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OSTEOPOROSIS IS IMPOR-
tant because it is common
and often occult, yet it
causes substantial morbid-

ity and costs $13.8 billion a year (1995
dollars) in the United States alone.1 Hip
fractures account for most of the costs
and deaths due to osteoporosis, but ver-
tebral fractures also cause substantial
pain and disability, and only about a
third of these fractures are recognized
clinically.2,3 Osteoporosis is defined by
low bone mass and increased fragility
of bone that increases the risk of frac-
ture.4 Measurement of bone mass by
densitometry has become central to the
diagnosis of osteoporosis and deci-
sions about treatment to prevent frac-
ture.

METHODS
There are no randomized trials of den-
sitometry. We emphasize results from
prospective cohort studies, meta-
analyses, and systematic reviews when
these were available. Specifically, we up-
dated 2 meta-analyses5,6 of the relation-
ship between bone mineral density
(BMD) and fractures by searching
MEDLINE for and including in the
meta-analyses subsequent prospec-
tive cohort studies of the relationship
between various measurements of bone
density and risk of vertebral and hip
fracture. Additionally, we used data
from the Study of Osteoporotic Frac-
tures,7 a prospective community-

based study of a cohort of 9704 white
women aged 65 years or older, to gen-
erate estimates of the risk of fracture
from bone density and age in postmeno-
pausal women. Regarding other clini-
cal applications, we emphasize results

from randomized trials of pharmaco-
logic treatments, prospective cohort
studies, and the systematic reviews and
analyses by the National Osteoporosis
Foundation8 and the US Preventive Ser-
vices Task Force.9 Many clinical appli-
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Context Osteoporosis causes substantial morbidity and costs $13.8 billion annually
in the United States. Measurement of bone mass by densitometry is a primary part of
diagnosing osteoporosis and deciding a preventive treatment course. Bone mineral den-
sitometry has become more widely available and commonly used in practice.

Objective To review evidence about the value of various clinical applications of bone
densitometry.

Data Sources A MEDLINE search was performed to update previous meta-analyses
of the relationship between various measurements of bone density and risk of vertebral
and hip fracture. We used data from the prospective Study of Osteoporotic Fractures to
estimate risk of fracture from bone density and age in postmenopausal women.

Study Selection and Data Extraction When available, meta-analyses and sys-
tematic reviews are emphasized in the review.

Data Synthesis Bone mineral density (BMD) predicts fracture and can be used in
combination with age to estimate absolute risk of fractures in postmenopausal white
women. Hip BMD predicts hip fracture more strongly than other measurements of
BMD. There are insufficient data to translate BMD results into risk of fracture for men
and nonwhite women. The benefits of treatments to prevent fractures depend on BMD:
women with osteoporosis have a greater risk of fractures and greater benefit from treat-
ments than women without osteoporosis.

Conclusions Guidelines based on systematic reviews and a cost-effectiveness analy-
sis have suggested that it is worthwhile to measure BMD in white women older than
65 years and perhaps to use risk factors to select younger postmenopausal women for
densitometry. Other potential clinical applications of BMD that have not yet been ad-
equately studied include screening men or nonwhite women, monitoring BMD in pa-
tients receiving treatment, and using BMD to identify patients who should be evalu-
ated for secondary causes of osteoporosis.
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cations of densitometry have not been
rigorously studied, and we note these
limitations.

RESULTS
Bone Densitometry

Bone is composed of mineral, princi-
pally calcium hydroxyapatite, embed-
ded in type I collagen and specialized
proteins that make up the bone ma-
trix. Calcium absorbs much more ra-
diation than protein or soft tissue. The
amount of x-ray energy that is ab-
sorbed by calcium in a section reflects
the bone mineral content (BMC)
(BOX 1). Bone mineral content di-
vided by the area or volume of the bone
estimates BMD. In laboratory studies,
there is a high correlation (R2=0.4-
0.9) between BMD and the force needed

to break a bone.10-12 Other determi-
nants of bone strength include size
(larger bones are stronger), macro-
scopic structure (long bones with
greater cross-sectional areas are more
resistant to bending), microscopic
structure (microscopic cracks and loss
of normal trabecular architecture
weaken a bone), and the composition
of bone proteins (abnormal collagen
weakens bones).

Terminology: Bone Mass, Bone Den-
sity, and BMD. Many terms are used
to describe the amount and density of
a bone (Box 1). Bone mass refers to the
amount of bone in the skeleton or in
one location. However, no technology
produces a measurement called bone
mass. Bone mineral density is defined
as the average concentration of min-

eral per unit area (for single-energy x-
ray absorptiometry [SXA] and dual-
energy x-ray absorptiometry [DXA]),
which is also referred to as areal BMD
to emphasize that it is based on the area
of the projected image of the bone. Bone
mineral density assessed in 2 dimen-
sions is affected by the section size of
the bone: if a large and a small bone
have the same mineral density, the
larger will appear to have a higher BMD.
The term volumetric bone density re-
fers to bone mineral per defined vol-
ume of bone; volumetric BMD does not
depend on the size of a bone.

