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From 1990 to 2000, several effective new treatments were
introduced for the prevention of osteoporotic fractures; these
treatments were proven effective in large, international, clinical
trials. At the same time, there was rapid technologic innovation,
with the introduction of new radiologic methods for the noninva-
sive assessment of patients’ bone density status. These develop-
ments led to the publication of guidelines for the clinical use of
bone densitometry that include criteria for the referral of patients
for investigation as well as recommendations for intervention
thresholds for the initiation of preventive treatment of osteoporo-
sis. Dual-energy x-ray absorptiometry scanning of the spine and
hip remains the technique of choice for bone densitometry
studies, although there is now a wider appreciation of the need
for smaller, cheaper devices for scanning the peripheral skeleton
if the millions of women most at risk of a fragility fracture are to be
identified and treated. This article reviews these developments,
concentrating in particular on the advantages and disadvantages
of the different types of equipment available for performing bone
densitometry investigations, the guidelines for the referral of
patients, and the principles for the interpretation of the scan
findings.
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Over the past decade, osteoporotic fractures have co
to be recognized as one of the most serious problems i
public health. For a 50-y-old white woman, the lifetime risk
of suffering a fragility fracture of the spine, hip, or forearm is!
estimated to be 30%—40%, which compares with the percent-

mortality than other types of fractures. One quarter of
hip-fracture patients die within a year after their fractutg (

and survivors frequently suffer sustained disability and loss
of independence5j. However, it should not be forgotten
that fractures at other sites may also cause substantial pain
and disability.

The increased recognition of the scale of morbidity and
mortality attributable to osteoporosis has led to a major
effort by the pharmaceutical industry to develop new
therapeutic strategies for the prevention of fractuess)
Estrogen deficiency after menopause is one of the most
documented causes of osteoporosis and can be prevented by
hormone replacement therapy (HRT). However, although
HRT has additional benefits that include the prevention of
cardiovascular diseasB)( it may also cause an increase, of
approximately 35%, in the risk of breast cancer in long-term
users 10). In addition to such fears, compliance with HRT
may also be a problem because of side effects such as
bleeding, weight gain, and breast tenderness. Consequently,
much effort has been devoted to developing alternative
treatments for osteoporosis. Among these treatments, bisphos-
phonates are becoming increasingly recognized as the
treatment of choice at the present timfié{13. Another new
class of therapeutic agents recently introduced is the selec-
tive estrogen receptor modulators (SERMs), which are
compounds that have a unique ability to mimic the beneficial
enects of HRT on osteoporosis and cardiovascular disease
while antagonizing the effects of estrogen on the breast and
terus (4,15.

Associated with the growing awareness of the signifi-

ages for breast cancer and cardiovascular disease of 98gnCe Of osteoporosis for public health and the development
12% and 30%—40%, respectively) (For men, the risk of an of new treatmer_ns for |ts_prevent|on, m_the past decgde there
osteoporotic fracture is about one third of that in women. [f2S Peen a rapid evolution of new radiologic techniques for
the United States in 1995, the total health care codhe noninvasive assessment of skeletal integrity (Table 1)
attributable to osteoporotic fractures exceeded $13 billidh6.19. The technique most associated with the recent
(2), a figure that is expected to rise to between $30 and $@tPwth in bone densitometry is dual-energy x-ray absorpti-
billion by the year 20203). Of these costs, about two thirdsometry (DXA) (18). DXA was developed in the mid-1980s
are attributable to hip fractures. In addition to incurringfom the earlier technique of dual photon absorptiometry
greater costs, hip fractures also cause greater morbidity dRPA) by replacing theé>*Gd radionuclide source with an
x-ray tube. Because of the advantages of high precision,

short scan times, low radiation dose, and stable calibration,
DXA has proven to be appropriate in meeting the need for
scanning equipment to assist in the diagnosis of osteoporosis
and aid decisions about treatment.
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TABLE 1
Characteristics of Different Bone Densitometry Techniques

Effective
Regions Units Precision  dose
Technique of interest reported (%CV) (USv)
DXA PA spine BMD (g/cm?) 1% 1-10
Proximal femur 1%-2% 1-10
Total body 1% 3
QCT Spine BMD (g/cm?3) 3% 50-500
pDXA Forearm BMD (g/cm?) 1%—-2% 0.1
Calcaneus 1%—2% 0.1
pQCT  Forearm BMD (g/cm?3) 1%—-2% 1-3
RA Phalanx BMD (g/cm?) 1%-2% 10
QUS Calcaneus BUA (dB/MHz)  2%-5%  None
Calcaneus SOS (m/s) 0.1%-1%  None
Tibia SOS (m/s) 1%-2% None
Multisite SOS (m/s) 1%-2%  None

PA = posteroanterior; BUA = broadband ultrasonic attenuation;
SOS = speed of sound.

