RADIOLOGIC DECISION-MAKING

Radiologic Bone Assessment
in the Evaluation of Osteoporosis
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Osteoporosis affects nearly 28 million elderly Americans. Its major clinical manifestation is fragility fractures of the spine, hip, and distal radius. Low bone mass
is the most important risk factor for a fragility fracture. In 1994, the World
Health Organization defined osteoporosis on the basis of a bone mineral density that is 2.5 standard deviations below that in peak young normal persons.
Three common imaging modalities used to assess bone strength are dual-energy
x-ray absorptiometry, quantitative computed tomography, and calcaneal ultrasonography. The first two modalities measure bone mineral density in both the
lumbar spine and peripheral sites. It is thought that calcaneal ultrasonography
measures bone architecture and density. Unlike the other studies, ultrasonography currently cannot be used for monitoring skeletal changes over time or evaluating response to therapy. (Am Fam Physician 2002;65:1357-64. Copyright©
2002 American Academy of Family Physicians.)
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steoporosis has been defined
as “a disease characterized by
low bone mass and microarchitectural deterioration of
bone tissue, leading to enhanced bone fragility and a consequent increase in fracture risk.”1 This disease affects a
large number of the elderly and is a source of
significant expense. In the United States, it is
estimated that nearly 28 million persons have
low bone mass.2 Osteoporotic fractures cost
the U.S. health care system $14 billion in
1997, with a projected annual cost of $50 billion by 2040, which is more than the projected annual cost of stroke, breast cancer,
diabetes, or chronic lung disease.3
Common osteoporotic fracture sites
include the vertebrae, the hip, the distal radius
of the forearm, and the proximal humerus. A
50-year-old white woman has lifetime risks of
fracture of the spine, hip, and distal radius of
32 percent, 16 percent, and 15 percent, respec-

Common osteoporotic fracture sites include the vertebrae,
the hip, the distal radius of the forearm, and the proximal
humerus.
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tively. These risks exceed her risk of developing endometrial or breast cancer.4
Patients with hip fractures have an average
one-year mortality rate of 20 to 25 percent. In
addition to mortality, serious morbidities are
associated with hip fracture, including loss of
independence. Fifteen to 25 percent of previously independent patients require nursing
home placement for at least one year, and less
than 30 percent of patients regain their prefracture level of function.2,5,6
Osteoporosis is known to affect more
women than men.2 In 1990, approximately
250,000 hip and 500,000 vertebral osteoporotic
fractures were reported in American women,5
most of which were related to underlying
osteoporosis.2 These numbers represent three
times the number of similar fractures found in
men.5 The increased incidence of osteoporosis
among women can be traced to two main factors: (1) women generally achieve a lower maximal peak bone mass (usually reached by age 30
in both men and women), and (2) women have
greater bone loss after the hormonal changes
associated with menopause.2,7
Because osteoporosis affects a large number
of patients with potentially significant morbidity and mortality, it is important to identify
patients at risk so that physicians can effecAMERICAN FAMILY PHYSICIAN
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The T score compares one patient’s bone mineral density
(BMD) in standard deviations with the average peak BMD
in healthy young persons. The Z score compares one
patient’s BMD with the mean BMD of persons in the
same age group.

tively intervene. Low bone mass has been
shown to be the biggest risk factor for fragility
fracture8(pp5-11); thus, the World Health Organization (WHO) defined osteoporosis by
bone mineral density (BMD) measurement.
Before this definition was applied in 1994,
making a diagnosis of osteoporosis required
the occurrence of a fragility fracture.5 The
redefinition allows for the prospective diagnosis of osteoporosis in asymptomatic patients
before fragility fracture occurs.7
THE T SCORE

The WHO chose the T score as its standard
for defining BMD. It is the statistical measure
of BMD that best correlates with fracture risk
and is based on values derived from dualenergy x-ray absorptiometry (DXA). The T

TABLE 1

WHO Criteria for Defining Bone Density
Condition

Description

BMD value within 1 SD of the young adult reference mean (T ≥ −1.0)
BMD value of more than 1 SD below the young adult mean
−1.0 > T > −2.5)
but less than 2.5 SD below this value (−
Osteoporosis BMD value of 2.5 SD or more below the adult mean value
(T ≤ −2.5)
Established
BMD value of 2.5 SD or more below the adult mean value
osteoporosis (T ≤ −2.5) in the presence of one or more fragility fractures
Normal
Osteopenia

WHO = World Health Organization; BMD = bone mineral density; SD = standard
deviation.
Information from Assessment of osteoporotic fracture risk and its application to
screening for postmenopausal osteoporosis. Report of a WHO Study Group.
World Health Organ Tech Rep Ser 1994;843:1-129.
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score compares one patient’s BMD (X) in
standard deviations with the average peak
BMD in healthy young persons of the same
gender (Xy).9 The value is then expressed in
terms of the number of standard deviations
(“young adult standard deviation”) departure
from Xy, as in the following formula:
T = X – Xy
young adult standard deviation

