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Original WHO “Guidelines” — Classification by T-Score

The World Health Organization (WHO) in 1994 issued a report on the relationship between certain measure-
ments of bone mineral density (BMD) and the prospective risk of fractures (V. In particular, the WHO evaluated
BMD of the radius (forearm BMD) and found that for the population of patients where forearm BMD was
approximately 2.5 standard deviations below the young normal mean or lower, the lifetime risk of sustaining
an atraumatic, or osteoporotic, fracture, was high. Consequently, they classified this group of patients as
“osteoporotic” based on the BMD value more than 2.5 SD below the young normal mean (T-score -2.5 or
lower). This is not to say that all INDIVIDUAL patients in this group were at high risk of fracture, only

that this cutoff level identified a POPULATION where the risk of fracture corresponded to the observed
prospective fracture data. However, because BMD measurements alone did not uniquely separate fracture
from non-fracture patients, it was not possible to use such a cutoff to determine the risk of fracture for the
individual patient.

It is also well recognized that there are other risk factors for osteoporotic fracture beyond BMD, and that
all these factors must be taken into account in the evaluation of the individual patient. For this reason, an
additional classification was set up, “osteopenia,” with a T-score of -1 to -2.5. In essence, this classified the
lower 15% of the young normal population as a group with some risk, with a higher and higher percentage
falling into this category as the population aged, because of age-related and postmenopausal bone loss.

The WHO criteria were developed based on forearm BMD for postmenopausal, Caucasian women, and the
authors of the report were careful to state that they should not be applied to other populations or other BMD
measurement methodologies without further information. They were also careful to state that this classification
is intended to be used only as one risk factor estimate in the evaluation of the patient’s overall lifetime risk

for osteoporotic fracture.

The National Osteoporosis Foundation has adapted these guidelines to form its own recommendations for
who should be considered for treatment based on BMD estimates and other factors. The NOF considers
postmenopausal women with BMD T-score -1.5 or lower and at least one other risk factor (family history, adult
fracture) as candidates for treatment, or any woman over age 65 with T-score -2 or lower @.

Currently, there is substantial debate within the bone densitometry community about how to interpret
BMD T-scores at different skeletal sites and using different methods. The International Society for Clinical
Densitometry has recommended that when measuring peripheral skeletal sites (hand, forearm, heel), that a
T-score of about -1 or lower (osteopenia) in a postmenopausal woman or someone else with risk factors is
sufficient to recommend further work up, but that it is not sufficiently sensitive to be used to recommend
treatment. If a T-score of a peripheral site is between -1 and -2, the recommendation is that a follow-up
BMD of a central site (spine or hip) be done to confirm low BMD or determine that the patient may not
need treatment .

The Health Care Financing Administration (HCFA/Medicare) recommends central BMD measurements (DXA
or QCT of spine and/or hip) be done for confirming a possible diagnosis of osteoporosis by peripheral
measurements, or as a baseline for patients starting therapy. No T-score values are given @.



Updated WHO “Guidelines” — Restricted Use of T-Scores

Recently (2000), the Committee of Scientific Advisors, International Osteoporosis Foundation (the WHO
committee) has issued a position paper updating the previous guidelines . In large part this reevaluation was
done because of the massive confusion caused by the previously-issued recommendations about using a T-score
of -2.5 as diagnostic of osteoporosis. With the proliferation of methods for measurement and sites of measurement
of BMD or other bone properties, a number of studies were done comparing these methods, and found that a
T-score of -2.5 classified a widely varying percentage of patients as “osteoporotic” depending on the method
used and the site measured. Given this disparity, the use of a T-score to “classify” a patient lost it’s meaning in
clinical use. In the same patient population of elderly women, for example, between 19% and 66% of them
were classified as “osteoporotic” depending on which skeletal site was measured with the same machine ©.

The WHO committee updated recommendations ® for interpretation and use of BMD measurements can be
summarized as follows:

1. Osteoporosis is defined based on the relationship between Total Hip BMD and hip fracture. A diagnosis of
osteoporosis is made if Total Hip BMD T-score is -2.5 or lower. This definition identifies a 6% prevalence
of osteoporosis for postmeonpausal women age 60 . This definition also identifies only approximately
30% of women with spine fractures as osteoporotic ®.

2. No other T-scores are used to make a diagnosis of osteoporosis.

3. BMD measurements at sites other than Total Hip can be used to evaluate relative risks for osteoporosis, and
in conjunction with other risk factors are used to determine the need for intervention.

4. If a patient has low BMD by a measurement other than Total Hip, and has a fragility fracture, the patient
should be considered osteoporotic.

