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CHAPTER 9: OSTEOPOROSIS AND ORAL BONE LOSS IN

AGING WOMEN: RISKS AND THERAPY

1. Osteoporosis affects a large proportion of the population of elderly women throughout
the world.

2. The loss of estrogen at menopause contributes significantly to skeletal bone loss,
although the mechanism is not completely understood.

3. Although there has been major progress in methods for assessing risk for osteoporotic
fractures, identifying individuals at greatest need of antiosteoporosis treatment remains
an unmet need. 

4. Low bone mass at menopause can be due to insufficient bone acquisition during growth or bone loss during
adulthood. Adequate nutrition—in particular, but not exclusively, from intake of calcium and vitamin D—
and adequate physical activity are the first line of prevention against osteoporosis [C].

5. ERT has been a mainstay in the prevention and treatment of osteoporosis for menopausal women in many
countries. HRT has been shown to maintain bone density and favorably influence markers of bone resorption
[A]; observational data and some, but not all, controlled clinical trials have demonstrated reduced fracture
risk with estrogen or hormone treatment [B].

6. SERMs are two recently developed classes of drugs that have been shown to stabilize bone mass and 
prevent fracture in postmenopausal women [A]. The long-term effects of these agents are not known.
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7. A connection between menopausal estrogen
deficiency and oral bone loss is biologically
plausible, and many research findings to date
[C/D] are consistent with that link. Some early
findings support the hypothesis that treatments
used to maintain or improve skeletal bone den-
sity may favorably affect oral bone status and
attendant tooth loss.

1. INTRODUCTION

Osteoporosis is defined as a skeletal disorder char-
acterized by compromised bone strength predis-
posing to an increased risk of fracture.1 It has been
widely recognized in recent years by the medical
profession and the public as a significant health
concern, especially for elderly women, among
whom osteoporosis is more prevalent than among
men.2 In most cases, bone loss proceeds for many
years without any symptoms, and a fracture is
often the first manifestation of the disease.
Although rates of osteoporosis and associated bone
fractures increase with age, research findings sug-
gest that severe bone loss and fractures are not nat-
ural consequences of aging but may be prevented
or substantially delayed.

Measurement of BMD is the
most common clinical diagnostic
method for assessing skeletal sta-
tus and fracture risk. Dual energy
x-ray absorptiometry (DEXA) of
the hip and spine is the preferred
measurement. It is validated by
many studies, has the best preci-
sion, and is correlated with frac-
ture risk. A WHO expert panel
defined osteoporosis as a BMD 
at the hip more than 2.5 standard

deviations (approximately 30 percent) below the
peak mean BMD achieved by normal young
adults.3 This same panel defined low bone mass
(osteopenia) as a BMD between 1 and 2.5 standard
deviations below the young adult peak bone densi-

ty. The intent of these definitions was to enable
cross-cultural evaluation of bone mass, using cul-
turally specific normal ranges. The definitions
have allowed a more rational estimation of the
numbers of people at risk for osteoporosis-related
fractures in different countries and with different
ethnicities. In some countries (especially the
United States) these definitions have become
accepted as diagnostic cut points. While this was
not the original intent, it has been a useful devel-
opment in an environment where reimbursement 
is still aligned to diagnosis.

Using the WHO definitions of osteoporosis and
low bone mass, investigators have estimated that
osteoporosis poses a threat for 28 million people 
in the United States, 80 percent of whom are
women.4 Nationally representative BMD measure-
ments would allow estimations of the prevalence
of osteoporosis and cost of osteoporotic fractures
in any country. It is important to recognize, how-
ever, that BMD is only one of a number of factors
that contribute to risk for fracture and that fracture
risk is the most important information for deciding
who needs treatment or intervention. Other factors
that contribute to risk for fracture include age, sex,
general nutritional status, genetic background, and
overall physical condition. The combination of
such factors and BMD measurement in risk assess-
ment appear to be of powerful predictive value.5,6

2. EPIDEMIOLOGY AND ECONOMIC
COSTS OF FRACTURE

The clinical consequence of osteoporosis is bone
fracture. While most common sites of fracture are
the spine, hip, and wrist, most fractures increase in
frequency with age, with the exception of skull
fractures.7 In addition to increased mortality, acute
and chronic back pain, disability, loss of height,
decreased quality of life, and significant financial
and psychosocial costs are also associated with the
fractures.8 Estimates are from age 50 years onward
there is almost a 40-percent lifetime risk for any
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fracture of the spine, hip, or distal forearm for
white women and a 13-percent risk for white men
in the United States.9 At least 90-percent of all hip
and spine fractures among elderly, white U.S.
women can be attributed to osteoporosis as well as
a significant proportion of all other fractures.10

Less is known about fracture risk in minority pop-
ulations, although African-American women and
men have higher average bone mass values11 and
lower rates of fracture compared with white U.S.
women and men.11

Rates of fracture and even the male:female ratio of
fractures observed vary in different parts of the
world.12 In Europe, hip fracture shows an elevenfold
range in apparent incidence among women and a
sevenfold range among men between the various
countries in data from 17 countries.13 The highest
incidence was found in the northern part of Europe,
and the lowest was found in the Mediterranean
area. The overall lifetime risk for any fracture in
women older than 50 years in most European
countries is approximately 30–40 percent,14 similar
to that for white women in the United States,
despite the clear variability across cultures. In 
general, in Europe and elsewhere, the fracture rate
is greater in urban areas than in rural areas.15

