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Secretary of the U.S. Department of Health and Human Services

This first-ever Surgeon General’s Report on bone health and osteoporosis illustrates
the large burden that bone disease places on our Nation and its citizens. Like other
chronic diseases that disproportionately affect the elderly, the prevalence of bone
disease and fractures is projected to increase markedly as the population ages. If these
predictions come true, bone disease and fractures will have a tremendous negative
impact on the future well-being of Americans. But as this report makes clear, they
need not come true: by working together we can change the picture of aging in
America. Osteoporosis, fractures, and other chronic diseases no longer should be
thought of as an inevitable part of growing old. By focusing on prevention and lifestyle
changes, including physical activity and nutrition, as well as early diagnosis and
appropriate treatment, Americans can avoid much of the damaging impact of bone
disease and other chronic diseases.

In recognition of the importance of promoting bone health and preventing
fractures, President George W. Bush has declared 2002–2011 as the Decade of the
Bone and Joint. With this designation, the United States has joined with other nations
throughout the world in committing resources to accelerate progress in a variety of
areas related to the musculoskeletal system, including bone disease and arthritis.

As a part of its Healthy People 2010 initiative, the U.S. Department of Health
and Human Services (HHS) has developed an important goal for Americans—to
increase the quality and years of healthy life. Our hope is that Americans can live
long and live well. Unfortunately, fractures—the most common and devastating
consequence of bone disease—frequently make it difficult and sometimes impossible
for people to realize this goal.

HHS is committed to developing a wide array of creative and innovative
approaches that can help make the goal of living long and living well a reality for
Americans. Several programs of particular relevance to bone health include:

• The National Institutes of Health’s Osteoporosis and Related Bone Diseases
~ National Resource Center. The National Resource Center provides timely
information for health professionals, patients, and the public on osteoporosis,
Paget’s disease of bone, osteogenesis imperfecta, and other metabolic bone
diseases.

• The National Bone Health Campaign. Targeted at 9- to 12-year-old girls and
their parents, this campaign uses Web sites and other activities to promote
nutritional choices and physical activities that benefit bone health.

Message From Tommy G. Thompson
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• Steps to a HealthierUS Initiative. HHS launched this initiative in 2003 to
advance the President’s goal of helping Americans live longer, better, and
healthier lives. At the heart of this program lies both personal responsibility
for the choices Americans make and social responsibility to ensure that
policymakers support programs that foster healthy behaviors and prevent
disease.

• VERBTM. It’s what you do. This national, multicultural, social marketing
campaign encourages young people ages 9–13 to be physically active every
day as a means of promoting overall health, including bone health.

This Surgeon General’s Report brings together for the first time the scientific
evidence related to the prevention, assessment, diagnosis, and treatment of bone
disease. More importantly, it provides a framework for moving forward. The
report will be another effective tool in educating Americans about how they can
promote bone health throughout their lives. I appreciate the efforts of Surgeon
General Richard H. Carmona and the many scientists and researchers who
contributed to the development of this report.



Preface
 From the Surgeon General,

U.S. Department of Health and Human Services

As Surgeon General, my primary role is to provide the American people with the
best scientific information available on how to improve health and reduce the risk of
illness and injury. This first-ever Surgeon General’s Report on bone health and
osteoporosis provides much needed information on bone health, an often overlooked
aspect of physical health. This report follows in the tradition of previous Surgeon
Generals’ reports by identifying the relevant scientific data, rigorously evaluating
and summarizing the evidence, and determining conclusions.

A healthy skeletal system with strong bones is essential to overall health and quality
of life. Yet, today, far too many Americans suffer from bone disease and fractures,
much of which could be prevented. An estimated 10 million Americans over age 50
have osteoporosis (the most common bone disease), while another 34 million are at
risk. Each year an estimated 1.5 million people suffer an osteoporotic-related fracture,
an event that often leads to a downward spiral in physical and mental health. In fact,
20 percent of senior citizens who suffer a hip fracture die within 1 year. One out of
every two women over 50 will have an osteoporosis-related fracture in their lifetime,
with risk of fracture increasing with age. Due primarily to the aging of the population
and the previous lack of focus on bone health, the number of hip fractures in the
United States could double or even triple by the year 2020.

However, the evidence in this report is clear: Hope is not lost. Over the past
several decades, scientists have learned a significant amount about the prevention,
diagnosis, and treatment of bone disease. Our next and most critical step is to transfer
this knowledge from the research laboratories to the general population.

One of my priorities is to promote disease prevention by helping Americans take
actions to make themselves and their families healthier. The good news is that regarding
bone health, these steps are clear—with appropriate nutrition and physical activity
throughout life, individuals can significantly reduce the risk of bone disease and
fractures. Health professionals can also make significant improvements in our Nation’s
bone health by proactively assessing, diagnosing, and treating at-risk patients and
then helping them apply this scientific knowledge in their everyday lives.
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However, individuals and health professionals acting alone will not
make a long-term difference. This brings us to the primary message of this
report: A coordinated public health approach that brings together a variety
of public and private sector  stakeholders in a collaborative effort is the
most promising strategy for improving the bone health of Americans. This
report calls for the development of a national action plan to achieve
improved bone health, and it highlights the unique and valuable perspectives
that key stakeholders can bring to this effort. While government ought to
be a part of the plan’s development, leadership must be shared among the
many public, private, nonprofit, academic, and scientific stakeholders.

Over the past 2 years, I have worked to improve the health literacy of
Americans; that is, to ensure that individuals can access, understand, and
use health-related information and services to make appropriate health
decisions. To that end, a short, easy-to-read companion piece to this report
has been developed. Available in English and Spanish, this People’s Piece
takes the best scientific information available in this report and provides
Americans with important, practical information on how they can improve
their own bone health.

I am encouraged by the participation of so many people and
organizations in developing this report, and I would like to thank them for
their willingness and eagerness to assist us in gathering the best scientific
information available. I am confident that their passion will be a catalyst
for action. Working together, we can take real steps to improve the bone
health status of Americans. Our reward for this effort will be to prove the
forecasters wrong—instead of seeing ever-increasing numbers of individuals
suffering from the agony of bone disease and fractures, we will see the day
when fewer and fewer Americans bear this burden.

Richard H. Carmona, M.D., M.P.H., FACS
Surgeon General
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Bone Health and Osteoporosis

 PART ONE: What Is Bone Health?          1

This introductory part of the report explores the answer to this ques-
tion, defining bone health as a public health issue with an emphasis on
prevention and early intervention to promote strong bones and prevent
fractures and their consequences. The first chapter describes this public
health approach along with the rationale for the report and the charge
from Congress and from the Surgeon General.

Chapter 2 provides a brief overview of the fundamentals of bone biol-
ogy, helping the reader to understand why humans have bones, how bones
work, how bones change during life, what keeps bones healthy, what causes
bone disease, and what is in store in the future. It begins to outline the role
of genetic and environmental factors such as nutrition and physical activ-
ity in keeping bones healthy, an issue that is addressed in more detail later
in the report.

Chapter 3 offers a summary review of the more common diseases, dis-
orders, and conditions that both directly and indirectly affect bone. While
much of Chapter 3 focuses on osteoporosis (including other diseases and
medications that can cause it), it also covers other related bone diseases,
including rickets and osteomalacia, renal osteodystrophy, Paget’s disease
of bone, developmental skeletal disorders, and acquired skeletal disorders.

Both Chapters 2 and 3 should be considered as important scientific
background for the remainder of the report.

One
WHAT IS BONE HEALTH?

Part One
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• Bone health is critically important to the
overall health and quality of life of Ameri-
cans. Healthy bones provide the body
with a frame that allows for mobility and
for protection against injury. Bones serve
as a storehouse for minerals that are vital
to the functioning of many other life-sus-
taining systems in the body. Unhealthy
bones, however, perform poorly in ex-
ecuting these functions and can lead to
debilitating fractures.

• The bone health status of Americans ap-
pears to be in jeopardy, and left un-
checked it is only going to get worse as
the population ages. Each year an esti-
mated 1.5 million individuals suffer an
osteoporotic-related fracture.

• Great improvements in the bone health
status of Americans can be made “sim-
ply” by applying in a timely manner that
which is already known about preven-
tion, assessment, detection, diagnosis, and
treatment.

• There is a large gap between what has
been learned and what is applied by
American consumers and health care pro-

Chapter 1: Key Messages

viders. The biggest problem is a lack of
awareness of bone disease among both
the public and health care professionals.

• An area of particular concern relates to
serving ethnic and racial minorities and
other underserved populations, includ-
ing the uninsured, underinsured, and
those living in rural areas. Closing this
gap will not be possible without specific
strategies and programs geared toward
bringing improvements in bone health to
all currently underserved populations.

• The area of bone health is ideally suited
to a public health approach to health
promotion. This Surgeon General’s re-
port is calling for Federal, State, and lo-
cal governments (including State and
local public health departments) to join
forces with the private sector and com-
munity organizations in a coordinated,
collaborative effort to promote bone
health. This type of approach can serve
as the primary vehicle for improving the
bone health status of Americans. Some
of the work has already begun, but
much more work remains.
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This first report of the Surgeon General on
bone health and osteoporosis, which was re-
quested by Congress, comes at a critical time.
Tremendous progress has been made in bone
health in the last several decades, particularly in
the past 15 years. Research has accelerated mark-
edly, enabling the medical community to develop
a much more detailed understanding of the fac-
tors that promote bone health and cause bone
disease and fractures. This enhanced level of
knowledge has led to significant advances in the
ability to prevent, assess risk factors for, diag-
nose, and treat bone disease.

Physical activity and calcium and vitamin D
intake are now known to be major contributors
to bone health for individuals of all ages. Even
though bone disease often strikes late in life, the
importance of beginning prevention at a very
young age and continuing it throughout life is
now well understood. Advances in knowledge
about risk factors have allowed work to begin
on tools that assess the potential for bone dis-
ease in an individual. These risk-factor assess-
ment tools help to identify high-risk individuals
in need of further evaluation. With respect to
diagnosis, the development of noninvasive tools
to measure bone density and bone mass has been
one of the most significant advances in the last
quarter century. As a result, it is now possible to

detect bone disease early and to identify those
at highest risk of fracture. Therapeutic advances
in bone disease have equaled if not surpassed
advances in the areas of prevention and diagno-
sis. Within the last 10–15 years, new classes of
drugs have been developed that, for the first time,
have been shown in large-scale trials to signifi-
cantly reduce the risk of fractures in individuals
with bone disease. Large-scale trials have also
confirmed the value of vitamin D and calcium
supplementation in reducing bone loss and the
risk of fractures in some populations.

Research has also led to a much better under-
standing of the role of secondary factors in the
development of bone disease, including use of cer-
tain medications and the presence of certain dis-
eases. For example, glucocorticoids are now known
to be a significant contributor to osteoporosis. As
a result, interventions are available that help mini-
mize the risk of bone disease in those who need
these drugs. Similarly, much more is now under-
stood about a leading cause of fractures in the eld-
erly—falls in those who have weakened bones.
Enhanced knowledge about why people fall has
led to interventions that target the risk factors for
falls, such as avoiding or minimizing use of medi-
cations that cause dizziness, making environmen-
tal modifications in the home, and training to im-
prove strength and balance.

A PUBLIC HEALTH APPROACH TO
PROMOTE BONE HEALTH

A Public Health Approach To Promote Bone Health

Chapter 1
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In short, the last several decades represent
an era of great excitement and progress in the
field of bone health. Thirty years ago, relatively
little was known or could be done about os-
teoporosis; both the disease and the fractures that
go along with it were thought of as an inevitable
part of old age. Today, however, advances in
scientific knowledge have ushered in a new era
in bone health, one in which bone diseases can
be prevented in the vast majority of individuals
and identified early and treated effectively in
those who do get them.

However, the tremendous potential offered
by this new era of bone health has yet to be-
come a reality. Bone diseases, including os-
teoporosis, Paget’s disease of the bone, osteogen-
esis imperfecta, rickets, osteomalacia, renal os-
teodystrophy, and hyperparathyroidism, remain
a major public health problem in this country.
They affect more than 10 million individuals
today, a figure that will rise significantly in the
decades ahead unless action is taken now. They
cause approximately 1.5 million fractures each
year, fractures that impose tremendous physi-
cal and emotional costs on those who suffer them
and their family members. They represent a sig-
nificant financial burden to both individuals and
society at large. Many of these costs are avoid-
able, since much is already known about how to
effectively prevent, diagnose, and treat bone dis-
ease throughout the life span. However, much
of what could be done to reduce this burden is
not being done today, largely due to a lack of
awareness of the problem and the failure to ap-
ply current knowledge. In fact, many in the pub-
lic and even the medical community believe that
osteoporosis is a natural consequence of aging
and that nothing can be done about it. This view
must be changed. The intent of this first-ever
report of the Surgeon General on bone health
and osteoporosis is to serve as a catalyst for the

development of a public health approach to pro-
moting bone health. The central focus of this
effort is to alert individuals and the medical com-
munity to the meaning and importance of bone
health, including its impact on overall health and
well-being, and of the need to take action to en-
sure the timely prevention, assessment, diagno-
sis, and treatment of bone disease and fractures
throughout life.

This report comes at a very critical time. Like
many nations, the United States faces the pros-
pect of an aging population and with it the ex-
pectation that the burden of chronic diseases,
including osteoporosis, will increase. In fact, with-
out concerted action to address this issue, it is
estimated that in 2020 one in two Americans over
age of 50 will have, or be at high risk of develop-
ing, osteoporosis. If these predictions come true,
they will have a devastating impact on the well-
being of Americans as they age. In fact, a major
theme of this report is that bone health is criti-
cally important to the overall health and quality
of life of Americans. Healthy bones provide the
body with a frame that allows for mobility and
for protection against injury. Bones also serve as
a storehouse for minerals that are vital to the
functioning of many other life-sustaining sys-
tems in the body. Unhealthy bones, however,
perform poorly in executing these functions.
They also lead to fractures, which are by far
the most important consequence of poor bone
health since they can result in disability, di-
minished function, loss of independence, and
premature death.

In recognition of the importance of promot-
ing bone health and preventing fractures, the
President has declared 2002–2011 as the Decade
of the Bone and Joint. With this designation, the
United States has joined with other nations
throughout the world in committing resources
to accelerate progress in a variety of areas related

1
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to the musculoskeletal system, including bone
disease and arthritis. As a part of its Healthy
People 2010 initiative, the U.S. Department of
Health and Human Services (HHS) has devel-
oped two overarching goals that are highly rel-
evant to bone health and osteoporosis. The first
goal is increased quality and years of healthy life.
In other words, the hope is that Americans can
live long and live well. As life expectancy has
increased, attention has turned to living
healthfully throughout life. Fractures, the most
common and devastating consequence of bone
disease, frequently make it difficult, if not im-
possible, for elderly individuals to continue to
live well. The second goal is to eliminate health
disparities across different segments of the popu-
lation. In addition, the President has launched
the HealthierUS initiative and, as a part of this
effort, HHS has implemented Steps to a
HealthierUS, both of which emphasize the im-
portance of physical activity and a nutritious diet.
This Surgeon General’s Report fits into these
larger efforts to highlight the importance of the
musculoskeletal system to the health status of
Americans and to provide individuals, clinicians,
public health officials, policymakers, and other
stakeholders with the information and tools they
need to improve bone health in all Americans.

The Magnitude of the Problem
Realizing the vision of a “bone-healthy”

America will be challenging, given the magni-
tude of the problem. The bone health status of
Americans appears to be in jeopardy, a fact that
represents another key theme of this report. Frac-
tures due to bone disease are common, costly,
and often become a chronic burden on individu-
als and society. An estimated 1.5 million indi-
viduals suffer a bone disease-related fracture
each year (Riggs and Melton 1995, Chrischilles
et al. 1991). However, this figure significantly

understates the true impact of bone disease, be-
cause it captures the problem at a point in time.
The impact of bone disease is more appropriately
evaluated over a lifetime. Four out of every 10
White women age 50 or older in the United States
will experience a hip, spine, or wrist fracture
sometime during the remainder of their lives; 13
percent of White men in this country will suffer
a similar fate (Cummings and Melton 2002).
While the lifetime risk for men and non-White
women is less across all fracture types, it is none-
theless substantial, and may be rising in certain
populations, such as Hispanic women
(Zingmond et al. 2004).

Fractures can have devastating consequences
for both the individuals who suffer them and
their family members. For example, hip fractures
are associated with increased risk of mortality.
The risk of mortality is 2.8–4 times greater among
hip fracture patients during the first 3 months
after the fracture, as compared to the comparable
risk among individuals of similar age who live in
the community and do not suffer a fracture.
Those who are in poor health or living in a nurs-
ing home at the time of fracture are particularly
vulnerable (Leibson et al. 2002, Richmond et al.
2003). For those who do survive, these fractures
often precipitate a downward spiral in physical
and mental health that dramatically impairs qual-
ity of life. Nearly one in five hip fracture pa-
tients, for example, ends up in a nursing home,
a situation that a majority of participants in one
study compared unfavorably to death (Salkeld
et al. 2000). Many fracture victims become iso-
lated and depressed, as the fear of falls and addi-
tional fractures paralyzes them. Spine fractures,
which are not as easily diagnosed and treated as
are fractures at other sites, can become a source
of chronic pain as well as disfigurement.