THE DEFINITION OF OSTEOPOROSIS

The T-score is calculated by taking the difference between
a patient's measured BMD and the mean BMD of healthy
young adults, matched for gender and ethnic group, and
expressing the difference relative to the young adult popula-
tion SD:

T-score= Measured BMD—
young adult mean BMD/young adult SD.

Therefore, a T-score result indicates the difference between
the patient’s BMD and the ideal peak bone mass achieved by
a young adult.

The WHO definitions of osteoporosis and osteopenia are
based on T-score values such that an individual with a
T-score=—2.5 at the spine, hip, or forearm is classified as
having osteoporosis; a T-score betweeR.5 and—1 is
classified as osteopenia; and a T-scerel is regarded as
healthy. A fourth category of “established osteoporosis” was
also proposed to denote osteoporosis as defined above but in
the presence of 1 or more documented fragility fractures,
usually of the wrist, spine, or hip.

The WHO study group definitions of osteoporosis, osteo-
penia, and healthy are intended to identify patients with

The term “osteoporosis” is derived from the classicalligh, intermediate, and low risk of fracture, respectively
Greek word “osteon,” meaning bone, and “pOI‘OS," meaninéFig. 1) Itis important to reCOgnize that the WHO criteria
a small passage or pore. Thus, the term is descriptive of figéer only to BMD measurements of the spine, hip, or
changes in bone tissue found in this generalized skelef@rearm. As is discussed later, these definitions cannot
disease. The modern definition of osteoporosis is “a sydutomatically be applied to other BMD measurement sites or
temic skeletal disease characterized by low bone mass &acPther technologies such as quantitative CT (QCT) or
microarchitectural deterioration of bone tissue, with a cons@uantitative ultrasound (QUS) (Table 1).
guent increase in bone fragility and susceptibility to frac- The rationale for the WHO definition of osteoporosis is
ture” (19). It should be noted that this definition does not
necessitate that an individual sustain a fracture before_a

diagnosis of osteoporosis is made but introduces the cond
of low bone mass and its relationship to increased fracty
risk. Although it could be argued that it is wrong to define

disease on the basis of what is essentially a risk factor (i.e.

low bone density), there is nevertheless some logic to tf]
because fractures only occur late in the disease process W
skeletal integrity is already severely compromised. Ther
fore, it is desirable to identify individuals at high risk for|
osteoporosis, with the goal for beginning treatment ear
enough to prevent fractures from occurring.

DEFINITION OF OSTEOPOROSIS USING BONE
MINERAL DENSITY

In recent years, the widespread availability of bon|
densitometry systems has led to working definitions
osteoporosis that are increasingly based on measuremen
bone mineral density (BMD). In particular, in 1994 a Worlq
Health Organization (WHO) study group recommended
definition of osteoporosis that was based on a BM
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FAGURE 1. Gradient-of-risk relationship between bone density

Bnd fracture risk. Bone density is plotted in T-score units relative

measurement of the spine, hip, or forearm expressed in 8Dmean and SD of healthy young adult population. WHO
units called T-score£0,23). The WHO report also proposeddeﬁnitions of osteoporosis, osteopenia, and “normal” are in-

creating an intermediate category characterized by low b

Otended to identify patients at high, intermediate, and low risks of
f&tture. In this figure, a decrease in T-score by 1 unit increases

mass between the normal and osteoporotic states apgture risk by a factor of 2.5. This approximates to relationship

referred to as “osteopenia.”
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between hip BMD and hip-fracture risk (see Figure 2).
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that it captures approximately 30% of all white postmenavith a Z-score<—1 are at a substantially increased risk of
pausal womenl(). As explained above, this figure approxifracture compared with their peers.
mates to the lifetime risk of fracture for a 50-y-old woman.

