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CHAPTER 12

OSTEOPOROSIS

David L. Nichols, Marianna Horea, and Elaine Jackson

EPIDEMIOLOGY AND PATHOPHYSIOLOGY

Osteoporosis is the most common disease that affects
the skeleton. It is estimated that between 7 and 10 million
women in the United States currently have osteoporosis
(1), although the estimate varies based on which skeletal
sites are measured to diagnose osteoporosis. In addition,
although osteoporosis is thought of primarily as a disease
of women, an estimated 2 million men in the United
States have osteoporosis, and 3 million more may be at
risk (2). Approximately 1.3 million osteoporotic fractures
occur in the U.S. each year, and of these, half are spinal
fractures and a quarter are hip fractures. Fractures of the
hip and spine result in disability, decreased independence
and quality of life, and increased risk of death (3). A 50-
year-old woman has a lifetime fracture risk of 54%. Her
risk of sustaining a spinal fracture is 32-35%, 16~18% for
a hip fracture, and 15-17% for a wrist fracture. The ma-
jority of hip fractures occur as a consequence of traumatic
falls, making falls the number one cause of accidental
death in people over the age of 75. There are approxi-
mately 50,000 deaths each year as a result of complica-
tions from hip fracture. Although men are at a lower risk
for sustaining a hip fracture than women, the mortality as-
sociated with hip fracture is higher in elderly men com-
pared to women (4). The current cost of osteoporosis to
the health-care system is estimated at $10-15 billion per
year (5, 6), with approximately 20% of that cost attribut-
able to fractures in men. This cost is expected to rise to $30
billion by the year 2020.

Definition and Classification

Osteoporosis, often called “brittle-bone disease,” is de-
fined as a systemic skeletal disease characterized by low
bone mass and microarchitectural deterioration of bone
tissue with a consequent increase in bone fragility and sus-
ceptibility to fracture (7). There are two categories of os-
teoporosis: primary osteoporosis and secondary osteo-
porosis (8). Primary osteoporosis is due to a disruption in
the normal cycle of bone turnover. Postmenopausal osteo-
porosis (formerly known as Type I osteoporosis) is catego-

rized as primary osteoporosis. Other types of primary os-
teoporosis include senile osteoporosis (formerly known as
Type II osteoporosis) and idiopathic osteoporosis (8). Sec-
ondary osteoporosis occurs when bone loss is a conse-
quence of diseases such as Cushing’s disease, hyperthy-
roidism, and prolonged treatment with corticosteroids (8).

Bone Physiology

Bone tissue has three main functions. First, bones pro-
vide structural, mechanical, and protective support for
soft tissues, serving as attachment points for skeletal mus-
cle and acting as levers for locomotion. Second, the skele-
ton is responsible for maintaining calcium homeostasis,
as well as serving as a storage site for phosphate, magne-
sium, potassium, and bicarbonate. Finally, the skeleton is
the primary site of hemopoiesis (9).

There are two types of bone tissue, cortical bone and
trabecular bone. Cortical bone, also known as compact
bone, is found in the shafts of the long bones and com-
prises approximately 80% of the skeleton. Trabeculat, or
cancellous, bone constitutes the remaining 20% of the
skeleton. Trabecular bone is arranged in a honeycomb
pattern of trabeculae and is found in the flat bones, such
as the pelvis and vertebral bodies, and in the ends of the
long bones, such as the head and neck of the femur. Tra-
becular bone is more metabolically active than cortical
bone and, therefore, is more sensitive to changes in bio-
chemical, hormonal, and nutritional status. Because of
this, trabecular bone is more susceptible to being lost and
trabecular sites are typically where age-related losses in
bone are first detected. It is for this reason that a majority
of osteoporotic fractures occur in areas with a large pro-
portion of trabecular bone: the lumbar spine, proximal
hip (femoral neck and greater trochanter), and distal ra-
dius and ulna (10).

The adult skeleton is a dynamic organ that undergoes a
constant process of resorption and deposition, referred to
as remodeling. Remodeling serves to maintain the archi-
tecture and strength of the bone, maintain mineral homeo-
stasis, and prevent fatigue damage. Remodeling is also im-
portant during periods of growth when the majority of
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adult bone mass is laid down (11). Bone remodeling
should be distinguished from bone modeling. Modeling
and remodeling often occur simultaneously, and distinc-
tions between them are not always apparent, but in gen-
cral, bone modeling refers to alterations in the shape of the
bone such as changes in length. Bone modeling usually
ceases around the age of 18-20 when the skeleton stops
growing. Remodeling occurs throughout the life span (11).

Bone resorption is carried out by osteoclasts, laige
multinucleated cells originating from stem cells in the
bone marrow. Resorption involves the dissolving of bone
mineral by proteolytic enzymes and organic acids released
from the osteoclasts. The result is a cavity of approxi-
mately 60 pm within the surface of the bone. The deposi-
tion of new bone matrix in the cavity created by the os-
teoclasts is carried out by osteoblasts. Bone matrix is
composed of collagen fibers and calcium saits known as
hydroxyapatite.

Qsteoporosis results when the rate of bone resorption
exceeds that of deposition. During young adulthood, these
two processes are balanced, and bone loss is minimal or
bone mass is maintained. During perimenopause, women
lose bone mass at a rate of approximately 1% per year. At
menopause, when ovarian function ceases, estrogen defi-
ciency ensues and results in rapid bone loss for up to 5 years
after menopause (12, 13). There also appears ta be some
age-related bone loss (approximately 0.5~1.0% per year)
experienced by both men and women (13, 14), although
the exact age of onset of this loss is not known. Osteoblasts
seem to be more greatly affected by aging than osteoclasts,
and thus, bone formation decreases more than bone re-
sorption, resulting in this age-related bone loss (15).