T Scores and Z Scores. Densitom-
etry results are reported as T scores and
Z scores. Both of these rely on an SD
for the measurement. An SD repre-
sents the normal variability in a mea-
surement in a young normal popula-
tion—the distance between the 5th and
95th percentile of a group covers about
4 SDs. Standard deviations vary from
technique to technique and among vari-
ous reference populations that are used
to define normal values. For hip and
spine BMD, 1 SD corresponds to about
10% to 15% of the mean value for young
adults.

A Z score is the number of SDs be-
low or above the mean BMD value for
people of the same age. A Z score of 0
means that the patient has a value that
is exactly at the mean for her age. A Z
score of −2.0 means that the patient has
a BMD at that site, by that method, that
is 2 SDs below the mean BMD value of
others the same age.

In contrast, a T score is the number
of SDs below the mean BMD for young
(25- to 45-year-old) adults. A T score
of 0 means that the patient has a BMD
value that is exactly at the mean for
young adults. A T score of −2.5 means
that the patient has a BMD value at that
site and by that method that is 2.5 SDs
below the mean.

Because BMD declines with age, T
scores are consistently lower than Z
scores after about age 40 years, and the
difference increases with age. For ex-
ample, a 70-year-old patient who has
a Z score of +1.0 at the hip (above av-
erage for women of the same age) will

Box 1. Common Terms Used in Bone Densitometry
Areal Bone Density The bone mineral content divided by the area of the image of

a bone projected in 2 dimensions, which is the type of bone density that is
produced by dual- and single-energy x-ray absorptiometry.

Bone Density or Bone Mineral Density The average concentration of mineral in
a 2- or 3-dimensional image or defined section of bone. This term is also used
to refer to the results of all types of bone densitometry.

Bone Mass A nonspecific term that refers to the amount of bone tissue as the total
of protein and mineral or the amount of mineral in the whole skeleton or in a
particular segment of bone.

Bone Mineral Content The amount of mineral measured in a defined section of
bone. Total body bone mineral content refers to the mineral content of the whole
skeleton.

Broadband Ultrasound Attenuation The slope of the line of attenuation of sound
energy across a spectrum of sound frequencies.

Osteopenia A term coined by the Working Group of the World Health
Organization to refer to T scores between −1.0 and −2.5.

Osteoporosis Defined by the Working Group of the World Health Organization
as a bone density T score at or below 2.5 (2.5 SDs below normal peak values
for young adults). A diagnosis of osteoporosis is also made on the basis of a
vertebral fracture confirmed by radiograph.

Speed of Sound The fastest rate of transmission of a specific frequency of sound
through a defined section of bone.

Trabecular Bone Density The mineral density of a section of bone that contains
only trabecular bone.

T Score The difference in number of SDs between the value for an individual and
the mean value of a group of young (usually 25- to 45-year-old) adults of the
same sex. The mean value and size of an SD of the measurement vary between
techniques and among sites of measurement.

Volumetric Bone Density The bone mineral content of a section of bone divided
by the volume of that section, which can be measured by quantitative
computed tomography.

Z Score The difference in number of SDs between the mean bone mineral density
value of the individual and a group of people of the same sex and age.
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have a T score of about −0.8 (below av-
erage compared with young women).

BMD in Men
and Nonwhite Patients
In general, men have higher BMD than
women, and African Americans and
Latinos have higher BMD than whites.13

Asians tend to have slightly lower BMD
than whites mainly because of their
smaller size.14,15 Densitometers report
T and Z scores that are specific to the
patient’s sex, and some manufacturers
report values compared with those of
patients of the same race. When BMD
results are interpreted in nonwhite pa-
tients, it is important to know whether
the T and Z scores are based on com-
parison to whites or the patient’s ra-
cial group. Prospective studies of BMD
and fracture in white women provide
data that permit BMD results for white
women to be translated into risks of
fracture (FIGURE). However, analo-
gous studies have not been done for
men or nonwhite women.

Techniques for Assessing
Bone Mass
A number of technologies can be used
to assess mineral density (TABLE 1), in-
cluding DXA and SXA, quantitative com-
puted tomography (QCT), and radio-
graphic absorptiometry. The radiation
doses for all techniques except QCT are
low (less than a patient gets from a mam-
mogram). Quantitative ultrasound uses
sound waves rather than radiation to as-
sess properties of bone that are related
to density and bone strength.

