone loss in women with anovulatory cycles is far 
beyond that which is generally observed in populations of healthy young women, yet had 
a fairly high prevalence in that small study. Finally, attribution of the skeletal effect to 
deficiency of progesterone alone is not justified, since women with luteal-phase abnor
malities often have abnormal follicular phase estrogen production as well. 

On the other hand, Gallagher et al. (49) reported a clinical trial in postmenopausal 
women, in which one treatment arm was MPA, 20 mg/d. This group lost bone signifi
cantly from all sites. For the present, I remain unconvinced of a clinically meaningful 
osteotropic effect of non androgenic progestins. The data of Gallagher et al. (49) show 
clearly that bone mass decreases at multiple sites if women are treated with MPA alone. 
My greatest concern in this area is for younger women treated with long-acting MP A 
(Depo-Provera®) for contraception, since ovulation is interrupted, an estrogen-deficient 
state is induced, and bone loss is predictable. 

5.6. The Effect of Tamoxifen, an Amiestrogen 

One of the most problematic categories of patient to treat is the woman who has 
recovered or is recovering from breast cancer. Although clinical trials are currently under 
way to determine whether this policy is wrong, the standard of care in the US as of 1995 
is not to offer estrogen to such women. This is a source of great apprehension on the part 
of patients, many of them young, who are postmenopausal or who have been rendered 
postmenopausal by their oncologic management. It appears that tamoxifen, an 
antiestrogen frequently used as adjuvant therapy for breast cancer, may provide a reason
able solution for many women. Tamoxifen is not a pure estrogen antagonist, but shows 
partial agonist activity on bone. Several reports indicate that postmenopausal women 
treated with tamoxifen mainain bone mass (50-52). Additional work with this compound 
is required, particularly in younger women. It is also important to note that although 
tamoxifen may act like estrogen in postmenopausal women whose endogenous estrogen 
concentrations are very low, its use as preventive therapy (e.g., the current NIH -sponsored 
breast cancer prevention trial) by healthy young women with normal estrogen production 
may permit its estrogen antagonism to dominate, leading to bone loss. 

6. HELPING THE PATIENT DECIDE WHETHER 
TO TAKE ESTROGEN 

The decision whether or not to take estrogen is highly personal and must be based on 
an individualized assessment of multiple health factors. The essential minimal compo
nents of this analysis include an understanding of a patient's risks for ischemic heart 
disease, osteoporosis, and breast cancer, of her personal view of hormone replacement, 
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and of any other factor in her personal health history that might bear on this decision, for 
example, the presence of menopausal symptoms, estrogen-related thromboembolic dis
order, history of endometrial hyperplasia or cancer, or lupus erythematosis. 

6.1. Ischemic Heart Disease 

A large and increasing body of epidemiological evidence supports the conclusion that 
sustained use of estrogen confers about a 50% reduction in risk for coronary heart disease, 
and as much as a 40% reduction in all-cause mortality (53-55). This literature presumes 
the standard estrogen regimen received by most postmenopausal American women over 
the past several decades, conjugated equine estrogens without added progestins. The 
protective effect is linked to the known ability of estrogen to increase plasma concentra
tions ofHDL cholesterol, but this linkage may account for only about 50% of the total 
effects Other possible mechanisms include direct vascular actions of estrogen, i.e., on 
vascular smooth muscle tone, and direct effects on endothelial nitric oxide or endoper
oxide pathways, as well as on more systemic metabolic pathways. The degree of protec
tion by estrogen mirrors the number of risk factors already present. Thus, an obese, 
hypertensive smoker with low HDL cholesterol values will achieve greater benefit 
than a thin, athletic, normotensive nonsmoker who has a relatively high HDL cho
lesterol concentration. 

6.2. Breast Cancer 

Despite a truly voluminous literature on this topic, no definitive conclusion is currently 
possible concerning the effect of postmenopausal estrogen on breast cancer risk. Epide
miological studies have concluded that long-term (i.e., 10 yr or longer) use may result in 
as little as no increase to as much as a 40% increase in breast cancer risk. Within the month 
of this writing, two careful and well-conducted studies have shown variously that long
term estrogen use is associated with close to a 50% increase (56) or absolutely no change 
(57) in breast cancer risk. It seems likely that additional case-control or observational 
studies short of a randomized clinical trial will not materially change this conclusion. 
Review of this complex field is beyond the scope of this chapter. To my reading, it appears 
to be a fair summary to state that if there is an effect of estrogen on breast cancer risk, it 
is not particularly large. If one of nine women is destined to develop invasive breast 
cancer, a 40% increase in risk would change an individual's chance from 0.11 to 0.154%. 
Nonetheless, women with personal or family histories of breast cancer should be fully 
informed of the issues and be prepared to undergo continuing aggressive mammographic 
surveillance if they are to embark on estrogen replacement. There are many patients for 
whom any added breast cancer risk is unacceptable, regardless of other health issues. If 
such women need skeletal protection, it is certainly prudent to consider other 
antiresorptive agents. 

7. CONCLUSIONS, CONCERNS, AND FUTURE DIRECTIONS 

Despite persistent ambiguity surrounding aspects of this problem, I find the conclu
sion to be compelling that timely and sustained administration of estrogen to menopausal 
women offers substantial protection against bone loss and fragility fractures. In consid
eration of evidence that antifracture efficacy is lost for "past users," even if duration of 
use exceeded 10 yr (30), estrogen replacement should ideally be considered a lifelong 
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strategy for skeletal health. It is a fact of life, however, that women who are initially 
prescribed estrogen generally take it for only a few months. North American pharma
ceutical industry surveys suggest that the "half-life" of estrogen therapy is not much more 
than 6 mo, a trend that has been stable for the past decade. To some degree, this may reflect 
the fact that many women are prescribed estrogen for short-term control of vasomotor 
instability rather than as a long-term health maintenance strategy, but it must also reflect the 
controversy and public uncertainty that surrounds the entire topic of hormone replacement. 

There has never been a time that more than about 30% of the potential estrogen 
consumers in the US or other industrialized nations have taken estrogen, and consump
tion figures are far lower for Asian and Third World countries. Reasons for this are 
complex, and involve a dislike for taking medication, reluctance to continue vaginal 
bleeding, and, particularly, concerns about breast cancer. In recognition of these various 
issues, it is encouraging to note that compounds are under development whose actions 
mimic those of 17p-estradiol on bone and on lipoproteins, but seem not to lead to poten
tially adverse effects on the endometrium or the breast. Raloxifene is an example of such 
an agent. This compound acts either as an estrogen agonist or antagonist, depending on 
the specific tissue. Administered to oopholectomized rats, raloxifene mimics the skeletal 
protection actions of 17p-estradiol, but does not stimulate endometrial hyperplasia and 
antagonizes estrogen action on the breast (58). Clinical trial~ ofraloxifene in postmeno
pausal osteoporotic women are currently in progress. It is to be hoped that this or similar 
agents may prove acceptable and effective for many women who are unable or unwilling 
to take long-term estrogen. 
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1. INTRODUCTION 

Previous chapters have reviewed the importance of lifestyle changes, adequacy of 
calcium and vitamin D stores, and the use of hormone replacement therapy for the pre
vention and treatment of osteoporosis. The recent burgeoning interest in osteoporosis 
stems not only from an increased awareness of women's health issues and the important 
effects oflifestyle on health, but also from the related explosion of knowledge about 
the pathophysiology of osteoporosis. This has been the result of advances in basic science, 
new noninvasive techniques for measuring bone turnover and bone density, and the develop
ment of many new promising drugs for the prevention and treatment of bone loss (1-4). 

The first aim of this chapter is to classify the available drugs and those under study. 
Drugs will be classified regarding their: 

1. Ability to inhibit bone resorption vs enhance bone fonnation; 
2. Efficacy in preventing the vertebral fractures of type I osteoporosis compared with the 

hip fractures of type II osteoporosis; 
3. Role in preventing fractures in subjects with a low bone density vs treating patients with 

existing fractures; and 
4. Current status of US Food and Drug Administration (FDA) approval and availability (5). 

Individual drugs will then be reviewed. This will include the historical background; 
review of controlled studies investigating efficacy on bone density, fracture rate, and 
quality of life; dosing, side effect profile, and cost; and current as well as anticipated 
future use patterns. Given the complexity of this rapidly changing field, the reader will 
be offered guidelines for the use of drug therapy. Finally, no discussion would be com
plete in this era of cost consciousness without an analysis of the costs and benefits of these 
drugs and their place in managed care plans. How should patients with osteoporosis on 
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drug therapy be followed? What is the role of the primary care physician, and when 
should consultants be involved in their care? 

2. CLASSIFICATION OF DRUGS ACTIVE 
IN PATIENTS WITH OSTEOPOROSIS 

1.1. Effects on Bone Resorption and Bone Formation 
As described in Chapter I, bone is constantly undergoing remodeling at bone remod

eling units in which osteoclasts are resorbing bone or osteoblasts are forming new bone 
(6). Patients lose bone when resorption exceeds formation, and these changes may be 
magnified by the overall rate of bone turnover, which is determined by the number of 
active remodeling units. Estrogen deficiency in early postmenopausal women leads to 
increased osteoclast activity and increased bone resorption that is particularly noticeable 
in the vertebral trabecular bone. The more gradual decrease in osteoblastic activity that 
occurs with aging may result in weakness of cortical as well as trabecular bone. 

The drugs to be discussed have been classified as to their ability to decrease bone 
resorption (antiresorptive) or increase bone formation. Most of the currently available 
drugs decrease bone resorption, but owing to the coupling of bone resorption and forma
tion, those drugs may also decrease bone formation. The efficacy of antiresorptive therapy 
most likely depends on the more· rapid effects on bone resorption compared to bone 
formation, allowing a period of decreased resorption prior to the onset of decreased 
formation, leading to small increases in bone mass. 

Studies have suggested that baseline bone turnover might predict drug efficacy. For 
example, the vertebral bone density was found to increase in a subset of postmenopausal 
women with elevated bone turnover treated with parenteral salmon calcitonin (7). This 
finding led some clinicians to select patients for calcitonin therapy using measurements 
of bone turnover markers (8). However, although these markers are of great value in 
studying the mechanism of drug action and in following large groups of patients, the 
benefit of this approach has not been proven in the individual patient given the variability 
and cost of bone turnover markers (9). The recent advances in bone turnover marker 
technology may lead to new proposals for algorithms for selecting patients for drug 
treatment and following their responses to therapy. 

1.1. Prevention of Vertebral and Hip Fractures 
Drugs have also been classified by their ability to prevent the vertebral fractures seen 

most commonly as a result of estrogen deficiency in postmenopausal women (Type I 
osteoporosis), compared with the hip fractures associated with aging in both men and 
women (Type II osteoporosis). Because the trabecular bone found more plentifully in the 
vertebrae than femur is more responsive to pharmacologic agents and because vertebral 
fractures are more easily studied in a younger population, vertebral bone density and 
fracture rates have been the end points for most clinical studies. However, given the 
increasing incidence of costly hip fractures in our aging society, it is becoming increas
ingly important to demonstrate drug efficacy for Type II as well as Type I osteoporosis. 

1.3. Prevention and Treatment 

Another distinction that has been made among drugs is their use in preventing bone 
loss in patients at risk for fracture because of a low bone density, as compared to their 
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efficacy in treating established osteoporosis in patients with existing fractures. This 
distinction has become somewhat less important given the recent acceptance of the 
World Health Organization definition of osteoporosis as a bone density more than 2.5 SD 
below young normal (10) and the proven relationship between bone density and fracture 
risk (11). However, patients who have already had one vertebral fracture are more likely 
to have future fractures (12), so that the presence offracture may be a useful parameter 
in selecting drugs for patients at increased risk. In the future, other measures, such as bone 
strength measured by ultrasonography (1), may be used along with bone density and 
fracture history as guidelines for choosing pharmacologic therapy. 

2.4. FDA-Approved Drugs 

The selection of drugs available for the treatment of osteoporosis is currently limited, 
but should be rapidly expanding given the large number of ongoing research studies. 
Although estrogen, calcitonin, and alendronate are currently the only FDA-approved 
therapies, additional drugs should be available in the near future. The FDA Endocrino
logic and Metabolic Drugs Advisory Committee has recommended that the FDA approve 
slow-release sodium fluoride. Such drugs as the first-generation bisphosphonate 
etidronate and the calcium-sparing diuretic hydrochlorothiazide may also be appro
priate for some treatment regimens. Other drugs, such as calcitriol, anabolic steroids, and 
growth hormone, are available, but should not be used other than in a research setting 
given concerns regarding efficacy and side effects. 

3. REVIEW OF DRUGS ACTIVE 
IN PATIENTS WITH OSTEOPOROSIS 

3.1. Calcitonin 
Calcitonin is a 32 amino acid polypeptide hormone made in the C-cells present in the 

thyroid. Although probably a vestigial hormone in humans, pharmacologic doses of this 
hormone have potent bone resorption-inhibiting properties. Salmon calcitonin is more 
potent than human calcitonin and has been approved by the FDA for parenteral admin
istration, and more recently was approved as a nasal spray for the treatment of postmeno
pausal osteoporosis. The use of calcitonin has been reviewed (13-16). 

Controlled studies of parenterally administered calcitonin over 1-2 yr in postmeno
pausal women with osteoporosis have shown small increases in total body bone density 
(17) and vertebral bone density (7,18), and variable effects on the density of the distal 
forearm (17,19) and femur (17,18), which contain more cortical bone. Effective doses 
range from 50 IV every other day to 100 IV daily given by the sc or im route. Controlled 
studies using calcitonin administered nasally to healthy early postmenopausal women 
(20-24) or to women with established osteoporosis (25,26) at doses ranging from 50 to 
400 IV daily over 1-3.5 yr show increases in vertebral bone density of approx 2%, but 
results have ranged from 0.2 to as much as 9.3%. Variable effects have been seen on 
bone density of the distal forearm (20,21,25-27). Higher doses may be necessary to 
achieve significant effects, particularly in early postmenopausal women (21). Other 
studies have failed to find significant effects even at higher doses in this population (27). 
Nasal calcitonin has recently been approved at a dose of 200 IV daily for treatment of 
women at least 5 yr postmenopausal with a low bone density who are not candidates for 
hormone replacement therapy. 
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Preliminary evidence suggests fracture efficacy as well. Several controlled studies 
have demonstrated a decrease in the incidence of both vertebral and peripheral fractures 
in postmenopausal women with established osteoporosis treated with calcitonin admin
istered over 2 yr by the parenteral (28,29) or nasal (26) routes. A retrospective study also 
suggested benefit of calcitonin in preventing hip fractures (30). 

One of the major advantages of calcitonin is the lack of serious side effects (31). 
There is no long-term accumulation of calcitonin in bone, and calcitonin does not affect 
bone quality (32). Bothersome side effects ofthe parenteral preparation, such as nausea 
or flushing, may limit its use, but often resolve after several days of treatment. Nasally 
administered calcitonin appears to have fewer side effects than the parenteral form 
(33). The difficulty of parenteral administration has decreased the enthusiasm for the 
use of this drug in the past, but the recent availability of the easily administered nasal 
preparation may lead to increased acceptability. Another potential advantage of calci
tonin therapy is its acute analgesic effect, unrelated to effects on bone metabolism. 
Several controlled studies have demonstrated that patients with acute vertebral frac
tures treated with parenteral (34) or nasal (35) calcitonin have less pain than appropri
ate control groups. 

Controversies still remain with regard to the most effective use of nasal calcitonin. The 
most cost-effective dose of nasal calcitonin has not been established. The duration of 
effect of calcitonin also remains controversial. It has been suggested that calcitonin may 
be most effective in postmenopausal women with high bone turnover (7), and some have 
used markers of bone turnover to select patients for calcitonin treatment. These findings 
do not appear consistent with some studies showing lack of efficacy in early postmeno
pausal women who usually have high bone turnover (27). 

The average wholesale price of a l-mo supply of parenterally administered salmon 
calcitonin at a dose of 100 IV given 3 times/wk ranges from $264 to $424 (36). The 
wholesale acquisition price of a I-mo supply of nasal calcitonin at a dose of200 IV daily 
is $45 (personal communication, Sandoz Pharmaceuticals Corp.). 

3.2. Bisphosphonates 
The use of bisphosphonates in the treatment of osteoporosis has been extensively 

reviewed (37-41). Bisphosphonates are analogs of pyrophosphates, which naturally 
inhibit bone resorption. They contain a P-C-P instead of P-O-P moiety, and therefore 
undergo less degradation. Their affinity for hydroxyapatite leads to a long skeletal half
life. Osteoclast function is inhibited by ingestion of bone on resorptive surfaces contain
ing the bisphosphonate. 

Bisphosphonates have been useful in treating many skeletal disorders characterized by 
increased bone turnover, including Paget's disease, primary hyperparathyroidism, hy
percalcemia of malignancy, and metastatic bone disease. Most of the bisphosphonates are 
poorly absorbed and should be administered on an empty stomach. Simultaneous calcium 
ingestion particularly interferes with absorption. The drugs are rapidly cleared by bone 
and kidney. The short circulating half-life leads to few systemic side effects other than 
gastrointestinal intolerance at high doses. However, since the bisphosphonates reside in 
bone for long periods of time, some have expressed concern about the potential for 
long-term side effects, although none have been documented. Occasional hypocalcemia 
has been described, but is mild and asymptomatic. At high doses or with continuous 
administration, etidronate may cause mild asymptomatic hyperphosphatemia, and may 
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inhibit mineralization and cause osteomalacia. Fever and leukopenia have been described 
after administration of pamidronate. 

Studies investigating the utility ofbisphosphonates for the prevention and treatment 
of osteoporosis began with etidronate. The use ofthis drug has been limited by its poten
tial for inhibiting mineralization. The newer bisphosphonates do not inhibit mineraliza
tion at the doses used, and appear to increase bone density and bone strength and decrease 
fracture incidence. The potency, side effect profiles, effects on bone formation, and 
duration of action of individual agents are under investigation. 

Two placebo-controlled studies have documented the efficacy of cyclic low-dose 
etidronate in postmenopausal patients with vertebral osteoporosis. Both studies utilized 
a regimen of 400 mg given daily for 2 wk every 3 mo, but the details of calcium, phos
phorus, and vitamin D supplementation differed. In a group of patients with severe 
osteoporosis, a 5.3% increase in vertebral bone density compared with a 2.7% loss 
in the placebo group over 3 yr was demonstrated (42). A decrease in the vertebral fracture 
rate was shown in the second and third year, and no adverse effects were seen on bone 
biopsies (43). In an open 2-yr extension of crossover design, patients previously treated 
with etidronate maintained their bone density. Using a similar regimen, others demon
strated a 3-4% increase in vertebral bone density over 2 yr (44). There were also fewer 
vertebral fractures, a small increase in hip bone density, and no adverse effects on bone 
histology (45). Further ·studies up to 4-yr of treatment showed maintenance of bone 
density changes, but fracture protection persisted only in high-risk patients (46). No 
significant side effects were noted with this regimen in either study. In summary, 
etidronate appears to be safe and effective over 2-3 yr in increasing vertebral bone density 
and in preventing vertebral fractures. The long-term efficacy has not been proven, so, 
although the drug is available, it has not received FDA approval for this indication. The 
average wholesale price of 1 cycle (3 mo) of etidronate is $49 (36). 

Several other bisphosphonates are currently under investigation for the treatment of 
osteoporosis. These compounds are more potent than etidronate and are not associated 
with mineralization abnormalities. Alendronate was recently approved by the FDA for 
treatment of postmenopausal osteoporosis (47). In a 2-yr double-blind, placebo
controlled trial of alendronate in 188 postmenopausal women with low spinal bone 
density, but no fracture, a 10 mg dose of alendronate was associated with a rapid de
crease in markers of bone turnover, a 7.2% increase in lumbar spine, and 5.3% increase 
in total hip bone density after 2 yr (48). In a subset of patients treated for I yr and then 
observed for a followup year on placebo, increases in bone density were sustained. 
Although gastrointestinal side effects were noted at higher doses, the 10-mg dose was 
well tolerated. In a similar international study of 516 postmenopausal women with 
osteoporosis, the 10 mg dose of alendronate given for 2 yr was well tolerated, and led 
to a 6.0% increase in lumbar spine and 3.5% increase in femoral neck bone density (49). 
Preliminary results of an international multicenter study of994 postmenopausal women 
with low bone density show that those women treated with calcium supplementation 
and with varying doses of alendronate for 3 yr had 48% fewer new vertebral fractures, 
less progression of vertebral deformity, and less loss in height than those women treated 
with calcium supplementation alone (50). Animal studies show that alendronate treat
ment leads to an increase in bone strength without any adverse histomorphologic 
changes (51). The wholesale price of a I-mo supply of alendronate is $42 (personal 
communication, Merck & Co., Inc.). Studies are in progress with other bisphosphonates, 
including tiludronate (52), pamidronate (53), clodronate, and risedronate. 
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3.3. Sodium Fluoride 

Sodium fluoride potently stimulates bone formation and increases trabecular bone 
mass, but there have been concerns regarding the structural quality of the new bone 
formed. The initial positive results led to its widespread use despite lack of FDA approval. 
Concerns about antifracture efficacy and side effects led to a 4-yr NIH-sponsored pro
spective, placebo-controlled trial of sodium fluoride (75 mg) daily in postmenopausal 
women with vertebral fracture (54). All patients received 1500 mg calcium supplemen
tation daily. As expected, the bone density of trabecular sites, such as the vertebrae, 
increased by as much as 35%, but cortical bone density appeared to decrease. There was 
no difference in the incidence of new vertebral fractures, but non vertebral fractures were 
more common in the treatment group as were side effects including gastrointestinal 
symptoms and lower extremity pain. Similar results were found in a smaller randomized 
trial (55). These studies ended the widespread use of sodium fluoride in the US outside 
of clinical trials and confirmed concerns that bone density data alone is an insufficient end 
point for efficacy of osteoporosis drugs. 

The possibility that lower doses of sodium fluoride (56) or other preparations, such as 
slow-release sodium fluoride, might be more effective in the treatment of osteoporosis 
is currently under study. In a 4-yr placebo-controlled randomized trial using intermittent 
slow-release sodium fluoride, 25 mg bid, a 4.8%/yr increase in lumbar spine bone mass 
and a 2.4%/yr increase in femoral neck hip bone density were noted, and there was a 
decrease in the vertebral fracture rate (57). Both treatment and control groups received 
calcium citrate supplements, and there are currently no data published using less expen
sive calcium carbonate. However, this regimen appeared to be ineffective in patients with 
severe bone loss. There was also no effect on the rate of recurrent fracture in already 
fractured vertebrae, and there was no improvement in the rate of appendicular fracture. 
The FDA Endocrinologic and Metabolic Drugs Advisory Committee has recommended 
that the FDA approve slow-release sodium fluoride for the treatment of postmenopausal 
osteoporosis, and full approval is expected in the near future. The specific indications for 
use and price information are not yet available. 

3.4. Other Drug Therapy 
In women who decline or who are not candidates for hormone replacement therapy, 

salmon calcitonin or the bisphosphonates are the first choices for antiresorptive therapy 
and slow-release sodium fluoride may soon be available. Women with a history of breast 
cancer are generally not candidates for estrogen and may be treated with tamoxifen. This 
drug acts as an estrogen antagonist on the breast, but may have estrogen agonist effects 
on bone, with studies demonstrating increased vertebral (58,59) and proximal femoral 
bone density (59). There are currently no fracture data, and this drug should not be used 
in women who do not have a history of breast cancer, given the potential increased risk 
for endometrial carcinoma. 

Calcium balance may be improved by treatment with thiazide diuretics in patients with 
hypertension or hypercalciuria, and physiologic replacement of nonactivated vitamin D 
preparations in elderly patients at risk for vitamin D deficiency. The remainder of the 
pharmacologic options should be considered experimental. Despite the potential ana
bolic effects and general availability of activated vitamin D analogs, anabolic steroids, 
and growth hormone, issues regarding efficacy and side effects preclude their current 
general use. Other experimental agents, including skeletal growth factors and parathy-
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roid honnone show potential for causing increased bone fonnation. Newer estrogen 
analogs may selectively decrease bone resorption without effects on other estrogen
sensitive tissues. 

3.4.1. THIAZIDE DIURETICS 

Thiazide diuretics are a cost-effective treatment for hypertension and have the addi
tional benefit of decreasing urinary calcium excretion and improving calcium balance. 
Although no placebo-controlled, prospective studies have been perfonned, some obser
vational studies have demonstrated positive effects on bone density and fracture rates. 
For example, thiazide use is associated with an increase in bone density of the os calcis 
(heel) in men (60) and distal radius in older women (61). In a prospective study of men 
and women over age 65, treatment with thiazide caused a reduction of approx 113 in the 
risk of hip fracture (62), but a case-controlled study of elderly patients hospitalized with 
hip fracture failed to find any protection (63). A recent meta-analysis showed that current 
thiazide use or previous thiazide use oflong duration were associated with a 20% reduc
tion in hip fracture risk (64). It is unlikely that the very large prospective randomized trial 
necessary to confinn these findings will be perfonned. Thiazides should certainly be 
considered as a first-line antihypertensive treatment in appropriate patients with or at risk 
for osteoporosis, and should also be considered in the treatment of patients with hyper
calciuria and osteoporosis. 

3.4.2. VITAMIN D METABOLITES 

As previously discussed, alterations in vitamin D metabolism are common in aging 
populations. Most commonly this includes vitamin D deficiencies owing to inadequate 
intake, malabsorption, and decreased sun exposure. This leads to secondary hyperpara
thyroidism and increased bone resorption, and should be corrected by repletion of vita
min D stores and assurance of adequate calcium intake as previously discussed. For 
example, in elderly ambulatory women living in nursing homes or in the community, 
treatment with 800 IV vitamin D3 and 1.2 g elemental calcium daily for 18 mo decreased 
the incidence of hip fracture by 43% compared with control subjects (65). 

There is also evidence that irrespective of vitamin D stores, renal production of 
1 ,25( OH)2D3 and the number of vitamin D receptors in the intestinal mucosa decline with 
aging. This would also contribute to a decline in calcium absorption, along with potential 
secondary hyperparathyroidism and increased bone resorption. Thus, treatment with 
1,25(OH)2D3 itself might be effective in delaying bone loss. This active metabolite also 
has potent effects in vitro in promoting cell differentiation, collagen synthesis, and alka
line phosphatase production, and theoretically might be useful as a stimulation of bone 
fonnation. Several controlled studies have demonstrated the efficacy of I ,25(OHhD3 in 
increasing calcium absorption and decreasing bone resorption (66,67). Studies have 
shown positive effects on trabecular bone volume (52) and bone density (68,69), but 
others have failed to show any changes (70). One prospective study of 622 postmeno
pausal women with vertebral fractures showed that treatment with 1 ,25(OHh03 (0.25 )Jg 

bid) and supplemental calcium was effective in reducing the rate of new vertebral and 
nonvertebral fractures during the second and third year of study compared with patients 
given calcium alone (71). A smaller study of80 postmenopausal Japanese women with 
osteoporosis showed similar results after 1 yr of treatment with 1 a-hydroxyvitamin 
0 3 (1 )Jg daily) (72). However, other studies of similar design have failed to show any 
fracture protection (70,73). One of the major concerns regarding 1,25(OHh03 or its 
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related metabolites is the potential for hypercalcemia and hypercalciuria noted in some 
studies (68,70,73), but not others (71). This effect might be minimized by using lower 
doses, avoiding excessive calcium supplementation, or perhaps by using newer vitamin 
D analogs that have similar effects on bone but cause less hypercalcemia (72,74). Until 
dependable dose-response relationships are established with existing analogs or until 
newer and more selective effective analogs are developed, treatment with activated 
vitamin Dmetabolites should be considered experimental. However, given the safety, 
cost-effectiveness, and efficacy oflow-dose vitamin D replacement for maintenance of 
normal stores, it is reasonable for all patients with osteoporosis and all elderly subjects 
at risk to receive 400-800 IU supplemental vitamin D3 daily. 

3.4.3. ANABOLIC STEROIDS 

Anabolic steroids are derivatives of testosterone with anabolic activity, but fewer 
virilizing side effects (75). These drugs increase bone cell proliferation and differentia
tion in vitro, and also inhibit bone resorption. Although previously approved for use in 
the US, the approval was withdrawn by the FDA because of adverse effects, including 
virilization, hepatic dysfunction, and decrease in HDL cholesterol. A number of 
double-blind, placebo-controlled studies have shown the efficacy of these drugs in 
increasing bone density in patients with osteoporotic fractures, but there are few data with 
fracture as the end point. The total body calcium increased by 2% in postmenopausal 
women with vertebral fractures given methandrostenolone for 26 mo, compared with a 
3% loss in the placebo group (76). Similar results were found in 23 postmenopausal 
women treated with stanozolol for 29 mo, but 76% of the treated subjects developed an 
increase in SGOT levels and 30% an increase in facial hair growth (77). The bone mineral 
content (BMC) of the radius increased by 3.3% in 34 men and women completing a 2-yr 
study of irnnandrolone given every 3 wk, and there was also biochemical evidence for 
decreased bone turnover (78). Vertebral bone density increased by 2.9% in 32 postmeno
pausal women with osteoporosis treated with parenteral nandrolone for 18 mo compared 
with a 2.3 loss in the placebo group, but increased facial hirsutism was noted in 16% of 
patients and a significant reduction in HDL cholesterol was seen (79). The small effects 
on bone density, lack of fracture data, and side effect profile preclude the general use of 
these agents at this time. The current use of testosterone continues to be as replacement 
therapy for men with hypogonadism. 

3.4.4. GROWTH HORMONE 

Another currently available drug that may have anabolic effects on bone is growth 
hormone. This hormone has anabolic effects on multiple organs, including bone, but acts 
mainly by increasing synthesis of insulin-like growth factor I (lGF-I) by the liver (80). 
IGF-I has been shown to have potent mitogenic effects on osteoblasts. Patients with 
growth hormone deficiency may have decreased bone density, which may be increased 
by growth hormone treatment (81). Elderly patients may also demonstrate a physiologi
cal decline in pituitary growth hormone secretion and in circulating concentrations of 
IGF-I that might contribute to bone loss and a decrease in lean body mass. Growth 
hormone supplementation for 6 mo in a group of elderly healthy men was found to cause 
a 1.6% increase in lumbar vertebral bone density, but no change at cortical sites compared 
with controls, and was associated with an increase in lean body mass and skin thickness 
and a decrease in adipose tissue mass (82). A similar 6-mo study of growth hormone in 
healthy elderly females failed to show changes in lean body mass, but showed increased 
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markers of bone turnover. Bone density of the hip and spine was unchanged compared 
with a small decline in the placebo group. The use of growth hormone in these subjects 
was associated with bothersome side effects, including fluid retention and carpal tunnel 
syndrome (83). The lack of substantial effects on bone mass and the side effects associ
ated with the systemic effects of growth hormone treatment make it unlikely that this 
treatment alone will be an effective therapy for osteoporosis, although it might be useful 
in association with other pharmacologic agents. 

3.4.5. OTHER DRUGS UNDER INVESTIGATION 

Many other pharmacologic agents not generally available are currently under prelimi
nary investigation for the treatment of osteoporosis. Skeletal growth factors, such as the 
IGFs, transforming growth factor /3, fibroblast growth factors, platelet-derived growth 
factors, bone morphogenetic proteins, and cytokines of the hematological and immune 
systems are secreted in multiple tissues, including bone cells (80,84). They have complex 
local effects on bone formation and resorption, and may be further regulated by systemic 
honnones, such as estrogen. Clinical studies of these agents are limited. IGF-I was given 
to postmenopausal women in a short-term study and increased markers of bone turnover 
and was associated with orthostatic hypotension, edema, and other side effects at higher 
doses (85). As with growth hormone, the multiple effects oflGF-I on different tissues will 
probably limit its systemic administration as a viable treatment for osteoporosis, although 
it is possible that a certain low dose may be found with specific effects on bone. 