Risk Factors and Pathophysiology

There are several risk factors associated with osteo-
porosis, some of which are immutable and others that
may be modifiable. Immutable risk factors include family
history of osteoporosis, gender, advanced age, and race:
Risk factors that might be modifiable, to some extent, in-
clude dietary factors, physical activity, body weight, smok-
ing, gonadal hormone status, and use of certain medica-
tions (16).

As with many diseases, including cancer and cardiovas-
cular disease, osteoporosis tends to be genetically related.
Peak bone density and/or rate of bone loss are dependent
on genetic components as well as shared environmental
factors. Women are at greater risk than men for developing
osteoporosis. This is mostly due to the postmenopausal
loss of estrogen, but is partly due to the facts that women
tend to be less physically active than men, have a smaller
bone size, and most women also have inadequate calcium
intakes. It appears Caucasians and Asians may be at greater
risk for osteoporosis, but this is debatable (17).

Dietary factors that can influence the risk of osteoporo-
sis include inadequate calcium and vitamin D intake and
excessive consumption of catfeine and alcohol. Adequate

calcium intake is necessary for the attainment of peak bone
mass as well as being effective in reducing postmenopausal
bone loss. Vitamin D is required for calcium absorption
from the gut and for the maintenance of bone calcium
(18). Caffeine causes a short-term increase in urinary cal-
cium loss and is associated with an increased risk of hip
fracture in elderly women (19). Similarly, alcohol is asso-
ciated with increased urinary loss of calcium, and excessive
alcohol intake may reduce absorption of calcium from the
intestine. Alcohol is also toxic to osteoblasts (20).

Body weight is directly correlated to bone density (21)
and is the greatest determinant of bone density in adults
(20}. smoking is associated with low bone mineral density
(BMD), an increased risk of fracture (22), and is thought to
interfere with estrogen metabolism (23). The gonadal hor-
mones, particularly estrogen, are essential for maintaining
bone mass. Estrogen directly affects bone turnover by bind-
ing to estrogen receptors on the osteoblasts. Estrogen also
enhances calcium absorption from the intestines (18). Sev-
eral medications, in particular the glucocorticoids, have ad-
verse effects on the skeleton that include increased urinary
excretion and decreased intestinal absorption of calcium,
reduced levels of gonadal hormones, inhibition of os-
teoblast function, and increased bone resorption (18).

Several of these risk factors are interrelated. For exam-
ple, peak bone mass is largely determined by genetic fac-
tors; however, failure to reach one’s genetic potential is of-
ten the result of inadequate calcium intake and exercise
(20). Also, risk of osteoporosis increases with advancing
age, particularly after menopause in women, and an even
areater risk is seen with early menopause, either natural or
surgical. Postmenopausal bone loss is largely the result of
estrogen deficiency, but hormone replacement therapy
can dramatically attenuate postmenopausal bone loss.

CLINICAL EXERCISE PHYSIOLOGY

The primary purposes of acute exercise testing are typi-
cally to aid in the diagnoses of coronary artery disease
(CAD) and/or to determine appropriate levels of exercise
training. There are no specific studies regarding acute
physiological responses to exercise in an osteoporotic
population, but for those patients who can tolerate the ex-
ercise, there is no reason to believe their cardiovascular re-
sponses would be different from those individuals with-
out osteoporosis. Osteoporosis can sometimes mask the
presence of heart disease because it can prevent an indi-
vidual from achieving the adequate heart rate and blood
pressure necessary for accurate diagnoses. [n addition, se-
vere thoracic kyphosis can sometimes impair respiration
and limit the test. Nonetheless, there are no specific rec-
ommendations from the American College of Sports Med-
icine that would suggest that osteoporosis is an absolute
contraindication to exercise testing (24). If an exercise
stress test is to be performed with an osteoporotic indi-
vidual, one utilizing a cycle ergometer protocol would
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nronably be the best choice, since that would involve the
ienst trauma and impact on the bones. However, caution
st still be taken when atilizing a cycle ergometer. An
upright posture should be maintained by the patient at all
‘unes, as any sort of spinal Hexion is contriaindicated in
seople with osteoporosis. Treadmill protocols can be uti-
sed, but a walking protocol is recommended, and care
must be taken 0 ensure the patient Joes not trip or fall.

Chronic responscs to exercise in the osteoporotic pop-
:fation and in postmenopausal women have been studied
1 25-30). The primary purpese of prescribing exercise for
‘nese populations is to increase, or at least maintain, BMD
qnd to increase overall fitness and balance to aid in fall
srevention, In this regard, the majority of studies have
“bown positive results. A number of studies with post-
enopausal women have shown that exercise can increase
pone density or prevent further bone loss when compared
0 nonexercising controls (27-29, 31, 32). However, these
siudies have also pointed out that exercise without con-
comitant estrogen replacement will generally result in fur-
iher bone loss. There have been some studies that have
shown that exercise alone will increase bone mass in post-
nenopausal women (27, 33), although the increases were
sreater when estrogen and exercise were used in combi-
aation.