In comparison, it can be argued that the WHO definition quCHNIQUES AVAILABLE FOR BONE DENSITOMETRY

osteopenia captures too high a percentage of women to b'ﬁ'able 1 lists the methods currently available for the

clinically u§eful, anq nowadays this term is benjg useq !eﬁ%ninvasive assessment of the skeleton for the diagnosis of
often, particularly in the context of therapeutic decisio

: o : steoporosis or the evaluation of an increased risk of
making. In contrast, the WHO definition of osteoporosis th cture. These include DXA, QCT, peripheral DXA (pDXA)
had a maj.or inﬂuence on _cIinich practice, to the extgnt thaté@ripheral QCT (pQCT), raoiiograbhic absorptiometry (RA,),
the 9ue§tlpn is, “Does this patient have.osteopor03|s, YeSfd Qus. These techniques differ substantially in fundamen-
no? ,th|s__|s now regarded as a T-score issue. tal methodology, in clinical discrimination and use, and in
) In addition to the T-scorg, 'another usefql way ‘,Jf eXpresa'eneral availability and cost. Each is reviewed briefly below.
ing BMD measurements is in Z-score uni2). Like the e yeader can find further information about these tech-

T-score, the Z-score is expressed in units of the populatiﬂ[hueS in several comprehensive revied8, (7,25,25
SD. However, instead of comparing the patient’s BMD with A

the young adult mean, it is compared with the mean BMBxa
expected for the patient's peers: For example, for a healthyOver the past decade, DXA has established itself as
subject matched for age, gender, and ethnic origin: the most widely used method of measuring BMD because
of its advantages of high precision, short scan times
S[gt_nd stable calibration in clinical use. DXA equipment (Fig.
3A) allows scanning of the spine and hip (Fig. 3B and 3C),
Although they are not as widely used as T-scores, Z-scokghich are usually regarded as the most important measure-
nevertheless remain a useful concept because they expragst sites because they are frequent sites of fractures that
the patient's risk of sustaining an osteoporotic fracturgause substantial impairment of quality of life and increased
relative to his or her peers. Epidemiologic studies of th@orbidity and mortality. A measurement of hip BMD has
relationship between BMD and fracture incidence are inteseen shown to be the most reliable way of evaluating the risk
preted using a gradient-of-risk model in which fracture riskf hip fracture (Fig. 2) 24,27. Also, because of the
increases exponentially with decreasing BMD (Fig.23)( metabolically active trabecular bone in the vertebral bodies,
The findings are expressed in terms of the relative risk (RRhe spine is regarded as the optimum site for monitoring
which is the increased risk factor for each 1-SD decreaser@sponse to treatmer2§).
BMD. Results for RR values by fracture site and BMD The fundamental principle behind DXA is the measure-
measurement site derived in a recent meta-analysis mént of the transmission through the body of x-rays of 2
prospective studie24) are plotted in Figure 2. Typically, different photon energy leveld ). Because of the depen-
every reduction of 1 SD in BMD equates to a 1.5-2.8ence of the attenuation coefficient on atomic number and
increase in the likelihood of fracture. It follows that patientphoton energy, measurement of the transmission factors at 2

Z-score= measured BMD-
age-matched mean BMD/age-matched

Bone Density

Measurement
2.5 Site
o .
= Spine
8 Calcaneus
T
'3-6 204 Distal Radius
?f: Mid Radius
o | Hip
2
kS
&’ FIGURE 2. RR values for fractures at

different skeletal sites for bone density mea-
surements in spine, calcaneus, distal ra-
dius, midradius, and hip. RR is defined as
increased risk of fracture for a 1-SD de-
crease in BMD. Data are taken from meta-
Fracture Site analysis of prospective studies collated by
Marshall et al. (24).
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energy levels enables the areal densities (i.e., the mass |§
unit projected area) of 2 different types of tissue to b