Another experimental approach is to stimulate synthesis of the skeletal growth factors 
locally and specifically in bone. This approach would theoretically limit systemic side 
effects. The actions of estrogen and anabolic steroids may be at least partially mediated 
by such effects. Another example of this approach is the intermittent parenteral admin
istration of parathyroid hormone (PTH). Although grossly and tonically elevated levels 
of PTH are associated with increased bone resorption and hypercalcemia in primary 
hyperparathyroidism, the intermittent administration of low-dose PTH stimulates 
increased bone formation that may be mediated by local increased production of skeletal 
growth factors (80). Most of the experience with this agent has been using the 1-34 
fragment of human PTH (PTH[l-34]) in small, uncontrolled trials (71). These studies 
generally show an increase in normal quality cancellous bone, but concerns about loss of 
cortical bone during treatment and a waning of the positive effect on cancellous bone over 
time may limit the use of PTH(1-34) monotherapy (71). Preliminary results from a 
placebo-controlled trial ofPTH(I-34) in postmenopausal osteoporotic women treated 
with estrogen did reveal a 10.1 % increase in lumbar spine bone density after 18 mo of 
treatment, compared with no change in the placebo group or in the bone density of cortical 
sites (86). In another controlled study, 20 women with hypogonadism as a result of 
gonadotropin-releasing hormone treatment for endometriosis were treated with PTH( 1-34) 
for 6 mo and maintained lumbar spine bone density compared with a control group who 
lost bone mass (87). Thus, PTH(l-34) may be useful for prevention of cancellous bone 
loss in both estrogen-replete and deficient patients. Concerns still remain regarding the 
potential effects on cortical bone and need for parenteral administration, and there are no 
data regarding fracture incidence. Larger, placebo-controlled trials are required for full 
evaluation of this promising therapy, as well as the related hormone PTHrP. 

A large number of other pharmacologic agents are in even earlier stages of testing in 
the prevention and treatment of osteoporosis. These include KHC03, which may affect 
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bone turnover by its action on Ca and P balance (88), the flavenoids, such as ipriflavone 
(89,90), strontium (71), the bioactive peptide echistatin (91), the nonsteroidal anti
inflammatory drug diclofenac sodium (92), silicon-containing compounds, such as the 
zeolites (71), cytokine antagonists (84), and more bone-specific estrogen agonists, such 
as raloxifene (93). There are few clinical data on these compounds in well-controlled 
studies, but their use either as single agents or in combination with other drugs active on 
bone metabolism appears promising. 

4. GUIDELINES FOR USE OF DRUG THERAPY 

Given the efficacy of estrogen in increasing vertebral and hip bone density and 
decreasing fractures at these sites, as well as the additional cardiovascular and quality of 
life benefits, hormone replacement therapy should be considered in all postmenopausal 
women with established osteoporosis, osteoporosis, or osteopenia (1,2,6). For each 
patient, the decision regarding whether to use hormone replacement therapy should be an 
individual one, considering risks and benefits. The average wholesale price of a 3-mo 
supply of conjugated estrogen (as Premarin 0.625 mg daily) and medroxyprogesterone 
(2.5 mg daily) is $62 (36). In patients declining ornot considered candidates for hormone 
replacement therapy, decisions concerning treatment with other drugs will depend on 
the severity of bone loss and presence of fracture (8). Guidelines are currently being 
formulated. All patients with any degree of bone loss, particularly the elderly and those 
in northern climates, should receive at least 400 U of vitamin D daily. Thiazide diuretics 
should be considered in patients with hypertension or hypercalciuria. In those patients 
presenting with acute vertebral fracture and pain, nasal salmon calcitonin may be used 
for 1-3 mo prior to or in addition to other pharmacologic therapy for its analgesic effects, 
as well as positive effects on vertebral bone density. The additional cost may be offset by 
savings from decreased length of hospitalization and rehabilitation, and earlier return to 
normal function. 

Patients with established osteoporosis should receive pharmacologic therapy. The 
nonhormonal treatments most effective in increasing vertebral and hip bone density are 
alendronate and slow-release sodium fluoride. The future use of these drugs will depend 
on well-controlled studies demonstrating comparative efficacy in preventing vertebral 
and hip fractures, as well as cost. The efficacy of combination treatment using alendronate 
and hormone replacement therapy is currently under investigation and studies investi
gating combination treatment with slow-release sodium fluoride would be of interest. 
Concerns about the bisphosphonates include the potential for side effects given the long 
half-life in bone and the inconvenience of administration on an empty stomach. Con
cerns about the use of slow-release sodium fluoride in patients with established os
teoporosis relate to its lack of efficacy in preventing recurrent vertebral fractures (57), 
and its use in patients with severe osteoporosis with multiple compression fractures 
should probably be limited until more data are available. If a bisphosphonate or 
slow-release sodium fluoride is not indicated or tolerated, such as in patients with active 
gastrointestinal disease or renal insufficiency, nasal salmon calcitonin should be consid
ered, given its efficacy in increasing vertebral bone density in women more than 5 yr 
postmenopausal, its potential fracture efficacy, and its long safety record. Concerns 
about nasal calcitonin include the long-term effectiveness of this drug and its lack of 
benefit in some studies. The only direct comparison of a bisphosphonate vs nasal salmon 
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calcitonin revealed that 10 mg of alendronate given daily increased lumbar spine bone 
density 4.7% and femoral neck bone density 3.1% compared with no effect of 100 IU 
nasal calcitonin given daily, relative to placebo (94). However, this dose of nasal calci
tonin may have been suboptimal (24). 

Treatment of patients with osteoporosis, but without fracture is not as clear. Given the 
lack oflong-term data and cost-benefit analyses, guidelines are not currently available. 
There are also few data on the effect of these drugs on quality of life, which may be an 
important determinant in drug selection (95). Nonpharmacologic intervention, including 
nutrition and exercise counseling, psychosocial support, and fall prevention, should be 
considered in every patient. There are 12-17 million postmenopausal women in the US 
with osteopenia and 6-7 million with osteoporosis by World Health Organization defi
nitions (96). Major issues in developing cost-effective guidelines for treatment are: At 
what bone density should preventive, nonbormonal therapy be instituted at the menopause 
(97)? What is the value of screening elderly women? Since hip fractures have the greatest 
cost, given the increasing evidence that pharmacologic treatment decreases hip fracture 
risk, it has been suggested that the elderly be aggressively screened and treated (98). 

There are also numerous issues related to following patients on drug treatment, includ
ing compliance, drug efficacy, and duration of treatment. The use of bone markers and 
followup bone density studies has been suggested in order to make these decisions. Bone 
markers are not yet a cost-effective, specific approach for decision making in individual 
patients (9). Followup bone density determinations at 1-2 yrintervals are reasonable for 
following effects of drug treatment given the multiple choices for therapy now available 
and the possible variabilities of response to specific agents in any individual patient. 
Specific guidelines concerning frequency and sites to measure are not yet available. 

Primary care physicians are well positioned to diagnose osteoporosis and osteopenia, 
institute nonpharmacologic prevention and treatment, and discuss the risks and benefits 
of hormone replacement therapy and other drugs. However, currently few primary care 
physicians even treat with hormone replacement therapy for osteoporosis (99), so that 
further physician education will be important. For complex patients, diagnostic issues, 
patients intolerant of drugs, or those patients requiring extra time, subspecialty consul
tations should be considered. 

This is an exciting time for patients with osteoporosis and for those physicians with an 
interest in the prevention and treatment of osteoporosis, since we now have accurate tools 
to measure bone loss and many new available and investigational treatment modalities. 
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1. INTRODUCTION 

Osteoporosis is a disorder of skeletal fragility. Fractures are the complications of 
osteoporosis that result in the patient's symptoms, and their physical, functional, and 
psychosocial problems. The primary objectives in the management of patients with 
established osteoporosis are the following: 

1. Prevent new fractures 
a. Preserve or increase bone mass 
b. Prevent falls and injuries; 

2. Minimize acute and chronic symptoms; and 
3. Improve physical and psychologic function. 

We have an expanding set of effective phannacologic options to prevent bone loss and 
to reduce the incidence of fractures. However, with the possible exception of the use of 
calcitonin in the treatment of patients with acute fractures, there is no basis on which to 
expect pharmacologic therapy to accomplish the other therapeutic objectives. In a com
prehensive management program, the prevention of injuries and falls, the control of 
symptoms, and the attempt to improve the patient's function are best accomplished by a 
structured program of exercise and education. Collaboration between a physician and a 
physical therapist experienced in treating patients with osteoporosis is a model with 
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which we have had several years' experience. This chapter will discuss our physical 
therapy intervention program for patients with osteoporosis, including the role ofweight
bearing exercises, education in posture, body mechanics and fall prevention, the rehabili
tation of patients following fractures of the spine and hip, and the management of chronic 
back pain in patients who have experienced vertebral fractures. 

EXERCISE 

That exercise is an important determinant of skeletal health is widely believed by 
clinicians and the general public. Weight-bearing exercise is always included as one of 
the most important steps to be taken by postmenopausal women for the prevention of 
bone loss. However, the data on which this recommendation is made is relatively weak. 
The original notion that weight-bearing is a determinant of skeletal health came from 
observing the rapid and marked bone loss in immobilized individuals or in the weightless 
environment of space. Subsequent studies comparing athletes and sedentary adults have 
demonstrated that bone mass is almost always higher in athletes, sometimes as much as 
20-30% (J). This difference is certainly of clinical significance. The results comparing 
athletes to sedentary controls may be owing either to sampling bias (perhaps persons with 
stronger bones are better athletes) or to the fact that most athletes begin their physical 
training during their growth years when bone mass can be substantially influenced by 
exercise. Certainly, physical activity during childhood and adolescence can be a factor 
in maximizing the growth potential of bone during those years. It is also true that 
physical activity is one of the important correlates if not determinants of bone mass in the 
proximal femur in young adults (2). In both young adults and postmenopausal women, 
statistical correlation between muscle mass or muscle strength and bone density has 
been observed. 

Despite these observations, the association of physical activity with bone health in 
older adults or in patients with osteoporosis is less clear and less convincing. Walking is 
frequently recommended as the safest and most practical weight-bearing activity for 
older adults. While aerobic exercise such as walking will increase endurance, most stud
ies have shown no or only weak correlations between measures of cardiovascular fitness 
and bone density in older adults (3). In a prospective study, a program of brisk walking 
did not slow bone loss in postmenopausal women (4). Other studies have confirmed that 
exercise is not capable of preventing bone loss in early menopause, which is a result 
of estrogen deficiency (5). In a study by Sinaki in osteoporotic women, strengthening of 
extensor back musculature was not accompanied by increased spinal bone density (6). 
Weight lifting and resistance exercises result in greater loading of the spine than does 
walking. In an intense program of weight-bearing exercise combining walking, jogging, 
and resistance exercises to strengthen the back, lumbar spine density increased by 6.1 % 
after about two years (7). Afterretuming to their pre-exercise program activity for 13 mo, 
the average spinal bone density value was only 1.1 % higher than baseline. Thus, a com
bination of weight-bearing activities may be able to increase bone mass modestly or 
perhaps to slow the process of age-related bone loss, but the exercises must be both 
intense and sustained for those objectives to be accomplished. Such a program is probably 
not acceptable or practical for most adults and may be fraught with risk in the frail elderly. 

That the skeletal effects of low-to-moderate levels of exercise in adults is at best 
modest does not detract from the importance of exercise in the therapeutic plan for 
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patients with or at risk for osteoporosis. Both the strength and level of physical activity 
are important risk factors for fractures, independent of bone density. Even modest exer
cise is associated with improvements in many of the parameters that characteristically 
decline with aging (8). These benefits include increased muscle strength of the back, 
buttocks, and legs, better balance, greater endurance, improved functional ability, 
decreased injury potential, and increased sense of well being. 

Regarding the role of exercise in the prevention and treatment of osteoporosis, these 
conclusions can be drawn: 

1. Physical activity during growth years helps maximize peak bone mass potential. 
2. Exercise is not a substitute for estrogen or other antiresorptive therapy in preventing bone 

loss in postmenopausal women. 
3. While exercise may slow age-related bone loss in older individuals, the major target of 

an exercise program should not be the skeleton. Rather, the objectives ofthis program for 
patients with osteoporosis are to increase strength, decrease the risk offalling, retard the 
infirmity and frailty (which characterizes advancing age), minimize symptoms, and 
enhance both function and quality of life. 

4. An exercise program for older adults must be practical and individualized. Each patient 
must be adequately educated regarding the value and intent ofthe exercise program, and 
the program must address functional targets that the patients themselves help identify. 
Physicians are often poorly equipped to either prescribe an appropriate exercise program 
or to instruct patients in its use. This is an area where other health professionals such as 
physical therapists, nurses, and health educators can be of special value to our practice. 

3. INJURY PREVENTION 
While low bone mass, usually assessed by low bone density, is the major determinant 

of fracture risk, extraskeletal factors also play important roles. Indeed, there is a very 
large overlap in the bone density values of persons who have fractures compared to those 
of similar age who have not fractured. This suggests that factors such as injuries, the 
frequency and severity of falls, the manner of faIling, and patients' ability to protect 
themselves from the impact of falls are important determinants of whether a fracture 
occurs. By age 75, most women and many men have experienced age-related bone loss 
to the extent they are at risk for fractures with only minor injury. Current pharmacologic 
and nutritional therapy may prevent the progression of bone loss and decrease the inci
dence of hip fractures in patients with osteoporosis, but we are not yet capable of correct
ing the quantitative and qualitative deficits in osteoporotic bone. Consequently, patients 
with osteoporosis will remain at increased risk for fracture even if pharmacologic therapy 
is initiated. Appropriate management of patients with osteoporosis needs to include 
attempts to reduce the important injury component to fracture risk since one of our major 
therapeutic goals is to decrease the incidence of new fractures. 

Because hip fractures are almost always acute events requiring hospitalization, factors 
that predispose an individual to fracture are better understood with respect to hip fracture 
than with other fractures. In the Study of Osteoporotic Fractures, the most important risk 
fractures for hip fracture were low BMD and factors known to enhance the frequency of 
falls (including weakness, physical inactivity, and therapy with sedative drugs) (9). In 
addition, other factors, such as a history of previous hip fracture or a maternal history of 
hip fracture, were found to be important determinants of fracture risk. This information 
confirmed the important relationship between falls and fractures. Indeed, more than 90% 
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of hip fractures are associated with falls, as are virtually all Colles' fractures. The role of 
injury as a proximate cause of spinal fractures is less clear; vertebral fractures are usually 
described as being nontraumatic. However, Cooper described 335 men and women who 
experienced vertebral fractures that led to medical attention (J 0). He noted that 47 (14%) 
were related to severe trauma, and 276 (82%) were associated with mild-to-moderate 
injury. The remainder were classified as pathologic fractures. It is our experience, too, 
that most patients who present with an acute vertebral fracture will associate it with some 
traumatic episode, most commonly a fall or a lifting injury. Strategies to minimize injury 
are important considerations in the management of patients with osteoporosis. 

Several studies have identified the factors associated with the risk offalling (J 1-15). 
The most important of these include impairments of strength, gait, balance, mobility, or 
vision. Recognizing these risk factors provides strategies for intervention. These fall into 
three major categories: 

1. Exercises to promote strength, improve balance and gait; 
2. Correction of age or disease-related problems affecting balance such as orthostatic hy

potension, sedative drugs including alcohol; and 
3. The provision of ambulatory supports such as hand rails (on stairs, in the bathroom), 

walkers, or canes. 

While exercise programs do result in improved strength, flexibility, and functional 
performances, the effects of these changes on the frequency or response to fractures has 
not yet been carefully evaluated. It is our opinion that such exercise programs are indi
cated for the frail elderly who are at the greatest risk of falling as well as for healthy 
individuals in whom we attempt to prevent the functional deficits that accompany aging. 

Environmental hazards are frequently identified as important factors affecting fracture 
risk. Most falls, though. are not related to such hazards, and aggressive attempts to 
remove such hazards from the home environment have not significantly reduced the risk 
of falls (16). 

Since only 2% offalls results in fractures in older people, it is clear that factors other 
than low bone density and fall frequency are determinants offracture risk. Cummings and 
Nevitt described four factors that must be present for a fall to result in a hip fracture: 

1. Fall must result in landing on or near the hip; 
2. Patient's protective measures must be inadequate to lessen the impact of the fall; 
3. Local shock absorbers (clothing, adipose tissue, surface onto which the fall occurs) must 

inadequately absorb enough energy to prevent injury; and 
4. Bone strength in the proximal femur must be insufficient to resist the damage from the 

residual energy (J 7). 

There is recent research regarding the nature of and mechanics of falls that are most 
apt to result in fracture, and we may soon be able to use this information for fracture 
prevention (18). 

From a practical standpoint, we acknowledge that bone mass deficit in osteoporotic 
patients cannot be corrected and that all falls will not be prevented. An additional line of 
defense for hip fracture is to minimize the impact ofthe fall through the use of cushioning 
ofthe landing surface or of the trochanteric region of the patient. Having padded landing 
surfaces for all falls is impractical; however, there is increased interest in the use of hip 
pads. In an early study, nursing home residents assigned to wear hip pads had a marked 
reduction in the frequency of hip fractures (19). In fact, the only hip fractures that occurred 
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in the group assigned to wear hip pads, occurred when they were not wearing them. The 
design of a comfortable, effective, energy-absorbing protective garment and its use in the 
frail elderly is a strategy that deserves careful evaluation. 

The types offalls most often associated with vertebral fractures are those in which the 
patient lands on the buttocks. While not carefully assessed, it is probable that factors 
affecting strength, balance, and gait are also important in the frequency of these type falls. 
Of special importance for the prevention of vertebral fractures is the avoidance of exces
sive weight loading of the spine under conditions of flexion or torsion. Lifting a grand
child, a heavy or awkward object, a sack of groceries from the trunk of a car or a garage 
door are activities that patients who have fractures frequently describe as being associ
ated with acute onset of back pain. These lifting injuries most often cause anterior com
pression fractures of the thoracic spine, while falls in the seated position most frequently 
result in central body or crush fractures of the lumbar spine. There have been no studies 
evaluating the usefulness of therapeutic programs to reduce the frequency of these inju
ries. However, avoidance offlexion exercises and activities, education about proper body 
mechanics, and exercises to strengthen the extensor muscles of the back are reasonable 
strategies to pursue. 

4. REHABILITATION AFTER ACUTE FRACTURES 

4.1. Vertebral Fracture 

Fractures of the vertebral bodies define, in the minds of most patients, the clinical 
picture of osteoporosis. They are the most common fractures associated with postmeno
pausal osteoporosis, and they also occur with increased frequency in men with age
related bone loss (20). Most of these fractures are associated with some traumatic event, 
albeit minor. Some patients with vertebral deformities and fractures never, however, 
have an episode of acute back pain, and their fractures are discovered only when height 
loss or radiographic evidence of vertebral deformity is noted. 

The symptoms associated with acute vertebral fractures may be mild or quite severe 
(21). For patients with mild symptoms, often interpreted as only muscle strain, analgesic 
therapy and nonsteroidal anti-inflammatory drugs coupled with transient limitation of 
physical activity is often sufficient. More often, patients with acute vertebral fractures 
experience moderate to severe back pain, which significantly limits their activities. These 
patients often benefit from a program of pain control measures and education, activity 
education, and exercises for stretching and gentle strengthening of their back muscula
ture. The patient can be referred to the physical therapist immediately, using home health 
therapists, if necessary. The therapist can provide education and be a resource in the use 
of heat, ice, positioning for support, and activity modification for pain control. Recom
mendations often cover such items as the avoidance of prolonged unsupported sitting or 
standing, optimal sleeping positions, the use oflumbar supports while si tting, proper body 
mechanics, and spinal stabilization during daily activities such as getting into and out of 
bed or a chair and lifting. Although resolution of bone-related pain will not be enhanced 
by a physical therapy program, early intervention will speed the improvement of paraspinal 
muscle spasms and the related pain from new strain on segmental soft tissues. Early 
intervention can also prevent the establishment of chronic soft-tissue dysfunction. 

Bedrest for 1-7 d may be necessary for patients with more severe back pain following 
a fracture, especially if complicated by muscle spasm. Appropriate administration of 
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analgesics is important and should be accompanied by adequate fluid intake and high 
fiber diet to minimize the occurrence of constipation, which complicates the analgesic 
therapy. Muscle spasms frequently complicate acute spinal fracture and are often the 
most difficult part of the acute management. Muscle relaxants are not usually effective 
in this situation. Local heat or ice packs are often helpful, while electrical stimulation, 
ultrasound, and massage are salutary for some patients. The purpose of these modalities 
is to decrease spasms and increase comfort, allowing the patient to perform the necessary 
exercises. Our experience is that ice and electrical stimulation are often most effective in 
decreasing the acute spasm cycle, but the other modalities seem to be more helpful 
in individual cases. The splinting and protective guarding by the muscle spasms, in 
addition to creating pain, result in decreased trunk motion, particularly rotation, during 
ambulation and bed mobility. This contributes to decreased tolerance of activity and 
decreased balance recovery ability when challenged. Exercises such as bringing the knee 
to the chest can be taught as pain relieving "tools." These are often momentarily but 
highly effective. Assisted transfer from the bed to a comfortable chair and subsequent 
support of ambulation should be accomplished as early as possible to avoid the decon
ditioning that occurs quickly with bedrest. The use of a lumbar support or thoracolumbar 
corset is often helpful at this stage. The use of a rigid brace may sometimes afford 
symptomatic relief, but its use should be limited in duration to a maximum of only a few 
weeks to avoid the loss of muscle strength in the back, for the ultimate goal of manage
ment will be to increase muscle strength through an appropriate exercise program. The 
role of subcutaneous calcitonin for pain relief in this setting of acute vertebral fractures 
is primarily supported by anecdotal descriptions. Controlled clinical trials do suggest that 
calcitonin has analgesic properties in some patients (22,23). The intensity of the fracture 
pain may resolve more quickly with calcitonin therapy, but the ultimate outcome does not 
seem to be affected. 

Flexion activities, especially with thoracic fracture, are to be avoided. Instructions 
and education regarding appropriate transfer techniques and proper body mechanics 
should be instituted as the acute symptoms begin to subside and may actually hasten 
improvement. Ultimately, exercises to stretch and strengthen the spinal extensor 
muscles are appropriate to bring about the long-term improvement in symptoms and 
should be started early in the course of therapy. Gentle sustained stretches and slow 
motions to decrease tightness and muscle spasm reduce the pain level, improve spinal 
mobility, prevent residual muscle dysfunction, and speed the recovery process. 
Strengthening the support muscles around the site of the vertebral fracture may begin 
early, even before the back is pain free. The rhythmical contract-relax cycles of 
strengthening exercises are also effective in decreasing the frequency and intensity of 
muscle spasms. The treating physical therapist needs to be savvy in timing the introduc
tion and progression of strengthening exercises, for an exacerbation of symptoms can be 
easily provoked by a regimen that is too vigorous. As improving symptoms allow, the 
patient will progress through some or all of the strengthening exercises used in the man
agement of chronic back pain in these patients. 

The acute pain for most vertebral fractures related to osteoporosis usually improves 
within a few days and abates by 6-12 wk. Worsening or persistent pain should increase 
concern about osteomalacia or pathologic fractures related to malignancy or other medi
cal problems. The management of patients with chronic back pain subsequent to vertebral 
fractures is discussed later. 
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4.1. Hip Fractures 

While less common than vertebral fracture or Colles' fractures, hip fractures represent 
the most serious and debilitating consequence of osteoporosis in both men and women. 
The average age of patients with hip fractures is greater than 75 yr. As a group, these 
patients are weak, frail, have other age-related illnesses, and may have cognitive defects. 
The in-hospital mortality following hip fracture is about 6%, and the total excess mor
tality adjusted for age is 12-20% after 12 mo (24). The incidence of complications 
following hip fracture is influenced by the patient's age, nature of coexisting medical 
problems, the level of physical fitness before the fracture, and their psychosocial function 
and support. Only 12-23% of patients regain their pre fracture ambulatory status or func
tional ability. The occurrence of a hip fracture, then, places intense strain on not only the 
patient, but his/her family and the entire health system. 

The details of a hip fracture rehabilitation program are beyond the scope of this chap
ter, but have been reviewed by a number of authors (25). In general, the program includes 
instruction in proper transfer techniques, early ambulation with appropriate supportive 
devices, exercise to strengthen the muscles about the hip. quadriceps and lower leg, and 
training and guidance with daily activities such as dressing and bathing. In the current 
health-care environment with emphasis on short hospital stay, patients are frequently 
transferred to a nursing home facility to complete their recuperation. It is very important 
that the rehabilitation program be maintained throughout the recovery phase. The ability to 
return home and ultimately assume independent living may be related to the complete
ness and intensity of this postoperative rehabilitative program. 

The great majority of patients over the age of 65 who have hip fractures have os
teoporosis. Most of those patients have not received pharmacologic therapy for osteoporo
sis prior to their fracture. The occurrence of any fracture after age 50 is an independent 
risk factor for a second hip fracture (9). Consequently, patients who have experienced a 
hip fracture are at quite high risk for having another fracture. A program of rehabilitation 
following hip fracture is not complete without instituting measures to prevent the 
progression of bone loss and to minimize the risk offalls, injuries, and future fractures. 

5. MANAGEMENT OF CHRONIC SYMPTOMS 

After an acute vertebral fracture, many patients experience complete resolution of 
their back symptoms. Other patients, however, continue to have chronic symptoms, 
primarily pain associated with activity and maintaining unsupported erect or upright 
postures (26-28). The cause of this chronic back pain is not well understood and 
is probably related to multiple factors. Chronic bone tenderness or pain is quite unusual 
in patients with uncomplicated osteoporosis. Fortunately, nerve compressive syndromes 
are quite rare in patients with vertebral fractures. Vertebral deformity may result in facet 
joint arthropathy. Concomitant but unrelated degenerative disk disease may be a major 
contributor to symptoms in some patients. In our experience, the most common cause of 
back discomfort is muscle or soft tissue dysfunction related to the vertebral deformities. 
Most patients experience little or no pain when at rest, either lying in bed or sitting in a 
supportive chair. When standing or sitting unsupported, pain is experienced over a wide 
area across the back and is not localized to a discrete area like the pain of an acute fracture. 
Symptoms are precipitated by activities such as standing in one position for any length 
of time, particularly if coupled with sustained forward or downward oriented activities 
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such as bending over the stove, sink, or bed to perfonn regular household chores. These 
symptoms are usually described as an ache and feeling of tightness across the upper or 
lower back and/or a burning, painful sensation between the shoulder blades. Unless the 
activity is curtailed, the intensity of the symptoms continues to increase owing to soft
tissue overload and fatigue. Ultimately, muscle spasm and severe pain occur. The symp
toms gradually subside over a few minutes after sitting or lying down. Activities can then 
be resumed for another, shorter interval of time before symptoms recur. 

Tightness and tenderness is frequently observed in the paravertebral muscles of the 
lower back and in the intrascapular region of these patients. Muscle weakness in older 
individuals is a common phenomenon. Studies by Sinakai and others have demonstrated 
that women with osteoporosis have decreased extensor muscle strength in their back 
compared to age-matched controls (29). Whether this weakness is a characteristic of the 
patients with osteoporosis or the result of deconditioning of back muscles in patients who 
have decreased their activity following a vertebral fracture is not clear. This muscle 
weakness contributes significantly to the back pain experienced by older osteoporotic 
patients. Decreased strength causes muscle fatigue and aching with only modest activity. 
These symptoms are often interpreted as being hannful or destructive. Patients then 
curtail their activity to alleviate the backache. This decreased activity results in progres
sive muscle weakness and increases susceptibility to muscle fatigue and pain with even 
less exertion. It is this vicious cycle of weakness causing pain, which contributes to 
weakness, which must be addressed in the symptomatic management of this group of 
patients. Prominent kyphosis increases the work of extensor back muscles and decreases 
the capacity to perfonn functions requiring forward bending. Individuals who have had 
vertebral defonnity seem to be particularly susceptible to the muscle dysfunction asso
ciated with regular daily activities. 

The area most affected by chronic pain is typically at or immediately below the apex 
of the kyphosis because of the increased compensatory forces required. Once chronic, 
symptoms in the thoracic and lumbar areas are often interrelated. In patients such as these, 
both regions of the spine need to be addressed, regardless of where the fracture occurred. 
Goals in the chronic stage are as follows: 

1. To decrease or relieve soft tissue pain and postural muscle fatigue; 
2. To increase tolerance for daily activities; and 
3. To promote or restore an active lifestyle to maintain strength, balance, function, and 

quality of life. 

These goals are accomplished through exercise and education, with the help of an 
experienced physical therapist. 

Patients with symptomatic osteoporosis are usually very motivated and eager to 
improve and be physically active but are often reluctant to engage in a program of 
exercise for fear of worsening their symptoms or experiencing a new fracture. Physicians 
often contribute to that anxiety by prescribing restricted activity. Explanation by the 
physician about the nature of the symptoms and the rationale of an exercise program are 
important for the patient's acceptance of the program. 

Exercises can be approached more aggressively when the symptoms are chronic. 
Relief of symptoms results from improved extensor stabilizer strength and endurance and 
stretching of tightened tissues and joints. We employ exercises aimed at the extensor 
muscles of the upper, middle, and lower back, similar to a program described by Dr. Sinakai 
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and her colleagues (30). (Examples of these exercises are available in Boning Up, a 
booklet about osteoporosis available from the National Osteoporosis Foundation.) All 
flexion exercises, particularly those involving flexion of the midthoracic spine, should 
be avoided (31). Such exercises increase the mechanical strain on the anterior portion of 
the vertebral body and may increase the occurrence of fractures in patients with severe 
skeletal fragility. Nonflexion or isometric abdominal strengthening can be used for 
increased spinal support. Exercise programs may take many forms and may include the 
use of resistance bands, free weights, Nautilus equipment, and so on. Despite being 
challenged, patients experiences noticeable improvement from the exercises, which easily 
motivates them to continue with the program. Designing the exercises to be performed 
at home or at a fitness center is important. We have also used organized biweekly group 
exercise classes for these patients, primarily as a means of training them to perform their 
exercises at home on a regular basis. These group sessions add variety and interest to 
the exercise regimen and often serve as an important time for socialization. The education 
and sharing that occur in this setting contribute to the psychosocial support of the patients 
as discussed in this volume by Love and Overdorf. 

Exercises in symptomatic patients need to be done daily and can progress as rapidly 
as the patient's tolerance allows. Improvement usually begins within a few weeks, some
times within days. Depending on the level of initial weakness and the presence of com
plicating factors such as scoliosis or arthritis, 6--12 wk or more of graduated exercises 
may be needed to accomplish our goals. Ideally, some combination of the exercises will 
be continued long term to maintain the results. 

Education at this stage mainly focuses on the need for continued participation in the 
exercise activities, on functional body mechanics training, and injury prevention. Other 
family members may also need information and counseling so that they understand the 
rationale, objectives, and even the details of the program so as to assist rather than resist 
the patient's efforts to become more active and to work through her symptoms. 

The effects of muscle strengthening programs and rehabilitative programs in patients 
with osteoporosis have only just begun to be evaluated, but the results described by 
others are also encouraging (32,33). Additionally, experience with rehabilitation of 
other groups of elderly individuals lends credence to such an approach. The ability of 
exercise to improve muscle strength seems to be. as good in older women as it is in 
younger women (34). Furthermore, the intensity of the exercise program does not need 
to be marked. It is encouraging to note that the gains in muscle strength and endurance 
achieved with an exercise program can be maintained by short sessions of exercise 2-3 
times each week (35). 

6. SUMMARY 

Osteoporosis is a heterogeneous, multifactorial disease in which fractures occur that 
impair both function and quality oflife in many patients, especially in older individuals. 
For some patients, the effects of osteoporosis are the most significant factors contributing 
to physical and psychological decline. With the availability of new diagnostic and thera
peutic tools, we are now in a position to prevent osteoporosis and its complications. 
However, many patients have already experienced bone loss and fractures. For them, 
strategies of management to minimize the discomfort, to enhance their level of activity 
and function, and to decrease the risk of further skeletal injury and fracture need to be 
employed. With the combined efforts of a health-care team, including nurses, physical 
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therapists, and counselors as well as physicians, the quality of life and activity of these 
patients can be enhanced. 
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CASE STUDY 

A 53-yr-old Caucasian woman presents to her primary care physician for advice 
regarding her concerns about developing osteoporosis. The reason she is anxious is that 
her mother has osteoporosis, a great deal of back pain, and a prominent thoracic spine 
deformity (dowager' s hump). The patient's menopause occurred 12 mo ago, and has been 
associated with minimal vasomotor symptoms. She is generally in good health. Her only 
medications are L-thyroxine (0.15 mg daily) for hypothyroidism and 25 mg daily of 
hydrochlorozide for mild hypertension. The patient has a good appetite, but she cannot 
tolerate dairy products owing to lactose intolerance. A dietary history reveals that her 
daily calcium intake is about 700 mg. 

