
REVIEW

ÁÍÁÓÊÏÐÇÓÇ

Diagnostic methods in osteoporosis

The diagnosis and treatment of osteoporosis continue to present one of the

great challenges to US health care providers. The rising costs associated

with osteoporotic fractures in an aging population are increasingly difficult

to deal with, while at the same time costs incurred in attempts at preven-

tion may also seem prohibitive to those agencies which must bear them.

Radiologic imaging provides the best means of both diagnosing fracture

risk ard tracking the progress of therapeutic intervention. There are many

monitoring options available to the clinician whose task it is to treat os-

teoporosis. Single and dual photon absorptiometry have largely given way

to dual-energy X-ray absorptiometry which represents the most widely

used means of measuring bone density. Ultrasound technology is improv-

ing and may make significant inroads in this area. Technological problems

still remain to be resolved in bone density ultrasonography.
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Osteoporosis continues to be one of the great med-
ical challenges affecting approximately 25 million of the
estimated 40�50 million menopausal women alive in the
USA at the present time and being responsible for over
1.5 million fractures per year.1 While the consequences
of this condition continue to plague the services with ex-
tremely high costs, nevertheless great strides have been
made in both the diagnosis and the therapy of the dis-
ease. The health care expenditures in the US due to os-
teoporotic fractures in 1995 were estimated at approxi-
mately 13.8 billion dollars.2 Approximately 300,000 peo-
ple per year incur hip fractures with a female-to-male ra-
tio of 2:1. Fractures of the hip cause more disability than
other fractures with a 12�20% increase in mortality from
related complications.3,4 The number of hip fractures is
expected to double or triple within the next quarter cen-
tury5 and over half of US women over the age of 65 will
suffer osteoporotic fractures. The understanding of os-

teoporosis has benefitted from a renewed emphasis on
the menopause in general.

Osteoporosis results from loss of bony tissue leading to
diminished structural integrity and a greater susceptibili-
ty to fractures. Bone buildup reaches its peak around the
mid-20s and maintains a plateau until the mid-30s. Bony
tissue loss commences for both men and women at
around age 35. The loss rates are always greater for
women but remain more or less parallel for both sexes
until the onset of menopause when true sexual dimor-
phism is characteristic. Around this time, in the absence
of any medical intervention, female bone loss acceler-
ates at a rate which far outpaces male bone loss and the
osteopenic condition begins to take root. Increased acti-
vation of bone remodeling sites and a 20% increase in
bone resorption attend the onset of menopause. This is
referred to as type 1 or menopausal osteoporosis. Bone
loss occurs mainly in trabecular (cancellous) bone which
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is found in the vertebral bodies and in the metaphyses
of long bones. Type II, or age-related osteoporosis shows
less gender difference, and the bone loss involves main-
ly cortical bone. Type I osteoporosis lasts from age 50
to age 70 or 75 after which type II follows. The earliest
consequences of type I osteoporosis are the vertebral frac-
tures which are sustained by women shortly after the on-
set of the menopause, as well as the nearly 10: female
to male ratio in wrist fracture incidence. A final type of
osteoporosis, unrelated to type I or II, is secondary os-
teoporosis which may result from certain medical condi-
tions or the use of specific drugs. Bone loss here occurs
equally in men and women who typically present with
vertebral or hip fracture (tabl. 1).

Concerns about both the medical and the financial con-
sequences of osteoporosis and osteoporotic fractures,
have led to an intense effort to better understand the dis-
ease. In the last 25 years important progress has been
made in both the diagnosis and the treatment of osteo-
porosis. These efforts have led to actual reductions in
fracture incidence although the real potential for benefit
in this area has only been partially realized.

Part of the problem revolves around the costs involved
in both the therapy and the monitoring of therapy in
menopausal women. Diagnostic radiology stands at the

center of a controversy which derives in a large part from
fiscal considerations. In order to increase the number of
women benefitting from hormone replacement therapy
it is essential that the process is as rational as possible
but also as cost effective as possible. While there is no
doubt about the impressive progress made in the safety
and efficacy of confirming the presence of osteoporosis
and in monitoring the effectiveness of therapy, there is
a lack of consensus on how to proceed in applying the
diagnostic modalities which are available. This is to say
which menopausal patients should be offered bone min-
eral density (BMD) or other analogous studies and how
often?