(hydroxyapatite) and soft tissue, respectively. Radiatiq
dose to the patient is very low (1-10 pSW9 and is [
comparable with the average daily dose from natural bag
ground radiation of 7 uSv. _
It is widely recognized that the accuracy of DXA scans i
limited by the variable composition of soft tissue. Becaus
of its higher hydrogen content, the attenuation coefficient
fat is different from that of lean tissue. Differences in the so
tissue composition in the path of the x-ray beam throug
bone compared with the adjacent soft tissue reference a
cause errors in the BMD measurements, according to {
results of several studie3@,31. Svendsen et al. reported o %
a cadaver study in which the effect of fat inhomogeneity d
the random accuracy errors for BMD measurements in t
spine, hip, and forearm were examin&d)( The root mean
square accuracy errors were reported to be 3% for forea
5% for spine, and 6% for femoral neck and total hip BMD.
The first generation of DXA scanners used a pinho
collimator, which produced a pencil beam coupled to
single scintillation detector in the scanning arm. Since the
the most significant development has been the introducti
of new systems that use a slit collimator to generatef
fanbeam coupled to a linear array of solid state detectors.
aresult, image resolution has improved, and scan times hg=
shortened from around 5-10 min for the early pencil beaj
models to 10-30 s for the latest fanbeam systems. Radiaf]
dose to patients is higher for fanbeam systems compa
with pencil beam, and the resulting increased scatter doset0

technologists may require more active precautions to linfifGURE 4. Portion of computer printout from spinal QCT scan
showing transverse, sagittal, and coronal images of 2 lumbar

exposure§2). vertebrae. The study was analyzed using commercially available
QCT software package (Mindways Software, San Francisco,
QCT CA).

QCT has the advantage of determining the true 3-dimen-
sional (i.e., volumetric) bone density (units: mgR&rmom- pDXA, pQCT, and RA
pared with the 2-dimensional areal density measured byDespite the widespread popularity of spine and hip DXA,
DXA. QCT is usually applied to measure the trabecular bortkere is continuing interest in the development of new
in the vertebral bodies (Fig. 438). The measurement candevices for assessing the peripheral skele8%). (The first
be performed on any clinical CT scanner, provided theone densitometers were forearm scanners that used the
patient is scanned with an external reference phantomtezhnique of single photon absorptiometry (SPA) that was
calibrate the CT numbers to bone equivalent values. Mdsased on &2 radionuclide source3g). A 25-y follow-up
CT manufacturers provide a software package to automgieriod of patients after SPA studies has shown that forearm
the placement of the regions of interest (ROIs) within thieone density measurements can predict fracture 8igk [n
vertebral bodies. Patient dose is much lower than foecent years, the technology has been updated by replacing
standard CT scans, provided the examination is performéet radionuclide source with a low-voltage x-ray tube
correctly @4). QCT studies are generally performed using @0-60 kV;) and using the principles of DXA to perform
single kV setting (single-energy QCT), when the principd8MD scans of the distal radius (Fig. 5) and the calcaneus.
source of error is the variable composition of the bonghe advantages of pDXA systems include the small foot-
marrow. However, a dual-kV scan (dual-energy QCT) is algwint of the devices, relatively low cost, and extremely low
possible. This reduces the accuracy errors but at the priceadliation dose (0.1 uS38)).
poorer precision and higher radiation dose. The advantage oflust as pDXA devices were developed as an alternative to
spinal QCT is the high responsiveness of the vertebfaXA scanning of the central skeleton, small dedicated
trabecular bone to aging and disea$€,83. The principal pQCT systems are also available for measuring the forearm
disadvantage is the cost of the equipment. (35). These devices have the advantage of separating the

DIFFERENT APPROACHES TOBONE DENSITOMETRY ¢ Fogelman and Blake 2019



BoneMass Calculation

Femnale N-DIS BMD

BMD (glo?)

}; "
]
a
a
=

Patient N
= Demographics = +« BoneMass Results = » Measurement »
’ radius| ulna| N-DIS N-ULT 190007801 .0DA
. q ¢ 61 years C : 2.264(1.494| 3.758 - ans udy : 20.Jun.97?
FIGURE 5. Computer printout from pDXA =ight : 0.0 cnm||Area: 4.11]| 3.06| 7.18 . e @ N-TOT