Vertebral fractures are notoriously difficult to
detect and quantify. Lateral radiography of the
spine may be required to determine their presence.
Many fractures identified radiologically are
asymptomatic or, even if painful, are not brought
to medical attention. Only one-third of vertebral
fractures present as clinically apparent fracture
events.14 Symptoms and signs (back pain, height
loss, and kyphosis) are under recognized, in part
because they are nonspecific. Radiological defini-
tions based on changes in the height of vertebrae,
used in clinical trials and in observational studies,
can yield widely different estimates of preva-
lence.16 In the United States, a prevalence of 25
percent in women over 50 years of age has been
estimated.17 The risk of vertebral fracture in U.S.18

and Australian19 women increases fifteenfold to

thirtyfold between ages 50 and 90 years. (The risk
increase for hip fracture across those years in
women is fiftyfold.) Spine fractures also predict
other fractures,20 in particular subsequent spine
fractures with the absolute risk of a second spine
fracture being approximately 20 percent in the first
year after the initial event.21 In addition, spine frac-
tures are associated with an increase in all-cause
mortality rate.22,23

Medical expenditures for
the treatment of osteoporo-
sis-related fractures
exceeded $13 billion in
1995, with the treatment of
white women accounting
for 75 percent of the
costs.24 As populations age
and health care costs
increase, the costs of
osteoporosis-related frac-
tures will only escalate.
Projections based on popu-
lation growth, particularly
the marked increase in the
elderly populations, sug-
gest that fractures and their associated costs could
triple in the United States by 2040,25 and clearly
this is a worldwide problem.12 In many countries,
especially in Scandinavia, there is an upward trend
in fracture prevalence.26 In part, the trend is due to
the aging of the populations, with greater numbers
of old and very old people in many populations
across the world. However, clear age-specific
increases, particularly in hip fracture rate, have been
noted in the United States, the United Kingdom,
and Scandinavian countries. In the United States,
the increase appears to have plateaued.27 Assuming
no change in age- and sex-specific incidence, the
annual worldwide total of 1.26 million hip frac-
tures in 1990 is expected to double by 2025 as
populations continue to grow older.28 The greatest
increases, due to demographic changes, are expect-
ed to be in Asia, in particular, in mainland China.28
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3. PATHOGENESIS OF FRACTURE

Fracture is related to bone strength and to the force
exerted upon that bone. Because bone mass and
bone quality decline with age, less force is
required to cause a fracture as age increases.
Understanding the skeletal component of fractures
requires an understanding of the process of bone
remodeling. In addition, it is important to realize
that a number of factors can contribute to fracture
risk by increasing the likelihood of trauma and that
they can be independent of bone mass.

3.1 Bone Growth and Remodeling

During childhood, bone grows linearly and can be
reshaped to fit the stresses placed on it by the
process of modeling. At the cessation of growth,
modeling virtually ceases, and bone is continually
replaced, but not reshaped, by remodeling, although
modeling still occurs, for example, after a fracture,
when realignment is necessary. Remodeling29 can
be thought of as a preventive maintenance program
to ensure a strong, healthy skeleton, by old bone
removal—performed by osteoclasts—and new
bone deposition—performed by osteoblasts.

Osteoclastic activity also fulfills
the important role of calcium,
mobilization from the skeleton,
crucial which is to the mainte-
nance of blood levels of calcium
especially when the nutritional
supply of calcium is insufficient.
In such situations, bone mass will
be lost in an attempt to provide
adequate calcium in conditions of
calcium deficiency.

Remodeling occurs in foci that are discrete in time
and place.29 It is a process initiated on the surface
of bone; therefore, any disturbance of remodeling
will preferentially affect sites with large surface
areas. Consequently, with increased osteoclastic
activity, bone is lost initially from the cancellous
(spongy bone) component, which forms only 20
percent of the skeletal mass but provides 80 per-

cent of skeletal surface area. Because there is con-
siderable cancellous bone in the spine and in the
ends of long bones, bone loss at those sites is
greatest. Excessive bone removal at these sites can
completely erode trabeculae, disrupting the archi-
tecture.29 Once trabeculae (and their surface area)
are lost, bone loss becomes more evident in corti-
cal bone, especially consequently in later life.

During bone growth, bone mass is gradually
accrued in a process that is heavily dependent on
genetic factors.30 It is likely that many genes con-
trol so-called peak bone mass, that is, bone mass in
young adult life, including the genes that control
body size. The search for a specific gene that con-
trols peak bone mass, bone loss, or osteoporosis
has been disappointing and will probably remain
so. Peak bone mass is also powerfully influenced
by factors affecting prenatal, and early childhood,
and adolescent growth, including diet and lifestyle.
Chronic illness, inadequate diet, or physical inac-
tivity during childhood can reduce peak bone mass.

3.2 Impact of Menopause on Bone

After attainment of peak bone mass, bone density
is fairly stable in most healthy premenopausal
women. There may be some slow bone loss, par-
ticularly in the hip, but it is the gradual onset of
ovarian failure that heralds the most dramatic
changes in skeletal homeostasis. Bone loss acceler-
ates markedly for a few years after natural
menopause or oophorectomy, and some loss con-
tinues for the remainder of life.31 Women with very
low endogenous estrogen concentrations after
menopause may be at particularly high risk for hip
and spine fractures.32 It has been proposed that
estrogen deficiency is the cause of both the early,
accelerated phase and, at least in part, the late,
slow phase of menopausal bone loss.33

The mechanism by which estrogen deficiency
causes bone loss is still not completely understood.
After menopause, there is increased bone turnover,
which by itself produces a transient, reversible loss
of some bone tissue.34 Irreversible bone loss is
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caused by an imbalance between the amount of
bone removed by osteoclasts and the amount of
new bone produced by osteoblasts within each
remodeling cycle. Considerable attention has
focused on the ways in which estrogen might mod-
ulate both turnover and remodeling imbalance.
Several possible potential second messengers for
estrogen’s effects have been proposed. Osteoblasts
or cells of the osteoblast lineage are thought to
control the remodeling process. Communication
between osteoclasts and osteoblasts may modify
the amount of bone removed by the former cells,
perhaps by controlling recruitment or the lifespan
of the osteoclast population. Candidates as messen-
gers include the interleukins (especially inter-
leukins 1, 6, and 11), prostaglandins, insulin-like
growth factors 1 and 2, TGF-β, and the rank/rank-
ligand system.34,35 Rank ligand is secreted by
osteoblasts and mediates osteoclast recruitment and
activity through rank, its receptor expressed in
osteoclasts. Osteoblasts also secrete osteoprote-
gerin, a decoy receptor which mops up the ligand
and has potential as a mechanism to inhibit osteo-
clast function and thus prevent bone loss.