A great many techniques are available in the area of
radiologic detection of osteopenia and osteoporosis. The-
se include:

1. Conventional X-ray. This method has been largely
abandoned and generally plays a role only in the occa-
sional case in which an unsuspected significant loss of
bone density may be detected in the course of another,
unrelated investigation. Bone mass loss in the area of
20�50% is necessary before osteopenia is detectable by
traditional X-ray methods. Even in the face of a 2�3%
annual loss, too many years would have to pass before
simple X-ray can be an effective diagnostic tool and there-
fore too many potential beneficial years of therapy would
be lost.1�6 Recently, the refinement of radiographic ab-
sorptiometry (RA) has made the analysis of a conven-
tional image possible. Computerized processing and the
use of an aluminum density standard on the film has al-
lowed for the correction of variability of film quality and
for an assessment of bone density status which is com-
parable in precision to results obtained with the newer,
more sophisticated techniques. Currently, RA is proving
to be a simple, low-cost, low-risk, technique for deter-
mination of BMD and for use as a screening tool for os-
teoporosis. Improvement and further investigation of RA
will possibly increase its utility in diagnosing and moni-
toring osteoporosis.7�10

2. Single-photon absorptiometry (SPA). This is one of
the older methods still in use but it remains a reliable,
relatively inexpensive and relatively precise method. S-
PA also involves very low radiation exposure. Many S-
PA units were originally in use in private offices and their
use is not generally thought to be in decline. SPA mea-
sures the bone mineral content of the radius, ulna or cal-
caneus. While density measurements in these areas cor-
relate well with those of the spine, spinal loss occurs much
earlier and spinal compression fractures may already
have occurred in patients with still normal peripheral mea-
surements.1 SPA has been shown to compare favorably

DIAGNOSTIC METHODS IN OSTEOPOROSIS 147

Endocrine
Hypogonadism
Diabetes mellitus
Hyperparathyroidism
Anorexia nervosa
Hyperthyroidism/thyrotoxicosis
Cushing�s syndrome/

hypercortisolism
Acromegaly

Hematologic
Leukemia
Lymphoma
Multiple myeloma
Hemolytic anemias
Mastocytosis
Waldenström�s

macroglobulinemia

Gastrointestinal-nutritional
Inflammatory bowel disease
Postgastrectomy
Hepatic insufficiency
Primary biliary cirrhosis
Malnutrition/malabsorption

syndromes
Alcoholism
Hypovitaminosis D

Other
Rheumatoid arthritis
Osteogenesis imperfecta
Immobilization
Ehlers-Danlos syndrome
Marfan syndrome
Homocystinuria
Gaucher�s disease

Pharmacologic agents
Aluminum antacids
Anticonvulsants
Cyclosporine
Glucocorticoids
Cisplatin
Methotrexate
Isoniazid
Lithium
Loop diuretics
Thyroid hormone excess
GnRH analogs
Heparin
Tetracycline
Medroxyprogesterone

acetate

TTaabbllee  11.. Medical conditions associated with osteoporosis.



with dual-energy X-ray absorptiometry (DEXA) in women
with established osteoporosis.11 SPA employs an iodine-
125 (125I) or americium (241Am) source which makes
its use harder to defend in light of advances made with
devices employing an X-ray tube. SPA cannot distin-
guish cortical bone (radius, ulna) from trabecular bone
and it cannot be used to measure bone mass at the hip
or spine.1

3. Dual photon absorptiometry (DPA). DPA employs
a gadolinium-153 source (153Gd) which emits photons at
two different energy levels thereby permitting better dis-
cumination between bone and soft tissue. It has largely
replaced SPA as a standard procedure but has itself been
displaced by the development of dual energy X-ray ab-
sorptiometry. DPA is relatively accurate with low radia-
tion exposure. It is particularly useful for the lumbar spine
and the femoral intertrochanteric locations, two areas
quite susceptible to fractures. Pre-existing fracture sites
and soft tissue calcifications are liable to confound the
results. DPA is relatively time consuming compared to
some other methods.1,5,12,13 Lateral DPA, a technique
which measures the BMD of vertebral bodies L2�L4 on
a lateral projection, has been developed and this may be
useful for detecting bone loss in early postmenopausal
women.14