The relationship between BMD and
fracture risk is conventionally quanti-
fied by the relative risk per SD (RR/
SD), which is the increase in risk asso-
ciated with a 1-SD decrease in the BMD
measurement. For example, an RR/SD
of 1.6 means that fracture risk in-
creases by 60% for each 1-SD decrease
in BMD. A larger RR/SD implies a stron-
ger predictive value of BMD for frac-
ture risk. TABLE 2 presents a summary
of meta-analyses of RR/SD for various
types of BMD and fractures.

Dual-Energy X-ray Absorptiom-
etry. Table model DXA machines can

measure BMD at the hip or spine but
can also be used to measure the total
amount of mineral in the whole skel-
eton or forearm. Hip BMD generally re-
fers to BMD of the femoral neck or total
hip. Bone mineral density measured at
either site is a strong predictor of hip
fracture and predicts hip fracture bet-
ter than BMD of other sites. Hip BMD
also predicts risk of all fractures, as do
measurements at other sites (Table 2),5,6

and is unaffected by degenerative ar-
thritis.

Spine BMD measures vertebrae L1
through L3 or L4. Vertebral bodies are
largely made of trabecular bone that, be-
cause of its high ratio of remodeling sur-
face to bone volume, is more sensitive
to the effects of hormones and drugs
than is cortical bone. Therefore, spine
BMD tends to change more in re-
sponse to some medical conditions,
such as corticosteroid excess, and to
treatments than does BMD of other
sites. On the other hand, standard spine
BMD, measured in the anteroposte-
rior direction, includes mineral in the
posterior elements and facet joints as
well as the abdominal aorta, none of
which contribute to the strength of the
vertebral body. Consequently, spine
BMD is increased by degenerative ar-
thritis and, for this reason, tends to in-
crease after about age 65 years rather
than decrease, as seen in other BMD
measurements.19

Peripheral Densitometry. Smaller
devices use DXA or SXA to measure
bone density in the forearm or heel. The
distal radius is often used because it
contains trabecular and cortical bone.
A peripheral test generally costs much
less than DXA of the hip and spine
(Table 1). These tests are predictive of
fractures20 but less predictive than BMD
at the hip for hip fractures and some-
what less accurate at predicting verte-
bral fractures than hip or spine BMD
(Table 2). The proportion of patients
with T scores less than −2.5 varies con-
siderably from one type of device to
another.20,21

Quantitative Computed Tomogra-
phy. Quantitative computed tomogra-
phy of the spine is available on stan-

dard computed tomography devices,
and a smaller device, known as periph-
eral QCT, performs QCT at the distal
forearm. Quantitative computed to-
mography is unique because it as-
sesses 3-dimensional bone density and
permits isolated measurement of tra-
becular bone density.22 The value of
QCT measurements for prediction of

Figure. Five-Year Risk of Fractures in White
Women at Various Ages and Femoral Neck
T Scores
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Vertebral FracturesB

Risk is based on the following relationships observed
during 5 years of follow-up in the Study of Osteopo-
rotic Fractures (SOF)16,17: A, between femoral neck bone
mineral density (BMD) and radiograph-confirmed non-
spine fractures; B, between femoral neck BMD and
the risk radiograph–defined vertebral fractures; and
C, between femoral neck BMD and hip fractures. Es-
timates for women 65 years or older are based on a
logistic model of the association between femoral neck
BMD and fracture risk. Bone mineral density was mea-
sured on a QDR 1000 densitometer (Hologic Inc,
Waltham, Mass). T scores are based on normal val-
ues from the National Health and Nutrition Examina-
tion Survey.18 The SOF included women 65 years or
older, so the estimates below age 65 years are based
on extrapolation from the logistic regression model of
the relationship between age, BMD, and risk of frac-
ture in older women.
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fractures, and therefore for making
clinical decisions, has not been well
studied.

Measurements Based on Radio-
graphs. Radiographic absorptiometry
compares the density of proximal pha-
langes to that of a wedge of aluminum
that has known densities and is placed
on the film alongside the hand.23 Other
hand radiograph-based techniques al-
low estimation of bone density from
cortical thickness.24 Characteristics and
costs of methods based on hand films
are similar to those of peripheral den-
sitometry.