5. Intervention thresholds using BMD or other assessments should not be based on diagnostic Total Hip T-score
thresholds.

The practical clinical ramifications of these recommendations are that T-scores determined by most BMD
methods or at most measurement sites are not to be used for a “diagnosis” of osteoporosis. However, clinicians
should use BMD values, T-scores, Z-scores, or other parameters related to fracture risk in an overall assessment
of the patient and in the decision whether or not to institute therapy. These recommendations are in general
concordance with recommendations made by the National Osteoporosis Foundation, the European Founda-
tion for Osteoporosis, and the International Society for Clinical Densitometry.

It is up to the clinician, in consultation with the practitioner making BMD measurements, to determine what
guidelines should be used to determine intervention thresholds. It is recommended that T-scores alone should not be
used to determine these guidelines, and in particular, that a T-score of -2.5 not be used to invoke intervention.

QCT and PA-DXA Spine T-scores

One of the most common questions asked by those who use QCT for BMD is why there is often a disparity
between the spine QCT result and either a previous or subsequent spine PA-DXA result, with the QCT result
invariably giving a lower T-score than the DXA result. A patient or a referring clinician has usually heard
about the use of T-scores for DXA but not for QCT, and is concerned that QCT is classifying a patient as
“osteoporotic” where the DXA result is “osteopenia” or even “normal”. Often concomitant with this is a
question of why the PA-DXA of the spine and the DXA of the hip are also different, but this will not be
addressed here because of the abundant literature on this subject.



As noted above, the most recent interpretation and updating of the WHO guidelines specifies that only the
T-score for the Total Hip region of interest should be used as a means for “diagnosis” of osteoporosis. This is
in contrast to the original guidelines, where the recommendations were based on forearm BMD and classified
a much larger proportion of women as “osteoporotic” than does the current interpretation. Neither QCT nor
PA-DXA of the spine were used to develop the WHO guidelines. However, clinicians have come to use the
T-score as a convenient means of “classifying” a patient, even though that is not the intent of the guidelines.
The following discussion is intended to explain some of the reasons that T-scores can be different between
these two methods. This discussion is not intended to promote the use of a T-score classification scheme using
either of these BMD methods.

There are four main reasons why spine T-scores by QCT can be different than T-scores by PA-DXA. Three
of these are “technical” and one is “physiological” due to age-, hormone-, or treatment-related bone changes.
Estimated magnitudes of these effects are given here, taken from published literature. These effects can be
additive, that is, if more of one of them is present, one does not dominate but the total effect is the sum

of those present.

1. Physiological effects of menopause and aging

Trabecular bone in the spine changes more rapidly after menopause or estrogen deficiency than any other
region, including total spinal bone . Because of this, more bone is lost as measured by QCT in the early years
after menopause, but then this rate slows down after about age 60-65, while bone loss as measured by DXA

in the spine, hip, or forearm occurs more gradually but continues well into the 70’s. This means that at any
time early after menopause, the T-score as measured by QCT (or lateral spine DXA) will be more negative

than that for PA-DXA of the spine, or for hip or forearm @. The hand and the heel lose at much slower rates,
even slower than the hip, and T-scores for some methods such as heel ultrasound never even reach the -2.5
level on average for the population.

If the T-score for the mean BMD of the population reaches -2.5, this is equivalent to saying that one-half of
the population is “osteoporotic,” that is, at high risk of fracture. This happens at about age 60-62 for QCT
and lateral spine DXA, age 75 for PA spine DXA and forearm, and age 88 for hip . This also means that
for any given age, more patients will be classified as “osteoporotic” by QCT or lateral spine DXA than by
the other methods.

While the fracture risk for any individual patient cannot be predicted from a BMD measurement, population
risk estimates can be made to categorize a patient as low, moderate, or higher risk. The WHO T-score classifica-
tion has attempted to do this based on the forearm BMD, but there are also other data to support this.

The lifetime risk for any osteoporotic fracture in white women age 50 years and older is 40% V. At age 50,
the fraction of women who have a low BMD (-2 SD or lower) at spine, hip, or forearm by DXA is 45% V. At
age 50, the fraction of women who have a low BMD (-2 SD or lower) at spine by QCT is 41% U?. Thus, the
published data show that QCT predicts lifetime fracture risk in populations the same as DXA.

The fact that QCT and DXA make the same predictions for lifetime fracture risk suggest that there are not so
much differences in what the techniques measure, just in when each method can provide a BMD estimate in

a patient that can be used to help assess the patient’s risk of fracture over the long term. The data suggest that
QCT simply provides this assessment at an earlier age.