It is known that bone loss continues into and may
even accelerate in old age.36 There has been much
speculation on the role of estrogen deficiency in
mediating the process. It seems evident that estro-
gen deficiency, plays a role but that, increasingly
with age, other factors—including weight loss,
physical immobility and frailty, calcium and vita-
min D deficiency and secondary hyperparathy-
roidism, and the effects of intercurrent disease—
come into play.

3.3 Falls and Bone Fragility

Multiple factors have been associated with an
increased likelihood of falling and consequent frac-
ture.37 Age itself is a strong predictor for falls as
individuals become increasingly frail. Other factors
implicated with risk of hip fractures include ciga-
rette smoking, low body weight (especially weight
loss, perhaps a marker of frailty), previous fracture,
and family history of hip fracture.5 Of particular

importance is a personal history of fracture as an
adult. A history of peripheral fracture is usually
easy to elicit, but determination of spine fracture
may require lateral radiography of the spine. Spine
fracture predicts risk for future hip fracture, inde-
pendently of bone density.20 A single spine fracture
almost doubles the risk of hip fracture, and multi-
ple spine fractures further increase the risk.
Prevalent spine fracture increases risk for further
spine fractures by a factor of 4 to 5. An incident
spine fracture (i.e., a newly occurring spine frac-
ture) further increases the risk, such that 20 percent
of patients who present with a new spine fracture
may be expected to have a second spine fracture
within a year.21

4. CLINICAL ASSESSMENT
AND DIAGNOSIS

The initial approach to a patient
with osteoporosis or one who may
be at risk for osteoporosis is a
complete history and physical
examination. The physician should
determine the presence of any
underlying cause of osteoporosis,
including the use of any medica-
tion that might affect the skeleton,
such as thyroid hormone supple-
ments or glucocorticoids. For women after
menopause, clinical evidence of osteoporosis
should be sought at every clinical evaluation. The
principal method for making the diagnosis of
osteoporosis is evaluation of the skeleton by a non-
invasive measurement of bone density. In conjunc-
tion with the patient history and findings of the
physical examination, bone density evaluation will
determine whether the risk of fracture is sufficient-
ly high to warrant pharmacological intervention.
Bone density measurement can also serve to moni-
tor bone loss or the effects of therapy, although its
limited precision makes it somewhat less useful for
individual monitoring than for risk prediction.38
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Diagnosis of osteoporosis according to BMD crite-
ria is dependent upon the site assessed (hip, spine,
forearm, heel) and the methodology used.39,40

Measurement in the hip by DEXA is preferred
because it is less subject to the age-related artifacts
that affect the spine and is a better predictor of hip
fracture risk.41 Where that modality is not avail-
able, x-ray absorptiometry or computed tomogra-
phy may be used to assess the spine, forearm,
tibia, or calcaneus. If these instruments are not
available ultrasound, can also be used to assess
fracture risk, but this modality has somewhat poor-
er precision and validation.42

At present, there are no internationally accepted
guidelines for the use of bone densitometry to
assess risk for osteoporosis. U.S. data, derived in
part from cost-effectiveness analysis in white
women, suggest that BMD should be measured in
the following patient groups:43

1. All women 65 years of age
or older, regardless of risk
factors.

2. All postmenopausal women
under 65 years of age who
have, in addition to
menopausal status, one or
more other risk factors (thin-
ness, current smoking, family
history of osteoporosis-relat-
ed fracture or a personal his-
tory of a fragility 
fracture).

3. Postmenopausal women who
present with fractures (to confirm the diagnosis
or determine the severity of disease).

4. Women who are considering therapy for osteo-
porosis, if the results of bone density evaluation
would facilitate the decision.

5. Women who have received HRT for prolonged
periods.

It would be cost-effective to be able to use a set of
clinical risk factors to select women for bone den-
sitometry. A Canadian group recently reported an
assessment instrument based on only three fac-
tors—age, body weight, and current estrogen usage
(yes or no). This instrument showed high sensitivi-
ty for selecting women with low BMD according
to densitometry.44 The approach of improved tar-
geting may reduce the number of women who
need densitometry for the identification of osteo-
porosis. In general, BMD measurement should not
be performed if the findings would not influence a
treatment decision. The presence of a disease
(hyperthyroidism) or the use of a drug increasing
the risk of osteoporosis (glucocorticoids, anticon-
vulsants) can also trigger referral for BMD mea-
surement. More recently, an assessment tool for
the risk of hip fracture was developed using the
population from the study of osteoporotic fractures
and was validated against a European cohort. This
approach showed that clinical (and easily obtained)
risk factors could identify individuals at increased
risk of hip fracture and that the risk was amplified
when BMD testing was added. 6,7

5. AVAILABLE THERAPY

Efforts to reduce risk for osteoporosis should be
encouraged among all adults. For those who are
considered at high risk of fracture, pharmacologi-
cal therapy may be required.