In the WHO report, patients are divided into
four categories on the basis of their T scores
(Table 1).7 Osteoporosis is defined as 2.5 or
more standard deviations below the adult mean
value (T ≤ 2.5).
Fracture risk is increased two to three times
for each T score or standard deviation below
peak young adult mean bone mass.3,10 In fact,
the BMD and T scores correlate better with
fracture risk than cholesterol levels correlate
with heart attack risk or blood pressure correlates with stroke risk.11,12 However, bone
mass is a continuous measure of fracture risk;
there is no threshold level at which a fracture
will definitely occur.8(pp42-44),10
THE Z SCORE

The Z score compares one patient’s BMD
(X), in standard deviations, with the mean
BMD for persons of the same age and gender
(Xa) rather than with the young adult normal
group used in the T score. The variation from
that mean is then expressed in terms of the
number of “population standard deviations”
from that mean, as demonstrated by the following formula9:
Z = X – Xa
population standard deviation
While the T score best correlates with fracture risk, the Z score puts a patient’s BMD
in perspective. It is particularly useful in elderly patients who may be osteoporotic by
the T score but are average for their age by
the Z score.13 Thus, the Z score measures
fracture risk in relation to remaining life span.
The risk of fracture is doubled for each unit of
VOLUME 65, NUMBER 7 / APRIL 1, 2002
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Z score or standard deviation below the agematched and gender-matched mean.9
Bone Mass Assessment
Bone densitometry is the single best predictor of osteoporotic fracture risk12,14 and is
used to follow therapeutic interventions.12,13
Both peripheral (extremities) and central
(spine and hip) bone sites can be measured to
assess BMD. Because osteoporosis is a systemic
disease, the risk of spine or hip fracture can be
estimated from measurements obtained at
peripheral measurement sites.2,15 However,
bone mass may be discordant at various skeletal sites within an individual patient.16 Thus,
the skeletal area of most interest for fracture
risk is the most accurate measurement site.2,11,14
Indications for BMD Measurement
Deciding which patients to consider for
BMD measurement usually involves weighing
various risk factors on an individual basis.
Although the risk factors for osteoporosis are
different from the risk factors for fragility fracture, both should be considered when examining a patient. Major risk factors for osteoporosis and fragility fractures are listed in
Table 2.2,3,8(pp5-11,42-44),17-20
The National Institutes of Health (NIH)
currently recommends using the individualized approach when deciding which patients
should have BMD testing. Its Health Consensus Development Conference on Osteoporosis determined that there are insufficient data
available for establishing screening guidelines
on asymptomatic patients. The NIH does not
recommend universal screening, in part
because the number of women who would
need to be evaluated to prevent one fracture
would be very high.2
The National Osteoporosis Foundation has
recommended specific guidelines for selective
screening. Some of these include loss of
height in an elderly woman, long-term glucocorticoid therapy, and assessing the need for
treatment in patients with estrogen deficiency
(Table 3).3,5,8(pp42-44)
APRIL 1, 2002 / VOLUME 65, NUMBER 7

TABLE 2

Risk Factors for Osteoporosis
and Fragility Fractures
Risk factors for osteoporosis
Female gender
Increased age
Hypogonadism
White race
Low body mass index
Family history of osteoporosis
Tobacco use
History of fracture
Chronic glucocorticoid or anticoagulant use
Endocrinopathies
High bone turnover and microarchitectural changes
Risk factors for fragility fractures
History of falls
Poor physical condition
Dementia
Impaired vision
Environmental hazards
Current use of benzodiazepines or anticonvulsants
Information from references 2, 3, 8, and 17 through 20.

TABLE 3

NOF Indications for Measurement
of Bone Mineral Density in Women
Patients with estrogen deficiency when treatment
decisions would be based on bone mineral density
Patients with incidental radiographic findings of
osteopenia
Patients taking long-term glucocorticoid therapy
To guide decisions for surgical intervention in
asymptomatic primary hyperparathyroidism
Female patients who have lost height or sustained
a probable osteoporotic fracture
To monitor response to osteoporosis therapy
NOF = National Osteoporosis Foundation.
Information from references 3, 5, and 8.
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There are no guidelines for BMD testing in
men.11 BMD measurement should be considered in men who sustain low-trauma fractures, have radiologic criteria consistent with
low bone mass, have diseases that would place
them at risk for low BMD, or are receiving
chronic glucocorticoid therapy.5