scan of distal forearm. Scan was performed IR IS W | 9 e

on DTX-200 system (Osteometer Meditech,
Hawthorne, CA). p _F4-Options FS-ReCalc

trabecular and cortical bone of the ultradistal radius and dévices using the heel as the measurement site (Fig. 6). The
reporting volumetric density. Although widely used in somealcaneus is chosen because it encompasses a large volume
countries in Europe, they have been primarily limited tof trabecular bone between relatively flat faces and is readily
research studies in the United States. accessible for transmission measurements. The physical
RA is a technique that was developed many years ago fminciples of QUS measurements are outlined in Figure 7. A
assessing bone density in the hand, but the technique basographic pulse passing through bone is strongly attenu-
recently attracted renewed intere35), It has the advantage ated as the signal is scattered and absorbed by trabeculae.
of using conventional x-ray equipment, usually with théttenuation (measured in decibels) increases linearly with
addition of a small aluminum wedge in the image field fofrequency, and the slope of the relationship is referred to as
calibration. The radiographic image is captured on a pdhe broadband ultrasonic attenuation (BUA; units: dB/MHz)
sonal computer and then processed automatically usingFag. 7C). BUA is reduced in patients with osteoporosis,
specially developed software application to measure BMilecause there are fewer trabeculae in the calcaneus to
in the phalanges. The main advantage of RA is its potentettenuate the signal. In addition to BUA, most QUS systems
for general use on the basis of the widespread availability also measure the speed of sound (SOS) in the heel by
conventional film radiography. dividing the distance between the sonographic transducers
Peripheral x-ray absorptiometry methods such as thdsg the propagation time (units: m/s) (Fig. 7A). SOS values
described above have obvious advantages when selecting reduced in patients with osteoporosis because, with the
bone densitometry methodologies suitable for use in physi-
cians’ offices or in primary care. However, epidemiologi
studies have shown that the discriminatory ability of perip
eral BMD measurements to predict spine and hip fracture
probably lower than when spine and hip BMD measur¢
ments are used (Fig. 2P4,27. In addition, changes in
forearm BMD in response to HRT, bisphosphonates, al.
SERMs are relatively small, making such measurements |
suitable than spine BMD for monitoring response to tre
ment 39,40. Finally, although the radiation doses to patie
and operator are both extremely small, pDXA and pQ
devices are subject to government regulatory requireme
controlling the use of x-ray equipment, including the
training of technologists and physicians in the principles ¢
radiation safety.

FIGURE 6. Achilles system for performing QUS measure-

us
Q US | techni f ina th iheral skel tments in the heel (Lunar Corp., Madison, WI). Devices such as
Q IS a technique for measuring the peripheral SKeIeIQk measyre BUA and SOS in calcaneus. The 2 measurements

that has raised considerable interestin recent y@&r3%,4).  are combined into 1 index (“Stiffness”), which is supposed to
There is a wide variety of equipment available, with mosinprove discrimination compared with BUA or SOS alone.
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FIGURE 7. Physical principles behind measurement of BUA

and SOS. (A) Received pulse is digitized, and fourier analysis
used to determine the power spectrum. Pulse transit time is used
for SOS measurement. (B) Power spectrum of signal transmitted
through patient’'s heel is compared with reference trace from
signal transmitted through water. Difference between the 2 traces
represents attenuation from patient’s heel. (C) When attenuation
through patient’s heel is plotted against frequency, linear relation-
ship is found at frequencies less than 1 MHz. BUA is defined as
slope of regression line and is measured in units of dB/MHz.

loss of mineralized bone, the elastic modulus of the bone is
decreased. Some manufacturers combine the BUA and SOS
values into a single parameter referred to as “stiffness” or
the Quantitative Ultrasound Index (QUI). These combina-
tions have no particular physical meaning but may improve
precision and discrimination by averaging out errors such as
those caused by temperature variatiod®).( With most
early-generation QUS devices, the patient’s foot was placed
in a water bath to couple the sonographic signal to the heel.
However, most recent devices are dry contact systems in
which rubber pads covered with sonographic gel are pressed
against the patient’s heel.

A major attraction of bone sonography devices is that they
do not use ionizing radiation and, therefore, avoid the
regulatory requirements for x-ray systems mentioned above.
In addition, the instrumentation is relatively inexpensive and
several devices, especially among the dry systems, are
designed to be portable. Therefore, sonography could be
more widely used than conventional DXA scanners, which
are largely restricted to hospital-based osteoporosis clinics.
Moreover, recent evidence from several large prospective
studies confirms that RR values for QUS measurements
predicting hip-fracture risk are comparable with DXA
(43-45.