Osteoporosis is the most important underly-
ing cause of fractures in the elderly. Although

A Public Health Approach To Promote Bone Health
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osteoporosis can be defined as low bone mass
leading to structural fragility, it is difficult to
determine the extent of the condition described
in these qualitative terms. Using the World
Health Organization’s quantitative definition
based on bone density measurement, there are
roughly 10 million Americans over age 50 with
osteoporosis and an additional 34 million with
low bone mass or “osteopenia” of the hip,
which puts them at risk for osteoporosis, frac-
tures, and their potential complications later
in life (NOF 2002).

Left unchecked, the bone health status of
Americans is only going to get worse, due pri-
marily to the aging of the population. In fact,
the prevalence of osteoporosis and osteoporotic-
related fractures will increase significantly un-
less the underlying bone health status of Ameri-
cans is significantly improved. By 2010, roughly
12 million individuals over age 50 are expected
to have osteoporosis and another 40 million to
have low bone mass. By 2020, those figures are
expected to jump to 14 million cases of osteoporo-
sis and over 47 million cases of low bone mass
(NOF 2002). These demographic changes could
cause the number of hip fractures in the United
States to double or triple by 2040 (Schneider
and Guralnik 1990).

While much less is known about the prevalence
and treatment of other bone diseases, they too can
have a severe impact on the health and well-being
of those who suffer from them, especially if they
are not diagnosed and treated in a timely manner.
Many of the drugs that are used for osteoporosis
are also effective as treatments for other bone dis-
eases. While these diseases cannot be prevented,
treatment can reduce levels of deformity and suf-
fering. Further research on osteoporosis is likely to
yield additional improvements in the treatment of
these diseases, and may even yield insights into
how they can be prevented.

Not surprisingly, bone disease takes a sig-
nificant financial toll on society and individuals
who suffer from it. The direct care expenditures
for osteoporotic fractures alone range from $12.2–
$17.9 billion each year, measured in 2002 dol-
lars (Tosteson and Hammond 2002). Adding in
the direct costs of caring for other bone diseases
as well as the indirect costs (e.g., lost productiv-
ity for patients and family members) would
likely add billions of additional dollars to this tab.

The Challenge
Much of this considerable burden can be pre-

vented. There is no question that significant gaps
in knowledge (and hence research needs) remain.
However, another important theme of this report
is that great improvements in the bone health sta-
tus of Americans can be made by applying what
is already known about early prevention, assess-
ment, diagnosis, and treatment. In fact, the evi-
dence clearly suggests that individuals can do a
great deal to promote their own bone health. Pre-
vention of bone disease begins at birth and is a
lifelong challenge. By choosing to engage in regu-
lar physical activity, to follow a bone-healthy diet,
and to avoid behaviors such as smoking that can
damage bone, individuals can improve their bone
health throughout life. Health care professionals
can play a critical role in supporting individuals
in making these choices and in identifying and
treating high-risk individuals and those who have
bone disease.

As noted earlier, the importance of achiev-
ing adequate levels of physical activity and cal-
cium and vitamin D intake is now known, as is
the need to begin prevention at a very young
age and continue it throughout life. It is never
too late for prevention, as even older individuals
with poor bone health can improve their bone
health status through appropriate exercise and
calcium and vitamin D intake. Much is also

1
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known about how to ensure timely diagnosis of
bone disease. Thanks to the development of bone
mineral density (BMD) testing, fractures need
not be the first sign of poor bone health. It is
now possible to detect osteoporosis early and to
intervene before a fracture occurs. Promising
new approaches to assessment and screening will
likely provide an even better understanding of
the early warning signs of bone disease in the
future. On the treatment front, a variety of drugs
have been developed that improve bone health
and reduce the incidence of fractures. New and
potentially more effective drugs are currently
under development. There are effective treat-
ments not only for osteoporosis, but also for other
bone diseases such as Paget’s disease, hyperpar-
athyroidism, rickets, and osteomalacia. There are
also promising new directions for the treatment
of osteogenesis imperfecta.

However, too little of what has been learned
thus far about bone health has been applied in
practice. As a result, the bone health status of
Americans is poorer than it should be. Perhaps
the biggest problem is a lack of awareness of bone
disease among both the public and health care
professionals, many of whom do not understand
the magnitude of the problem, let alone the ways
in which bone disease can be prevented and
treated.

Relatively few individuals follow the recom-
mendations related to the amounts of physical
activity, calcium, and vitamin D that are needed
to maintain bone health. National surveys sug-
gest that the average calcium intake of individu-
als is far below the levels recommended for opti-
mal bone health (Wright et al. 2003.). Measure-
ments of vitamin D in nursing home residents,
hospitalized patients, and adults with hip frac-
tures suggest a high prevalence of insufficiency
(Webb et al.1990, LeBoff et al. 1999, Thomas et
al. 1998). Many Americans do not engage regu-

larly in leisure-time physical activity. As shown
in Chapter 6, the participation by both adult men
and women declines with age, with women be-
ing consistently less active than men (Schiller et
al. 2004). In addition, only half those 12–21 years
old exercise vigorously on a regular basis and 25
percent report no exercise at all (Gordon-Larsen
et al. 1999).

Health care professionals can do a better job
as well. Studies show that physicians frequently
fail to diagnose and treat osteoporosis, even in
elderly patients who have suffered a fracture
(Solomon et al. 2003, Andrade et al. 2003,
Kiebzak et al. 2002, Kamel et al. 2000, Feldstein
et al. 2003). For example, in a recent study of
four well-established Midwestern health systems,
only one-eighth to a quarter of patients who had
a hip fracture were tested for their bone density;
fewer than a quarter were given calcium and vi-
tamin D supplements; and fewer than one-tenth
were treated with effective antiresorptive drugs
(Harrington et al. 2002). Other studies have found
low usage rates for testing and treatment among
the high-risk population, including BMD testing
(which ranged from 3–23 percent), calcium and
vitamin D supplementation (11–44 percent), and
antiresorptive therapy (12–16 percent) (Morris
et al. 2004, Smith et al. 2001). In fact, most phy-
sicians do not even discuss osteoporosis with their
patients, even after a fracture (Pal 1999). Finally,
even when physicians do suggest therapy it of-
ten does not conform with recommended prac-
tice; for example, many patients with low BMD
are not treated while others with high BMD are
(Solomon et al. 2000).

Managed care organizations and other insur-
ers that provide coverage to individuals under
age 65 may not see the full impact of bone dis-
ease in their enrollees, since most will have moved
on to Medicare by the time they suffer a frac-
ture. Therefore, the commercial providers may
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not pay sufficient attention to bone health and
to the preventive strategies available to and suit-
able for younger people.

In short, therefore, the gap between clinical
knowledge and its application in the community
remains large and needs to be closed, a fact that
represents another key theme of this report. Of
particular concern is the fact that some popula-
tions suffer additional barriers in trying to achieve
optimal bone health. Overcoming these barriers
will not be possible without specific strategies and
programs geared towards bringing improvements
in bone health to these populations.

Some of the most important barriers relate
to men and racial and ethnic minorities. Os-
teoporosis and fragility fractures are often mis-
takenly viewed by both the public and health
care practitioners as only being a problem for
older White women. This commonly held but
incorrect view may delay prevention and even
treatment in men and minority women who are
not seen as being at risk for osteoporosis. While
a relatively small percentage of the total number
of people affected, these populations still repre-
sent millions of Americans who are suffering the
debilitating effects of bone disease.

For the poor (especially the low-income eld-
erly population), individuals with disabilities,
individuals living in rural areas, and other
underserved populations, timely access to care
represents an additional important barrier. Poor
access to care may be caused by any number of
factors, such as limited knowledge about bone
health; a lack of available providers; inadequate
income or insurance coverage; the high costs of
diagnosis and treatment; a lack of transportation;
or the inability to take time off from work to at-
tend to personal or family care needs. Whatever
the causes, the goal of better bone health for all
Americans cannot be reached without greater
efforts to educate underserved populations about

bone health and without significant improve-
ments in their access to appropriate preventive
services and counseling, screening, diagnosis,
and treatment. Today these underserved popu-
lations rely on an unorganized patchwork of pro-
viders (e.g., emergency rooms) that are ill-
equipped to provide or even facilitate the coor-
dinated, ongoing preventive and treatment ser-
vices that are needed to maintain bone health
and overall health and well-being.

Underserved populations not only have dif-
ficulty in accessing care, but there are also con-
cerns about the quality of those services they do
receive. A recent study by the Institute of Medi-
cine concluded that racial and ethnic minorities
tend to receive lower-quality health care than
does the majority population, even after account-
ing for access-related factors (Smedley et al.
2003). These disparities are consistent across a
wide range of services, including those critical
to bone health. Moreover, in a large study of
older adults who had suffered a hip or wrist frac-
ture, certain groups of patients—including men,
older persons, non-Whites, and those with co-
morbid conditions—were less likely than White
women to receive treatment for their bone dis-
ease after their fractures (Solomon et al. 2003).

The Opportunity
This Surgeon General’s Report looks upon

the Nation’s at-risk bone status as an opportu-
nity to do better rather than as an intractable
problem. A variety of factors make bone health
an ideal candidate for a public health approach.
These factors include: a) the prospects of declin-
ing bone health status due to an aging popula-
tion; b) the significant gap between what we
know and what we apply; c) the need for early
prevention of an often “silent” disease; d) the fact
that most bone disease does not strike until
people are on Medicare; and e) the lack of sys-
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tematic evaluation of the prevalence and impact
of bone disease. This Surgeon General’s Report
is calling for Federal, State, and local govern-
ments (including State and local public health
departments) to join forces with the private sec-
tor and community organizations in a coordi-
nated effort to promote bone health and prevent
disease. This type of approach can serve as the
primary vehicle for improving the bone health
status of Americans. To be successful it must
involve all stakeholders—individual citizens;
volunteer health organizations; health care pro-
fessionals; community organizations; private in-
dustry; and government—and must emphasize
policies and programs that promote the dissemi-
nation of best practices for prevention, screen-
ing, and treatment for all Americans.

Some of the work on this public health ap-
proach has already begun. The aforementioned
Healthy People 2010 initiative lays out 467 spe-
cific objectives in 28 different areas of health to
be achieved during the first decade of the 21st
century. Included in these objectives are targets
for reducing the number of individuals with os-
teoporosis and the number of hip fractures, along
with increasing levels of calcium intake and
physical activity. (See Table 1-1 for more infor-
mation on those Healthy People 2010 goals that
relate to osteoporosis and bone health.)

One of the purposes of this Surgeon
General’s Report is to build support at many lev-
els to include current Healthy People 2010 ob-
jectives in health agendas and activities at the
Federal, State, and local levels. Developing data
systems to track progress on these objectives will
be critical to achieving improvements in bone
health status. Going forward, it is anticipated
that the number of objectives related to os-
teoporosis and bone health will increase when
Healthy People 2020 objectives are developed,
and that existing measures will be refined as our

understanding of the science and our data col-
lection and measurement systems improve.

The Charge
Recognizing that bone health can have a sig-

nificant impact on the overall health and well-
being of Americans, Congress instructed that this
report cover a range of important issues related
to improving bone health, including: challenges
in the diagnosis and treatment of osteoporosis and
related bone diseases; the impact of these diseases
on minority populations; promising prevention
strategies; how to improve health provider edu-
cation and promote public awareness; and ways
to enhance access to key health services. (See
Appendix A for more details.)

To initiate the development of the report, an
interagency work group was convened by the
Surgeon General with staff representatives from
the National Institutes of Health (NIH), the
Centers for Disease Control and Prevention
(CDC), the Food and Drug Administration
(FDA), the Health Resources and Services Ad-
ministration (HRSA), the Agency for
Healthcare Research and Quality (AHRQ), the
Administration on Aging, the Centers for Medi-
care and Medicaid Services (CMS), the Office
of Disease Prevention and Health Promotion,
the Office on Women’s Health, the Office on
Minority Health, the President’s Council on
Physical Fitness and Sports, the Regional Health
Administrators, and the U.S. Department of
Agriculture.

As a second step, a Surgeon General’s Work-
shop was convened in December 2002 that
brought together a wide range of researchers,
public health experts, and patient representatives
to discuss key areas that should be addressed in
the report. Prior to the workshop, public com-
ments on what the priorities for the report should
be were solicited through the Surgeon General’s
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Web site. Following the workshop, a summary
of its key findings was released by the Surgeon
General (Report 2003).

This report includes contributions from more
than 50 authors across the country, while over
100 experts provided valuable guidance and in-
sights in their reviews of initial drafts.

This report is intended to be a catalyst
for the advancement of research in bone
health, and for accelerating the translation of
existing evidence on how to improve bone
health status into everyday practice. The net
result should be an improvement in the bone
health status of Americans.

Evidence Base for the Report
This report is based on a review of the

published scientific literature. The scope of
the review encompassed studies written in
English from throughout the world. The
quality of the evidence, based on study de-
sign and its rigor, was considered as a part of
this review. All studies used in the report are
referenced in the text, with full citations at
the conclusion of each chapter.

This report does not offer any new standards
or guidelines for the prevention, diagnosis, or
treatment of bone disease. Rather, it summarizes
knowledge that is already known and can be
acted upon.

The clinical literature in bone disease includes
the full range of studies, from randomized con-
trolled trials to case studies. Comprehensive re-
views of the literature have been used for Chap-
ters 2 through 9, and Chapter 11. Chapter 10,
which is an attempt to summarize key, action-
able findings for busy health care professionals,
contains few references, as it largely draws on find-
ings cited elsewhere in the report. Chapter 12
draws on both published studies and case studies
of population-based initiatives in bone health,

which were selected in order to highlight particu-
lar lessons about such approaches. Additional in-
formation on the various kinds of evidence and
studies that were used in preparing this report
can be found in Appendix B, entitled, “How We
Know What We Know: The Evidence Behind
the Evidence.”

Experts in their respective fields of bone
health contributed to this report. Each chapter was
prepared under the guidance of a coordinating
author for that chapter. Independent, expert peer
review was conducted for all chapters. The full
manuscript was reviewed by a number of senior
reviewers as well as the relevant Federal agencies.
All who contributed are listed in the Acknowl-
edgments section of the report.

Organization of the Report
This report attempts to answer five major

questions for a wide variety of stakeholders, in-
cluding policymakers; national, State, and local
public health officials; health system leaders;
health care professionals; community advocates;
and individuals. The report is organized around
each of these five questions. The first section
strives to define bone health and bone disease in
terms that the public can understand. The sec-
ond section reviews today’s less-than-optimal
bone health status and documents the magnitude
of the problem facing the Nation. The third,
fourth, and fifth sections of the report tackle the
issue of what can be done to improve bone
health—first from the perspective of the indi-
vidual, then from the perspective of the health
care professional, and finally from the perspec-
tive of the larger health system. The final section
lays out a vision for the future.

Part One: What Is Bone Health?
This introductory part of the report defines

bone health as a public health issue with an em-
phasis on prevention and early intervention to
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promote strong bones and prevent fractures and
their consequences. This first chapter describes
this public health approach along with the ratio-
nale for the report and the charge from Congress
and from the Surgeon General. Chapter 2 pro-
vides a brief overview of the fundamentals of
bone biology, helping the reader to understand
why humans have bones; how bones work; how
bones change during life; what keeps bones
healthy; what causes bone disease; and what is
in store in the future. Chapter 3 offers a sum-
mary review of the more common diseases, dis-
orders, and conditions that both directly and in-
directly affect bone. While much of Chapter 3
focuses on osteoporosis (including other diseases
and medications that can cause it), it also covers
other bone diseases, including rickets and osteo-
malacia, renal osteodystrophy, Paget’s disease of
bone, developmental skeletal disorders, and ac-
quired skeletal disorders. Both Chapters 2 and 3
should be considered as important scientific back-
ground for the remainder of the report.

Part Two: What Is the Status of Bone Health
in America?

This part of the report describes the magni-
tude and scope of the problem from two per-
spectives. The first is the prevalence of bone dis-
ease within the population at large, and the sec-
ond is the burden that bone diseases impose on
society and those who suffer from them. Chap-
ter 4 provides detailed information on the inci-
dence and prevalence of osteoporosis, fractures,
and other bone diseases. Where available, it also
provides data on bone disease in men and mi-
norities and offers projections for the future.
Chapter 5 examines the costs of bone diseases
and their effects on well-being and quality of life,
both from the point of view of the individual
patient and society at large. It includes some real-
life vignettes that highlight the impact that os-

teoporosis, Paget’s disease, osteogenesis
imperfecta, and other related bone diseases can
have on those who suffer from them and their
family members.

Part Three: What Can Individuals Do To
Improve Their Bone Health?

This part of the report examines factors that
determine bone health and describes lifestyle
approaches that individuals can take to improve
their personal bone health. Chapter 6 provides a
thorough review of the evidence on how nutri-
tion, physical activity, and other factors influ-
ence bone health, including those behaviors that
promote it (e.g., physical activity, adequate cal-
cium intake) and those that can impair it (e.g.,
smoking). Chapter 7 provides practical, real-
world guidance on lifestyle approaches that in-
dividuals can take to improve their own bone
health, including the following: what foods are
the best sources of calcium and vitamin D; how
to calculate daily calcium intake; when calcium
and/or vitamin D supplementation should be
considered; and what types of physical activity
can contribute to bone health and overall health.

