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Course Description

“Bone Health and Disease” is an asynchronous online continuing education course for physical
therapists and physical therapist assistants. This course presents current information about bone
health and disease including sections on structure, physiology, pathology and etiology, assessment,
treatment, rehabilitation, falls and fall prevention, and healthy bone interventions.

Course Rationale

The purpose of this course is to present physical therapists and physical therapist assistants with
current information about bone health and disease. will find this information pertinent and useful when
providing care for individuals who have, or are at risk for having, bone disease or trauma.

Course Goals and Objectives

Upon completion of this course, participants will be able to
1. recognize normal bone structure and physiology
2. recognize all of the intrinsic and extrinsic factors that influence bone health
3. identify the signs and symptoms associated with the most common bone disorders
4. understand and discuss all of the risk factors associated with osteoporosis and other common
bone disorders
identify many of the assessment and diagnostic tools commonly utilized to assess bone health
recognize current treatment and rehabilitation concepts relating to osteoporotic fracture
management
7. differentiate current treatment concepts specific to other common bone disorders.
8. recognize and list the factors that contribute to falls and fractures in the elderly and apply this
knowledge to reduce fall occurrence
9. recognize the morbidity, mortality, and financial impact that bone disease and trauma has on
both the individual and society.
10. recognize the actions individuals may take to promote bone health throughout a lifetime.

oo

Course Provider — Innovative Educational Services

Course Instructor - Michael Niss, DPT

Target Audience — physical therapists and physical therapist assistants

Course Educational Level — Introductory / intermediate

Course Prerequisites — None

Method of Instruction/Availability — Online text-based course available continuously.
Criteria for issuance of CE Credits - A score of 70% or greater on the course post-test.
Continuing Education Credits — 5 hours

Fees - $49.95

Conflict of Interest — No conflict of interest exists for the presenter or provider of this course.

Refund Policy - Unrestricted 100% refund upon request. The request for a refund by the learner shall
be honored in full without penalty or other consideration of any kind. The request for a refund may be
made by the learner at any time without limitations before, during, or after course participation.

Innovative Educational Services
To take the post-test for CE credit, go to: WWW.CHEAPCEUS.COM
1



Goals and Objectives

Course Outline

Overview

Bone Structure

Physiology

Factors Contributing to Bone Health
Hormones
Reproductive Factors
Medications
Weight

BONE HEALTH AND DISEASE

Bone Health and Disease

Course Outline

Smoking, Alcohol, and Environmental

Environmental Factors
Bone Diseases

Osteoporosis

Rickets and Osteomalacia

Renal Osteodystrophy

Paget's Disease

Developmental Skeletal Disorders

Bone Tumors
Assessing Bone Health
Risk Factors

Indicators of Compromised Bone Health

Risk Assessment Tools

Measuring Bone Mineral Density (BMD)
Recommendations for Screening

Methods for Measuring BMD

Using and Interpreting BMD Measurements

Biomechanical Markers
Treatment of Osteoporotic Fractures

Hip

Spine

Wrist

Rehabilitation of Osteoporotic Fractures

Hip
Spine
Wrist
Treatment of Other Bone Disorders
Primary Hyperthyroidism
Renal Osteodystrophy
Paget’s Disease
Bone Cancer
Ontogenesis Imperfecta
Fall and Fall Prevention
Background
Risk Factures for Falls
Reducing Falls
Impact of Bone Disease
Mortality
Morbidity
Financial
Healthy Bone Lifestyle
Physical Activity
Nutrition
Conclusion
Supplemental Information
Resources
References
Post-Test

Page(s)

Innovative Educational Services
To take the post-test for CE credit, go to: WWW.CHEAPCEUS.COM

2

start hour 1

end hour 1
start hour 2

end hour 2
start hour 3

end hour 3
start hour 4

end hour 4
start hour 5

end hour 5



BONE HEALTH AND DISEASE

Overview

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 essential minerals. It is not a static organ, but is constantly
changing to better carry out its functions. 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 minerals, 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 supply of calcium and phosphorus in cells is
critical for the function of all body organs, but particularly for the nerves and
muscle. Therefore, a complex system of regulatory hormones has developed that
helps to maintain adequate supplies of these minerals in a variety of situations.
These hormones act not only on bone but on other tissues, such as the intestine
and the kidney, to 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.