There remain, however, several limitations to QUS mea-
surements. In general, the fracture studies mentioned above
were conducted in elderly populations who were older than
70 y, examined only hip-fracture risk, and used the earlier
generation of water-based calcaneal QUS systems. Thus, the
success of QUS in predicting fracture risk in younger
patients remains uncertain. Another difficulty with QUS
measurements is that they are not readily encompassed
within the WHO definitions of osteoporosis and osteopenia,
which, as emphasized above, should be applied only to
BMD measurements at the spine, hip, or forean,47.
Recently, Kanis and G&r proposed a more inclusive
paradigm in which a measurement of hip BMD would be
regarded as the gold standard for the definition of osteoporo-
sis @8). For the peripheral methodologies such as QUS,
intervention thresholds would be developed so that measure-
ments could be interpreted in terms of a fracture-risk
equivalent to that defined for hip DXA.

There are also several technical limitations to QUS. Many
devices use a foot support that positions the patient’s heel
between fixed transducers. Thus, the measurement site is not
readily adapted to different sizes and shapes of the calca-
neus, and the exact anatomic site of the measurement varies
from patient to patient. Furthermore, as a measurement site,
the calcaneus has the disadvantage of being particularly
sensitive to the amount of exercise the patient takes. The
former problem is avoided by imaging QUS systems that
perform a raster scan of the heel and ensure a more
consistent placement of the measurement 4&8g Finally, it
is generally agreed that the relatively poor precision of QUS
measurements makes many devices unsuitable for monitor-
ing patients’ response to treatmer@0). In part, this is
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because QUS technology is inherently less stable than DX@3-43. In addition to BMD, the statistical models used to
but in some devices this problem is compounded by a lackafalyze fracture studies also incorporate age as an indepen-
suitable anthropomorphic phantoms for adequate instrumeleint risk factor. In general, these studies show that, after

quality control. adjustment for BMD, each decade of age is associated with a
doubling of hip-fracture risk7).

RELATIONSHIP BETWEEN BONE The fact that different patients may be selected for

MEASUREMENT SITES treatment depending on the methodology used is conceptu-

The spine and femur are generally regarded as the megy more difficult, but it should be kept in mind that there is

important BMD measurement sites because they are the sR@Psolute fracture threshold (Fig. 1). There will always be

of the osteoporotic fractures that cause the greatest imp gstant:cal overlap between dmet?sulrem((ajnts from fractk;Jre
ment of quality of life, morbidity, and mortality. Many @10 nonfracture patients, and absolute discrimination be-

would still consider spine BMD the optimum measureme/df/6€Nn these groups is not possible using any type of BMD
because of its sensitivity to the changes associated asurement. Bone densitometry studies provide a measure
aging, disease, and therapy. However, spine BMD has tW‘efracture'rlsk that is analpgous to assessment of blood
disadvantage that, with advancing age, measurements R@SSure with regard to the risk of stroke, or measurement of
often affected by the presence of degenerative changes {Hig!esterol with regard to the risk of developing ischemic
lead to the artificial elevation of BMD values. This becomed€art disease. It is important to distinguish the concepts of

an increasing problem after the age of 70 y but can occlifX @S @pplied to an individual and to a population. BMD

earlier. Other clinicians would argue that hip BMD is thdneasurements are well suited to the study of populations,
most useful measurement, because it is the most predicfgere they are effective in identifying patients who have a
of hip fracture 4,27, which is clinically the most impor- higher than average risk of fracture but are less accurate in
tant fracture. In the research community, a consensusiqgmifyir,‘g _those individua!s who Wi”, later sustain a frac-
developing that the total femur should be the gold standa e. This is at least partially gxplamed b,y the _fact that
for bone densitometry measurememt8)( In practice, when although BMD may be the most important single risk factor

DXA measurements are performed, spine and hip BMD a%r fracture, osteoporotic fractures are nevertheless multifac-

usually both available for evaluation. torial and, in addition to low bone density, depend on other

Because osteoporosis is common and is a primary-caf&ues such as accidents and the propensity to fall.