TABLE 4

Methods of Measuring Bone Mineral Density
Modality

Characteristics

Ionizing
Gamma radiation
Single-energy photon absorptiometry
Dual-energy photon absorptiometry
Neutron activation analysis
Compton scattering
Radiographs
Single-energy x-ray absorptiometry
Dual-energy x-ray absorptiometry
Quantitative computed tomography
Radiogrammetry
Nonionizing
Magnetic resonance imaging
Spectroscopy
Quantitative magnetic resonance
imaging
Ultrasonography

Peripheral skeleton
Central skeleton
Research method
Research method
Peripheral
Peripheral
Peripheral
Peripheral

Imaging Modalities
Osteopenia is not detected on conventional
radiographs until 20 to 40 percent of bone mass
has been lost.11,21 As shown in Table 4,10-12,14,15,21
several techniques are available for quantitative measurement of BMD. Gamma radiation
was the original method of absorptiometry.
Outside of research settings, it has been largely
replaced by radiographic methodology. Unfortunately, different techniques produce different results, even at the same site.22 Because
bone mass may be discordant at various skeletal sites in an individual patient16 and because
different techniques give different results even
at the same site, T scores cannot be used interchangeably with different techniques or at different sites.2,22

skeleton
and central skeleton
and central skeleton
and central skeleton

Research method

Peripheral skeleton

Information from references 10 through 12, 14, 15, and 21.

TABLE 5

Comparison of Different Modalities for Assessing Bone Fracture Risk*
Factor

DXA

QC T

US

Cost

Intermediate

High

Low

Radiation

Low

High

None

Portability

Limited

No

Yes

Parts measured

Spine, hip, wrist

Spine, hip†

Calcaneus

Precision

Excellent

Good

Low

Monitoring of treatment
response

Excellent

Good

Low

DXA = dual-energy x-ray absorptiometry; QCT = quantitative computed tomography; US = ultrasonography.
*—All modalities have equivalent fracture risk predictability.
†—A newer technology now allows hip measurement.
Information from references 2, 7, 8, 11, 12, 15, 23, and 24.
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Three major imaging modalities are commonly used in the clinical setting: DXA,
quantitative computed tomography (QCT),
and calcaneal ultrasonography (Table
5).2,7,8(pp12-22),11,12,15,23,24

The National Institutes of Health recommends an individualized approach to screening for osteoporosis with bone mineral density measurements.

DUAL-ENERGY X-RAY ABSORPTIOMETRY

DXA is the most widely used technique for
measuring BMD.12 The WHO criteria were
established largely with DXA in mind.22 Measurements can be obtained from any site in
the body, but the standard sites are the lumbar spine, the proximal femur, and the distal
forearm. The high level of precision of this
technique allows not only for diagnosis, but
also for monitoring response to therapy.12
Because of the increased prevalence of
degenerative spinal changes11,15,23,25-27 and
because of aortic calcification,8(pp12-22),25 falsely
elevated BMD values can be obtained when
posteroanterior (PA) spine scans are obtained
in the elderly. In these patients, hip23,26 or lateral DXA spine scans (Figures 1 and 2) may be
more reliable and more sensitive.28,29
QUANTITATIVE COMPUTED TOMOGRAPHY

QCT measures the lumbar spine as well as
peripheral sites (Figure 3). The results are less
likely to be affected by degenerative spinal
changes than PA spine DXA scanning. Also,
unlike DXA, QCT allows for selective assessment of both cortical and trabecular bone.
Trabecular bone, because of its higher rate of
turnover compared with cortical bone, would
be expected to show metabolic changes earlier. Its ability to enable prediction of spinal
fracture, however, is equal to that of DXA
scanning; the cost and level of radiation exposure are higher.12
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FIGURE 1. Dual-energy x-ray absorptiometry of the spine, (left) posteroanterior (PA) and (right) lateral views. Views of L2 through L4 with
associated regions of interest. Notice that the PA view includes posterior cortical elements, and the lateral view T score is lower, thus being
more sensitive for osteoporosis. The respective curves for age are also
shaped differently, because of increasing sclerotic/degenerative
changes that overlap on the PA view. Notice that the patient’s PA T
score is −1.67, while the lateral T score is –2.91 standard deviations
below peak young-normal levels.