Her family history is noteworthy in that one brother died at age 49 of a myocardial 
infarction; her dad died at age 50 oflung cancer; and her mother is 80 and, apart from her 
osteoporosis, is well. 

Physical exam reveals a BP of 150/85, pulse 90 and regular but with a bounding 
quality, weight 140 lbs, height 62 in. There are no clinical stigmata of Cushing's syn
drome or acromegaly. She has a slight dorsal kyphosis. Her deep tendon reflexes are 
slightly hyperactive. There is no tremor of the outstretched hands. Examination of her 
heart, lungs, and abdomen is within normal limits. There is no thyroid enlargement. 

Laboratory tests: Serum creatinine 1.0 mg/dL, fasting blood sugar 100 mg/dL, 
serum calcium 8.8 mg/dL, alkaline phosphatase 100 IU/L (normal 40--120), serum 
albumin 4.0 g/dL, hematocrit 38, serum T4 11.4 ~/dL (normal 4-12), urinalysis within 
normal limits. 

From: Osteoporosis: Diagnostic and Therapeutic Principles 
Edited by: C. J. Rosen Humana Press Inc., Totowa, NJ 
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Table 1 
Dietary Dairy Sources of Calcium a 

Milk I cup 300mg 
Yogurt I cup 

Plain 415 mg 
Fruited 345 mg 

Cheeses, hard 1 oz. 
American 175 mg 
Cheddar 200mg 
Monterey 200mg 
Swiss 270mg 

aDairy products comprise 75% of the calcium intake of 
the average American diet. 

Questions to be addressed: 

1. What instructions would you give to the patient regarding supplemental calcium? 
2. What exercise program would you recommend? 
3. Should estrogen replacement therapy be started? If so, why and how? The patient heard 

that estrogens may increase her chance of getting breast cancer. How would you respond 
to her? 

4. Do you need any further tests or infonnation before finalizing your management plan for 
this patient? 

1. REPLY TO QUESTION NO.1 
A careful history of the patient's dietary calcium intake is essential. For most individu

als, you do not need a nutrition consultation. Since 75% of the average American's 
calcium intake is ingested in dairy products, a reasonable estimate can be made of an 
individual's calcium intake by asking how much milk, yogurt, and hard cheese are con
sumed daily. Table 1 lists the best dietary dairy sources of calcium. 

Osteoporosis is characterized by a disturbed balance between bone resorption and 
bone formation. This results in a progressive loss of skeletal calcium and bone mass. Part 
of the loss is owing to a decrease in the intestinal absorption of calcium. Vitamin D 
deficiency impairs the gastrointestinal absorption of calcium. Therefore, your dietary 
history should include questions about the availability of vitamin D. Does the patient 
drink milk regularly? Each quart of milk contains about 400 U of vitamin D. A serum 
25-hydroxyvitamin D level is indicated to exclude a deficiency of vitamin D. 

Vitamin D deficiency should be considered in all elderly individuals. The production 
of vitamin D by the skin is an important source of this vitamin. Does your patient spend 
sufficient time exposed to the sun? An exposure of as little of 10-15 min daily, two to 
three times weekly, is ample (1). The amount of vitamin D made by the skin varies 
considerably depending on the season of the year. For example, if you live in the Northeast, 
no vitamin D is made during the months of November through March. In our patient, because 
she had a number of risk factors for osteoporosis, I would obtain a serum 25-hydroxyvitarnin 
D level, and, even if the value returned over 20 ng/mL, I would recommend two multi
vitamin tablets daily to ensure a daily intake of 800 U of vitamin D. 

Can a negative calcium balance be corrected by increasing the intake of calcium? Over 
the past few years, there have been a number of clinical trials that have focused on the 
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Table 2 
Recommended Daily Calcium Intake for Women 

Age group. yr Calcium intake. mg/d 

6-10 
11-24 
25-50 
Postmenopausal <65 

On estrogen 
No estrogen 

Postmenopausal >65 
Pregnant 

Specific age group 

800-1200 
1200-1500 

1000 

1000 
1500 
1500 

400 additional 
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effectiveness of different drugs in women with well-established osteoporosis, such as 
bisphosphonates, vitamin D, and fluoride. Calcium supplements were used as the placebo 
arm in these studies. An often overlooked, but significant observation of these studies 
is that the "placebo" (calcium)-treated women maintained their bone mass during the 
2--4-yr periods of the studies (2--4). A true placebo ann, not calcium, may well have 
shown a steady decline in bone mass. 

Robert Heaney and his colleagues, 17 yr ago, reported that premenopausal women 
needed to ingest 1000 mg of calcium daily, and postmenopausal women 1500 mg daily 
in order to remain in calcium balance (5). During the past year, a Consensus Conference 
was convened by the National Institutes of Health, and a group of experts in mineral 
metabolism met to establish optimal calcium intake levels for various age groups (6). 
Their recommendations were not very different from those made earlier by Heaney et al. 
The levels for women are summarized in Table 2. 

Do calcium supplements, or an increase in dietary calcium, benefit bone in elderly 
women with well-established osteoporosis? Dawson-Hughes reported that elderly women 
(six or more years postmenopausal), whose baseline calcium intake was <400 mg daily, 
can slow their rate of bone loss by increasing their calcium intake to 800 mg daily (7). This 
beneficial effect of calcium supplements could not be demonstrated in women who were 
<6 yr postmenopausal. Matkovic et al. reported a 600/0-75% reduction in hip fractures in 
Yugoslavian women who lived in an area with a high calcium-water content, compared 
to Yugoslavian women who lived in an area with a low calcium-water content (8). Reid 
and associates also demonstrated a reduction in bone loss in women taking calcium 
supplements (9). 

Based on the above observations, what recommendations regarding calcium intake are 
reasonable? Young individuals during their rapid growth phase (ages 11-24) need 1200-
1500 mg of calcium daily. This is a period during which there is a large deposition of 
calcium into the skeleton, and an increased calcium intake may result in a higher peak 
bone mass (see Fig. 1). In other words, the greater the reservoir of skeletal calcium 
achieved in youth, the longer it will take to deplete bone of enough calcium to levels that 
may result in fractures in the elderly. Postmenopausal estrogen-deprived women need to 
ingest 1500 mg of calcium daily in order to avoid being in negative calcium balance. 
However, if a woman is taking estrogen, her recommended calcium intake is only 1000 
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Fig. 1. Rise and decline of bone mass with age. 

mg daily. A dietary history is necessary to determine an individual's daily calcium intake. 
For example, our patient, who is 53-yr old and currently ingests only 700 mg of calcium 
daily, is 800 mg shy of the amount needed to be in calcium balance. Food sources of 
calcium are preferred, if possible. However, our patient may be unable to tolerate dairy 
products in sufficient quantities. Therefore, 500 mg calcium carbonate tablets, each 
containing 200 mg of elemental calcium, may be taken with meals. Our patient should 
ingest a total of four tablets of calcium carbonate daily. 

2. REPLY TO QUESTION NO.2 
I inquire from the patient about her daily activities and, particularly, if she does any 

regular exercising, whether it be jogging, bicycling, aerobic classes, or walking. In 
my effort to "sell" an exercise program, I explain that bone is a living tissue, metaboli
cally active, and needs exercise to keep it healthy. I try to motivate my patients to exercise 
by explaining to them that one of the major health problems of the astronauts in our space 
program is bone loss induced by weightlessness. It is difficult to exercise adequately in 
a weightless environment. 

Most bone experts agree that exercise is an important determinant of bone mass, but 
there is little agreement about how much and what type of exercise is required to result 
in benefit to bone. Numerous studies, prospective and retrospective, intended to define 
the role of exercise in preserving bone mass have been published. Some demonstrate a 
benefit of exercise on bone health, and others fail to show any benefit (10-12). There 
are many possible explanations for these differing conclusions, such as different age 
groups studied, different exercise protocols used, and differences in the tools used to 
measure outcomes. 

A recent paper by Kannus and colleagues demonstrated that not only does exercise 
increase bone mass, but the earlier it is begun, the better (13). They studied national-level 
women tennis and squash players, who began their athletic careers before the menarche, 
and demonstrated that these women had a greater bone mass than those who began their 
careers after their menarche. In addition, these athletes had a greater bone mass in the 
dominant, compared to nondominant, arm. Similar observations have been made by 
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Table 3 
Prescription for Exercise 

Walk 15 min daily x I wk 
Walk 20 min daily x I wk 
Walk 25 min daily x I wk 
Continue to increase walking by 5 min weekly until 

1 h is reached; then one hour at least 5 d weekly. 
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J ones and colleagues, who demonstrated significant hypertrophy of the humeri of profes
sional tennis players in response to exercise (J 4). 

Growing bone is more responsive to exercise than is the bone of elderly individuals, 
yet most of the literature on this topic is concerned with the treatment of well-established 
osteoporosis in the elderly (J 5). More effort should be made to increase an individual's 
peak bone mass early in adolescence. What is the role then of exercise in adults? Many 
of the published studies of exercise and the measurement of bone mass in adults conclude 
that the role of exercise is to preserve bone mass rather than to add new bone. Even a 
modest commitment to a regular exercise program might stimulate bone formation. 
Unfortunately, we do not know the best type of exercise or exactly how much activity is 
optimal for bone health, but regular walking seems a reasonable start. I write a prescrip
tion of how much to walk daily (Table 3). I believe patients take your advice more 
seriously if you write it on one of your prescription pads. I also recommend to the patient 
to purchase high-quality jogging or walking shoes. I even recommend the names of the 
top shoes and which stores are nearby where experienced salespersons will help choose 
the best fitting shoe for that person. Even if the patient does not walk a sufficient distance 
to benefit her skeleton, it may be that the most valuable aspect of an exercise program is 
to increase muscle tone, strength, and agility, and thereby reduce the frequency offalls. 
Falls are an important cause of fractures (16). Approximately one-third of elderly fall 
each year, and 1 Oo/tr 15% of these falls result in a serious injury. Hip fractures occur in 
up to 1% of these individuals. More than 250,000 hip fractures occur each year in the US, 
and the peri operative mortality rate is as high as 20%. Among those who survive the 
fracture, up to 50% end up invalids, unable to live independently, and many are moved 
to nursing homes. Presenting these facts to our patients may motivate them to practice 
preventive medicine. At the same time, I recommend other practical measures to prevent 
falls (Table 4). Some of these suggestions are more appropriate for our more fragile 
elderly patients. 

3. REPLY TO QUESTION NO.3 

"Should I start estrogen replacement therapy?" This is the most frequently asked 
question of the primary care physician, and the most difficult to answer. Some physicians 
feel a great passion about the importance of estrogen replacement therapy (ERT), and 
others feel it is such a controversial issue that they choose not to become involved in the 
debate with their patients. I will present the pros and cons ofERT, and conclude with a 
discussion of implementation. 

The list of risk factors for the development of osteoporosis is quite lengthy, but far and 
away, the most important risk factor is estrogen deficiency. As depicted in Fig. I, between 
the ages of 20 and 50, men and women lose bone at about the same rate, approx 0.3%/yr. 
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Table 4 
Helpful Hints to Prevent Falls 

Advise against wearing unsafe shoes, i.e., high heels, straps, backless 
Use night-lights as a precaution to avoid accidently falling 
Avoid use of scatter or loose rugs, unless they have a rubber back or secure 

padding underneath 
Install handrails in bathtub/shower 
A void drugs that cause postural hypotension, confusion, or sedation 
Educate the patient how to bend and lift 
Do exercises to improve flexibility and agility 

The rate of bone loss increases by 10-fold in women at the time of the menopause. During 
the first 6--8 yr following the menopause, bone loss increases dramatically. By the age of 
70, the slope of the curve of bone loss between men and women is similar. Therefore, if 
ERT is to be instituted, it should be started at the time of the menopause. 

There are contraindications, some more important than others, to the use of ER T. 
These include a history of unexplained deep venous thrombosis and/or pulmonary em
bolic disease, liver disease, history of breast or endometrial cancer, unexplained vaginal 
bleeding, migraine headaches, and symptomatic uterine fibroids. These are not all hard 
and fast contraindications.For example, there is considerable controversy about when 
ERT should be restarted in a woman following a hysterectomy and oophorectomy for 
endometrial cancer. Migraine headaches are a relative contraindication depending on the 
frequency and severity. Deep vein phlebitis is a relative contraindication, depending on 
whether or not there was a well-recognized precipitating event. If there was none, then 
future use of ER T is contraindicated. 

The major benefits ofERT are as follows: 

• Contributes to the treatment of hot flashes, urogenital atrophy and dyspareunia, cystitis, 
urinary incontinence, and various nonspecific complaints, such as mood swings, depres
sion, and insomnia. 

• Slows the rate of bone loss and decreases the incidence offractures (17,18). ERT is, in 
fact, the gold standard to which new treatments are compared when studying the effec
tiveness of new agents. Although ERT is most effective if started promptly at the time 
of the menopause, there is evidence that ERr is effective, although somewhat less so, 
even in women in their 70s (19). 

• Slows the progression of cardiovascular disease. A number of epidemiologic studies 
have demonstrated a 40--50% reduction in the incidence of major cardiovascular events 
in estrogen users, compared to nonusers (20-22). The explanations for the cardio
protective effect of estrogen include: 
a. Estrogen reduces LDL cholesterol levels by 10--15%; 
b. Increases HDL cholesterol levels; 
c. Increases blood flow in major organs, including coronary vasodilatation; and 
d. Increases prostacyline levels and decreases thromboxane levels. 

The major disadvantages ofERI are as follows: 

• Menstrual bleeding is the major reason why most women refuse to consider ERT. Men
strual periods usually cease at about age 50, and many women do not want to have any 
further periods. Approximately one-third of the women who agree to continuous hor-
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monal therapy, which eliminates cyclical bleeding, quit because of unpredictable spot
ting that may occur during the first 6-8 mo. 

• The fear of developing breast cancer. There is no more controversial topic in this field 
than the following question asked by your patient: "What is my risk of developing breast 
cancer, ifl take estrogen?" Unfortunately, the answer is not clear. There have been a few 
meta-analyses, which have summarized most of the important papers published on the 
association ofERT and breast cancer (23-25). Ofthe more than 30 studies reported, most 
failed to show a significant increase in the risk of breast cancer in women on ERT. There 
are a number of conclusions which can be drawn from these studies: 

a. The increase in risk of breast cancer is small for past users ofERT, particularly ifuse 
was <5 yr; 

b. The risk may be increased by 15-30% in individuals who had taken ERT for> 1 0 yr; 
and 

c. The addition of a progestin does not increase or decrease the incidence of breast 
cancer. 

A very recent paper by Colditz and associates reported their followup of the Nurses' 
Health Study Cohort, covering 725,550 patient-years offollowup in women on ERT (26). 
They observed that the risk of breast cancer in women who fonnerly used ERT was no 
different than women who had never used ER T. On the other hand, women currently on 
ERr for more than 5 yr had an increased risk of breast cancer. The incidence of breast 
cancer was particularly increased among older women taking estrogen, e.g., relative risk 
(RR) ofl.46 for those aged 50-54, and an RR of 1.69 for those aged 65-69. It is important 
to point out that despite the impressive size of the cohort of women followed by the 
Nurses' Health Study Cohort, it was not designed to be a randomized, double-blinded, 
placebo-controlled study. It is unclear why the women in this study who chose to take 
ERT did so or why the women who elected not to take ERT made that decision. The final 
answer to this debate may have to await completion of the prospective, ongoing Women's 
Health Initiative studies by the National Institutes of Health. 

What do we tell our 53-yr-old patient, who is eager to practice preventive medicine, 
but is fearful of the risk of breast cancer? To advise this particular patient, consider the 
advantages and disadvantages of ERT for her. For example, our patient has a strong 
family history of coronary artery disease, and she has hypertension. In addition, her 
mother has osteoporosis (an important risk factor for our patient). Let us assume for the 
moment that a baseline bone mineral density (BMD) study in our patient showed signifi
cant bone loss compared to a healthy young adult, and there is no history of breast cancer 
in the family. I would advise this woman to take ERT because her risk for coronary artery 
disease and osteoporosis appears greater than her risk of developing breast cancer. The 
advice may be to avoid ERT in another patient who has no cardiovascular risk factors, 
but who has two sisters with breast cancer. 

My recommendation to our patient would be to take ERT. I prescribe 0.625 mg of a 
conjugated equine estrogen (eEE) daily for the first 25 d of each month, and 5-10 mg of 
a progestational agent, e.g., medroxy progesterone acetate (MPA), from days 12 through 
25. This regimen will result in monthly withdrawal bleeding. If the bleeding begins prior 
to the 11 th day of the progestational agent, the dose of MP A should be increased from 
5 to 10 mg. There is also a transdennal patch available that must be applied twice weekly. 
Ifthe patient chooses the patch, and 50 mcg is a reasonable starting dose, a progestin must 
still be prescribed. If our patient requests a regimen that is not associated with withdrawal 
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Table 5 
Risk Factors for Osteoporosis 

Genetic 

Nutrition 

Drugs 

Life-style 

Endocrinopathies 

White, thin, female, 
family history of 
osteoporosis 

Low calcium diet, 
excess alcohol 

Loop diuretics, 
glucocorticoids, 
thyroxine 

Physical inactivity, 
cigaret smoking 

Hypogonadism 
Hyperprolactinemia, 
Hyperparathyroidism, 
Thyrotoxicosis, 

Cushing's syndrome 

bleeding, 0.625 mg ofCEE and 2.5 mg ofMPA are taken uninterrupted, daily. Unpre
dictable spotting occurs in up to one-third of the women who choose this regimen, but 
such spotting is unusual after 6-8 mo. 

4. REPLY TO QUESTION NO.4 

The most important information you need to know when evaluating a person for 
osteoporosis can be learned from a careful history. What are the risk factors for os
teoporosis (Table 5)? Our patient has five that are readily apparent. She is Caucasian, 
postmenopausal, has a positive family history for osteoporosis, has been on a low calcium 
diet most of her life, and has been on a relatively large dose of thyroxine. Is this reason 
enough to obtain a BMD study? Table 6 lists the indications for bone densitometry, but 
the one that is most relevant here refers to the patient's decision regarding whether to start 
on estrogen. If she is undecided, measurements revealing a low BMD may help her decide 
to start estrogen therapy, since this is our most sensitive risk factor for osteoporosis (27). 
On the other hand, with her positive family history of coronary artery disease, she may 
feel strongly about taking estrogen regardless of the results of a BMD study. In that case, 
I would not order a BMD study. In short, there are two important points to be made: first, 
order a BMD only when the results of the study will help direct your therapy, and second, 
a significant reduction in BMD is the most sensitive risk factor for osteoporosis. 

Is our patient on too much thyroid hormone and, if so, is that harmful to her bones (28)? 
If the thyroid-stimulating hormone (TSH) level is maintained within normal limits by 
administering a proper replacement dose of levothyroxine, bone mass is unaffected. 
However, doses of levothyroxine that are large enough to suppress the TSH level have 
been reported to increase bone turnover and lead to bone loss. For example, women with 
a past history of thyroid cancer, who have been operated on and require suppressive doses 
oflevothyroxine, are at risk for increased bone loss. They should be monitored annually 
with BMD. Estrogen replacement therapy for such patients may prevent excessive bone 
loss. IfERT is not an option, consider the use of other antiresorptive agents (see Chapter 
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Table 6 
Indications for Bone Mineral Densitometry 

For the undecided estrogen-deficient woman, BMD may help her decide to take estrogens 
For patients about to start on prolonged gluco-corticoid therapy, BMD measurements may help 

in considering additional therapy to prevent bone loss 
It is used to determine effectiveness of therapy 
In patients with asymptomatic hyperparathyroidism, BMD measurement may help determine who 

should have surgical intervention 

15). However, still unanswered is whether patients on suppressive thyroid honnone are 
at increased risk of fracture compared to otherwise nonnal individuals. 

In our patient, a serum TSH is clearly indicated, particularly in view of those clinical 
features suggesting hyperthyroidism, such as resting tachycardia, bounding pulse, and 
hyperactive reflexes. If her TSH is suppressed, the dose of thyroid honnone should be 
lowered and rechecked in 2 mo. The issue of her thyroid disease is another reason why 
a BMD study might be helpful in the management of our patient. 

Our patient has lactose intolerance, and it has been hypothesized that such patients 
have avoided dairy products (calcium sources) and, therefore, may have a reduced bone 
mass. An excellent study by Slemenda and his colleagues of a cohort of adult female 
twins, discordant for lactase activity, demonstrated no significant difference in bone 
mass between the twin pairs (29). 
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TW is a 68-yr-old retired white female who presents to your office with a 4-wk history 
of upper thoracic back pain. The pain began in the morning as intense-knife-like discom
fort between her shoulder blades. This followed a strenuous day of moving and rearrang
ing furniture. There was a pleuritic component to this pain, and over the course of 3 wk, 
it remained relatively intense. In the past 1 wk, her pain has subsided somewhat. The 
patient underwent spontaneous menopause at age 41 and has never been on hormone 
replacement therapy. She has been well all her adult life, although she suffered a wrist 
fracture at age 58 after falling onto ice during a storm. Currently, she states she weighs 
105 lbs and is 5 ft 4 in. in height. This is her first episode of back pain, and it has interfered 
with her lifestyle, which includes thrice weekly walking and once weekly tennis. The 
patient has never smoked, does not drink, and maintains a healthy lifestyle, including 
regular milk consumption daily. She had three children and two grandchildren. Her 
mother suffered a hip fracture at age 89 and died 1 wk later of pulmonary embolism last 
year. Her husband teaches history at a nearby university. 

Initial physical exam revealed mild paraspinal muscle spasm in the upper back, but no 
other abnormalities. Her height was 5 ft 2 in. and weight was 106 pounds. Heart and lung 
exam were normal, and the thyroid gland measured only 15 g. PA chest X-ray was 
normal, but on lateral there was a compression fracture ofT8 with mild osteopenia 
noted in the other vertebrae. Bone density of the spine (L2-L4) was reported as at-score 
of -2.5 (0.860 g/cm2). 

From: Osteoporosis: Diagnostic and Therapeutic Principles 
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1. INTRODUCTION 

The case ofTW illustrates what could be considered a "classic" presentation of post
menopausal osteoporosis. Even though this diagnosis appears relatively straightforward, 
the subtleties of this disorder, its differential diagnosis, and subsequent management can 
be complex. These issues will be explored in this chapter. 

2. ESTABLISHING THE DIAGNOSIS 
OF POSTMENOPAUSAL OSTEOPOROSIS 

This 68-yr-old woman has several risk factors that would predispose her to primary 
(involutional or Type I) postmenopausal osteoporosis. First, she went through menopause 
at any early age. Ovarian failure before the age of 45 is considered early menopause. 
Although not well understood, premature estrogen withdrawal accelerates age-related 
bone loss (1). The relatively strong inverse relationship between age of menopause and 
rate of bone loss suggests that TW suffered rather significant bone loss during and after 
her spontaneous menopause. 

Do all women lose bone after premature estrogen deprivation? In general, the answer 
is probably yes, although there are few prospective studies that have examined this 
question in detail. Estrogen deprivation during the reproductive years is associated with 
low bone mass (1-3). Moreover, in older women who went through menopause early 
(and were not replaced with estrogens), mean spine bone densities are consistently lower 
than age-matched controls who entered menopause between the ages of 48 and 55 (1-3). 
Also, young women who suffer from primary or secondary amenorrhea in their teens 
exhibit very low t-scores especially in the spine (4). However, whether this is a function 
of rapid bone loss or impaired bone acquisition is uncertain; Certainly, when 17 ~-estradiol 
levels fall consistently below 60 pg/mL in perimenopausal women, bone loss begins. 

We can conclude TW suffered from bone loss during and immediately after her 
menopause. In addition to premature estrogen deprivation, TW is a slender woman. 
Even though low body weight represents a strong independent risk factor for os
teoporotic fractures, the reasons for the close association between body weight and 
bone mineral density (BMD) are probably multifactorial (5-7). First, low body mass 
leads to a reduced total surface area to protect the skeleton. Since trauma produces 
fractures, the less fat and connective tissue surrounding bone, the more likely fractures 
are to occur following injury. Second, low body fat in thin women produces profound 
metabolic changes in testosterone metabolism. Endogenous estrogens are generated 
from androgens in bone marrow by aromatase enzymes found in fat cells. Reduced total 
body fat is associated with a reduction in aromatase activity and, therefore, less estro
genic activity adjacent to the remodeling unit. Since gonadal steroids inhibit 
osteoclastogenesis within the bone marrow (see Chapter I), reduced" skeletal" estro
gens in thin women could lead to enhanced bone resorption (6). Third, the relatively 
small size ofTW's skeleton (e.g., the diameter of the bone or the frame size) may, in 
itself, be a predictor of future fracture (7). 

Irrespective ofthe pathogenetic factors surrounding early menopause and thinness, we 
could conclude that TW is at high risk for osteoporosis even without knowing her BMD. 
Still, the sum of all risk factors for osteoporotic fractures does not come close to approxi
mating the power of bone density to predict osteoporosis (8,9). Bone density measure
ments in TW also provide three additional pieces of important information: 
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1. The severity of disease: A spine BMD that is 2.5 standard deviations below peak bone 
mass (t-score) represents moderate to severe osteoporosis by WHO criteria (9,10). 

2. The scope of the disease: A low BMD confirms that osteoporosis is a diffuse disorder not 
purely confined to the area where her fracture has occurred. 

3. The predictive nature ofBMD: One bone mass measurement allows a prediction offuture 
fractures with relative confidence, as well as solidifying the decision to treat TW. 

From several studies, it is clear that BMD predicts fractures better than cholesterol 
predicts heart disease or blood pressure predicts stroke (9,10). A measurement by den
sitometry at any bone site that is more than I SD below peak bone mass means that the 
relative risk ofa future spine fracture is approximately two (8-10). Since TW's BMD is 
more than -2.0 SD from mean young normal, her relative risk for another fracture is >3. 
More importantly, the presence of a new compression fracture independently doubles her 
relative risk of fracture and, combined with low bone mass, places her at approximately 
an eightfold higher risk for future spine fractures (11). These are compelling numbers for 
TW, especially if therapy is delayed or not instituted (see Chapter 7). 

Is the case of TW unusual? In other words, how often is premature menopause the 
principle cause of low bone mass and subsequent fractures? That answer varies from 
geographic area to area probably because of different practice patterns. However, in a 
recent study of nearly 1000 women in our metabolic bone clinic who presented with 
osteopenia, premature menopause was the principal etiologic factor for osteopenia in 
nearly 1/3 of the patients (steroid-induced osteoporosis was second at 25%) (12). There
fore, this piece of historical information alone may alert the physician to the strong 
possibility that TW is suffering from postmenopausal osteoporosis. 

Osteoporotic fractures result from trauma and low bone mass. Absent treatment, the 
natural course for TW almost certainly will be recurrent vertebral and nonspine frac
tures, often with minimal trauma. Indeed, as has been pointed out repeatedly in this 
book, previous fractures of the spine (or other sites) predispose individuals to future 
fractures independent of bone mass (11). The combination of one spine fracture and 
very low bone density places TW at extremely high risk for recurrent osteoporotic 
fractures (9, 11) . 

TW suffered bone loss owing to premature estrogen deprivation, but she also may have 
been at risk for osteoporosis because of genetic determinants. Her strong family history 
of hip fracture (i.e., her mother) may suggest there is a heritable component to her disease. 
Although age, body mass index, and menopausal status are very strong predictors of bone 
mass, emerging studies oftwins have established that as much as 60% of adult bone mass 
is determined by genetic factors (13,14). The heritable determinants of bone mass prima
rily exert their control during the bone acquisition phase ofa person's life (15). In the case 
ofTW, her potential to acquire optimal bone mass (45--50 yr prior to her fracture) may 
have been impaired by genetic factors contributed by her mother. Over her life, the 
combination of reduced peak bone mass and accelerated bone loss could have produced 
her osteopenic state. Although this is little consolation to TW, understanding the genetic 
components of this disorder is important for family counseling and for prevention. 
Indeed, one could make the case that early intervention (at age 41) to minimize bone 
loss (e.g., estrogens) would at least have allowed TW to maintain her bone mass at 
a level that could have prevented her subsequent fractures. Therefore, identification 
of all possible risk factors are important in the total management of patients with post
menopausal osteoporosis. 



216 Part V / Case Presentations 

TW has significant midthoracic back pain, which was her presenting complaint. 
Although the initial diagnosis of osteoporosis is made by a radiographic interpretation of 
osteopenia or a bone density, the first fracture, especially in the spine, is a common 
manifestation of underlying osteoporosis. Bone pain from such a compression fracture 
is often severe, especially during the first month. Depending on its site of origin, pain can 
manifest itself in different ways. However, the lack of a history for a particular traumatic 
event is usual. In up to 50% of postmenopausal women with osteoporotic fractures, the 
patient cannot remember the cause, or for that matter, even the time of onset of back pain. 
Often "asymptomatic" spine fractures are reported by the radiologist. Careful question
ing, however, may uncover episodes of pain that the patient cannot relate to a specific 
cause. On the other, an acute thoracic vertebral fracture can be associated with severe 
bone and muscle pain often localized to the midline area between the scapulae. A pleuritic 
component is sometimes reported as is pain radiating to the anterior chest. After the first 
fracture, 3-4 wk of severe pain followed by dull aching for 6--8 wk is very common. 

This is the first compression fracture for TW but it is not her first osteoporotic fracture. 
Her remote history of a wrist fracture points away from a new pathologic process and 
toward a more generalized metabolic state which has been smoldering for years. In 
general, a previous osteoporotic fracture at any site increases that individual's risk for 
future fractures (J 1). Still, it is essential that after the first compression fracture, second
ary causes of osteoporosis be considered. For TW the workup should include a general 
chemistry screening study (Chem-20, SMAC-20, or the equivalent) to exclude other 
obvious causes for osteoporotic fractures. In particular, an elevated serum calcium would 
suggest primary hyperparathyroidism or metastatic neoplasm. On the other hand, a low 
serum calcium might suggest coexistent osteomalacia owing to malabsorption (e.g., 
coeliac sprue). Alkaline phosphatase levels may also provide useful information (normal 
concentrations are consistent with osteoporosis, whereas high levels are seen in vitamin 
D deficiency, hyperthyroidism, osteomalacia, and he!1ling osteoporotic fractures). An 
elevated total protein level would be suggestive of multiple myeloma. Although many 
clinicians routinely obtain a serum immunoelectrophoresis to exclude myeloma, this 
might be optional in the workup ofTW, especially in view of her other risk factors. Since 
there are no published guidelines as to the relative value of a screening serum immuno
electrophoresis for osteoporosis, obtaining these studies in TW would depend on the 
provider. In general, a one-time evaluation to exclude myeloma would likely be consid
ered cost-effective if this patient was followed on a continuous basis by the same person. 

A complete blood count is a necessity, since anemia can also be an indicator of a 
hematologic malignancy associated with pathologic fractures. A serum TSH level will 
exclude hyperthyroidism, a disorder associated with bone loss especially during the 
postmenopausal period (J 6). Finally, an FSH level would tell us about the state of her 
pituitary. By history the patient underwent spontaneous menopause at an early age. Yet 
there was no history of hot flushes and the patient was never placed on HRT. Her FSH 
concentration, even at age 68, should be in the menopausal range (>20 mIU/L). A low 
FSH, on the other hand, would suggest a primary pituitary/hypothalamic etiology for her 
early menopause, and would prompt consideration ofa CT or MRI scan to exclude a slow
growing space-occupying tumor (such as a pituitary adenoma). 

This would be the minimal workup to exclude secondary causes of osteoporosis in 
TW. Examination of her X-rays is mandatory in order to be sure that the compression 
fracture is not associated with vertebral destruction or disk-space disease (suggestive of 
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osteomyelitis, infiltrative processes, Paget's disease, or neoplasm) and to exclude pos
sible lesions in the lung. On the other hand, a Tc99 bone scan would add little to the workup 
(except cost!). In the multicenter trials of anti-osteoporosis drugs, Tc99 bone scans are 
never used to confirm the diagnosis of an osteoporotic fracture. Although commonly 
employed in clinical practice, scant data support its use as a principal tool for diagnosing 
osteoporosis. Bone scans can, however, help establish the presence of metastatic bone 
disease if the clinical suspicion is high. In most cases, these scans become positive 1-2 
wk after an osteoporotic fracture and remain positive for up to 6 mo. A negative scan 
would suggest another etiology or a misinterpretation of the plain films. 