The integrity of bundles of trabecu-
lae that run through the proximal fe-
mur can be qualitatively rated by the
Singh index.25 The cortical width of the
femoral neck is another index of os-
teoporosis. Prospective studies have
shown that these measurements also
predict hip fracture risk.26,27

Quantitative Ultrasound. The trans-
mission of sound through bone re-
flects its density and structure and can
be assessed quantitatively by the speed
of sound, the pattern of absorption of
different wavelengths of sound, called
broadband ultrasound attenuation, or

calculations derived from these param-
eters.28-30 Quantitative ultrasound of the
heel resembles other peripheral mea-
surements in terms of ability to pre-
dict fractures (Table 2), and the com-
bination of calcaneal broadband
ultrasound attenuation and femoral
neck BMD predicts hip fracture risk
somewhat better than either measure-
ment alone.16,31

Clinical Uses of Densitometry
Prediction of Fracture Risk. Prospec-
tive studies have established that frac-
ture risk increases as BMD decreases,
and there is no fracture threshold be-
low which fracture risk abruptly in-
creases (Figure).7,32,33 Therefore, BMD
is best thought of as a continuous risk
factor: the lower the BMD, the higher
the risk of fracture.

A woman’s risk of fracture can be es-
timated from her age and BMD. TABLE 3
provides estimates of lifetime risk of hip
fracture for white women at various
ages and levels of femoral neck bone
density. The Figure also provides esti-
mates of risk of nonspine, vertebral, and
hip fracture at various ages and levels
of hip BMD. These estimates would be
somewhat different for hip BMD mea-
sured with another device (other than
a Hologic brand) and very different for
BMD at other sites, such as the spine
or forearm.

One might expect that a BMD mea-
surement at a specific site would be
most predictive of fractures at that site,
as is true for hip BMD predicting hip
fracture (Table 2). However, hip and
spine BMD have similar accuracy for
predicting vertebral fractures, and all

Table 1. Summary of Common Techniques for Assessment of Bone Mass*

Site
Scan Time,

min
Precision
Error, %

Approximate Radiation
Exposure, mrem

Medicare Allowable
Charge, $†

Peripheral DXA and SXA‡ Radius, calcaneus 5-15 1-3 1 39-41

DXA, or DEXA Spine, hip, whole body 5-10 1-2 1-5 128

Quantitative computed tomography Spine 10-30 2-4 50 185

Radiographic absorptiometry Hands 5-10 1-2 5 38

Ultrasound Calcaneus, tibia 5-10 3-4 0 53

*Adapted from Osteoporosis with the permission of the American College of Physicians–American Society of Internal Medicine.8,18

†Information on charges was provided by Mike Lewiecki, MD, International Society of Clinical Densitometry. Medicare allowable charge indicates that Medicare covers 80% of the
cost. Actual charges are often substantially higher than those listed in this table.

‡DXA and DEXA indicate dual-energy x-ray absorptiometry; SXA indicates single-energy x-ray absorptiometry.

Table 2. Relationships Between Bone Mass Measurements and Risk of Fractures*

Measurement Site for
Bone Mineral Density

Type of Fracture, Relative Risk per SD (95% Confidence Interval)

Hip Vertebral Forearm All

Hip 2.4 (2.2-2.6) 1.9 (1.8-2.1) 1.4 (1.4-1.6) 1.6 (1.4-1.8)

Lumbar spine 1.5 (1.3-1.7) 1.9 (1.8-2.0) 1.5 (1.3-1.8) 1.5 (1.4-1.7)

Distal radius 1.5 (1.3-1.8) 1.7 (1.5-1.9) 1.7 (1.4-2.0) 1.4 (1.3-1.6)

Calcaneus 1.8 (1.5-2.1) 1.7 (1.5-1.9) 1.6 (1.4-1.8) 1.5 (1.4-1.6)

Ultrasound
Calcaneus 1.6 (1.4-1.8) 1.5 (1.4-1.7)

*Numbers are the relative risk for fracture per SD decrease in the measurement. Forearm and all fractures are from a
1996 meta-analysis,11 hip fracture is from a 1999 meta-analysis,12 and vertebral fractures are from an unpublished
analysis prepared for this article. We performed a meta-analysis of bone mineral density and vertebral fractures by
using data derived from publications and presentations (available as of January 2002) and by using original unpub-
lished analyses from the Study of Osteoporotic Fractures and from the placebo group of the Fracture Intervention
Trial. A fixed-effects model was used to combine data from the studies.