Although research has been primarily directed toward
the adult population, a recent review of the literature
nighlights the importance of exercise in establishing opti-
mal levels of bone mineral during the growing years when
bone modeling accompanies growth (34). Retrospective
studies of children generally report a positive association
between BMD and weight-bearing, but not non-weight-
bearing, activities (35-37). Further, the timing cf exercise
intervention during childhood has been demonstrated to
aifect bone mineral status in adulthood. Female tennis
and squash players who started their playing careers be-
fore or at menarche were found to have a two- to three-
fold greater dominant arm BMC than those who had
started playing more than 15 years after menarche (38).
This point is further illustrated by examining two separate
studies on athletes. Courteix et al. {39) and Taaffe et al.
(10) each examined BMD in gymnasts and controls. In the
first study, gymnasts were prepubertal with an average age
of 10.4 years and had been training for only 3 years. In the
second study, gymnasts were 19.3 years of age and had
been training for 12 years. Despite the 9 years of difference
in training time of the gymnasts in the two studies, the
percentage difference in BMD between gymnasts and con-
trols was the same for both studies. Resuits from these
studies would suggest that the optimal time to begin ex-
ercise training to increase BMD is before puberty.

There are a number of recent intervention studies in
children and adolescents that point out the potential for
cxercise to increase bone mass (41-44). Participation in
athletics also has the potentiai for increasing bone min-
cral density. A number of studies, both cross-sectional and
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longttudinal, have found positive effects for bone health
from the training associated with sports participation
(-415-49). However, sufficient cvidence does not exist to
suggest that one type of exercise or athletic activity is bet-
rer than another with regard to osteogenic effect. It does
appear that those sports or exercises that involve a high
degree of impact (gymnastics or volleyball) are more ben-
cficial to bone than those without impact loading (swim-
ming or cycling) (40, 45, 50).

PHARMACOLOGY

‘The majority of women diagnosed with osteoporosis,
and postmenopausal women in general, take some form
of calcium and vitamin D supplements. Other common
drugs available, that have FDA approval for treatment or
prevention of osteoporosis, include estrogen alone or in
combination with progesterone, bisphosphates, calcito-
nin, and selective estrogen receptor modulators (SERMs).
Other less common agents include isoflavones (natural
and synthetic), sodium fluoride, and parathyroid hor-
mone (see Table 12.1 for a complete list). Isoflavones are
plant-derived compounds that have a chemical structure
similar to estrogen and thus have physiological affects
that may also be similar to estrogen. The effects of any of
these drugs or nutrients on acute or chronic exercise re-
sponses have not been extensively studied. However, there
is no clear reason why any of these agents would affect ex-
ercise responses, with the possible exception of estrogen.
Estrogen (and its cousins the isoflavones) has acute va-
sodilator action and thus may alter responses to exercise
during a treadmill test. Although this effect has been seen
in studies using larger doses of estrogen (51), it has not
been demonstrated with doses normally used in estrogen-
replacement therapy (52).

PHYSICAL EXAMINATION

The physical assessment of the client with osteoporosis
should include a detailed medical history, including in-
formation about all medications and supplements used
by the client. A pain history also provides useful informa-
tion along with a careful assessment of height and obser-
vation of posture.

Pain Assessment

Although osteoporosis frequently presents with no
pain until a fracture has occurred (16), pain history is an
important part of the physical examination of the client
with osteoporosis. The most common fractures that occur
in individuals with osteoporosis are hip, wrist, and verte-
bral fractures. Fractures of the hip and wrist are easily
identified on x-rays and usually occur as a result of a fall.
Vertebral fractures, however, often cannot be visualized on
x-rays and frequently occur during routine daily activities
such as lifting a grocery bag or sneezing. Sharp and per-
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sistent back pain may be the only physical finding to sug-
gest vertebral fracture (16). Although a bone scan may be
performed to confirm the fracture, the nature of the pain
experienced and the circumstances leading up to the pain
are often considered sufficient to make the diagnosis of
vertebral fracture. History of any previous fractures should
also be noted, along with the mechanics and circum-
stances leading up to these fractures.

Assessment of Stature

Loss of height that may range from 1 inch to as much as
4 or 5 inches is an important physical finding because a loss
of height occurs with each spinal compression fracture sus-
tained by the individual with osteoporosis. In a compres-
sion fracture of the vertebra, the bone within the vertebral
body collapses, resulting in a loss of height of the vertebra.
An individual can sustain multiple fractures to the same
vertebra or fractures to multiple vertebra that can result in
several inches of lost height. These compression fractures
may be accompanied by severe pain or minimal pain that
may be ignored by the individual. In any case, loss of height
is always a significant finding and should be monitored
closely. The use of a stature board allows precise measure-
ment of height and is useful in monitoring changes.

Postural Assessment

Spinal compression fractures often occur specifically in
the anterior portion of the vertebral body. When the ante-
rior portion of the vertebral body collapses, the loss in an-
terior vertebral height results in a wedge-shaped vertebra
(hence the name, wedge fracture). Wedge fractures cause a
change in the overall curvature of the spine that is seen as
an increased thoracic kyphosis, sometimes referred to as
“dowager’s hump.” As the thoracic kyphosis progresses,
the head is thrust forward and the ribs approach the pelvic
bones, resulting in further loss of height. Additionally, as
the kyphosis progresses, there is less room for lung ex-
pansion. If the kyphosis is severe enough, respiration will
be affected. Degree of forward head, thoracic kyphosis,
and lumbar lordosis should be noted in the postural as-
sessment. Additionally, there are simple tools that can be
used to obtain objective measurements of thoracic kypho-
sis and lumbar lordosis. A surveyor’s flexicurve provides a
simple, inexpensive method of assessing thoracic kypho-
sis and lumbar lordosis (53). The flexicurve is a plastic
“ruler” that bends in one plane and holds its shape. It can
be molded to a subject’s spine, then lifted and laid on a
ruled sheet to be traced. Objective measurements can then
be obtained from the tracing. Accuracy and precision of
the flexicurve, however, are somewhat limited.

