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some bones are more likely to fracture than others. The
development of osteoporosis occurs over a lifetime.

Bone tissue consists of several fibers including collagen, a pro-
potential risk factors for osteoporosis; (b) describe osteo- tein that proyides a.soft framework. This collagen _framework _is
porosis and its natural history; and (c) identify methods hardened with calcium, phosphorus and other minerals, which
for detecting normal and abnormal bone mineral density ~ add strength to the framework. The combination of these sub-
results. stances makes bones strong yet flexiblgithstand stressi(5).

Key Words: osteoporosis; bone densitometry Throughout a person’s lifetime bone tissue goes through a
J Nucl Med Technol 1999; 27:266-270 process called remodeling. There are 2 functions that occur
during this process: formation, whereby new bone is added, and
resorption, whereby old bone is removed. There are 2 cell types

o ) ) involved: osteoclasts, which break down bone, and osteoblasts,
Osteoporosis is recognized as one of the most serious problemich rebuild bone. as well as many hormones that are
in public health, threatening 28 million Americans of whom responsible for balancing this proceds.

80% are women 1-6). Annually osteoporosis leads 0 1.5  £qrmation occurs much faster than resorption during child-

million fractures, including 300,000 hip fractures, 700,000 hood and adolescence until peak bone mass (maximum bone
vertebral fractures and 250,000 wrist fractures, accounting foaensity and strength) is reacheti5). Ninety-eight percent of

$14 billion in health care costd£9). Approgimately _50% of peak bone mass is reached by age 20 for boys and by age 18 for
women over 50y of age haV(_a ostgoporg&s and W||I.suffer arl;)irls (2,9,1). Approximately another 5% is added before age
osteoporosis-related fracture in their lifeting-6). The risk of 28, when mineral acquisition is complete. After age 30, bone

fracture in women due to osteoporosis is equal to the risk OFesorption starts to exceed bone formation and bone mass

suffering a myocardial infarction and the risk of hip fracture declines. Osteoporosis develops when bone resorption occurs
alone is equal to the combined risk of developing breast, uterinfz00 quickly or if bone formation occurs too slowly,

and ovarian cancef(7). Osteoporosis is the primary cause of
hip fractures in women and 1 in 3 women will suffer a vertebral
fracture 38-6). Women who suffer hip fractures have a 20% RISK FACTORS
mortality rate afte 1 y and 50% suffer from reduced functional
capacity 2—8). Currently there are no cures or preventive Certain risk factors have been linked with the likelihood of
measures for osteoporosis, but early detection and treatmefgVeloping osteoporosis, however, some individuals with osteo-
can delay the onset and severity of the disease. porosis will not present with any risk factors. Some risk factors
can be modified, while others cannot.
Two major risk factors for osteoporosis, which cannot be
modified, are gender and agé,%,9. Women have a much
Osteoporosis is a systemic skeletal disease characterized lgyeater chance of developing osteoporosis than men. This is
low bone mass and micro-architectural deterioration of bonédecause women tend to build less bone mass and the decline of
tissue with a consequent increase in fragility and susceptibilityestrogen at menopause causes bones to break down more
to fracture (,2,7,9,10. Although it affects the whole skeleton, rapidly. By age 65, some women have lost half their skeletal
mass {§). Other risk factors that cannot be modified include:
ethnic heritage, body size and family history. Risk factors that
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Objective: This article is the third in a 4-part series on
women'’s health issues and nuclear medicine. After reading
this article the technologist should be able to: (a) state
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DETECTING OSTEOPOROSIS Radiographic Absorptiometry

Osteoporosis is sometimes referred to as the “silent disease” Radiographic absorptiometry has been used as an alternative
because bone loss occurs without symptoB)s Reople may — t© dual-energy absorptiometry. A radiograph of the hand is
not be aware they have osteoporosis until they suffer a fractur@imultaneously obtained with a reference aluminum wedge
Bone densitometry (bone mass measurements) has becomdZl8- The density of the wedge is compared to the densities of
precise and accurate tool to assess risk of fracture, detect Iowe second, third and fourth fingers and bone mineral densities

bone density before fractures occur, confirm a diagnosis of'® analyzed using a optical dosimeter and computer. It is

. . considered fast, inexpensive and involves low levels of radia-
osteoporosis after a fracture, predict chances for future frac: . . .