An equally important question is whether further studies of bone turnover are neces
sary in TW. At a minimum, TW should have a 25-hydroxyvitamin D3 (25-0H-D) level. 
As noted in earlier chapters, vitamin D deficiency is common among older postmeno
pausal women. In part, this is a function of reduced sunlight exposure, especially in the 
winter months. Among healthy elders living in New England during the winter months, 
serum 25-0H-D concentrations average 19 ng/mL (10-55 ng/mL) (f7). This value is 
24% lower than during summer and represents concentrations that can trigger para
thyroid hormone release. Most investigators believe that serum levels of 25-0H-D 
should range between 30 and 50 ng/mL in order to prevent secondary hyper
parathyroidism and potential hypovitaminosis D. Strong epidemiologic evidence (from 
randomized placebo-controlled studies) now have demonstrated that correction of low 
serum 25-0H-D levels in older postmenopausal women (by vitamin D supplementation) 
can prevent bone loss, especially during the winter months (f8-20). 

The issue of whether measurements of other biochemical markers would be useful in 
this case is not mundane considering our cost-conscious environment. If secondary causes 
of bone loss have been excluded, this patient has postmenopausal osteoporosis and needs 
some form of anti resorptive therapy. Measurement of collagen crosslinks, or osteocalcin 
in TW might demonstrate increased bone turnover, or these studies might be entirely 
normal. Such tests would cost the patient approx $100 each and would be unlikely, based 
on her history and risk factors, to change your basic management strategy. On the other 
hand, if this patient did not have access to another bone mass measurement, or TW was 
to be placed onHRT, then a baselineN-telopeptide level followed by another one in3 mo 
might predict spinal bone mineral density at yr one or two (see Chapter 11). By contrast, 
if the patient is to be placed on alendronate, the chance of skeletal nonresponsiveness 
appears to be slim. Therefore, serial markers would not be particularly useful (unless the 
provider was measuring compliance). 

In summary, the role of biochemical markers in the case ofTW remains up in the air. 
A single test for a biochemical marker could identify patients with very high bone turn
over, although in this case (TW), it would not change your management. Serial measure
ments may help the provider predict, with some confidence, bone density changes 
following therapy. Whether certain indices of bone resorption will prove to be indepen
dent risk markers for future hip fractures will require further longitudinal studies. 

Finally, use of a tetracycline-labeled bone biopsy as a diagnostic tool should be con
sidered. This procedure (see Chapter I) provides useful information about skeletal 
dynamics (such as the mineralization time, the number of osteoclasts, and the degree of 
bone turnover). However, little information could be gained from a bone biopsy in TW 
that could not be obtained by close and careful followup. Furthermore, the test is invasive 
(although needle biopsies in the hands of qualified personnel are relatively benign) and 
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the cost ranges from $300 to $800 depending on whether the provider has access to a 
physician who can perform percutaneous needle biopsy under local anesthesia. On the 
other hand, bone biopsies can provide extremely useful information when considering 
the diagnosis of osteomalacia, osteolgenesis imperfecta, Paget's disease, neoplastic 
infiltration, or other metabolic bone disorders. 

3. THERAPY 
FOR ESTABLISHED POSTMENOPAUSAL OSTEOPOROSIS 

The diagnosis of postmenopausal osteoporosis in TW has been established by: 

1. Excluding secondary causes; 
2. Demonstrating diffuse osteopenia by bone density; 
3. Confirming that a compression fracture has occurred; and 
4. Assessing her risk factors to confirm the presence of a systemic metabolic disorder. 

Almost everyone would agree that the next step in this process would be to treat TW. 
These are the following options currently available to the practitioner: 

1. Calcium + vitamin D; 
2. HRT; 
3. A bisphosphonate; 
4. Calcitonin. 

The efficacy of calcium and vitamin D in age-related osteoporosis has already b~en 
noted in several chapters of this book. Suffice it to say that calcium and vitamin Dare 
essential components of TW' s therapeutic plan; 1500 mg of calcium carbonate (or cal
cium citrate maleate) plus at least 400 IU of vitamin Did are minimal therapy for this 
patient. These numbers are based on several randomized double-blinded placebo-con
trolled studies, which confirm that older women (>S yr after menopause) who consume 
<500 mg of calcium per day benefit from calcium supplementation and vitamin D (l8-
20). During winter, when bone loss appears to be the greatest (and vitamin D is the 
lowest), some investigators would recommend 700 IU of vitamin Did for 6-8 mo (l8). 
However, by itself, calcium and vitamin D probably are not enough. If the serum 2S-0H-D 
level is <IS ng/mL at baseline, then a 6-mo trial of50,000 U of cholecalciferol (vitamin 
D3)/wk or 800-1200 IU/d of cholecalciferol could be considered prior to antiresorptive 
treatment. A followup serum 25-0 H -D should be employed for two reasons: (1) to detect 
hypervitaminosis D, or (2) to determine ifthere is vitamin D malabsorption, which would 
point towards coeliac sprue or other malabsorptive states. 

Mostclinicians would support the use of calcium and vitamin as supplementary mea
sures in TW, to be used along side at least one drug that has antiresorptive properties. 
Three types of antiresorptive drugs could be considered for TW: estrogens, calcitonin, or 
bisphosphonates. The choice depends on the background of the physician, and his/her 
previous experience with a specific medication or treatment regimen. 

3.1. Estrogens 
An extensive review ofHRT is noted in Chapter 14. This section will deal only with 

the use of estrogens ± progesterone in the case of TW. In general, institution of HR T (or 
estrogen replacement therapy [ERT]) remains a decision for both the provider and the 
patient. The pros and cons of this form of therapy must be shared with the patient. In the 
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case of TW, several trials have convincingly demonstrated the efficacy of estrogens in 
preserving bone mass. In particular, two studies of older postmenopausal women with 
established osteoporosis have shown that bone density can increase by as much as 8% 
after the first year of treatment (21,22). Moreover, from large cohort studies, continuous 
HRT can effectively reduce the number of spine and hip fractures (23-25). Therefore, if 
the skeleton is considered alone, HRT might be a wise choice for TW. 

However, several factors might mitigate against this choice of treatment for TW. First, 
noncompliance with HRT is common. Some studies suggest that up to 20% of patients 
will not even fill their prescription for HRT after leaving a physician's office (26). 
Moreover, up to 40% of women will stop HRT within 1 yr of treatment (26). Various 
reasons have been given for premature discontinuation ofHRT. The most common are 
mastalgia, weight gain, and resumption of menses (27). In patients receiving continuous 
estrogen + low dose progesterone (2.5 mg/d) some women will have significant and 
unpredictable breakthrough bleeding (28). Furthermore either cyclic or continuous 
progesterone can be associated with other side effects, including changes in mood and 
behavior. These alone may be enough to discourage patients from continuing HRT. For 
TW with an intact uterus, HRT therapy would mean both estrogen and progesterone. 

The second factor that might prevent a provider from prescribing HR T is a patient's 
fear of breast cancer. Even assuming the mammograms on TW are normal, her concerns 
about the long-term use of estrogen and breast cancer may be well founded, and certainly 
represent one of the most important reasons why women do not want to start hormone 
replacement. Although estrogens significantly reduce the relative risk of heart disease in 
postmenopausal women, recent data suggest that long-term use ofHRT (>5 yr) may be 
associated with a modest increase in the relative risk for breast cancer, especially in 
women over age 60 (i.e., TW's chance of developing breast cancer if she remained on 
HRT for 5 yr or more would increase from 1 :292 women to 1 :209) (29,30). Despite the 
lack of family history for breast cancer, it is certain that TW will be concerned about her 
relative risk for breast neoplasm ifshe takes HRT. Hence, these issues would need to be 
thoroughly discussed with the patient so that TW could make an informed decision. 

The third consideration that might mitigate against the choice ofHRT for TW is the 
long-term commitment to followup required for the provider and the patient. HR T is 
only effective on the skeleton when it is taken on a regular basis and probably for at 
least 7 yr (25). Thus, regular provider visits during the course of therapy are indicated. 
At these followups, yearly mammograms, pap smears, and possibly endometrial sam
pling would be required. Also, the patient should have at least one more bone density 
to establish skeletal responsiveness to HRT, since as many as 10% of postmenopausal 
women are "nonresponders' to HRT (i.e., they exhibit slight or continued loss ofBMD 
on estrogen therapy) (31). Hence, sequential indicators of bone turnover (such as 
N-telopeptide) or bone density would be necessary to establish both compliance and 
efficacy These tests may tum out to be a greater burden to TW than originally projected 
by the provider. 

In conclusion, HR T therapy would be beneficial to TW because it would reduce her 
fracture risk (assuming she is one ofthe 90+% responders, she remains compliant and she 
does not have serious menstrual irregularities). In addition, HRT would decrease her 
likelihood of heart disease (see Chapter 14). However, side effects and compliance issues 
might limit the usefulness of HRT. Again, the final decision would lie with both the 
provider and the patient. 
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3.1. Bisphosphonates 
Alendronate and etidronate are two possible therapeutic options for this woman with 

established osteoporosis. Both are bisphosphonates with good safety profiles and few 
compliance issues. Etidronate is prescribed as a 400-mg tablet once/d on an empty stom
ach for 2 wk every 3 mo. In between these 90 d cycles, calcium and vitamin D (1500 mg 
of calcium + 400 IU vitamin D) are recommended. Two relatively small multicenter trials 
confirmed that etidronate increases spine and hip BMD after 3 yr of therapy (32,33). 
Moreover, there are few side effects from the bisphosphonates in general and etidronate 
in particular. Most complaints center around gastrointestinal effects of these drugs (e.g., 
nausea and heartburn). Although cyclic regimens require careful attention by the patient 
to time of treatment, compliance in practice has been quite high. Yet despite its wide
spread use in North America and Europe, this drug has not been approved by the US Food 
and Drug Administration. 

Alendronate (F osomax) is a third-generation bisphosphonate recently approved by the 
FDA for the treatment of osteoporosis (see Chapter 15). Although the precise mechanism 
of action for any of the bisphosphonates is not clearly defined, the second- and third
generation agents (such as alendronate) strongly inhibit osteoclastic activity at the re
modeling surface. Ten milligrams of alendronate effectively suppress bone resorption 
(i.e., a 4~50% reduction in N-telopeptide excretion) and leads to a significant increase 
in bone density at the spine, hip and radius (34). More importantly, there is a statistically 
significant reduction in both spine and nonvertebral fractures in postmenopausal women 
followed for 5 yr on alendronate (34). Moreover, bone biopsies up to 4 yr in these women 
have not demonstrated any evidence of osteomalacia as a result of continuous' therapy. 
Finally, gastrointestinal side effects are relatively minor. Hence, for TW, alendronate 
may be a perfect therapeutic choice. 

The provider must inform the patient, however, that alendronate is to be taken every 
day in the morning in an upright position with a glass of water 112 to 1 h prior to breakfast 
(owing to the poor bioavailability of all the bisphosphonates, it is recommended that these 
drugs be consumed on an empty stomach). In addition, this is an agent that must be taken 
every day, since discontinuation of alendronate leads to increased bone turnover within 
30-90 d. Finally, there are no long-term safety data on alendronate beyond 5 yr. Since the 
bisphosphonates can stay in bone for a long time, caution must be used when prescribing 
this drug to young individuals. Still, in sum, alendronate probably represents the best 
therapeutic option for TW. If there is compliance with this regimen (and adequate cal
cium and vitamin D), she would be expected to have an increase in spine BMD after 2 
yr of treatment, which would range between 5 and 8%. This change alone would likely 
reduce her fracture risk by 50%. 

3.3. Calcitonin 
Salmon calcitonin (sCT) is approved by the US Food and Drug administration for the 

treatment and prevention of osteoporosis Prior to late 1995, only parenteral calcitonin was 
available. That form can be administered either sc or im in doses from 25-200 IU/d. 
Although it has been shown that parenteral calcitonin may prevent bone loss in many 
individuals, the cost ($40-45lbottle [400 IUlbottle D, the inconvenience, and the possibil
ity that cortical bone sites are not affected by seT raise questions regarding whether TW 
would be a candidate for this treatment (35,36). Furthermore, fracture efficacy with CT 
has not been well established either with continuous or intermittent therapy. 
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On the other hand, TW' s chief complaint was back pain. Anecdotal reports suggest that 
sCT reduces back pain from osteoporotic crush fractures (37). The mechanism of this 
action is not known, although sCT increases ~-endorphin secretion and may have effects 
on local neurotransmitters (37). Therefore, a trial of sCT may prove useful for TW, 
especially in increasing mobilization and reducing pain without the use of heavy narcot
ics or nonsteroidals. Unfortunately, many patients cannot tolerate more than 100 IUld of 
parenteral sCT without significant nausea, headaches, flushes, or other gastrointestinal 
side effects. 

Nasal salmon calcitonin (Miacalcin®) has recently been approved by the US FDA for 
the treatment of osteoporosis. Its cost (for 200 IU/d) is approximately the same as 
alendronate ($1. 75/dose). Still, the overall role for this drug in the late 1990s needs to be 
defined. Probably most clear is the fact that patients can use larger doses of sCT by nasal 
administration without suffering significant side effects. Therefore, it may be an impor
tant adjunct for TW and might be used for 3-6 mo prior to initiation of either estrogens 
or bis-phosphonates. 

4. NONPHARMACOLOGIC INTERVENTION 
WITH PARTICULAR EMPHASIS ON EXERCISE 

Although drug therapy is the cornerstone ofTW's management, supportive measures 
are also important. Pain management was discussed in light of calcitonin's possible effect 
on neurotransmitters. Narcotics and nonsteroidals are also helpful to relieve pain, 
although in this age group, the NSAIDs can cause significant gastrointestinal and renal 
difficulties. Physical therapy may be helpful in some patients. Generally, back braces are 
not recommended, and early mobilization is the key to successful rehabilitation. In a 
broader sense, an active exercise program may be one goal for a preventive therapy program. 

Studies on the effects of exercise on bone mass have been fraught with many con
founding variables. Although physical activity can stimulate osteoblastic activity (prob
ably through a "mechanostat" located in the osteon), in vivo effects are much more 
difficult to quantify. Cross-sectional studies that have demonstrated that active exercisers 
have higher bone mass suffer from ascertainment bias (i.e., people who exercise over 
many years are fundamentally different in many ways from sedentary people; these 
differences include body mass, health habits, genetic predispositions, as well as a greater 
likelihood of being involved in longitudinal exercise studies). Also, in many 
cross-sectional studies, age is an important confounder (Le., young exercisers tend to 
have a greater skeletal response to exercise than elders) (38). Therefore, critical analysis 
of the data require an examination oflong-term randomized controlled trials with exer
cise of which there are few. In general, the best studies show only a modest (0-2%) 
increase in bone mass among elders or postmenopausal women during prolonged aerobic 
or anaerobic exercise programs (39). Still, these changes multiplied over a long period 
of time may be enough to prevent osteoporotic fractures. Certainly, the preservation of 
bone mass during states of accelerated bone loss, may be highly desirable. Yet there are 
unresolved issues about exercise, including the following: 

I. Does exercise enhance bone mass only in estrogen-replete subjects? 
2. Are there skeletal benefits to weight-lifting exercises, which exceed those noted with 

running or simple weight-bearing activities? 
3. Is there a critical threshold for exercise-induced changes in bone mass? 
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These answers will have to await further studies. In this case, however, it is strongly 
recommended that TW at least become involved in a modest activity program to supple
ment her pharmacologic therapy and to enhance her sense of general well-being. 

5. SUMMARY 
TW has established postmenopausal osteoporosis, almost certainly as a result of early 

menopause, and possibly aggravated by physical stature and family history. Aggressive 
therapy is warranted in order to prevent subsequent hip and spine fractures. Choices (in 
addition to supplemental calcium and vitamin D) include the bis-phosphonates, estro
gens, or the calcitonins. That decision can be made by a primary care provider as long as 
the patient's options are clear and the patient participates in the decision-making process. 
Overall, even more than medication, the physician-patient relationship will define the 
eventual outcome for TW. Osteoporosis is a chronic disease that will require continued 
care and surveillance for as long as TW remains a patient. Close attention to the medical 
as well as the psychosocial aspects of her disease (see Chapter 6) will guarantee a suc
cessful outcome for both the provider and the patient. 
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CASE STUDY 

Mrs F. is a thin 85-yr-old widow living alone in a small apartment. She is independent 
in her activities of daily living, but receives some assistance with heavy housework. She 
manages all of her own affairs, has been in relatively good health, but her family has noted 
increasing forgetfulness. She has osteoarthritis in the right knee, hypertension treated 
with a calcium channel blocker, and insomnia treated with temazepam. Mrs F. underwent 
a hysterectomy at age 45 for fibroids and never received honnone therapy. She eats three 
meals a day, but has never tolerated milk or dairy products because of gastrointestinal 
distress, and she hesitates to go out into the direct sunlight because she is fair-skinned. 
She has never had a fracture. For several days, she had been experiencing urinary fre
quency. One morning, she awoke with an urgency to void and stood up quickly to proceed 
to the toilet. Because of the pain from her arthritic knee, she had trouble getting up and 
the rug next to her bed slid out from under her. She fell to the side, landing on the left hip, 
but was unable to get up to call for assistance because of pain. Her home health aid came 
to the house later that day and found her on the floor. She was taken to the hospital where 
an X-ray of the left hip revealed a femoral neck fracture. She was hospitalized for 4 d, and 
was discharged to a rehabilitation facility. By the end of her 30-d stay, she was able to 
ambulate with a walker, and was discharged to her own apartment with a visiting nurse 
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and health aid. However, she was no longer able to perform housework, go grocery 
shopping, or prepare meals without assistance. During the subsequent 6 mo, she fell 
repeatedly at home, sustaining minor injuries on several occasions. Her daughter felt that 
it was unsafe for her to remain at home. She was, therefore, placed in a nursing home after 
long discussions among the family. In the nursing home, she was despondent, ate poorly, 
and lost weight. Depression was diagnosed by her nursing home physician, and she was 
begun on an antidepressant medication. Her functional status continued to decline, and 
one day while ambulating to the toilet, she fell and fractured the right hip. During her 
hospitalization for the fracture, she developed a grade II pressure ulcer on the buttocks, 
and an episode of urosepsis from the indwelling foley catheter. By the time of discharge 
back to the nursing home, she was totally dependent on the stafffor her ADLs, and was 
incontinent of urine. She currently resides at the nursing home. 

1. DEMOGRAPHICS OF OSTEOPOROSIS 
AND RELATED FRACTURES IN THE ELDERLY POPULATION 

Using the new World Health Organization definition of osteopenia and osteoporosis, 
overall, approx 16.8 million (54%) postmenopausal white women in the US have 
osteopenia and another 9.4 million (30%) have osteoporosis. Among women age 80 and 
older, 27% have osteopenia and 70% have osteoporosis. Given these figures, it is not 
surprising that the incidence of osteoporotic fractures rises so dramatically with age. Over 
280,000 hip fractures occur each year in the US, and this number continues to grow as 
the average age of the population increases. In fact, the fastest growing segment of the 
US population is the group older than age 85. 

The morbidity and mortality of hip fracture are greater in older persons for many of 
the same reasons that any acute insult results in less favorable outcomes in this popula
tion, namely frailty or the state of reduced physiologic reserve associated with increased 
susceptibility to disability. This reduced physiologic capacity results from biologic aging, 
chronic conditions, and disuse or abuse. These effects are often modified further by 
psychosocial and environmental factors, self-care, and medical/rehabilitative care avail
able to elderly persons (1). It is important to remember, however, that age alone is 
not associated with poor outcomes of fracture when other age-related comorbidities are 
accounted for. Thus, in a large cohort study of2812 individuals followed for 6 yr, both 
6-mo mortality and institutionalization were more common in older individuals, but after 
accounting for the number of comorbid diagnoses, type of hip fracture, premorbid mental 
status, and perioperative complications, age was no longer a significant factor (2). This 
same concept of comorbidities probably explains the observation that the 5-yr survival 
following vertebral fracture is 15% less than expected (3). 

The clinical case above highlights the coexistence of multiple comorbid diagnoses that 
may have contributed to Mrs. F's poor outcome. She suffered from mobility limitations 
secondary to her osteoarthritis, had early cognitive decline, was taking hypotensive drugs 
and sedative hypnotics, and became depressed, withdrawn, and nutritionally deficient 
after placement in the nursing home following her first hip fracture. 

The concept of frailty is a unique aspect of osteoporosis in the elderly population. It 
contributes substantially to the prediction of rehabilitation outcomes following a hip 
fracture. Multiple studies have confirmed that older subjects with hip fracture have better 
rehabilitation outcomes if they have better prefracture health, mobility, cognitive func-
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Fig. 1. The concept of "factor of risk" for fracture takes into account both the forces that impact 
the bone and the underlying forces required to fracture the bone. The forces that impact the bone 
derive from the fall energy that is actually delivered to the area of the body overlying a bone. 
The force required to fracture the bone is directly proportional to the strength of the bone. This 
figure is from ref. 34a. 

tion, and are living with someone. Poorer outcomes result from inadequate nutritional 
statUs and postoperative depression (4-10). The recognition that such factors contribute 
to hip fracture outcomes has prompted some to attempt special geriatric-focused 
rehabilitative care after fractures of the proximal femur (11,12). The use of a 
multidisciplinary team may result in shorter hospital stays, better short- and long-term 
(l-yr) functional recoveries, and better overall survival. Had Mrs. F' s early rehabilitation 
process included a better understanding of her fall risk factors, she may have avoided 
institutionalization with its cascade of subsequent declines. 

2. FACTORS CONTRIBUTING 
TO THE RISK OF FRACTURE IN ELDERLY PERSONS 

2.1. The "Factor of Risk" 

Another important concept for the understanding of osteoporosis and related frac
tures in elderly individuals is that decreased underlying bone strength as reflected by 
bone mineral density (BMD) measurement is probably not the most important contribu
tor to fracture risk. Factors that contribute to the occurrence of hip fracture include 
propensity to fall, inability to correct a postural imbalance, the orientation of the fall, 
adequacy oflocal tissue shock absorbers, and underlying skeletal strength. For its part, 
the resistance of a skeletal structure to failure (i.e., fracture) depends on the geometry 
of the bone, the mechanical properties of the calcified tissue, and the location and direc
tion of the loads to which the bone is subjected (i.e., during a fall). Estimations of the 
forces generated within the bone in response to a given load can be estimated using basic 
engineering principles. The forces can then be compared with the strengths of the tissue. 
The ratio of the force expected during normal activities, or during a fall, to the force 
required to cause the bone to fail may be thought of as the structure's "factor of risk" (see 
Fig. 1). When the factor of risk is high (close to or more than 1), the structure is at great 
risk of fracture. 
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In the elderly, simple stance and normal ambulation involve a factor of risk at the 
femoral neck of about OJ. For stair climbing, it is about 0.6. In falls, the factor of risk 
probably ranges from I to >7. The calculations are complicated by considerable uncer
tainty about the loads to which hips are actually subjected during falls. For one thing, 
skeletal structures at high risk for age-related fracture, such as the hip, change their 
geometry with aging and bone remodeling. These changes snake it difficult to ascertain 
the force of failure in vivo. 

Despite the difficulties of determining the force of failure in vivo, in vitro testing of 
femurs can provide data on the work required to fracture a bone. Recent studies have 
estimated the potential energies liberated by a fall from standing height to be close to 
600 J. By the time the hip strikes the floor, 70% of the potential energy has been dissipated 
during the descent phase, leaving about 170 J of energy just before impact. This amount 
of energy is two orders of magnitude greater than the energy required to fracture elderly 
femurs during in vitro studies. These findings confirm that a simple fall is easily capable 
of fracturing the proximal femur. In the case of Mrs. F. her fall was to the side from a 
standing height. Her small body habitus contributed to her risk partly because of the 
absence of protective adipose tissue overlying her hip. She was predisposed to having 
reduced BMD from early surgical menopause without hormone replacement, causing 
perhaps 5 yr of premature estrogen deficiency, inadequate dietary calcium intake, and 
rare sunlight exposure, resulting in inadequate vitamin D levels. Thus, her factor of risk 
probably exceeded 1. 

1.1. Falls 

Over the past 5 yr, a number of prospective studies have confirmed many ofthe factors 
that had been implicated as risks for falling in older persons. Such factors include gait and 
mobility problems, leg and foot dysfunction (including balance problems), and medica
tion use (13-15). These findings set the stage for a series of intervention studies called 
the Frailty and Injuries: Cooperative Studies oflntervention Techniques (FICSIT stud
ies). The FICSIT studies were comprised of a collection of eight independent clinical 
trials that assessed the efficacy and feasibility of a variety of intervention strategies, 
including exercise, balance training, and geriatric multidisciplinary interventions in 
reducing falls and/or frailty in the elderly. An overview of these studies revealed that 
elderly subjects who were assigned to some form of exercise reduced the risk off aIls by 
about 10% (16). It was not possible to identify which element of being in an exercise 
group conferred this protective effect or the specific types of exercise that were most 
effective. Similarly, studies that included balance training also reduced the risk of falls. 
One of the most notable results was that a multidisciplinary intervention that included 
behavioral changes, medication changes, education, as well as resistance, balance, and 
flexibility exercise for a period 00 mo significantly reduced falls. These findings support 
the notion that fall-related risk factors for fracture can be modified. In the case of Mrs. 
F, attention to the osteoarthritis, choice of antihypertensive agent, elimination ofbenzo
diazepines for the treatment of insomnia, and attention to the moving bedside throw rug 
could have prevented a hip fracture. 

Obviously not all falls result in serious injury or fracture. Identifying those at risk for 
falls that are likely to result in fracture requires an understanding of the kinds offalls and 
their sequelae. An understanding of what constitutes a fall with a high risk of hip fracture 
and how factors related to fall severity compare to those related to bone fragility is now 
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beginning to emerge. Falls on the hip, side of the leg, or falls straight down increase the 
risk of hip fracture up to 30-fold (17,18). By contrast, the risk of hip fracture doubles for 
every standard deviation reduction in BMD or body mass index. Thus, in elderly persons 
who fall, most of whom have hip bone mineral well below "fracture threshold," fall 
severity (as reflected in falling to the side and impacting the hip) and body habitus are 
important risk factors for hip fracture, and touch on a domain of risk entirely missed by 
knowledge ofBMD. In the most comprehensive evaluation of risk factors for hip fracture 
yet available, many of the risk factors associated with hip fracture, including reduced 
lower extremity strength and gait speed, were independent of bone mass and were the 
same factors known to be associated with a risk of falling. Several characteristics of 
Mrs. F (thin elderly woman with reduced lower extremity function who fell to the side) 
clearly contributed to the injurious nature of her fall. 

Falls themselves are not simple events. In particular, the total energy of a fall is not 
entirely delivered to the trochanter. Potentially important factors that can influence the 
amount of force imposed include the presence of energy-absorbing soft tissues over the 
greater trochanter and the state ofleg muscle contraction at the time of the fall. Threefold 
increases in the thickness of soft tissue overlying skeletal structures reduce the predicted 
peak impact force of a fall by 20% and may explain the observation that heavier persons 
have a reduced risk of hip fracture. Falling in a muscle-relaxed state reduces the peak 
force by more than 50%. It has been proposed that padding the trochanter may be an 
option for preventing hip fracture (19). In fact, a few clinical trials are under way, as will 
be described. 

2.3. Bone Density 

Notwithstanding the less important role of bone density in the prediction of fracture 
risk when compared to fall severity, it contributes valuable information to the understand
ing of fracture risk. At least three longitudinal studies have confirmed that a single BMD 
measurement is associated with the risk of later fracture (20-22). For each standard 
deviation decrease in BMD (regardless of the skeletal site measured), the risk of hip 
fracture increases 1.5- to 2.9-fold. This same predictive value was recently found to hold 
true for community-dwelling women 80 yr of age and older (14), but was not as strong 
for residents of a retirement home who are older (20). There have been no studies in 
nursing home residents. 

Until recently, a commonly held belief about age-related bone loss was that as indi
viduals age into their 70s, 80s, and beyond, the rate of bone loss either slows or plateaus. 
In fact, one study projected a small increase in radial BMD with advanced age (23). These 
beliefs fueled the attitude that by the time one reached old age, "the horse was out of the 
barn." Many patients were told by their physicians that not much could be done at this 
point in life. This attitude still pervades some primary care environments. Recently new 
information has shed light on this long-held belief. It appears that the rate of bone loss 
in old age continues at the same rate (24-26) or may even increase (27-29) relative to 
bone loss rates seen in younger individuals. 

3. FRACTURE PREVENTION IN ELDERLY PERSONS 
The kind of information provided from the above-mentioned longitudinal studies of 

bone loss in the elderly population has important ramifications for therapy of osteoporo
sis among this age group. Obviously, fracture prevention is the goal of any therapeutic 
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strategy. Older persons have lower bone density to begin with, are continuing to lose 
bone, and are in the age group most likely to fracture. Thus, interventions would be 
expected to be most cost-effective when initiated in older aged individuals. These inter
ventions can be divided into two groups: (1) those interventions that reduce the factor of 
risk by reducing the applied load (fall prevention, passive protective systems) and (2) those 
interventions that reduce the factor of risk by increasing the force required to fracture the 
bone (therapies that preserve or increase bone density). This is shown in Fig. 1. 

3.1. Interventions that Reduce the Factor of Risk 
by Reducing the Applied Load 

3.1.1. FALL PREVENTION 

A good primary care physician caring for older individuals should evaluate such 
patients for their risk of falling and should attempt to reduce the number of predisposing 
factors for falls. This need not be an elaborate process. All patients should be queried 
regarding the past history of falls, because a history of falls is the single most important 
risk factor for a subsequent fall. Ifthere is a history of a fall, additional information should 
be obtained surrounding the events of the fall, including the activity of the faller at the 
time of the incident, prodromal symptoms (lightheadedness, imbalance, dizziness), and 
where and when the fall occurred. This previous fall information may identify important 
factors for targeting risk factor modification strategies. The medical history should 
ascertain whether there are any visual, vestibular, hearing, or peripheral neuropathic 
diseases, such as diabetes. Central nervous system diseases of interest include dementia 
and Parkinson's, disease, both of which affect the central processing of sensory informa
tion. Musculoskeletal diseases account for deficiencies in the effector system. Condi
tions, such as arthritis, cause pain and deformity, which result injoint instability and falls, 
especially when the knees are involved. Rheumatoid arthritis also can cause significant 
foot deformities that make it difficult to stand. Disorders of the feet should be included 
in the review of systems, because such deformities as calluses, bunions, toe deformities, 
such as hammertoes, and large, thick, deformed toenails can compromise gait and inter
fere with proprioception. Treatment of any of the above conditions may help to reduce this 
risk of a fall. This follows from the principle of geriatric care that small improvements in 
several chronic conditions can often result in improved functional status in older persons. 

In the physical assessment offall risk, vital sign measurement should include a careful 
assessment of orthostatic blood pressure changes and heart rate immediately after stand
ing, and after a few minutes. The head and neck examination includes a careful assess
ment of visual acuity using best corrected vision with existing eyeglasses. Hearing can 
be assessed using the "whisper test" or a handheld audiometer. Eighth cranial nerve 
deficits may be associated with vestibular dysfunction, another risk factor for falls. 
Cardiac exam may identify arrhythmias or slow heart rate. Examination of the extremities 
may uncover deformities of the feet that may contribute to the risk of falling, such as those 
mentioned above. Footwear may be in poor repair, with unsafe soles, or may not fit properly. 

The remainder of the physical examination assesses the three components of postural 
stability: sensory input, central integrative function, and effecter responses. A neurologic 
examination allows one to examine each of the three components separately, such as a 
test for lower extremity proprioceptive function, Mini-Mental Status Examination of 
cognitive function, or an examination of lower extremity muscle strength. 
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The postural stability system as a whole can be tested using any of several recently 
developed assessment tools. One of the more well known of these, the "Get Up and Go" 
test, consists of a subject rising from a standard arm chair, walking across the room, 
turning around, walking back to the chair, and sitting back down. This sequence of 
activities can be graded using a 1-5 rating scale (l = normal, 2 = very slightly abnormal, 
3 = mildly abnormal, 4 = moderately abnormal, and 5 = severely abnormal) (30) or a timed 
measurement of the same tasks (31). This assessment may help to identify individuals 
with potential postural stability deficits predisposing them to falls. Recently, Studenski 
and colleagues have developed a simple maneuver called the "functional reach" test, 
which correlated with balance ability and may be a marker for general functional decline 
(32,33). This test is performed using a leveled yardstick secured to a wall at the height 
of the acromion. The person being tested assumes a comfortable stance without shoes or 
socks, and stands so that his or her shoulders are perpendicular to the yardstick The 
individual makes a fist and extends the arm forward as far as possible without taking a 
step or losing balance. The total reach is measured along the yardstick and recorded. This 
yardstick reach correlated with an electronic measurement ofthe same maneuver(r= 0.69), 
and the test-retest intraclass correlation coefficient was 0.92. The functional reach ma
neuver also correlated with other physical performance measures, such as walking speed 
(r = 0.71), and various measures of balance, such as tandem walk (graded using an ordinal 
scale) (r = 0.67) and one-footed standing (measured as number of seconds able to main
tain stance) (r= 0.64). 