Part Four: What Can Health Care
Professionals Do To Promote Bone Health?

This part of the report describes what health
care professionals can do with their patients to
promote bone health. Chapter 8 examines the
potential risk factors for bone disease; highlights
red flags that signal the need for further assess-
ment; reviews the use of formal assessment tools
to determine who should get a bone density test;
and provides detailed information on how to use
BMD for both assessment and monitoring pur-
poses. The chapter also provides a glimpse into
the future of bone disease assessment and diag-
nosis. It includes real-life vignettes that highlight
the need for the medical profession to become

1
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aware of the potential for severe osteoporosis to
develop in younger men and women. Chapter 9
focuses on preventive and therapeutic measures
for those who have or are at risk for bone disease.
It reviews a “pyramid approach” to treating bone
diseases and to preventing falls and fractures, with
maintenance of bone health through calcium, vi-
tamin D, physical activity, and fall prevention
representing the base of the pyramid for all indi-
viduals, including those with bone disease. The
second level of the pyramid relates to addressing
and treating secondary causes of osteoporosis.
The third level of the pyramid is pharmaco-
therapy. The chapter describes currently avail-
able anti-resorptive, anabolic therapies and hor-
mone therapies and offers a glimpse into future
directions for pharmacologic treatment of os-
teoporosis. The chapter also reviews the treatment
and rehabilitation of osteoporotic fractures and
highlights treatment options for other bone dis-
eases. Chapter 10 “puts it all together” for health
care professionals by translating the research into
practical advice for preventing, diagnosing, and
treating bone disease in patients of all ages. Key
symptoms of major metabolic bone diseases are
identified, as are red flags that signal a need for
further intervention.

Part Five: What Can Health Systems and
Population-Based Approaches Do To Promote
Bone Health?

This part of the report examines how health
systems and population-based approaches can
promote bone health. Chapter 11 looks at the
key systems-level issues and decisions that affect
bone health care, including evidence-based
medicine; clinical practice guidelines; training
and education of health care professionals; quality
assurance; coverage policies; and disparities in

prevention and treatment. It also evaluates the
key roles of various stakeholders in promoting a
more systems-based approach to bone health
care, including individual clinicians; medical
groups; health plans and other insurers; public
health departments; and other stakeholders.
Chapter 12 describes the various potential
components of population-based approaches at
the local, State, and Federal levels to promote
bone health and reviews the evidence supporting
their use. This chapter also includes several
detailed profiles of innovative and/or effective
population-based programs, each of which was
selected to illustrate an important concept in
population-based health. Chapter 12 also draws
lessons for bone health from population-based
approaches that have been used in other areas
of health, such as the National Cholesterol
Education Program, to reduce cholesterol levels
in Americans.

Part Six: Challenges and Opportunities:
A Vision for the Future

The final part summarizes the key themes of
the report, highlights those opportunities that
have been identified for promoting bone health,
and lays out a vision for how these opportunities
can be realized so that bone health can be im-
proved today and far into the future. The key to
success will be for public and private stakehold-
ers—including individual consumers; voluntary
health organizations and professional associa-
tions; health care professionals; health systems;
academic medical centers; researchers; health
plans and insurers; public health departments;
and all levels of government—to join forces in
developing a collaborative approach to promot-
ing timely prevention, assessment, diagnosis, and
treatment of bone disease throughout life.

A Public Health Approach To Promote Bone Health
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• The bony skeleton is a remarkable organ
that serves both a structural function, pro-
viding mobility, support, and protection for
the body, and a reservoir function, as the
storehouse for essential minerals.

• During childhood and adolescence
bones are sculpted by a process called
modeling, which allows for the forma-
tion of new bone at one site and the re-
moval of old bone from another site
within the same bone. This process al-
lows individual bones to grow in size
and to shift in space.

• Much of the cellular activity in a bone con-
sists of removal and replacement at the
same site, a process called remodeling. The
remodeling process occurs throughout life
and becomes dominant by the time that
bone reaches its peak mass (typically by
the early 20s). Remodeling continues
throughout life so that most of the adult
skeleton is replaced about every 10 years.

• Both genes and the environment con-
tribute to bone health. Some elements
of bone health are determined largely
by genes, and errors in signaling by
these genes can result in birth defects.
External factors, such as diet and physi-
cal activity, are critically important to
bone health throughout life, and these
factors can be modified.

Chapter 2: Key Messages

• The growth of the skeleton, its response
to mechanical forces, and its role as a min-
eral storehouse are all dependent on the
proper functioning of a number of sys-
temic or circulating hormones that re-
spond to changes in blood calcium and
phosphorus. If calcium or phosphorus
are in short supply, the regulating hor-
mones take them out of the bone to serve
vital functions in other systems of the
body. Too many withdrawals can
weaken the bone.

• Many things can interfere with the de-
velopment of a strong and healthy skel-
eton. Genetic abnormalities can produce
weak, thin bones, or bones that are too
dense. Nutritional deficiencies can result
in the formation of weak, poorly miner-
alized bone. Many hormonal disorders
can also affect the skeleton. Lack of exer-
cise, immobilization, and smoking can
also have negative effects on bone mass
and strength.

• Osteoporosis, the most common bone
disease, typically does not manifest un-
til late in life, when bone loss begins due
to bone breakdown and decreased lev-
els of bone formation. Loss of bone mass
leads to the development of structural
abnormalities that make the skeleton
more fragile.



Bone Health and Osteoporosis

17The Basics of Bone in Health and Disease

The purpose of this chapter is to provide an
overview of bone biology that will help the reader
to understand:

• why humans have bones;
• how bones work;
• how bones change during life;
• what keeps bones healthy;
• what causes bone disease, including the

most common form, osteoporosis; and
• the future of bone biology and what it

means for preventing and treating
bone disease.

While dealing with a subject that is highly
technical in nature, this chapter attempts to ex-
plain bone biology in terms that a lay person can
generally understand. It is intended to provide
the reader with the background needed to un-
derstand the basis for some of the preventive, di-
agnostic, and treatment approaches related to
bone disease that are discussed in detail later in
this report. Those interested in a more detailed
review of bone biology and bone disease can con-
sult any of a number of recent texts (Bilezikian et
al. 2001, Marcus et al. 2001, Favus 2003).

Why Do We Have Bones?
The bony skeleton is a remarkable organ that

serves both a structural function—providing
mobility, support, and protection for the body—
and a reservoir function, as the storehouse for

Chapter 2

THE BASICS OF BONE IN
HEALTH AND DISEASE

essential minerals. It is not a static organ, but is
constantly changing to better carry out its func-
tions. The development of the bony skeleton
likely began many eons ago, when animals left
the calcium-rich ocean, first to live in fresh wa-
ter where calcium was in short supply, and then
on dry land where weight bearing put much
greater stress on the skeleton. The architecture
of the skeleton is remarkably adapted to provide
adequate strength and mobility so that bones do
not break when subjected to substantial impact,
even the loads placed on bone during vigorous
physical activity. The shape or structure of bone
is at least as important as its mass in providing
this strength.

The skeleton is also a storehouse for two min-
erals, calcium and phosphorus, that are essential
for the functioning of other body systems, and
this storehouse must be called upon in times of
need. The maintenance of a constant level of
calcium in the blood as well as an adequate sup-
ply of calcium and phosphorus in cells is critical
for the function of all body organs, but particu-
larly for the nerves and muscle. Therefore, a
complex system of regulatory hormones has de-
veloped that helps to maintain adequate supplies
of these minerals in a variety of situations. These
hormones act not only on bone but on other tis-
sues, such as the intestine and the kidney, to
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regulate the supply of these elements. Thus one
reason that bone health is difficult to maintain is
that the skeleton is simultaneously serving two
different functions that are in competition with
each other. First, bone must be responsive to
changes in mechanical loading or weight bearing,
both of which require strong bones that have
ample supplies of calcium and phosphorus. When
these elements are in short supply the regulating
hormones take them out of the bone to serve vital
functions in other systems of the body. Thus the
skeleton can be likened to a bank where we can
deposit calcium or phosphorus and then withdraw
them later in times of need. However, too many
withdrawals weaken the bone and can lead to the
most common bone disorder, fractures.

Both the amount of bone and its architecture
or shape are determined by the mechanical forces
that act on the skeleton. Much of this is deter-
mined genetically so that each species, including
humans, has a skeleton that is adapted to its func-
tions. However, there can be great variation within
a species, so that some individuals will have strong
bones and others will have weak bones, largely
because of differences in their genes (Huang et
al. 2003). Moreover, bone mass and architecture
are further modified throughout life as these func-
tions and the mechanical forces required to fulfill
them change. In other words, bones will weaken
if they are not subjected to adequate amounts of
loading and weight bearing for sufficient periods
of time. If they are not (such as in the weightless
condition of space travel), rapid bone loss can oc-
cur. In other words, as with muscle, it is “use it or
lose it” with bone as well. Conversely, the amount
and architecture of the bones can be improved
by mechanical loading. However, as described in
Chapter 6, some types of exercise may be better
than others in strengthening the skeleton.

To respond to its dual roles of support and
regulation of calcium and phosphorus, as well
as to repair any damage to the skeleton, bone is
constantly changing. Old bone breaks down and
new bone is formed on a continuous basis. In
fact, the tissue of the skeleton is replaced many
times during life. This requires an exquisitely
controlled regulatory system that involves spe-
cialized cells that communicate with each other.
These cells must respond to many different sig-
nals, both internal and external, mechanical and
hormonal, and systemic (affecting the whole skel-
eton) and local (affecting only a small region of
the skeleton). It is not surprising that with so
many different tasks to perform and so many
different factors regulating how the skeleton
grows, adapts, and responds to changing de-
mands, there are many ways that these processes
can go astray.

How Bones Work
Bone is a composite material, consisting of

crystals of mineral bound to protein. This pro-
vides both strength and resilience so that the
skeleton can absorb impact without breaking. A
structure made only of mineral would be more
brittle and break more easily, while a structure
made only of protein would be soft and bend
too easily. The mineral phase of bone consists of
small crystals containing calcium and phosphate,
called hydroxyapatite. This mineral is bound in
an orderly manner to a matrix that is made up
largely of a single protein, collagen. Collagen is
made by bone cells and assembled as long thin
rods containing three intertwined protein chains,
which are then assembled into larger fibers that
are strengthened by chemical connections be-
tween them. Other proteins in bone can help to
strengthen the collagen matrix even further and
to regulate its ability to bind mineral. Very small

2
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changes in the shape of the bone can act on the
cells inside bone (the osteocytes), which produce
chemical signals that allow the skeleton to re-
spond to changes in mechanical loading. Abnor-
malities in the collagen scaffold can occur as a
result of a genetic disorder called osteogenesis
imperfecta, while the failure of mineral deposi-
tion can be the result of rickets and osteomala-
cia, conditions that result in marked weakening
of the skeleton (see below and Chapter 3).

To provide the body with a frame that is
both light and strong, bones are hollow. The
outer dense shell is called cortical bone, which
makes up roughly three-quarters of the total skel-
etal mass. Inside the cortical shell is a fine net-
work of connecting plates and rods called trabe-
cular bone that makes up the remaining 25 per-
cent (Figure 2-1). Most bones are hollow struc-
tures in which the outer cortical bone shell de-
fines the shape of the bone. This cortical shell is
essential because it provides strength, sites for
firm attachment of the tendons, and muscles and
protection without excessive weight. The inner
trabecular network has two important functions.
It provides a large bone surface for mineral ex-
change. In addition, trabecular bone helps to
maintain skeletal strength and integrity, as it is
particularly abundant in the spine and at the ends
of the long bones, sites that are under continu-
ous stress from motion and weight-bearing. Frac-
tures are common at these sites when the bone
is weakened (Kontulainen, Sievanen et al. 2003).
The rods and plates of trabecular bone are
aligned in a pattern that provides maximal
strength without too much bulk, much in the
way that architects and engineers design build-
ings and bridges. The shape and size of both

cortical and trabecular bone can respond to dif-
ferent kinds of stress produced by physical ac-
tivity. For example, in most people the cortex of
their dominant arm is larger than that of their
non-dominant arm. The difference in cortex size
is even larger for tennis players and other ath-
letes who routinely use a dominant arm in their
sporting activities. Bones do not work in isola-
tion, but rather are part of the musculoskeletal
system, providing the “lever” that allows muscles
to move (by pulling on the lever). Thus muscle
activity is important for the normal function of
the bone. When the mechanical force produced
by muscle is lost—for example, in patients with
muscular dystrophy or paralysis—bone mass
and strength are also rapidly lost. Many bones
in the skeleton also have connecting joints that
provide greater flexibility of movement. These
joints are sites of great mechanical stress and are
subject to injury and to degeneration with ag-
ing. The most common type of joint degenera-
tion is osteoarthritis, a painful, degenerative con-
dition that affects the hip, knees, neck, lower
back, and/or small joints of the hand. These joint
diseases result from very different causes and
require very different management than do bone
diseases, and consequently they are not covered
in this report. However it is important to rec-
ognize that the bones, joints, and muscles are
the key parts of an integrated “musculoskeletal
system.” Problems with any one component of
this system can affect the other components.
Thus, weakness of the muscles can lead to loss
of bone and joint damage, while degeneration
of the joints leads to changes in the underlying
bone, such as the bony spurs or protuberances
that occur in osteoarthritis.

The Basics of Bone in Health and Disease



20 Chapter

A Report of the Surgeon General

How Bones Change
Throughout Life

Throughout life, bones change in size, shape,
and position. Two processes guide these
changes—modeling and remodeling. When a
bone is formed at one site and broken down in a
different site its shape and position is changed.
This is called modeling (Figure 2-2). However,
much of the cellular activity in a bone consists
of removal and replacement at the same site, a
process called remodeling. The remainder of this
section explains why and how these processes
occur.

Why We Need Modeling and Remodeling
During childhood and adolescence bones are

sculpted by modeling, which allows for the for-
mation of new bone at one site and the removal

of old bone from another site within the same
bone (Seeman 2003) (Figure 2-2). This process
allows individual bones to grow in size and to
shift in space. During childhood bones grow
because resorption occurs inside the bone while
formation of new bone occurs on its outer (peri-
osteal) surface. At puberty the bones get thicker
because formation can occur on both the outer
and inner (endosteal) surfaces. As people get
older, resorption occurs on inner surfaces while
formation occurs on outer surfaces, which can
partially compensate for the loss of strength due
to the thinning of the cortex. The size and shape
of the skeleton follows a genetic program, but
can be greatly affected by the loading or im-
pact that occurs with physical activity. Ulti-
mately bones achieve a shape and size that fits

2
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best to their function. In other words, “form
follows function.”

The remodeling process occurs throughout
life and becomes the dominant process by the
time that bone reaches its peak mass (typically
by the early 20s). In remodeling, a small amount
of bone on the surface of trabeculae or in the
interior of the cortex is removed and then re-
placed at the same site (Figure 2-2). The remod-
eling process does not change the shape of the
bone, but it is nevertheless vital for bone health,
for a variety of reasons. First, remodeling repairs
the damage to the skeleton that can result from
repeated stresses by replacing small cracks or
deformities in areas of cell damage. Remodeling
also prevents the accumulation of too much old
bone, which can lose its resilience and become
brittle. Remodeling is also important for the
function of the skeleton as the bank for calcium
and phosphorus. Resorption (the process of
breaking down bone), particularly on the sur-
face of trabecular bone, can supply needed cal-
cium and phosphorus when there is a deficiency
in the diet or for the needs of the fetus during
pregnancy or an infant during lactation. When
calcium and phosphorus supplies are ample the
formation phase of remodeling can take up these
minerals and replenish the bank.

Modeling and remodeling continue through-
out life so that most of the adult skeleton is re-
placed about every 10 years. While remodeling
predominates by early adulthood, modeling can
still occur particularly in response to weakening
of the bone. Thus with aging, if excessive
amounts of bone are removed from the inside,
some new bone can be laid down on the out-
side, thus preserving the mechanical strength of
the bone despite the loss of bone mass.

How Modeling and Remodeling Occur
The process of building the skeleton and

continuously reshaping it to respond to inter-
nal and external signals is carried out by spe-
cialized cells that can be activated to form or
break down bone. Both modeling and remod-
eling involve the cells that form bone called
osteoblasts and the cells that break down bone,
called osteoclasts (Figure 2-3). In remodeling
there is an important local interaction between
osteoblasts or their precursors (the cells that will
develop into osteoblasts by acquiring more spe-
cialized functions—a process called differentia-
tion) and osteoclasts or their precursors. Since
remodeling is the main way that bone changes
in adults and abnormalities in remodeling are the
primary cause of bone disease, it is critically im-
portant to understand this process. In addition,
recent research has provided exciting informa-
tion about these cell interactions.