Table 3. Lifetime Risk (Percentage) of Hip Fracture for White Women*

Age, y

Femoral Neck Bone Mineral Density T Score

−3.5 −3.0 −2.5 −2.0 −1.5 −1.0 −0.5 0

50 49 41 33 27 21 16 13 10

60 47 40 33 27 21 17 13 10

70 46 39 33 27 21 17 13 10

80 41 35 30 24 20 16 12 10

*These estimates are based on a stochastic model using a logistic model of the relationship between bone mineral
density and risk of hip fracture derived from the Study of Osteoporotic Fractures (relative risk = 2.6/SD decrease). T
scores were based on bone mineral density results from Hologic QDR 1000 densitometers, with T scores derived
from the National Health and Nutrition Examination Survey III 1995 database. Overall mortality rates are based on US
Vital Statistics. Statistical methods are published in part in Black et al.34
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sites and types of measurement seem
to have similar accuracy in predicting
the general risk of all fractures.5,35

Value of Risk Factors for Assess-
ing Risk. Several risk factors, espe-
cially age, sex, weight, and race, are cor-
related with BMD. However, it is
impossible to predict BMD from com-
binations of risk factors with clini-
cally useful accuracy.36-38 Guidelines
have used the presence of risk factors
to recommend measurement of BMD
(BOX 2). Several short instruments have
been developed to identify women who
have a low probability of having osteo-
porosis on measurement of BMD. These
instruments and scoring systems have
high sensitivity (identifying 95%-99%
of women who have osteoporosis de-
fined as a T score �−2.5 at the hip) but
poor specificity (only 10%-25% of post-
menopausal women without osteopo-
rosis would avoid testing).

Some risk factors for fracture are in-
dependent of BMD, that is, they im-
prove the prediction of fracture even
when BMD is known. For example, a
woman who has a vertebral fracture has
a 4-fold increase in risk of another ver-
tebral fracture regardless (or indepen-
dent) of her BMD.39,40 Risk factors that
predict hip fracture independently of
BMD include age, history of frac-
ture,41,42 maternal history of hip frac-
ture, conditions that increase the risk
of falling,43,44 increased levels of mark-
ers of bone resorption,45 and very low
serum levels of estradiol.46 In prospec-
tive studies, Black et al47 found that risk
factors obtainable by history can also
be used to estimate risk of hip frac-
ture, and measurement of BMD im-
proves the prediction somewhat. As-
sessing risk factors might help in
making decisions about treatment when
densitometry is unavailable or when the
best course is unclear from a patient’s
bone density.

Diagnosing Osteoporosis and
“Osteopenia.” Since the relationship
between decreasing bone density and
increasing risk of fractures is a con-
tinuous one, there is no threshold or
cutoff value to distinguish low- and
high-risk people. However, medical

practice and reimbursement some-
times require a diagnosis of osteoporo-
sis. The World Health Organization
defined osteoporosis as a T score of
−2.5.48 This cutoff has no inherent bio-
logical meaning; it was created to
allow comparisons of the prevalence
of osteoporosis in different countries
and was not intended to be used to
make treatment decisions.

The diagnosis of osteoporosis ac-
cording to BMD can be confusing be-
cause, if 2 or more sites are measured,
patients will sometimes have a T score
of −2.5 or less and so-called osteopo-
rosis at one site and above that level at
other sites.21 Some experts and guide-
lines consider a T score at or below −2.5
at the femoral neck or total hip to be
the gold standard for the diagnosis of
osteoporosis. Others prefer to diag-
nose osteoporosis if the T score at ei-
ther the hip or spine is at or below −2.5;
the latter approach designates more
women as osteoporotic who will, on av-

erage, have a somewhat lower risk of
fracture.49

Osteopenia was defined by the WHO
conference as a bone density T score be-
tween −1.0 and −2.5.48 The upper cut-
off, a T score of −1.0, was also chosen
arbitrarily to indicate women whose
bone density was below normal for
young adults. More than half of post-
menopausal women could be called os-
teopenic at at least 1 site of measure-
ment.13,50 The term has limited value
because it encompasses a broad range
of women, including some with a rela-
tively high risk for their age and oth-
ers whose risk is lower than average for
their age (Figure). It is more useful and
less alarming to patients to avoid this
term and instead to focus on their risk
of fractures.

Deciding to Evaluate a Patient
for Causes of Low BMD
Most of a person’s BMD, even after age
65 years, is genetically determined.

Box 2. Guidelines for Measuring Bone Mineral Density in Women
for Assessing Risk of Fracture

National Osteoporosis Foundation
The decision to test for bone mineral density (BMD) should be based on an indi-
vidual’s risk profile, and testing is never indicated unless the results are likely to
influence a treatment decision.

BMD Testing Recommendations
1. Postmenopausal women 65 years or older, regardless of additional risk factors.

This recommendation includes women 65 years or older who have been tak-
ing osteoporosis therapy and have not had a BMD test.