5.1 Nonpharmacologic Therapy

In general, risk factor reduction through nonphar-
macologic means is considered sufficiently 
cost-effective that it should be instituted wherever 
possible in the general population.43

Avoidance of tobacco use and moderation in alco-
hol intake are obvious. All patients should also 
be encouraged to obtain an adequate calcium and
vitamin D intake and to undertake a reasonable
program of physical activity.
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5.1.1 Calcium

Controlled clinical trials indicate that among the
elderly, adequate calcium and vitamin D intake can
reduce bone loss and potentially the risk of frac-
tures, especially vertebral fracture.45–47 In the only
large trial with a hip fracture endpoint, dietary sup-
plementation with calcium and vitamin D for 36
months significantly reduced hip fractures in elder-
ly women whose average age was 82.48 Calcium
should be obtained as a nutrient from the diet to
get the benefit of other components of food.
Although calcium-fortified foods are becoming
increasingly available, not all individuals will be
able to increase calcium intake in this way. For
those who cannot, supplementation should be
encouraged. In the United States, the DRI—the
recommended daily intake—for calcium is 1,200
mg for both women and men aged 51 years and
older.49 To achieve this goal, most menopausal
women would need to add 500–750 mg of calcium
to their usual intake. Selecting foods fortified with
calcium can easily achieve this.

5.1.2 Vitamin D

There may be widespread deficiency of vitamin D
in many populations, particularly the elderly,
housebound, and institutionalized.50,51 Inadequate
exposure to sunlight, poor diet, and a decrease
with age in the ability to absorb available vitamin
D all contribute.52 Because it is inexpensive to pro-
vide vitamin D and because many of the controlled
trials of calcium also used vitamin D supplementa-
tion, supplements of vitamin D are recommended
for at-risk populations. The recommended intake
of vitamin D is 15 µg (600 IU/day) for persons 
> 70 years in the United States.49

On the other hand, there is a potential for vitamin
D toxicity, and a dose of 2,000 IU or 50/lg per day
should not be exceeded, except under close moni-
toring. The toxic effects of vitamin D overdose,
mediated through hypercalcemia and hypercalciuria,
include irreversible renal and cardiovascular dam-
age due to the deposition of calcium in soft tissues.

5.1.3 Physical Activity

Most clinical trials have shown fairly modest and
unsustained BMD responses to exercise in adults.
The type of exercise that promotes a bone response
may be different from the type recommended for
aerobic fitness; it appears that muscle-building,
weight-bearing resistance exercise is required to
alter bone density.53 For the frail elderly, exercise
to reduce the risk for a fall is an appropriate inter-
vention as muscle weakness is an important cause
of falls. Muscle strength and neuromuscular per-
formance can increase dramatically with proper
exercise, 54,55 even in the tenth decade of life.55

Consequently, where not
medically contraindicated,
increased physical activity
should be encouraged. The
most important feature of
exercise is the requirement
that it become a lifelong
habit. Thus, it is better to
recommend activities that
the individual will enjoy
than to provide rigid pro-
grams designed specifical-
ly to affect the skeleton.

5.2 Pharmacologic Therapy

A decade ago, estrogen and injectable calcitonin
were the only available pharmacologic therapies
for postmenopausal women with osteoporosis.
Now, new bone-specific drugs (e.g., bisphospho-
nates) and broad-spectrum drugs (e.g., SERMs)
that combat osteoporosis and may have beneficial
effects in other organ systems are available. PTH,
the hormone that controls the mobilization of cal-
cium, is emerging as a treatment with potential to
add bone to an aging skeleton.

5.2.1 Estrogen Replacement Therapy

As discussed above (sec. 3.2), strong evidence
supports the concept that postmenopausal estrogen
deficiency precipitates bone loss. Controlled clini-
cal trials have shown that ERT maintains bone

New bone-specific drugs

(e.g., bisphosphonates)

and broad-spectrum

drugs (e.g., SERMs) that

combat osteoporosis 

and may have beneficial

effects in other organ 

systems are available.



188

density and has a favorable effect on markers of
bone resorption.56 Data from observational studies
indicate that long-term use of estrogen reduces risk
for nonspine fracture57 and that discontinuation
allows bone loss and waning of fracture
protection.57,58 However, there are only a few clini-
cal trials of estrogen’s effect on fracture, especially
vertebral fracture.59,60 One randomized, placebo-
controlled trial in 464 early postmenopausal women
without osteoporosis found a reduction in nonspine
fractures over a mean period of 4.3 years in women
assigned to estrogen or estrogen plus vitamin D.61

However, in a trial of 2,763 women selected on the
basis of presence of CHD, no difference was found
in risks for nonspine fracture in women random-
ized to receive HRT compared with placebo.62 A
recent meta-analysis of the clinical trial data on the
effect of HRT on the prevention of nonspine fractures
showed an overall 27-percent decrease in nonspine
fractures in women randomized to receive HRT,

with the effect attenuated
in women over 60 years of
age.63 Since this effect is
so much less than expected
from observational studies,
it is possible that the
reduced fracture rates with
estrogen use reported in
observational studies
reflect the selective use of
hormones by healthier
women—women who, for

example, smoke less, exercise more, and have a
better diet. (See ch. 4 for bias.) Nevertheless, on
the basis of long clinical experience, positive effect
on BMD and bone turnover, limited fracture data,
putative other benefits, and fairly low cost, estro-
gen has been considered one of the major medical
options for menopausal osteoporosis prevention.

