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Exercise Prescription for
People with Osteoporosis
Moira A. Petit, Julie M. Hughes, and Joseph M. Warpeha

EPIDEMIOLOGY
Osteoporosis is a skeletal disorder characterized by compromised bone strength that results in an increased susceptibility to fracture (35,85). It is estimated that more
than 200 million people worldwide currently have osteoporosis (20), and the prevalence is expected to increase
with the increasing lifespan and aging population (21).
In the United States alone, an estimated 44 million individuals (55% of the population older than 50 years) have
low bone mass or osteoporosis. This number is predicted
to increase to 61.4 million by the year 2020 (82). Because
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osteoporosis is seen mainly as a disease that affects
women, men often go undiagnosed and untreated, yet
men are increasingly at risk for osteoporotic fractures.
The clinical relevance of osteoporosis is the dramatic
increase in risk of fracture. More than 1.5 million fractures are associated with osteoporosis each year. Osteoporotic fractures are low-trauma fractures that occur with
forces generated by a fall from a standing height or lower
and are most common at the spine, hip, and wrist. Regardless of fracture site, adults who fracture are at much
greater risk of fracturing again at any location (25). It is
estimated that one in two women and one in four men

> > > KEY TERMS
Bone balance: The amount of bone formed in a
remodeling pit compared to the amount resorbed.
When the bone balance is zero, no bone is lost. With
menopause and advancing age, bone balance
becomes negative and bone is lost.
Bone mineral density (BMD): A surrogate measure of
bone strength that is typically measured by dualenergy x-ray absorptiometry (DXA) as the amount of
mineralized tissue per area of bone area expressed in
g . cm2.
Cortical bone: Dense bone that comprises the shaft
of long bones and provides a protective shell around
the ends of long bones and vertebrae.
Modeling: Formation or resorption of bone along a
surface that changes the size and shape of bones in
response to bone growth.
Mechanotransduction: The process by which bone
cells convert mechanical stimuli (i.e. load from physical activity) into a chemical response.
Osteoblasts: Cells involved in the formation and mineralization of new bone.
Osteoclasts: Multinucleated cells involved in resorbing old, damaged, or excess bone.

Osteocytes: Osteoblasts that become entombed in
the matrix they helped secrete. These are thought to
be the main mechanosensory cells of the skeleton.
Osteopenia: Low bone mass; designated as a bone
density between 1.0 and 2.5 standard deviations less
than the mean peak value for young normal adults.
Osteoporosis: A skeletal disorder characterized by
compromised bone strength that results in an increased
susceptibility to fracture; diagnosed by a bone mineral
density more than 2.5 standard deviations less than the
mean peak value for young adults.
Osteoporotic fracture: A low-trauma fracture that
occurs with trauma generated by a fall from a standing height or lower; most common at the spine, hip,
and wrist.
Remodeling: A dynamic process of bone resorption
and subsequent formation that occurs throughout life.
Strain: The deformation of a material; refers to the
relative change in bone length in response to an
applied load.
Trabecular bone: Porous bone found in ﬂat bones,
the ends of long bones, and in cuboidal bones
(e.g., vertebrae).

1

LWBK173-4000G-C39.qxd

2

10/23/08

3:35 PM

Page 2 Aptara Inc.

RESOURCE MANUAL FOR GUIDELINES FOR EXERCISE TESTING AND PRESCRIPTION • www.acsm.org

older than 50 years of age will suffer from an osteoporoticrelated fracture in their lifetime. To put this in perspective,
a woman’s risk of hip fracture is equal to her combined
risk of breast, uterine, and ovarian cancers (82), and men
have a greater risk of developing osteoporosis than
prostate cancer. Hip fractures are considered to be the
most devastating consequences of osteoporosis because
they are associated with severe disability and increased
mortality (77). Furthermore, the economic burden of hip
fractures is substantial, with an estimated worldwide annual cost of $131.5 billion (42). The combination of all
osteoporotic fractures cost the U.S. healthcare system approximately $17 billion per year, and these annual costs
are projected to reach $50 billion by the year 2040 (59).
Osteoporosis is a silent disease: if not detected early,
fractures may occur without warning because of reduced
bone strength and increased load on the bone at a given
time. Therefore, much attention is focused on early prevention, detection, and treatment of osteoporosis. The
purpose of this chapter is to provide a brief overview of
the pathogenesis, diagnosis, risk assessment, prevention,
and treatment of osteoporosis—with special emphasis
placed on the role of exercise in building and maintaining
a strong skeleton and thereby offsetting skeletal fragility.

FIGURE 39-1. Bone is a dynamic tissue that is vascularized and innervated. Cortical bone is dense and stiff and makes up the shaft of long
bones. Cortical bone also provides a shell of protection around trabecular bone, which is more porous and ﬂexible and is found at the ends
of long bones and in vertebrae. The external surface of bone is called
the periosteal surface. The inner surface of long bones lining the
medullary canal (containing bone marrow) is called the endocortical
surface. The distance between the endocortical and periosteal surfaces in any given cross section is referred to as the cortical thickness.
(Adapted from DAMS.)

BONE PHYSIOLOGY
Bone is a bisphasic material with crystals of hydroxyapatite (calcium-phosphate mineral) incorporated in a collagen matrix. The collagen gives bone flexible properties,
and the mineral adds stiffness. This material is fashioned
into two types of bone. Cortical bone (also referred to as
compact bone) is dense and stiff and comprises the shaft
of long bones as well as provides a shell of protection
around trabecular bone (Fig. 39-1). Trabecular bone
(also referred to as cancellous or spongy bone) is more
porous and flexible and is found in flat bones, the ends of
long bones, and in cuboidal bones (e.g., vertebrae). In
trabecular bone, the bone material is in the form of plates
and struts called trabeculae.
The characteristics of bone that determine its strength
include the quantity of bone material present (the “mass”
component), the quality of the material (i.e., material
properties), and the distribution of the material in space
(structure or geometry). These factors are determined by
the dynamic cellular activities known as bone modeling
and remodeling, which are regulated by bone’s hormonal
and mechanical environments. Modeling is the independent action of osteoclasts (bone-resorbing cells) and osteoblasts (bone-forming cells) on the surfaces of bone,
whereby new bone is added along some surfaces and removed from others. Modeling affects the size and shape
of bones and is especially important for reshaping long
bones as they grow in length during adolescence or in
response to changing mechanical load throughout life.
Remodeling (Fig. 39-2) is a localized process that in-

FIGURE 39-2. Bone remodeling is the coupled actions of osteoclasts
and osteoblasts whereby a portion of older bone is resorbed by osteoclasts and replaced with newly formed bone by osteoblasts. The new
bone begins as unmineralized matrix (osteoid). Eventually, the osteoid
incorporates mineral. (From DAMS.)
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volves the coupled action of osteoclasts and osteoblasts, in
which osteoclasts first resorb a pit of older bone and osteoblasts are subsequently recruited to the site to form
and mineralize new bone. This process happens throughout the lifespan and occurs diffusely throughout the
skeleton. Like any material subjected to repetitive loading, fatigue damage is incurred. However, unlike inert
materials, bone is able to replace damaged bone with new
bone through the process of remodeling (87).

3

Many skeletal characteristics contribute to bone strength,
and consequently, bone fragility, including the quantity of
bone material present, the quality of the material, and the
distribution of the material within the bone structure.

and in later life. For example, approximately 26% of total
adult bone mass is accrued in a 2-year period during adolescence (9). This is approximately equivalent to the
amount lost in later life (26). Overall, global bone formation continues at a faster pace than bone resorption until
peak bone mineral accretion is attained sometime in the
second or third decade (depending on site, region, and
gender). In later life, the process of bone formation in
each remodeling site no longer equals the bone that was
resorbed, and thus, a small amount of bone is lost with
each new remodeling cycle. This is referred to as a negative bone balance.
In later life, gonadal hormones (testosterone, estrogen) decrease in both men and women. Estrogen suppresses activation of new remodeling cycles, and thus,
low estrogen levels partially contribute to an increased
rate of remodeling (108). As resorption precedes formation in the process of remodeling, and formation and
subsequent mineralization are time-intensive processes,
an increase in the rate of remodeling results in temporary
decreases in bone mass. Although temporary losses in
bone mass lead to a transient increase in bone fragility, increased rates of remodeling with a negative bone balance
lead to sustained bone loss of approximately 9% to 13%
(91) during the first 5 years after menopause. Bone turnover eventually slows to a rate similar to premenopausal
years. Men also experience age-related bone loss but
without the rapid period of loss (16).

Bone Quantity

Bone Material Quality

Bone “quantity” refers to the amount of bone material
present (i.e., the bone mass). The average pattern of
change in bone mass across the lifespan is displayed
graphically in Figure 39-3. The actual pattern of bone
change is more dynamic than shown, both during growth

Although the amount of bone in the human skeleton decreases with menopause and advancing age, there is evidence that properties of the remaining bone material may
change with age in a way that increases susceptibility to
fracture. Bone material from older individuals is less able
to absorb energy before failure, likely because of increased mean tissue mineralization and changes in collagen properties that are associated with advancing age
(22). Bone, like all loaded structural materials, is subject
to fatigue damage in the form of microcracks that increase in number and length with advancing age (113).
Microdamage accumulation is associated with reduced
bone strength (81).