disease, there is a need for a more simple evaluation of BMD
than DXA, which is generally found only in large hospitalsREFERENCE RANGES
There is therefore considerable interest in pDXA and QUS If the WHO criterion of a T-scores—2.5 is used to define
devices, because such systems are smaller and cheaper tiségoporosis, then it is apparent that any errors in the mean
DXA. Because osteoporosis is a systemic disease, bone 1B8D or population SD of the reference group might lead to
is not limited to the axial skeleton. However, correlatiosignificant differences in the apparent incidence of osteopo-
coefficients between BMD measurements at different skebsis when applied to other populations. The great majority
etal sites are typically around 0.6 to 0.7, and thus & centers that have a scanning service use reference ranges
measurement at 1 site is far from being a perfect predictormfovided by the equipment manufacturers, and issues over
that at any other. Furthermore, whatever intervention threghe accuracy of these ranges have caused controversy in the
old is chosen as the basis for initiating treatment, somewhatst 61). This continues to be a problematic area in view of
different groups of patients are selected depending on tie large number of new devices that are being introduced
measurement site. for the assessment of the skeleton. However, for DXA the
The meta-analysis of prospective fracture studies puproblem is now largely resolved after a report by the
lished by Marshall et al.24) provides a basis for evaluatingInternational Committee for Standards in Bone Measure-
the relative merits of different measurement sites for thment (ICSBM) 62), which recommended that hip BMD
assessment of fracture risk (Fig. 2). The data show thateasurements should be interpreted using the total femur
although there is a strong indication that hip BMD measur®OI and the hip BMD reference ranges derived from the
ments are best at predicting hip fracture, the degree to whidhS. NHANES 1l study 63). The NHANES Il project
spine BMD best predicts vertebral fracture or radius BMBtudied a nationally representative sample of over 14,000
forearm fracture is weaker and less conclusive. Furthermomreen and women with approximately equal numbers of
when assessed by the ability to predict fractures occurringradn-Hispanic white, non-Hispanic black, and Mexican
any site, the RR values are closely comparable for tiemericans. Data were gathered using Hologic QDR1000
different measurement sites. Thus, on the basis of the preséesitometers operated from trailers so that subjects from all
knowledge, and with the probable exception of hip fractureggions of the United States could be included. The ICSBM
the differences between the various BMD measurement siteport recommends use of the total femur ROI instead of the
for predicting future osteoporotic fractures are relativelgreviously widely used femoral neck site because of its
slight. As discussed above, recent studies now extend thigproved precision and the fact that it is the hip region most
conclusion to include QUS measurements of the calcaneeadily implemented on all manufacturers’ systems.
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Many centers have already acted on these recommen®F approach that there will be different thresholds for
tions, and they are increasingly being used for scan repdrttervention depending on the cost of treatment. Although
ing. It is important to note that these changes affect tlilee NOF report is an extremely important document, with an
percentage of patients who are diagnosed as having osteapdensive review of the relevant background information, it
rosis at the hip. Using the total femur ROI and the NHANE nevertheless complex, and it is unlikely that primary care
Il reference range, fewer patients will be diagnosed ghysicians will instigate treatment on the basis of such a
having osteoporosis than using the femoral neck ROI asdheme. The NOF subsequently published a physicians’
the manufacturer’s reference ran@d)( There is no definite handbook with simplified recommendations that included
right or wrong answer in this situation. What is moreghe availability of BMD measurements for all women over
important is to have a consistent approach, and it is certairthe age of 65 y and in all postmenopausal women under the
highly desirable to have universally accepted DXA BMIage of 65 y in whom clinical risk factors are preseb®)(
criteria for the diagnosis of osteoporosis. Even if desirable, such a recommendation is simply not

One advantage of presenting bone densitometry resultdéasible in Europe at the present time.
terms of T- and Z-scores is that they avoid the confusion Clinical guidelines for the prevention and treatment of
caused by the raw BMD figures that differ for differenbsteoporosis in the United Kingdom were recently published
manufacturers’ equipment®). The ICSBM Committee has by the RCP%8). The authors concluded that at present, there
addressed this issue by publishing equations that allow easmo consensus for a policy of population screening using
manufacturer to express their BMD values on a consistdBMD scans. Instead, a case-finding strategy is recom-
scale in standardized units (SBMD: units mg&t62,56. mended for referring patients for bone densitometry on the
Their report also included figures for the NHANES Il totabasis of a list of widely accepted clinical risk factors (Table

femur reference data converted into sSBMD values. 3). The list is identical to that published in the EFFO report
(1). The RCP report also recommended a T-score 62.5
CLINICAL DECISION MAKING as the basis for instigating therapy.