MEDICAL AND SURGICAL TREATMENTS

All of the current drugs with an FDA approval for os-
teoporosis are considered antiresorptive drugs. They halt
the loss of bone, or even increase bone mass, by inhibit-

ing bone resorption, while bone formation remains the
same. The majority of the drugs available are presented in

Table 12.1. It must be pointed out, however, that all drug

therapies approved by the FDA for treatment or preven-
tion of osteoporosis are approved for use in post-
menopausal women only. Estrogen replacement therapy
(ERT) has been used for several years in the treatment and
prevention of osteoporosis in postmenopausal women.
Studies have shown that estrogen therapy can halt the loss
of and often increase bone mass, but its effect on fracture
risk is less well established (54-58). Estrogen use is con-
traindicated in women who are pregnant, have any history
or suspected history of breast cancer, or have thrombo-

Table 12.1. Medical Therapies Available in the Treatment or
Prevention of Osteoporosis

DruG CLass NaME oF DruG BRAND NAME
Estrogens? Estrone Suifate Ogen®
Conjugated Estrogen Premarin®
Transdermal Estrogen Estraderm®
Estropipate Ortho-Est®
Esterified Estrogen Estratab®
Conjugated Estrogen + Premphase®
Medroxyprogestrone Acetate? PremPro®
Activella®
Calcitonin? Synthetic Salmon Calcitonin MiaCalcin®
Calcimar®
Bisphosphonates Alendronate4 Fosamax®
Risedronate* Actonel®
Etidronate5 Didronel®
Ibandronate®
Zolendronate
Tiludronate®
Pamidronate Aredia®
SERMs Raloxifene’ Evista®
Tamoxifene Nolvadex®
Droloxifeneb
Levormeloxifene
Others Isoflavones (natural flavonoids)
Tibotone or Ipriflavone (synthetic
flavonoids)
Calcitriol®

Sodium Fluoride?
Parathyroid Hormone’

1Al estrogens have FDA approval for prevention of osteoporosis, but only Pre-
marin” is approved for treatment.

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

3Both calcitonins are approved for prevention, but only MiaCalcin® is approved
for treatment of osteoporosis.

“Alendronate and risedronate have FDA approval for both prevention and
treatment of osteoporosis.

*Etidronate has FDA approval but not with an osteoporosis indication.

bIn clinical trials for treatment or prevention of osteoporosis.

"FDA approved for prevention and treatment of osteoporosis.

5Calcitriol is a vitamin D metabolite with FDA approval, but not for osteo-
porosis.

®Approval pending for an osteoporosis indication.




embolic disorders. Side effects include breakthrough
blecding, breast tenderness, thrombophlebitis, and cramps.
As many as 70% of women will discontinue estrogen ther-
apy within a year (59). Dosages vary for estrogen depending
on the exact type used but range from 0.3 to 2.5 mg, with
0.625 mg probably the most commonly prescribed for os-
tcoporosis.

Calcitonin is a hormone used for calcium regulation by
the body. Salmon calcitonin, either in an injectable or
nasal spray preparation, has proved effective in both in-
creasing low bone mass and decreasing fracture risk in
postmenopausal women (60-63). Side cffects are rare but
may include headaches or flushing. The most common
dosages are 200 IU for the nasal spray preparation and 100
ILI for the injectable form.

Bisphosphonates are one of the newer classes of drugs
now being used in the prevention and treatment of osteo-
porosis. They are probably the most powerful of the antire-
sorptive drugs available. Several different bisphosphonates
have been shown to be effective in reducing bone loss and
decreasing fracture risk in postmenopatsal women (64—
69). Recent studies have also indicated that combining es-
trogen and bisphosphonates may be better than either
treatment alone (70). Gastrointestinal problems may occur
with improper administration of the drug (71), and con-
traindications to bisphosphonate use include ¢sophageal
stricture, difficulty swallowing, active esophageal ulcer,
esophagitis, or renal insufficiency or failure (71). Bisphos-
phonates are typically given in either 5 or 10 mg doses.

Selective estrogen receptor modulators (SERMs) are an-
other antiresorptive agent under investigation for use in
osteoporosis. Raloxifene has FDA approval for use in pre-
vention of osteoporosis, but there are very little data on
other SERMs with regard to their effects on low bone
mass. ‘The advantages of SERMs include favorable effects
on bone and lipids, much like estrogen, but they do not
have the stimulatory effect on breast or endometrial tissue
seen with estrogen (72). The increases in BMD that are
shown when taking raloxifene or other SERMs are gener-
ally less than seen with estrogen (73, 74), and unlike ERT,
SERMs appear to have no beneficial effect on HDL cho-
lesterol (73, 74). However, for the woman with a history
of breast cancer, SERMs would be a good alternative to
ERT. Raloxifene is commonly prescribed in 60 mg tablets,
and side effects include hot flashes and leg cramps.

The effectiveness of calcium and/or vitamin D supple-
mentation on increasing bone density in postmenopausal
women is unclear. Some studies have shown increases in
BMD (75, 76), while others have shown no effect (77, 78).
The number of years past menopause may play a role in
the effectiveness of calcium and/or vitamin D (79). An im-
portant thing to consider with regard to calcium and vita-
min D is that the vast majority of studies investigating
other therapeutic modalities for osteoporosis (bisphos-
phonates, estrogen, exercise) have given calcium and/or
vitamin D supplementation to the treatment groups.
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Thus, the effectiveness of these therapies may be reduced
without the inclusion of cilcium or vitamin D supple-
mentation.