Osteoblasts are derived from precursor cells
that can also be stimulated to become muscle,
fat or cartilage; however, under the right condi-
tions these cells change (or differentiate) to form
new bone, producing the collagen that forms the
scaffolding or bone matrix. This calcium- and
phosphate-rich mineral is added to the matrix to
form the hard, yet resilient, tissue that is healthy
bone. Osteoblasts lay down bone in orderly lay-
ers that add strength to the matrix. Some of
the osteoblasts are buried in the matrix as it is
being produced and these are now called os-
teocytes. Others remain as thin cells that cover
the surface and are called lining cells. Osteo-
cytes are the most numerous cells in bone and
are extensively connected to each other and to
the surface of osteoblasts by a network of small
thin extensions. This network is critical for the
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ability of bone to respond to mechanical forces
and injury. When the skeleton is subjected to
impact there is fluid movement around the os-
teocytes and the long-cell extensions that pro-
vides signals to the bone cells on the surface to
alter their activity, either in terms of changes in

bone resorption or formation. Failure of the os-
teoblasts to make a normal matrix occurs in a
congenital disorder of the collagen molecule
called osteogenesis imperfecta. Inadequate bone
matrix formation also occurs in osteoporosis,
particularly in the form of osteoporosis produced
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by an excess of the adrenal hormones called glu-
cocorticoid-induced osteoporosis. This form of os-
teoporosis differs from primary osteoporosis and
most other forms of secondary osteoporosis be-
cause with glucocorticoid-induced osteoporosis
inhibition of bone formation is the dominant
mechanism for weakening of the skeleton.

The osteoclasts remove bone by dissolving
the mineral and breaking down the matrix in a
process that is called bone resorption. The osteo-
clasts come from the same precursor cells in the
bone marrow that produce white blood cells.
These precursor cells can also circulate in the
blood and be available at different sites in need of
bone breakdown. Osteoclasts are formed by fu-
sion of small precursor cells into large, highly ac-
tive cells with many nuclei. These large cells can
fasten onto the bone, seal off an area on the sur-
face, and develop a region of intense activity in
which the cell surface is highly irregular, called a
ruffled border. This ruffled border contains trans-
port molecules that transfer hydrogen ions from
the cells to the bone surface where they can dis-
solve the mineral. In addition, packets of enzymes
are secreted from the ruffled border that can break
down the matrix. Excessive bone breakdown by
osteoclasts is an important cause of bone fragility
not only in osteoporosis, but also in other bone
diseases such as hyperparathyroidism,
Paget’s disease, and fibrous dysplasia (see
Chapter 3). Inhibitors of osteoclastic bone
breakdown have been developed to treat
these disorders (see Chapter 9).

Removal and replacement of bone in the re-
modeling cycle occurs in a carefully orchestrated
sequence that involves communication between
cells of the osteoblast and osteoclast lineages
(Hauge, Qvesel et al. 2001; Parfitt 2001). It is
controlled by local and systemic factors that regu-
late bone remodeling to fulfill both its structural
and metabolic functions. The activation of this

process involves an interaction between cells of
the osteoblastic lineage and the precursors that
will become osteoclasts. What stops this process
is not known, but the osteoclasts machinery
clearly slows down and the osteoclasts die by a
process that is called programmed cell death.
Thus the amount of bone removed can be con-
trolled by altering the rate of production of new
osteoclasts, blocking their activity, or altering
their life span. Most current treatments for os-
teoporosis work by slowing down osteoclastic
bone breakdown through use of antiresorptive
agents.

The activation and resorption phases are fol-
lowed by a brief reversal phase (Everts, Delaisse
et al. 2002). During the reversal phase the resorbed
surface is prepared for the subsequent formation
phase, in part by producing a thin layer of pro-
tein, rich in sugars, which is called the cement
line and helps form a strong bond between the
old bone and the newly formed bone.

These three phases are relatively rapid, prob-
ably lasting only 2 to 3 weeks in humans. The
final phase of bone formation takes much longer,
lasting up to 3 or 4 months. Thus active remod-
eling at many sites can weaken the bone for a
considerable period of time (even if formation
catches up eventually), as many defects form in
the bony structure that have not yet been filled.
Formation is carried out by large active osteo-
blasts that lay down successive layers of matrix
in an orderly manner that provides added
strength. The addition of minerals to the collag-
enous matrix completes the process of making
strong bone. Any error in this complex process
can lead to bone disease.

Since remodeling serves both the structural
and metabolic functions of the skeleton, it can
be stimulated both by the hormones that regu-
late mineral metabolism and by mechanical loads
and local damage acting through local factors.
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Repair of local damage is an important function
of remodeling. Over time repeated small stresses
on the skeleton can produce areas of defective
bone, termed micro-damage. Replacement of
that damaged bone by remodeling restores bone
strength. Signals for these responses are prob-
ably developed by the network of osteocytes and
osteoblasts, which, through their multiple con-
nections, can detect changes in the stress placed
upon bone and in the health of the small areas of
micro-damage. Factors that affect the formation,
activity, and life span of osteoclasts and osteo-
blasts as they develop from precursor cells can
affect the remodeling cycle. Drugs have been
developed that act in these ways, with the goal
of reducing bone loss or increasing bone forma-
tion and maintaining skeletal health.

What Keeps Bones Healthy?
Both genes and the environment contribute

to bone health. Some elements of bone health
(e.g., the size and shape of the skeleton) are de-
termined largely by genes, and errors in signal-
ing by these genes can result in birth defects.
External factors, such as diet and physical activ-
ity, are critically important to bone health
throughout life and can be modified. As noted
above, the mechanical loading of the skeleton is
essential for maintenance of normal bone mass
and architecture. In addition, the skeleton needs
certain nutritional elements to build tissue. Not
only does the skeleton require the same nutri-
tional elements as the rest of the body, but it
also has a special requirement for large amounts
of calcium and phosphorus. While adequate lev-
els of these minerals can be obtained from the
mother during pregnancy and nursing, they
must come from the diet thereafter.

The growth of the skeleton, its response to
mechanical forces, and its role as a mineral store-
house are all dependent on the proper function-

ing of a number of systemic or circulating hor-
mones produced outside the skeleton that work
in concert with local regulatory factors. The sys-
temic hormones that affect the supply of calcium
and phosphorus and the formation and break-
down of bone are listed in Table 2-1. This com-
plex system of regulatory hormones responds to
changes in blood calcium and phosphorus, act-
ing not only on bone but also on other tissues
such as the intestine and the kidney. The system
is illustrated for calcium regulation in Figure 2-4.
Under normal conditions only part of the dietary
calcium is absorbed and some calcium is secreted
into the intestinal tract so that the net amount of
calcium entering the body normally is only a small
proportion of dietary calcium. In healthy young
adults there is calcium balance, where the amount
taken in is equal to the amount excreted. The bones
are constantly remodeling, but breakdown and
formation are equal. The kidney filters the blood,
including a large amount of calcium, but most of
this is taken back into the body by the kidney cells.
When calcium and/or phosphorus are in short sup-
ply, the regulating hormones take them out of the
bone to serve vital functions in other systems of
the body. Too many withdrawals can weaken the
bone. The regulatory hormones also play critical
roles in determining how much bone is formed at
different phases of skeletal growth and how well
bone strength and mass is maintained throughout
life. For example, sex hormones and the growth
hormone system described below are increased
during puberty, a time of rapidly increased skel-
etal growth. Finally, it is important to remember
that the effects of hormones and mechanical forces
on the skeleton are closely linked. For example,
the ability of bone to respond to mechanical load-
ing is impaired in animals lacking the receptor for
estrogen (Lee et al. 2003).

Genes, hormones, local factors, and lifestyle
all play a role in determining one’s peak bone
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mass, a level that is typically achieved by the
time an individual reaches his or her late teens
or early 20s. The stronger the bones are at this
time, the better able they are to deal with any
withdrawals of calcium and phosphorus that are
needed and with any other changes to bone that
occur with aging.

What follows is a brief description of the most
important regulating hormones with respect to
bone health.

Calcium-Regulating Hormones
Three calcium-regulating hormones play an

important role in producing healthy bone: 1) par-
athyroid hormone or PTH, which maintains the
level of calcium and stimulates both resorption
and formation of bone; 2) calcitriol, the hormone
derived from vitamin D, which stimulates the
intestines to absorb enough calcium and phos-
phorus and also affects bone directly; and 3) cal-
citonin, which inhibits bone breakdown and may
protect against excessively high levels of calcium
in the blood.

Parathyroid hormone or PTH
PTH is produced by four small glands adja-

cent to the thyroid gland. These glands precisely
control the level of calcium in the blood. They
are sensitive to small changes in calcium concen-
tration so that when calcium concentration de-
creases even slightly the secretion of PTH in-
creases. PTH acts on the kidney to conserve cal-
cium and to stimulate calcitriol production,
which increases intestinal absorption of calcium.
PTH also acts on the bone to increase move-
ment of calcium from bone to blood. Excessive
production of PTH, usually due to a small tu-
mor of the parathyroid glands, is called hyper-
parathyroidism and can lead to bone loss. PTH
stimulates bone formation as well as resorption.
When small amounts are injected intermittently,

bone formation predominates and the bones get
stronger (Rubin, Cosman et al. 2002). This is the
basis for a new treatment for osteoporosis (see
Chapter 9).

In recent years a second hormone related to
PTH was identified called parathyroid hormone-
related protein (PTHrP). This hormone normally
regulates cartilage and bone development in the
fetus, but it can be over-produced by individuals
who have certain types of cancer. PTHrP then
acts like PTH, causing excessive bone breakdown
and abnormally high blood calcium levels, called
hypercalcemia of malignancy (Stewart 2002).

2
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Calcitriol
Calcitriol is the hormone produced from vi-

tamin D (Norman, Okamura et al. 2002).
Calcitriol, also called 1,25 dihydroxy vitamin
D, is formed from vitamin D by enzymes in
the liver and kidney. Calcitriol acts on many
different tissues, but its most important action
is to increase intestinal absorption of calcium
and phosphorus, thus supplying minerals for
the skeleton. Vitamin D should not technically
be called a vitamin, since it is not an essential
food element and can be made in the skin
through the action of ultra violet light from
the sun on cholesterol. Many people need vi-
tamin D in their diet because they do not de-
rive adequate levels from exposure to the sun.
This need occurred as people began to live
indoors, wear clothes, and move further north.
In northern latitudes the sun’s rays are filtered
in the winter and thus are not strong enough
to make sufficient vitamin D in the skin. Vita-
min D deficiency leads to a disease of defec-
tive mineralization, called rickets in children
and osteomalacia in adults. These conditions
can result in bone pain, bowing and deformi-
ties of the legs, and fractures. Treatment with
vitamin D can restore calcium supplies and re-
duce bone loss.

Calcitonin
Calcitonin is a third calcium-regulating hor-

mone produced by cells of the thyroid gland,
although by different cells than those that pro-
duce thyroid hormones (Sexton, Findlay et al.
1999). Calcitonin can block bone breakdown by
inactivating osteoclasts, but this effect may be
relatively transient in adult humans. Calcitonin
may be more important for maintaining bone
development and normal blood calcium levels
in early life. Excesses or deficiencies of calcito-

nin in adults do not cause problems in maintain-
ing blood calcium concentration or the strength
of the bone. However, calcitonin can be used as
a drug for treating bone disease.

Sex Hormones
Along with calcium-regulating hormones, sex

hormones are also extremely important in regu-
lating the growth of the skeleton and maintain-
ing the mass and strength of bone. The female
hormone estrogen and the male hormone test-
osterone both have effects on bone in men and
women (Falahati-Nini, Riggs et al. 2000). The
estrogen produced in children and early in pu-
berty can increase bone growth. The high con-
centration that occurs at the end of puberty has
a special effect—that is, to stop further growth in
height by closing the cartilage plates at the ends of
long bone that previously had allowed the bones
to grow in length.

Estrogen acts on both osteoclasts and osteo-
blasts to inhibit bone breakdown at all stages in
life. Estrogen may also stimulate bone formation.
The marked decrease in estrogen at menopause
is associated with rapid bone loss. Hormone
therapy was widely used to prevent this, but this
practice is now controversial because of the risks
of increased breast cancer, strokes, blood clots,
and cardiovascular disease with hormone therapy
(see Chapter 9).

Testosterone is important for skeletal growth
both because of its direct effects on bone and its
ability to stimulate muscle growth, which puts
greater stress on the bone and thus increases
bone formation. Testosterone is also a source of
estrogen in the body; it is converted into estro-
gen in fat cells. This estrogen is important for
the bones of men as well as women. In fact, older
men have higher levels of circulating estrogen
than do postmenopausal women.

2
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Other Important Hormones
Growth hormone from the pituitary gland is

also an important regulator of skeletal growth. It
acts by stimulating the production of another hor-
mone called insulin-like growth factor-1 (IGF-1),
which is produced in large amounts in the liver
and released into circulation. IGF-1 is also pro-
duced locally in other tissues, particularly in bone,
also under the control of growth hormone. The
growth hormone may also directly affect the
bone—that is, not through IGF-1 (Wang et al.
2004). Growth hormone is essential for growth
and it accelerates skeletal growth at puberty. De-
creased production of growth hormone and IGF-
1 with age may be responsible for the inability of
older individuals to form bone rapidly or to re-
place bone lost by resorption (Yakar and Rosen
2003). The growth hormone/IGF-1 system stimu-
lates both the bone-resorbing and bone-forming
cells, but the dominant effect is on bone forma-
tion, thus resulting in an increase in bone mass.

 Thyroid hormones increase the energy pro-
duction of all body cells, including bone cells.
They increase the rates of both bone formation
and resorption. Deficiency of thyroid hormone
can impair growth in children, while excessive
amounts of thyroid hormone can cause too much
bone breakdown and weaken the skeleton
(Vestergaard and Mosekilde 2002). The pituitary
hormone that controls the thyroid gland, thy-
rotropin or TSH, may also have direct effects
on bone (Abe et al. 2003).

Cortisol, the major hormone of the adrenal gland,
is a critical regulator of metabolism and is important
to the body’s ability to respond to stress and injury.
It has complex effects on the skeleton (Canalis and
Delany 2002). Small amounts are necessary for nor-
mal bone development, but large amounts block bone
growth. Synthetic forms of cortisol, called glucocor-
ticoids, are used to treat many diseases such as asthma

and arthritis. They can cause bone loss due both to
decreased bone formation and to increased bone
breakdown, both of which lead to a high risk of frac-
ture (Kanis et al. 2004).

There are other circulating hormones that af-
fect the skeleton as well. Insulin is important for
bone growth, and the response to other factors that
stimulate bone growth is impaired in individuals
with insulin deficiency (Lu et al. 2003, Suzuki et
al. 2003). A recently discovered hormone from fat
cells, leptin, has also been shown to have effects on
bone (Elefteriou et al. 2004, Cornish et al. 2002).

What Causes Diseases of Bone?
Maintaining a strong and healthy skeleton

is a complicated process that requires having the
right amount of bone with the right structure
and composition in the right place. There are
many things that can go wrong along the way.

Genetic abnormalities can produce weak,
thin bones, or bones that are too dense. The dis-
ease osteogenesis imperfecta is caused by abnor-
malities in the collagen molecule that make the
matrix weak and can lead to multiple fractures.
In another congenital disorder, osteopetrosis, the
bones are too dense because of failure of osteo-
clast formation or function. This failure of the
remodeling process results in persistence of tra-
becular bone in the marrow space so that the
marrow cavity may not be large enough to form
red and white blood cells normally. These dense
bones cannot remodel well in response to me-
chanical forces or micro damage and hence may
be weaker and subject to fracture even though
bone mass is increased. There are also other ab-
normalities of the genes that affect the size and
shape of the skeleton and can cause deformities
or abnormal growth.

Nutritional deficiencies, particularly of vi-
tamin D, calcium, and phosphorus, can result
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in the formation of weak, poorly mineralized
bone. In children, vitamin D deficiency pro-
duces rickets in which there is not only a
marked weakness of bone and fractures but also
bowing of the long bones and a characteristic
deformity due to overgrowth of cartilage at the
ends of the bones. In adults, vitamin D defi-
ciency leads to a softening of the bone (a con-
dition known as osteomalacia) that can also lead
to fractures and deformities.

Many hormonal disorders can also affect the
skeleton. Overactive parathyroid glands or hy-
perparathyroidism can cause excessive bone
breakdown and increase the risk of fractures. In
severe cases, large holes or cystic lesions appear
in the bone, which makes them particularly frag-
ile. A deficiency of the growth hormone/IGF-1
system can inhibit growth, leading to short stat-
ure. Loss of gonadal function or hypogonadism
in children and young adults can cause severe
osteoporosis due to loss of the effects of testoster-
one and estrogen. In addition, too much cortisol
production by the adrenal gland can occur in
Cushing’s syndrome.

Use of glucocorticoids as medication is a
common cause of bone disease. Excess gluco-
corticoids will stop bone growth in children and
cause marked thinning of the bone in adults,
often leading to fracture.