A more comprehensive performance-oriented assessment of balance has been used by 
Tinetti, and includes measures of sitting and standing balance, ability to withstand a nudge 
on the sternum, and ability to reach up, bend down, and extend the back and neck (34). Each 
of these performances measures attempt to identify components of postural stability that 
might otherwise be untested by the standard physical examination, but that complement the 
standard physical assessment as outlined above. When deficits are identified using these 
assessments, an appropriate referral to physical therapy can be made. Physical therapists 
can also assess such patients, and design an individualized program for balance training, 
muscle strengthening, or safety education. Home visits by physical therapists can also be 
employed by the primary provider to ensure that the home environment is safe. 

A complete medication history should focus specifically on vasodilators, diuretics, 
and psychoactive drugs, including antidepressants, antipsychotics, and benzodiazepines, 
because these agents have been associated with increased risk offalls. In any case where 
a medication is not deemed to be absolutely important, it should be eliminated. 

3.1.2. PASSIVE PROTECTIVE SYSTEMS 

Since falls to the side that impact on the hip are the primary determinant of hip fracture 
(35), there is considerable interest in the design and evaluation of protective trochanteric 
padding devices. In early trials, padding devices were found to reduce hip fracture risk, 
but subject compliance was relatively low. Newer padding systems are designed to lower 
femoral impact force by shunting energy away from the femur and into the surrounding 
soft tissues. Laboratory methods of impact testing are available for comparing the ability 
of such devices to attenuate the forces of a fall on the trochanter. Using such laboratory 
tests, there are wide ranges of energy-reducing potential of the pads currently available 
(see Fig. 2). Not all pads attenuate the forces ofa fall on the trochanter to levels that would 
be expected to reduce the risk of hip fracture. As optimal pad design evolves, it is expected 
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Fig. 2. Impact tests with a laboratory apparatus measuring force attenuation of eight energy
shunting pads compared with no pad. Bars show mean peak femoral force from five repeated 
measures, with error bars displaying 1 SD. Pad H is the pad currently being tested by the author 
in collaboration with Wilson C. Hayes. 

that these devices may enjoy widespread use by elderly individuals who are at highest risk 
offall-related fractures, such as nursing home residents. As with any therapeutic interven
tion, the hip pad would be expected to have the greatest protection among persons who are 
prone to fall to the side and who have very little soft tissue overlying the trochanter. 

Related to protective trochanteric padding devices, another way to reduce the energy 
delivered to the hip during a fall is to design flooring materials that will absorb energy 
rather than deliver the energy of a fall directly to the trochanter. Toward this goal, such 
flooring materials are being tested with the goal of using them in high-risk environments, 
such as nursing homes. 

3.2. Interventions that Reduce the Factor of Risk 
by Increasing the Force Required to Fracture 

The intention here is to provide practical guidelines for the treatment of low bone 
density, specifically among older adults. No attempt will be made to provide an in-depth 
review of the use of these therapies in general, since they are covered in other chapters 
of this text. The approach to be described divides therapy into nutritional factors, 
antiresorptive drug therapy, and anabolic therapy. 

3.2.1. NUTRITIONAL FACTORS 

The major nutrients required for bone health are calcium and vitamin D. The role of trace 
minerals, such as magnesium, manganese, copper, and zinc, is somewhat uncertain, and the 
contribution of other dietary components, such as sodium, potassium, protein, vitamin K, and 
vitamin C, has not been adequately studied to be able to make general recommendations. 
A voidance of excessive caffeine consumption may reduce bone loss and prevent fractures. 



Chapter 19 / Osteoporosis in the Elderly 233 

Although the bulk of evidence supports an important role for calcium intake in the 
health of adult bone, not all studies have been in agreement (36). Among randomized 
controlled clinical trials of calcium administration, however, almost all studies show that 
calcium slows or stops bone loss (36). Furthermore, calcium supplementation, an inex
pensive, low-risk intervention, has been particularly successful among older women with 
very low calcium intakes «500 mg/d). The recent NIH Consensus Conference on Optimal 
Calcium Intake recommended that "in women and men over 65 years of age, calcium 
intake of 1500 mg/day seems prudent" (37). To achieve a daily intake of 1500 mg/d 
among older persons may be difficult without resorting to the use of calcium supple
ments. Dietary intake of calcium is low in the US, because dairy product use declines wit\1 
age. Constant reminders to limit fat intake can also constrain the consumption of dairy 
products. Many elderly persons may not recognize that low-fat dairy products provide 
adequate calcium. The role of calcium-fortified food products, including juices, fruit 
drinks, breads, and cereals, is not currently defined. 

The calcium supplement most often recommended is calcium carbonate, because of 
its widespread availability, low price, and generally adequate absorption. Because some 
foods contain certain compounds that reduce calcium absorption (e.g., oxalates), the 
Consensus Conference recommended that calcium supplements be ingested between 
meals in doses not exceeding 500 mg. However, absorption of calcium carbonate is 
impaired in the absence of gastric acid when taken between meals and is actually enhanced 
when taken with foods. Alternatively, calcium citrate does not require gastric acid for 
optimal absorption and, thus, could be considered in older individuals with reduced 
gastric acid production. 

Studies of vitamin D status among noninstitutionalized elderly performed in diverse 
populations estimate that the prevalence of vitamin D deficiency in the US among older 
individuals is between 30 and 50%. Compared with calcium, there is less agreement 
about the recommended daily allowance of vitamin D from dietary sources. However, a 
figure of 10 )..Ig/d (400 IU) is widely accepted in the US. The data supporting this figure 
are limited, and the variable contribution of endogenous vitamin D3 production in the skin 
must be factored into any recommendations of this kind. Furthermore, seasonal varia
tions in 25-hydroxyvitamin D (25-0H -D) owing to sunlight exposure affectthe measure
ments of plasma vitamin D. Among healthy elderly, the greatest vitamin D deficiency 
occurs among North Americans during the winter months. Several recent studies have 
been performed among institutionalized elderly, including nursing home residents, 
chronic hospital residents, home-bound community-dwellers, and hospital patients As 
measured by either dietary intake or 25-0H-D levels, institutionalized elderly persons 
have extremely poor vitamin D status. 

Support for the use of vitamin D supplementation in the prevention of hip fractures has 
recently been highlighted by a large randomized, double-blind, placebo-controlled clini
cal trial of vitamin D3 and calcium supplements to reduce the incidence of hip and 
non vertebral fractures in elderly women living in French nursing homes. This I8-mo 
study of 3270 women demonstrated that the supplemented group enjoyed a significant 
reduction in the incidence of fractures without any unfavorable side effects, suggesting 
that the major effect of this regimen is to correct osteomalacia, a reversible disorder. The 
favorable effects of calcium and vitamin D3 on fracture incidence, bone density, and 
biochemical markers in that study support the routine use of these supplements for elderly 
person in institutions, and probably for all elderly, although the optimal dose and formu-
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lation of vitamin D have not been established. From the available clinical trials of vitamin 
D supplementation, a dose of at least 10 /-Jg (400 IU)/d should be given to all elderly 
persons (38,39). 

3.3. Resorptive Inhibitors 

Virtually all of the drugs available for treatment of osteoporosis fall into the category 
of antiresorptive agents (see Chapters 13, 14, and 15), because they act to inhibit osteo
clast activity. These include estrogen, calcitonin, and the bis-phosphonates. 

3.3.1. ESTROGEN 

The use of estrogen therapy by older women has been somewhat controversial. How
ever, several studies of women age 70 and older have demonstrated protective effects on 
BMD (40,41), but suggest that these protective effects decline after cessation of therapy 
(42,43), so consideration must be given to the continuation of therapy for at least 10 yr. 
Furthermore, its cardiologic and urogenital effect may be particularly helpful in this age 
group compared to the potential carcinogenic effects on the uterus and breast. Com
pounds related to estrogen, such as tamoxifen, behave as estrogen agonist/antagonists 
and, thus, have potential for use in fracture prevention. New compounds with agonist 
effects on bone and lipids, and antagonist effects on breast and uterus are currently being 
tested in clinical trials. These agents could prove to be an important addition to the 
pharmacologic treatment of osteoporosis in the future. 

Elderly women are usually reticent to take estrogens because of a reluctance to resume 
menses. These individuals should be informed that only about a half of elderly women 
who begin estrogen many years after menopause ever have menses. Either continuous 
estrogen/progesterone regimens or intermittent progesterone use can be offered as an 
option to women who object to having monthly cycles. Regarding the fear of breast 
cancer from estrogen therapy, older women should probably have less concern since their 
duration of use may be limited by their life expectancy, and it appears that longer 
durations of use are associated with the slight increase in the risk of breast cancer with 
estrogen use. 

3.3.2. CALCITONIN 

The use of salmon calcitonin by elderly individuals with osteoporosis has been limited 
by expense and need to administer the drug by injection. The recent approval in the US 
of a nasally administered preparation of salmon calcitonin offers an alternative to the 
injectable preparation. Studies outside the US have confirmed the ability of nasal calci
tonin to slow or prevent bone loss. 

The experience among elderly women involved in clinical trials of the nasally admin
istered calcitonin has been favorable. The overall incidence of nasal side effects has been 
comparable between placebo and drug-treated women. Nasal irritation was reported in 
12% of patients receiving nasal calcitonin vs 6.9% of placebo patients in clinical trials; 
other nasal symptoms were reported in 10.6% of patients vs 16% of placebo patients. In 
foreign marketing experience, no serious allergic-type reactions have been reported. The 
only potentially unique characteristic attributed to calcitonin that may have implications 
for elderly patients suffering from painful osteoporotic vertebral fractures is the analgesic 
effect that some physicians have observed with its use. This effect has not been confirmed 
in any large-scale trials. 
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3.3.3. BISPHOSPHONATES 

The bisphosphonates, analogs of pyrophosphate in which the oxygen of the P-O-P 
bond is replaced by a carbon atom, resulting in a P--{::-P bond, have a strong affinity 
for bone mineral despite their poor absorption. The most striking effect of the bisphos
phonates is on the inhibition of bone resorption. Since the bone loss characteristic of 
osteoporosis and other bone diseases is the result of an imbalance between bone resorp
tion and bone formation, inhibition of bone resorption is thus a rational approach to the 
prevention and treatment of osteoporosis. 

The bisphosphonates represent a class of drug that may be particularly suited for the 
elderly person for a number of reasons. First, the drug is taken once a day by mouth. 
Second, there are few side effects. Finally, since elderly persons are most at risk of 
fractures, the therapeutic effect of these agents (fracture prevention) may be realized after 
only a relatively short duration of therapy compared to therapies initiated early after the 
menopause, which must be continued into old age to achieve fracture prevention. Thus, 
even thought the expense of daily therapy may be great, the benefits may also be great 
in this age group. 

Despite these theoretical advantages in the elderly, the studies in this age group are 
limited. Etidronate, one ofthe bisphosponates currently available for oral use in the US, has 
not been tested in the elderly group. In the randomized clinical trial of this agent conducted 
in the US, the age requirement for entry was limited to women 75 yr and younger. 

A new bisphosphonate, alendronate, recently approved by the Food and Drug Admin
istration, has been tested in older persons. In an ongoing study of359 women of age range 
59-85 yr, alendronate led to statistically significant increases in BMD of the spine (4.6%) 
and hip (1.4%) after 1 yr of treatment. Ongoing studies involving women up to age 80 will 
provide information regarding the effects of this bis-phosphonate on fracture prevention. 

3.4. Anabolic Therapy 
Although there may be small anabolic effects of estrogen and alendronate, there has 

been little progress in the development of effective anabolic agents that can lead to new 
bone accretion beyond that created during normal remodeling. 

3.4.1. FLUORIDE 

Early trials of fluoride held promise that new bone formation could be stimulated. 
Unfortunately, at the doses and with the preparations used, the observed increase in bone 
density was not accompanied by increases in bone strength or by fracture reduction. 
However, a recent trial in women with existing osteoporosis (mean age 68 yr), using a 
sustained-release form of sodium fluoride, demonstrated a reduction in vertebral frac
tures without an increase in other fractures (44). This type of therapy would have particu
lar appeal in the elderly population, since many persons with low bone density would 
benefit from new bone-forming therapy. Further studies are needed in older persons to 
be able to recommend the use of such preparations by this group. 

4. FRACTURE REHABILITATION IN ELDERLY PERSONS 

4.1. Hip Fracture 

Following a hip fracture, most rehabilitation is performed at a rehabilitation facility, 
either at a special hospital, a unit in a long-term care facility, or at home. Since the length 
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of stay for hospitalization of hip fracture has dropped to 5 d or less, elderly patients are 
discharged to the rehabilitation setting in a more unstable condition. This situation may 
require the primary care physician to become involved earlier than had traditionally been 
the case. Medical complications, including delirium, infection, and fluid overload, as 
well as anticoagulation management, become the domain ofthe primary care physician. 
The goals of rehabilitation are fairly standard, including relief of pain, maintaining the 
bony union in ideal position, maintenance of the normal range of motion of joints, pre
vention of muscle atrophy and weakness, restoration of function, and prevention of 
complications, such as malunion and prolongation of bed rest (45). Ensuring adequate 
nutritional support during the perioperative period may improve outcomes. 

During the rehabilitation period, the occupational therapist trains the patient in dress
ing, bathing, and other activities of daily living. The physical therapist works with the 
patientto learn proper transfer techniques, exercises to strengthen various muscle groups, 
and the proper use of assistive devices. Activities and exercises begin at a low level and 
progress. The patient is started on breathing exercises, range of motion for the upper 
extremities, and isometric lower extremity exercises before working on transfers. The 
important decision to begin any degree of weight bearing depends on characteristics of 
the individual patient, such as weight, cognition, type and site of hip fracture, and type 
of operative procedure. For example, weight bearing can begin almost the day after the 
operation in the case of a cemented arthroplasty, whereas after nail and plate operations, 
it may take a number of weeks before weight bearing can be initiated. 

When the patient returns to the care of the primary physician, all of the fracture 
prevention strategies outlined above are important to consider in the prevention of sub
sequent hip fractures, which are more common in individuals with a previous fracture. 

4.2. Vertebral Fracture 

For the subset of vertebral fractures that are symptomatic, the general approach is 
initial bedrest, analgesics, and local ice packs. The period of rest must be individualized 
for each patient, but may extend up to 3 wk. After the initial bedrest, hot packs and 
increasing activities as tolerated by the patient are started, including instructions in 
transfer activities, gait training, and activities of daily living. Flexion of the spine is 
generally avoided, since most of the fractures are ofthe anterior wedge variety. Extension 
exercise of the back muscles are extremely important. Referral to physical therapy to 
achieve these aims is appropriate. 

5. SUMMARY 

The problem of osteoporotic fractures in the elderly person is a complex one that 
involves both falling and underlying osteoporosis. Both factors need to be considered 
when assessing an individual's risk of fracture. In fact, special attention to fall prevention 
is particularly important in a person with low bone density, and attention to low bone 
density is particularly important in a person with a propensity to tall. Thus, pharmaco
logic therapy is not the only way to prevent fractures. Fall prevention may even be more 
important than maintaining bone density in the elderly patient. Even the best efforts at fall 
prevention will leave some individuals vulnerable for injurious falls. Newer develop
ments in protective padding devices and energy-absorbing surfaces may provide addi
tional approaches to fracture prevention. 
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CASE STUDY 

A 42-yr-old white female presents with severe upper thoracic back pain. Her history 
includes the fact that she has been on glucocorticoid therapy for Crohn' S disease for more 
than 20 yr. She is premenopausal with regular periods and has no obvious risk factors for 
osteoporosis aside from her history of glucocorticoid therapy. Previous studies have not 
demonstrated any evidence of malabsorption. X-rays reveal three compression fractures 
of the thoracic spine (T 8-11). Lumbar spine bone density is 3 SD below the mean for 
a 35-yr-old woman (t-score = -3.0). 

1. WHAT IS DIFFERENT 
ABOUT GLUCOCORTICOID OSTEOPOROSIS? 

The classic patient with osteoporosis is a thin, white postmenopausal woman with loss 
of height, dowager's hump, or hip fracture. One important aspect of glucocorticoid 
osteoporosis is that the disorder can affect all sorts of people, including relatively young 
people, men, premenopausal women (such as the patient noted above), and blacks, all 
groups less susceptible to garden variety osteoporosis. The second clinical aspect of 
importance is that this bone loss can be quite severe over a relatively short period of time. 
Indeed, there is evidence that serum markers of bone formation are altered within hours 
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ofthe first phannacologic dose of a glucocorticoid (1). Finally, there are multiple mecha
nisms of glucocorticoid osteoporosis, which implies that one single treatment modality 
is unlikely to improve all parts of this problem. An understanding of the treatment and 
prevention of this disorder requires knowledge of the multifaceted pathophysiology of 
glucocorticoid osteoporosis. 

2. PATHOGENESIS OF GLUCOCORTICOID OSTEOPOROSIS 

2.1. Direct Effects on Osteoblast Function 
What separates glucocorticoid osteoporosis from other fonns is the profound and 

direct effect of glucocorticoids on osteoblast function. As stated above, within hours of 
a dose of prednisone, a serum marker of osteoblast activity, serum osteocalcin, is 
decreased (1). The reader is directed to reviews of glucocorticoid osteoporosis (2,3) 
for details of this phenomenon, but the important point is that the glucocorticoid-induced 
decrease in osteoblast function is what separates this fonn of osteoporosis from the 
others. In garden variety osteoporosis, both bone resorption and fonnation may be 
increased, but the fonnation is less than the resorption. In glucocorticoid osteoporosis, 
fonnation is greatly decreased at a time of increased resorption. Thus, the osteoporosis 
affects all sorts ofpatients, is often severe, and happens soon after a high glucocorticoid 
state begins (4). 

2.2. Effects on Osteoclast Function 

Through various mediators, such as cytokines and prostaglandins, glucocorticoids 
stimulate osteoclastic activity (2). Thus, in the face of decreased bone fonnation, bone 
resorption is increased. 

2.3. Effects in the Gut and Kidney 

Glucocorticoids decrease the absorption of calcium in the gut by a mechanism that is 
not dependent on vitamin D (5). However, some patients may also be vitamin D deficient 
(6), leading to a further decrease in intestinal calcium absorption. Increased urinary loss of 
calcium is also found in patients with endogenous or exogenous Cushing's syndrome (2,3). 

2.4. Secondary Hyperparathyroidism 

The decreased intestinal calcium absorption and increased urinary calcium excretion 
lead to an imperceptible decrease in the serum calcium level. However, this decrease is 
enough to increase serum levels of parathyroid honnone (PTH), which leads to loss of 
bone mineral and increase in urinary phosphate excretion (7). 

2.5. Catabolic Effects of Glucocorticoids 

The generalized catabolic effects of glucocorticoids may lead to loss of protein-in the 
fonn of muscle and bone matrix. Muscle strength is positively correlated with bone mineral 
density (BMD) (8), and inactivity leads to bone loss. Thus, the patient with the classic loss 
of muscle in Cushing's syndrome has another reason to have osteoporosis. Similarly, 
patients taking glucocorticoids (i.e., with exogenous Cushing's syndrome) also manifest 
muscle wasting. This muscle loss is additive to that associated with many of the inflam
matory diseases for which glucocorticoids are prescribed. 
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1.6. Effects ofGlucocorticoids on Sex Hormones 

Women receiving glucocorticoids have adrenal suppression, leading to loss of adrenal 
androgen secretion. There is some evidence that the level of the adrenal androgen DHEA 
is positively correlated with BMD (9). In addition, glucocorticoids (and many of the 
diseases for which they are prescribed) suppress the hypothalamic-pituitary-gonadal 
axis (10). This leads to a functional hypogonadism, another contributor to bone loss. 

1.7. Summary of Glucocorticoid Effects 
It is, thus, easy to see why the osteoporosis of glucocorticoid excess is so severe and 

found in people thought not generally susceptible to osteoporosis. The amount of gluco
corticoid excess need not be extreme. For example, there is some evidence (11,12) that 
patients with adrenal insufficiency receiving what we believe are replacement doses of 
glucocorticoids may be at increased risk for osteoporosis. Considering the frequency of 
glucocorticoid use for inflammatory diseases, the potential prevalence of osteoporosis 
is very high. 

3. DIAGNOSIS OF GLUCOCORTICOID OSTEOPOROSIS 

If the risk of this disorder is high and ifbone formation is decreased soon after starting 
systemic glucocorticoid therapy, can the diagnosis be made from the clinical situation? 
A case can certainly be made that all patients taking pharmacologic doses of glucocor
ticoids for extended time periods will have a significant loss of bone mineral. The diffi
culty is determining how much glucocorticoid for how long will lead to clinically 
important bone loss. 

3.1. Serum and Urine Markers of Bone Formation and Resorption 
There are no serum or urine tests that will make this diagnosis of glucocorticoid 

osteoporosis. However, it is likely that serum markers of bone formation, such as 
osteocalcin or bone alkaline phosphatase, will be decreased by glucocorticoid therapy. 
Early in the course of the disorder, markers of bone resorption will likely be increased in 
these patients. A recent study (13) suggests that later in the course of glucocorticoid 
osteoporosis, there is evidence of both decreased bone formation and resorption, but 
the changes were small. However, there are no studies to demonstrate that prospective 
use of bone markers is helpful to determine which patients with glucocorticoids require 
therapy for borne loss. Some authorities (6) advocate measuring serum levels of25-0H
D to determine if specific replacement is necessary. This step is supported by the recent 
study (14) demonstrating efficacy of calcitriol therapy for patients with glucocorticoid 
osteoporosis. However, measurements of circulating vitamin D metabolites in serum 
were not helpful in this study. 

3.1. Measurement of BMD 
The most widely accepted measure of bone mass is the BMD measurement by dual

energy X-ray densitometry. Patients with glucocorticoid-induced osteoporosis have 
decreased BMD in the spine and hip, and effective therapy will increase such measure
ments (14). The question not answered by prospective studies is whether all patients who 
will need steroids require a BMD measurement at baseline. A strong case (J 5) can be 
made that for patients at highest risk, assessment ofBMD is indicated: those patients who 
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are likely to be on glucocorticoids for more than a few weeks and those patients who are 
at risk for other types of osteoporosis, such as postmenopausal women. 

3.3. Measurement of Urinary Calcium Excretion 

Some authorities (6) suggest that measurement of the 24-h urinary calcium excretion 
will show which patients are most vitamin D deficient and who would benefit from 
vitamin D replenishment. In addition, a baseline urinary calcium will be helpful in assess
ing the response to therapy. Unfortunately, in practice, 24-h urine collections are difficult 
to obtain. A reasonable substitute is a 2-h timed urine specimen. Sambrook et al. (14) 
measured a 2-h urine specimen for calcium and creatinine after their patients fasted 
overnight. The average ratio (in mg/mg) was about 0.09 ± 0.07 before treatment. Treat
ment with calcium, calcitriol, and calcitonin had little effect on urinary calcium/creati
nine in the patients as a group. However, there may be patients who will need to have 
treatment adjusted (such as a decrease of oral calcium supplements or addition of 
hypocalciuric agents, such as hydrochlorothiazide) ifthe urinary calcium/ creatinine ratio 
increases to >0.16. It would be reasonable to measure this ratio after a few months of 
therapy and again after 1 yr of therapy. In addition, measurement of serum calcium is 
important in patients receiving vitamin D and/or thiazide diuretics, because these agents 
may raise the serum calcium and/or unmask underlying primary hyperpara~hyroidism. 

4. PREVENTION AND TREATMENT 

4.1. Adjustment of Glucocorticoid Therapy 

Prevention is almost always better than treatment, and alteration of glucocorticoid 
therapy to minimize systemic side effects is important in prevention. For example, shorter
acting glucocorticoids (prednisone rather than dexamethasone) should be used, so that 
there is not a constantly high level of glucocorticoids. If alternate-day therapy is possible, 
it should be used for the same reason. Topical or inhaled glucocorticoids should be used 
whenever possible to minimize systemic effects. 

4.2. Other Preventive Maneuvers 
Although the disorders for which patients receive glucocorticoids often compromise 

mobility, every opportunity should be used to maintain exercise and muscle mass. In 
addition, adequate calcium intake is necessary; at least 1 g of elemental calcium plus 
400-800 U of vitamin D should be ingested by the patient each day. Ifthe patient becomes 
hypercalciuric on this regimen (urinary calcium/creatinine> 0.16 mg/mg), then an agent 
such as a thiazide diuretic may be added. An alternative is amiloride. Low doses, such as 
25 mg of hydrochlorothiazide, are often effective. Diuretics that decrease the urinary 
excretion of calcium may also raise the serum calcium. Thus, it is necessary to assess this 
when therapy is changed. 

4.3. Other Medications 
Several recent studies have suggested that it is possible to prevent glucocorticoid 

osteoporosis with a variety of medications. As mentioned previously, Sambrook et al. 
(14) treated patients with calcium (1000 mg of elemental calcium/d) and calcitriol 
(0.5-1.0 f,lg/d) with or without calcitonin (salmon calcitonin 400 IU/d intranasally) 
starting with the onset of glucocorticoid treatment. As measured by lumbar spine BMD, 
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calcitriol was clearly better than calcium alone in preventing bone loss. There was 
some additional benefit of calcitonin as well, particularly in the second year of the 
study, during which the patients received no further treatment. The calcitonin used in 
this study was administered intranasally. A nasal spray preparation of calcitonin has 
recently been approved by the FDA and is now available in the US. Among patients 
taking calcium alone, hypercalcemia was rare, but about 25% of those patients also 
taking calcitriol or calcitriol plus calcitonin had hypercalcemia. Many of the patients 
had an increase in the urinary calcium/creatinine ratio during the first few months of 
treatment. By 12 mo, the ratio had decreased to normal. There were no urinary tract 
stones reported, nor was there a change in the serum creatinine. Nonetheless, this was 
a 2-yr study with therapy only in the first year. In patients with recent compression 
fracture of the spine, calcitonin has an analgesic effect (16) that is helpful in acute 
management. There are no long-term studies of the incidence of urolithiasis in patients 
taking calcium supplements and low-dose vitamin D for glucocorticoid osteoporosis, 
but in general, calcium supplements are safe (17). 

In a recent study (18) from Australia, the osteoclast-inhibiting bis-phosphonate 
etidronate was given to postmenopausal women about to commence glucocorticoid 
therapy. They also received ergocalciferol and calcium, and were compared with patients 
treated with calcium alone. The most exciting aspect of this study was that the combina
tion'therapy resulted in an actual increase in BMD in the lumbar spine and femoral neck. 
Another etidronate study (J 9) appears to corroborate the findings. The newer bis
phosphonate, pamidronate, has also been reported (20) to be effective in prevent.ing 
glucocorticoid osteoporosis. Other newer bis-phosphonates, such as alendronate and 
risedronate, that seem to be effective in postmenopausal osteoporosis (21,22) are also 
being tested for usefulness in glucocorticoid osteoporosis. It is hoped that they will also 
be efficacious without the potential side effects of etidronate (23). For the moment, bis
phosphonate therapy is instituted with etidronate 400 mg/d for 2 wk every 3 mo. It is 
important to note that all bis-phosphonates are poorly absorbed in the gastrointestinal 
tract. Thus, the drugs need to be taken on an empty stomach with water only. Other 
medications should not be administered at the same time. One possible mode of 
pamidronate administration is periodic iv infusion (30 mg every 3 mo; 24). This therapy 
is appealing for patients taking multiple oral medications. 

4.4. Androgens and Estrogens 
There is considerable debate about the use of estrogen replacement therapy in post

menopausal women. Although many authorities believe that the beneficial effects of 
estrogen replacement (decreased cardiac risk, decreased osteoporosis) outweigh the 
potential harm (small increased risk of breast cancer), only a small minority of women 
actually take estrogen after menopause. The postmenopausal patient with glucocorticoid 
osteoporosis is even more likely to benefit from hormone replacement therapy. In a recent 
study (25) of postmenopausal women, estrogen and etidronate had additive salutary 
effects on bone. Although this combination has not been studied in glucocorticoid os
teoporosis, it makes intuitive sense that such double therapy would be helpful for the 
postmenopausal woman taking glucocorticoids. There is one caveat, however. Estrogens 
may cause a worsening of certain connective tissue diseases treated with glucocorticoids, 
such as systemic lupus erythematosus. Thus, it may not be possible to treat such patients 
with estrogen replacement, despite their very high risk. 
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In young'men (26), hypogonadism is clearly associated with low BMD, and testoster
one replacement is effective in restoring bone mineral. Thus, a young man with gluco
corticoid-induced hypogonadism would be a good candidate for testosterone replacement. 
Measurement of serum testosterone is indicated for younger men who will be on gluco
corticoids for extended periods. The usual treatment of hypogonadism is testosterone 
esters in oil given as an im injection. Doses are 200--400 mg every 3-4 wk, although some 
men are treated every 2 wk. Newer modes of androgen replacement are becoming avail
able. For example, a daily testosterone patch can be applied to the scrotum (or another 
preparation to the torso) to result in closer to physiologic replacement. In older men, the 
connection between hypogonadism and decreased bone mineral mass is less clear (27,28). 
In addition, the use of testosterone replacement in older men has the potential side effect 
of stimulating growth of the prostate gland. Studies are in progress to determine if tes
tosterone is a safe and effective treatment for older men. Until the results are known, men 
with glucocorticoid-induced hypogonadism or with glucocorticoid osteoporosis and 
hypogonadism owing to another cause should at least be considered for testosterone 
replacement. Perhaps a case can be made for a less than replacement dose to increase the 
serum testosterone into the normal range. In any event, careful surveillance of the prostate 
gland will be necessary in men so treated. There is also evidence (29,30) that 
medroxyprogesterone is effective for men with glucocorticoid osteoporosis, although the 
'mechanism ofthis effect is unclear. 

In women, another source of sex steroids is the adrenal gland. Specifically, adrenal 
androgens are responsible for pubic and axillary hair growth in females. Women with 
Addison's disease (primary adrenal insufficiency) are sometimes treated with small 
doses of androgens for improvement in general well-being and for libido. Women receiv
ing glucocorticoid therapy are likely to lack adrenal androgens, and a case can be made 
for giving the women small doses of androgens. In one study (9) of postmenopausal 
osteoporosis (not owing to glucocorticoids), there was a strong relationship between the 
level of the adrenal androgen DHEA and the BMD. Thus, it will be necessary to study 
whether any androgen will help women with glucocorticoid osteoporosis, or whether 
DHEA or another specific steroid will be necessary for effective treatment. Although oral 
androgens are not used for testosterone replacement in men, oral nandrolone has been 
used safely as an anabolic steroid in frail elderly women (31). As newer methods of 
androgen administration are developed, such as skin patches, low doses may be available 
for certain women with glucocorticoid osteoporosis. 