4. Quantitative computed tomography (QCT). The re-
finements of QCT allow for the separate assessment of
trabecular and cortical densities within the same bone.
QCT employs a single or dual X-ray energy source and
uses a calibrated standard. In contradistinction to DPA,
QCT is relatively unaffected by the presence of soft tis-
sue calcifications and other artifacts. It may be preferable
to dual energy X-ray absorptiometry (DEXA) for lateral
spinal BMD measurement.15 It has certain distinct clini-
cal disadvantages however, such as greater radiation ex-
posure and higher cost. Another disadvantage is that the
mean values have to be created from the normal local
population who need to be examined for the data base.16

Specially designed QCT devices, which are only avail-
able commercially have been applied to the distal radius
and ulna, and have the advantages of accurate measu-
rement, low radiation dose and lower cost.

5. Dual-energy X-ray absorptiometry (DEXA). DEXA
has largely replaced DPA as the preferred routine method
for BMD measurement. It is similar to DPA in the tech-
nique of transmission scanning but the radionuclide sou-
rce is replaced by an X-ray tube.17 DEXA is more pre-
cise than DPA, with better image resolution and com-
parable diagnostic sensitivity.18,19 It has the further ad-
vantage of a much shortened examination time of two
minutes compared with 20�40 minutes needed for D-

PA.20 It is of particular advantage for the lumbar spine
and proximal femur areas and exposes patients to rela-
tively low levels of radiation.21 DEXA is perhaps the best
absorptiometric tool of those currently available and it
has become the �gold standard� for bone densitometry
but there are several pitfalls with DEXA measurements.22

The results of testing for defining both the actual status
of bone density and providing a valid fracture prognosis
for individual patients, must be evaluated with respect to
recent World Health Organization (WHO) guidelines.
WHO defines low bone density as existing when mea-
surements range between 1 and 2.5 SD below the ref-
erence mean. Bone density below 2.5 SD is compatible
with osteoporosis.7 It has, however, been shown that even
a 1 SD decrease in BMD may be associated with a 1.5�3
times increase in the relative risk of fracture.17

6. Ultrasonography. The ultrasound (US) technique has
not yet gained widespread use in this field and, to some
extent, is still at an experimental stage. Quantitative ul-
trasound (QUS) is an alternative method recently intro-
duced to evaluate skeletal integrity at easily accessible
peripheral sites and currently it is performed on the cal-
caneus, patella, tibia, finger and forearm.23�25 Information
regarding the material and structural properties of the
bone can be obtained by estimating and counting the
differences between the sound wave transmitted into a
bone and the wave emerging after interaction with the
bone. The velocity at which the wave travels through the
skin and bone, known as the speed of sound (SOS) or
US transmission velocity (UTV), and the broadband US
attenuation (BUA), which is the frequency range for the
transmission of US, are the basic measurements through
which the outcome is expressed.24,26

SOS is related to the material properties of bone, such
as elasticity, and BUA is related to bone structure.27 Si-
nce QUS application is still relatively new in the areas
of bone quality and fracture risk assessment, controver-
sy exists in regard to the exact bone properties which
are related to the US measurements of BUA and SOS
in humans. In vivo studies have reported the ability of
US to differentiate between subjects with fractures and
those without fractures, and also to predict to a certain
the extent  risk of fractures. However, QUS has been
shown to be inaccurate in identifying low BMD in the
hip and spine in early postmenopausal women when
compared to DEXA.27

It is still unclear whether US can replace DEXA in wide-
spread clinical use. The absence of ionizing radiation, the
rapidity of examination, and cost savings allow for the
potential widespread use of QUS in managing osteo-
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porosis. It may be best suited as a screening tool for os-
teoporosis but further research is needed in order to (a)
correlate US measurement of various peripheral sites
(tibia, calcaneus) with hip or vertebral fractures, (b) de-
termine the use of the same or different criteria for di-
agnosing osteoporosis when using US rationalize mea-
surement or standard bone densitometry, (c) acceptance
of QUS values for clinical diagnosis of osteoporosis. The-
re is a further need to determine the relationship be-
tween US attenuation and velocity on the one hand
and structural information (skeletal density, architecture)
on the other. Because the estimated odds ratios for os-
teoporotic fractures vary between ultrasonographic sys-
tems, comparison of results between studies may not
be valid.28