2. Postmenopausal women younger than 65 years and with 1 or more additional
risk factors for osteoporosis.*

3. Postmenopausal women who have had a fracture of any type as an adult after
age 45 years.

US Preventive Services Task Force (USPSTF)
Summary of Recommendations. The USPSTF “recommends that women 65 years
of age and older be screened routinely for osteoporosis. The USPSTF recom-
mends that routine screening begin at 60 years of age for women at increased risk
for osteoporotic fractures.”9

“The USPSTF makes no recommendation for or against routine osteoporosis
screening in postmenopausal women who are younger than 60 years of age or in
women 60 to 64 years of age who are not at increased risk for osteoporotic frac-
tures.”9

*Risk factors include parental history of hip fracture, current cigarette smoking, a body weight
less than 57.2 kg, use of (or plans to use) oral corticosteroids longer than 3 months, or se-
rious long-term conditions thought to increase fracture risk, such as hyperthyroidism or mal-
absorption.
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Some uncommon conditions, includ-
ing Cushing disease, malabsorption, hy-
perparathyroidism, and hyperthyroid-
ism, can decrease bone density. Finding
and treating these conditions might de-
crease a patient’s risk of fractures. Un-
fortunately, the chance of finding a sec-
ondary cause in patients with low BMD,
especially in primary care settings, is
unknown, and the value of testing for
secondary causes in women with low
BMD has not been adequately studied.
It is believed that the chance of find-
ing a secondary cause increases as BMD
decreases at a specific age.51 If so, then
a low Z score (�−2.0 or −3.0) might be
a more useful guide than the T score
in deciding whether to look for sec-
ondary causes of osteoporosis. Some
physicians also screen for secondary
causes in women with osteoporosis de-
fined by a low T score, although the best
approach is uncertain.

Bone mineral density can help deter-
mine whether a fracture is due to os-
teoporosis. For example, BMD may be
valuable if a patient has a vertebral frac-
ture in a location that would be un-
usual for osteoporosis, such as T4.52 Al-
though there is no evidence about this
point, it is reasonable to believe that the
higher the BMD, the greater the chance
that another process, such as cancer or
trauma, caused the fracture.

Making Decisions About
Starting Drug Treatment
Women with vertebral fractures have
a high risk of fractures, and several ap-
proved treatments decrease their risk
of future vertebral fracture. Among
women without a vertebral fracture, the
potential benefit of treatment depends
on the patient’s bone density: the lower
the BMD, the greater the likelihood that
she will benefit from treatment to pre-
vent fractures.

A systematic review and cost-
effectiveness analysis used data avail-
able up to 1996 and estimated that it
was worthwhile to recommend drug
treatments that reduce risk of hip frac-
ture to women with low femoral neck
BMD (T scores below −3.0 to −1.5,
depending on age, risk factors, and

type of treatment).8 Several drugs have
been approved by the Food and Drug
Administration for treatment of osteo-
porosis (alendronate, risedronate, ral-
oxifene, and calcitonin) because they
reduce the risk of fractures among
women who have vertebral fractures
or osteoporosis defined as a T score of
−2.5 or less at the femoral neck or
spine.53-58 The value of treating women
without vertebral fractures who have
higher levels of BMD is less certain. In
the Fracture Intervention Trial,54 4
years of alendronate treatment signifi-
cantly reduced the risk of hip and
other nonspine fractures, including
hip fractures among women whose
hip BMD T score was less than −2.5,
but not in women with a higher start-
ing BMD. Women with T scores above
−2.5 had a reduction in risk of verte-
bral fractures, although the absolute
reduction in risk was much greater in
women with osteoporosis than in
those with T scores above −2.5. Rised-
ronate reduced the risk of hip fracture
among women who were younger
than 80 years and whose femoral neck
BMD T score was at least below −3.0,
but it did not significantly reduce the
risk of hip fractures among women
who were older than 80 years and
were included because they had risk
factors for hip fracture regardless of
BMD. These studies suggest that hip
BMD may be a valuable indicator of
who will benefit most from reduction
in risk of nonspine and hip fractures
after several years of treatment with
bisphosphonates. In contrast, no pub-
lished study has evaluated the ability
of spine and peripheral measurements
of BMD to identify women who ben-
efit most from treatments to reduce
the risk of fractures.

Which Patients Should Have
a Measurement of BMD?
Using a systematic review and cost-
effectiveness analysis,8 the National
Osteoporosis Foundation recom-
mended measuring BMD, preferably of
the hip, for all white women 65 years
or older who are not receiving drugs
that are approved for treating osteopo-

rosis.59 Additionally, these guidelines
suggested measuring BMD for younger
postmenopausal women who were
aged 50 to 65 years and had another
strong and well-established risk factor
for osteoporosis.

The United States Preventive Ser-
vices Task Force recommended rou-
tine screening for osteoporosis begin-
ning at age 65 years in all women and
at age 60 years in women with risk fac-
tors indicating an increased risk of os-
teoporotic fractures. It made no rec-
ommendation about screening for
women younger than 60 years (Box 2).

