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Accuracy of DEXA scanning &
other methods for

BMD- Measurement Site

> Ingeneral, densitometry techniques can be performed in
either the axial or the appendicular skeleton, depending
on the modality employed. T

» Peripheral measurements, performed in the appendicular
skeleton, help to predict the risk of fracture, however,
they are less sensitive for the monitoring of therapy than

Bone Measurement Techniques
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Single Photon Absorptiometry (SPA)

> The SPA technique uses a single gamma ray source (25T ) and a
scintillation detector to measure photons fransmitted through a
particular anatomical site in the appendicular skeleton.

» The gamma source and detector were coupled and scanned in a
rectilinear fashion across the region of interest.

> To correct for overlying soft tissue the anatomical site has to be

DPA

> DPA allows for simultaneous measurement of the transmission of
gamma radiation of two different energies which compensates
for the variation in overlying tissue and removes the need for
the tissue equivalent material.

> 193Gd is a common radionuclide used which provided dual energy

DPA

> The accuracy error of photon absorptiometry has been
estimated at 4-8% [Blake et al, 1999].

> Limitations of SPA & DPA include:
> Radi i




SXA 4 e
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> A collimated photon beam is directed from an x-ray source through the
measurement site.
> The photon attenuation of the beam by bone is then measured and
converted to bone mineral content.

X-rays

> The bone mineral content is computed from the increased absorption of
the beam as it passes from a constant thickness of soft tissue or water

SXA- Performance

» Studies suggest SXA measurements correspond well with the status of
the peripheral long bones but poorly with that of the axial skeleton
[Schlenker et al, 1976]

> Blake estimates the accuracy of SXA as similar to PA methods [Blake,
1999].

> Ina1993 study Kelly et al, evaluated the performance of a SXA device
with respect to precision /n vivo and in vitro, scan time, image quality,

D EXA Scirfllation

Courter

» Most widely used modality for the clincial
measurement of bone mineral content
[Compston et al, 1995]

> DEXA was introduced in 1987 and its
measurement principle is based on the method
of X-ray Spectrophotometry.

Reglon Est.Area Est.BHC  BHD
(ca2)  (grans) (gns/cn?)

108.12 5.82 8.497
12.12 7.6 8.591
13.80 0.08  8.673
1593  11.81 8.741
51.25 0.640

DEXA Performance
Factors affecting the accuracy of DEXA measurements:

» Variations in soft tissue composition within the X-ray beam

> Correct patient positioning and scan analysis
> Artefacts due to metal or clothing

> Scanner calibration

DEXA Performance :
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» Literature suggests that DEXA can be used to detect small changes in
bone mineral content at multiple anatomical sites, with little exposure to
radiation, short examinations time, high resolution images [Mazess et al,
1993], and excellent precision (0.5 -> 2%) and accuracy (3->5%) [Sorenson et
al, 1998]

DEXA Performance

» Main disadvantage of DEXA is that it does not enable
the examiner to differentiate between cortical and
trabaceular bone.

> Some literature suggest that DEXA is of limited use in




Quantitative Ultrasound (qUS)

> The use of US for the measurement of bone density has received
widespread attention because:

>Does hot involve the use of radiation

»>Inexpensive (lower cost than DEXA)

qUS- Principles

> Bone tissue can be characterized in terms of speed of sound and
broadband ultrasound attenuation (BUA).

> Speed of sound and attenuation of a sound wave are affected by
the density, compressibility, viscosity, elasticity, and structure of

quUS- Principles ] \a

> Pulse-echo (reflection) technique: uses a single transducer to
transmit and receive the signal. The generated US pulse travels
through the sample and is reflected at an interface fo be detected
by the same transducer.

> Transmission technique: uses two transducers, positioned either

qUS- Measurement Site

> Difficult to use US to measure common fracture
sites (hip & vertebrae) because the depth of
soft tissue surrounding these bones attenuates
too much of the US signal so a reading cannot be
obtained. /

quUS- Applications

> Newer US imaging devices offer a parametric image of broadband US
attenuation (BUA) at the calcaneus.