Both the amount of bone and its architecture are determined by the mechanical
forces that act on the skeleton. Much of this is determined genetically so that
each species, including humans, has a skeleton that is adapted to its functions.
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. Moreover, bone mass and architecture are further
modified throughout life as these functions 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 occur. 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.

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
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BONE HEALTH AND DISEASE

tissue of the skeleton is replaced many times during life. This requires an
exquisitely controlled regulatory system that involves specialized cells that
communicate with each other. These cells must respond to many different
signals, both internal and external, mechanical and hormonal, and systemic and
local. 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 demands, there are many ways that these processes can go astray.

Bone Structure

Bone is a composite material, consisting of crystals of mineral bound to protein.
This provides 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 between them. Other proteins in bone can
help to strengthen the collagen matrix even further and to regulate its ability to
bind mineral. Very small 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 respond to changes in mechanical loading.

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 skeletal mass. Inside the cortical shell is a fine network of
connecting plates and rods called trabecular bone that makes up the remaining
25 percent. Most bones are hollow structures in which the outer cortical bone
shell defines 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 exchange. 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 continuous stress from motion and weight-bearing. Fractures are
common at these sites when the bone is weakened. 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 buildings
and bridges. The shape and size of both cortical and trabecular bone can
respond to different kinds of stress produced by physical activity. 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 athletes who routinely use a dominant arm in their sporting activities. Bones
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BONE HEALTH AND DISEASE

do not work in isolation, but rather are part of the musculoskeletal system,
providing the “lever” that allows muscles to move. 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. It is important to
recognize 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.

Physiology

The process of building the skeleton and continuously reshaping it to respond to
internal and external signals is carried out by specialized cells that can be
activated to form or break down bone. Both modeling and remodeling involve the
cells that form bone called osteoblasts and the cells that break down bone, called
osteoclasts. In remodeling there is an important local interaction between
osteoblasts and osteoclasts. 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 important to understand this process.

Osteoblasts are derived from precursor cells that can also be stimulated to
become muscle, fat or cartilage; however, under the right conditions these cells
change (or differentiate) to form new bone, producing the collagen that forms the
scaffolding or bone matrix. Calcium and phosphate are added to the matrix to
form the hard, yet resilient, tissue that is healthy bone. Osteoblasts lay down
bone in orderly layers 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
osteocytes. Others remain as thin cells that cover the surface and are called
lining cells. Osteocytes 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 ability of bone to respond to
mechanical forces and injury. When the skeleton is subjected to impact there is
fluid movement around the osteocytes and the long-cell extensions that provides
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 osteoblasts to make a
normal matrix occurs in a congenital disorder of the collagen molecule called
osteogenesis imperfecta.

The osteoclasts remove bone by dissolving the mineral and breaking down the
matrix in a process that is called bone resorption. The osteoclasts 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
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need of bone breakdown. Osteoclasts are formed by fusion of small precursor
cells into large, highly active cells with many nuclei. These large cells can fasten
onto the bone, seal off an area on the surface, and develop a region of intense
activity in which the cell surface is highly irregular, called a ruffled border. This
ruffled border contains transport molecules that transfer hydrogen ions from the
cells to the bone surface where they can dissolve 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.

Removal and replacement of bone in the remodeling cycle occurs in a carefully
orchestrated sequence that involves communication between cells of the
osteoblast and osteoclast lineages. It is controlled by local and systemic factors
that regulate 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 controlled by altering the rate of production of
new osteoclasts, blocking their activity, or altering their life span. Most current
treatments for osteoporosis work by slowing down osteoclastic bone breakdown
through use of antiresorptive agents.