. . tion, however, this technique can be inaccur2ié .
tures, determine the rate of bone loss, and monitor treatment

(2,4,5,9. Bone mineral density at the site of measurement is thg jjtrasound

best predictor of fracture risk for any bon&12. This is Ultrasound is a mechanical wave, which measures the
important because the most common sites of fracture that 9CClroadband ultrasonic attenuation and velocity of sound across

with osteoporosis are the vertebrae and femoral neck. BonBOne (L,2,7. It determines not only mineral properties but also

densitometry is used most often to assess patients who are gl .ra| properties of the bong, ). Ultrasound is considered
increased risk for osteoporosis. Examples of such patient§oh fast and safe. There is no radiation dose to the patient.

include women who are postmenopausal, women and men witBy,gies have shown good correlation with both dual-energy
a medical or surgical disorder known to cause osteoporosis, a'”!é’osorptiometry and quantitative CT for determining bone
individuals who have had atraumatic fractures before age S@hineral density. The bone density correlation was not sufficient
(2,7). It also can be used to monitor an individual’s response tqo predict the risk of fracture in the spine and femur in
certain treatments. individual subjects 7,19,20. Most measurements are per-
Bone densitometry has experienced a rapid evolution oveformed on the calcaneus and the results may vary depending on
the past 10 y 13,14. It can be performed with several the position of the foot. This results in poor reproducibility and
techniques including: single- or dual-energy absorptiometryeliminates its use for assessment in response to treat@jent (
conventional radiography, quantitative computerized tomogra-
phy, radiographic absorptiometry, and ultrasoub@,7,9. Al Single- and Dual-Energy Absorptiometry
bone densitometry procedures, except ultrasound, use a radia-Photon or x-ray absorptiometry uses a beam or beams of
tion source (x- or gamma ray2). These methods are based on energy that scan the area of interest opposite a detector. Earlier
the principle that attenuation of x- and/or gamma rays is relatedhstruments included a single source of energy (single-energy
to the thickness and composition of tissue in its pdt}2 (. absorptiometry) and could be used only for peripheral sites,
Bone thickness is the dominant cause of attenuation at mo&uch as the forearm which has only a small variation in tissue
skeletal sites, however, some sites have a smaller variation ihickness. Newer absorptiometry techniques involve 2 beams of
soft-tissue thickness than othefsd). Converting attenuation distinct energy (dual-energy absorptiometry), which allows the
values to equivalent mineral thickness and comparing thesgorrection of soft-tissue attenuation. This allows scanning of

values to population-based normal subjects determines borRPth peripheral (forearm) and axial (hip and spine) siggs3.
mineral density 2). Single-energy absorptiometry used a radioactive souréélpf

which has an energy of 29 ke\21). The low energy prevented
this method from being useful in larger areas, such as the spine
and femur. The first dual-energy techniques introduced used a

Conventional radiography can detect decalcification of theradioactive source df3Gd (1,7,13,2}. Gadolinium-153 yields
bone. Decalcification must be marked and osteopenia can benergies of 44 keV and 100 keV, which creates dual beams for
detected only after a 20%—40% loss of bone mass has occurregtquisition. This dual-energy technique allows accurate measure-
(2). Conventional radiography does not allow early diagnosis oments at larger bone sites. These devices were placed in nuclear
detection of small changes in bone densiy ( medicine laboratories because of the radioactive sources.

X-ray absorptiometry, which uses 2 x-ray energy windows,
was introduced later. Both the single- and dual-energy system

ield a precision error as low as 1% and some x-ray systems

Quantitative computerized tomography is the only metho‘ﬁave errors as low as 0.5%1). Radiation exposure is very low
that can provide true bone density measuremetis (t can  for poth systems, however, scanning time is less for the x-ray
distinguish between cortical and trabecular bone compartment$ystem, allowing faster patient throughput. Another advantage
because transaxial images of the body can be acquire@f the x-ray systems is the photon flux remains consistent,
Volumetric measures (gm/cinof bone mineral density can be whereas the systems using radioactive sources decay over time
obtained for the lumbar spine and peripheral bones, such as thghd require replacemerit,27). Although somé>s3Gd systems
radius, ulna and tibia(7,19. However, quantitative computer- still may exist, the majority of scanners now are x-ray systems.
ized tomography currently cannot provide measurements folrhis procedure, however, still resides in a large number of
the femur and requires large doses of radiat®yd,(L7). nuclear medicine laboratories throughout the country.