5.2.2 Selective Estrogen Receptor 
Modulator Therapy

SERMs are drugs that behave as estrogen agonists
in some tissues, including bone, but behave as

estrogen antagonists in other tissues, such as the
breast. (See ch. 6.) SERMs include tamoxifen and
raloxifene; the latter is the only SERM currently
marketed worldwide for osteoporosis. In placebo-
controlled trials, raloxifene prevented bone loss in
healthy early postmenopausal women64 and reduced
risk for spine fracture in women with osteoporosis
(RR reduction about 40 percent) but did not reduce
risk for nonspine fractures in older women with
osteoporosis.65

5.2.3 Bisphosphonates

The bisphosphonates are analogues of pyrophos-
phate in which the oxygen has been replaced by a
carbon atom. They bind avidly to calcium hydrox-
yapatite in bone, with the potency of different bis-
phosphonates determined by the side chains on the
carbon. The first-generation bisphosphonate,
etidronate, was shown in a small, placebo-con-
trolled trial to reduce risk for spine but not non-
spine fractures.66 Recent studies of newer more
potent bisphosphonates have shown about a 45–50
percent reduced risk for spine fracture.67–69 A reduc-
tion in the risk of nonspine fractures has also been
demonstrated with both alendronate and rise-
dronate.67–70 Risedronate has been shown to reduce
the risk of hip fractures in patients with osteoporo-
sis in the only clinical study conducted thus far in
which hip fracture was the primary outcome.70

Alendronate and risedronate, but not etidronate, are
marketed in the United States for the treatment and
prevention of osteoporosis; etidronate is available
in a number of other countries.

5.2.4 Salmon Calcitonin

The peptide hormone calcitonin is approved in the
United States for the treatment of osteoporosis.
Some clinical trials have shown a reduction in
bone resorption and the preservation of bone
mass.71–74 In the major study completed thus far,
calcitonin nasal spray, 200 IU per day, compared
with placebo had modest but statistically signifi-
cant effects on spinal bone mass and bone turnover
and reduced, by 33 percent, risk for new spine
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fracture in postmenopausal women with osteoporo-
sis.74 This trial failed to show the effect of calci-
tonin on peripheral bone density or on the risk of
nonspine fracture, furthermore, the 400 IU dose
failed to show statistically significant reductions in
spine fracture. Although there are no conclusive
data on the effect of calcitonin on risk for nonspine
fracture, an analysis of pooled results from several
studies suggests that salmon calcitonin treatment
might provide benefit.75

5.3 Considerations in Selecting 
Pharmacologic Therapy

Which pharmacologic agent to select in a given
patient is a complex decision that must take into
account whether the need is for the prevention or
treatment of osteoporosis and for bone-specific or
broad-spectrum effects, as well as patient accept-
ability and tolerability and the cost of the drug
being prescribed.

5.3.1 Need for Prevention or Treatment

Theoretically, for maximum prevention of osteo-
porosis, drug therapy should probably be initiated
at menopause and continued lifelong. However,
there are as yet no data on the optimal duration of
use for nonestrogen formulations, and long-term
prevention is not easily achieved with estrogen
therapy, requiring its continuation for 20 to 25
years after menopause.57,76

An observational cohort study of 9,704 U.S.
women over 65 years of age showed a 71-percent
lower RR for hip and wrist fracture and a 50-per-
cent lower RR for all nonspine fractures among
those who had started estrogen within 5 years of
menopause and who were still taking it.58 In this
same study, the use of estrogen for more than 10
years had little impact on later fracture risk for
elderly women who had stopped therapy. A cross-
sectional study of 740 white U.S. women aged 
60–98 years confirmed that 10 years of estrogen
use, begun soon after menopause but stopped, had
little effect on bone density many years later.58 This 
confirms prospective data, which demonstrate that

bone loss begins when estrogen is discontinued.77,78

In an observational study of 47,050 U.S. women,
Barrett-Connor and coworkers were able to sepa-
rate duration of use from recency of use and found
both factors to be important for optimal preserva-
tion of bone density.79

Until recently, it was a popu-
lar belief that 6 or more years
after menopause was too late
to achieve fracture benefit
from any treatment. However,
data from the late 1980s had
shown that preservation of
bone mass could be achieved
among older women using
estrogen.80 Recent studies
have confirmed those data and have shown substan-
tial reductions in risk for fracture when HRT was
initiated > 10 years after menopause.57,58,60 Several
large clinical trials have shown that antiresorptive
therapy with bisphosphonates67–70 or raloxifene65

given to elderly women can rapidly produce sub-
stantial reductions in risk for spine fracture (60–68
percent reductions in risk within the first year, and
41–46 percent reductions over 3–4 years). With such
excellent responses to treatment when started many
years after menopause, it is not surprising, therefore,
that the National Osteoporosis Foundation’s cost-
effectiveness analysis suggests that the ideal time,
from the viewpoint of use of medical resources, for
women to begin an osteoporosis drug is at age 60 to
65 years.43 Early postmenopausal prevention using
bone-specific drugs is not considered cost-effective
because, on average, the incidence of fracture
among women remains low until the age of 65 years
or more. (See “Cost-Effectiveness” below.) Drug
treatment with bone-specific agents may be most
effective in those who have osteoporosis, by BMD
criteria.76 Therapy begun after age 80 years in frail
individuals may not be effective in reducing hip frac-
ture risk, and in the very elderly, interventions aimed
at reducing the impact of trauma, such as hip pro-
tectors, would be preferred.81