Since remodeling serves both the structural and metabolic functions of the
skeleton, it can be stimulated both by the hormones that regulate mineral
metabolism and by mechanical loads and local damage acting through local
factors. 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 probably developed by
the network of osteocytes and osteoblasts, which, through their multiple
connections, 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 osteoblasts 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
formation and maintaining skeletal health.

Factors Contributing to Bone Health

Both genes and the environment contribute 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 physical
activity, are critically important to bone health throughout life and can be
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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 nutritional elements as the rest of the body, but it also has a
special requirement for large amounts of calcium and phosphorus. While
adequate levels 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 storehouse are all dependent on the proper functioning of a number of
systemic or circulating hormones produced outside the skeleton that work in
concert with local regulatory factors. This complex system of regulatory
hormones responds to changes in blood calcium and phosphorus, acting not only
on bone but also on other tissues such as the intestine and the kidney. 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 supply, 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 skeletal growth.
Genes, hormones, local factors, and lifestyle all play a role in determining one’s
peak bone 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.

Hormones

Calcium-Regulating Hormones

Three calcium-regulating hormones play an important role in producing healthy
bone: 1) parathyroid 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 phosphorus and also affects bone directly; and 3) calcitonin, which inhibits
bone breakdown and may protect against excessively high levels of calcium in
the blood.
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Parathyroid Hormone or PTH - Produced by four small glands adjacent to the
thyroid gland. These glands precisely control the level of calcium in the blood.
They are sensitive to small changes in calcium concentration so that when
calcium concentration decreases even slightly the secretion of PTH increases.
PTH acts on the kidney to conserve calcium and to stimulate calcitriol production,
which increases intestinal absorption of calcium. PTH also acts on the bone to
increase movement of calcium from bone to blood. Excessive production of PTH,
usually due to a small tumor of the parathyroid glands, is called
hyperparathyroidism and can lead to bone loss. PTH stimulates bone formation
as well as resorption.

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.

Calcitriol - hormone produced from vitamin D. 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. Many people need vitamin D in their diet because they
do not derive 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. Vitamin D deficiency leads to a disease
of defective mineralization, called rickets in children and osteomalacia in adults.
These conditions can result in bone pain, bowing and deformities of the legs, and
fractures. Treatment with vitamin D can restore calcium supplies and reduce
bone loss.

Calcitonin - calcium-regulating hormone produced by cells of the thyroid gland,
although by different cells than those that produce thyroid hormones. 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 calcitonin in adults do not cause problems in
maintaining 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 regulating the growth of the skeleton and maintaining the mass and
strength of bone. The female hormone estrogen and the male hormone
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testosterone both have effects on bone in men and women. The estrogen
produced in children and early in puberty can increase bone growth. The high
concentration 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 osteoblasts 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.

Testosterone - 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 estrogen 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.

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 hormone 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 produced locally in other tissues,
particularly in bone, also under the control of growth hormone. Growth hormone
is essential for growth and it accelerates skeletal growth at puberty. Decreased
production of growth hormone and IGF-1 with age may be responsible for the
inability of older individuals to form bone rapidly or to replace bone lost by
resorption. The growth hormone/IGF-1 system stimulates both the bone-
resorbing and bone-forming cells, but the dominant effect is on bone formation,
thus resulting in an increase in bone mass.

Thyroid hormones increase the energy production 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. The pituitary hormone that controls the thyroid gland, thyrotropin or
TSH, may also have direct effects on bone.

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. Small amounts are necessary for normal
bone development, but large amounts block bone growth. Synthetic forms of
cortisol, called glucocorticoids, are used to treat many diseases such as asthma
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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 fracture.

There are other circulating hormones that affect 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. A recently discovered
hormone from fat cells, leptin, has also been shown to have effects on bone.

Reproductive Factors and Bone Health

Reproductive hormones play a central role in BMD levels among both women
and men, but these hormones have been most widely evaluated in young to
middle-aged women, particularly with respect to pregnancy, lactation, and
contraception.