> For a given material the attenuation of the US wave will be constant,
known as its BUA index.

quUS- Applications

> The amplitude spectrum of the received signal is then compared to the
spectrum of a reference material.

> The difference between the two spectra is plotted against frequency
and the slope is the BUA index (dB/MHz).




qus - Performance

> Factors which affect accuracy & precision in qUS:
> Operator dependant: Incorrect pl of the measurement region
> Device dependant: Diffraction affects both attenuation & velocity
measurements.
> Patient dependant: Variability of bone width, soft tissue thickness or

qus - Performance

> However other studies found that the precision of QUS is generally poor
and changes in qUS of the heel may not reflect changes in BMD at the
spine or hip.

> Studies suggest that qUS is a useful tool in determining fracture risk

qus - Performance

> But qUS has limited usefulness (compared to DEXA) for monitoring and
comparing the effect of medications used fo treat osteoporosis.

> Some studies suggest that qUS may reliably screen out patients unlikely
to have a BMD in the osteporotic range, however subjects classified as

qCT

> PA, SXA and DEXA techniques are
projection techniques and as a result can
only measure BMD as an area density (2D),
and they include mineral from both cortical

and frabecular bone in the beam path.

qCT

> Advantages of qCT include
> Can measure trabecular and cortical bone separately, which offers an
advantage in terms of the choice of treatment because cortical and
trabecular bone do not change in parallel.
> it is the only modality which allows direct measurement of a volume
of bone, which can be expressed directly as densi

Clinical indications for QCT, defined by the
National Osteoporosis Foundation

> To assess bone density of peri-menopausal women for initiation of
estrogen replacement therapy.

> To establish a diagnosis of osteoporosis or assess its severity in




qCT - Principles
> qCT involves the use of a mineral calibration phantom and a CT

scanner.

» The phantom usually consists of hydroxyapatite in plastic and is
scanned simultaneously with the vertebrae.

qCT - Principles

> The CT determinations of vertebral
bone density are compared with
known readings of solutions in the
phantom.

qCT - Principles

> qCT is available in both single energy and dual energy modalities.
> The single energy technique offers better reproducibility and it is more
commonly recommended [Mirsky, 19991.

> However, standard single energy CT analysis of the lumbar spine fails to
account for increases in bone marrow fat concentration that occur with

gCT Accuracy

> Soft tissue inhomegenity affects the accuracy of qCT.

» The content of yellow marrow in the vertebrae may have a
significant effect on the accuracy of BMD measurements.

RERTEl EEE M (R

Radiographic absorpitometry (RA) is a technique for bone mass
measurement from radiographs of peripheral sites, most commonly the
hand or heel.

Its advantages include that it is less expensive and more widely available

Radiographic Absorptiometry (RA)

» The principle was first described in 1939, and RA
became relatively widely used as a research
technique in the 1960s, although interest in RA
subsequently dwindled as more precise non-

radiographic densitometry techniques became

available.




Radiographic Absorptiometry (RA)

> Initially, two radiographs of the hand and an aluminium
reference wedge are taken at different energies.

» The radiograph was then sent fo a central reading
facility where the image was captured electronically
and was analysed to determine the mean density of the

phlanges of th ourth fing

Radiographic Absorptiometry (RA)

> This is a low-cost and potentially widely available technique but is it
restricted to the appendicular bones such as the metacarpals and
phalanges, which are surrounded by a relatively small amount of soft
tissue.

> Recently, computerized image processing has been applied to

RA Performance

» Cosman [1991] reported correlations between RA and the standard
BMC techniques as r=0.58-0.9.

» Cosman also reported that RA measurements were found to predict
low bone mass of the lumbar spine and femoral neck with 90% and
82% sensitivity respectively.

Summary

> DPA - low radiation exposure and accuracy error of the order of 3-10%
for DPA of the spine, but long scan times, poor resolution & precision
errors range from 1.2-2% for the hip.

» SPA/SXA accuracy error ranges from 2-5% for SXA of the heel &

Summary

> DEXA is still considered the gold standard, with established clinical
efficacy. Low radiation dose and very good precision & accuracy. Multiple
measurements sites possible.

» qUS a portable, low cost application that results in no radiation exposure
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