Many bone disorders are local, affecting
only a small region of the skeleton. Inflamma-
tion can lead to bone loss, probably through
the production of local resorbing factors by
the inflammatory white cells. This process can
occur around the affected joints in patients
with arthritis. Bacterial infections, such as se-
vere gum inflammation or periodontal disease,
can produce loss of the bones around the teeth,
and osteomyelitis can produce a loss of bone
at the site of infection. This type of bone loss
is due to the direct damaging effect of bacterial

products as well as the production of resorbing
factors by white cells. Paget’s disease is a mul-
tifaceted condition in which the first change is
the formation of large, highly active, and un-
regulated osteoclasts that produce abnormal
bone resorption. The precise cause of Paget’s
disease is not known, but it appears to be the
consequence of both genetic factors and envi-
ronmental factors, possibly a viral infection.
The osteoblasts try to repair this damage by
increasing bone formation. However, the nor-
mal bone architecture has been disrupted, lead-
ing to weak bones and the potential for frac-
tures and deformities (even though the bones
may appear dense on an x-ray). One reason for
this is that the new bone formed is disorderly,
“woven” bone, which does not have the
proper alignment of mineral crystals and col-
lagen matrix. In addition, the new bone may
not be in the right place to provide strength.

What Is Osteoporosis?
Osteoporosis is by far the most common bone

disease. Osteoporosis is “a skeletal disorder char-
acterized by compromised bone strength, pre-
disposing to an increased risk of fracture” (Os-
teoporosis 2000). The composition of the min-
eral and matrix, the fine structure of the trabecu-
lar bone, the porosity of the cortical bone, and
the presence of micro-fractures and other forms
of damage in bone are all important in determin-
ing bone strength. Changes in the fine structure
or micro-architecture of trabecular bone are par-
ticularly important since the most common frac-
tures in osteoporosis occur at the spine, wrist, and
hip, sites where trabecular bone predominates.
As shown in Figure 2-5, the structure of normal
trabecular bone consists of well-connected plates
or broad bands that provide great strength. In
individuals with osteoporosis these bands are dis-
rupted and often become thin, weakened rods.
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Some of these rods are no longer connected to
another piece of bone, meaning that they no
longer contribute to bone strength.

Unfortunately, however, it is not possible to
measure bone strength directly, or to detect
changes in the micro-architecture of bone in liv-
ing patients. The mass of bone, its density, and
its general shape can be determined by radio-
graphs and absorptiometry (see Chapter 8). These
measures are used as “proxies” for bone strength
in assessing the risk of osteoporosis today.

There are a number of different ways in
which osteoporosis can develop, with the skel-

eton becoming more fragile and the risk of frac-
ture increasing (Raisz and Rodan 2003). Some
of the most important mechanisms that lead to
skeletal fragility and fractures are listed in Table
2-2. Many people have relatively weak bones
even as young adults because of their genes or
because of suboptimal nutrition and lifestyle.
However, fractures due to bone fragility rather
than severe injury are uncommon in young
adults. It is typically not until later in life that bone
loss begins due to bone breakdown, a process that
accelerates around the time of menopause in
women. At the same time, bone formation tends
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to decrease with age in both men and women,
typically failing to keep up with the rate of bone
resorption. An imbalance between bone resorp-
tion and bone formation results in loss of bone
mass, leading to the development of structural
abnormalities that make the skeleton more frag-
ile. There are a number of different combinations
of increased resorption and decreased formation
that can result in a weakened skeletal structure
(see Figure 2-5). Each of these pathways can be
involved in producing skeletal fragility at differ-
ent times or sites within an individual patient.
Since bone breakdown is the first step in this pro-
cess, blocking bone resorption is one way to de-
crease bone loss and prevent fractures. It is cur-
rently the most widely used therapeutic ap-
proach in osteoporosis. Stimulation of bone for-
mation can also reverse skeletal fragility; new
therapies based on this approach have recently
been developed (Chapter 9).

The Future: Where a Better
Understanding of Bone Biology

Can Take Us
This brief overview of the basics of bone

health and disease provides a framework for the
discussion of what is known about the causes,
prevention, and treatment of skeletal disorders
today. Many knowledge gaps remain, and it is
still unclear precisely why so many people suf-
fer fractures. Fortunately there have recently
been a number of exciting new discoveries
about skeletal regulation, and there are un-
doubtedly many more to come. These discov-
eries will further increase our understanding
of bone health and disease.

For example, recent discoveries have shown
how osteoblastic and osteoclastic cells commu-
nicate and provide signals to begin the process
of resorption (Figure 2-6). The osteoblastic cells
produce macrophage colony stimulating factor
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(M-CSF) and receptor activator of nuclear fac-
tor kappa B ligand (RANKL) (Khosla 2001), pro-
teins that bind to receptors on the osteoclast pre-
cursors, stimulate their proliferation and differ-
entiation, and increase osteoclast activity. Osteo-
blastic cells also produce a protein called
osteoprotegerin that can bind RANKL and pre-
vent it from interacting with osteoclastic cells.
The hormones and local factors that stimulate
bone resorption act on this system. The balance
between RANKL and osteoprotegerin (OPG)
production is probably critical in determining
how fast bone breaks down. RANKL in bone is
increased in individuals with estrogen deficiency
(Eghbali-Fatourechi et al. 2003). While RANKL
excess or osteoprotegerin deficiency would be
expected to cause bone loss, measurements of
the amounts of these proteins in circulating blood
do not support this theory. OPG levels are
higher and RANKL levels are lower in patients
with fractures or low bone mass (Schett et al.
2004, Jorgensen et al. 2004). On the other hand,
OPG or drugs that act like it by interfering with
the binding of RANKL could be useful in the
treatment of osteoporosis.

Recently another signaling system was dis-
covered in bone involving a receptor called lipo-
protein receptor-related protein 5. Patients with
over-activity in this receptor have strong bones

that typically do not fracture (Boyden, Mao et
al. 2002; Little, Carulli et al. 2002). Patients in
whom this receptor does not function form se-
vere osteoporosis (Gong, Slee et al. 2001). Smaller
variations in the gene for this receptor may have
an important influence on bone size and strength
(Ferrari et al. 2004). Many other genes have also
recently been identified as influencing bone mass
and strength. A gene for an enzyme called
lipoxygenase was recently found to affect bone
mass in mice (Klein et al. 2004). Genetics studies
in Iceland have shown that variants in one of the
genes for bone morphogenetic proteins are asso-
ciated with osteoporosis (Styrkarsdottir et al.
2003). There are also unidentified genes on spe-
cific sites on chromosomes that appear to control
bone mass and architecture.

All of these new findings could ultimately
lead to much better ways of determining
whether or not an individual will develop a
disorder of the skeleton. Enough information
exists today about the causes, prevention, di-
agnosis, and treatment of bone diseases to in-
crease the bone health and decrease the risk of
fracture among Americans today. The goal of
this report is to describe how this can be ac-
complished and how both personal and public
health measures can promote bone health in
our population.
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Key Questions for Future
Research

Remarkable progress in furthering our un-
derstanding of the cellular, molecular biology,
and genetics of skeletal tissues in the last quarter
century has provided answers to many key ques-
tions. As expected, these answers have given rise
to additional research questions, as outlined be-
low. The answers to these new questions should,
in turn, lead to new approaches to diagnosis,
prevention, and treatment. Thus it is important
to maintain strong support for basic research,
even as existing research findings are applied to
the everyday practice of medicine.

• How does the normal skeleton respond
to mechanical forces and maintain the
best structure?

• How is this response lost in those
individuals who develop bone disease?

Local factors that contribute to this
process have been identified but their
specific roles are not known. In addition,
there is a general understanding of bone
remodeling, but there are many specific
steps—in particular the reversal phase—
about which little is known.

• How precisely does estrogen maintain
bone mass and strength?

• What is the relative importance of other
circulating hormones in maintaining bone
health? These include not only the
calcium and growth-regulating hor-
mones, but also recently identified
hormones such as leptin.

• How do newly identified genes and
proteins (e.g., the Wnt signaling pathway)
that affect bone cells work?
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• Osteoporosis affects millions of Americans.
Individuals with osteoporosis are at high
risk of suffering one or more fractures,
which are often physically debilitating and
can potentially lead to a downward spiral
in physical and mental health.

• The most common form of osteoporosis
is known as “primary osteoporosis.” It is
the result of the cumulative impact of
bone loss and deterioration of bone
structure as people age. This bone loss
can be minimized and osteoporosis
prevented through adequate nutrition,
physical activity, and, if necessary,
appropriate treatment.

• There are a wide variety of diseases and
certain medications and toxic agents that
can cause or contribute to the
development of osteoporosis. If
recognized as a potential threat, this form
of the disease—known as secondary
osteoporosis—can often be prevented
through proper nutrition and physical
activity, along with appropriate therapy
if needed.

• A number of childhood diseases cause
rickets, a condition that results from a
delay in depositing calcium phosphate
mineral in growing bones. This delay
leads to skeletal deformities, especially
bowed legs. In adults, the equivalent
disease is called osteomalacia. Both
diseases can generally be prevented by

Chapter 3: Key Messages

ensuring adequate levels of vitamin D,
but they can have devastating
consequences for affected individuals.

• Patients with chronic renal disease are at
risk for developing a complex bone
disease known as renal osteodystrophy.
While dialysis and transplantation have
extended the life-expectancy of these
patients, it may not prevent further
progression of bone disease.

• Paget’s disease of bone is a progressive,
often crippling disorder of bone
remodeling that commonly involves the
spine, pelvis, legs, or skull (although any
bone can be affected). If diagnosed early,
its impact can be minimized.

• A large number of genetic and
developmental disorders affect the
skeleton. Among the more common of
these is osteogenesis imperfecta (OI).
Patients with this condition have bones
that break easily.

• Some skeletal disorders tend to develop
later in life. One of the most common of
these acquired skeletal disorders is a
malignancy of the bone. These
malignancies can originate in the bone
(primary tumors) or, much more
commonly, result from the seeding of
bone by tumors outside of the skeleton
(metastatic tumors). Primary bone cancer
also occurs in children. Both types of
tumors can destroy bone.
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The body systems that control the growth
and maintenance of the skeleton, which are
described in Chapter 2, can be disrupted in
different ways that result in a variety of bone
diseases and disorders. These include problems
that can occur at or before birth, such as genetic
abnormalities and developmental defects, as well
as diseases such as osteoporosis and Paget’s
disease of bone that damage the skeleton later in
life. In addition to conditions that affect bone
directly, there are many other disorders that
indirectly affect bone by interfering with
mineral metabolism. This chapter reviews some
of the more common diseases, disorders, and
conditions that both directly and indirectly
affect bone.

Osteoporosis
As pointed out in Chapter 2, osteoporosis is

a disease characterized by low bone mass and
deterioration of bone structure that causes bone
fragility and increases the risk of fracture. For
practical purposes, the World Health
Organization has defined osteoporosis as a bone
mineral density (BMD) value more than 2.5
standard deviations below the mean for normal
young White women. Osteoporosis is a common
disease affecting millions of Americans. As
described in Chapters 4 and 5, it can have
devastating consequences. Individuals with
osteoporosis are at high risk of suffering one or
more fractures, injuries that can often be

DISEASES OF BONE

Chapter 3

Classical Case
“A classical case of osteoporosis may start

in a woman about 55 years of age with a wrist
fracture. Ten years later she may present
with back pain, with or without minor
trauma, and thoracolumbar spine x-rays may
show a vertebral fracture. She might have
one of several risk factors: low body weight,
premature menopause, a family history of
fractures, smoking, heavy alcohol
consumption, inactivity, calcium or vitamin
D deficiency, or corticosteroid use. The back
pain may remit and relapse with subsequent
vertebral fractures. Approximately 10–15
years later, at the age of 75–80 years, the
patient may fall and sustain a hip fracture,
resulting in hospitalization, a 20 percent
excess risk of death, considerable functional
impairment and possibly a loss of
independence if she survives. Although this
scenario is instantly recognizable,
osteoporosis may present with any of a wide
range of fractures and at a variety of ages; it
is also increasingly recognized among men”
(WHO 2003). Recognition that the first
fracture was a sentinel event may have
triggered a detailed assessment that could
potentially have prevented additional
fractures. See Chapter 8 for more
information on such assessments.
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physically debilitating and potentially lead to a
downward spiral in physical and mental health
(Figure 3-1). Generalized osteoporosis is the most
common form of the disease, affecting most of the
skeleton. Osteoporosis can also occur in localized
parts of the skeleton as a result of injury or
conditions that reduce muscle forces on the bone,
such as limb paralysis. There are a variety of

different types of osteoporosis. The most common
form of osteoporosis is known as “primary
osteoporosis”—that is, osteoporosis that is not
caused by some other specific disorder. Bone loss
caused by specific diseases or medications (see
below) is referred to as “secondary osteoporosis.”
Each of these major categories of osteoporosis is
discussed in more detail on the following pages.
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Primary Osteoporosis
Primary osteoporosis is mainly a disease of

the elderly, the result of the cumulative impact
of bone loss and deterioration of bone structure
that occurs as people age (Seeman 2003). This
form of osteoporosis is sometimes referred to as
age-related osteoporosis. Since postmenopausal
women are at greater risk, the term
“postmenopausal” osteoporosis is also used.
Younger individuals (including children and
young adults) rarely get primary osteoporosis,
although it can occur on occasion. This rare form
of the disease is sometimes referred to as
“idiopathic” osteoporosis, since in many cases
the exact causes of the disease are not known, or
idiopathic. Since the exact mechanisms by which
aging produces bone loss are not all understood
(that is, it is not always clear why some
postmenopausal women develop osteoporosis
while others do not), age-related osteoporosis is
also partially idiopathic. A brief review of
“idiopathic” primary osteoporosis and a more
detailed review of the more common condition
of age-related osteoporosis follows.

Idiopathic Primary Osteoporosis
There are several different forms of

idiopathic osteoporosis that can affect both
children and adolescents, although these
conditions are quite rare (Norman 2003).
Juvenile osteoporosis affects previously healthy
children between the ages of 8 and 14. Over a
period of several years, bone growth is impaired.
The condition may be relatively mild, causing
only one or two collapsed bones in the spine
(vertebrae), or it may be severe, affecting
virtually the entire spine. The disease almost
always goes into remission (spontaneously)
around the time of puberty with a resumption
of normal bone growth at that time. Patients with
mild or moderate forms of the disease may be

left with a curvature of the spine (kyphosis) and
short stature, but those with a more severe form
of the disease may be incapacitated for life.

Primary osteoporosis is quite rare in young
adults. In this age-group, the disease is usually
caused by some other condition or factor, such as
anorexia nervosa or glucocorticoid use (Khosla et
al. 1994). When idiopathic forms of primary
osteoporosis do occur in young adults, they appear
in men as often as they do in women (this is in
contrast to age-related primary osteoporosis,
which occurs more often in women). The
characteristics of the disease can vary broadly and
may involve more than one disorder. Some young
adults with idiopathic primary osteoporosis may
have a primary defect in the regulation of bone
cell function, resulting in depressed bone
formation, increased bone resorption, or both (see
Chapter 2). Others with a mild form of the disease
may simply have failed to achieve an adequate
amount of skeletal mass during growth. In some
patients, the disease runs a mild course, even
without treatment, and the clinical manifestations
are limited to asymptomatic spinal compression
fractures. More typically, however, multiple spine
fractures occur over a 5–10 year period leading to
a height loss of up to 6 inches.

Age-Related Osteoporosis
Age-related osteoporosis is by far the most

common form of the disease (Figure 3-2). There
are many different causes of the ailment, but the
bone loss that leads to the disease typically begins
relatively early in life, at a time when corrective
action (such as changes in diet and physical
activity) could potentially slow down its course.
While it occurs in both sexes, the disease is two
to three times more common in women (see
Chapter 4). This is partly due to the fact that
women have two phases of age-related bone
loss—a rapid phase that begins at menopause and
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lasts 4–8 years, followed by a slower continuous
phase that lasts throughout the rest of life (Riggs
et al. 2002). By contrast, men go through only
the slow, continuous phase. As a result, women
typically lose more bone than do men. The rapid
phase of bone loss alone in women results in
losses of 5–10 percent of cortical bone (which
makes up the hard outer shell of the skeleton)
and 20–30 percent of trabecular bone (which fills
the ends of the limb bones and the vertebral
bodies in the spine, the sites of most osteoporotic
fractures). The slow phase of bone loss results
in losses of 20–25 percent of cortical and
trabecular bone in both men and women, but
over a longer period of time (Riggs et al. 2002).

Although other factors such as genetics and
nutrition contribute, both the rapid phase of bone
loss in postmenopausal women and the slow phase
of bone loss in aging women and men appear to
be largely the result of estrogen deficiency. (This
is demonstrated by the fact that correction of
estrogen deficiency can prevent these changes.)
For women, the rapid phase of bone loss is
initiated by a dramatic decline in estrogen
production by the ovaries at menopause. The loss
of estrogen action on estrogen receptors in bone
results in large increases in bone resorption (see
Chapter 2), combined with reduced bone
formation. The end result is thinning of the
cortical outer shell of bone and damage to the
trabecular bone structure (see Figure 2-5, Chapter
2). There may be some countervailing forces on
this process, as the outside diameter of the bone
can increase with age, thus helping to maintain
bone strength (Ahlborg et al. 2003).