Surgery is often necessary to repair the fractures that oc-
cur as a result of osteoporosis. However, surgical interven-
tions aimed at preventing or treating the disease itself are
virtually unavailable. The one possible exception is the use
of acrylic bone cements. This is a minimally invasive pro-
cedure in which some form of polymethylmethacrylate
bone cement is injected into the fractured vertebrae (80).
Pain relief in patients has been reported to be as high as
75% (81). In addition, in vitro studies have demonstrated
increased strength in vertebrae augmented with bone ce-
ment (82). Although this procedure shows promise, there
have not been any good randomized studies on its ctfec-
tiveness or any possible long-term consequences.

Falls are one of the major causes of fracture, and thus,
fall prevention is important in the health management of
the patient with osteoporosis. To help offset the chance of
fracture if a fall does occur, the use of hip protectors has
some possibilities (83).

DIAGNOSTIC TECHNIQUES

Diagnosis of osteoporosis involves the measurement
of BMD. Several methods for measuring BMD have been
used in the past, including radiogammetry, single-photon
absorptiometry, and dual-photon absorptiometry. How-
cver, these techniques lacked the precision and accuracy
necessary for broad cinical use. Dual-energy x-ray ab-
sorptiometry (DXA) is considered the gold standard for
assessing bone mineral density. Quantitative computed
tomography (QCT) and ultrasound are also used for the
measurement of bone.

Dual-energy x-ray absorptiometry is the most com-
monly used technology for measuring BMD and is the pri-
mary technique used to diagnose osteoporosis. DXA uscs
low-dose x-ray to emit photons at two different energy lev-
els. BMD is calculated based on the amount of energy at-
tenuated by the body. DXA measurements are reported in
g/cm?, so are not a true density, but rather an area density.
DXA is capable of differentiating between bone and soft
tissue and therefore can also be used to measure regional
and total body composition. The advantages of DXA, as
compared to other methods, include the capability of
measuring small changes in BMD over time, measuring
with a low precision error of 0.5-2.0%, requiring short
exam times (5~10 minutes), and providing low radiation
exposure.

Quantitative computed tomography has two advan-
tages over DXA in that it provides a three-dimensional
anatomical localization for direct measurement of true
bone density and QCT is also capable of differentiating
between trabecular and cortical bone and is used to ex-
amine the anatomy of trabecular regions within the spine.
This makes QCT quite attractive in certain research appli-
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cations. However, QCT is less practical than DXA tor rou-
iine screening for osteoporosis due to expense, higher ra-

Jiation exposure, and less precision, and thus QCT is

rarely used in diagnosing osteoporosis.

Another emerging technology for assessing bone
health is quantitative ultrasound (QUS). Ultrasound does
not measure bone density, but rather measures two para-
meters called speed of sound (SOS) and broadband ul-
trasound attenuation (BUA) that are related to the struc-
tural properties of bone. Some manufacturers will then
use BUA and/or SOS to derive other indices or even esti-
mate bone mineral density. However, since the use of QUS
is relatively new in the field of bone health, not all manu-
facturers use the same technology. Speed of sound mea-
sured on one device may be a different type of measure-
ment on an ultrasound unit from another manufacturer.
Nevertheless, studies have shown that QUS measures have
the ability to distinguish fracture patients from controls
(84), as-well as predict future fracture (85, 86). The ad-
vantages for ultrasound devices are that they are small,
portable, and use no ionizing radiation.

Bone mineral density is reported not only in g/cm?
(DXA) or g/cm? (QCT), but also in terms of standard de-
viations, or z-scores. The likelihood of sustaining a frac-
ture increases 1.5- to 3-fold for each standard deviation
decrease in BMD (87, 88). The World Health Organiza-
tion Consensus Development Conference has developed
diagnostic criteria for osteoporosis based on this relation-
ship (89). Normal BMD is less than 1.0 standard devia-
tion below the mean for young adults. A BMD that is be-
tween 1.0 and 2.5 standard deviations below the young
adult mean is considered low bone mass, or osteopenia.
Osteoporosis is defined as BMD more than 2.5 standard
deviations below the young adult mean and is considered
“severe” if accompanied by one or more fractures. Al-
though these criteria were originally developed for diag-
nosis of osteoporosis at the proximal femur in post-
menopausal women, they are commonly used for men
and women of all ages and are applied to the lumbar spine
and distal radius and ulna.

EXERCISE/FITNESS/FUNCTIONAL TESTING

Exercise recommendations for individuals with osteo-
porosis or those who are at risk for developing osteo-
porosis generally include an aerobic, weight-bearing exer-
cise program (such as walking) and a resistive exercise
program to promote bone health. Non-weight-bearing
exercises (such as swimming or water aerobics) do not
seem to provide the osteogenic effect seen with weight-
bearing exercise, but their use might be recommended for
those individuals who cannot tolerate the higher impact
associated with weight-bearing exercise. Additionally, if
an individual has osteoporosis, that individual is at in-
creased risk of fracturing a bone. Because falls are associ-
ated with most hip and wrist fractures, and are a leading

cause of injury in older adults, a falls-intervention pro-
gram should be instituted in all older adults who are di-
agnosed with osteoporosis. The following exercise testing
should be conducted in order to provide each individual
with a safe, effective training program.