PATHOPHYSIOLOGY
Although osteoporosis denotes skeletal fragility, osteoporotic fractures are the result of both skeletal fragility
and increased rate of falls. Osteoporotic fractures are a
function of the reduced strength of a bone and the load
on the bone at any given time, where the load must exceed bone strength for the fracture to occur. A majority of
hip and wrist fractures occur as a consequence of falling.
Thus, factors influencing both bone strength and risk of
falling are important for fracture prevention.
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FIGURE 39-3. Normal pattern of bone mineral accretion and loss
throughout the lifespan in men and women. (Permission requested.)

Another important component of bone strength is the
structure and geometry of bone—that is, how the material is distributed in space. Subtle changes in cross-sectional geometry can markedly increase bone strength
with little or no changes in bone mass or density. Structural differences in cortical bone geometry may partially
explain some of the differences in fracture rates between
men and women. During growth, boys have greater gains
in periosteal (outer) diameter, while girls have a narrowing of the endocortical (inner) surface, resulting in a
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greater overall bone size in boys that remains throughout
life (33,99). In later life, bone is lost primarily from the
endosteal surfaces (inner surface of long bones and intracortical surfaces within the cortex). Thus, the cortex becomes more porous and the cortices become thinner and
more fragile. To offset these losses, bone may be added to
the periosteum (outside surface of bone), thereby increasing the diameter of bone and maintaining the
strength of the structure in bending (13,100,101). However, as more bone is resorbed from the endocortical surface than is formed on the periosteal surface, the cortices
continue to thin, becoming fragile and more likely to
fracture.
Microarchitecture of trabecular bone is also an important contributor to skeletal fragility (50). For example, if
the resorption phase of remodeling is too aggressive, as is
seen at menopause and thereafter, trabeculae may be penetrated and entire trabecular elements lost (Fig. 39-4). In
these cases, the loss in structural strength is exaggerated
far out of proportion to the amount of bone lost (92).
Furthermore, trabeculae that remain intact may be
thinned by excessive remodeling, creating a weakness in
the ability to bear loads.

FALLS
Although skeletal fragility increases susceptibility to fracture, it would be of little concern if damaging loads, such
as those generated in a fall, were prevented. A majority of
hip fractures occur after a sideways fall and landing on
the hip (36,110). The incidence of falls increases with age
because several sensory systems that control posture
(vestibular, visual, and somasensory) become compromised with advancing age. Furthermore, muscle mass

and strength, which prevent instability and correct
imbalance, decline 30%–50% between the ages of 30 and
80 (51).

DIAGNOSIS OF OSTEOPOROSIS
There is currently no direct method to measure bone
strength noninvasively. Therefore, identification of individuals with osteoporosis relies on the use of noninvasive
technology to measure surrogates of bone strength. A
measurement of bone mineral density (BMD) by dual
energy x-ray absorptiometry (DXA) is the primary factor
involved in the diagnosis of osteoporosis (1). BMD represents the amount of bone per unit area and is currently
the most commonly used surrogate of bone strength in
clinical settings. The World Health Organization (WHO)
has defined osteopenia (low bone mass) as a site-specific
bone density between 1.0 and 2.5 standard deviations
less than the mean for young white adult women, and osteoporosis as a bone density that is 2.5 standard deviations less than the mean for young white adult women
(85,112). Expressing an individual’s BMD relative to the
young adult mean is referred to as a T-score (i.e., T 2.5 
osteoporosis). These criteria were developed based on
population data of primarily white women. Controversy
exists among experts as to how this criterion applies to
men, children, and various ethnic groups (5,85). Furthermore, as these categories were derived from BMD
data at the hip, the application of these criteria to other
skeletal sites is questionable (44,45). Despite these issues, BMD measurements have been shown to predict
60%–70% of a patient’s risk for fracture (80), therefore
making them better predictors of fracture than the measurement of lipids in predicting heart disease (44,80,112).
New software such as the Hip Structure Analysis Program and new technology such as quantitative computed
tomography (QCT), peripheral QCT (pQCT), and magnetic resonance imaging (MRI) are used to better assess
important components of bone strength such as bone
geometry and cortical and trabecular volumetric density
and, therefore, provide better estimates of bone strength.
However, these technologies are currently used primarily
in research settings, and their clinical utility is not yet
clearly established.

RISK FACTORS FOR OSTEOPOROTIC
FRACTURE

FIGURE 39-4. Slice of trabecular bone in normal (A) and osteoporotic (B) individual showing loss of trabecular connectivity and
increased microcracks with ageing. (From DAMS.)

Despite the appreciable capabilities of BMD measurements in predicting fracture, combining multiple risk factor assessment with a measure of BMD may more
accurately determine overall fracture risk (44,80,112).
This notion is strengthened by the observation that the
presence of multiple risk factors is a better predictor of
hip fracture than low bone density alone (44). Many risk
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BOX 39.1

5

Osteoﬁt: A Community-Based Physical Activity Program for Women with
Osteoporosis

1.7.7-ES: Prescribe exercise using nontraditional modalities (e.g., bench stepping, elastic
bands, isodynamic exercise, water aerobics, yoga, tai
chi, etc.) for individuals with cardiovascular,
pulomonary, or metabolic diseases.

performed either seated or standing. Static stretching
exercises are usually not included. The warm-up ends
with walking and simple dance routines with tempos
of between 110 and 126 beats per minute so that participants can remain in control.

1.7.17-ES: Design strength and ﬂexibility programs for individuals with cardiovascular, pulmonary, and metabolic diseases, the elderly, and
children.

Workout: The workout consists of strengthening and
stretching exercises intended to improve posture by
combating medially rotated shoulders, chin
protrusion (excessive cervical extension), thoracic
kyphosis, and loss of lumbar lordosis. Exercises to improve balance and coordination may progress from
heel raises and toe pulls to the mildly challenging twolegged heel-toe rock and the more challenging
tandem walks and obstacle courses. Hip stabilization
is trained using leg exercises (e.g., hip abduction and
extension) or balance exercises. Trunk stabilization is
addressed when the participant is cued and
positioned to do all standing exercises with resistance
for the arms (e.g., biceps curls) and shoulders (e.g.,
lateral arm raises). The abdominal muscles strengthened in their function as stabilizers rather than as
prime movers. Exercises to improve functional ability
include chair squats and getting up and down from
the ﬂoor. Exercises are arranged so that upper and
lower body activities are alternated to reduce the risk
of tendon pain. If the class includes more than one
set of an exercise, the sets are separated by a short
rest period. Repetitions are kept to between 8 and 16,
and weights are relatively light so that participants do
not work to fatigue with each set. The exercises are
arranged so that the less strenuous exercises, such as
hamstring stretching, are at the end of the workout.

AN EFFECTIVE EXERCISE PROGRAM IN
OSTEOPOROTIC WOMEN: OSTEOFIT
Osteoﬁt is an exercise-based program designed by the
staff of the British Columbia Women’s Hospital
Centre Osteoporosis Program in Vancouver, Canada
(http://www.osteoﬁt.org/) (51). In a study of the
efﬁcacy of Osteoﬁt in women aged 65–85 with osteoporosis, the women who completed the Osteoﬁt program had (a) increased ability to undertake ADLs,
(b) decreased back pain, (c) increased general health,
(d) decreased fear of falling, and (e) improved falls
risk proﬁles (18, 61). Importantly, the beneﬁts of this
program have been shown to persist even 1 year
postintervention (62). This community-based
program for women and men with osteoporosis aims
to reduce participant’s risk of falling and improve
their functional ability, thereby enhancing quality of
life. It differs from typical senior exercise classes by
speciﬁcally targeting posture, balance, gait, coordination, and hip and trunk stabilization rather than general aerobic ﬁtness. A typical class consists of a
warm-up, a workout, and a relaxation component, all
of which are outlined here (Fig. 39-5).
Warm-up: The general 10- to 15-minute warm-up is
done to music and commences with gentle range of
motion exercises for the major joints, which are

factors for osteoporosis and fracture have been identified,
including age, family history of fracture, previous fracture, physical inactivity, and medication use, among others (Table 39-1). Advancing age is perhaps one of the best
predictors of fracture because the risk of a hip fracture increases three to six times from 50 to 80 years, independent of BMD status (21,46).
Because of estrogen’s effect on suppression of remodeling, hypogonadism is an important risk factor in
both men and women. In men, hypogonadism can be
caused by several conditions including hypopituitarism,
hyperprolactinemia, overtraining, and inadequate energy

Relaxation: The last few minutes of the class are
devoted to relaxation techniques such as deep breathing, progressive muscle tensing and relaxing, and visualizations to a background of soft music and/or
nature sounds.