ILLUSTRATIVE CASES 

Casel 
The patient is a 65-yr-old man with a 1 O-yr history of biopsy-proven temporal arteritis 

and polymyalgia rheumatica. He has been on prednisone for most of the time and expe
riences stiffness, soreness, difficulty in walking, and pain in his legs and hips whenever 
his dose of prednisone is decreased below 15 mg/d. He has had a rib fracture after minimal 
trauma. Even on prednisone, his sedimentation rate is 40 mmIh. His rheumatologist 
ordered a BMD of the spine and hip. In lumbar vertebrae 1-4, his total BMD was 
0.710 g/cm2, which is about 3.5 SD from the mean of normal young men and about 
2.7 SD from the mean of men his age. Similarly decreased BMD was found in his 
right hip. All of his measurements showed that he was at risk for fracture. His rheuma-
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tologist attempted to taper his prednisone dose by alternating 15 mg with 12.5 mg fol
lowed by 12.5 mg/d, and then 12.5 mg alternating with 10 mg/d. In addition, the patient 
was given calcium carbonate, 500 mg twice a day (approx 400 mg elemental calcium/d) 
and a multivitamin containing 400 IU of vitamin D. After 6 mo, the patient complained 
of lower back and chest pain. He was stiff, lacked energy, and felt depressed. His sedi
mentation rate was 28 mmIh. His prednisone was again increased to 15 mg/d, but later 
it was tapered slightly as sertraline was added for his depression. The patient was referred 
to the Metabolic Bone Disease Clinic. His testosterone level was found to be normal, and 
a 24-h urine collection for calcium was unsatisfactory. His calcium carbonate dose was 
increased, and he was started on etidronate 400 mg/d for 2 wk every 3 mo. He was 
instructed to take the last-mentioned on an empty stomach separately from his other 
medications. The patient seemed to feel better over the next several months, allowing 
gradual tapering of his prednisone (about 1 mg/mo) to 8 mg/d. Interestingly, his sedimen
tation rate fell to 10 mmIh. The patient returned for a BMD after two cycles of etidronate 
therapy. There was a 4% increase in the lumbar spine BMD measurement, but no signifi
cant change in the measurements of the hip. 

COMMENTS 

This patient had a demonstrable improvement in his lumbar spine BMD soon after 
starting cyclic therapy with etidronate, but actually his repeat BMD was done too soon. 
Although the precision of the dual-energy X-ray densitometers is excellent, waiting 
1 yr before remeasuring BMD is best for most patients-unless there is clear clinical 
indication that the therapy is not working and must be changed. The patient also points 
out the difficulties in collecting 24-h urine samples. He will have a fasting 2-h urinary 
calcium-to-creatinine ratio determined instead. Finally, it is important to remember 
that the dose of various calcium preparations must be adjusted for the content of el
emental calcium. 

Case 2 
A 44-yr-old woman with a long history of asthma was referred to the Metabolic Bone 

Disease Clinic because oflow BMD noted on dual-energy X-ray densitometry. She had 
this measurement because she had been dependent on oral glucocorticoids for over 3 yr. 
Despite taking inhaled steroids and many other anti-asthma medications, the patient had 
multiple visits to the Emergency Department and multiple hospital admissions for exac
erbations of her asthma. On prednisone she gained weight and became diabetic. After the 
low BMD was found, the patient was given I g of calcium carbonate three times a day 
(approx 1200 mg of elemental calcium/d) by her primary care physician. She was also 
given a multivitamin tablet containing 400 IU of vitamin D. 

In the Metabolic Bone Disease Clinic, the patient had no symptoms of compression 
fractures or any other problems that could be ascribed to her glucocorticoid osteoporosis. 
At this time, she was taking 10 mg of prednisone each day. Review of her BMD measure
ments showed that her total lumbar spine BMD was 2.3 SD below the mean for young 
women and almost 2 SD below the mean for women her age. This number was below the 
so-called fracture threshold. The readings from her right hip were not as severe, with the 
total hip number about 1 SO below that of average young women. However, the reading 
at Ward's triangle was over 3 SD lower than a young women's average level. The patient 
was Cushingoid in appearance, and the lungs were clear to auscultation. 
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It was decided to continue the calcium and vitamin D treatment, and attempt to taper 
the prednisone. Over the next few months, there were many attempts at tapering, each one 
followed by an exacerbation of the asthma leading to a visit to the Emergency Department 
and one more hospital admission. Despite many adjustments in her anti-asthma treat
ment, the possibility that the patient will have to remain on prednisone indefinitely seems 
more likely. She was scheduled to measure the urinary calcium-to-creatinine ratio and 
then begin therapy with hydrochlorothiazide, 25 mg/d. 

COMMENTS 

The patient has reasonably normal menstrual periods, but she is approaching the age 
of menopause. She has a sister with breast cancer, and the patient is concerned about 
taking estrogen after menopause. What are the possible treatments for this woman, who 
also takes antihypertensive medications and medication for supraventricular tachycar
dia, in addition to her medications for asthma? This is important because if she is to take 
bis-phosphonates, she must take them on an empty stomach without other medications. 
She should be considered for calcitonin treatment, although her allergic history might 
concern us. She has allergic rhinitis, so the new preparation of nasal calcitonin is also less 
appealing. Tamoxifen, the agent used in patients with breast cancer, has some appeal 
because it has estrogen-like qualities in bone (32), while havi.ng no stimulatory effect on 
mammary tissue. In the future, raloxifene, a related drug (33), may be even better, because 
it appears to help bone without stimulating either mammary or uterine tissue. In the 
meantime, this patient might be a candidate for some sort of intermittent therapy, perhaps 
the iv injection ofpamidronate, 30 mg, every 3 mo (24). One might also consider a small 
dose of androgen to make up for lack of adrenal androgens. Nandrolone is appealing 
because other androgens can be aromatized to estrogens, causing possible breast stimu
lation. Thus, this is a difficult patient for whom perfect therapy is not yet available. 
Aggressive treatment of her asthma is important to keep her mobile and active. She 
should have reassessment of BMD after a trial of conservative therapy with calcium, 
vitamin D, and hydrochlorothiazide before adding another drug. 

STRATEGIC OUTLINE FOR PREVENTION 
OR TREATMENT OF GLUCOCORTICOID OSTEOPOROSIS 

History 
1. Disorder requiring glucocorticoids 

a. Mode of administration 
b. Duration of administration 
c. Mobility of patient 

2. Other medical problems 
a. Fracture history 
b. Other risk factors for osteoporosis 
c. General health and prognosis 

Physical examination 
1. Evidence of osteoporosis 

a. Evidence of fracture 
b. Kyphosis, loss of height 
c. Muscle strength, size 
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2. General physical findings 
a. Assessment of underlying disorder 
b. Other medical conditions 

Laboratory 
1. Serum calcium (and other screening tests; e.g., protein electrophoresis) 
2. 2-h Fasting urinary calcium/creatinine measurement 
3. Consider serum estradiol or testosterone 
4. BMD of spine and hip 
5. X-rays of appropriate areas 

Plans-at start of glucocorticoid therapy 
1. Minimize glucocorticoid dose 
2. Use alternate-day therapy, topical steroids if possible 
3. Prescribe exercise, physical therapy 
4. Assure adequate calcium intake 
5. Add supplemental calcium, up to 1 g calcium/d 
6. Add multivitamin containing 400 IV vitamin D 

Reassessment at 2-3 mo 
1. Review glucocorticoid therapy; attempt to decrease or discontinue 
2. Assess exercise 
3. Assess calcium intake 
4. Measure serum calcium, 2-h fasting urinary calcium 
5. Add hydrochlorothiazide, if necessary 

Reassessment at 6 mo 
1. Review glucocorticoid therapy and minimize 
2. Assess exercise and calcium intake 
3. Repeat serum and urinary calcium measurements 
4. Alter calcium/vitamin D/thiazide therapy, ifnecessary 
5. Ifpatient is to continue glucocorticoids, consider 

a. Cyclic etidronate, 400 mg/d for 2 wkl 3 mo 
b. Nasal calcitonin, 400 U/d 

6. Consider repeat BMD 

Reassessment at 1 yr 
1. Review glucocorticoid therapy and minimize 
2. Review exercise and calcium intake 
3. Repeat serum and urinary calcium/creatinine 
4. Measure BMD in spine and hip 
5. Alter calcium/vitamin D/thiazide therapy, if necessary 
6. Alter further therapy ifbone loss continues 

Reassessment thereafter if glucocorticoids continue 
1. Repeat annual assessment as above 
2. Change therapy as needed 
3. Consider newer drugs as they become available 
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CASE STUDY 

A 63-yr-old man experienced acute, severe back pain while digging in the garden. He 
was seen in the Emergency Department, and found to have a new anterior compression 
fracture of T -11. Although his back pain had been somewhat relieved by analgesics, he 
was still, 3 wk later, in some pain and unable to be active. He had suffered a fracture of 
his humerus 2 yr before during a fall on an icy sidewalk. 

His past history was notable for a 40 pack-year history of tobacco abuse, and the 
routine consumption of 2 alcoholic drinks/d. He had little dietary calcium intake and 
worked at a sedentary job with few physical activities. An examination showed a slightly 
overweight man in some distress because of back pain. There was mild lower thoracic 
tenderness, but no gibbous deformity or frank kyphosis. Secondary sexual characteristics 
were normal, but the testes were somewhat small with a soft consistency. 

The patient's major concerns were "This is supposed to happen in old women-why 
am I having these fractures?" "What can I do to prevent any more in the future?" 

Despite the tremendous personal and public health impact of osteoporosis in men, its 
therapy is virtually unexplored. There have been no randomized trials offracture preven
tion in men. Although a limited numbers of observational trials are available (primarily 
of the effects of dietary calcium intake), there is large variability in the reported results. 
As a result, the degree to which fracture risk can be reduced in men by any therapy cannot 
be confidently assessed. Similarly, the incidence of adverse effects resulting from thera-
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Fig. 1. Schema of an approach to the therapy of osteoporosis in men. 

pies in men has not been reported. Finally, there have been no adequate assessments of 
either the functional benefit to patients, or of the economic benefit to be expected, by any 
therapy of osteoporosis in men. In general, therefore, it is very difficult to assess the 
likelihood of success of any therapeutic approach in male subjects. Expectedly, there 
are no approved pharmacological therapies for osteoporosis in men in the US. For all 
these reasons, the strength of recommendations developed for the therapeutic approach 
to osteoporosis prevention and therapy in men must be considered weak. Any recommen
dations are based on very limited data in men and extrapolations from a much more 
comprehensive experience in women. 

As in women, the most important proximate causes of osteoporotic fracture in men are 
trauma (most commonly falls) and a reduction in skeletal mechanical strength (1). The 
prevention of falls and the optimization of skeletal health both must be considered essen
tial in the clinical management of patients. The general approach to the therapy of os
teoporosis in men is described below and summarized in Fig. 1. 

1. PREVENTION OF FALLS 

In addition to bone mass, the risk offalling has been identified as a major determinant 
of fracture in women. In men, there are few prospective data that directly relate fall 
propensity to subsequent fractures, but a variety of factors indirectly related to risk of 
falling are associated with fracture. For instance, Nguyen et al. found that men who had 
experienced a nontraumatic fracture exhibit more body sway and lower grip strength (as 
well as lower bone density) than nonfracture controls (1). Similarly, in a study of men 
with hip fractures (2), a number of factors associated with falls were found to be more 
prevalent than in controls. These included neurological disease, confusion, "ambulatory 
problems," and alcohol use. As in women, the use of several classes of psychotropic drugs 
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is associated with hip fracture risk in men (3,4). Finally, men with hip fracture are oflower 
weight, have lower fat and lean body mass, and more commonly live alone than control 
subjects (5). These differences suggest a body habitus and lifestyle more conducive to 
falls and injury, as well as the possibility of other interacting risk factors (nutritional 
deficiencies, comorbidities). 

In all patients with an increased risk of falls and fracture, an assessment of contributing 
factors is important. Several studies have documented the success of nutritional and 
exercise interventions in increasing strength and mobility in the elderly of both sexes 
(6,7), and optimizing physical capacity should be an important goal. An active approach 
to physical conditioning is described in Chapter 16. 

2. PREVENTION AND THERAPY OF BONE LOSS 

2.1. Categories o/Osteopenia in Men 

There are several broad categories of osteoporotic disorders in men that reflect basic 
pathophysiologic processes. It is useful to consider them independently to establish 
clearly the rational for specific preventative and therapeutic approaches. In many indi
vidual patients, the causation of osteoporosis will be multifactorial, and when designing 
therapy simultaneous consideration must be given to the contributions of each etiologic 
component. 

2.1.1. AGE-RELATED OSTEOPOROSIS 

Bone loss that occurs with aging is an important feature of osteoporosis in men. In 
some, age-related bone loss may alone suffice to cause nontraumatic fractures, but even 
when other causes of bone loss are present (i.e., hypogonadism, alcoholism), the loss of 
bone that universally accompanies aging unquestionably contributes to the propensity for 
fractures. 

Aging in normal men is associated with detectable appendicular and substantial axial 
bone loss. The cause of this loss in unknown, but has been speculated to be related to a 
number of factors. Histomorphometric techniques demonstrate a reduction in bone for
mation (mean wall thickness) in both sexes (8-13) that probably contributes to the decline. 
An additional age-related increase in bone resorption in men is not apparent using these 
methods (9,12), but may be subtly present as well. The mechanisms responsible for 
these changes in cellular activity are undoubtedly complex and are currently too unclear 
to use to base therapeutic decisions on. In addition to these putative influences, several 
other processes probably contribute to the pathophysiology of bone loss with aging and 
deserve consideration when recommending therapy. These include nutritional calcium 
deficiency, inactivity. and loss of gonadal function. 

2.1.2. IDIOPATHIC OSTEOPENIA 

Osteoporosis in men has been termed idiopathic ifno known cause of bone disease can 
be identified on clinical and laboratory grounds. Although at least one identifiable cause 
of bone loss is found in the majority of men with osteoporosis, many patients have bone 
disease of unknown etiology (J 4-17). The age of men with idiopathic osteoporosis varies 
widely with an average in midlife. This age range overlaps that of "senile" osteoporosis, 
and differentiation of idiopathic and senile osteoporosis is somewhat arbitrary. Riggs and 
Melton (18) defined senile (or Type II) osteoporosis as occurring in either sex after the 
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age of 70, but this definition obviously does not exclude the potential for pathophysi
ological overlap between older and younger patients. 

The character of idiopathic osteoporosis in men is relatively 'indistinct. After major 
secondary contributors to bone loss have been eliminated, more detailed biochemical and 
histomorphometric analyses of men with idiopathic disease fail to reveal consistent 
features (16,17,19-21). Osteoblastic dysfunction may contribute to osteoporosis in men 
(20-22), but does not seem to be a consistent finding (15, 19). Nordin et al. have suggested 
that accelerated resorption may also be a primary mediator (23), but others have not found 
evidence of such (17). Undoubtedly, the cause of osteopenia in these patients is hetero
geneous. Currently, the therapies available for these patients must be considered generic. 

2.1.3. SECONDARY OSTEOPENIAS 

Metabolic bone disease in men has been traditionally considered to be more commonly 
related to "secondary" causes (14,16,18,20,24), and many men with osteoporosis will 
have medical conditions, drugs, or lifestyles that contribute to the etiology of bone loss. 
Often these exist in concert with aging. The nature of the bone loss in each of these 
conditions is distinct and often complex. Each should be carefully considered and, if 
present, approached with specific therapeutic choices based on its pathophysiology. 

3. PREVENTION OF AGE-RELATED BONE LOSS IN MEN 

Although previously considered clinically insignificant, it is now clear that the rate of 
age-related bone loss in men is important (25), and fractures in older men are an important 
public health issue. Nevertheless, there is very little information available concerning 
the prevention and treatment of the problem. It is unclear when bone loss begins in the 
course of aging in men. Some have suggested that a fall in bone mass is detectable only 
after the age of 50 yr (26-29), whereas others indicate a fairly linear decrease in cortical 
and trabecular bone mass during adulthood (26-28,30-34). In any man in whom os
teoporosis has developed or is considered a clinically important possibility, efforts should 
be made to prevent this component of bone loss. Reasonable guidelines can be developed 
on the basis of current pathophysiologic models and from experience in women, but these 
approaches lack validation. Efforts to prevent age-related bone loss are the foundation on 
which a successful treatment plan is based, and should always be a part of the prevention 
and therapy of osteoporosis, regardless of the other etiologies of bone disease that may 
be present in addition. 

3.1. Exercise 

Mechanical force exerts major effects on bone mass, and is probably one ofthe fun
damental variables responsible for the sexual dimorphism in bone mass and structure. In 
cross-sectional studies, bone mass is greater in physically active men (35-41), an effect 
that can be deIponstrated at both the regional (i.e., the particular anatomic region affected) 
and systemic levels. Activity and muscle strength and lean body mass in men also cor
relate with bone density both regionally and systemically (35,36,42,43). Furthermore, 
muscle strength is related to bone bending stiffness in men, an index of strength indepen
dent of mass, suggesting that mechanical force has effects not only on bone mass, but also 
on quality (44). The character of senile bone loss closely mimics that of chronic disuse 
(45), but this tentative conclusion requires confirmation in longitudinal studies. 
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Longitudinal studies tend to corroborate the effect of mechanical force on skeletal 
character in men (46), but are very few in number. Importantly, exercise has been strongly 
related to a reduction in hip fracture rates in men (47,48), an effect that may also relate 
to a reduced risk off ails. Unfortunately, the fairly consistent finding of positive correla
tions between exercise history and/or strength and bone mass in cross-sectional studies 
has not been confirmed in longitudinal investigations. 

In sum, the available data strongly suggest a powerful effect of weight and mechanical 
force on the male skeleton. In view of the clear decline in physical activity and muscle 
strength with aging (49,50), senile bone loss in men may, in part, relate to a diminution 
of the trophic effects of mechanical force on skeletal tissues. 

There have been few controlled, longitudinal, or comparison trials of exercise in men. 
Nevertheless, activity is probably beneficial in several ways. Reductions in strength and 
coordination contribute to fracture via an increased risk of falling (51). In addition, 
inactivity is associated with bone loss, and exercise may increase or maintain bone mass. 
Specific exercise prescriptions to accomplish these goals have not been confirmed in men 
or women, although it is clear that strength can be dramatically increased and risk of falls 
reduced in the elderly with achievable levels of exercise (51). That fracture rates have 
been reported to be lower in elderly men who exercise modestly buttresses this contention 
(48), but those findings have been difficult to verify. In one large longitudinal study by 
Greendale et aI., activity was associated with a higher bone mineral density (BMD)' in 
older men, but no reduction in fracture rates (52). 

In view of the lack of adequate data, a specific exercise prescription is difficult to 
generate with currently available information. At present, general guidelines include the 
use of weight-bearing exercise to the extent it can be safely undertaken, and the avoidance 
of situations that might materially increase the risk of trauma and fracture (53). Condi
tioning and muscle strengthening probably have benefits (fall protection) beyond those 
associated with bone mass. 

3.2. Calcium and Vitamin D Nutrition 
Riggs and Melton (18) have suggested that senile (Type II) osteoporosis in men and 

women is owing, at least in part, to alterations in calcium economy. Aging in men has 
been associated with biochemical changes that suggest physiological stress on bone and 
mineral metabolism. Calcium absorption declines with aging in men as in women, par
ticularly after the age of 60. Also, there is evidence of increased parathyroid hormone 
(PTH) levels (54,55), reduced 25-hydroxyvitamin D (25-0H-D) levels (56), and (in some 
studies) subnormal 1,25-dihydroxyvitamin D (l,25-[OHh-D) levels (57-60). In the 
Baltimore Longitudinal Study of Aging (61), lower radial bone density in men was 
related to higher PTH levels and lower 25-0H-D concentrations. In sum, these data 
suggest both that optimal levels of calcium intake may change with age and that inad
equate calcium nutrition can have an adverse effect on skeletal mass. 

Several reports have linked dietary calcium intake to levels of bone density in men, but 
the evidence is not yet conclusive (62,63). Most results suggest that calcium intake may 
play a role in the determinationofaxial,butnot(orto alesserext ent) of appendicular bone 
mass (26,64,65). However, in the only published controlled trial of calcium supplemen
tation in adult men, no beneficial effects were found on the rate of bone mineral loss from . 
either spinal or radial sites (27), despite the fact that urine calcium excretion increased 
and PTH levels were suppressed. Osteocalcin levels were not altered. The results of this 
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trial are somewhat muted by the relatively large dietary calcium intake of the subjects 
before supplementation began (>1100 mg/d), and supplementation in a less calcium
replete population may prove to be more effective. There have been no studies of the 
relationship between calcium intake and skeletal structure (e.g., cortical thickness, tra
becular architecture. remodeling rates, material properties). 

A variety of studies have examined the relationship between dietary calcium intake 
and hip fracture in men, with inconsistent results. Significant associations between cal
cium intake and fracture rates have been reported in small case-controlled trials (66,67). 
Similarly, in several longitudinal observational trials (including the NHANES I followup 
study [35 j, the Rancho Bernardo study [68j, and a study of eight communities in Britain 
[47j), hip fracture risk in men was strongly suggested to be related to dietary calcium 
intake, although the relationships did not reach statistical significance. However. two 
other very large studies (1.48) found no relationship between calcium intake and hip 
fracture risk in men. Looker et al. (35) have pointed out the pitfalls inherent in these trials, 
including low power, difficulties in estimating calcium intake and the effects of con
founding variables, and so forth, and they apply to studies involving both sexes. In 
general, these evaluations of the relationship between calcium nutrition and hip fracture 
in men suggest a beneficial effect, but remain inconclusive. Moreover, there have been 
no attempts to examine the effects of calcium intake on other fractures, in particular, 
vertebral fractures. Although incomplete, the data are probably consistent with a limited 
role for dietary calcium insufficiency in the determination of the rate of bone loss and 
fractures in men. 

The amount necessary to maintain calcium balance in men is unclear. Calcium balance 
studies are available in young men and have beenrecently reviewed by Nordin (69). From 
these limited data, it would appear that calcium balance is maintained in the average 
individual at an intake of about 500 mg. However, the range of intakes required for the 
maintenance of calcium balance is wide, and an intake of900 mg! d was required to ensure 
balance in 90% of subjects studied. This individual variability may be amplified by 
the influence of other dietary constituents that strongly influence calcium economy 
(e.g., protein, fiber, and so on) (70-72). Although US men achieve a mean dietary 
calcium intake considerably greater than that of women (-800 vs -500 mg/d in the 1978 
NHANES survey), these data still indicate that about one-half of men ingest less than the 
recommended daily allowance (800 mg), and many ingest much less. The bioavailability 
of calcium supplements does not appear to be different in men and women (73). 

The level of calcium intake, however, that should be recommended is unclear. Only 
one prospective study has addressed this issue, and no benefit from calcium supplements 
was observed in an already well-nourished population (dietary calcium intake >800 mg/d) 
(27). Based on suggestive, but not definitive data, a recent NIH Consensus Development 
Conference recommended a calcium intake of 1000 mg/d in young men and 1500 mg/d 
in those over 65 yr. A concern regarding dietary calcium supplementation has been the 
possible precipitation of calcium stone disease in susceptible individuals. Recent data, 
though, suggest dietary calcium intake is actually negatively correlated with the risk of 
nephrolithiasis in men (74), potentially by increasing gastrointestinal oxalate binding. 

Optimal vitamin D intake in men is also a matter of some debate. Whereas the relation
ship between vitamin D intake and bone health is extensively studied in women, there are 
few data on men. On the basis of data extrapolated from studies in women, it would seem 
appropriate to use vitamin D supplements in a patient with osteoporosis, or in whom 
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osteoporosis prevention is an important issue, ifnecessary to maintain adequate 2S-0H-D 
levels (>30 ng/mL). Even in normal men 2S-0H-D levels may be <20 ng/mL (75), but 
small vitamin D supplements (1000 IUld) were sufficient to ensure adequate 2S-0H-D 
availability (75). In men with impaired baseline vitamin D nutrition (poor nutrition, 
inadequate sun exposure), impaired absorption, or increased metabolism, higher amounts 
of supplementation (2S,000-SO,OOO/wk or more) are frequently required to maintain 
adequate levels. In all these situations, serum 2S-0H-D levels should be useful as an 
index of adequate (and not excessive) supplemental doses. 

4. PHARMACOLOGICAL APPROACHES TO THE THERAPY 
OF AGE-RELATED AND IDIOPATHIC OSTEOPOROSIS 

In men with moderate-severe osteopenia, those who are at high risk for bone loss 
because of coexisting and unremediable conditions, or those who have been demon
strated to have sustained bone loss, measures designed merely to prevent further age
related bone loss may be insufficient. In these situations, additional pharmacological 
therapies should be considered. 

4.1. Calcitonin 
There has been one trial of calcitonin therapy in a small group of men with idiopathic 

osteoporosis (76) in which total body calcium tended to increase during a 24-mo treat
ment interval (l00 IV calcitoninld with a calcium and vitamin D supplement). However, 
the change was not significantly differentthan that observed in the control groups (receiv
ing calcium plus vitamin D supplements, or vitamin D alone), and there were no changes 
in radial bone mass. Men have been included in several other trials of calcitonin therapy, 
but the effects in men are not separable from those in the women subjects (77,78). 

Although there are few data in men, theoretically, calcitonin should be effective in 
reducing osteoclastic activity in men and, hence, reducing the risk of continuing bone 
loss. This may be particularly true if there is evidence of increased bone resorption (via 
histomorphometric analysis of bone or increases in biochemical indices of resorption). 
Doses and treatment schedules have not been developed in men, but an initial approach 
using 100 IV sc every other day, or 200 IV intranasally, may be reasonable. Dose adjust
ments should be based on longitudinal studies of biochemical markers of bone remod
eling and bone mass. The appropriate duration of treatment should be individualized, 
taking into account the response to therapy and the ongoing medical condition. For 
instance, a patient whose general medical condition improves in parallel with calcitonin 
therapy, allowing the discontinuation of medications with adverse skeletal effects and an 
increase in activity levels, thus may be at less risk of bone resorption and continued bone 
loss, setting the stage for discontinuation of calcitonin. 

4.2. Bisphosphonates 

There have been no trials of any bisphosphonates performed exclusively in men. Male 
patients with osteoporosis have been included in mixed patient populations, and have 
seemed to experience beneficial effects on calcium balance and lumbar spine bone den
sity during treatment with pamidronate (79). Similarly, men have been included (in fact, 
the majority of subjects were male) in a trial ofthe effects ofpamidronate on glucocor
ticoid-induced bone loss, in which therapy had a beneficial effect on metacarpal cortical 
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area and vertebral bone density (80). Although specific data are lacking, there is no 
theoretical reason bisphosphonates would not be effective in reducing osteoclastic work 
in men as in women (81). Recently, potent forms ofbisphosphonates have been devel
oped (e.g., alendronate, residronate). No treatment information is currently available in 
men using these newer compounds, but an initial dose of 1 0 mg/d of alendronate may be 
appropriate, given the data developed in women. 

4.3. Thiazide Diuretics 

There is evidence to support a beneficial effect of thiazide administration on BMD 
(82), rates of bone mineral loss (83), and hip fracture risk (84) in men. These effects were 
quite robust. For instance, the use of thiazides reduced calcaneal BMD loss rates by 49% 
compared to controls (83), and the relative risk of hip fracture was halved by an exposure 
to thiazides for more than 6 yr (84). Other diuretics did not seem to impart the same 
positive effects. The source of the benefit is unclear. Although it has been postulated to 
stem from the hypocalciuric effects ofthiazides (85), there are also data to suggest a direct 
effect of thiazides on bone cells (86). In patients requiring diuretic therapy for other 
indications, thiazides should be used preferentially if there is concern for bone loss. 

4.4. PTH 

PTH administration to osteoporotic subjects has been shown to increase trabecular 
bone formation and bone volume in concert with an increase in calcium balance (87-89). 
Slovik et al. reported that in a small group of men with idiopathic osteoporosis, combined 
PTH and 1,25-0H2D administration increased trabecular (spinal) bone mass and 
improved intestinal calcium absorption (88). Although the role ofPTH administration in 
the treatment of osteoporosis, either alone or in concert with other agents (89), remains 
unclear, the potential appears similar in men and women. 

4.5. Growth Hormone 
Growth hormone may have anabolic actions on the skeleton in the elderly (90,91) and 

in subjects with osteoporosis, but the available data are inconclusive (34). Low levels of 
IGF-I have been reported to be present in men with idiopathic osteoporosis (92), and in 
a study of healthy men over 60 yrofage with low IGF-I levels, Rudman et al. (93) found 
that in addition to positive effects on lean mass, fat mass, and skin thickness, vertebral 
BMD was increased slightly (1.6%) by the administration of growth hormone for 6 mo. 
Radial and proximal femoral density was unaffected. In either sex, growth hormone 
therapy may thus be of potential, but as of yet unproven, usefulness (94). 

4.6. Fluoride 

The use of fluoride in the therapy of osteoporosis remains controversial. Although 
consistent and sometimes dramatic increases in BMD can be achieved with supplemental 
fluoride, the biomechanical competence of fluoride-treated bone is uncertain (95). In one 
large, controlled trial of fluoride therapy for postmenopausal osteoporosis, BMD was 
increased, but fracture rate was not reduced, and the incidence of skeletal (stress frac
tures) and nonskeletal (primarily OI) adverse effects was high (96). Epidemiological 
studies of the effects of water-borne fluoride suggest that an increased exposure to fluo
ride may actually increase fracture risk (97). Nevertheless, there remains an active inter
est in refining the form of administration and dose of fluoride in the hope of taking better 
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advantage of its anabolic properties. In fact, recent evaluations of a cyclically adminis
tered slow-release form of fluoride demonstrated an increase in BMD and a reduction in 
fracture rates in older women (98,99). As with many of the other therapies discussed, 
there have been no specific trials of fluoride administration in men. In some studies, 
osteoporotic men have been included in the treatment groups (J 00-1 09). but it is difficult 
to ascertain whether responses were in any way sex-specific. 

5. THERAPEUTIC APPROACHES 
TO SECONDARY CAUSES OF OSTEOPOROSIS 

5.1. Hypogonadism 

5.1.1. AGE-RELATED CHANGES IN GONADAL FUNCTION 

Aging in men is associated with changes in the hypothalamic-pituitary-gonadal axis 
that result in notable declines in total and free testosterone levels (J 10.111). These changes 
have given rise to considerable speculation regarding whether several of the concomi
tants of aging are the result, at least in part, of the decline in testosterone levels. For 
instance, the well-documented declines in muscle strength and bone mass with aging 
have been suggested to be potential sequelae (J 12). Indeed, there are several lines of 
evigence firmly linking androgen action to skeletal mass in men (J 13). and there have 
been several attempts to link bone mass to testosterone levels. Kelly et al. (63) found that 
free testosterone levels correlated with ultradistal bone density (but not with a variety of 
other densitometric measurement sites) in a group of men aged 21-79 even after the 
effects of age were considered. Similarly, in a study of randomly selected older men in 
England, androgen levels were found to correlate (although weakly) with proximal femo
ral BMO (114). However, these findings have not been corroborated by other investiga
tors (115-117). In an attempt to test the hypothesis that relative androgen deficiency has 
a skeletal impact in older men, Tenover et al. reported in a small study (13 men) that 
parenteral testosterone supplementation reduced urinary hydroxyproline excretion (J 18). 
Clarke et al. have suggested that changes in testosterone are not as important as the 
skeletal effects of age-related declines in adrenal androgens (119). The study of this and 
similar issues is made particularly difficult by the inability to assess adequately the long
term, integrated level of sex steroid action on bone with cross-sectional or relatively 
short-term study designs. Obviously, the issue of the importance of gonadal insufficiency 
in the genesis of senile bone loss in men remains unresolved. Currently, the use of 
androgenic compounds in men without frank hypogonadism-for instance, the older 
man with low normal testosterone levels--remains highly speculative. Not only are there 
no studies supporting a beneficial effect in these patients (e.g., on bone mass or fracture 
rates), but there should be serious concern regarding potential toxicity. Parenteral test
osterone administration is associated with reductions in HOL cholesterol levels (J 20), 
and orally administered androgens have dramatically adverse effects on lipid concentra
tions (121). In case reports, testosterone replacement therapy has been associated with 
prostatic disease (J 22), an issue that needs more clarification. 

5.1.2. ESTABLISHED HYPOGONADISM 

The effectiveness of androgen replacement therapy in hypogonadal men is unclear. 
One experience with a small number of hypo gonadal adolescents suggested an improve
ment in bone mass that was lacking in untreated subjects (123). There have also been 
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several reports of small increases in BMD with androgen replacement in hypogonadal 
adult men (124-127). The reversal ofhyperprolactinemia and the subsequent achieve
ment of eugonadism in men with pituitary adenomas also lead to an improvement in 
vertebral bone mass (128). However, the effect of variables, such as time since onset of 
gonadal disease and age, on the likelihood of a positive response is not well defined. In 
general, the response of BMD to androgen replacement has been modest. The his to
morphometric response to androgen replacement is unknown, but a single case report 
suggested that an impairment in bone formation was improved (129). All these reports 
suggest that at least in the short term, androgen replacement therapy may have beneficial 
effects on bone mass. However, it is not certain that all men respond, or whether other 
factors (e.g., age, duration of hypogonadism) influence the success of treatment. 