Pregnancy and Lactation

Several changes occur during pregnancy and lactation that can affect bone
mass, including changes in reproductive hormones and in hormones that affect
calcium metabolism. Since fetal and infant bone growth during pregnancy and
lactation depends on calcium transfer from the mother, the possibility that
pregnancy and lactation affect risk for osteoporosis later in life has been
investigated. Intestinal calcium absorption increases during pregnancy to meet
much of the fetal calcium needs, but maternal bone loss may occur in the last
months of pregnancy. The mother’s skeleton also loses bone during
breastfeeding, but this loss is largely restored during weaning, as ovulation and
menses is re-established. This bone loss and its subsequent restoration appear
to be independent of lifestyle behaviors, including dietary calcium intake and
physical activity patterns.

Neither extended lactation nor multiple pregnancies are associated with
subsequent osteoporosis. In fact, the risk of hip fracture in women has been
found to decrease by 5-10 percent with each additional child, and there is no
apparent association between the duration of lactation and fracture risk.

Menstrual Cycling

Regular menstrual cycles are the outward vital sign of a normally functioning
reproductive system in the premenopausal female. The impact on bone health of
irregular cycles or subtle hormonal changes during the menstrual cycle has not
been clearly established. However, amenorrhea, or the cessation of menstrual
periods, should be viewed with concern, and its cause should be investigated.
Primary amenorrhea may be due to a variety of endocrine abnormalities, but the
cessation of regular cycling can also be due to an imbalance of energy intake
(nutrition) and energy expenditure (exercise). Anorexia nervosa is the most
serious cause of secondary amenorrhea and the most difficult to treat. The onset
of anorexia nervosa frequently occurs during adolescence when maximal bone
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mineral accrual takes place, thereby making adolescent girls with anorexia
nervosa at high risk for reduced peak bone mass.

Female athletes may also experience amenorrhea, especially those participating
in sports where leanness is an advantage and very strenuous training is the norm
(e.g., cross country running, ballet). While some athletes experience amenorrhea
due to disordered eating patterns, others experience it because of chronically
inadequate caloric intake that does not compensate for the energy expended.
Complications associated with amenorrhea include compromised bone density,
failure to attain peak bone mass in adolescence, and increased risk of stress
fractures. Adolescent and young adult women who experience amenorrhea
lasting for more than 3 months (regardless of the cause) should consult their
health care provider.

Contraceptive Practices

Oral contraceptives contain variable amounts of the hormones estrogen and
progesterone. The formulations of oral contraceptives have changed dramatically
over the years, with older types having higher estrogen levels than do newer
ones. These different formulations have a different overall impact on total
estrogen exposure and ultimately on fracture risk. Both the short- and long-term
effects of oral contraceptives on bone health are unclear at this time. There may
be may relatively little impact on bone health from oral contraceptives in women
who have already achieved peak bone mass, but low-dose oral contraceptives
could potentially compromise the acquisition of bone in younger women.

Hysterectomy and Oophorectomy

Roughly 600,000 hysterectomies are performed annually in the United States,
and 55 percent of women undergoing this procedure also have both ovaries
removed. Removing the ovaries (oophorectomy) affects calcium metabolism,
fracture risk, and bone mineral content because it results in estrogen deficiency.
Bilateral oophorectomy in postmenopausal women results in a 54 percent
increase in fractures of the hip, spine, and wrist, and a 35 percent increase in
fractures at other sites.

Medications and Bone Health
Medications that can affect skeletal health include the following:

Corticosteroids

Corticosteroids are the most common cause of secondary osteoporosis. They
have powerful effects on bone. For example, doses of prednisone above 7.5 mg
per day have been shown to completely shut off formation of new bone, while the
loss of older bone continues at a faster rate than normal. As a result, bone is lost
very rapidly, particularly during the first year or so after beginning corticosteroids.
Even very small doses may increase risk of spine fractures. The risk of fracture
increases rapidly after the start of oral corticosteroid therapy (within 3 to 6
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months) and decreases after stopping therapy. This increase in risk is
independent of underlying disease, age, and gender.