Men and nonwhite women have a
lower overall fracture rate than white
women, but there are insufficient data
on which to base recommendations
about BMD in men and nonwhite
women. Alendronate reduces fracture
risk in men,60 and it is reasonable to be-
lieve that treatment would be worth-
while for men and nonwhite women
who have a decreased BMD and risk of
fracture that is similar to that of white
women with osteoporosis. However,
there is controversy about what levels
of BMD should be considered osteopo-
rotic and what values should trigger a
recommendation for drug treatment in
men and nonwhite women.

Women Who Are Considering Stop-
ping Estrogen Therapy. Estrogen
therapy improves bone density61 and re-
duces the risk of fracture62 but does not
fully prevent women from developing
osteoporosis. One large study found
that 4% of women who were older than
65 years and had taken estrogen con-
tinuously since menopause and 11%
who started after menopause had hip
BMD T scores below −2.5.63 Women
who stop taking estrogen generally lose
bone and appear to lose any protec-
tion against fractures within a few
years.64,65 Therefore, it is reasonable to
recommend densitometry to women 65
years or older and younger women who
have risk factors for fracture and wish
to stop long-term estrogen therapy. If
they have osteoporosis, it is reason-
able to recommend treatment with an
agent that has been shown by random-
ized trials to reduce fracture risk.
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Monitoring
Bone mineral density is often mea-
sured every 1 or 2 years during treat-
ment to determine whether a patient is
responding to treatment. However, in-
terpreting these results is tricky; the
meaning of changes in BMD during
treatment is uncertain because respond-
ing is not the same as gaining BMD. A
patient who loses BMD, eg, 3%, dur-
ing treatment may be responding be-
cause she could have lost more (eg, 5%
to 6%) without treatment. Further-
more, most patients who seem to lose
BMD during the first period of treat-
ment regain much of that BMD during
the next period, even if treatment is un-
altered.66 In addition, women who seem
to lose BMD while taking alendronate
may have a reduction in risk of verte-
bral fracture similar to that of women
who gain BMD.67 Thus, treatments
should not be changed because the pa-
tient appears to lose BMD during the
first period of monitoring. The value of
changing or adding treatments in
women who persistently lose BMD has
not been studied.

It is also important to recognize that
small changes in BMD may be due to
the random variability in the test. The
least significant change in BMD is the
percentage of change that is unlikely
(usually �5% chance) to be due to the
precision error of the test.68 Least sig-
nificant change is calculated as 2.8
times the precision error of the test on
a specific machine and site of mea-
surement. Femoral neck BMD has
about a 2% precision error in expert
centers; therefore, changes of less than
about 5.6% can often be due to preci-
sion error.

The best approach to monitoring
BMD in patients who are not receiving
pharmacological treatment is uncer-
tain. Many patients have BMD levels too
high to warrant treatment at screen-
ing, but their BMD may later decline to
a level at which pharmacological treat-
ment is indicated. It would be reason-
able to repeat BMD when the result
probably would change treatment. Af-
ter about 60 years of age, women gen-
erally lose less than 1% of hip BMD an-

nually, and their rate of change at the
spine is on average even slower,69 so that
it would usually take more than 10
years to decline a full point in T score
(for example, from −1.5 to −2.5). Bone
mineral density may decline some-
what more rapidly in women who are
within 5 years of menopause. The tim-
ing of the repeat measurement de-
pends on the current BMD: the closer
the current value is to a threshold where
treatment would be started, the sooner
the BMD measurement should be re-
peated.

Common Issues in Measuring
Bone Density in Clinical Practice
Which BMD Site Should Be Mea-
sured? Because BMD at the hip is the
best predictor of hip fracture, hip BMD
may be particularly useful in women
older than 65 years, since risk of hip
fracture rises rapidly after age 65. Re-
ports of hip DXA include several sub-
regions of the hip, but these results are
highly correlated and have similar pre-
dictive value for fractures.7,70 If only 1
site is measured, then BMD of the hip
(femoral neck, total hip, or both) may
be preferable because of its predictive
value for hip fractures, and it has been
better standardized for diagnosis of os-
teoporosis.13 Spine and hip BMD have
similar value for predicting spine frac-
tures (Table 2). As noted earlier, spine
BMD tends to be artificially increased
in women 65 years or older, which may
limit its predictive and diagnostic value
in that age group. Spine BMD is more
sensitive to the effects of corticoste-
roids and may be the best choice for
assessing and monitoring corticoste-
roid-treated patients.71

Peripheral vs Central Measure-
ments. As noted earlier, peripheral
measurements (such as the forearm)
are less expensive, more widely avail-
able in some areas, and predictive of
overall fracture risk, but peripheral
measurements do not predict hip frac-
tures as well as hip BMD. Treatments
tend to produce smaller changes in
peripheral measurements than in
spine or hip BMD.53,72 Peripheral mea-
surements might be used as initial

screening tests for referring patients
who have low BMD for DXA of the hip
or spine.