By contrast, the slower phase of bone loss is
thought to be caused by a combination of factors
including age-related impairment of bone
formation, decreased calcium and vitamin D
intake, decreased physical activity, and the loss
of estrogen’s positive effects on calcium balance

in the intestine and kidney as well as its effects
on bone (Riggs et al. 2002). This leads to further
impairment of absorption of calcium by the
intestine and reduced ability of the kidney to
conserve calcium. If the amount of calcium
absorbed from the diet is insufficient to make
up for the obligatory calcium losses in the stool
and urine, serum calcium begins to fall.
Parathyroid hormone levels will then increase,
removing calcium from bone to make up for the
loss, as illustrated in Figure 3-3. The net result
of this process is an increase in bone resorption.
It is important to realize that these mineral losses
need not be great to result in osteoporosis. A
negative balance of only 50–100 mg of calcium
per day (far less than the 300 mg of calcium in a
single glass of milk) over a long period of time is
sufficient to produce the disease.

For aging men, sex steroid deficiency also
appears to be a major factor in age-related
osteoporosis. Although testosterone is the major
sex steroid in men, some of it is converted by the
aromatase enzyme into estrogen. In men,
however, the deficiency is mainly due to an
increase in sex hormone binding globulin, a
substance that holds both testosterone and
estrogen in a form that is not available for use by
the body. Between 30–50 percent of elderly men
are deficient in biologically active sex steroids
(Khosla et al. 1998). In fact, except for the lack of
the early postmenopausal phase, the process of
bone loss in older men is similar to that for older
women. As with women, the loss of sex steroid
activity in men has an effect on calcium absorption
and conservation, leading to progressive
secondary increases in parathyroid hormone
levels. As in older women, the resulting imbalance
between bone resorption and formation results
in slow bone loss that continues over life. Since
testosterone may stimulate bone formation more
than estrogen does, however, decreased bone
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formation plays a relatively greater role in the
bone loss experienced by elderly men.

Secondary Osteoporosis
Young adults and even older individuals who

get osteoporosis often do so as a byproduct of
another condition or medication use. In fact,
there are a wide variety of diseases (Table 3-1)
along with certain medications and toxic agents
(Table 3-2) that can cause or contribute to the
development of osteoporosis (Stein and Shane

2003). Individuals who get the disease due to
these “outside” causes are said to have
“secondary” osteoporosis. They typically
experience greater levels of bone loss than would
be expected for a normal individual of the same
age, gender, and race. Secondary causes of the
disease are common in many premenopausal
women and men with osteoporosis (Khosla et
al. 1994); in fact, by some estimates the majority
of men with osteoporosis exhibit secondary
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causes of the disease (Orwoll 1998). In addition,
up to a third of postmenopausal women with
osteoporosis also have other conditions that may
contribute to their bone loss (Tannenbaum et
al. 2002). This section briefly describes some of
the more common diseases, disorders, and
medications that can cause or contribute to the
development of osteoporosis.

Diseases and Disorders That Can Cause
Osteoporosis

Several genetic diseases have been linked to
secondary osteoporosis. Idiopathic hyper-
calciuria and cystic fibrosis are the most
common. Patients with cystic fibrosis have
markedly decreased bone density and increased
fracture rates (Ott and Aitken 1998) due to a
variety of factors, including calcium and vitamin
D malabsorption, reduced sex steroid production
and delayed puberty, and increased
inflammatory cytokines (see Chapter 2). Some
patients with idiopathic hypercalciuria have a
renal defect in the ability of the kidney to
conserve calcium. This condition may be
aggravated if they are advised to lower their
dietary calcium intake to prevent kidney stones.
Several studies have documented low bone
density in these individuals, and they may
respond to drugs that decrease calcium excretion
in the urine. Other genetic disorders (listed in
Table 3-1), although rare, should be considered
in patients with osteoporosis after more common
causes have been excluded.

Estrogen or testosterone deficiency during
adolescence (due to Turner’s, Kallman’s, or
Klinefelter’s syndrome, anorexia nervosa,
athletic amenorrhea, cancer, or any chronic
illness that interferes with the onset of puberty)
leads to low peak bone mass (Riggs et al. 2002).
Estrogen deficiency that develops after peak
bone mass is achieved but before normal
menopause (due to premature ovarian failure for

example) is associated with rapid bone loss. Low
sex steroid levels may also be responsible for
reduced bone density in patients with androgen
insensitivity or acromegaly. By contrast, excess
thyroid hormone (thyrotoxicosis), whether
spontaneous or caused by overtreatment with
thyroid hormone, may be associated with
substantial bone loss (Ross 1994); while bone
turnover is increased in these patients, bone
resorption is increased more than bone
formation. Likewise, excess production of
glucocorticoids caused by tumors of the pituitary
or adrenal glands (Cushing’s syndrome) can lead
to rapidly progressive and severe osteoporosis,
as can treatment with glucocorticoids (see
below). The relationship between diabetes and
osteoporosis is more controversial (Stein and
Shane 2003). For example, hip fractures are
increased in some studies of diabetic patients,
but not in others. In general, patients with type
1 (insulin-dependent) diabetes, particularly those
with poor control of their blood sugar (Heap et
al. 2004), are at greater risk of osteoporosis than
are those with type 2 (non-insulin dependent)
diabetes (Piepkorn et al. 1997).

Primary hyperparathyroidism is a relatively
common condition in older individuals,
especially postmenopausal women, that is caused
by excessive secretion of parathyroid hormone.
Most often, the cause is a benign tumor
(adenoma) in one or more parathyroid glands;
very rarely (less than 0.5 percent of the time)
the cause is parathyroid cancer (Wynne et al.
1992). Since most patients now come to clinical
attention when they are unexpectedly found on
routine examination to have an abnormally high
calcium level in the blood (Wermers et al. 1997),
the clinical presentation has changed over the
past 30 years from an uncommon but highly
symptomatic disorder involving renal stones and
bone disease (osteitis fibrosa cystica) to a
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common but relatively asymptomatic condition
(Silverberg and Bilezikian 2001). Typically,
cortical bone (for example, in the distal forearm)
is affected to a greater extent than trabecular
bone (for example, in the spine) in primary
hyperparathyroidism (Silverberg et al. 1989). It
is presumed that the reduction in bone mass is
associated with the increased risk of fracture seen
in these patients (Khosla and Melton 2002).

Diseases that reduce intestinal absorption of
calcium and phosphorus, or impair the
availability of vitamin D, can also cause bone
disease. Moderate malabsorption results in
osteoporosis, but severe malabsorption may
cause osteomalacia (see below). Celiac disease,
due to inflammation of the small intestine by
ingestion of gluten, is an important and
commonly overlooked cause of secondary
osteoporosis (Bianchi and Bianchi 2002).
Likewise, osteoporosis and fractures have been
found in patients following surgery to remove
part of the stomach (gastrectomy), especially in
women. Bone loss is seen after gastric bypass
surgery even in morbidly obese women who do
not have low bone mass initially (Coates et al.
2004). Increased osteoporosis and fractures are
also seen in patients with Crohn’s disease and
ulcerative colitis (Bernstein et al. 2000).
Glucocorticoids, commonly used to treat both
disorders, probably contribute to the bone loss.
Similarly, diseases that impair liver function
(primary biliary cirrhosis, chronic active
hepatitis, cirrhosis due to hepatitis B and C, and
alcoholic cirrhosis) may result in disturbances
in vitamin D metabolism and may also cause
bone loss by other mechanisms. Primary biliary
cirrhosis is associated with particularly severe
osteoporosis. Fractures are more frequent in
patients with alcoholic cirrhosis than any other
types of liver disease, although this may be
related to the increased risk of falling among

heavy drinkers (Crawford et al. 2003). Human
immunodeficiency virus (HIV) infected patients
also have a higher prevalence of osteopenia or
osteoporosis (Brown et al. 2004). This may
involve multiple endocrine, nutritional, and
metabolic factors and may also be affected by
the antiviral therapy that HIV patients receive
(Thomas and Doherty 2003).

Autoimmune and allergic disorders are
associated with bone loss and increased fracture
risk. This is due not only to the effect of
immobilization and the damage to bone by the
products of inflammation from the disorders
themselves, but also from the glucocorticoids
that are used to treat these conditions (Lien et
al. 2003, Orstavik et al. 2004). Rheumatic diseases
like lupus and rheumatoid arthritis have both
been associated with lower bone mass and an
increased risk of fractures. A study found that
12 percent of women with systemic lupus
erythematosus reported at least one fracture
since the onset of disease, a 4.7-fold higher risk
of fracture than for the typical woman. Fractures
in these women were found to be associated with
the following: older age at diagnosis, longer
disease duration, longer duration of steroid use,
and post-menopausal status (Ramsey-Goldman
et al. 1999, Haugeberg et al. 2003).

Many neurologic disorders are associated
with impaired bone health and an increased risk
of fracture (Whooley, Kip et al. 1999; Lloyd,
Spector et al. 2000). This may be due in part to
the effects of these disorders on mobility and
balance or to the effects of drugs used in treat-
ing these disorders on bone and mineral metabo-
lism. Unfortunately, however, health care pro-
viders often fail to assess the bone health of pa-
tients who have these disorders or to provide
appropriate preventive and therapeutic measures.
For example, patients with stroke, spinal cord in-
jury, or neurologic disorders show rapid bone loss
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in the affected areas (Dauty, Perrouin Verbe et
al. 2000; Poole, Reeve et al. 2002; Tuzun, Altintas
et al. 2003). There are many disabling conditions
that can lead to bone loss, and thus it is important
to pay attention to bone health in patients with
developmental disabilities, such as cerebral palsy,
as well as diseases affecting nerve and muscle, such
as poliomyelitis and multiple sclerosis. Children
and adolescents with these disorders are unlikely
to achieve optimal peak bone mass, due both to
an increase in bone resorption and a decrease in
bone formation. In some cases very rapid bone
loss can produce a large enough increase in blood
calcium levels to produce symptoms (Carey and
Raisz 1985; Go 2001). Fractures are common in
these individuals not only because of bone loss,
but also because of muscular weakness and neu-
rologic impairment that increases the likelihood
of falls. Bone loss can be slowed—but not com-
pletely prevented—by antiresorptive therapy
(Sato, Asoh et al. 2000). Epilepsy is another neu-
rologic disorder that increases the risk of bone
disease, primarily because of the adverse effects
of anti-epileptic drugs. Many of the drugs used
in epilepsy can impair vitamin D metabolism,
probably by acting on the liver enzyme which
converts vitamin D to 25 hydroxy vitamin D
(Farhat, Yamout et al. 2000, Sheth 2002). In ad-
dition, there may be a direct effect of these agents
on bone cells. Due to the negative bone-health
effects of drugs, most epilepsy patients are at risk
of developing osteoporosis. In those who have low
vitamin D intakes, intestinal malabsorption, or
low sun exposure, the additional effect of anti-
epileptic drugs can lead to osteomalacia. Supple-
mental vitamin D may be effective in slowing
bone loss, although patients who develop os-
teoporosis may require additional therapy such
as bisphosphonates.

Psychiatric disorders can also have a negative
impact on bone health. While anorexia nervosa

is the psychiatric disorder that is most regularly
associated with osteoporosis, major depression,
a much more common disorder, is also associated
with low bone mass and an increased risk of
fracture (Coelho, Silva et al. 1999; Cizza, Ravn
et al. 2001; Robbins, Hirsch et al. 2001). Many
studies show lower BMD in depressed patients
(Michelson et al. 1996). In addition, one large
study found an increased incidence of falls and
fractures among depressed women, even though
there was no difference between their BMD and
that of non-depressed women included in the
study (Whooley, Kip et al. 1999). Higher scores
for depressive symptoms have also been reported
in women with osteoporosis. Yet what these
studies do not make clear is whether major
depression causes low BMD and increased
fracture risk, or whether the depression is a
consequence of the diminished quality of life and
disability that occurs in many osteoporotic
patients. One factor that may cause bone loss in
severely depressed individuals is increased
production of cortisol, the adrenal stress
hormone. Whatever the cause of low BMD and
increased fracture risk, measurement of BMD is
appropriate in both men and women with major
depression. While the response of individuals
with major depression to calcium, vitamin D, or
antiresorptive therapy has not been specifically
documented, it would seem reasonable to
provide these preventive measures to patients at
high risk.

Finally, several diseases that are associated
with osteoporosis are not easily categorized.
Aseptic necrosis (also called osteonecrosis or
avascular necrosis) is a well-known skeletal
disorder that may be a complication of injury,
treatment with glucocorticoids, or alcohol abuse
(Pavelka 2000). This condition commonly affects
the ends of the femur and the humerus. The
precise cause is unknown, but at least two theories



Bone Health and Osteoporosis

Diseases of Bone        51

have been suggested. One is that blood supply to
the bone is blocked by collapsing bone. The other
is that microscopic fat particles block blood flow
and result in bone cell death. Chronic obstructive
pulmonary disease (emphysema and chronic
bronchitis) is also now recognized as being
associated with osteoporosis and fractures even
in the absence of glucocorticoid therapy.
Immobilization is clearly associated with rapid
bone loss; patients with spinal cord lesions are at
particularly high risk for fragility fractures (Kiratli
2001). However, even modest reductions in
physical activity can lead to bone loss (see Chapter
6). Hematological disorders, particularly
malignancies, are commonly associated with
osteoporosis and fractures as well. These are
discussed in more detail later in the chapter.

Medications and Therapies That Can Cause
Osteoporosis

Osteoporosis can also be a side effect of
particular medical therapies (Table 3-2).

Glucocorticoid-Induced Osteoporosis
(GIO). GIO is by far the most common form
of osteoporosis produced by drug treatment.
While it has been known for many years that
excessive production of the adrenal hormone
cortisol can cause thinning of the bone and
fractures, this condition, a form of Cushing’s
syndrome, remains uncommon. With the
increased use of prednisone and other drugs
that act like cortisol for the treatment of many
inflammatory and autoimmune diseases, this
form of bone loss has become a major clinical
concern. The concern is greatest for those
diseases in which the inflammation itself and/
or the immobilization caused by the illness also
caused increased bone loss and fracture risk.
Glucocorticoids, which are used to treat a wide
variety of inflammatory conditions (e.g.,
rheumatoid arthritis, asthma, emphysema,
chronic lung disease), can cause profound
reductions in bone formation and may, to a lesser
extent, increase bone resorption (Saag 2002),
leading to loss of trabecular bone at the spine
and hip, especially in postmenopausal women
and older men. The most rapid bone loss occurs
early in the course of treatment, and even small
doses (equivalent to 2.5–7.5 mg prednisone per
day) are associated with an increase in fractures
(van Staa et al. 2002). As shown in Figure 3-4,
the risk of fractures increases rapidly in patients
treated with glucocortocoids, even before much
bone has been lost. This rapid increase in fracture
risk is attributed to damage to the bone cells,
which results in less healthy bone tissue. To
avoid this problem, health care providers are
urged to use the lowest possible dose of
glucocorticoids for as short a time as possible.
For some diseases, providers should also consider
giving glucocorticoids locally (e.g., asthma
patients can inhale them), which results in much
less damage to the bone.
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Other Medications That Can Cause
Osteoporosis. Cyclosporine A and tacrolimus are
widely used in conjunction with glucocorticoids
to prevent rejection after organ transplantation,
and high doses of these drugs are associated with
a particularly severe form of osteoporosis (Cohen
and Shane 2003). Bone disease has also been
reported with several frequently prescribed
anticonvulsants, including diphenylhydantoin,
phenobarbital, sodium valproate, and
carbamazepine (Stein and Shane 2003). Patients
who are most at risk of developing this type of

bone disease include those on long-term therapy,
high medication doses, multiple anticonvulsants,
and/or simultaneous therapy with medications
that raise liver enzyme levels. Low vitamin D
intake, restricted sun exposure, and the presence
of other chronic illnesses increase the risk,
particularly among elderly and institutionalized
individuals. In contrast, high intakes of vitamin
A (retinal) may increase fracture risk
(Michaelsson et al 2003). Methotrexate, a folate
antagonist used to treat malignancies and (in
lower doses) inflammatory diseases such as
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rheumatoid arthritis, may also cause bone loss,
although research findings are not consistent. In
addition, gonadotropin-releasing hormone
(GnRH) agonists, which are used to treat
endometriosis in women and prostate cancer in
men, reduce both estrogen and testosterone
levels, which may cause significant bone loss and
fragility fractures (Smith 2003).

Rickets and Osteomalacia
Rickets (which affects children) and

osteomalacia (which affects adults) are
relatively uncommon diseases in the United
States, since they can generally be prevented
by ensuring adequate levels of vitamin D.
These diseases can have devastating
consequences to those who get them (Chesney
2001, Pettifor 2002 and 2003).

A number of childhood diseases cause
rickets, a condition that results from a delay in
depositing calcium phosphate mineral in
growing bones, thus leading to skeletal
deformities, especially bowed legs. In adults,
the equivalent disease is called osteomalacia.
Since longitudinal growth has stopped in
adults, deficient bone mineralization does not
cause skeletal deformity but can lead to
fractures, particularly of weight-bearing bones
such as the pelvis, hip, and feet. Even when
there is no fracture, many patients with rickets
and osteomalacia suffer from bone pain and can
experience severe muscle weakness.