The role of estrogen action in the male skeleton is controversial, but replacement 
studies in castrated animals (130), as well as binding studies in human osteoblastic cell 
lines (131), indicate that testosterone and dihydrotestosterone are equally active in bone. 
Nevertheless, essentially all evaluations of the effectiveness of androgen replacement 
therapy in hypo gonadal men have examined the use of parenteral testosterone 
(123,124,126,127,129) or the response to the restoration of endogenous testicular func
tion after treatment of reversible causes of hypogonadism (hyperprolactinemia) (128) . 
. However, the most appropriate route of androgen administration and the specific andro
gen to be used have also not been examined. For instance, transdermal testosterone 
therapy is now available for treatment of hypogonadism (128,132-134) and the use of 
trans dermal dihydrotestosterone has been explored (135), but neither have been exam
ined in the treatment or prevention of bone loss. The minimal effective dose of androgen 
is also unknown. Moreover, all studies that suggest a beneficial effect of androgen therapy 
are of short duration (1-5 yr), and whether there is a sustained increase in bone mass with 
therapy or whether bone mass ever reaches eugonadallevels is uncertain. In patients with 
Klinefelter's syndrome (in which the basic disease process is not known to affect bone 
directly), there is evidence that bone mass does not recover after therapy is begun (J 36) 
or is capable of recovery (or osteopenia is prevented) only if therapy is begun early after 
the onset of puberty (137). Of great importance, the potential risks of androgen replace
ment therapy, particularly in the elderly, are uncertain in relation to the possible skeletal 
benefits to be gained (J 12). Nevertheless, the concern of bone loss and fractures should 
represent one of the indications for androgen therapy of gonadal failure. 

There is essentially no experience with other pharmacological approaches in the 
therapy of hypo gonadal bone disease in men. The character of hypo gonadal bone loss in 
men suggests it is similar to that in women (an early phase of resorption followed by lower 
turnover), so approaches that have been effective in the postmenopausal period (bis
phosphonates, calcitonin) may be useful in men as well. In a study of the early 
hypo gonadal period in men, Stepan and Lachman (138) found that calcitonin therapy 
reduced biochemical evidence of increased resorption, but measures of bone mass were 
not assessed. 

5.2. Glucocorticoid Excess 
The current clinical management of glucocorticoid-induced osteoporosis is based on 

limited data, not only with regard to the efficacy of preventative and therapeutic regi
mens, but also in terms of our limited understanding of the pathophysiology of the 
disease. Various therapies--including calcium, vitamin D, calcitonin, bisphosphonates, 
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sex steroids, and fluoride, have been examined, but usually in open studies of limited 
subjects measuring effects on bone mass, rather than large-scale investigations evaluat
ing fracture risk. 

Certainly, management of patients receiving long-term glucocorticoid therapy should 
include minimally effective doses, at all times; discontinuation of the drug, when practical; 
and topical administration, if possible. Although alternate-day glucocorticoid dosing pre
serves normal function of the hypothalamic-pituitary-adrenal axis, there is little evidence 
that such a regimen offers any advantage in terms of preventing bone loss (139,140). 

Calcium supplements diminish indices of bone resorption (141), and thiazide diuretics 
combined with reduced dietary sodium intake improve gastrointestinal absorption of 
calcium and attenuate urinary calcium losses (142,143). Pharmacologic doses of vitamin 
D have been widely used to treat glucocorticoid-induced osteoporosis in the past. Such 
therapy is not justified on the basis of vitamin D deficiency (144) and has not consistently 
shown therapeutic benefit (145-150). However, in some studies that included male 
patients, vitamin D therapy appeared beneficial. For instance, Sambrook et al. (150) 
demonstrated a preservation of lumbar spine (but not femoral or radial) BMD with 
calcium and calcitriol therapy. In this study, the addition of nasal calcitonin to calcium 
and calcitriol therapy had no additional benefit. Vitamin D toxicity can accompany 
therapy with pharmacological doses of vitamin D (145,147,148,150.151) and limits the 
vitamin D dose utilized. Supplementation with lower doses (80~1 000 IV/d) is certainly 
safe. Because long-term glucocorticoid therapy reduces serum testosterone levels and 
administration of testosterone to hypo gonadal men has been shown to improve bone 
mass, such therapy may be helpful, but has not been adequately evaluated. Sodium fluo
ride stimulates replication and function of osteoblasts and, as such, might be particularly 
useful in overcoming the primary inhibitory effects of glucocorticoids on the osteoblast. 
Several open and uncontrolled studies have revealed variable responses to treatment. One 
study of only 6 mo duration found no effect on the rate of glucocorticoid-induced bone 
loss (149), whereas another study examining long-term fluoride therapy demonstrated 
marked histologic improvement in indices of bone formation and trabecular mass (152). 
Agents that inhibit bone resorption, such as calcitonin and bis-phosphonates, have also 
been shown to be of therapeutic benefit (80, 150, 153-156). However, the efficacy ofthese 
agents appears to be greatest when administered in a preventative fashion from the time 
of initial exposure to glucocorticoids (150,153). 

5.3. Alcoholism 
Osteoporosis should be suspected in every chronic alcohol abuser, and patients with 

"idiopathic" osteoporosis should be routinely and thoroughly questioned about drinking 
habits. Once the diagnosis of alcohol-induced bone disease has been established, a num
ber of measures are recommended. Aggressive medical and psychiatric treatment should 
be pursued in the hopes of interrupting the cycle of chronic alcohol ingestion and thereby 
diminish the risk of further skeletal deterioration. A careful dietary history should be 
followed by an adequate well-balanced diet rich in calcium-containing products. 
Evidence that calcium supplementation will improve the bone disease of alcoholics 
has not been reported, but it is reasonable to minimize other potential risk factors for 
bone loss if possible. Adequate vitamin D nutrition and physical exercise should be 
encouraged. Tobacco use and excessive consumption of phosphate-binding antacids 
should be discouraged. 
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Presumably, the cessation of alcohol intake will stop further progression of bone loss, 
but data are scant. Studies on alcohol abstainers have demonstrated a rapid recovery of 
osteoblast function (as assessed histomorphometrically and by biochemical parameters 
of bone remodeling) within as little as 2 wk after cessation of drinking, but no significant 
differences in bone mineral content (BMC) were observed between abstainers and actively 
drinking men (J 38,157-160). The relatively short period of abstinence, however, makes 
these results inconclusive. Recently, Peris and colleagues reported slight gains in both 
trabecular (2.9%) and cortical (2.8%) bone mass in alcoholics after 2 yr of abstinence 
(J 61). No significant changes in hormonal parameters were observed in the study partici
pants, lending further support to the hypothesis that alcohol directly inhibits bone forma
tion by the osteoblast. 

Thus, the challenge in alcohol-induced bone disease is to stimulate bone formation. 
Most of the drugs currently used to treat other forms of osteoporosis work primarily by 
inhibiting osteoclastic bone resorption. Such agents as fluoride, PTH, or growth hormone 
may stimulate bone formation, but such regimens remain investigational and no thera
peutic trials in alcoholic men have been reported. The toxic effects of alcohol and fluoride 
on the gastrointestinal tract may likely preclude its use in the individual who continues 
to drink. 

5.4. Tobacco 

The ideal approach to osteoporosis associated with tobacco use is smoking cessation. 
Whether cessation leads to reduced rates of bone loss or to a gain in bone mass is unknown. 
In the studies by Slemenda et al. (64), there was apparently a protective effect of heavy 
physical activity on the bone loss induced by smoking. Other interventions (nutritional 
supplements, antiresorptive drugs) might potentially reduce the incidence of low bone 
mass in men who did not abstain, although these possibilities are untested. 

5.5. Gastrointestinal Disorders 

The therapeutic approach to low bone mass in men (as in women) with gastrectomy 
or small bowel disease should be based on an understanding of gastrointestinal function 
and mineral metabolism. Vitamin 0 insufficiency should be treated with replacement 
doses sufficient to restore adequate serum 25-0H-D levels. In some patients with severe 
malabsorption, this may require large doses of vitamin 0, parenteral vitamin 0 admin
istration, or stimulation of endogenous dermal vitamin 0 synthesis with UV irradiation 
(J 62). Dietary calcium intake should be supplemented when necessary, but the amounts 
needed to achieve adequate calcium balance vary greatly. PTH levels and rates of urinary 
calcium excretion may help to gage the severity of dietary calcium deficiency and the 
adequacy of replacement doses. With this therapy for classic hypovitaminosis 0, 
improvement in bone mass should be expected, but the bone deficit existing before 
therapy is, to a large extent, not fully reversible (J 63). In patients with low bone mass who 
show either histomorphometric evidence of a mineralization defect or low-turnover os
teoporosis in the absence of vitamin 0 insufficiency, there is no therapy yet shown to be 
effective in restoring bone mass. Many patients with low bone mass and mineralization 
defects with normal vitamin 0 levels fail to improve with calcium/vitamin 0 replacement 
therapy (J 64). 
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5.6. Hypercaiciuria 

Attempts to treat low bone mass associated with idiopathic hyperca1ciuria are not yet 
reported. Since the most likely cause of defects in bone remodeling result from the 
mineral abnormalities induced by the renal calcium disturbance, it seems prudent to 
prevent hypercalciuria. In those with either renal or absorptive hypercalciuria, thiazide 
diuretics would be appropriate (and their use is associated with positive effects on bone 
density in other settings). 
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1. INTRODUCTION 

Renal metabolic bone disease is a heterogenous group of bone disorders, some delin
eated as distinct entities, each of which has distinct pathophysiological mechanisms, and 
other, often interlinked mechanisms, which are incompletely understood (Table 1). 

Most types of renal osteodystrophy have been studied by bone histomorphometry and! 
or biochemical assessment (J). It is often difficult to discriminate which type of renal 
osteodystrophy is present in individual patients using biochemical tests alone. Overlap 
exists in biochemical testing as a means of diagnosing a specific type of renal bone 
disease, even though mean values for groups are generally diagnostic and specific (2,3). 
However, because of such overlap, the most objective method for diagnosing the current 
form of renal metabolic bone disease is quantitative bone histomorphometry (4). The 
examination of bone histology in patients with end-stage renal disease (ESRD) can also 
assist in making therapeutic intervention decisions. For example, it would be a mistake 
to perform a parathyroidectomy in an ESRD patient who had an abundant aluminum 
burden in bone. It would also be a mistake to perform a parathyroidectomy in an ESRD 
patient presenting with hypercalcemia caused by adynamic bone disease. Experienced, 
skilled nephrologists, however, often make such diagnostic and therapeutic decisions in 
ESRD patients without quantitative bone histomorphometry because the bone biopsy 
procedure is invasive, expensive, and not readily accepted by all patients. It would be 
ideal if additional noninvasive methods were available to enhance the specificity of the 
diagnosis of the various forms of renal bone disease. 

Bone mass measurement data is scarce in these heterogeneous disorders. There are 
presently only cross-sectional studies, which are not well controlled, most of which 
were performed prior to the development of DXA, SXA, and QCT technology. There 
may be a relationship between the duration of ESRD and/or hemodialysis and bone 
mineral content (5). In some patients, bone mass increases following parathyroidectomy 
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Table 1 
Metabolic Bone Diseases Associated with Renal Disease 

1. Osteitis Fibrosa Cystica 
2. Osteomalacia 

a. Vitamin D related 
b. Non-vitamin D related 

i. Chronic metabolic acidosis 
ii. Aluminum accumulation 

c. Phosphate depletion 
3. Adynamic Bone Disease 

. 4. Mixed Uremic Osteodystrophy 
5. Amyloid Bone Disease 
6. Osteoporosis 

Table 2 
Anticipated Bone Mass Measurement Results in Renal Osteodystrophy 

Hyperparathyroidism 
Aluminum 
Adynamic 
Osteomalacia 
Osteoporosis 

Cancellous Bone Cortical Bone 

Normal 
Normal to high 
Normal to high 
Low, normal 
Decreased 

Decreased 
Normal 
Increased 
Low, normal 
Decreased 

(6). However, longitudinal data, utilizing newer bone mass measurement techniques, 
which control for gonadal status, types of ESRD, and prior drug exposure, are lacking. 

One could anticipate the results of bone mass measurement in subjects with recognized 
classifications of renal bone disease (Table 2). 

2. CASE REPORTS 
However, to emphasize the difficulties of accurately diagnosing renal bone disease by 

bone mass measurements, three representative cases are presented. 

2.1. Case 1 

B.S., a 56-yr-old Caucasian male with ESRD received maintenance hemodialysis for 
6 yr. (Table 3). His ESRD was a result of obstructive uropathy. He developed sustained 
hypercalcemia (10J~-11.8 mg/dL), rising bone alkaline phosphatase (466 IU), elevated 
intact PTH (six times normal), and sustained three vertebral compression fractures and 
a nontraumatic hip fracture. His bone mineral density was 0.682 glcm2 (-4.1 T -score) and 
his DFO challenge test was negative. Bone histomorphometry is shown. 

2.2. Case 2 

T.Q., a 34-yr-old Caucasian female was treated with chronic peritoneal dialysis for 
6 yr (Table 4). Her ESRD was a result of hereditary interstitial nephritis. She too devel
oped sustained hypercalcemia (10.9-12.5 mg/dL), and elevated intact PTH (four times 
normal). Her bone mineral density was 1.243 g/cm2 (+ 1.54 T -score) at the AP spine and 
1.036 g/cm2 (+1.36 T-score) at the femoral neck. Bone histomorphometry is shown. 
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Table 3 
Bone Biopsy of Patient B. S. 

OS/BS, % 
OTh, Jl 
MS/BS, % 
MLT,d 
OcNIB Ar 
Aluminum: Positive 

100.0 
17.5 
75.5 
31.8 
35.2 

Diagnosis: Aluminum deposition 

Table 4 
Bone Biopsy of Patient T. Q. 

Normal 

4-18 
6-12 
1-17 

15-50 
0-2 

Normal 

OVlBV, % 3.4 0-6.0 
OSIBS, % 21.5 4-18 
MS/BS, % 3.0 1-17 
MAR, J.1Id .730 .4-.7 
MIt, d 111.0 15-50 
Oc NIB Ar .5 0-2 
Aluminum 14.2 0 
Diagnosis: Aluminum deposition, low bone fonnation, 

low bone resorption. 

OVIBV,% 
OSIBS, % 
MSIBS, % 
MAR, Wid 
MIt, d 
OcN/B Ar 

Table 5 
Bone Biopsy of Patient S. B. 

9.39 
53.2 
47.5 

.859 
11.6 
1.17 

Aluminum: Negative 
Diagnosis: Osteitis fibrosa, osteopenia. 

2.3. Case 3 

Normal 

0-6.0 
4-18 
1-17 

0.2-0.5 
15-50 
0-2 
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S.B., a 60-yr-old Caucasian female receiving maintenance hemodialysis for 16 yr also 
developed sustained hypercalcemia (mean 11.8 mg/dL), elevated PTH (10 times nor
mal), rising bone alkaline phosphatase, and vertebral compression fractures (Table 5). 
She had bone histomorphometry diagnostic of hyperparathyroidism. Her bone mineral 
density was 0.783 g/cm2 (3.58 T-score) at the AP spine and 0.803 g/cm2 (-1.47 T-score) 
at the femoral neck. She underwent a subtotal parathyroidectomy and her alkaline phos
phatase fell from 688 to 210 lUI serum calcium normalized, PTH declined but remained 
elevated (two times normal), and bone mineral density remained low (0.724 glcm2 at the 
AP spine and 0.814 g/cm2 at the femoral neck). 
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CONCLUSION 

These cases highlight the complexities of renal bone disease, the diagnostic problems 
of biochemical testing, and the lack of cross-sectional and longitudinal data correlating 
the types of bone histology with biochemical tests and bone mass measurements. 

A prospective, systematic study of all the forms of renal bone disease examined at 
baseline and longitudinally using bone histomorphometry, biochemical markers, and 
bone mass measurements is needed. This is the only way to competently determine if 
bone mass measurements can be used to diagnose the form of renal osteodystrophy, and, 
to determine it the changes in bone histology that often occur longitudinally in renal bone 
disease can be monitored by bone mass technology. 

Perhaps the greatest contribution bone mass measurement can provide in renal osteo
dystrophy is the identification of low bone mass (particularly osteoporosis) in these 
patients. This would alert the nephrologist that osteoporosis is prevalent in patients with 
ESRD, which might, in turn, lead to increased attention to the disorders that might cause 
osteoporosis in patients living longer with ESRD. 
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1. INTRODUCTION 
In this chapter, we will discuss the complexities of applying osteoporosis research 

findings to clinical practice, review the evidence for some specific preventive interven
tions, and suggest an algorithm that primary care providers can use to help make decisions 
about screening for osteoporosis and the prevention of fractures. 

2. BASIC PRINCIPLES TO USE IN ASSESSING THE EVIDENCE 

2.1. The Burden of Proof Is High for Preventive Interventions 
No medical intervention benefits everyone, and almost every intervention has 

unwanted effects in some people. When patients are ill, they are generally willing to 
assume a small risk if the likelihood of benefit is substantial. The burden of proof, 
however, is greater when caregivers recommend interventions for healthy people, espe
cially when the benefits are likely to be delayed for a long time, or the intervention is 
expensive, unpleasant to take, or adversely affects other body systems. The intervention, 
on the whole, may improve the quality or duration of life, but some patients may be 
unwilling to risk adverse effects, especially if they may be life-threatening. It is essential 
that primary care providers communicate honestly with their patients about the risks, as 
well as the benefits, of prevention and that each patient's personal preferences be taken 
into account. 

From: Osteoporosis: Diagnostic and Therapeutic Principles 
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2.2. Limitations o/the Existing Evidence 
Those evaluating the evidence for the prevention of osteoporotic fractures should keep 

in mind that clinical studies of osteoporosis began relatively recently, and clinical studies 
have not progressed to the point that they have in areas such as cardiovascular disease 
prevention (l). This has important implications for providers, because many of the pub
lished studies are cross-sectional or case-control designs, which are generally more sus
ceptible to bias ("getting the wrong answer") than are longitudinal studies (which are 
often called "cohort" or "follow-up" studies). Even fewer long-term experimental studies 
(randomized controlled trials) have been published. Providers should generally not 
change clinical practice based on cross-sectional or case-control studies, and they may 
need specific training in methodological issues to adequately interpret these studies. 

Cross-sectional studies, in which the presence of disease and the "risk factor" (often 
referred to as the "exposure") are determined at the same time, often suffer from problems 
in determining the direction of causality. For example, a recent study showed that women 
with existing osteopenia had less muscle strength compared to women with normal bone 
mineral.density (BMD) (2). Readers might assume that the lack of exercise resulted in 
osteopenia, but the direction of causality is ambiguous. Case-control studies are also 
difficult to interpret because they are susceptible to bias in the selection of appropriate 
controls ("selection bias") and in recall by patients who have already experienced the 
disease of interest ("recall bias"). Several recent case-control studies have shown that 
women who have suffered fractures ("cases") are less likely to have taken hormone 
replacement therapy (HRT) compared to women without fractures ("controls"), but it is 
difficult to interpret from these studies whether or not there is a causal relationship 
between lack of hormone use and subsequent fractures. 

Ideally, studies should be longitudinal and the follow-up period should have been 
sufficiently long for all important outcomes to have occurred (3). Longitudinal studies 
are generally less prone to bias than cross-sectional and case-control studies, because we 
can be more certain that information collected at baseline (before the outcome of interest 
has occurred) is accurate. Longitudinal studies, however, may also suffer from bias as a 
result of incomparability between the "exposed" and "unexposed" groups. Statistical 
adjustments are frequently performed when the unexposed group differs from the exposed 
group in age, social class, smoking, menopausal status, and a host of other potential 
"confounders," but this is not always reassuring. For example, women who take estrogen 
replacement therapy (ER T) tend to eat healthier diets, to exercise more, to be more 
compliant, and have more contacts with medical providers than women who do not take 
ERT; these factors may be responsible for some of the apparent benefits of estrogen 
replacement therapy (4). Randomized controlled trials, on the other hand, largely allevi
ate the effects of "hidden" or "partially controlled" confounders, because randomization 
makes it likely that treatment and control groups will have nearly identical characteristics 
(except for the assigned treatment). 

In summary, primary care providers should generally have the most confidence in the 
results of randomized controlled trials, slightly less confidence in the results of cohort 
(longitudinal) studies, and should be skeptical of the results of case-control studies (5). 

2.3. Individual vs Community-Based Approaches 
Primary care providers have a unique responsibility to their patients and to the com

munity at large to consider seriously where best to focus their efforts toward prevention. 
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We generally use "risk stratification" in practice; i.e., we select patients for preventive 
advice and interventions based on identified risk factors. On the other hand, community
based efforts (for example, efforts to reduce smoking, to improve diet, and to exercise) 
seem less attractive because they are not patient centered, but they may ultimately have 
a greater impact on the health of the community (6). In the case of fracture prevention, 
medical intervention based on individual risk factors for osteoporosis is satisfying because 
we are attempting to treat those who are most likely to benefit, but our ability to predict 
those at risk is limited. Community-based interventions may, on the other hand, shift the 
entire distribution of bone density (or other risk factors for fractures) and may prevent 
fractures in individuals thought to be at "low risk." Our efforts as primary care providers, 
then, need to be divided between the (traditional) individual-centered role, and the more 
fundamental role we play in our communities. 

3. THE EVIDENCE REGARDING PREVENTION 
OF OSTEOPOROTIC FRACTURES 

3.1. Exercise 

When we evaluate the evidence for exercise, it is important to keep in mind that our 
objective is to prevent disability and death from fractures, and maximizing bone density 
is only one way to prevent fractures. The importance of conditioning to increase muscle 
strength, coordination, and balance, combined with environmental measures to prevent 
falls, may be as important in preventing hip and wrist fractures as the effect of exercise 
on strengthening bone (7). 

Longitudinal studies have generally supported the role of aerobic and strength training 
in preserving bone density (8-12), but two studies indicated that aerobic exercise had 
little effect on bone density (13,14). A recent longitudinal study showed that postmeno
pausal women who were on their feet for at least 4 h/day had a 42% lower risk of hip 
fracture after 4 yr, compared to women with lesser activity levels (15). 

The only two published randomized trials have shown substantial benefits of strength 
training in postmenopausal women (J 6,17). Nelson randomized 40 postmenopausal 
women to either high-intensity strength training 2 d weekly for 1 yr, or their usual level 
of physical activity. Muscle mass, muscle strength, and dynamic balance increased in the 
trained subjects and declined in the controls after 1 yr. Femoral neck and lumbar spine 
bone mineral density each increased by I % in the trained subjects and decreased by 2.5% 
and 1.8%, respectively, in the controls (J 7). Although this study was too small to draw 
conclusions about the effect of strength training on falls, reduced muscle mass and 
strength have been shown in previous prospective studies to be risk factors for falls in 
elderly persons (18,19). 

Unfortunately, existing studies on exercise and osteoporosis tend to have small sample 
sizes and have short follow-up periods, which means that the end points in which we are 
most interested-namely, fractures-, are unlikely to occur in a sufficient number of women 
for us to draw conclusions about the benefits of the intervention. For example, two 
women in the control group of Nelson's study fell and broke their wrists, but the small 
sample size does not allow us to conclude whether or not this was a chance occurrence. 
This means that we need to depend on surrogate end points, such as changes in BMD. 
While bone density is an important predictor of fractures (15,20), other factors (such as 
the propensity to fall) will be ignored if we simply rely on bone density as the end point. 
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4. HORMONE REPLACEMENT THERAPY 

Few areas of medicine provide more complex decision making for primary care phy
sicians than the issue of using hormone replacement therapy (HR T) for primary preven
tion in asymptomatic postmenopausal women. At the same time, the decision about 
whom to recommend for HRT illustrates many issues common to other preventive and 
therapeutic interventions: the necessity of relying on data from observational studies and 
the lack of long-term randomized trials; the need to attempt to extrapolate the findings 
of studies conducted using an earlier therapy (in this case estrogen monotherapy) to 
current therapy (estrogen with progestins); the necessity of balancing therapeutic effects 
against some potentially serious adverse effects and how therapy may affect longevity 
and quality of life; the need for patients to consistently take a long-term treatment for 
gains that, in the aggregate, may be positive but are not guaranteed for any individual; and 
an appreciation of the importance of assessing the values that individuals place on 
different outcomes. 

4.1. Estrogen Replacement Therapy 
4.1.1. ERT AND OSTEOPOROSIS 

Much information is still missing aboutthe risks and benefits ofER T, but far more data 
is available than on combined HRT. A wealth of observational studies and several ran
domized trials have shown that ERT reduces the rate of bone loss in postmenopausal 
women; longitudinal studies also suggest that postmenopausal women who take ERT 
have a reduced likelihood of sustaining hip fractures (21). The best data that we have from 
longitudinal studies suggest that the benefits of estrogen replacement therapy are greatest 
if started shortly after the menopause and decline rapidly after stopping, so ERT should 
be started soon after the menopause and continued indefinitely (22-24). The fact that the 
median age of hip fracture among postmenopausal women in the US is 80 yr means that 
many years ofERT will need to be taken to be effective in reducing fracture. 

4.1.2. OTHER EFFECTS OF ERT 

ERT has effects on uterine bleeding, sexual function, and serum lipoproteins; it 
increases the incidence of endometrial carcinoma, but reduces the incidence of coronary 
heart disease. Because coronary heart disease is the leading cause of death among post
menopausal women, the effects ofERT on coronary heart disease weigh heavily in risk
benefit analyses ofERT use (25). 

Unfortunately, part of the beneficial effects of ERT may result from the fact that 
women who take estrogens may lead healthier lifestyles than women who do not (4), and 
the lack of randomized studies, in which women are followed-up for many years and all 
important outcomes are assessed, will not be remedied soon (26). 

4.1.3. ERT AND BREAST CANCER 

The apparent increase in the incidence of breast cancer among women who take 
exogenous estrogens remains controversial (27). Overall, the risk of breast cancer 
appears to become substantial after 5 yr of estrogen use and to increase with increas
ing duration of use (28). A quantitative analysis of previous studies suggests that 
10 yr of ER T is associated with a 20% increase in breast cancer incidence and breast 
cancer mortality (29). 
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Fig. 1. Incidence and relative risk of breast cancer according to age and the duration of current 
postmenopausal hormone therapy. Relative risks and 95% confidence intervals are shown at the 
top of the bars; relative risks are expressed in comparison with the risk among women in each age 
group who never received hormone therapy. Data have been adjusted for age at menopause, type 
of menopause, and family history of breast cancer in a proportional hazards analysis. Reprinted 
from ref. 28 with permission. 

4.2. Combination Hormone Replacement Therapy 
Much less infonnation is available concerning the risks and benefits of combination 

HRT. The addition ofprogestins prevents endometrial proliferative changes associated 
with ERT (30), and a recent randomized trial showed that combination HRT has similar 
protective effects on cardiovascular risk factors (31). Again, we should feel somewhat 
uncomfortable with the reliance on lipoproteins and fibrinogen measurements as surro
gate markers for coronary disease risk, but long-tenn randomized trials with "hard" end 
points (myocardial infarction, death) have not yet been conducted (26). 

The Nurses' Health Study is an ongoing study of over 100,000 nurses who have been 
followed regularly, almost without dropouts, since 1976, and it represents the best data 
yet available on the risk of breast cancer following long-tenn combined HRT (28). 
Current HRT users 55-59 yrofagewho had used HRT for 5 yror longer had a 54% greater 
incidence of breast cancer, compared to women who had never taken postmenopausal 
honnones. Figure 1 shows the graded increases in breast cancer incidence with age and 
with duration ofhonnone use -results, which are internally consistent and consistent with 
the bulk of other data. Women who had previously stopped taking HRT were not at 
increased risk for breast cancer, compared to women who had never taken honnone 
replacement. 

5. BONE MINERAL DENSITY: 
AN ADEQUATE PREDICTOR OF FRACTURES? 

Routine radiographs frequently show spinal fractures and demineralization, but are 
insensitive to early changes of osteoporosis and poor tests of bone mineral density at other 
sites. More accurate tests have been developed, which are stronger predictors of future 
fractures in asymptomatic patients. Photon absorptiometry (single photon absorptio-
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Table 1 
Major Clinical Risk Factors for Hip Fracture (relative risk> 1.5) 

Risk/actor Compared to Relative risk Ref 

White race Black race 2 39 
Hlo maternal hip fracture No history 2 15 
H/o corticosteroid use No history 
H/o stroke No history 3.1 40 
Current use of anticonvulsant 

drugs No use 2.8 15 
Inability to rise from a chair Ability to rise from a chair 2.1 15 

without using arms without use of arms 
Use of aids in walking No use of aids 5.6 40 
Previous hyperthyroidism No hlo hyperthyroidism 1.8 15 
On feet ~ 4 hid On feet> 4 hid 1.7 15 
Current use of long-acting No current use 1.6 15 

benzodiazepines 
Resting pulse> 80 bpm Resting pulse ~ 80 bpm 1.8 15 
Weight loss since age 25 No change in weight since 2.2 15 

age 25 
Low body mass index Normal body mass index 40,41 
Consumption ~ 7 alcoholic ~ 1 alcoholic drink/wk 4.6 40 

drinks/wk 

metry, dual photon absorptiometry, and dual energy X-ray absorptiometry [DEXAD 
measures the transmission of photons through bone and is currently the most commonly 
used method to measure BMD. DEXA can provide precise measurements of total body 
calcium and can be used to measure BMD at all sites of osteoporotic fracture (32). Bone 
mineral density for each site is compared to the mean BMD for healthy 35-yr-olds, 
matched for sex, and expressed as T scores (or standard deviations from the mean). 
T scores of <-1 (i.e., 1 SD below the mean) are considered abnormal. 

Longitudinal studies have shown that the results of densitometry correlate closely 
with the risk of fractures at multiple sites (15,20,33). Cummings showed that a T 
score of -1 in femoral neck bone density increased the age-adjusted risk of hip fracture 
by 2.6 times, and that women in the lowest quartile for bone density had an 8.5-fold 
greater risk of hip fracture than those in the highest quartile. Bone density of the calca
neus was nearly as good a predictor of future hip fracture as femoral neck bone density 
(20). Combining densitometry results with clinical risk factors for falling (e.g., a his
tory of previous falls, benzodiazepine use, inability to rise from a chair without using 
the arms, and use of an aid in walking-see Table I) sharpens our ability to predict 
fractures even further. 

6. RISK STRA TIFICA TION-
THE NEED FOR A PREVENTIVE ALGORITHM 

The approach taken by the US Preventive Services Task Force in its Guide to Clinical 
Preventive Services is important because it is based on a rigorous evaluation of the 
existing evidence and not on "expert opinion," which can sometimes be misleading (34). 
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Fig. 2. Annual risk of hip fracture according to the number of risk factors and the age-specific 
calcaneal bone density. The risk factors are as follows: Age 2: 80; maternal history of hip fracture; 
any fracture (except hip fracture) since the age of 50; fair, poor, or very poor health; previous 
hyperthyroidism; anticonvulsant therapy; current weight less than at the age of 25; height at the 
age of25 2: 168 cm; caffeine intake more than the equivalent of two cups of coffee per day; on feet 
~ 4 h a day; no walking for exercise; inability to rise from chair without using arms; lowest quartile 
(standard deviation> 2.44) of depth perception; lowest quartile (~ .70 U) of contrast sensitivity; 
and pulse rate> 80 per minute. Reprinted from ref. 15 with permission. 

However, the Guide primarily makes recommendations concerning preventive interven
tions in low-risk populations, and, in practice, we often find that a surprisingly large 
proportion of our patients have risk factors, which makes them better candidates for 
screening tests and interventions than the general population. For example, low-risk 
individuals with hypercholesterolemia may receive little benefit from cholesterol-low
ering therapy (35,36), but high-risk individuals may benefit greatly (37), because they are 
far more likely to experience death from myocardial infarction, and are probably no more 
likely to suffer adverse effects from treatment. 