intake. In young women, hypogonadism secondary to
amenorrhea may be associated with inadequate energy
intake (67). When taken to the extreme, the so-called female athlete triad syndrome (amenorrhea, disordered eating, and osteoporosis) is thought to be associated with
increased risk for osteoporosis (2), although the prevalence of all three components of the triad is low (52).
Menopause, whether spontaneous or due to surgery,
chemotherapy, or radiotherapy, is also associated with increased risk of osteoporosis and fracture.
History of fracture is another important risk factor for
subsequent fragility fractures, with a twofold increase in
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FIGURE 39-5. Women participating in the Osteoﬁt class community-based program for falls prevention that includes strength and agility
training. (Photos courtesy of K. Khan.)

risk of hip fracture following a previous hip or spinal fracture (53). Several medications can increase risk of osteoporosis, including glucocorticoids, which result in greater
losses in spine bone mass. However, bone loss can be reduced by use of inhaled glucocorticoid therapy (109). Use
of medications such as anticonvulsants, glucocorticosteroids and adrenocorticotropin, gonadotropin-releasing
hormone agonists, immunosup- pressants, and heparin
(long term) have also been associated with osteoporosis
and fracture risk (83). Furthermore, several conditions

are associated with secondary osteoporosis, including hyperthyroidism and gastric surgery (44).
As discussed previously, factors related to risk of falls
have important considerations. Exercise professionals
should pay close attention to neuromuscular deficits, balance, and coordination in older individuals, particularly
those with osteopenia or osteoporosis, who would be at
increased risk of fracture in the case of a fall. Improving
these deficits is equally (if not more) important in older
individuals than attempting to increase bone integrity.

TABLE 39-1. RISK FACTORS FOR OSTEOPOROTIC FRACTURES
AGE

NEUROMUSCULAR DISORDERS

EXCESSIVE ALCOHOL CONSUMPTION

Previous fragility fracture
Glucocorticoid therapy
High bone turnover
Family history of hip fracture
Poor visual acuity

Cigarette smoking
Low body weight
Premature menopause
Primary or secondary amenorrhoea
Primary or secondary hypogonadism in men

Long-term immobilization
Low dietary calcium intake
Vitamin D deﬁciency
Female sex
Asian or white ethnic origin

Bold text indicates characteristics that capture aspects of fracture risk over and above that provided by bone mineral density. Adapted from Kanis, 2002 (14).
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Falls are correlated with physiological impairments associated with aging such as slow reaction time, loss of
balance, and muscular weakness (17,65). Psychological
factors, such as fear of falling, are also associated with
falls (17). Other risk factors associated with fall risk include orthostatic hypotension, Parkinson disease, stroke,
depression, epilepsy, eye diseases, osteoarthritis, peripheral neuropathy, delirium, anemia, diabetes mellitus, depression, cognitive impairment, vitamin D deficiency,
syncope, and many medications. Therefore, these factors
should all be considered when determining risk, treatment, and preventative strategies regarding osteoporotic
fracture (51).

CLINICAL MANAGEMENT
Although prevention of osteoporosis is important, once
an individual is diagnosed with the disease, attention is
turned to treatment to offset initial and subsequent fractures. Management strategies involve both pharmacological therapy and lifestyle modifications.

PHARMACOLOGICAL THERAPY
1.5.3-ES: Recognize medications associated in the
clinical setting, their indications for care, and their

7

effects at rest and during exercise (i.e., beta-blockers,
nitrates, calcium channel blockers, Digitalis, diuretics,
vasodilators, antiarrhythmic agents, brochodialators,
antilipemics, psychotrophics, nicotine, antihistimes,
over-the-counter cold medications, thyroid medications,
alcohol, hypoglycemic agents, blood modiﬁers, pentoxifylline, antigout medications, and anorexiants/diet
pills).
Several pharmacological agents (listed in Table 39-2)
have been approved by the U.S. Food and Drug Administration (FDA) for the treatment of osteoporosis. These
agents can be categorized by whether they act on remodeling (antiremodeling drugs) or directly on formation
(anabolic drugs). Antiremodeling agents include bisphosphonates, salmon calcitonin, hormone replacement
therapy (HRT), and selective estrogen receptor modulators (SERMs, raloxifene). These drugs act by suppressing
the resorption phase of the remodeling cycle and thus allow existing cavities to fill, resulting in an increase in
bone density. Also, by suppressing resorption, these
agents can reduce loss of connectivity and trabecular
thinning associated with menopause and aging. One of
the major hormones regulating calcium homeostasis is
parathyroid hormone (PTH), which is secreted in response
to falling serum calcium levels. PTH helps to regulate
serum calcium levels by (a) stimulating bone resorption in

TABLE 39-2. MEDICAL THERAPIES AVAILABLE FOR THE TREATMENT OR PREVENTION OF OSTEOPOROSIS
DRUG CLASS
Estrogens

a

NAME OF DRUG

BRAND NAME

Estrone sulfate
Conjugated estrogen
Transdermal estrogen
Estropipate
Esteriﬁed estrogen
Conjugated estrogen  medroxyprogestrone acetateb

Ogen
Premarin
Estraderm
Ortho-Est
Estratab
Premphase
PremPro
Activella
MiaCalcin
Calcimar
Fosamax
Actonel
Didronel
Evista
Nolvadex

Calcitoninc

Synthetic salmon calcitonin

Bisphosphonates

Alendronated
Risedronated
Etidronatee
Raloxifenef
Tamoxifene
Isoﬂavones (natural ﬂavonoids)
Tibolone or ipriﬂavone (synthetic ﬂavonoids)
Calcitriol or other vitamin d metabolites
Teriparatidef or other parathyroid hormonesg
Sodium ﬂuorideg

SERMs
Others

SERM, selective estrogen receptor modulator.
a

All estrogens have FDA approval for prevention of osteoporosis, but only Premarin is approved for treatment.

b

Premphase, PremPro, and Activella are estrogen and progesterone taken in combination. Premphase and PremPro are FDA approved for the treatment of osteoporosis; Activella is approved for
prevention of osteoporosis.

c

Both calcitonins are approved for prevention, but only MiaCalcin is approved for treatment of osteoporosis.

d

Alendronate and risedronate have FDA approval for both prevention and treatment of osteoporosis. Alendronate is also approved for treatment of osteoporosis in men.

e

Etidronate has FDA approval but not with an osteoporosis indication in the United States.

f

FDA-approved treatment of osteoporosis.

g

Approval pending for an osteoporosis indication.
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the presence of adequate vitamin D, (b) increasing intestinal calcium absorption, and (c) enhancing resorption of
calcium in the kidney (51). Although PTH can stimulate
both bone formation and bone resorption, when administered intermittently it results in net bone formation,
and it is thus classified as an anabolic agent (83). Recombinant PTH is an anabolic drug that works by stimulating
an increase in osteoblastic bone formation.
Because of the role of estrogen in suppression of osteoclast function and progestins in stimulating osteoblast
activity, HRT has been shown to increase BMD at the
spine and hip in women during the postmenopausal
years when substantial losses are typically observed.
However, approximately 40% of women who begin HRT
treatment choose to stop taking the medication because
of its many side effects (29). Furthermore, HRT is associated with an increased risk of coronary disease, stroke,
and breast and ovarian cancer (34). For women unable to
take HRT because they are at high risk of ovarian and
breast cancer, the SERM raloxifene is a treatment option
because it does not stimulate breast or endometrial tissues (58).

LIFESTYLE MODIFICATIONS
Because of difficulty implementing long-term lifestyle
changes, the exercise professional can play a large role
in facilitating adherence to these changes in the patient
with osteoporosis. All postmenopausal women and
older men, regardless of fracture risk, should be encouraged to engage in behavior modifications, including adequate calcium (1000–1500 mg  d1) and vitamin D
(400–800 IU  d1) intake, regular exercise, smoking cessation, avoidance of excessive alcohol intake, and visual
correction to decrease fall risk. Of these lifestyle modifications, exercise is the only one that can simultaneously
ameliorate low BMD, augment muscle mass, promote
strength gain, and improve dynamic balance—all of
which are independent risk factors for fracture (47,84).
However, there is currently no direct evidence that exercise reduces the risk of osteoporotic fracture, and
there likely will not be until large, well-funded trials are
conducted. Nevertheless, clinicians and exercise professionals should embrace the theoretical basis behind exercise prescription in osteoporosis prevention and
treatment (51). Exercise prescription for individuals diagnosed with osteoporosis is outlined at the end of the
chapter.

EXERCISE AND OSTEOPOROSIS
PHYSIOLOGICAL RESPONSE TO EXERCISE
This section reviews both the acute and chronic physiologic responses to exercise in those with osteoporosis.