Thyroid Hormone

Elevated thyroid hormone is associated with secondary osteoporosis. High levels
of thyroid hormone can be the consequence of endogenous conditions such as
Grave’s disease or thyrotoxicosis. However, prolonged, elevated levels are
much more likely to be the result of prescribing thyroid hormone as a drug to
treat an underactive or enlarged thyroid gland or to control growth of nodules in
the thyroid gland. Too much thyroid hormone, no matter what the source,
increases both the breakdown of old bone and the formation of new bone to take
its place. However, more bone is lost than is formed. People with abnormally
high levels of thyroid hormone are at increased risk for fracture, and the fractures
often occur at younger ages. The lowest possible dose of thyroid hormone that
corrects the medical problem being addressed should be used, since the effects
on bone are related to the dose.

Gonadotrophin-releasing Hormone Agonists

Gonadotrophin-releasing hormone agonists are drugs that lower the blood levels
of male and female sex hormones (testosterone, estrogen). They may be
referred to as GnRH agonists or hormone deprivation therapy. In men, these
drugs are used to treat prostate cancer. In premenopausal women, they may be
used to treat endometriosis or as a form of contraception. Hormone deprivation
therapy causes levels of bone loss that are similar to that seen in women after
menopause. Both men and premenopausal women undergoing this therapy have
lower-than-expected BMD, while fracture rates are higher in men with prostate
cancer who have undergone this treatment.

Antiseizure or Anticonvulsant Medications

Antiseizure or anticonvulsant medications, particularly diphenylhydantoin,
phenobarbital, carbamazepine, and sodium valproate, can cause bone loss.
Individuals who take these drugs are more likely to have bone disease if they: a)
have been on the drugs for years; b) require high doses and/or more than one
anticonvulsant; c) avoid dairy products and do not take multivitamins and thus
have low dietary intake of vitamin D; d) have chronic illnesses; and e) are
institutionalized and thus get little sunlight. However, all patients taking these
drugs should be evaluated for osteoporosis and vitamin D deficiency.

Weight and Bone Health

A higher body weight may influence BMD through a variety of mechanisms,
including higher mechanical loading, more muscle mass, higher levels of sex
hormones and their precursors, and lower bone turnover. Body weight may also
be related to the level of fat padding, which can provide a cushion during a fall on
the hip.
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Body weight and pubertal development are the most consistent predictors of
bone mass in adolescents. Fear of fat and obsession with thinness among pre-
teen and teenage girls frequently translates into diets that fail to meet their
caloric, calcium, and protein needs. Young women who repeatedly diet to lose
weight also have lower bone density, even if they are not underweight.

Both low body weight and weight loss have been associated with reductions in
bone mass and increases in fracture risk in epidemiologic studies. In a follow-up
to the first NHANES, women who were relatively thin in middle age (age 50-64)
and had lost at least 10 percent of their body weight had the highest risk of hip
fracture.

Low body weight and weight loss are a particular problem for the elderly, as they
may signal a variety of medical problems. Older women who are thin have a
higher risk of hip fracture. A large prospective study of older women found a
roughly twofold increased risk of hip fracture in women who were below 127
pounds.

Older women who experience weight loss in later years have also been found to
have a twofold greater risk of subsequent hip fracture, irrespective of current
weight or intention to lose weight. These findings indicate that even voluntary
weight loss in overweight elderly women increases hip fracture risk.

Smoking, Alcohol, and Environmental Threats to Bone Health

Smoking

Smoking may harm the skeleton both directly and indirectly. The nicotine and
cadmium found in cigarettes can have a direct toxic effect on bone cells.
Smoking may also harm bone indirectly by lowering the amount of calcium
absorbed from the intestine, altering the body’s handling of vitamin D and various
hormones needed for bone health, or lowering body weight. Smokers may also
be less physically active. Smoking influences estrogen metabolism and the risk
for multiple estrogen-sensitive outcomes. Smokers are likely to require higher
doses of hormone therapy to achieve clinical effects on bone density that are
comparable to those observed in nonsmokers. All of these factors can lead to
lower bone density and higher risk of fracture.