The ideal time, from

the viewpoint of use

of medical resources,

for women to begin an

osteoporosis drug is

at age 60 to 65 years.
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How should this information be incorporated into
clinical practice? By targeting for treatment
women in whom clinical evidence of osteoporosis
has already appeared (height loss, fracture) or who
have very low BMD (more than 2.5 standard devi-
ations below the mean value for young adults),
treating physicians can make the most efficient use
of limited medical resources. Because it appears

that bisphosphonates work
well to reduce fracture 
risk in patients with osteo-
porosis,68–70 bone density can
be used as an indicator for
treatment. It may also serve
as a patient-motivator;
acceptance of HRT was high-
er in women who had under-
gone BMD measure, regard-
less of the result, than in
those who had not,82 and
awareness of low bone den-
sity has been shown to
enhance acceptance of osteo-
porosis treatments.83,84

5.3.2 Need for Bone-Specific or Broad-
Spectrum Effects

Broad-spectrum therapies, such as estrogen and
raloxifene, are thought to act as “health packages”
that include improvement of the plasma lipid pro-
file and, possibly, protection against other common
diseases of aging. In many instances, however,
trial data are not yet available to support the claims
for clinical endpoints. Although bone-specific
drugs, such as bisphosphonates, appear to provide
greater fracture risk reduction than broad-spectrum
drugs, especially for nonspine fractures, many
postmenopausal women want or need interventions
for other health concerns.

5.4 Acceptability and Tolerability

The reasons for women wanting or refusing to take
estrogen are complex. HRT is usually begun close
to menopause for symptom relief, and women will

often continue it for these tonic effects.85 Older
women, on the other hand, typically begin hor-
mones and other treatments for health promotion,
particularly for prevention of osteoporosis-related
fractures.85

Long-term drug therapy requires a high degree of
patient acceptance—one that is predicated on the
patient’s perception that treatment benefits out-
weigh risks and that treatment is convenient, low
in cost, and free of side effects. Among U.S.
women > 60 years of age, it was found that 68 
percent and 48 percent who started estrogen or
raloxifene, respectively, had stopped within 24
months.86 A similarly high discontinuation rate was
found in U.S. women who had started
alendronate.87 Side effects are the main reason for
stopping antiosteoporosis drugs. Vaginal bleeding
and breast tenderness rank high among reasons
that older women give for stopping HRT.85

Gastrointestinal symptoms are the most common
reason for stopping alendronate, while vasomotor
symptoms are the reason cited by women for dis-
continuing raloxifene.65 There are as yet no data on
continuation of risedronate. Poor continuation is
not fully explained by side effects: nearly one-third
of relatively asymptomatic women who complied
with a HRT trial regimen for 3 years discontinued
the therapy within 2 years after the trial’s end.88 In
general, discontinuation rates in clinical settings
are several fold greater than those reported from
clinical trials; it is likely that patient selection plus
the education, motivation, and support provided to
participants by clinical trial staff account for some
of the differences.

Gastrointestinal side effects with alendronate are
more common in women over 70 years of age and
in those with active upper gastrointestinal prob-
lems, such as gastroesophageal reflux disease or
with current nonsteroidal anti-inflammatory drugs
(NSAIDs) use.89 These risks of developing gas-
trointestinal symptoms may be reduced if patients
adhere to dosing guidelines. In other patients who
exhibit upper gastrointestinal symptoms while tak-
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ing alendronate, administration of the medication
weekly may improve tolerability. Once-weekly
alendronate 70 mg yielded the same effects on
BMD and bone turnover as daily alendronate 10
mg.90 Risedronate may be less apt to cause gas-
trointestinal lesions.91

5.5 Cost Effectiveness

It is clear that greater treatment focus should be on
women aged 60 years and older, who are on average
10–15 years postmenopausal. On the basis of age
alone, they have a substantially higher risk for
fracture than younger women. They also are more
likely to have accumulated risk factors, including
spine or other osteoporotic fractures. Moreover,
older women may be more willing to begin and
continue osteoporosis treatment because they cor-
rectly perceive that their risk for fracture is more
immediate than the risk in younger women.
Osteoporosis drugs should be reserved for patients
at high proximate risk for fracture. By targeting
women over 65 years of age and who have multiple
risk factors or all women who have clinical evidence
of osteoporosis (height loss, fracture), treating
physicians can make more efficient use of limited
medical resources and can expose fewer women to
drugs whose long-term effects remain uncertain.

5.6 Clinical Perspective on Drug 
Selection Issues

If pharmacologic therapy is indicated for preven-
tion of osteoporosis, estrogen is probably the best
choice for early postmenopausal women, because
it is low in cost, provides relief of climacteric
symptoms, and perhaps lowers risks for certain
other diseases of aging. For women at high risk of
fracture and in need of treatment—typically those
who are elderly with fractures—a bisphosphonate
might be considered more appropriate. For many
women between these two extremes, who have a
moderate risk of fracture (especially vertebral frac-
tures) and who are also seeking other health bene-
fits (reduced risk of breast cancer), raloxifene
might be preferred.

Now that a number of effective osteoporosis thera-
pies have become available, two new questions
have arisen regarding their use: Should they be
combined? How long should they be continued?
The therapies in use today are all antiresorptive,
and their effects on bone turnover are additive to a
degree. For example, estrogen alone or alendronate
alone will suppress bone turnover 50–55 percent
on average; when added together, bone turnover is
suppressed 65–70 percent.92 The increment in bone
density achieved with combination therapy is
small, about 1–2 percent over the usual 5-percent
increment with either treatment used alone. There
are no data to show greater efficacy in fracture
reduction, and there is concern that oversuppres-
sion of bone turnover could contribute to greater
fracture risk by either causing hypermineralized,
brittle bone or by impairing bone repair and
renewal.93 The added cost, complexity, and poten-
tial side effects also are reasons to exercise caution
in the use of combination antiresorptive therapies.
However, future study of low dosages of two
antiresorptive therapies is warranted; this could
produce the desired bone and other effects with
lower cost and better tolerability and potentially
reduce the adverse effects of these drugs.