How Many Measurements Should
Be Made? Dual-energy x-ray absorpti-
ometry examinations usually include
hip and spine BMD for the same price
as 1 measurement. The T and Z scores
from these sites often differ, which can
confuse physicians and patients. Be-
cause of the stronger relationship of hip
BMD to hip fracture and weaker influ-
ence of degenerative arthritis after age
65 years, it is reasonable to give more
weight to the results of hip BMD. How-
ever, some practitioners base decision
making on the lowest value. There are
insufficient data to determine which ap-
proach is best. If hip or spine BMD has
been measured, there is generally no
reason to measure a peripheral site.

Future Developments
in Densitometry
Prospective studies are under way to
better describe the relationship be-
tween BMD and risk of fractures in men,
and groups are developing models that
will allow physicians to combine BMD
results and risk factors into estimates
of a patient’s absolute risk of frac-
tures.73

There is a growing appreciation that
current methods of measuring average
BMD in a 2-dimensional projection of
bone may miss important information
about bone structure; connectivity of
trabecular bone, the width of cortical
bone, or the degree of aggressive remod-
eling along the endocortical surface
might all play an important role in deter-
mining bone strength. Research is under
way to develop and test the clinical value
of new methods such as magnetic reso-
nance imaging or high-resolution QCT
for assessing risk of fractures and
response to treatment.

CONCLUSION
Current methods of bone densitom-
etry are powerful tools for assessing the
risk of fracture and identifying pa-
tients who will benefit most from the
treatments that have been shown to re-
duce fracture risk in patients with os-
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teoporosis. Selective use of densitom-
etry is a valuable part of primary care
of postmenopausal women.
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In Reply: We agree with Dr Cooper that the results of the WHI
do not necessarily apply to women experiencing early natural
menopause because the study included only women aged 50
to 79 years. However, the evidence regarding her suggestion
that women undergoing early natural menopause may be at in-
creased risk of cardiovascular disease is not clear. As Cooper
points out, one study found an association between early age
at menopause and increased risk for cardiovascular mortal-
ity.1 A later report from the Nurses’ Health Study (and involv-
ing 1 of us, G.A.C.) found that this association was confined
to current smokers; there was no increased cardiovascular risk
among women who experienced early natural menopause but
never smoked.2 The association Cooper writes of therefore may
be due to residual confounding by smoking, a behavior well
known to be associated with both increased cardiovascular risk
and early menopause and a behavior amenable to treatment.

Suzanne W. Fletcher, MD, MSc
Department of Ambulatory Care and Prevention
Graham A. Colditz, MD, DrPH
Channing Laboratory, Department of Medicine
Harvard Medical School
Boston, Mass
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CORRECTION

Incorrect Journal and Unpublished Data: In the Scientific Review and Clinical Ap-
plications article entitled “Clinical Use of Bone Densitometry: Scientific Review”
published in the October 16, 2002, issue of THE JOURNAL (2002;288:1889-1897),
2 references were incorrect. On page 1897, the journal in reference 63 by Nelson
et al should be Arch Intern Med. Also on page 1897, reference 67 should be de-
leted and added to the text as unpublished data. On page 1895, in the first full
paragraph, the fifth sentence should be “In addition, women who seem to lose
BMD while taking alendronate may have a reduction in risk of vertebral fracture
similar to that of women who gain BMD (unpublished data, 2002).” In the sec-
ond full paragraph, reference 68 at the end of the second sentence should be 67.
In the third full paragraph, reference 69 in the middle of the fourth sentence should
be 68. In the fourth full paragraph, reference 70 at the end of second sentence
should be 69. In that same paragraph, reference 71 at the end of the last sentence
should be 70. In the fifth full paragraph, reference 72 at the end of the second
sentence should be 71. In the seventh full paragraph, reference 73 at the end of
the sentence should be 72. On page 1897, reference 68 in the reference list should
be renumbered to 67; 69 to 68; 70 to 69; 71 to 70; 72 to 71; and 73 to 72.

CME ANNOUNCEMENT
CME Hiatus: July Through December 2002

In mid-2003, online CME will be available for JAMA/
Archives journals and will offer many enhancements:

• Article-specific questions
• Hypertext links from questions to the relevant

content
• Online CME questionnaire
• Printable CME certificates and ability to access total

CME credits

We apologize for the interruption in CME and hope
that you will enjoy the improved online features that
will be available in mid-2003.
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