With such a variety of methods, many choices may be
open to the clinician as to methodologic preferences. Nor-
mally, however, these choices are left to the radiologist.
The literature does not indicate total accord regarding
many important questions such as at which sites and how
these measurements should be made. Some authors, for
instance, are in disagreement as to whether posteroan-
terior measurements are preferable to lateral measure-
ments of the spine.29,30 Some recommend total body
DEXA as being helpful but this is rarely offered as a rou-
tine. Calcaneus measurement may still be carried out by
SPA but it is generally not considered a useful adjunct
to other measurements.31,32 Measurement at any site may
be equally predictive for most fractures but hip BMD mea-
surement is the best predictor of hip fracture.33 As stat-
ed above, a great deal of controversy exists in the area
of bone loss diagnosis via bone densitometry. Selection
of patients is vital under present financial conditions as
there is a general consensus among practitioners that u-
niversal screening of all menopausal women is not eco-
nomically feasible. A subcommittee of the Scientific Ad-
visory Board of the National Osteoporosis Foundation,34

supported by the published evidence,12,35 has provided
guidelines for patient selection, although even with these
it will not be possible to screen all women at risk. An ar-
gument can be raised that, in the best of possible cir-
cumstances, all menopausal women would have base-
line screening for bone density status and subsequent pe-
riodic testing to monitor changes in that status or to mon-
itor the effects of therapy. This conclusion is supported
by the fact that the majority of BMD loss in spinal os-
teoporosis occurs before the first appearance of fracture.36

It is further supported by the fact that risk factor lists and
patient history are generally poor predictors of fracture
incidence.37,38

Recommended Clinical Uses of Bone-Mass Measure-
ments34 (Johnston CC Jr et al):

1. In estrogen deficient women with significant reduction
of bone mass, in order to facilitate decisions regard-
ing hormone replacement therapy.

2. In patients in whom X-ray examination has revealed
evidence of significant bone loss or spinal deformity,
in order to aid in decisions regarding further evalua-
tion and therapy.

3. In monitoring of patients on long-term glucocorticoid
therapy, to aid in potential adjustment of therapy.

4. In patients with asymptomatic primary hyperparathy-
roidism to identify those at risk for severe skeletal dis-
ease.

A particular subgroup which would seem to be well tar-
geted for routine screening and monitoring would be the
so-called �fast bone losers� (a subgroup of postmeno-
pausal women who lose bone at an accelerated rate39)
whose loss exceeds 3.5% per year.40 The National Os-
teoporosis Foundation12 has an expanded list of potential
indications for bone mass measurement, shown in table
2. Even these recommendations may be difficult to im-
plement in the face of resistance to routine testing. Cost
variance may be confusing to the clinician who may won-
der about the wide variability in pricing and its connec-
tion to the quality or usefulness of the report (tabl. 3).
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Table 2. Indications for BMD measurements.

I. Screening for fracture risk
A. Unselective (mass screening)
B. Selected screening

� Patient concerns
� Risk factors
� Before starting treatment for other reasons

II. Diagnosing osteoporosis in patients with vertebral changes

III. Monitoring
A. Non-responders to therapy
B. Identifying �fast losers�

IV. Evaluating high-risk patients
A. Medications

� Steroids
� Anticonvulsants
� Thyroid medications

B. Endocrine and metabolic disorders
� Amenorrhea and amenorrhea/galactorrhea
� Hyperparathyroidism
� Anorexia
� Alcohol abuse

C. Skeletal factors

� History of multiple fracture
� Long-term immobilization

Adapted from the National Osteoporosis Foundation12
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It is now widely accepted that diagnostic and therapy
tracking potentials are associated with the available ra-
diologic modalities. This is particularly important in light
of the many therapeutic advances recently achieved in
the field of osteoporosis. Indeed, it could be stated that
more progress has been made in the understanding and
treatment of this condition than in any other area relat-
ed to the menopause. This would include major steps
forward in all areas of diagnosis. Not only has much
been achieved in the radiologic methodologies described

above, but in addition significant progress has been ma-
de in biochemical testing for osteoporosis. Adding to this
the most recent therapeutic breakthroughs provides an
impressive picture of a disease with the potential to yield
significantly to a concerted medical effort. Improvements
in both the quality and duration of life would follow, a-
long with a significant reduction in health care costs to
the country.