Aerobic Fitness Testing

Graded exercise testing is recommended for individu-
als who are considered to be at risk for heart disease ac-
cording to American College of Sports Medicine guide-
lines (24). The results of the graded exercise test can be
used to determine the appropriate intensity for the walk-
ing or jogging exercise included within the training pro-
gram. When graded exercise testing is not deemed neces-
sary or is contraindicated, age-predicted maximal heart
rate is used to determine training intensity based on a tar-
get heart rate (24).

Muscle Strength Testing

Muscle strength testing is used to determine training in-
tensity of the resistance exercise program. Determination
of the l-repetition maximum (RM) is generally used for
strength assessment in healthy persons, but use of the 1-
RM is discouraged in the client with osteoporosis because
of the increased possibility of fracture. Assessment of the
10-repetition maximum is recommended for strength as-
sessment in the osteoporotic client.

Because deficits in lower-extremity muscle strength are
associated with an increased incidence of falls (90, 91),
maximal isometric muscle strength assessment can be
used to identify muscle strength deficits as part of the over-
all evaluation of fall risk. Hand-held dynamometry is
sometimes used because it provides an easy, objective
measurement of isometric strength and a useful indica-
tion of overall muscle strength. It can also be used for
monitoring change in muscle strength in response to an
exercise program; however, its use is not advised in hy-
pertensive individuals. The use of a normative muscle
strength database is recommended to help identify
strength impairments.

Balance Testing

A deficit in balance has also been shown to be a pre-
dictor of falls (90), and is therefore, a critical component
in the evaluation of fall risk. The ability to stand on one
leg is a simple clinical test frequently used to assess bal-
ance function. Although force platform systems can pro-
vide more information about the nature of the balance
impairment, single stance time has been shown to distin-
guish fallers from nonfallers among the elderly (92 ,93).

Gait speed and tandem gait ability have been reported
to be independent predictors of hip fracture risk (94).
While these factors are a function of both balance and
muscular fitness, they are not properly tested for by either
balance or muscular strength testing and therefore should
be independently assessed. Testing for other fall-related




factors such as visual acuity and cognitive ability should
also be considered.

flexibility Testing

Ceneral flexdbility tests such as the sitand-reach and
shoulder elevation tests are not performed in clients with
osteoporosis. Primarily, flexibility of muscles that have the
potential to adversely affect posture sheuld be assessed.
Decreases in length of muscles that cross more than one
joint have the greatest potential to cause problems in pos-
ture (for example, hamstrings and hip flexors). insuff-
cient length in the hamstrings or hip flexors will produce
a posterior pelvic tilt or anterior pelvic tilt, respectively.
Such postural alterations affect how weight is borne
through the bones in the spine and lower extremitics.
Other muscles that frequently lose flexibility and can lead
to postural problems include the pectoral muscles and the
gastrocnemius muscles. Ilexibility is assessed by measur-
ing joint range of motion (ROM}) when the muscle is fully
clongated over each joint crossed by that muscle. For ex-
ample, flexibility of the gastrocnemius muscle is assessed
by measuring dorsiflexion of the ankle when the knee is
kept fully extended.

Contraindications for Exercise

impact exercises that impart high loads to the skeleton,
such as jumping, running, or jogging, are contraindicated
for people with osteoporosis {93). These exercises cause
high compressive forces in the spine and lower extremi-
ties, and can cause fractures in weakened bones. Impact
exercises such as two-footed jumping, however, have been
shown to be effective for increasing bone mineral density
in nonosteoporotic women and can be used to help pre-
vent osteoporosis in a nonosteoporotic population (96).

People with osteoporosis should not perform exercises
that require bending forward at the waist or excessive
twisting at the waist. Bending and twisting motions at the
waist produce very high compressive forces over an area of
the spinal bones that is most susceptible to fracture. For
this reason, exercises such as toe touches, sit-ups, or row-
ing machines, as well as activities such as golf, tennis, or
bowling, should be avoided by people with osteoporosis
(16). Resistive exercises are not contraindicated for people
with osteoporosis, but resistance should be used cau-
tiously when the osteoporosis is severe.

EXERCISE PRESCRIPTION AND PROGRAMMING

Although studics have shown that several forms of ¢x-
ercise training have the potential to increase BMD, the
optimal training program for skelctal integrity has yet to
be defined. Based on current experimental knowledge, it
has been proposed that an ostcogenic exercise regimen
should have load-bcaring activitics at high magnitude
(force) with few repetitions, create versatile strain distaribu-
tions throughout the bone structure (load the bone in di-
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rections to which it is unaccustomed), and be long tean
and progressive in nature (50, 97). Resistance training
(weight lifting) probably offers the pest opportunity to
mect these criteria on an individual basis, requires dittle
skill, and has the added advantage of being highly adapt-
able to ¢hanges in both magnitude and strain distribu-
tion. In addition, strength and muscle size increases have
been demonstrated following resistance training, even in
the elderly (98).

There are no known studies that have specitically ex-
amined cardiovascular adaptations in ostcoporotic pa-
tients, but older adults can increase their fitness levels
10-30% with prolonged endurance training {99). A good
number of older women with osteoporosis will not be on
cstrogen replacement therapy (59) and thus will be re-
ceiving none of the cardiovascular benefits associated
with ERT (100). Since exercise endurance training can de-
crease cardiovascular disease risk factors such as high
blood pressure and cholesterol, it is recommended for the
Osteoporotic woman,

Thus, resistance training combined with cardiovasculur
training (bicycling or walking) is the best rccommenda-
tion for an exercise program for the patient with osteo-
porosis. Mot only will such a program increase overall fit-
ness and perhaps bone mineral density, it will aid greatly
in reducing the risk of falling (99, 101, 102), which is one
of the primary causes of fracture in osteoporosis.