In practice, we often use risk stratification to determine who is most likely to benefit 
from a screening test or treatment. Ifwe can successfully predict groups at high risk for 
developing an adverse outcome, we can focus our efforts on those individuals . 
Cummings' longitudinal study of over 9000 postmenopausal women, who were fol
lowed for an average of 4 yr, suggests that risk stratification is a viable strategy for 
predicting which women are at highest risk for hip fracture (J 5). Figure 2 from 
Cummings' study shows how clinical risk factors and bone densitometry findings can 
be used to predict hip fracture. The low risk of subsequent hip fracture among the women 
with few clinical risk factors (regardless of bone densitometry results) suggests that den
sitometry should be reserved for women with pre-existing clinical risk factors. Women 
with the lowest calcaneal BMD and five or more clinical risk factors were 25 times more 
likely to fracture their hip, compared to women with the highest BMD and fewer than three 
clinical risk factors . 
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Table 2 
A Summary of the Evidence Concerning Three Interventions 

to Prevent Osteoporotic Fractures Among Unselected, Asymptomatic Postmenopausal Women 

Intervention Quality of evidencea Strength of recommendationsb 

Physical exercise 
Calcium (1.2 gm) and 

cholecalciferol (800 IU) 
Combined HRT 

I 
I 

II 

A 
A 

B 

aQuality of evidence: I, evidence from at least one properly-designed and conducted randomized 
controlled trial; II, evidence obtained from well-designed and conducted longitudinal studies without 
randomization; III, evidence from case-control studies. 

bStrength of recommendations: A. there is good evidence to support the recommendation that the condition 
or treatment be specifically considered in a periodic health examination; B, there is fair evidence to support 
the recommendation that the condition or treatment be specifically considered in a periodic health 
examination; C, there is poor evidence regarding the inclusion of the condition or treatment in a periodic 
health examination. 

7. WHAT DO OTHERS SAY? 

There is currently insufficient infonnation to model risks and benefits ofHRT, but two 
decision analyses have been published on the risks and benefits ofERT for asymptomatic 
postmenopausal women (25,30). The assumptions for both studies were based on obser
vational data and both may have underestimated the risks of breast cancer from long-tenn 
ERT. Grady concluded that ERT should be recommended for all women who have had 
a hysterectomy or are at high risk for coronary heart disease (30). Gorsky concluded that 
ER T would improve overall life expectancy and quality oflife, and that all asymptomatic 
women should receive ERT. primarily because of expected large reductions in death from 
coronary heart disease (25). This conclusion was strengthened by a recent longitudinal 
study, which suggested that ERT use is associated with reduced mortality, primarily 
because oflarge reductions in death from cardiovascular disease (38). 

The US Preventive Services Task Force, on the other hand, currently recommends 
counseling for all women with regard to dietary calcium and vitamin D intake, exercise, 
smoking cessation, and preventive measures to reduce the risk of falls and fall-related 
injuries. The current Guide to Clinical Preventive Services recommends bone densito
metry measurements in those perimenopausal women who are at increased risk for 
osteoporosis and in whom HR T would otherwise not be advised, and recommends coun
seling for all perimenopausal women concerning the risks and benefits of honnone 
replacement therapy (34). Our own evidence-based recommendations are found in 
Table 2. 

8. AN ALGORITHM FOR EVALUATION 
AND PREVENTIVE INTERVENTIONS FOR OSTEOPOROSIS 

IN ASYMPTOMATIC PERIMENOPAUSAL WOMEN 

We follow with an algorithm for assessing asymptomatic postmenopausal women 
and treating those at high risk for osteoporotic fractures (Fig. 3). For simplicity, we 
have rated clinical risk factors as "major" or "minor" (Tables I and 3) and have speci-
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2 major risk fadors or 4 minor risk fadors? (See tables I and 2) 

Yes No Routine preventive advice· 

I Perform densitometry 

BMD < 1 SD below that of standard (35 year old, matched for sex)? 

Yes No Routine preventive advice· 

Perform urinary N-telopeptide assay, serum PTH, 
serum calcium, TSH 

Urinary N-telopeptide increased? 

Yes No 

Elevated rate of bone resorption 

Normal rate of bone resorption 
Advise ea with vit D, exercise, 
consider HRT 

Start HRT if no contraindications, ea with "it D, strengthening exercise program 

Remeuure urinary N-telopeptide after 3 months 

Urinary N-telopeptide still increased? 

Yes No Densitometry after 3 additional months 
(6 months after baseline) 

Add calcitonin, bisphosphonates, or increase estrogen 
dose 

Densitometry after 3 additional months (6 months after baseline) 

·Routine preventive advice = regular exercise, calcium and vitamin D supplementation, 
assess for likelihood orr ails 
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Fig. 3. An algoritlun for the suggested workup and treatment of osteoporosis in postmenopausal 
women. 

tied the number of risk factors needed before we recommend densitometry, but it should 
be kept in mind that these numbers are somewhat arbitrary and that the greater the 
number of clinical risk factors present, the greater should be one's conviction that den
sitometry is indicated. 
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Table 3 
Minor Clinical Risk Factors for Hip Fracture (relative risk 1.2-1.5) 

Risk/actor Compared to Relative risk Ref 

Any fracture since age 50 No fracture since age 50 1.5 15 
Current caffeine intake No caffeine intake 1.3 15 

(per 190 mg increment) 
Not walking for exercise Walking for exercise 1.4 15 
Current smoking No current smoking 1.4 15 
Fall in the previous year No fall in previous year 1.4 15 
Natural menopause before Menopause at or after age of 45 1.3 15 

age 45 
Past smoking Never smoked 1.3 15 
No alcohol use Alcohol use 42 
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ApPENDIX 1: GLOSSARY 

Alendronate: A third generation bisphosphonate with an amino-terminal substitution on 
a methyl group off the carbon atom of the P-C-P skeleton; brand name is Fosomax®; 
approved by the FDA and released for the treatment of osteoporosis on October 15, 1995; 
single daily dose of 10 mg p.o.q AM 1 h prebreakfast. 

Alleles: One of two or more alternative forms of a gene that occupy corresponding loci 
on homologous chromosomes; for example, there are several alleles in the vitamin D recep
tor gene. 

Anterior wedge: A type of fracture where the anterior portion of the vertebral spine is 
collapsed in a wedge-shaped appearance. 

Anti-estrogen: A class of estrogen derivatives that act via the estrogen receptor in a 
manner that simulate or oppose classic estrogen-like activity; an example of a first genera
tion anti-estrogen is tamoxifen, which blocks estrogen activity on neoplastic breast tissue, 
but has agonistic properties to estrogen in bone and uterus; second and third generation anti
estrogens (estrogen agonist) are currently in phase II and III studies; these agents also act on 
estrogen responsive tissues, such as breast and uterus, as well as systemically (blood vessels, 
bone, elsewhere), but may have differential effects. 

Anti-resorptive therapy: Agents that block bone resorption, thereby permitting bone 
formation to match or transiently exceed resorption. Examples include: estrogens, calcito
nin, bisphosphonates. 

Ashed bone: The weight of bone after it is ashed in a special oven at high temperature. 
Ash weight should correspond to actual bone density. 

Biochemical markers: A general term that refers to laboratory tests that indirectly mea
sure bone turnover. These markers can be reflective of bone formation (e.g., osteocalcin) or 
bone resorption (e.g., collagen crosslinks). 

Bisphosphonates: The general class of compounds related to the pyrophosphates in 
which the oxygen middle atom is replaced by a carbon atom to form a P-C-P skeleton. This 
structure is very avid for calcium and this class of compounds hones into calcium-rich sites, 
such as bone. There are three generations ofbisphosphonates that bind to hydroxyapatite and 
are potent inhibitors of bone resorption. 

Bone mineral density (BMD): The mineral content of bone divided by its volume; by CT 
measurements this value is reported in mg/mm3; by DXA (or other methods) it is reported 
in g/cm2, which is representative of apparent bone density not strictly true volumetric den
sity; BMD is reported for most areas of the body as spine BMD, hip BMD, total body BMD, 
wrist BMD, and so on. 

Bone remodeling: The physiologic process whereby bone is resorbed and then reformed. 
This process provides a constant calcium source to the body and keeps the skeleton elastic 
enough to serve its structural functions. In general, there is no net change in bone mass with 
physiologic remodeling (resorption = formation), in contrast to modeling where scalloping 
of bone and addition of new bone is often a characteristic of the growing skeleton. 

287 



288 Appendix 1: Glossary 

Calcitriol: This is the chemical name for 1,25 dihydroxyvitamin D . 
3 

Collagen crosslinks: The amino acid links between the three strands of collagen, which 
are added during the last stage of skeletal maturation; these crosslinks (pyridinoline and 
deoxypyridinoline) are removed during active bone resorption and are excreted unmetab
olized into the urine. These chains and their associated peptides (from the collagen end of 
the molecule) can be measured by RIA or ELISA and reflect the degree of bone resorption. 

Cytokines: Peptides produced by immune cells that act in autocrine, paracrine, or even 
endocrine fashion to affect cell activity; examples of cytokines include: the interleukin 
family, tumor necrosis factor, leukemia inhibitory factor, the interferons, colony-stimulat
ing factors, and others. In bone, cytokines may be critical for activation of bone resorption 
and mediating tumor-induced osteolysis. 

Dual-photon absorptiometry: An older method for measuring bone density using a 
radioactive source (Gd154). It produces two sources of photons to determine bone density; 
this application has been surpassed by more efficient and less costly DXA machines where 
X-rays can generate photons necessary to measure bone density. 

DXA: Dual energy X-ray absorptiometry (also referred to as DEXA); it uses a conven
tional X-ray tube to measure density; probably the most precise and accurate tool for mea
suring BMD currently available. 

Ergocalciferol: Vitamin D derived from the radiation of ergosterol, a yeast sterol (in 
contrast to cholecalciferol, whlch is derived from radiation of provitamin D ). 

3 

Etidronate: Also called didronel®, a first generation bisphosphonate used in the treat-
ment of Paget's disease and osteoporosis. For osteoporosis, treatment has been cyclical: 2 
wk on, 3 mo off; has more capacity to inhibit mineralization than second and third generation 
agents; usual dose is 400 mg on an empty stomach for 2 wk q 3 mo; several studies have shown 
improvement in BMD (spine and hip) with some fracture efficacy. 

HRT: Hormone replacement therapy, usually implying estrogen + progesterone. 

Kyphosis: An abnormal condition of the vertebral column characterized by increased 
convexity in the curvature ofthe thoracic spine as viewed from the side. Kyphosis is often 
associated with osteoporotic thoracic compression fractures although uncommonly it can be 
caused by tuberculosis or rickets. 

Meta-analysis: An analytic method of combining data from published studies to enhance 
(or reduce) the power of a particular effect; meta-analysis has been used to determine relative 
risks for particular situations, such as the relative risk of breast cancer with current or past 
use of estrogen; or the relative risk of coronary artery disease in postmenopausal women; 
the strengths of meta-analysis are the number of subj ects and the di versity from where they 
are pooled. 

N-telopeptide: The N (amino )-terminal end of the Type I collagen fibril is attached to the 
pyridinoline crosslink. During bone resorption, the N-terminal end (as well as the carboxy 
terminal, C-terminal) are released from the remaining part of the collagen helix, which is 
attached to the crosslink. This peptide can be measured in urine and is considered a marker 
of bone resorption. (The brand name for the marker is NTx or Osteomark®.) 

Osteocalcin: the most abundant noncollagen protein in bone; it is synthesized by the 
osteoblast and is a late differentiation marker of that cell. Osteoca1cin synthesis is regulated 
by several different factors including 1,25 dihydroxyvitamin D . The precise function of 
osteocalcin is unknown. Serum levels of osteoca1cin can be used to\ndirectly determine bone 
turnover. The assay has high sensitivity and osteoca1cin is relatively specific for bone. 
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However, recent data suggest osteocalcin in serum reflects the degree of bone resorption as 
well as bone formation (owing to release of stored osteocalcin within the bone matrix). 

Osteoblast: The bone cell that is responsible for bone formation. This cell type is derived 
from mesenchymal stem cells, which can then differentiate into adipocytes or stromal cells. 
Stromal cells eventually can become osteoblasts through several differentiation steps. The 
osteoblast can produce collagen products and participates in the mineralization process as 
well as orchestrating the osteoclast. 

Osteoclast: The bone cell responsible for bone resorption. This cell type is derived from 
a moncyte-macrophage precursor, and under the influence of 1,25 dihydroxyvitamin D , 
certain colony-stimulating factors, and interleukins can differentiate into a mature osteoclaJt 
able to secrete protons and resorb bone. 

Osteogenesis imperfecta (01): A genetic disorder involving defective development of 
the connective tissue. It is inherited as an autosomal dominant trait and is characterized by 
abnormally brittle and fragile bones that are easily fractured by the slightest trauma. It can 
be present in one of several different phenotypes (a pure form, a mixed form, or a late onset 
type) and is associated with translucent skin, hyperextensibility ofligaments, hypoplasia of 
teeth, epistaxis, easy bruisability, blue sclerae, and hearing loss. Various mutations in Type 
I collagen are responsible for the abnormalities associated with this condition. 

Osteomalacia: Strictly defined as an abnormal condition of the lamellar bone character
ized by a loss of calcification of the matrix resulting in softening of the bone, accompanied 
by weakness, fracture, pain, anorexia, and weight loss. In contrast to osteoporosis (reduction 
in bone mass) actual BMD is usually normal or only slightly reduced. The problem is a defect 
in mineralization leading to accumulation ofunmineralized osteoid tissue. Although vitamin 
D deficiency (acquired or inherited) is the most frequent cause of osteomalacia, other con
ditions are associated with osteomalacia including various genetic disorders. Osteomalacia 
can co-exist with osteoporosis, especially in elders with vitamin D deficiency. 

Osteopenia: Early definition was a reduction in bone mass noted by X-ray; now 
osteopenia has been considered as a reduction in bone mass measured by any instrument 
(densitometry, X-ray, radiogrammetry, and so on). The WHO has classified osteopenia as 
a BMD more than I SD below young normal (t-score < -1.0). 

Osteopetrosis: An inherited disorder characterized by a generalized increase in bone 
density almost always related to a defect in bone resorption. In its most severe form, it is 
inherited as an autosomal recessive disease with almost complete obliteration of the marrow 
cavity resulting in anemia and marked deformities. The defect in this disorder occurs at the 
level of the osteoclast. 

Peak bone mass: The time when bone acquisition is complete and bone mass is at its 
optimal point, probably somewhere between 15-25 yr of age. 

Pyrophosphates: Naturally occurring compounds with a P-O-P structure. This class of 
compounds are substrates for pyrophosphatases also found in nature and especially in the 
skeleton. Pyrophosphates have a strong chemical affinity for calcium. 

QCT: Quantitative CT measurements of true bone density (mineral/volume) usually 
performed in the spine or wrist. 

Radiogrammetry: The measurement of dimensions of bone using skeletal radiographs; 
an example includes the metacarpal index, which is the cortical width divided by total width. 

Radiographic absorptiometry (RA): Digitalization of high resolution X-rays with com
puterization to measure bone density. Currently two hand films are obtained by any X-ray 
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machine and sent to an outside laboratory for digitalization. Accuracy and precision are 
reported to be excellent. Fracture prediction may be as good as DXA or QCT. 

RFLP (restriction fragment length polymorphism): Allelic variation in a given gene 
owing to normal variations in human DNA that can be recognized by the variation in restric
tion enzyme patterns. RFLPs for certain alleles have provided insight into the importance of 
certain relationships between genetic variability and bone density. For example, RFLPs for 
the VDR gene have been shown to account for some of the variability in bone density among 
large groups of Caucasians. 

RLFP (remaining lifetime fracture probability): This is a value based on meta-analysis 
and available data, which attempts to relate age, life span, and BMD to predict potential 
future fracture (see Chapter 7 by Wasnich). 

Singh Index: A qualititative radiograph indicator of trabecular patterns in the hip. 

Single photon absorptiometry (SPA): Use of a single radiation source to determine 
bone density in wrist; in older machines the source was either 1125 or americium-241. 

t-scores: Units of standard deviation from the mean for bone mineral d~nsity compared 
to healthy 35-yr-old individuals presumably at peak bone mass. A I-score value (-5 to +5) 
is reported on most if not all densitometers at the time of bone density acquisition. A I-score 
of -1.0 is considered the upper limit for osteopenia or lower limit of normal (see also 
Z-score). 

Tamoxifen: First generation anti-estrogen widely used to treat breast cancer at various 
stages; exhibits significant bone-sparing properties; several studies have shown that this 
drug can prevent bone resorption and lead to a mild increase in BMD among postmenopausal 
women. Its effect on the uterus is still being determined, although there are several docu
mented cases of endometrial hyperplasia and tumor with continued use of the drug. 
Tamoxifen is the prototype of the newer anti-estrogens, which may have a greater effect on 
bone than breast or endometrium. 

Type I collagen: the predominant protein within the organic matrix. Type I collagen is 
tightly bound by collagen crosslinks. 

Z-scores: Units of standard deviation from the mean represented by age-, sex-, and 
height-matched controls. Z-scores tend to be higher than (-scores and underestimate the true 
extent of osteoporosis, since aging itself is associated with a significant reduction in BMD. 
It is possible to have a low I-score and still have a normal Z-score if the person being 
measured is old. Furthermore, a normal Z-score does not protect the individual from a future 
hip fracture. For example, an 80-yr-old woman has a BMD of 0.809 g/cm2, which could 
translate into a normal Z score for her age but a (-score of -2.0. Use of the Z-score has 
diminished in recent years. 



ApPENDIX 2: COSTS OF DIAGNOSTIC TESTS 

AND TREATMENTS FOR OSTEOPOROSIS 

I. Diagnostic Tests 

A. Biochemical Markers-Serum 

Osteocalcin 
Serum immunoelectrophoresis 
PTH (intact) 
Calcium (total) 
Calcium (ionized) 
Alkaline phosphatase (total) 
Alkaline phosphatase isoenzymes 
25 hydroxyvitamin D (250HD) 
1,25 dihydroxyvitamin D (1,25D) 
TSH(second to third generation) 

B. Biochemical Markers-Urine 

24 h urinary calcium 
24 h urinary creatinine 
24 h collagen crosslinks (total HPLC) 
2 h Pyrilinks (free pyridinolines-Metra Biosystems) 
2 h N-telopeptide (N-Tx; Ostex) 
Urine immunoelectrophoresis 

C. Bone Biopsy 

With tetracylcine labeling (total) 
Interpretation only (no procedure costs) 

D. Bone Density** 

DXA-I site 
DXA-2 sites 
DXA-3 sites 
Ultrasound of heel 
RA (hands) 
CT spine bone density 
pQCT (wrist) 
SXA 

Cost 

$100-120 
$70 
$120-150 
$20 
$75 
$20 (part of SMA) 
$67 
$150-200 
$195 
$35-70 

$20-25 
$10 
$140 
N/A 
$85-110 
$70 

$300-800 
$200-280 

$100-150 
$150-300 
$200+ 
Not available or approved 
$100-150 
$150-250 
$130-200 
$100-200 

*Costs are high/low for reference laboratories (average three reference labs). 
* *Reimbursed by Medicare in 41 states at different levels; costs of bone density varies accord

ing to location, machine, and ownership. 
N/A = price not available. 
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II. Treatment Costs*** 

Drug 

Alendronate (Fosomax®) 

Calcitonin 

nasal 

parenteral (Calcimar® and Miacalcin®) 

Estrogen (Premarin®) 

Estrogen + progesterone 

(Provera®-5 mg) 

continuous (PEMPRO®) 

Estrogen + progesterone 

(Provera®-5 mg) 

cyclic(PEMPHASEX) 

Progesterone (10 mg for 14 days) 

Progesterone (Provera®-10 mg) 

Estrogen (Estraderm®-O.05 mg) 

Etidronate (Didronel®)-400 mg tablet 

Rocaltriol® (0.25 Ilg) 

Calcium Carbonate (Tums®-500 mg) 

Calcium Carbonate (Oscal®-500 mg) 

Multivitamins (with 400 U vitamin Did) 

Appendix 2: Costs of Tests and Treatments 

Cost (per 100 unless otherwise stated) 

$150-200 

$28lbottle [2cc] = 14 doses (200 IVld) 

$33-50/bottle [400 IVlbottle] 

$38-43/100 

$20.70/42 tablets 

$22.32/28 days 

$12.50 

$23.00/28 days 

$300-423 

$39/28 days 

$3.501150 pills 

$9.15/150 pills 

$3-10/100 

***These are lowlhigh costs from two pharmacies (a discount and a family pharmacy
December 1, 1995 in Bangor, ME); generics are not included. 
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quantitative ultrasound, 122-126 
radiography 
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limitations, 89, 90 
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fracture prediction, 47, 48,80--83, 115, 
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measurement, see Bone densitometry 
prediction modeling, 121 
preservation by estrogen replacement 

therapy, 161-163 
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drug modulation, 174 
functions, 4, 49 
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clinical application, 129, 130 
formation, 135--138 
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resorption, 130-134,217 

measurement, 4 
mechanism, 3, 49, 50 
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cellular components, 7, 8 
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C 
Caffeine, osteoporosis risk factor, 232 
Calcitonin 

analgesic effects, 221 
bone mineral homeostasis, 5 
cost, 220, 221 
osteoporosis therapy, 175, 176, 182, 183, 

220,221,234,242,243,257 
Calcium 

animal protein diet and retention, 24 
food content, 20, 23, 156, 157,204 
homeostasis regulation, 5 
intake 

adolescent girls, 20, 21, 153 
aging and absorption, 39 
assessment, 151, 152,204 
bone mineral density maintenance, 19, 

20 
peak bone mass relationship, 18,19, 

152, 153 
recommended daily allowance, 17, 21, 

205,233,256 
supplementation, 21, 154-157,205, 

206,218,233,255,256 
urinary bone resorption marker, 132 

Collagen 
composition in bone, 130 
processing in bone, 130, 131 
procollagen I extension peptide, bone 

formation marker, 138 
pyridinoline crosslinks, urinary bone 

resorption marker, 133, 134 
Creatinine, urinary bone resorption marker, 

132 
Cyclosporine A therapy, osteoporosis patho

genesis role, 59 

D 
DPA, see Dual-photon absorptiometry 
Dual-energy X-ray absorptiometry (DXA) 

accuracy, 102 
measuring sites, 10 1, 102, 118 
precision, 118 
principle, 100, 101 
scanners, 102, 104, 105 

Dual-photon absorptiometry (DPA) 
limitations, 100 
principle, 98 
time and cost, 99 

DXA, see Dual-energy X-ray absorptiometry 
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End-stage renal disease (ESRD), bone 
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N-telopeptide response to estrogen 
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administration 
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breast cancer risk, 169,209,219,278 
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compliance, 170, 208, 209, 219, 234 
contraindications, 208 
cost, 182 
followup, 219 
fracture prevention, 163, 164 
ischemic heart disease effects, 169, 

208 
patient education, 168, 182,209,218, 

219,282 
preparations, 161, 164. 165 
prevention of disease, 278, 279 
progestin cotherapy, 167, 168, 182, 

209,210.279 
tamoxifen effects. 168 
time of initiation, 164 

Etidronate, see Bisphosphonates 
Exercise 

assessment in patients, 206 
bone development role, 190, 191,206, 

207 
osteoporosis prevention 

evidence, 277 
men, 254, 255 

osteoporosis therapy, 190, 191, 196, 197, 
221 

program recommendation, 207 
Extracellular matrix 

components, 9 
mineralization, 9, 10 

F 

Falls 
incidence and fracture, 47, 227-229 
passive protection systems, 231, 232 
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~es, 192, 193,228,229 

Fluoride, see Sodium fluoride 
Fluorosis, increased bone formation, 12 
Fracture 

G 

diagnosis of osteoporotic fracture 
characteristics, 79-81 
nonvertebral fractures, 84, 85 
vertebral fractures, 85-88 

incidence from falls, 47, 226 
morbidity in elderly, 225, 226 
prevention 

assessment of evidence, 275--277 
drugs, 174,234,235 
estrogen replacement therapy, 163, 

164,234 
nonpharmacological prevention, 191-

193,229-234 
rehabilitation 

elderly patients, 226, 227 
hip fracture, 195, 235, 236 
vertebral fracture, 193, 194, 236 

risk prediction, see also Bone densitometry 
bone density and current risk, 47, 48,81, 

82,119,124,125,229,279,280 
cumulative future risk, 82, 83, 116 
factors in the elderly, 227, 228 
subsequent fracture, 83 

Glucocorticoid osteoporosis 
case studies, 244--246 
diagnosis 

bone densitometry, 241, 242 
calcium excretion, 242 
markers, 241 

hormone replacement therapy, 243, 244 
males, 244, 245, 260, 261 
outline for prevention or treatment, 246, 

247 
pathogenesis, 59, 240, 241 
prevention 

bisphosphonate therapy, 243 
calcitonin therapy, 242, 243 
glucocorticoid therapy adjustment, 242 
thiazide diuretic therapy, 242 

severity, 239, 240 
Growth hormone, osteoporosis 

pathogenesis role, 54, 55 
therapy, 180, 181,258 
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H 

Heparin, osteoporosis pathogenesis role, 59 
HHM, see Humeral hypercalcemia of malig-

nancy 
Hormone replacement therapy (HRT), see 

Estrogen; Progesterone; Testosterone 
HRT, see Hormone replacement therapy 
Humeral hypercalcemia of malignancy 

(HHM), bone resorption increase in 
etiology, 11, 12 

Hydroxyapatite, deposition mechanisms, 9,10 
Hydroxyproline, urinary bone resorption 

marker, 132, 133 
Hypoparathyroidism, bone resorption de

crease, 12 

I 

IGF-I, see Insulin-like growth factor I 
Insulin-like growth factor I (IGF-I), 

osteoporosis therapy, 180, 181 

M 

Male osteoporosis 
glucocorticoid osteoporosis treatment, 

244,260,261 
osteopenia ~es, 253, 254 
prevention 

exercise, 254, 255 
nutrition, 255--257 

treatment 
bisphosphonates, 257, 258 
calcitonin, 257 
growth hormone, 258 
parathyroid hormone, 258 
sodium fluoride, 258, 259 
testosterone replacement therapy 

glucocorticoid osteoporosis, 244 
hypogonadism treatment, 259, 260 

thiazide diuretics, 258, 261, 263 
Menarche, time of onset and peak bone 

mass, 18 
Menopause 

N 

age of onset, 154,214,215 
body weight and bone loss, 161, 214 
calcium supplementation, 154, 155, 160 
estrogen deprivation and bone loss, 48, 

53,54, 154, 159, 160 

N-telopeptide, response to estrogen therapy, 
139,140 
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o 
Osteitis fibrosa cystica, bone resorption 

increase in etiology, 11 
Osteoblast 

functions, 7 
markers of bone formation, 7 

Osteocalcin, bone formation marker, 137 
Osteocyte 

formation, 7 
functions, 8 

Osteomalacia, bone formation decrease, 13 
Osteopenia 

classification in males, 253, 254 
diagnostic criteria, 65, 116, 117 
prevalence, 183,226 

Osteopetrosis, bone resorption decrease, 12 
Osteoporosis, see also Glucocorticoid 

osteoporosis; Male osteoporosis 
bone resorption increase in etiology, 10, 

11 
classification, 50, 51 
diagnosis 

differential diagnosis, 216, 217 
fractures, 79-81, 83-88 
non-fracture diagnostic criteria, 65, 

116,117,121 
postmenopausal case study, 213-218 

environmental factors, 57-59,210 
fracture incidence, 47, 66--68 
genetic factors, 51-53,210,215 
geographical trends, 68 
hormonal factors, 53-57 
physical consequences for patient, 69-71 
prevalence, 65, 66, 183,226 
prevention 

assessment of evidence, 275-277 
exercise, 254, 255, 277 
fracture, 163, 164, 174, 191-193,229-

235 
hormone replacement therapy, 278, 

279 
psychosocial aspects 

clinical interventions, 72, 73 
information resources, 74, 75 
patient responses, 70-72 
support groups, 73, 75 

relative risk, 47 
risk stratification algorithm, 280-283 
treatment, see also Estrogen 

benefit analysis, 147, 148 
drugs, see specific drugs 

p 

efficacy eVidence, 146 
exercise, 190, 191, 196, 197,221 
fracture rehabilitation, 193-195 
impact description, 145 

Index 

injury prevention, 191-193,278 
outcome description to patient, 146, 

147 
pain, 197-199 
rationales, 13, 14 
recommendation to treat, 148, 149 
threshold number of treatment effects 

148 ' 

Paget's disease, bone resorption increase in 
etiology, 11 

Pain 
diagnosis of osteoporosis, 216 
treatment in osteoporosis, 195, 196,221 

Parathyroid hormone (PTH) 
bone mineral homeostasis, 5 
elevation by phosphorous, 22 
menopausal levels, 160 
osteoporosis 

pathogenesis role, 53, 55, 56 
therapy, 181,258 

PBM, see Peak bone mass 
Peak bone mass (PBM) 

calcium intake relationship, 18, 19, 152, 
153 

maintenance goal, 119, 120 
Phosphorous 

dietary ratio with calcium, 22 
elevation of parathyroid hormone, 22 
food additives, 22, 23 

PICP, see Procollagen I extension peptide 
Procollagen I extension peptide (PICP), 

bone formation marker, 138 
Progesterone, replacement therapy, 167, 

168, 182,209,210 
Protein intake, animal versus plant, 23, 24 
PTH, see Parathyroid hormone 

Q 
QCT, see Quantitative computed 

tomography 
Quantitative computed tomography (QCT) 

accuracy, 106 
principle, 105, 106 
sites of measurement, 106, 107, 118 
time and cost, 106 
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Quantitative ultrasound 

R 

bone mass assessment, 123, 124 
prediction offracture, 124, 125 
principle, 122, 123 

Radiography, bone densitometry 
calcar femorale thickness, 92 
limitations, 89, 90 
qualitative spinal morphometry, 90, 91 
radiogrammetry, 92, 93 
radiographic absorptiometry, 94, 95 
radiographic photodensitometry, 93, 94 
radiologic osteoporosis score, 93 
Singh index, 91 

Relative life-time fracture probability 
(RLFP) prediction, 82, 83, 116, 119 

Renal failure, see End-stage renal disease 
Renal osteodystrophy, bone formation de-

crease, 13 
RLFP, see Relative life-time fracture probability 

S 
Singh index, bone densitometry, 91 
Single-energy X-ray absorptiometry (SXA), 

bone densitometry, 105 
Single-photon absorptiometry (SPA) 

accuracy, 97, 98 
principle, 96 
radius measuring sites, 97 
time and cost, 98 

Smoking, osteoporosis pathogenesis role, 57, 
58,262 

Sodium fluoride, osteoporosis therapy, 178, 
182,235,258,259 

SPA, see Single-photon absorptiometry 
SXA, see Single-energy X-ray absorptiometry 

T 
Tamoxifen 

effects on estrogen replacement therapy, 168 
osteoporosis therapy, 178 

Testosterone, see also Androgen 
age-related changes in males, 259 
replacement therapy 

glucocorticoid osteoporosis, 244 
hypogonadism treatment, 259, 260 

Thiazide diuretics, osteoporosis therapy, 
179,242,258,261,263 
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Thyroid hormone, osteoporosis pathogenesis 
role, 56,57,210,211 

Total alkaline phosphatase (TAP), see Alka
line phosphatase 

U 

Ultrasound, see Quantitative ultrasound 

V 

VitaminD 
assay, 34, 41 
bone mineral homeostasis, 5 
deficiency, causes, 35, 36, 217 
dietary sources, 32 
functions in bone, 34 
metabolism, 32-34, 153, 154 
osteoporosis therapy 

analogs, 178 
metabolites. 179, 180 

receptor 
genetic defects, 40, 52 
role in bone health, 39,40 

recommended daily allowance, 38, 233 
supplementation 

elderly, 37, 38, 41, 155, 157, 158,204, 
218,233,234 

men,256,257,261,262 
synthesis in skin 

elderly, 36, 37 
factors affecting, 30, 31 
mechanism, 29, 30 

toxicity, 261 
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Besides being a practicing endocrinologist, Dr. Rosen is actively collaborating with The 
Jackson Laboratory in a major effort to map the genes responsible for determination of 
bone mass. He also conducts an active research program in Bangor, which has focused 
on the physiology of insulin-like growth factors and their role in skeletal diseases. 
Dr. Rosen is the author of more than 50 peer-reviewed publications and more than 100 
abstracts. He is a member of the Scientific Advisory Board for the National Osteoporosis 
Foundation, the Public Affairs Committee of the American Society of Bone and Mineral 
Research, and a former officer of the Society of Clinical Densitometry. Dr. Rosen was 
recently nominated to Who's Who in Science and Engineering and is well known around 
the world for his lectures on osteoporosis and metabolic bone diseases. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