Acute Physiological Response
Bone is a dynamic tissue capable of continually adapt to
its changing mechanical environment. When a bone is
loaded in compression, tension, or torsion, bone tissue is
deformed. Deformation of bone tissue, or the relative
change in bone length, is referred to as strain. Bone tissue
strain causes fluid within the bone to move past the cell
membrane of osteocytes—the bone cells that are embedded throughout bone tissue and are connected with one
another, to other bone cells, and with the bone marrow
through slender dendritic processes. The current prevailing theory in the bone field is that this fluid flow along
the osteocyte and its cell processes causes a release of molecular signals that lead to osteoclast and osteoblast recruitment to (re)model bone to better suit its new
mechanical environment. This process of turning a mechanical signal into a biochemical one is called mechanotransduction.
Chronic Physiological Response
It has been suggested by Harold Frost that the response of
bone to its mechanical environment is controlled by a
“mechanostat” that aims to keep bone tissue strain at an
optimal level by homeostatically altering bone structure
(31). Indeed, when bone is subjected to lower than customary loads (as in space flight and immobilization),
bone will adapt by ridding itself of excess mass. Alternately, when bone is subjected to higher loads such as uncustomary exercise, bone will become stronger by
altering its structure and increasing in mass. Although
mechanotransduction is an acute response to exercise,
the adaptation of bone structure through modeling and
remodeling takes up to several months to complete. Bone
does not respond to exercise by solely adding mass randomly to the skeleton. Rather, from animal studies, it is
clear that bone is added where strains are the highest—
typically on the periosteal surface in long bones (95).
This has the effect of increasing the diameter of long
bones, making them stronger in bending, because small
increases in bone mass applied to appropriate locations
can increase bending strength dramatically.
Remodeling is a process that not only performs the
task of removing excess bone or adding bone on trabecular surfaces in youth but also repairs fatigue-damaged
bone. With the increase in bone tissue strain that occurs
with exercise, damage in the form of microcracks results.
This damage is targeted for removal by osteoclasts, and
new bone is formed in its place (87). Thus, one of the
chronic effects of exercise on the skeleton involves
the maintenance of bone strength through targeted remodeling.
Traditional imaging techniques such as DXA are unable to capture fine structural changes in bone and therefore may underestimate the benefits of exercise on the
skeleton (41). Furthermore, mineralization of newly
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formed bone is an ongoing process on the order of months
to years. Recall that resorption precedes formation in remodeling; therefore, the effects of exercise on the skeleton
may take up to several months to be fully realized.

OSTEOGENIC ACTIVITIES
1.7.16-ES: Describe the principal of speciﬁcity as
it relates to the mode of exercise testing and
training.
Bone responds to loading in a site-specific manner.
That is, bone will be added in locations where adequate
strain is generated. Thus, to optimize bone health at the
hip, for example, physical activity should load the hip
region through muscle force or ground reaction forces.
Evidence from animal studies suggests that effective exercise programs for bone health should result in high
strain rates and unusual strain distributions (i.e., loading in directions the bone is unaccustomed to). In practical terms, an osteogenic (bone-forming) exercise
regimen should require high mechanical forces at high
rates of force application produced in versatile movements (95,106). New evidence also suggests inserting
rest between loading cycles can optimize the bone response to loading (94,105). That is, bone cells seem to
saturate after a short loading period. In animal studies,
bone loses more than 95% of its mechanosensitivity after
only 20 loading cycles (95,106). For example, doing
10 jumps three times per day with 2–4 hours of rest between sets should be more effective for bone health than
doing 30 jumps all at one time.
Although generally high magnitude and high strain
rate lead to an optimal bone response, strain patterns can
be altered to stimulate bone adaptation. For example, low
magnitude strains that were otherwise ineffective stimulated an osteogenic response in mature animals if 10 seconds of rest were inserted between loading bouts (105) or
if they were generated at a very high frequency (20 Hz

or cycles  s 1) (43,96,97). These novel strain applications have important implications for interventions in individuals with low bone mass such as osteoporotic adults
(discussed later).

PHYSICAL ACTIVITY DURING ADOLESCENCE:
PREVENTION OF OSTEOPOROSIS
Although osteoporosis is a disease associated with advancing age, there is almost universal consensus that
early-life experiences are important in reducing the risk
of osteoporosis in later life (26). The amount of bone
mineral accrued during growth is recognized as an important predictor of bone mineral status in older adults
(26,66). The observation that more than 25% of adult
bone mineral is laid down during the 2 years surrounding
the age of peak linear growth emphasizes the importance
of the adolescent years in optimizing bone mineral ac-
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crual (8). It is estimated that as much bone mineral is laid
down during this period as an adult will lose from 50 to
80 years of age (4,8). Thus, optimizing bone mineral accrual during the growing years would seem to be an essential ingredient for the prevention of osteoporosis later
in life (24).
A number of excellent reviews have all concluded that
appropriate physical activity augments bone development (7,10,11,68,74). Retrospective human studies
clearly indicate that bone responds more favorably to
physical activity undertaken during childhood and adolescence than during adulthood (6,7,28,88). Mechanical
loading studies using animal models lend strong support
to these human studies (9,23,27,28,37,40,49,56,63,90,
95,106).
Numerous randomized controlled intervention studies aimed to investigate the change in bone mass or
strength in children secondary to an exercise intervention. In general, these demonstrate a positive effect for
physical activity during growth and development. Interventions were diverse, and activities ranged from moderate (running) to high (jumping) impact performed for
10–40 minutes, two to three times per week. In all studies of pre- and early-pubertal children, BMD increased
more in the intervention group than in controls at various regions of the proximal femur and/or lumbar spine
(15,32,39,70,71,76,79). Generally, the magnitude of the
augmented response over 7–10 months varied from 1% at
the trochanteric region of the proximal femur (76) to
~3% at the femoral neck for a high-impact jumping intervention (32,79). When moderate activity was increased
through daily physical education, a positive effect on
bone accretion in prepubertal girls was also noted (107).
In a school-based intervention with a 10-minute moderate-impact circuit training three times per week, the benefit doubled if the intervention continued for a second
school year. Bone mass benefits increased from 2% to approximately 4% at the femoral neck and lumbar spine in
both boys and girls (69,72). These and other studies suggest that the bone response to loading is optimized in
pre- and early-puberty (premenarche in girls) (14,39,48,
111,94).
Exercise Prescription for Optimizing Bone
Development in Youth
1.7.4-ES: Design, implement, and supervise individualized exercise prescriptions for people with
chronic disease and disabling conditions and people
who are young or elderly.
The ACSM position stand on physical activity and
bone health (54) states that exercise to optimize bone
health in children and adolescents should involve
10–20 minutes, three days per week, of impact activities
such as plyometrics, jumping, moderate-intensity
resistance training, and participation in sports that
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involve running and jumping (soccer, basketball). Since
the publication of this position stand, a new trial of exercise in youth has further elucidated the appropriate
anabolic dose of exercise to strengthen the growing
skeleton. A pilot study of a simple jumping intervention, “Bounce at the Bell,” showed that 10 jumps, three
times per day, over 8 months was associated with a significant increase in proximal femur (2.3%) and intertrochanteric region (3.2%) BMD (75). To perform
their jumps, children simply stood next to their desk
and jumped for 1 minute, three times per day when
the bell rang. The intervention took 3 minutes per day
and required no equipment or special training from
teachers. Although more work is needed to confirm
these results, these data suggest that interventions can
be very simple and short and still be effective at improving bone development; they may be excellent adjunctive
exercises to those recommended in the ACSM position
stand.

EXERCISE AND BONE HEALTH IN
ADULTHOOD
The goal of exercise in adulthood should be to offset
bone loss that is observed during this time in life,
rather than adding bone mass to the skeleton as in
youth. Trials of exercise lasting 8–12 months in premenopausal women generally show increased BMD by
1%–3% at the loaded sites (spine and hip) compared to
controls (30,38,64, 102–104). Differences between exercisers and controls in the premenopausal cohorts are
attributed to gains in bone mineral of exercisers
(12,38), attenuation of bone loss in exercisers, or a
combination of bone gain in exercisers and bone loss in
controls (30). Trials of exercise in premenopausal
women (ages 22–49) with favorable outcomes involved
jogging, strength training, aerobics, and jumping exercises (51).
Traditionally, there is far less research attention regarding the effects of exercise on bone health in men versus
women (86). This paucity of research is not justified by
the observations of the exponential increase in incidence
of hip fracture in men as they age (although this happens
5–10 years later than for women) (86). Of the few studies
performed in older men, most found positive effects of resistance training on BMD at loaded sites. Menkes et al. report that 16 weeks of resistance training in 59-year-old
men resulted in a 3.8% increase in femoral neck BMD
compared with controls (78). Similarly, Ryan et al. found
that 16 weeks of resistance training in 61-year-old men resulted in a 2.8% increase in femoral neck BMD compared
with controls (98). Overall, studies in adults indicate that
exercise, if done with adequate load such as resistance
(weight training) and impact (i.e., jump) training, are effective at attenuating bone loss observed with advancing
age (51).

Exercise Prescription to Preserve Bone Health
during Adulthood
1.7.9-ES: Identify patients who require a symptomlimited exercise test prior to exercise training.
1.7.40-ES: Ability to explain and implement exercise prescription guidelines for apparently healthy
clients, increased risk clients, and clients with controlled
disease.
Prior to beginning a new exercise program, all individuals with osteoporosis or who are at risk should be encouraged to consult with their physician. No special
recommendations for performing an exercise evaluation
exist for this population, and the recommendation is to
consider the need for an exercise evaluation as one would
for any individual.
The ACSM position stand on physical activity and
bone health states that exercise to preserve bone health
during adulthood should involve 30–60 minutes per day
of a combination of moderate-to-high intensity weightbearing endurance activities (three to five times per
week), resistance exercise (two to three times per week),
and jumping activities (54). Weight-bearing endurance
activities include tennis, stair climbing, and jogging at
least intermittently during walking. Activities should involve jumping, including volleyball and basketball, and
resistance exercises, such as weightlifting, and these
should target all major muscle groups (54).