Alcohol

Alcoholism is known to have negative effects on bone, but moderate alcohol use
in women has been associated with higher bone density in some studies. This
apparent beneficial effect of moderate alcohol intake may be seen in women and
not men because of the effect of alcohol on adrenal androgens or estrogen.
Alcohol inhibits bone remodeling, possibly by affecting vitamin D or by reducing
bone formation. It may also increase calcium and magnesium losses from the
body. Although some studies suggest moderate alcohol intake increases bone
density, it does not seem to lower fracture risk.
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Environmental Threats to Bone

While a number of heavy metals can be detrimental to bone health, lead is
among the most significant environmental threats to bone health in the United
States. Lead may accumulate in bone due to environmental or dietary
exposures. Periods of high remodeling (pregnancy, lactation, postmenopausal
period) are particularly critical since lead can have both a direct effect on bone
and a latent effect on other organ systems through release from bone long after
the initial exposure. High calcium intake may actually blunt the effect of stored
lead release from bone in pregnant women. One potential dietary source of lead
is calcium supplements. Certain preparations of calcium (e.g., bone meal and
dolomite) can have significant contamination with lead and other heavy metals.

Bone Disease

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 disease osteogenesis imperfecta is caused by abnormalities 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 osteoclast formation or function. This failure of the remodeling
process results in persistence of trabecular 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 mechanical
forces or micro damage and hence may be weaker and subject to fracture even
though bone mass is increased. There are also other abnormalities of the genes
that affect the size and shape of the skeleton and can cause deformities or
abnormal growth.

Nutritional deficiencies, particularly of vitamin D, calcium, and phosphorus, can
result in the formation of weak, poorly mineralized bone. In children, vitamin D
deficiency produces 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 deficiency leads to a softening of the bone (a condition known as
osteomalacia) that can also lead to fractures and deformities.

Many hormonal disorders can also affect the skeleton. Overactive parathyroid
glands or hyperparathyroidism 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 fragile. A deficiency of the
growth hormone/IGF-1 system can inhibit growth, leading to short stature. Loss
of gonadal function or hypogonadism in children and young adults can cause
severe osteoporosis due to loss of the effects of testosterone and estrogen. In
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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 glucocorticoids 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.
Inflammation 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 severe
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
multifaceted condition in which the first change is the formation of large, highly
active, and unregulated 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 environmental factors, possibly a viral
infection. The osteoblasts try to repair this damage by increasing bone formation.
However, the normal bone architecture has been disrupted, leading to weak
bones and the potential for fractures 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 collagen matrix. In addition, the new bone may not be in the right
place to provide strength.

Osteoporosis

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. Individuals with osteoporosis are at high risk of
suffering one or more fractures, injuries that can often be physically debilitating
and potentially lead to a downward spiral in physical and mental health.
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 is referred to as “secondary
osteoporosis.”
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Primary (Age-Related) Osteoporosis

Age-related osteoporosis is by far the most common form of the disease. 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
could potentially slow down its course. While it occurs in both sexes, the disease
is two to three times more common in women. 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 lasts 4-8 years, followed by a slower continuous phase that
lasts throughout the rest of life. 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 and 20-30 percent of trabecular bone. 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.

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.
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,
combined with reduced bone formation. The end result is thinning of the cortical
outer shell of bone and damage to the trabecular bone structure.

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. 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. 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. In fact, except for the lack of the early
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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 formation plays a relatively greater role
in the bone loss experienced by elderly men.

Idiopathic Primary Osteoporosis

There are several different forms of idiopathic osteoporosis that can affect both
children and adolescents, although these conditions are quite rare. 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 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 ad