In the future, we are likely to see the use of osteo-
porosis drugs in sequence; for example, a bone
anabolic drug (see below) might be used for 1–2
years to stimulate new bone formation, and an
antiresorptive
drug would be
used subsequently
to consolidate
and maintain the
bone gains.

Choosing the right drug regimen for the right
woman involves assessment of short-term fracture
risk and other nonskeletal health issues. By under-
standing available regimens and customizing the
therapy to the needs of each woman, clinicians are
more likely to achieve clinical goals and optimize
the chances for long-term continuation. With the
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emergence of proved treatment alternatives, it is 
no longer acceptable to use a “one size fits all”
approach to the years after menopause.

6. NOVEL THERAPEUTIC OPTIONS

Options in development for the treatment of osteo-
porosis range from Kyphoplasty™ (a method for
filling collapsed spine bodies with a cement) to hip

pads designed to reduce the
energy transmitted to the
hip during a fall. Some
potential pharmacologic
agents are variants of
available agents; others
seek to interfere with novel
targets in the osteoclast
population or to stimulate
new bone formation.94

One very promising
approach is the use of
PTH. Among menopausal

women with osteoporosis who were already
receiving HRT, the addition of daily subcutaneous
PTH markedly increased spine BMD during years
of treatment, compared with no significant change
in the group receiving HRT alone.95 Total-body
bone mineral was also increased, with no detri-
mental effect at any skeletal site, and the increased
bone mass was associated with a reduction in rate
of spine fracture. The findings were confirmed in a
larger study of 1,673 women with osteoporosis and
existing spine fractures.96 Compared to those
receiving placebo, those receiving 20 µg recombi-
nant 1—34 PTH subcutaneously and daily, for an
average of 18 months, had marked reductions in
spine and nonspine fracture risk; a 65-percent
reduction was observed for spine fracture, and a
52-percent reduction was observed for nonspine
fractures. This very promising therapy, in addition
to increasing bone density, increases the area of

vertebra and the diameter of peripheral bones. The
early and profound fracture reduction may be due,
in part, to changes in bone geometry and integrity.

The development of many more therapeutic alter-
natives can be anticipated as understanding of the
genetics and pathophysiology of osteoporosis con-
tinues to grow.

7. ORAL BONE LOSS

Oral bone, like the rest of the skeleton, comprises
both trabecular and cortical bone and undergoes
formation and resorption throughout the lifespan.
Unlike the case of the postcranial skeleton, how-
ever, fracture rarely results when oral bone loss
exceeds gain. Generally, oral bone loss manifests
as either loss of tooth-anchoring support or as a
diminution of the remaining ridge in areas of par-
tial or complete tooth loss. Residual ridge resorp-
tion refers to the loss of oral bone subsequent to
the natural loss or removal of teeth. Its rate and
extent are highly variable. Progressive residual
ridge resorption can interfere with the placement
of implants and can result in an inability to stabi-
lize dentures.97

Given the chronic and progressive nature of oral
bone and attendant tooth loss and the fact that
symptoms often do not appear until advanced
stages of disease, painful and handicapping out-
comes are highest among people in later stages of
life. Many older adults report changing the compo-
sition of meals, taking a long time to complete a
meal, being deterred from eating with others, and
feeling social discomfort in smiling, singing, or
kissing as a consequence of poor oral health.98 In
fact, the literature is replete with examples of not
only the physical but economic, social, and psy-
chological consequences of oral diseases.
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7.1 Epidemiology

Analyses of U.S. data from the NHANES III indi-
cate that, among women > 18 years of age, 63.8
percent have experienced loss of one or more teeth
excluding third molars and 67.1 percent have evi-
dence of moderate periodontal disease, defined as
loss of bony tooth support of 2 mm or more.99

Furthermore, the prevalence of these conditions
increases with age in both sexes. Data from the
WHO’s Global Burden of Disease Study (GBDS)
provide a unique opportunity to examine the
prevalence of edentulism across eight global
regional groupings. Differences in disease defini-
tions and methods prohibit direct comparisons
between NHANES and GBDS data, but the global
study provides evidence that the condition
accounts for significant morbidity worldwide. For
example, within the grouping identified as
Established Market Economies which includes
North America, Western Europe, and Australia, it
is estimated that 95 million people were edentu-
lous in 1990.100 Epidemiologic data for residual
ridge resorption are lacking, but clinical impres-
sions suggest that more women than men present
with severe residual ridge resorption requiring spe-
cialized treatment.

7.2 Etiology

The multifactorial nature of oral bone and tooth
loss make it difficult to unravel the roles of gender
biology, longevity, and health care utilization in
their pathogenesis. Women are reported to be more
inclined to self-care, more likely to visit a dentist,
and more likely to report symptoms such as
pain.101,102 The degree to which such behaviors
influence oral disease patterns and health statistics is
unknown. For instance, to what extent is tooth loss
the result of primary disease experience or dental
treatment? And do anecdotal reports of women’s
greater experiences with severe residual ridge
resorption reflect real differences in morbidity or
sex differences in longevity and illness behavior?

Despite these voids in understanding, there is a
growing body of literature that indicates that oral
bone and attending tooth loss are associated with
menopausal estrogen deficiency and osteoporo-
sis.103–123 Not all studies in the topic area have yield-
ed positive results, however.124–128 Differences in
study design—including in population, sample
size, approach to skeletal and oral bone assess-
ments, definitions of outcomes, and adjustment 
for confounding variables—are likely reasons for
conflicting findings.