EXERCISE IN ELDERLY AND OSTEOPOROTIC
INDIVIDUALS
Exercise Testing in Osteoporosis
5.2.1-HFI: Knowledge of musculoskeletal risk
factors or conditions that may require consultation with medical personnel before testing or training,
including acute or chronic back pain, osteoarthritis,
rheumatoid arthritis, osteoporosis, inﬂammation/pain,
and low back pain.
1.3.9-ES: Instruct the test participant in the use of
the RPE [rate of perceived exertion] scale and
other appropriate subjective rating scales, such as the
dypsnea, pain, claudication, and angina scales.
1.3.22-ES: Describe the differences in the physiological responses to various modes of ergometry
(e.g., treadmill, cycle and arm ergometers) as they
relate to exercise testing and training.
1.7.18-ES: Determine appropriate testing and
training modalities according to the age, functional capacity, and health status of the individual.
Exercise testing is not contraindicated for those with
osteoporosis. However, because of the nature of the disease, if an exercise test is indicated, certain measures must
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be taken into consideration to ensure maximal safety. As
with any exercise test, instruct the test participant in the
use of the RPE and pain scales. Because the majority of individuals with osteoporosis are older in age and sedentary,
they should be considered as moderate risk for atherosclerotic disease (see GETP8 Table 2.1). Based on this, it is
recommended that a physician be present if a maximal exercise test is performed (see GETP8 Fig. 2.4). When exercise tests are performed in individuals with osteoporosis,
the following should be considered:
• Use of cycle ergometry as an alternative to treadmill
exercise testing to assess cardiovascular function may
be indicated in patients with severe vertebral osteoporosis for whom walking is painful.
• Vertebral compression fractures leading to a loss of
height and spinal deformation can compromise ventilatory capacity and result in a forward shift in the center of gravity. The latter may affect balance during
treadmill walking.
• Maximal muscle strength testing may be contraindicated in patients with severe osteoporosis, although
there are no established guidelines for contraindications for maximal muscle strength testing.
1.7.10-ES: Organize GXT [graded exercise test]
and clinical data to counsel patients regarding
issues such as ADL [activities of daily living], return to
work, and physical activity.
As with all patient populations, the trained exercise
professional should work in consultation with the physician or other referring licensed healthcare provider to
counsel patients regarding activities of daily living
(ADL), return to work, and physical activity. The results
of an exercise test are useful in determining the safety of
performing these activities and the maximal metabolic
equivalent (MET) threshold for activities that a person
should be allowed to perform.
1.5.2-ES: Describe the mechanisms and actions
of medications that may affect exercise testing
and prescription, i.e., beta-blockers, nitrates, calcium
channel blockers, Digitalis, diuretics, vasodilators,
antiarrhythmic agents, brochodialators, antilipemics,
psychotrophics, nicotine, antihistimes, over-the-counter
cold medications, thyroid medications, alcohol, hypoglycemic agents, blood modiﬁers, pentoxifylline,
antigout medications, and anorexiants/diet pills.
The effects of any of the FDA-approved medications for
the specific prevention and treatment of osteoporosis (e.g.,
calcium, vitamin D, calcitonin, bisphosphonates, fluoride,
estrogens, and androgens) on acute or chronic exercise responses have not been extensively studied. However, there
is no evidence that any of these agents would affect exercise response during testing with the possible exception
of estrogen, which has an acute vasodilator effect and may
alter electrocardiographic responses to exercise during an
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exercise test. This effect has been seen in studies using
large doses of estrogen but has not been demonstrated in
doses used with estrogen or HRT (3,55).
1.7.15-ES: Describe common gait, movement, and
coordination abnormalities as they relate to exercise testing and programming.
Osteoporosis can preclude detection of abnormal responses associated with heart diseases during an exercise
test because performance may be limited by the symptoms of osteoporosis, thus preventing the individual from
achieving an adequate heart rate and blood pressure
response necessary for an accurate diagnosis. Severe
kyphosis (rounding of the upper spine) is one such example unique to osteoporosis that may limit an exercise
test because of an imposed mechanical limitation on respiratory muscle function. Ideally, a maximum effort test
should be used, assuming no contraindications exist and
the appropriate supervision is provided. A maximal capacity test is preferred so that more accurate exercise
heart rates can be prescribed based off of the heart rate reserve method. If a maximal test is contraindicated or cannot be performed, the rating of perceived exertion (RPE)
to guide exercise intensity is appropriate for this population. However, if the population is at moderate or high
risk for cardiovascular disease, it would be prudent to
closely assess the patient for indications of ischemia (e.g.,
angina equivalents) or excessive exercise intensity (e.g.,
excessive heart rate or blood pressure responses).
Exercise Prescription in Patients with Osteoporosis
1.7.41-HFI: Ability to adapt frequency, intensity,
duration, mode, progression, level of supervision,
and monitoring technique in exercise programs for
patients with controlled chronic disease (e.g., heart disease, diabetes mellitus, obesity, hypertension), with
musculoskeletal problems (including fatigue), during
pregnancy and/or postpartum, and with exerciseinduced asthma.
1.7.4-ES: Design, implement, and supervise individualized exercise prescriptions for people with
chronic disease and disabling conditions and people
who are young or elderly.
1.5.8-ES: Recognize patient clinical need for referral to other (non-ES) allied health professionals
(e.g., behavioralist, physical therapist, diabetes educator, nurse, etc.).
1.5.9-ES: Recognize patients with chronic pain
who may be in a chronic pain management treatment program and who may require special adaptations
during exercise testing and training.
1.7.8-ES: Demonstrate exercise equipment adaptations necessary for different age groups, different
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physical abilities, and other potential contributing
factors.
1.5.10-ES: Recognize exercise testing and training
needs of patients with joint replacements or
prostheses.
Prior to prescribing exercise for the patient with osteoporosis, especially those who have recently experienced a fracture, an exercise professional should consult
with the clients’ physician. For patients with debilitating
osteoporosis and severe pain or recent joint replacement,
exercise program options will be limited. These patients
should typically work with a physical therapist or rehabilitation specialist until mobile. There is a high prevalence of back pain in patients with osteoporosis, which is
related to limited functional ability (60). Thus, pain
management may be an important part of the care for osteoporotic individuals. It may be necessary to begin exercise prescription with a warm-pool-based program
(e.g., hydrotherapy), which, although non-weight-bearing, can improve flexibility and muscle strength. In light
of the rapid and profound effects of immobilization and
bed rest on bone loss, and the poor prognosis for recovery of bone mineral content after remobilization, even
the frailest elderly people should remain as physically
active as their health permits to preserve skeletal integrity. If a person cannot tolerate active exercises, functional electrical stimulation may improve vital muscle
strength in preparation for active strengthening as pain
diminishes (51).
1.3.30-ES: Discuss the appropriate use of static
and dynamic resistance exercise for individuals
with cardiovascular, pulmonary, and metabolic disease.
1.2.3-HFI: Knowledge of risk factors that may be
favorably modiﬁed by physical activity habits.
As stated in the ACSM position stand on physical activity and bone health (54), “exercise programs for elderly women and men should include not only
weight-bearing endurance and resistance activities aimed
at preserving bone mass, but also activities designed to
improve balance and prevent falls.” However, few welldesigned trials have tested the efficacy of such programs.
A 20-week strength, posture, and balance program, Osteofit, improved dynamic balance in females with osteoporosis. In a study of females with a history of spinal
fracture, a 10-week balance, strengthening, stretching,
and relaxation program resulted in a significant reduction
in pain and use of analgesia and increased quality of life
(73). In both men and women with osteoporosis, 12
months of balance and strength training resulted in improved BMD, balance, and aerobic capacity (57). Although these trials indicate that exercise has beneficial
effects on surrogates of osteoporotic fracture, well-designed studies with fracture endpoints are needed to fur-

ther guide exercise prescription in men and women with
osteoporosis.
1.7.11-ES: Describe relative and absolute contraindications to exercise training.
1.7.6-ES: Knowledge of the concept of “activities
of daily living” (ADLs) and its importance in the
overall rehabilitation of the individual.
Contraindicated Exercises for Individuals with Osteoporosis

Several general types of exercise are contraindicated for
people with osteoporosis because they can generate large
forces on relatively weak bone. Twisting movements (e.g.,
golf swing), dynamic abdominal exercises (e.g., sit-ups),
and excessive trunk flexion should all be avoided because
they can all result in vertebral fracture. Osteoporotic individuals should be taught correct form for ADLs such as
bending to pick up objects to avoid vertebral fractures.
Furthermore, exercises that involve abrupt or explosive
loading, or high-impact loading, are contraindicated in
persons with osteoporosis.
Flexibility Training for Individuals with Osteoporosis