Region

Estimated area
(cm2)

Estimated BMC BMD
(g)
(g per cm2)

Neck

5.85

3.45

Troch

12.74

7.11

0.558

Inter

20.69

20.49

0.990

Total

39.28

31.05

0.791

Ward’s

1.03

0.41

0.394

Midline

ULTRASONOGRAPHY

Determination of BMD alone explains only
about 60 to 80 percent of the variation in bone
strength and provides no information on
bone architecture. In addition to BMD, the
skeletal characteristics that contribute to bone
fragility include accumulated fatigue and
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FIGURE 2. Dual-energy x-ray absorptiometry, left hip view. The rectangular region samples the femoral neck bone mineral density (BMD).
The small square samples “Wards’ triangle,” which represents the lowest BMD in the hip. This area often shows the earliest loss or earliest
improvement in the hip.
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changes in trabecular or cortical architecture.24 It is thought that bone ultrasonography
measures these properties.30
Ultrasound examination measures the
speed of sound as well as broadband ultrasonic attenuation of the site being measured.17

FIGURE 3. Quantitative computed tomography (CT) of the spine.
Patient is lying on “phantom” table, containing five permanent reference densities that are queried on the same scan as the patient’s L3 vertebral body density. The reference phantom helps to compensate for
variabilities in the CT machine and to provide reference for calculating
actual bone mineral density.
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Ultrasonic attenuation is thought to be related
to bone architecture and ultrasound speed to
material bone properties such as density,
although these theories are not universally
accepted.30
The calcaneus is the primary site of measurement.24 Fracture risk discrimination by
ultrasound examination is equivalent to that
of DXA,12 especially for hip fracture.17,30 As yet
there is no universally accepted ultrasound
cut-off value for the diagnosis of osteoporosis.24,30 Ultrasonography, unlike DXA or QCT,
currently cannot be used for monitoring
skeletal changes over time or evaluating response to therapy.12,15,24,30 Interestingly, using
a combination of ultrasonography and BMD
measurement does not seem to improve the
physician’s ability to predict fracture.17
Selection of an Imaging Modality
Deciding which bone imaging modality to
use is not always easy. As shown in Figure 4,
vertebral fractures are of much greater concern than hip fractures in women who are
younger than 65 years of age or within
15 years of menopause. Any of the imaging
modalities may be appropriate, especially
those that include imaging of the spine.22,31 In
women older than 65 years, hip fractures
become more of a concern, and degenerative
spinal changes11,15,23,25-27 and aortic calcification8(pp12-22),25 are more prevalent. Thus, in
this population, hip imaging, lateral spine
DXA, and peripheral imaging (e.g., calcaneal
ultrasonography) may be suitable alternatives. PA spinal DXA should be avoided.22,29,31
Determinants of Serial
Bone Mass Measurement
The precision error of a given modality of
BMD measurement determines the duration
of time between readings before a difference
can be detected. Generally, determining significant increases or decreases in bone mass
takes one to two years.3,12,32 Only central
imaging modalities have enough precision to
allow for serial measurements.8(pp42-44),12
VOLUME 65, NUMBER 7 / APRIL 1, 2002
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Assessing Bone Mineral Density in Women
Age < 65 years

Age > 65 years

No risk factors

Risk factors

No risk factors

Calcaneal US

DXA scan of spine
or QCT of spine

Calcaneal US
(less helpful)

Risk factors

DXA scan of hip or lateral spine,
or QCT of hip

FIGURE 4. Algorithm for the assessment of bone mineral density in women. Imaging modalities
that assess the spine are appropriate in women younger than 65 years because vertebral fractures are of greater concern than hip fractures in that population. After age 65, hip fractures are
more prevalent, and degenerative spinal changes and aortic calcification can complicate posteroanterior spine imaging. (US = ultrasonography; DXA = dual-energy x-ray absorptiometry;
QCT = quantitative computed tomography)

Intervention Thresholds
Because of the continuous distribution of
BMD, there is no absolute “fracture threshold” to indicate a threshold for intervention.
The choice of a fracture threshold is therefore
somewhat arbitrary.7 Also, as mentioned earlier, skeletal architecture plays a role in bone
stability.24
A combination of factors should be considered when deciding on intervention. An analogy would be the management of hyperlipidemia, in which management thresholds
depend on other risk factors as well as lipid
levels.33
Currently, the prospective studies needed to
construct a validated algorithm for the treatment of osteoporosis that includes risk factors
for fracture in addition to BMD assessment
are lacking.2 Calcaneal ultrasound examination should be considered as a screening
modality when osteoporotic risk is unknown
or thought to be minimal. In a patient with
multiple osteoporotic risk fractures, the physician should consider obtaining a DXA scan
(or QCT) of the skeletal area of most interest
for fracture risk assessment. Thus, current
APRIL 1, 2002 / VOLUME 65, NUMBER 7

management has to be individualized. Treatment options, which are not reviewed in this
article, include calcium, vitamin D, estrogen,
selective estrogen receptor modulators, bisphosphonates, and calcitonin. Early diagnosis
of osteoporosis is of great importance because
institution of therapy can reduce the morbidity and mortality of osteoporotic fractures.
The authors indicate that they do not have any conflicts of interest. Sources of funding: none reported.
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