Conventional Radiography

Quantitative Computerized Tomography
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L2 — L4 COMPARISON TO REFERENCE
1.45
BMD 1.21
(g/cm*) §.97
8.73
8.48 /
....... 28 40 68 88 168
AGE (years)
i : L2 — L4 BMD (g-/cm?) 1.186 * 8.81
[ — o L2 - L4 » YOUNG ADULTZ 91 * 3
LUNAR® L2 - L4 » AGE MATCHED3 99 *+ 3
Age (years)......... 51 Large Standard...... 275.36 Scan Mode............... Medium
SeX.ivinnnnns [ Female Medium Standard..... 204.28 Scan TYpPe..eeveennaanann DPX
Weight (lb)......... 130.0 Small Standard...... 145.50 Source Collimation (mm). 1.68
Height (in)......... 68 Low keV Air (cps)... 846919 Sample Size (mm)........ 1.2x1.2
Ethnic......cvnun... white High keV Air (cps).. 501834
System....oeeveannan 6218 Rvalue (%Fat)....... 1.381( 5.6)
BMD % Young? % Age?
REGION g/cm? Adult Matched
L1 1.032 + 0.03 94 102
L2 1.090 + 0.03 90 97
L3 1.166 + 0.03 96 104
L4 1.070 + 0.03 88 95
Ll - L2 1.061 + 0.02 92 100
L1 - L3 1.100 + 0.01 94 102
L1 - L4 1.091 + 0.01 92 100
L2 - L3 1.131 + 0.02 93 101
L2 - L4 1.106 + 0.01 91 99
L3 - L4 1.112 + 0.02 92 99
2 - USA AP Spine Reference Population, Ages 20-40. See Appendices
3 - Matched for Age, Weight, Ethnic. See Appendices.

FIGURE 1. Example of a normal dual-energy absorptiometry study of the lumbar spine. This study was performed on a dual x-ray
absorptiometry instrument (DPX system; Lunar, Madison, WI).

Dual-energy absorptiometry is the method of choice for bongo remove any metallic items that may be in the scan path,
mineral density measurementsZ,7,13,2). Results are highly including any articles of clothing that have metallic items
reproducible and accurate and this technique can be used tatached such as metal zippers and buttons. It is also important

measure both peripheral and axial sites. to inquire whether the patient has had a recent gastrointestinal
study involving barium because this may interfere with imaging
ACQUIRING AND PROCESSING DUAL-ENERGY results
ABSORPTIOMETRY To acquire images of the lumbar spine, the patient is placed

Dual-energy absorptiometry is easy to perform. No speciabupine on the imaging table and a cushion is placed under the
patient preparation is required. The patient should be instructelkgs to elevate the lower extremities, separate the lumbar
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regions, and press the pelvis and lumbar regions flat against tifemoral head. On completion of imaging, computer processing
imaging table. It is important to ensure that the patient isis performed to calculate bone mineral density results.
straight and instruct the patient not to move during imaging. In  Processing of bone mineral densities is easy to perform and
arectilinear fashion, images are acquired from L1 to L5. can vary slightly from system to system. Processing ofutth&bar
Imaging also may be performed on the femur similar to thespine involves applying an edge detection algorithm to find the
spine. The patient lays supine on the table, the legs are straighbne edges. The total projected area of bone can be derived by
and a brace is placed on the foot to straighten out the leg ansumming the pixels within the bone edges (Fig. 1). The re-
rotate the femoral neck in an outward position. An image isported values of the bone mineral density are calculated as mean
acquired from the mid to lower pelvis bone to just below the bone mineral density over all of the pixels of identified bdbe (