A program to increase flexibility can also benefit osteoporotic patients because decreased flexibility can cause
problems with posture. However, many of the commonly
prescribed exercises for increasing flexibility, especially of
the hamstring muscles, involve spinal flexion and must
be avoided. There is little consensus on the optimal training program for increasing flexibility in individuals with
osteoporosis, but good suggestions are available from
many sources including Chapter 7 of the ACSM’s eighth
edition of the Guidelines for Exercise Testing and Prescription and Pearlmutter et al. (89). As with resistance training, slow and controlled movements should be the rule
with stretching; ballistic-type stretching should be
avoided.
Aerobic Training for Individuals with Osteoporosis

The primary reasons for prescribing aerobic exercise for
those with osteoporosis are to increase aerobic fitness and
work capacity, decrease cardiovascular disease risk factors, help maintain bone strength, and improve balance.
Aerobic exercise for those with osteoporosis should primarily involve weight-bearing modes of exercise such as
walking. For those with more significant osteoporosis-induced pain who cannot tolerate weight-bearing activities,
cycling, swimming, or water aerobics are possible alternatives. Aerobic exercise should be performed according
to the ACSM’s eighth edition of the Guidelines for Exercise
Testing, approximately 3–5 days per week at an intensity

of 40% to 70% of VO2 reserve or heart rate reserve (HRR).
An initial goal of 20–30 minutes per session is reasonable
but may be shorter at the beginning in cases of extreme

LWBK173-4000G-C39.qxd

10/23/08

3:35 PM

Page 13 Aptara Inc.

CHAPTER 39 Exercise Prescription for People with Osteoporosis

deconditioning. Orthopedic limitations may slow progress
or mandate the use of additional supports, such as
handrails for walking. Once 20–30 minutes becomes
well tolerated, the duration can slowly be increased in
much the same fashion as with healthy populations. If
the individual is severely limited by pain, the physician
should be consulted prior to exercise participation. Aerobic exercises that involve forward flexion of the spine
such as rowing should be avoided.
1.7.20-ES: Discuss the appropriate use of static
and dynamic resistance exercise for individuals with
cardiovascular, pulmonary, and cardiovascular disease.
Resistance Training in Patients with Osteoporosis

Resistance training offers a good option to meet both the
bone health and falls prevention criteria on an individual
basis. Resistance training requires little skill and has the
added advantage of being highly adaptable to changes in
both magnitude and strain distribution. In addition, increases in strength and muscle size have been demonstrated
after resistance training, even in elderly individuals, which
has the added benefit of reducing these patients’ risk of falls
(17,19,93).
Improving muscle strength helps to conserve bone
and muscle mass and enhance dynamic balance. Resistance training with free weights, machines, calisthenics,
and elastic bands are recommended for osteoporotic populations with the loads ideally being directed over the
long axis of the bone (axial loading). A resistance exercise prescription, for individuals at risk for osteoporosis,
should follow the FITT principal outlined in the ACSM’s
Guidelines for Exercise Testing that recommends 2 to
3 days per week, of 8–12 repetitions, at a moderate
(60%–80%) or high (80%–90%) intensity of one time the
repetition maximum (1-RM). For those with established
osteoporosis, the only limitation in this exercise prescription should be to limit the resistance training intensity to
the moderate level because of the risk of fracture. Additionally, those with osteoporosis should avoid any ballistic or jumping activities that are recommended for those
who are at risk. The overall goal for both groups is to perform weight-bearing and resistance exercise for 30–60
minutes each exercise session.
REFERENCES
1. U.S. Preventive Services Task Force. Clinical guidelines: screening
for osteoporosis in postmenopausal women: recommendations
and rationale. Ann Intern Med. 2002;137:526–8.
2. American College of Sports Medicine. ACSM position stand on the
female athlete triad. Med Sci Sports Exerc. 1997;29:i–ix.
3. American College of Sports Medicine. ACSM position stand on osteoporosis and exercise. Med Sci Sports Exerc. 1995;27:i–vii.
4. Arlot ME, Sornay-Rendu E, Garnero P, Vey-Marty B, Delmas PD.
Apparent pre- and postmenopausal bone loss evaluated by DXA at
different skeletal sites in women: the OFELY cohort. J Bone Miner
Res. 1997;12:683–90.

13

5. Bachrach LK. Assessing bone health in children: who to test and
what does it mean? Pediatr Endocrinol Rev. 2005;2(Suppl 3):
332–6.
6. Bailey D, McCulloch R. Osteoporosis: are there childhood antecedents for an adult health problem? Canadian J Ped. 1992;4:130–4.
7. Bailey DA, Faulkner RA, McKay HA. Growth, physical activity,
and bone mineral acquisiton. In: Holloszy JO, editor. Exerc Sport
Sci Rev. Williams & Wilkins; 1996. p. 233–66.
8. Bailey DA, Maring AD, McKay HA, et al. Calcium accretion in girls
and boys during puberty: a longitudinal analysis. J Bone Miner Res.
2000;15:2245–50.
9. Bailey DA, McKay HA, Mirwald RL, et al. A six year longitudinal
study of the relationship of physical activity to bone mineral accrual in growing children: the University of Saskatchewan Bone
Mineral Accrual Study. J Bone Miner Res. 1999;14:1672–9.
10. Barr SI, McKay HA. Nutrition, exercise and bone status in youth.
Int J Sport Nutr. 1998;8:124–42.
11. Bass SL, Eser P, Daly R. The effect of exercise and nutrition on the
mechanostat. J Musculoskelet Neuronal Interact. 2005;5:239–254.
12. Bassey EJ, Ramsdale SJ. Increase in femoral bone mineral density
in young women following high impact exercise. Osteoporosis Int.
1994;4:72–5.
13. Beck TJ, Orekovic TL, Stone KL, et al. Structural adaptation to
changing skeletal load in the progression toward hip fragility: the
study of osteoporotic fractures. J Bone Miner Res. 2001;16:1108–19.
14. Blimkie C, Rice S, Webber C. Effects of resistance training on bone
mineral content and density in adolescent females. Can J Physiol
Pharmacol. 1996;74:1025–33.
15. Bradney M, Pearce G, Naughton G, et al. Moderate exercise during
growth in prepubertal boys: changes in bone mass, size, volumetric density, and bone strength: a controlled prospective study.
J Bone Miner Res. 1998;13:1814–21.
16. Burger H, de Lact C, vanDaele PL, et al. Risk factors for increased
bone loss in an elderly population: the Rotterdam Study. Am J
Epidemiol. 1998;147:871–79.
17. Carter ND, Kannus P, Khan KM. Exercise in the prevention of falls
in older people: a systematic literature review examining the
rational and the evidence. Sports Med. 2001;31:427–38.
18. Carter ND, Khan KM, Petit MA, et al. Results of a 10 week community based strength and balance training in 65–75 year old
women with osteoporosis. Br J Sports Med. 2001;35:348–51.
19. Chilibeck PD, Sale DG, Webber CE. Exercise and bone mineral
density. Sports Med. 1995;19:103–22.
20. Cooper C. Epidemiology of osteoporosis. Osteoporos Int. 1999;9:
S2–S8.
21. Cummings SR, Melton L. Epidemiology and outcomes of osteoporotic fractures. Lancet. 2002;359:1761–7.
22. Currey JD. Bones. 2nd ed. Princeton (NJ): Princeton University
Press; 2002.
23. Daly R, Saxon L, Turner C, et al. The relationship between muscle
size and bone geometry during growth and in response to exercise.
Bone. 2004;34:281–7.
24. Daly RM, Petit MA. Optimizing Bone Mass and Strength: The Role of
Physical Activity and Nutrition. Basel: Karger, 2007.
25. Delmas PD, Genant HK, Crans CG, et al. Severity of prevalent vertebral fractures and the risk of subsequent vertebral and nonvertebral fractures: results from the MORE trial. Bone. 2003;33:522–32.
26. Faulkner RA, Bailey DA. Osteoporosis: a pediatric concern? Med
Sport Sci. 2007;51:1–12.
27. Forwood MR, Baxter-Jones AD, Beck TJ, et al. Physical activity
and strength of the femoral neck during the adolescent growth
spurt: a longitudinal analysis. Bone. 2006;38:576–83.
28. Forwood MR, Burr DB. Physical activity and bone mass: exercises
in futility? Bone Miner. 1993;21:89–112.
29. Friedlander AH, Jones LJ. The biology, medical management, and
podiatric implications of menopause. J Am Podiatr Med Assoc.
2002;92:437–43.

LWBK173-4000G-C39.qxd

14

10/23/08

3:35 PM

Page 14 Aptara Inc.