With the development of new treatments for preventing 't is important to emphasize that the WHO definition of
osteoporosis and the wider availability of bone densitometRpteopeniat2.5<T < —1) is not useful in isolation with
equipment, much debate has centered on the issue of fggard to decisions about treatment, because it captures too
clinical indications for the diagnostic use of bone densitonfigh & percentage of postmenopausal women and, in fair-
etry and recommendations for the initiation of treatment d#SS, was never intended to be used in this way. A
the basis of the findings. In the United States, an inf|uenti§q?nsiderable body of evidepce indicates that it.is the patients
report was published by the National Osteoporosis Found4ith the most severe disease who benefit most from
tion (NOF) 7). In Europe, similar reports have been issue@ntiresorptive therapies such as blspho_sphonét))s'l(hus,
by the European Foundation for Osteoporosis (EFF() (there seems to be a consensus supporting the use of a T-score
and in the United Kingdom by the Royal College oPf =—2.5 as the appropriate intervention threshold for
Physicians (RCP)®). instigating treatment in white women. However, it is impor-

The NOF report %7) included a sophisticated set oftant to take all the other relevant clinical factors into account
guidelines for therapeutic intervention. Various nomogran®ich as those listed in Tables 2 and 3. In particular, the age of
were developed that incorporate age, BMD, and 4 other ritlie patient and whether there is a history of previous fragility
factors for osteoporosis (Table 2). An interesting aspect Bfctures are important independent predictors of future
the NOF approach is that the calculations for therapeufi@cture risk. _ .
intervention are based on the concept of a quality-adjustedNO consensus has yet emerged on what intervention
life year, which is approximated to be $30,000. This is thresholds are appropriate in men and other ethnic groups.
relatively high value and one that would not be considerddPWwever, the revised guidelines recently published by Kanis
appropriate for application in Europe. This implies that the@d Glier (48) recommend that the same absolute BMD
may have to be different BMD criteria for therapeuti¢hrésholds applied to white women should also apply to

intervention in different countries. It also follows from th&hese other groups. There are also difficulties in applying the
WHO criterion in elderly persons, because, on the basis of a

T-score of—2.5, the majority of women will have osteoporo-
sis. It may be more appropriate to use Z-scores in elderly
persons, but at present there is no consensus on how this can
best be achieved.

TABLE 2
Risk Factors for Osteoporosis, Additional to Age and BMD,
Incorporated in the NOF Guidelines for Therapeutic Intervention

® History of fracture after age 40.
® History of hip, wrist, or vertebral fracture in a first-degree relative. SUMMARY AND CONCLUSION
® Being in lowest quartile for body weight (=57.8 kg [127 Ib]).

« Current cigarette smoking habit In the 1990s, large international clinical trials proved the

effectiveness of several new treatments for the prevention of
osteoporosis, such as bisphosphonates and SERMs. In

Data from NOF guidelines (57,59). addition to these developments, the pace of technologic
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TABLE 3
Risk Factors Providing Indications for the Diagnostic
Use of Bone Densitometry

Category

Risk factor

Presence of strong risk factors

Radiographic evidence of osteo-
penia or vertebral deformity
Previous fragility fracture, espe-
cially of the hip, spine, or wrist

Loss of height, thoracic
kyphosis (after radiographic
confirmation of vertebral
deformities)

Data from RCP guidelines (58).

Estrogen deficiency
Premature menopause (age
<45y)
Prolonged secondary amen-
orrhea (>1vy)
Primary hypogonadism
Corticosteroid therapy
Prednisolone >7.5 mg/day for
1y or more
Maternal family history of hip
fracture
Low body mass index (<19
kg/m?)
Other disorders associated with
osteoporosis
Anorexia nervosa
Malabsorption syndrome
Primary hyperparathyroidism
Post-transplantation
Chronic renal failure
Hyperthyroidism
Prolonged immobilization
Cushing’s syndrome

outlined above mean that it may have a role in many
specialist departments and primary care facilities. However,
in view of the large number of commercial devices avail-
able, there are concerns about whether all the reference
ranges are accurate and appropriate. As emphasized above,
the WHO definition of a T-score &t —2.5 cannot automati-
cally be applied to QUS, and there is a consensus emerging
toward defining intervention thresholds for peripheral de-
vices on the basis of estimates of absolute fracture risk. It
seems premature to advocate the routine use of QUS until
these issues have been resolved and appropriate clinical
strategies have been agreed on. Nevertheless, it is probable
that sonography will be widely used for the assessment of
the skeleton within the next 5 to 10 y, and at that point there
would effectively be screening for osteoporosis.
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