Rickets and osteomalacia are typically caused
by any of a variety of environmental
abnormalities. While rare, the disorder can also
be inherited (Drezner 2003) as a result of
mutations in the gene producing the enzyme that
converts 25-hydroxy vitamin D to the active
form, 1,25-dihydroxy vitamin D, or in the gene
responsible for the vitamin D receptor.
Osteomalacia can also be caused by disorders

that cause marked loss of phosphorus from the
body. This can concur as a congenital disorder
or can be acquired in patients who have tumors
that produce a protein that affects phosphorus
transport in the kidney.

Since vitamin D is formed in the skin by
sunlight, the most common cause is reduced sun
exposure. This is particularly important in
northern latitudes where the winter sun does not
have the power to form vitamin D in the skin.
Thus the disease is often seen in individuals
living at northern latitudes, particularly
immigrants who have pigmented skin that
decreases the formation of vitamin D or who
habitually cover themselves. This problem can
also occur in children who are confined indoors
and in individuals who are house-bound (e.g.,
due to chronic ill health or frailty). Patients with
diseases of the gastrointestinal tract, such as
gastrectomy, malabsorption syndromes, and
small bowel resection, are also at higher risk,
since these conditions reduce vitamin D
absorption from the diet.

There is also a second form of rickets and
osteomalacia that is caused by phosphate
deficiency. This condition can be inherited (this
is known as X-linked hypophosphatemic
rickets), but it is more commonly the result of
other factors. Individuals with diseases affecting
the kidney’s ability to retain phosphate rapidly
are at risk of this condition, as are those with
diseases of the renal tubule that affect the site of
phosphate reabsorption. While most foods are
rich in phosphate, phosphate deficiency may also
result from consumption of very large amounts
of antacids containing aluminum hydroxide,
which prevents the absorption of dietary
phosphate. Finally, rickets due to phosphate
deficiency may occur in individuals with
acquired or inherited defects in acid secretion
by the kidney tubule and those who take certain
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drugs (Table 3-3) that interfere with phosphate
absorption or the bone mineralization process.

Renal Osteodystrophy
Patients with chronic renal disease are not

only at risk of developing rickets and
osteomalacia (Elder 2002), but they are also at
risk of a complex bone disease known as renal
osteodystrophy (Cunningham et al. 2004). This
condition is characterized by a stimulation of
bone metabolism caused by an increase in
parathyroid hormone and by a delay in bone
mineralization that is caused by decreased
kidney production of 1,25-dihydroxyvitamin
D. In addition, some patients show a failure of
bone formation, called adynamic bone disease.
As a result of this complexity, bone biopsies
are often needed to make a correct diagnosis
(Martin et al. 2004). By the time the patient
progresses to end-stage renal failure, clinical
manifestations of the disease appear, including
bone cysts that result from stimulation of
osteoclasts by the excess parathyroid hormone.
While dialysis can significantly extend the life-
expectancy of patients with chronic renal
failure, it does nothing to prevent further
progression of the osteodystrophy. In fact, the
managing of the patient through dialysis may lead
to further bone abnormalities that become
superimposed on the underlying osteodystrophy,
thus increasing the risk of fractures (Alem et al.
2000). While a renal transplant (offered to a
growing number of patients on dialysis) may
reverse many features of renal osteodystrophy,
the use of antirejection medication in transplant
patients may cause bone loss and fractures.

Paget’s Disease of Bone
Paget’s disease of bone (Siris and Roodman

2003) is a progressive, often crippling disorder
of bone remodeling (see Chapter 2) that
commonly involves the spine, pelvis, legs, or
skull (although any bone can be affected). If
diagnosed early, its impact can be minimized.

 There are also patients who develop tumors
that secrete a factor that causes loss of phosphate
from the body. This condition is called tumor-
induced or oncogenic osteomalacia.
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Individuals with this condition experience an
increase in bone loss at the affected site due to
excess numbers of overactive osteoclasts. While
bone formation increases to compensate for the
loss, the rapid production of new bone leads to
a disorganized structure. The resulting bone is
expanded in size and associated with increased
formation of blood vessels and connective tissue
in the bone marrow. Such bone becomes more
susceptible to deformity or fracture (Figure 3-
5). Depending on the location, the condition
may produce no clinical signs or symptoms, or
it may be associated with bone pain, deformity,
fracture, or osteoarthritis of the joints adjacent
to the abnormal bone. Paget’s disease of bone
can also cause a variety of neurological
complications as a result of compression of
nerve tissue by pagetic bone. In very rare cases
(probably less than 1 percent of the time) the
disease is complicated by the development of
an osteosarcoma.

Although Paget’s disease is the second most
common bone disease after osteoporosis (see
Chapter 4), many questions remain regarding
its pathogenesis. There is a strong familial
predisposition for Paget’s disease, but no single
genetic abnormality has been identified that can
explain all cases. Paget’s disease can be
transmitted (or inherited) across generations in
an affected family; 15–40 percent of patients
have a relative with the disorder (Morales-Piga
et al. 1995). Studies in the United States (Siris
et al. 1991) suggest that a close relative of a
pagetic patient is seven times more likely to
develop Paget’s disease than is someone who
does not have an affected relative. However,
environmental factors are likely play a role in
the majority of cases. For example, some studies
have suggested that Paget’s disease may result
from a ”slow virus” infection with measles
(Friedrichs et al. 2002).

Paget’s Disease of Bone
Paget’s disease may present in many

different ways since it can affect bones
throughout the body. A typical case might
be a man in his 60s who complains to his
doctor of pain in the hip. The doctor might
tell him he has arthritis and suggest that he
take ibuprofen or acetaminophen (Tylenol).
Then, several years later, a routine screening
may show a high alkaline phosphatase level.
This test would then prompt use of a bone
scan and radiographs, which would finally
show Paget’s disease of his femur and pelvic
bone. Unfortunately, by this time the man
likely has developed some bowing of the leg
and suffered damage to the joints, neither of
which can be reversed by treatment.
However, treatment with a bisphosphonate
can stop the progression of the disease. As a
result, the man lives the rest of his life with
some pain and he walks with a limp. Not
surprisingly, the man, his family, and his
doctor all wish that the diagnosis had been
made earlier. Since Paget’s disease runs in
families, they decide to test the man’s
relatives. These tests show that the man’s
younger brother has a similar problem. He
is treated immediately and no deformities
ever develop.

Developmental Skeletal Disorders
A large number of genetic and developmental

disorders affect the skeleton. Among the more
common and more important of these is a group
of inherited disorders referred to as osteogenesis
imperfecta or OI (Whyte 2003, Rauch and
Glorieux 2004). Patients with this condition have
bones that break easily (therefore, the condition
is also known as brittle bone disease). There are
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a number of forms of OI (see Table 3-4) that
result from different types of genetic defects or
mutations. These defects interfere with the
body’s production of type I collagen, the
underlying protein structure of bone. As
illustrated in Table 3-4, most, but not all, forms
of OI are inherited. The disease manifests
through a variety of clinical signs and symptoms,
ranging from severe manifestations that are
incompatible with life (that is, causing a
stillbirth) to a relatively asymptomatic disease.
However, most OI patients have low bone mass

(osteopenia) and as a result suffer from recurrent
fractures and resulting skeletal deformities.
There are four main types of OI, which vary
according to the severity and duration of the
symptoms. The most common form (Type I) is
also the mildest version; and patients may have
relatively few fractures. The second mildest form
of the disease (which is called Type IV, because
it was the fourth type of OI to be discovered)
results in mild to moderate bone deformity, and
sometimes in dental problems and hearing loss.
These patients also sometimes have a blue,
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purple, or gray discoloration in the whites of
their eyes, a condition known as blue sclera. A
more severe form of the disease (Type III) results
in relatively frequent fractures, and often in short
stature, hearing loss, and dental problems.
Finally, patients with the most severe form of
the disease (Type II) typically suffer numerous
fractures and severe bone deformity, generally
leading to early death.

OI is not the only group of developmental
skeletal disorders. An even larger group of rare
diseases (sclerosing bone disorders) causes an
increase in bone mass (Whyte 2003). One of these,
osteopetrosis (marble bone disease), is more or
less the opposite of osteoporosis. Instead of
overactive osteoclasts, osteopetrosis results from
a variety of genetic defects that impair the ability
of osteoclasts to resorb bone. This interferes with
the normal development of the skeleton and leads
to excessive bone accumulation. Although such
bone is very dense, it is also brittle and thus
fractures often result. In addition, by compressing
various nerves, the excess bone in patients with
osteopetrosis may cause neurological symptoms,
such as deafness or blindness. These patients may
also suffer anemia, as blood-forming cells in the
bone marrow are “crowded out” by the excess
bone. Similar symptoms can result from over-
activity of these bone cells, as in fibrous dysplasia
where bone-forming cells produce too much
connective tissue.

Malignancy and the Skeleton
Some other skeletal disorders are not inher-

ited but rather develop only later in life. One of
the most common of these acquired skeletal dis-
orders is a tumor of the bone. Bone tumors can
originate in the bone (these are known as pri-
mary tumors) or, much more commonly, result
from the seeding of bone by tumors outside of
the skeleton (these are known as metastatic tu-

Osteogenesis Imperfecta (OI)
There is an enormous range of severity

in OI cases, from children who are stillborn
due to multiple fractures in the womb and
the inability to breathe, to children who
suffer a few fractures, to mild cases where
fractures do not occur until later in life, much
like in patients with osteoporosis.

One scenario that causes tremendous
hardship for the patient and the family is the
occurrence of multiple fractures in the first
few years of life in a child without the telltale
sign of OI—a blue color in the “whites” of
their eyes. Often the parents of these children
are accused of child abuse. While it may be
possible to make a diagnosis by analyzing the
child’s tissues, this expensive, difficult-to-
perform test is not widely available.
Typically, the frequency of fractures
decreases over time and may even stop
entirely at puberty. As an adult, an OI patient
may be left with considerable deformity and
short stature, but he or she can generally
function well with the right environment and
support. When females with OI reach
menopause they sometimes start to fracture
again. Since treatment is now available, it is
important to identify OI patients at all stages
of life, and to alert family members of the
possibility that they may also be affected.
Pediatricians, orthopedists, emergency room
physicians, and others who see children with
fractures need to consider OI as a possible
cause, particularly in cases involving multiple
fractures or a family history of fractures.
These points are covered in detail in a recent
book (Chiasson et al. 2004).
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mors, since they have spread from elsewhere).
Both types of tumors can destroy bone, although
some metastatic tumors can actually increase
bone formation. Primary bone tumors can be
either benign (noncancerous) or malignant (can-
cerous). The most common benign bone tumor
is osteochondroma, while the most common
malignant ones are osteosarcoma and Ewing’s
sarcoma. Metastatic tumors are often the result
of breast or prostate cancer that has spread to
the bone (Coleman 2001). These may destroy
bone (osteolytic lesion) or cause new bone for-
mation (osteoblastic lesion). Breast cancer me-
tastases are usually osteolytic, while most pros-
tate cancer metastases are osteoblastic, though
they still destroy bone structure (Berruti et al.
2001). Many tumor cells produce parathyroid
hormone related peptide, which increases bone
resorption (Bryden et al. 2002). This process of
tumor-induced bone resorption leads to the re-
lease of growth factors stored in bone, which in
turn increases tumor growth still further.

Bone destruction also occurs in the vast ma-
jority (over 80 percent) of patients with another
type of cancer, multiple myeloma, which is a
malignancy of the plasma cells that produce an-
tibodies (Berenson 2002). The myeloma cells
secrete cytokines (see Chapter 2), substances that
may stimulate osteoclasts and inhibit osteoblasts
(Roodman 2001, Tian et al. 2003). The bone
destruction can cause severe bone pain, patho-
logic fractures, spinal cord compression, and life-
threatening increases in blood calcium levels
(Callander and Roodman 2001). A benign form
of overproduction of antibodies, called mono-
clonal gammopathy, may also be associated with
increased fracture risk (Melton et al. 2004).

Bone-resorbing cytokines are also pro-
duced in acute and chronic leukemia, Burkitt’s
lymphoma, and non-Hodgkins’s lymphoma;
patients with these chronic lymphopro-
liferative disorders often have associated os-
teoporosis. Both osteoporosis and osteosclero-
sis (thickening of trabecular bone) have been
reported in association with systemic masto-
cytosis, a condition of abnormal mast cell pro-
liferation (Schneider and Shane 2001). In ad-
dition, there are other infiltrative processes
that affect bone, including infections and mar-
row fibrosis (myelofibrosis).

Oral Health and Bone Disease
Oral bone, like the rest of the skeleton,

comprises both trabecular and cortical bone
and undergoes formation and resorption
throughout the life span. When oral bone loss
exceeds gain, it can cause a loss of tooth-an-
choring support or it can diminish the remain-
ing ridge in those areas where partial or com-
plete tooth loss has occurred.

The prevalence of oral bone loss is signifi-
cant among adult populations worldwide, and it
increases with age for both sexes. Oral bone loss
and attendant tooth loss are associated with es-
trogen deficiency and osteoporosis. As a conse-
quence, osteoporosis or osteopenia in postmeno-
pausal women may have an impact on the need
for, and the outcomes from, a variety of peri-
odontal and prosthetic procedures, including
guided tissue regeneration and tooth implanta-
tion. Furthermore, it is possible that oral exami-
nation and radiographic findings may be useful
signs of extra-oral bone loss (Jeffcoat et al. 2000,
Geurs et al. 2000).
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Key Questions for Future
Research

The major diseases of bone have been
broadly characterized, but many questions
remain unanswered, as outlined below:

• Within the spectrum of clinical disorders
that represent “primary osteoporosis,”
are there differences in the mechanisms
that lead to bone loss and bone fragility?
What implications do these differences
have for diagnosis and treatment?

• How do the environmental and genetic
determinants of bone mass and strength
interact in individuals with certain
diseases? For example, are there genetic
differences in the response to estrogen or
calcium deficiency that affect their

relative importance in the pathogenesis
of osteoporosis?

• Are the animal studies on the role of
cytokines relevant to human disease?

• What are the implications of research on the
pathogenetic mechanisms for diseases other
than osteoporosis? For example, further
research on Paget’s disease could uncover
more about the ways in which excessive
osteoclastic bone resorption can occur.

• What is the role of phosphate in bone
mineralization?

• How is bone affected in patients who
have cancer? What implications do
these changes have with respect to both
the spread of the cancer and to other
skeletal disorders?



Bone Health and Osteoporosis

Diseases of Bone        61

References
Ahlborg HG, Johnell O, Turner CH, Rannevik

G, Karlsson MK. Bone loss and bone size
after menopause. N Engl J Med. 2003 Jul
24;349(4):327-34.

Alem MA, Sherrard DJ, Gillen DL, Weiss NS,
Beresford SA, Heckbert SR, Wong C,
Stehman-Breen C . Increased risk of hip
fracture among patients with end-stage renal
disease. Kidney Int 2000;58(1):396-9.

Berenson JR. Advances in the biology and
treatment of myeloma bone disease. Semin
Oncol. 2002 Dec;29(6 Suppl 17):11-6.

Bernstein CN, Blanchard JF, Leslie W, Wajda
A, Yu BN. The incidence of fracture among
patients with inflammatory bowel disease.
A population-based cohort study. Ann Intern
Med 2000 Nov 21;133(10):795-9.

Berruti A, Dogliotti L, Tucci M, Tarabuzzi R,
Fontana D, Angeli A. Metabolic bone disease
induced by prostate cancer: Rationale for the
use of bisphosphonates. J Urol. 2001
Dec;166(6):2023-31.

Bianchi ML, Bardella MT. Bone and celiac
disease. Calcif Tissue Int. 2002 Dec;
71(6):465-71.

Bilezikian JP. Primary hyperparathyroidism. In:
Primer on the metabolic bone diseases and
disorders of mineral metabolism. 5th Edition.
Favus MJ, editor. Washington (DC):
American Society for Bone and Mineral
Research; 2003:230-5.

Brown TT, Ruppe MD, Kassner R, Kumar P,
Kehoe T, Dobs AS, Timpone J. Reduced
bone mineral density in human
immunodeficiency virus-infected patients
and its association with increased central
adiposity and postload hyperglycemia. J Clin
Endocrinol Metab. 2004 Mar;89(3):1200-6.

Bryden AA, Hoyland JA, Freemont AJ, Clarke
NW, George NJ. Parathyroid hormone

related peptide and receptor expression in
paired primary prostate cancer and bone
metastases. Br J Cancer. 2002 Feb
1;86(3):322-5.

Byers PH. Disorders of collagen biosynthesis
and structure. In: Scriver CR, Beaudet AL,
Sly WA, Valle D, Childs B, Vogelstein B,
eds. The Metabolic and Molecular Bases of
Inherited Disease. 8th ed. New York: The
McGraw Hill Companies; 2001. 5241-85.

Callander NS, Roodman GD. Myeloma bone
disease. Semin Hematol. 2001 Jul;38(3):276-85.

Carey DE, Raisz LG. Calcitonin therapy in
prolonged immobilization hypercalcemia.
Arch Phys Med Rehabil. 1985
Sep;66(9):640-4.

Chesney RW. Vitamin D deficiency and rickets.
Rev Endocr Metab Disord. 2001
Apr;2(2):145-51.