Still, data emerging from controlled clinical studies
provide evidence of a significant association
between oral bone status and skeletal status.129–131

These include preliminary findings of a 7-year 
longitudinal study of osteoporosis and oral bone
loss being conducted at the University of Alabama
at Birmingham in a subsample of participants 
(n = 457) enrolled in the observational component
of the WHI of the NIH.129,130 As part of the study
protocol, comprehensive medical history and
examination data from the core WHI, including 
hip BMD as determined by DEXA, are linked with
oral examination findings and oral bone density
measurements by the validated technique of digital
subtraction radiography. Analyses of cross-sectional
baseline data indicate a strong and significant 
correlation between hip BMD and lower jaw bone
density (r = 0.78, p < 0.001).129 Furthermore, 
preliminary analyses of longitudinal data from the
first 85 participants to return for their 3-year fol-
lowup appointment indicate that the association is
clinically important.124

Among participants with
evidence of periodontal
bone loss at baseline, those
with hip BMD > 1 standard
deviation below the refer-
ence value for healthy young women had a signifi-
cantly higher rate of progressive oral bone destruc-
tion than participants with hip BMDs within 1
standard deviation of normal (p < 0.05).
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Data on the relation between skeletal BMD and
tooth loss are not yet available from the described
WHI cohort, but other studies have examined this
issue. The Study for Osteoporotic Fractures
Research Group reported an association between
tooth loss and the rate of systemic bone loss
among 4,524 U.S. women age > 65 who reported
being dentate at baseline and who returned approx-
imately 5.7 years later for a followup visit. On
adjustment for age, weight, use of estrogen, and
smoking status, it was found that women reporting
tooth loss had higher annual decreases in hip BMD
than women who did not lose teeth (0.68 percent
versus 0.54 percent, p < 0.0029).132

7.3 Approaches to Therapy

Bone regenerative procedures, such as guided tis-
sue regeneration and grafting, have already
become commonplace for treatment of localized
oral bony defects, and their use is likely to expand.
State-of-the-art treatment for tooth loss focuses on
the placement of single or multiple teeth implants;

this approach, too, is
gaining wide accep-
tance. Long-term stud-
ies are underway to
evaluate the effect of
antibiotics on progres-
sive oral bone loss.
Another promising

area of research is the use of NSAIDs133 and bis-
phosphonates134 to control host inflammatory
and/or bone resorptive responses.

Given the data relating oral bone loss and osteo-
porosis, it has been hypothesized that treatments
used to maintain or improve skeletal bone density
may favorably affect oral bone status and tooth
loss. Two large cohort studies have examined the
effect of HRT on reported tooth loss.135,136 Analysis
of data on 48,483 participants in the Nurses’
Health Study in the United States136 showed that
among women who reported regular dental visits
there was an inverse relation between current hor-
mone use and loss of teeth after controlling for age

and cigarette smoking. Among the 3,921 women in
the Leisure World Cohort Study who provided
suitable data with which to assess tooth status,
estrogen users had significantly lower age-adjusted
tooth loss and edentulism rates compared with
nonusers.111 Studies of the effect of other bone-
enhancing agents on tooth loss have been limited,
but some trials have demonstrated positive find-
ings. Data obtained from women with normal
spine densities enrolled in a randomized nutritional
intervention trial indicate that a smaller proportion
of women taking calcium supplements reported
tooth loss compared with those taking placebo.137 A
pilot trial has provided evidence of a lower RR for
progressive oral bone loss among alendronate-
treated participants than in placebo controls.138

7.4 Clinical Perspective on Oral Bone Loss

There are several important clinical implications of
an association between oral status and skeletal sta-
tus. On one side of the issue, it is possible that oral
examination and radiographic findings may be use-
ful signs of extra-oral bone diminution. Although
preliminary studies along these lines have yielded
promising findings, it is too early to know the
value of routine dental visit information in signal-
ing the need for skeletal bone evaluations.139 On
the other side, history of skeletal osteopenia may
impact the need for, and outcome of, a variety of
periodontal and prosthetic procedures including
guided tissue regeneration and tooth implantations.
If therapy for skeletal bone conditions is undertak-
en and is successful, the oral cavity may reap ben-
efits as well.

A connection between menopausal estrogen defi-
ciency and oral bone loss is biologically plausible,
and many research findings to date are consistent
with that link. More research is needed to contex-
tualize the relation fully and to understand the
extent to which menopause increases a woman’s
oral health risks. Even as we await more detailed
information, women and their health care
providers are advised to incorporate oral health
into the menopausal conceptual milieu.
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8. FUTURE NEEDS

• We must improve methods for identifying peo-
ple at risk for fracture; develop inexpensive and
accurate machines to measure BMD and bone
structural integrity; develop simple clinical
means for determining risk of serious falls; and
validate algorithms that combine clinical risk
factors, bone density, and so forth, to accurately
predict an individual’s fracture risk in the next
5–10 years.

• Improve interventions; finding ways to enhance
long-term compliance with calcium, vitamin D,
and exercise; develop drugs that stimulate bone
formation, which will restore bone mass and
bone structural integrity; learn how to use drugs
in combination or in sequence; have a better
understanding of the optimal time to start drugs,
how long to use them, and effects of their with-
drawal; and know more about the long-term
safety of drugs, that cumulate in bone, for
example, bisphosphonates.

• Understand skeletal factors responsible for
maintaining bone mass and bone strength, in
particularly bone cytokines and growth factors,
the effects of mineralization and hypermineral-
ization on bone strength, and the way that bone
anabolic agents signal bone cells.

• Improve tests that monitor bone health, includ-
ing densitometric, ultrasonographic, and bio-
chemical tests.

• Understand the relationship between oral bone
loss and loss in the rest of the skeleton.

• Find therapies that will reduce bone loss that
occurs early in life before osteoporosis becomes
a clinical problem.
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