RESOURCE MANUAL FOR GUIDELINES FOR EXERCISE TESTING AND PRESCRIPTION • www.acsm.org

30. Friedlander AL, Genant HK, Sadowsky S, et al. A two-year program of aerobics and weight training enhances bone mineral density of young women. J Bone Miner Res. 1995;10:574–85.
31. Frost HM. Bone’s mechanostat: a 2003 update. Anat Rec Part A.
2003;275A:1081–101.
32. Fuchs RK, Bauer JJ, Snow CM. Jumping improves hip and lumbar
spine bone mass in prepubescent children: a randomized controlled trial. J Bone Miner Res. 2001;16:148–56.
33. Garn SM. The Earlier Gain and Later Loss of Cortical Bone. Springfield (IL): CC Thomas; 1970.
34. Gass M, Dawson-Hughes B. Preventing osteoporosis-related fractures: an overview. Am J Med. 2006;119:3S–11S.
35. Genant HK, Cooper C, Poor G, et al. Interim report and recommendations of the World Health Organization Task-Force for
Osteoporosis. Osteoporos Int. 1999;10:259–64.
36. Guesens P, Autier P, Boonen S, et al. The relationship among history of falls, osteoporosis, and fractures in postmenopausal
women. Arch Phys Med Rehabil. 2002;83:903–6.
37. Haapasalo H, Kannus P, Sievanen H, et al. Development of mass,
density, and estimated mechanical characteristics of bones in Caucasian females. J Bone Miner Res. 1996;11:1751–60.
38. Heinonen, A., Kannus P, Sievanen H, et al. Randomized controlled
trial of effect of high-impact exercise on selected risk factors for
osteoporotic fractures. Lancet. 1996;348:1343–7.
39. Heinonen A, Sievanen H, Kannus P, et al. High-impact exercise
and bones of growing girls: a 9-month controlled trial. Osteoporosis Int. 2000;11:1010–7.
40. Janz K, Burns T, Levy S, et al. Everyday activity predicts bone
geometry in children: the Iowa bone development study. Med Sci
Sports Exerc. 2004;36:1124–31.
41. Jarvinen T, Kannus P. Sievanen H. Have the DXA-based exercise
studies seriously underestimated the effects of mechanical loading
on bone? J Bone Miner Res. 1999;14:1634–5.
42. Johnell O. The socioeconomic burden of fractures: today and in
the 21st century. Am J Med. 1997;103:20S–26S.
43. Judex S, Boyd S, Qin Y-X, et al. Adaptations of trabecular bone to
low magnitude vibrations result in more uniform stress and strain
under load. Annal Biomed Engin. 2003;31:12–20.
44. Kanis JA. Diagnosis of osteoporosis and assessment of fracture
risk. Lancet. 2002;359:1929–1936.
45. Kanis JA, Gluer CC. An update on the diagnosis and assessment of
osteoporosis with densitometry: Committee of Scientific Advisors,
International Osteoporosis Foundation. Osteoporos Int. 2000;11:
192–202.
46. Kanis JA, Johnell O, Oden A, et al. Ten year probabilities of osteoporotic fractures according to BMD and diagnostic thresholds.
Osteoporos Int. 2001;12:989–95.
47. Kannus P. Preventing osteoporosis, falls, and fractures among elderly people. Br Med J. 1999;318:205–6.
48. Kannus P, Haapasalo H, Sankelo M, et al. Effect of starting age of
physical activity on bone mass in the dominant arm of tennis and
squash players. Ann Intern Med. 1995;123:27–31.
49. Kannus P, Haapasalo H, Sievanen H, et al. The site-specific effects
of long-term unilateral activity on bone mineral density and content. Bone. 1994;15:279–84.
50. Kazakia GJ, Majumdar S. New imaging technologies in the
diagnosis of osteoporosis. Rev Endocr Metab Disord. 2006;7:67–74.
51. Khan K, Mckay H, Kannus P, et al. Physical Activity and Bone
Health. Champaign (IL): Human Kinetics; 2001.
52. Khan KM, Liu-Ambrose T, Sran MM, et al. New criteria for female
athlete triad syndrome? As osteoporosis is rare, should osteopenia
be among the criteria for defining the female athlete triad syndrome? Br J Sports Med. 2002;36:10–13.
53. Klotzbuecher CM, Ross PD, Landsman PB, et al. Patients with
prior fractures have increased risk of future fractures: a summary
of the literature and statistical synthesis. J Bone Miner Res. 2000;
15:721–7.

54. Kohrt WM, Bloomfield SA, Little KD, et al. American College of
Sports Medicine position stand: physical activity and bone health.
Med Sci Sports Exerc. 2004;36:1985–96.
55. Kohrt WM, Ehsani AA, Birge SJ. HRT preserves increases in bone
mineral density and reductions in body fat after a supervised exercise program. J Appl Physiol. 1998;S4:1506–12.
56. Kontulainen S, Kannus P, Haapasalo H, et al. Good maintenance of
exercise-induced bone gain with decreased training of female tennis and squash players: a prospective 5-year follow-up study of
young and old starters and controls. J Bone Miner Res. 2001;
16:195–201.
57. Kronhed AC, Moller M. Effects of physical exercise on bone mass,
balance skill and aerobic capacity in women and men with low
bone mineral density, after one year of training—a prospective
study. Scand J Med Sci Sports. 1998;8:290–8.
58. Labovitz JM, Revill K. Osteoporosis: pathogenesis, new therapies
and surgical implications. Clin Podiatr Med Surg. 2007;24:
311–32.
59. Lane NE. Epidemiology, etiology, and diagnosis of osteoporosis.
Am J Obstet Gynecol. 2006;194:S3–S11.
60. Liu-Ambrose T, Eng JJ, Khan KM, et al. The influence of back pain
on balance and functional mobility in 65- to 75-year-old women
with osteoporosis. Osteoporos Int. 2002;13:868–73.
61. Liu-Ambrose T, Khan KM, Eng JJ, et al. Resistance and agility
training reduce fall risk in women aged 75 to 85. J Am Geriatr Soc.
2004;52:657–65.
62. Liu-Ambrose TY, Khan KM, Eng JJ, et al. The beneficial effects of
group-based exercises on fall risk profile and physical activity persist 1 year postintervention in older women with low bone mass:
follow-up after withdrawal of exercise. J Am Geriatr Soc. 2005;53:
1767–73.
63. Lloyd T, Petit MA, Lin HM, Beck TJ. Lifestyle factors and the
development of bone mass and bone strength in young women.
J Pediatr. 2004;144:776–82.
64. Lohman T, Going S, Pamenter R, et al. Effects of resistance training on regional and total bone mineral density in premenopausal
women: a randomized prospective study. J Bone Miner Res. 1995;
10:1015–24.
65. Lord SR, Sambrook PN, Gilbert C, et al. Postural stability, falls and
fractures in the elderly: results from the Dubbo Osteoporosis Epidemiology Study. Med J Aust. 1994;6:684–91.
66. Loro ML, Sayre J, Roe TF, et al. Early identification of children predisposed to low peak bone mass and osteoporosis later in life.
J Clin Endocrinol Metab. 2000;85:3908–18.
67. Loucks AB, Verdun M, Heath EM. Low energy availability, not
stress of exercise, alters LH pulsatility in exercising women. J Appl
Physiol. 1998;84:37–46.
68. MacKelvie KJ, Khan KM, McKay HA. Is there a critical period for
bone response to weight-bearing exercise in children and adolescents? A systematic review. Br J Sports Med. 2002;36:250–7.
69. MacKelvie KJ, Khan KM, Petit MA, et al. A school-based exercise
intervention elicits substantial bone health benefits: a 2-year randomized controlled trial in girls. Pediatrics. 2003;112:e447–e452.
70. MacKelvie KJ, McKay HA, Khan KM, Crocker PRE. Defining the
window of opportunity: a school-based loading intervention augments bone mineral accrual in early, but not pre-, pubertal girls.
J Pediatr. 2001;139:501–8.
71. MacKelvie KJ, McKay HA, Petit MA, et al. Bone mineral response
to a 7-month randomized controlled, school-based jumping intervention in 121 prepubertal boys: associations with ethnicity and
body mass index. J Bone Miner Res. 2002;17:834–44.
72. MacKelvie KJ, Petit MA, Khan KM, et al. Bone mass and structure
are enhanced following a 2-year randomized controlled trial of exercise in prepubertal boys. Bone. 2004;34:755–64.
73. Malmros B, Mortenson L, Jensen MB, et al. Positive effects of physiotherapy on chronic pain and performance in osteoporosis.
Osteoporos Int. 1998;8:215–21.

LWBK173-4000G-C39.qxd

10/23/08

3:35 PM

Page 15 Aptara Inc.