However, caution should be exercised in ordering rou-
tine bone densiotometry. While not denying the advan-
tages of BMD measurement, it would probably be pru-
dent for the majority of measurements to be made in
larger academic, diagnostic or research centers. It may
be that chemical monitoring may eventually prove both
more effective and cost efficient. This would throw the
average clinician back to a reliance on history and risk
factor considerations with their known shortcomings. Ne-
vertheless, the average practitioner tends to become in-
volved in the practice of random testing in a variety of
centers, on different machnes, and of different skeletal
sites, which cannot be very productive. The experimen-
tal findings and therapeutic conclusions emanating from
the larger centers are far more likely to continue the ad-
vances already achieved in the USA.

Table 3. Varying costs of BMD measurements in Houston, Texas (Jan-
uary 1998).

Hospital A+ DXA Hip/spine 300

Hospital B+ DXA Hip-spine 135 108 243

Hospital C+ DXA Hip-spine 137 202 339

Hospital D+ DXA Hip-spine 184 82 266

Hospital E+ DXA Hip-spine 200 30 230

Hospital F* QCT Spine 225
Hospital G* DXA Hip/spine 145

+=Not for profit
*=Private for profit

Costs ($)
Institute Type Site

Exam Interpretation Total
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H äéÜãíùóç êáé ç èåñáðåßá ôçò ïóôåïðüñùóçò óõíå÷ßæïõí íá áðïôåëïýí ìåãÜëç ðñüêëçóç ãéá ôï éáôñéêü,
íïóçëåõôéêü êáé ðáñáúáôñéêü ðñïóùðéêü. Ôá õøçëÜ Ýîïäá ðïõ ó÷åôßæïíôáé ìå ôá ïóôåïðïñùôéêÜ êáôÜãìáôá,
êáèþò êáé ôá Ýîïäá ðïõ äçìéïõñãïýíôáé óôçí ðñïóðÜèåéá ðñüëçøçò áõôþí, äåß÷íïõí íá åßíáé áðñüóéôá ãéá
åêåßíïõò ðïõ èá ðñÝðåé íá ôá áíôéìåôùðßóïõí. Ç áêôéíïëïãéêÞ áðåéêüíéóç áíôéðñïóùðåýåé ôïí êáëýôåñï ôñüðï,
ôüóï óôçí åêôßìçóç ôïõ êéíäýíïõ ãéá äçìéïõñãßá êáôÜãìáôïò, üóï êáé óôçí åðéëïãÞ ôçò êáôÜëëçëçò èåñáðåõôéêÞò
ðáñÝìâáóçò. ÕðÜñ÷ïõí áñêåôÝò åðéëïãÝò óôç äéÜèåóç ôïõ éáôñïý ðïõ èá êëçèåß íá äéáãíþóåé êáé íá èåñáðåýóåé
ôçí ïóôåïðüñùóç. Ç ìïíïåíåñãåéáêÞ áðïññïöçóéïìåôñßá êáé ç áðïññïöçóéïìåôñßá ìå öùôüíéá äýï åíåñãåéþí
Ý÷ïõí áíôéêáôáóôáèåß áðü ôçí áðïññïöçóéïìåôñßá ìå áêôßíåò × äýï åíåñãåéþí, ðïõ áíôéðñïóùðåýåé ôï
óõ÷íüôåñá ÷ñçóéìïðïéïýìåíï ìÝóï ãéá ôç ìÝôñçóç ôçò ïóôéêÞò ðõêíüôçôáò. Ç ìÝèïäïò ôùí õðåñÞ÷ùí óõíå÷þò
åîåëßóóåôáé êáé áíáìÝíïíôáé óçìáíôéêÝò åîåëßîåéò üóïí áöïñÜ ôå÷íéêÜ ðñïâëÞìáôá óôç ìÝôñçóç ôçò ïóôéêÞò
ðõêíüôçôáò ìå õðåñÞ÷ïõò.
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