Chiasson RM, Munns C, Zeitlin L,
Interdisciplinary treatment approach for
children with osteogenesis imperfecta.
Montreal, Canada: Shriner’s Hospitals for
Children; 2004.

Cizza G, Ravn P, Chrousos GP, Gold PW.
Depression: A major, unrecognized risk
factor for osteoporosis? Trends Endocrinol
Metab. 2001 Jul; 12(5): 198-203.

Coates PS, Fernstrom JD, Fernstrom MH,
Schauer PR, Greenspan SL. Gastric bypass
surgery for morbid obesity leads to an
increase in bone turnover and a decrease in
bone mass. J Clin Endocrinol Metab. 2004
Mar;89(3): 1061-5.

Coelho R, Silva C, Maia A, Prata J, Barros H.
Bone mineral density and depression: A
community study in women. J Psychosom
Res. 1999 Jan; 46(1):29-35.

Cohen A, Shane E. Osteoporosis after solid
organ and bone marrow transplantation.
Osteoporos Int. 2003 Aug;14(8):617-30.



62 Chapter 3

A Report of the Surgeon General

and periodontal disease progression.
Periodontol 2000. 2003;32:105-10.

Go T. Low-dose oral etidronate therapy for
immobilization hypercalcaemia associated
with Guillain-Barre syndrome. Acta
Paediatr. 2001 Oct; 90(10):1202-4.

Haugeberg G, Orstavik RE, Kvien TK. Effects
of rheumatoid arthritis on bone. Curr Opin
Rheumatol 2003 Jul;15(4):469-75.

Heap J, Murray MA, Miller SC, Jalili T, Moyer-
Mileur LJ. Alterations in bone characteristics
associated with glycemic control in
adolescents with type 1 diabetes mellitus. J
Pediatr. 2004 Jan;144(1):56-62.

Jeffcoat MK, Lewis CE, Reddy MS, Wang CY,
Redford M. Post-menopausal bone loss and
its relationship to oral bone loss. Periodontol
2000. 2000 Jun;23:94-102.

Khosla S, Lufkin EG, Hodgson SF, Fitzpatrick
LA, Melton LJ 3rd. Epidemiology and clinical
features of osteoporosis in young individuals.
Bone. 1994 Sep-Oct;15(5):551-5.

Khosla S, Melton LJ 3rd, Atkinson EJ, O’Fallon
WM, Klee GG, Riggs BL. Relationship of
serum sex steroid levels and bone turnover
markers with bone mineral density in men
and women: A key role for bioavailable
estrogen. J Clin Endocrinol Metab. 1998
Jul;83(7):2266-74.

Khosla S, Melton J 3rd. Fracture risk in primary
hyperparathyroidism. J Bone Miner Res.
2002 Nov;17Suppl 2:N103-7.

Kiratli BJ. Immobilization osteopenia. In:
Osteoporosis, Second Edition. Volume 2.
Marcus R, Feldman D, Kelsey J, editors. San
Diego (CA): Academic Press; 2001:207-27.

Lien G, Flato B, Haugen M, Vinje O, Sorskaar
D, Dale K, Johnston V, Egeland T, Forre
O. Frequency of osteopenia in adolescents
with early-onset juvenile idiopathic arthritis:
A long-term outcome study of one hundred

Epub 2003 Aug 08.
Coleman RE. Metastatic bone disease: Clinical

Features, pathophysiology and treatment
strategies. Cancer Treat Rev. 2001
Jun;27(3):165-76.

Crawford BA, Kam C, Donaghy AJ,
McCaughan GW. The heterogeneity of bone
disease in cirrhosis: A multivariate analysis.
Osteoporos Int. 2003 Dec:14(12):987-94.

Cunningham J, Sprague SM, Cannata-Andia J,
Coco M, Cohen-Solal M, Fitzpatrick L,
Goltzmann D, Lafage-Proust MH, Leonard
M, Ott S, Rodriguez M, et al. Osteoporosis
in chronic kidney disease. Am J Kidney Dis.
2004 Mar;43(3): 566-71.

Dauty M, Perrouin Verbe B, Maugars Y, Dubois
C, Mathe JF. Supralesional and sublesional
bone mineral density in spinal cord-injured
patients. Bone. 2000 Aug; 27(2): 305-9.

Drezner MK. Hypophosphatemic rickets.
Endocr Dev. 2003;6:126-55.

Elder G. Pathophysiology and recent advances
in the management of renal osteodystrophy.
J Bone Miner Res. 2002 Dec;17(12):2094-105.

Farhat G, Yamout B, Mikati MA, Demirjian S,
Sawaya R, El-Hajj Fuleihan G. Effect of
antiepileptic drugs on bone density in
ambulatory patients. Neurology. 2000 May
14; 58(9): 1348-53.

Favus MJ, Ed. Primer on the metabolic bone
diseases and disorders of mineral
metabolism. 5th ed. Washington (DC):
American Society for Bone and Mineral
Research; 2003: cover.

Friedrichs WE, Reddy SV, Bruder JM, Cundy
T, Cornish IJ, Singer FR, Roodman GD.
Sequence analysis of measles virus
nucleocapsid transcripts in patients with
Paget’s disease. J Bone Miner Res. 2002
Jan;17(1):145-51.

Geurs NC, Lewis CE, Jeffcoat MK. Osteoporosis



Bone Health and Osteoporosis

Diseases of Bone        63

five patients. Arthritis Rheum. 2003
Aug;48(8):2214-23.

Lloyd ME, Spector TD, Howard R.
Osteoporosis in neurological disorders. J
Neurol Neurosurg Psychiatry. 2000 May;
68(5):543-7.

Martin KJ, Olgaard K, Coburn JW, Coen GM,
Fukagawa M, Langman C, Malluche HH,
McCarthy JT, Massry SG, Mehls O, et al.
Diagnosis, assessment, and treatment of bone
turnover abnormalities in renal osteo-
dystrophy. Am J Kidney Dis. 2004
Mar;43(3):558-65.

Melton LJ 3rd, Rajkumar SV, Khosla S,
Achenbach SJ, Oberg AL, Kyle RA. Fracture
risk in monoclonal gammopathy of
undetermined significance. J Bone Miner Res.
2004 Jan;19(1):25-30.

Michaelsson K, Lithell H, Vessby B, Melhus H.
Serum retinol levels and the risk of fracture.
N Engl J Med. 2003 Jan 23;348(4): 287-94.

Michelson D, Stratakis C, Hill L, Reynolds J,
Galliven E, Chrousos G, Gold P. Bone
mineral density in women with depression.
N Engl J Med. 1996 Oct 17;335(16):1176-81.

Morales-Piga AA, Rey-Rey JS, Corres-Gonzalez
J, Garcia-Sagredo IM, Lopez-Abente G.
Frequency and characteristics of familial
aggregation of Paget’s disease of bone. J Bone
Miner Res. 1995 Apr;10(4):663-70.

National Osteoporosis Foundation:
Osteoporosis: What is it? [homepage on the
Internet]. Washington, DC: National
Osteoporosis Foundation. [Cited 2004 Mar
1]. Available from: http://www.nof.org/
osteoporosis/index.htm

Netter, Frank H., The Ciba collection of medical
illustrations. In: Woodburne, Russell T.;
Crelin, Edmund S.; Kaplan, Frederick, S.,
editors. Vol. 8, Part 1, Musculoskeletal
system: Anatomy, Physiology, and Metabolic

Disorders. West Cauldwell, NJ: Ciba-Geigy
Pharmaceutical Products; 1987. p.260.

Norman, ME. Juvenile osteoporosis. In: Favus,
MJ, editor. Primer on the metabolic bone
diseases and disorders of mineral
metabolism. 5th ed. Washington, DC:
American Society for Bone and Mineral
Research; 2003. p. 382-6.

Orstavik RE, Haugeberg G, Uhlig T,
Mowinckel P, Falch JA, Halse JI, Kvien TK.
Self reported non-vertebral fractures in
rheumatoid arthritis and population based
controls: Incidence and relationship with
bone mineral density and clinical variables.
Ann Rheum Dis. 2004 Feb;63(2): 177-82.

Orwoll E. Osteoporosis in men. Endocrinol Metab
Clin North Am. 1998 Jun;27(2)349-67.

Ott S, Aitken ML. Osteoporosis in patients with
cystic fibrosis. Clin Chest Med. 1998
Sep;19(3):555-67.

Paget J. On a form of chronic inflammation of
bones (osteitis deformans). Medico-
chirurgical transactions 1877;60:37-63.

Pavelka K. Osteonecrosis. Baillieres Best Pract
Res Clin Rheumatol. 2000 Jun;14(2):399-414.

Pettifor JM. Rickets. Calcif Tissue Int. 2002
May; 70(5):398-9.

Pettifor JM. Nutritional and drug-induced rickets
and osteomalacia. In: Favus MJ, editor. Primer
on the metabolic bone diseases and disorders
of mineral metabolism. 5th ed. Washington,
DC: American Society for Bone and Mineral
Research; 2003. p. 399-407.

Piepkorn B, Kann P, Forst T, Andreas J,
Pfützner A, Beyer J. Bone mineral density
and bone metabolism in diabetes mellitus.
Horm Metab Res. 1997 Nov;29(11):584-91.

Poole KE, Reeve J, Warburton EA. Falls,
fractures, and osteoporosis after stroke: Time
to think about protection? Stroke. 2002 May;
33(5):1432-6.



64 Chapter 3

A Report of the Surgeon General

Seeman E. Invited Review: Pathogenesis of
osteoporosis. J Appl Physiol. 2003 Nov;
95(5):2142-51.

Sheth RD. Bone health in epilepsy. Epilepsia.
2002 Dec; 43(12):1453-4.

Silverberg SJ, Shane E, de la Cruz L, Dempster
DW, Feldman F, Seldin D, Jacobs TP, Siris
ES, Cafferty M, Parisien MV, et al. Skeletal
disease in primary hyperparathyroidism. J
Bone Miner Res. 1989 Jun;4(3):283-91.

Silverberg SJ, Bilezikian JP. Clinical presentation
of primary hyperparathyroidism in the
United States. In: Bilezikian JP, Marcus R,
Levine MA, editors. The parathyroids, 2nd
ed. San Diego (CA): Academic Press;
2001:349-60.

Siris ES, Ottman R, Flaster E, Kelsey JL. Familial
aggregation of Paget’s disease of bone. J Bone
Miner Res. 1991 May;6(5):495-500.

Siris, ES; Roodman, GD. Paget’s disease of
bone. In: Favus, MJ, editor. Primer on the
metabolic bone diseases and disorders of
mineral metabolism. 5th ed. Washington,
DC: American Society for Bone and Mineral
Research; 2003. p. 495-506.

Smith MR. Diagnosis and management of
treatment-related osteoporosis in men with
prostate carcinoma. Cancer. 2003 Feb 1;97(3
Suppl):789-95.

Stein E, Shane E. Secondary osteoporosis.
Endocrinol Metab Clin N Am. 2003
Mar;32(1):115-34, vii.

Tannenbaum C, Clark J, Schwartzman K,
Wallenstein S, Lapinski R, Meier D, Luckey
M. Yield of laboratory testing to identify
secondary contributors to osteoporosis in
otherwise healthy women. J Clin Endocrinol
Metab. 2002 Oct;87(10):4431-7.

Thomas J, Doherty SM. HIV infection—A risk
factor for osteoporosis. J Acquir Immune
Defic Syndr. 2003 Jul 1;33(3):281-91.

Ramsey-Goldman R, Dunn JE, Huang CF,
Dunlop D, Rairie JE, Fitzgerald S, Manzi S.
Frequency of fractures in women with
systemic lupus erythematosus: Comparison
with United States population data. Arthritis
Rheum 1999 May;42(5):882-90.

Rauch F, Glorieux FH. Osteogenesis imperfecta.
Lancet 2004 Apr 24;363(9418):1377-85.

Riggs BL, Khosla S, Melton LJ 3rd. A unitary
model for involutional osteoporosis: estrogen
deficiency causes both type I and type II
osteoporosis in postmenopausal women and
contributes to bone loss in aging men. J Bone
Miner Res. 1998 May;13(5):763-73.

Riggs BL, Khosla S, Melton LJ 3rd. Sex steroids
and the construction and conservation of the
adult skeleton. Endocr Rev. 2002
Jun;23(3):279-302.

Robbins J, Hirsch C, Whitmer R, Cauley J,
Harris T. The association of bone mineral
density and depression in an older
population. J Am Geriatr Soc. 2001 Jun;
49(6): 732-6.

Roodman GD. Biology of osteoclast activation
in cancer. J Clin Oncol. 2001 Aug
1;19(15):3562-71.

Ross DS. Hyperthyroidism, thyroid hormone
therapy, and bone. Thyroid. 1994
Fall;4(3):319-26.

Saag K. Glucocorticoid-induced osteoporosis.
Endocrinol Metab Clin North Am. 2003
Mar;32(1):135-57, vii.

Sato Y, Asoh T, Kaji M, Oizumi K. Beneficial
effect of intermittent cyclical etidronate
therapy in hemiplegic patients following an
acute stroke. J Bone Miner Res. 2000 Dec;
15(12): 2487-94.

Schneider A, Shane E. Osteoporosis secondary
to illness and medications. In: Marcus R,
Feldman D, Kelsey J, editors. Osteoporosis.
2nd ed. San Diego: Academic Press; 2001.
p. 303-27.



Bone Health and Osteoporosis

Diseases of Bone        65

Tian E, Zhan F, Walker R, Rasmussen E, Ma Y,
Barlogie B, Shaughnessy JD Jr. The role of
the Wnt-signaling antagonist DKK1 in the
development of osteolytic lesions in multiple
myeloma. N Engl J Med. 2003 Dec
25;349(26):2483-94.

Tuzun S, Altintas A, Karacan I, Tangurek S,
Saip S, Siva A. Bone status in multiple
sclerosis: Beyond corticosteroids. Mult Scler.
2003 Dec; 9(6):600-4.

van Staa TP, Leufkens HGM, Cooper C. The
epidemiology of corticosteroid-induced
osteoporosis: a meta-analysis. Osteoporos
Int. 2002 Oct;13(10):777-87.

Wermers RA, Khosla S, Atkinson EJ, Hodgson
SF, O’Fallon WM, Melton LJ 3rd. The rise
and fall of primary hyperparathyroidism: A
population-based study in Rochester,
Minnesota, 1965-1992. Ann Intern Med.
1997 Mar 15;126(6):433-40.

WHO Scientific Group on the Burden of

Musculoskeletal Conditions at the Start of
the New Millennium. The burden of
musculoskeletal conditions at the start of the
new millennium: Report of a scientific group.
Geneva, Switzerland:World Health
Organization technical report series 919;
2003:, p. 57.

Whooley MA, Kip KE, Cauley JA, Ensrud KE,
Nevitt MC, Browner WS. Depression, falls,
and risk of fracture in older women. Study
of Osteoporotic Fractures Research Group.
Arch Intern Med. 1999 Mar 8;159(5):484-90.

Whyte, MP. Sclerosing bone disorders. In:
Favus, MJ, editor. Primer on the metabolic
bone diseases and disorders of mineral
metabolism. 5th ed. Washington, DC:
American Society for Bone and Mineral
Research; 2003. p. 449-66.

Wynne AG, van Heerden J, Carney JA,
Fitzpatrick LA. Parathyroid carcinoma:
Clinical and pathological features in 43
patients. Medicine. 1992 Jul;71(4):197-205.





Two
Bone Health and Osteoporosis

   PART TWO: What Is the Status of Bone Health in America?       67

Part Two

WHAT IS THE STATUS OF BONE
HEALTH IN AMERICA?

To provide an answer to this question, this part of the report describes
the magnitude and scope of the problem from two perspectives. The first
is the prevalence of bone disease within the population at large, and the
second is the burden that bone diseases impose on society and those who
suffer from them.

Chapter 4 provides detailed information on the incidence and
prevalence of osteoporosis, fractures, and other bone diseases. Osteoporosis
is by far the most common bone disease, although other related bone
diseases are important as well. Where available, the chapter also provides
data on bone disease in men and minorities. While older White women
are clearly at risk, bone disease can strike anyone, at any age, including
men, premenopausal women, and ethnic minorities. Chapter 4 also offers
some chilling projections for the future prevalence of bone disease, citing
forecasts of significant increases in the prevalence of both osteoporosis
and fractures, and a steep rise in the costs of caring for bone disease.

Chapter 5 examines the costs of bone diseases and their effects on well-
being and quality of life both from the point of view of the individual
patient and society at large. While bone disease seldom leads directly to
death, it can start a downward spiral in physical and mental health that
has a dramatic impact on an individual’s functional status and quality of
life. All too often this downward spiral concludes with premature death.
To illustrate the burden of bone diseases, the chapter includes real-life
vignettes that describe the terrible impact that osteoporosis, Paget’s disease,
osteogenesis imperfecta, and other related bone diseases can have on those
who suffer from them and their family members.
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of the world), the total worldwide number of hip
fractures each year could exceed 21 million by
2050 (Gullberg et al. 1997).

Key Questions for Future
Research

Research questions for Chapter 4 have been
merged with those for Chapter 5 because of the
close relationship between frequency and burden
of disease issues. (See Chapter 5, page 103.)
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