Although osteoporosis occurs in young amenorrheic
women, it is still a disease that primarily occurs in older
women. Currently, the American College ot Sports Medi-
cine recommends that anyone over the age of 50 who
wants to begin a vigorous exercise program should have a
medically supcrvised stress test (24). However, for osteo-
porotic older women who simply want to begin a walking
and/or resistance training program, this recommendation
may be both impractical and unnecessary. Careful screen-
ing should be undertaken to identify which individuals
need turther evaluation by a physician (103).

There are recommendations, specific to the patient
with osteoporosis, to consider when developing an exer-
cise program. Impact activitics such as running, jumping,
or high-impact aerobics should be aveided with osteo-
porotic patients due to their risk of a fracture with little or
no trauma. Another activity that absolutely must not be
done by pceople with osteoporosis is spinal flexion, in-
cluding things such as sit-ups or toe touches (104). Spinal
flexion drastically increases the forces on the spine, in-
creasing the likelihood of a fracture (105). Other activities
to avoid are those that increase the chance of falling such
as trampolines, step aerobics, skating (ice or in-line), or
exercising on slippery floors (95).

From the other perspective, there are certain exercises
that are quite beneficial for the osteoporotic patient. These
include excrcises designed to help with balance and agility
in order to reduce falls. For instance, exercises that
strengthen the quadriceps are helpful. However, squats
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with free weights should be avoided because of the excess
load that might be applied to the spine as well as the po-
tential for spinal flexion during the squat lift. A specific ex-
ercise that helps build hip and low back strength as well
as improve balance is standing on one foot for 5 to 15 sec-
onds. Initially, the patient should be encouraged to place
his/her hands on a counter for support until he/she de-
velops the strength and/or balance needed to perform the
exercise without danger of falling. The osteoporotic pa-
tient should also be encouraged to do spine extension
(but NOT spinal flexion) exercises (104). Spine extension
exercises can be performed in a chair and can help
strengthen the back muscles, which can help reduce the
development of a dowager's hump and possibly reduce
the risk of vertebral fracture (106). However, these and all
cxercises done by patients with osteoporosis should be
performed with slow and controlled movements, avoid-
ing jerky, rapid movements. More complete information
can be found on these and other exercises for the osteo-
porotic patient (95, 107).

As stated; the physiological responses to exercise in an
osteoporotic population have not been specifically inves-
tigated, but they should not be substantially different
from an age-matched person without osteoporosis. Simi-
larly, the goals of an exercise program for a person with or
without osteoporosis should also be the same. For some-
one just beginning an exercise program, those goals
should include an increase in cardiovascular fitness, in-
creased muscular strength, and an increase (or at least no
decrease) in bone mineral density. Heart disease remains
the number one killer of both women and men by a wide
margin. So, the goal of everyone should be to increase
their physical activity to reduce the risk of heart disease;
and in that regard, physical activity may be a better rec-
ommendation than hormone replacement therapy for
women (108). The 1996 Surgeon General’s report on
health and physical activity recommends approximately
30 minutes of moderate physical activity accumulated on
most if not all days of the week (109). This would be a
worthwhile goal for anyone, including those with osteo-
porosis. However, if the person with osteoporosis is just
beginning an exercise program, the duration of exercise
might need to be shortened initially to allow time for ad-
justment to the exercise. As the person’s fitness level in-
creases, the duration of exercise can be increased. For an
osteoporotic person, or for that matter any man or wo-
man just beginning an exercise program, a walking pro-
gram should provide the needed benefits along with be-
ing a safe mode of exercise.

Weight training appears to offer the most benefits for
increases in muscular strength and bone density. Current
recommendations suggest a single set of 15 repetitions of
8-10 exercises performed at least 2 days per week (110).
Again, this is a worthwhile goal for the person with os-
teoporosis, but a less strenuous program may be needed
initially, with care taken to avoid the exercises mentioned

above that are dangerous. In addition, some resistance
training exercises have a tendency to cause spinal flexion,
especially exercises for the upper and lower extremities, so
it is important that during resistance training all exercise
be done with an upright posture.

A program to increase flexibility can also benefit the os-
teoporotic patient since decreased flexibility can cause
problems with posture. Muscles that cross more than one
joint such as the hamstring are particularly important.
However, many of the commonly prescribed exercises for
increasing flexibility, especially of the hamstring, involve
spinal flexion and must be avoided. There is little consen-
sus on the optimal training program for increasing flexi-
bility, but good suggestions are available from many
sources (95, 111).

Thus, exercise may be beneficial for both increasing
bone density to help prevent osteoporosis and as a thera-
peutic modality for those patients in whom osteoporosis
is already present. However, caution must be observed in
the type of exercise program to be used and the specific ex-
ercises performed. Patients with severe osteoporosis who
are just beginning an exercise program should be super-
vised until it is determined that they can properly perform
the exercises without danger to themselves.

EDUCATION AND COUNSELING

Activity/Exercise

Following instructions in an appropriate exercise pro-
gram is important, and in order to encourage compliance
with the recommended exercise program, these two
points should be emphasized:

¢ Gains made in bone density will only be maintained as
long as the exercise is continued (28).

¢ Approximately 9 months to 1 year are required to de-
tect a significant change in bone mass (11).