CHAPTER 39 Exercise Prescription for People with Osteoporosis

74. McKay HA, Khan KM. Bone mineral acquisition during childhood
and adolescence: physical activity as a preventative measure. In:
Henderson JE, Goltzman D, editors. The Osteoporosis Primer.
Cambridge: Cambridge University Press; 2000. p. 170–84.
75. McKay HA, MacLean L, Petit MA, et al. “Bounce at the Bell”: a
novel program of short bouts of exercise improves proximal femur
bone mass in early pubertal children. Br J Sports Med. 2005;39:
521–6.
76. McKay HA, Petit MA, Schutz RW, et al. Augmented trochanteric
bone mineral density after modified physical education classes: a
randomized school-based exercise intervention study in prepubescent and early pubescent children. J Pediatr. 2000;136:156–62.
77. Melton LJ, Cooper C. Magnitude and impact of osteoporosis and
fractures. In: Marcus R, Feldman D, Kelsey J, editors. Osteoporosis.
San Diego: Academic Press; 2001. p. 557–67.
78. Menkes A, Mazel S, Redmond R, et al. Strength training increases
regional bone mineral density and bone remodeling in middleaged and older men. J Appl Physiol. 1993;74:2478–84.
79. Morris FL, Naughton GA, Gibbs JL, et al. Prospective 10-month
exercise intervention in pre-menarcheal girls: positive effects on
bone and lean mass. J Bone Miner Res. 1997;12:1453–62.
80. Moyad MA. Osteoporosis, part I: risk factors and screening. Urol
Nurs. 2002;22:276–9.
81. Nagaraja S, Couse TL, Guldberg RE. Trabecular bone microdamage and microstructural stresses under uniaxial compression.
J Biomech. 2005;38:707–16.
82. National Osteoporosis Foundation. American’s Bone Health: The
State of Osteoporosis and Low Bone Mass. Washington (DC): National Osteoporosis Foundation; 2002.
83. National Osteoporosis Foundation. Physician’s Guide to Prevention
and Treatment of Osteoporosis. Washington (DC): National Osteoporosis Foundation; 2003.
84. Nelson ME, Fiatore MA, Morganti CM, et al. Effects of high-intensity strength training on multiple risk factors for osteoporotic fractures: a randomized controlled trial. JAMA. 1994;272:1909–14.
85. National Institute of Health. NIH Consensus: Osteoporosis, Prevention, Diagnosis, and Therapy. NIH Consensus Statement 17; March
27–29, 2000.
86. Orwoll ES. Osteoporosis in men: epidemiology, pathophysiology
and clinical characterization. In: Marcus R, Feldman D, Kelsey J,
editors. Osteoporosis. San Diego: Academic Press; 1996.
87. Parfitt AM. Targeted and nontargeted bone remodeling: relationship to basic multicellular unit origination and progression. Bone.
2002;30:5–7.
88. Parfitt AM. The two faces of growth: benefits and risks to bone integrity. Osteoporosis Int. 1994;4:382–98.
89. Pearlmutter LL, Bode BY, Wildinson WE, Maricic MH. Shoulder
range of motion in patients with osteoporosis. Arthritis Care Res.
1995;8:194–8.
90. Petit MA, Beck TJ, Lin HM, et al. Femoral bone structural geometry adapts to mechanical loading and is influenced by sex steroids:
the Penn State Young Women’s Health Study. Bone. 2004;35:
750–9.
91. Ravn P, Hetland ML, Overgaard K, Christiansen C. Premenopausal
and postmenopausal changes in bone mineral density of the proximal femur measured by dual-energy X-ray absorptiometry. J Bone
Miner Res. 1994;9:1975–80.
92. Recker RR. Skeletal fragility and bone quality. J Musculoskelet Neuronal Interact. 2007;7:54–5.
93. Robertson MC, Campbell AJ, Gardner MM, Devlin N. Preventing
injuries in older people by preventing falls: a meta-analysis of individual-level data. J Am Geriatr Soc. 2002;50:905–11.
94. Robling AG, Burr DB, Turner CH. Recovery periods restore
mechanosensitivity to dynamically loaded bone. J Exp Biol. 2001;
204:3389–99.
95. Robling AG, Castillo AB, Turner CH. Biomechanical and molecular
regulation of bone remodeling. Annu Rev Biomed Eng. 2006; Apr. 3.

15

96. Rubin C, Turner AS, Bain S, et al. Low mechanical signals strengthen
long bones. Nature (London). 2001;412:603–4.
97. Rubin CT, Sommerfeldt DW, Judex S, Qin Y. Inhibition of osteopenia by low magnitude, high-frequency mechanical stimuli.
Drug Discov Today. 2001;15:848–58.
98. Ryan AS, Treuth MS, Rubin MA, et al. Effects of strength training
on bone mineral density: hormonal and bone turnover relationships. J Appl Physiol. 1994;77:1678–84.
99. Seeman E. From density to structure: growing up and old on the
surfaces of bone. J Bone Miner Res. 1997;12:509–21.
100. Seeman E. Pathogenesis of bone fragility in women and men.
Lancet. 2002;359:1841–50.
101. Seeman E, Delmas PD. Bone quality—the material and structural
basis of bone strength and fragility. N Engl J Med. 2006;25:2250–61.
102. Sinaki M, Wahner HW, Bergstralh EJ, et al. Three-year controlled,
randomized trial of the effect of dose-specified loading and
strengthening exercises on bone mineral density of spine and femur
in nonathletic, physically active women. Bone. 1996;19:233–44.
103. Snow-Harter C, Bouxsein M, Lewis B, et al. Effects of resistance
and endurance exercise on bone mineral status of young women:
a randomized exercise intervention trial. J Bone Miner Res. 1992;7:
761–9.
104. Snow-Harter C, Marcus R. Exercise, bone mineral density, and
osteoporosis. Exerc Sport Sci Rev. 1991;19:351–88.
105. Srinivasan S, Agans SC, King KA, et al. Enabling bone formation
in the aged skeleton via rest-inserted mechanical loading. Bone.
2003;33:946–55.
106. Turner CH, Robling AG. Designing exercise regimens to increase
bone strength. Exerc Sport Sci Rev. 2003;31:45–50.
107. Valdimarsson O, Linden C, Johnell O, et al. Daily physical education in the school curriculum in prepubertal girls during 1 year is
followed by an increase in bone mineral accrual and bone width—
data from the prospective controlled Malmo Pediatric Osteoporosis Prevention Study. Calcif Tissue Int. 2006;78:65–71.
108. Vanderschueren D, Venken K, Ophoff J, et al. Clinical review: sex
steroids and the periosteum—reconsidering the roles of androgens and estrogens in periosteal expansion. J Clin Endocrinol
Metab. 2006;91:378–82.
109. VanStaa TP, Leufkens HGM, Abenhaim L, et al. Use of oral corticosteroids and risk of fractures. J Bone Miner Res. 2001;16:581–8.
110. Wei TS, Hu CH, Wang SH, Hwang KL. Fall characteristics, functional mobility and bone mineral density as risk factors of hip fracture in the community-dwelling ambulatory elderly. Osteoporos
Int. 2001;12:1050–5.
111. Witzke KA, Snow CM. Effects of plyometric jump training on
bone mass in adolescent girls. Med Sci Sport Exerc. 2000;32:
1051–7.
112. World Health Organization. Assessment of Fracture Risk and Its Application to Screening for Postmenopausal Osteoporosis. Geneva:
World Health Organization; 1994. p. 1–129.
113. Zioupos P. Accumulation of in-vivo fatigue microdamage and its
relation to biomechanical properties in ageing human cortical
bone. J Microsc. 2001;201:270–8.
SELECTED REFERENCES FOR FURTHER READING
Daly RM, Petit MA, editors. Optimizing Bone Mass and Strength: The
Role of Physical Activity and Nutrition. Karger Pubs. Med Sci Sports
Exerc vol. 51; 2007.
Lord S, Sherrington C, Menz HB. Falls in Older People: Risk Factors and
Strategies for Prevention. Cambridge: Cambridge University Press;
2000.
Khan K, McKay HA, Kannus P et al. Physical Activity and Bone Health.
Champaign (IL): Human Kinetics; 2001.
Kohrt WM et al. Amercian College of Sports Medicine position stand:
physical activity and bone health. Med Sci Sports Exerc. 2004;36:
1985–96.

LWBK173-4000G-C39.qxd

16

10/23/08

3:35 PM

Page 16 Aptara Inc.

RESOURCE MANUAL FOR GUIDELINES FOR EXERCISE TESTING AND PRESCRIPTION • www.acsm.org

INTERNET RESOURCES

•

•
•

•

•

Action Schools BC: http://www.actionschoolsbc.ca/Content/Home.asp
American Academy of Physical Medicine and Rehabilitation: How
PM&R Physicians Use Exercise to Prevent and Treat Osteoporosis:
http://www.aapmr.org/condtreat/other/osteotreat.htm
American Society of Bone and Mineral Research: Webcast on Bone
Quality: What Is It and Can We Measure It?” http://aap2capitalreach.com/esp1204/servlet/tc?cn=asbmr&c=10169&s=20292&e=4
521&& American Society of Bone and Mineral Research: Bone
Curriculum: http://depts.washington.edu/bonebio/ASBMRed/
ASBMRed.html

•
•
•
•

Mayo Clinic: Exercise and Osteoporosis:
http://www.mayoclinic.com/ health/osteoporosis/HQ00643
National Institutes of Health: Osteoporosis and Related Bone
Diseases National Resource Center:
http://www.niams.nih.gov/bone/
National Osteoporosis Foundation: http://www.nof.org/
Osteofit: http://www.osteofit.org/
Prevention of Falls Network Europe (ProFaNE):
http://www.profane.eu.org/
U.S. Bone and Joint Decade: http://www.usbjd.org/