ID:
NECK COMPARISON TO REFERENCE
1.18
BMD 8.958
(g/cm?) 9.78 &
8.59
8.39 JE : : :
26 48 68 68 100
AGE (years) i
NECK BMD (g/cm?) 8.943 * 8.682
NECK » YOUNG ADULTZ 96 * 3
NECK » AGE MATCHED3 187 * 3
Age (years)......... 51 Large Standard...... 275.36 Scan Mode............... Medium
1= Female Medium Standard..... 204.28 Scan Type...ocveeeennnn. 0PX
Weight (lb)......... 130.0 Small Standard...... 145.50 Source Collimation (mm). 1.68
Height (in)......... 68 Low keV Air (cps)... 846919 Sample Size (mm)........ 1.2x1.2
Ethnic.....covvuvnn. White High keV Air (cps).. 501834 Region height (mm)...... 60.0
System.....cueeeunan 6218 Rvalue (%Fat)....... 1.353(19.6) Region width (mm)....... 15.0
Side.......... ceaan Left Region angle (deg)...... 53
NECK : BMC (grams) = 4.77 AREA (cm?) = 5.06
WARDS : BMC (grams) = 2.30 AREA (cm?) =  2.84
TROCH : BMC (grams) = 8.38 AREA (cm?) = 10.77
BMD $ Young? % Age®
REGION g/cm? Adult Matched
NECK 0.943 + 0.02 96 107
WARDS 0.810 + 0.02 89 106
TROCH 0.778 + 0.02 101 108
2 - USA Femur Reference Population, Ages 20-40. See Appendices.
3 - Matched for Age, Weight, Ethnic. See Appendices.

FIGURE 2. Example of a normal dual-energy absorptiometry study of the femur. This study was performed on a dual x-ray absorptiometry
instrument (DPX system; Lunar, Madison, WI).
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Processing of the femur involves determining several regionsnost commonly ordered procedures in nuclear medicine today.
of interest, including the femoral neck, trochanter, intertrochanit is easy to perform and standardization of interpretation
teric and Ward’s triangle (area in the center of the femoral neckjnethods makes the procedure results easy for referring physi-
(Fig. 2). Bone mineral densities are calculated for each of theians to interpret.

regions and the total hip bone mineral density is the weighted
mean for the femoral neck, trochanter and intertrochanteric

sites ().

INTERPRETING DUAL-ENERGY ABSORPTIOMETRY

Dual-energy absorptiometry measurements of bone mineral
density generally are expressed as absolute values of mass 6#

bone mineral per unit projected area (g#mver the region of
interest included in the analysis badk2,7,23. These measure-

ments follow a Gaussian distribution and can be defined in
terms of mean and SD. The normal range for bone mineral®

density can be expressed as the normal populatio8Ds Q).

These values also can be specified as particular to age popule-

tion (Z-score) or to healthy young adults (T-scorg@(7,23.

In 1994 the World Health Organization (WHO) reviewed 7.
worldwide data on bone density testing and the risk of fracture

in a report titled, “Assessment of Fracture Risk and its

Application to Screening for Postmenopausal Osteoporosis”
(23). This report indicated that it would be more appropriate to 9.
report bone density values in relation to the peak mean of young
normal controls (T-scores) rather than to age-matched controls
(Z-Scores). WHO defines bone mineral density values ago.

follows: T-score=1.0 SD as normak<1.0-2.5 SD as osteope-
nia (low bone mass) and 2.5 SD as osteoporosis.

T scores and Z scores sometimes can present problems.
because they are not widely understood. An alternative is tci
present values as a percentage of the mean values for either a
young adult or age-matched populati@®), Reporting in this 14

manner does not take into account the range of values presentin ralar € >SS
5. Guglielmi G, Schneider P, Lang TF, et al. Quantitative computed tomogra-

the population and has no implications in terms of fracture risk.

It is important to remember that bone density values mayze.

vary slightly between systems. If a patient is being followed for

improvements.

19.

CONCLUSION

Osteoporosis is considered one of the largest public health
problems today. Osteoporosis-related fractures account o

more than $14 million in health care costs annually. Bone

densitometry has established an important role in diagnosing

and treating osteoporosis. It is a precise and accurate tool t&-
assess the risk of fracture, determine a diagnosis of osteoporosis
after a fracture, determine low bone mass before a fracture, are.

measure bone mass in response to treatment.

. : . 23.
Dual-energy absorptiometry is the most reliable and accurate

11.
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