Safety Hazards in the Home

Falls are a frequent cause of fracture, and thus, fall pre-
vention is important to the osteoporotic patient. The
reasons falls occur are varied, but identified risk factors in-
clude environmental hazards, muscle weakness, poor bal-
ance, and medication-related side effects (112, 113). Elim-
inating as many of these risk factors as possible can greatly
reduce the danger of falling. A discussion of safety hazards
in the home and suggestions to remove these hazards is an
integral part of any falls-prevention program. Completing
a falls risk assessment form such as the one developed by
the World Health Organization (WHOY) can help identify
hazards in the home. The examiner may then make sug-
gestions on how to remove the hazards or how to modify
the home to make it safer. These suggestions may be as
simple as moving a telephone and light to within reach of
the bed to avoid falls when getting up in the dark, elimi-
nating slippery floors, or installing safety features for the




Rathtub (114, 115). Educating patients on the side etfects
of medications, such as those that cause dizziness, is also
n important step in fall prevention, as is improving mus-
. le weakness and balance with the use of a properly struc-
tured exercise prograrm.

Activity Modification

Although proper body mechanics during lifting should
be encouraged in all individuals, it is absolutely critical in
patients with osteoporosis. Attempting to lift an object
with the back flexed is a common mechanism of vertebral
fracture in people with osteoporosis. Instructions on how
ro bend the knees while keeping the back straight in order
to pick up an object from the floor must be provided.

Daily activities such as sweeping, vacuuming, or mop-
ping can also present problems for people with osteo-
norosis because these activities are typically performed by
using a lot of bending and twisting of the spine. These ac-
tivities, however, can be modified to avoid spinal twisting
and bending, and instead can provide beneficial loading
to the spine and hips. People with osteoporosis should be
encouraged to mop, sweep, or vacuum by placing one foot
in front of the other, and shifting weight from one foot to
the other in a rocking motion (16). The knees are bent and
ithe back is kept straight during this rocking motion. The
rocking motion from one foot to the other takes the place
of bending and twisting of the spine in order to reach for-
ward when mopping, sweeping, or vacuuming,

Dietary Modifications and Calcium Supplements

The National Institutes of Health recommends a daily
calcium intake of 1500 mg for all women over the age of
64 and for any postmenopausal woman not on ERT. A re-

-view of foods that are a good source of calcium should be
provided along with instructions stating how to read food
labels. Food labels show what percentage of the recom-
mended daily requirement is provided by the food item.
Unfortunately, these percentages are based on the inaccu-
rate assumption that the recommended daily requirement
is 1000 mg for everybody, regardless of age or gender.
Converting from percentages to actual quantity of calcium
in milligrams is not difficult. People simply need to be ed-
ucated on how to do the conversion.

A discussion about the different types of calcium sup-
plements is also valuable because people often take their
supplements incorrectly and therefore reduce the effec-
tiveness. Calcium comes in many different forms, but the
two most common forms are calcium citrate (Ex. Citracal)
and calcium carbonate (Ex. Os-Cal, Caltrate, Viactiv).
Studies show that calcium citrate is more readily absorbed
(116) but has less calcium per tablet than calcium carbon-
ate. That means that more tablets of calcium citrate must
be taken per day in order to attain the recommended re-
quirement of 1200 to 1500 mg/day. In any case, if a person
chooses calcium carbonate because they can take fewer
tablets per day, they should take part of their requirement
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after each meal. Taking calcium carbonate after a meal im-
proves the absorption, but it still will not be absorbed as
well as calcium citrate. Vitamin D will help increase cal-
cium absorption, and all osteoporotic patients should be
vncouraged to take in at least 400 [U/day of vitamin D.
Patients should also be made aware of the fact that cat-
feine causes more of their calcium to be lost in the urine.
That doesn’t mean that people with osteoporosis must give
up all caffeine, however. A good rule of thumb is to restrict
the number of servings that contain caffeine to no more
than 2 or 3 per day. This reccommendation is based on (wo
studies that showed 400-600 mg of caffcine did not cause
significant loss in calcium as long as the individual con-
sumed at least 600 mg of calcium per day (117, 118).

CAsSE Srtrubny

Jane is a 53-year-old, postmenopausal, Caucasian woman
diagnosed in April 1998 with osteoporosis at the femoral
neck (Z = -2.53) and osteopenia at the lumbar spine (L2-4)
(Z = —1.48). Jane has no family history of osteoporosis, or
history of amenorrhea, has been physically active through-
out childhood and adult life, and never abused alcohol nor
consumed excessive caffeine. She is 175 cm (69 inches) tall
and weighs 50 kg (110 [b). She has never smoked, but as a
flight attendant for 32 years was exposed to second-hand
smoke from 1967-1997. She has supplemented her diet
with 1000 mg of calcium for 20 years. At age 43, Jane initi-
ated hormone replacement therapy. Immediately following
diagnosis, Jane increased her calcium supplementation to
1500 mg daily. She also increased her walking program
from 30 min, 34 days/week to 50 min, 7 days/week and be-
gan performing isometric exercises for the abdominals and
upper back twice daily. Jane also began a resistance train-
ing program consisting of 10 free-weight and machine
exercises performed in 2 sets of 8-15 repetitions, 2-3
days/week. Six months after diagnosis, Jane began treat-
ment with 10 mg of alendronate daily. In 18 months of re-
sistance training, Jane has experienced an average increase
in strength of 250%. Follow-up bone density scans in Octo-
ber 1999 revealed an increase in BMD of 9.28% at the
femoral neck (Z = —1.99) and 10.49% at the lumbar spine
(Z - —0.88). Based on Jane’s outcome, it appears that the
combination of an aggressive resistive and weight-bearing
exercise regimen in the treatment of osteoporosis may be
effective in increasing BMD above that expected from cal-
cium supplementation and antiresorptive therapy alone.
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