A simple table can show the relationship between QCT and DXA T-scores as a function of age for this
physiological effect (from Reference 7).

Mean T-scores for women as a function of age at various skeletal sites (ref 7)

Age QCT Lat-DXA PA-DXA Forearm Total Hip
50 -1.4 -1.3 -0.8 -0.8 -0.5
55 -1.9 1.7 -1.1 -1.0 -0.7
60 -25 2.2 14 -1.3 -1.0
65 -2.9 -2.6 -1.8 -1.7 -1.2
70 -3.2 -34 -2.1 -2.1 -1.5
75 -3.5 4.2 2.2 -2.5 1.7
80 -3.6 -5.1 -2.6 -3.5 -1.9

2. Technical effects of osteophytes and aortic calcification

The structurally important bone in the spine is that of the cortex and trabecular regions of the vertebral body,
which together take approximately 85% of the loads in the spine. In younger individuals, the trabecular bone
takes about 80% of the load and the cortical shell 20%, while in osteoporotics, the total load bearing of the
vertebra is reduced by about 60-70%, and the ratio is reversed so that the cortex takes about 70% of this
remaining load because of the loss of all the trabecular bone (314,

In contrast to these contributions of cortical and trabecular bone to strength, extraosseous calcification does
not contribute to the structural strength of the spine, but because it is “mineral” it is included in any
assessment of spine BMD where the whole spine is measured. The two primary components of extraosseous
calcification in the older female and male population are osteophytes and osteochondrosis (ligamentous or
cartilage calcification) and deposits of calcium in the aorta and other blood vessels in the abdomen. When
these are present, they can make up anywhere from 5-40% of the total “mineral” in the region of the lumbar
spine assessed for BMD (19,

PA-DXA of the spine estimates the amount of all mineral in the path of the x-ray beam, while QCT estimates
only the trabecular bone density within the vertebral body. Because osteophytes are usually quite dense relative
to the vertebra, including them in the analysis raises the average BMD of any vertebra or vertebral segment
which includes them. Several studies have been done to estimate this effect quantitatively. A typical example
compares osteophyte “grade” with the effect on measured BMD. The following table is derived from data in
reference 16 for a postmenopausal non-fracture population average age 62 years old.

Effect of osteophytes on spine T-score by QCT or PA-DXA (ref 16)
Osteophyte Grade QCT BMD PA-DXA BMD T-score effect
0 112 0.82 0
1 113 0.89 +0.6
2 100 0.95 +1.1
3 114 1.10 +2.3

The osteophytes had no significant effect on the measured QCT BMD values in this study.



Other authors have found the presence of various degenerative factors to increase from 35% of postmenopausal
women age 55 up to 80% of women at age 70 ). These authors have recommended that interpretation of
PA-DXA spine measurements for women at or above this age range should be complemented by plain film
radiographs in order to assess the effect of degenerative changes. Similar recommendations have been made by
others, even to the point that PA-DXA of the spine should not even be done in the over-65 population unless
hypertrophic changes have been excluded %1,

3. Technical effects due to increased Body Mass Index

Many studies have shown that increased body mass index, that is, obesity versus normal body habitus, cause
PA-DXA spine BMD values to be high. This has been attributed by some researchers to physiological factors
(increased body weight causing increased mechanical forces on bone, or more body fat increasing circulating
estrogen levels), but anomalous clinical results have cast doubt on such theories ?%. The latter study showed
BMD increases by DXA of 0.8 T-score in heavy osteoporotics (BMI>26 kg/m?) compared to normal (BMI<25
kg/m?). Recent studies have attributed the increased BMD by DXA to errors in the DXA measurement itself ?!-23).

A direct comparison between QCT and DXA ®» showed that for postmenopausal patients classified as clinically
obese (Body Mass Index > 27 kg/m? as defined by the American Society of Clinical Nutrition), the average
T-score by PA-DXA was 1.45 units higher in obese patients than in age and height matched controls, while the
QCT T-scores did not differ between the groups. This study was done using Hologic QDR bone densitometers,
so it must be qualified. However, other researchers have shown similar effects with different systems .

4. Technical effects due to bone size

PA-DXA estimates bone mineral content in a projected area, then BMD is calculated by dividing the BMC by
the area. Because the bones in the spine and hip generally scale in 3 dimensions, the “thickness” of large bones
along the projected measurement is greater than for smaller bones, so the total bone mineral content increases
faster that the projected area. This causes PA-DXA BMD estimates to be higher for large-stature patients than
for smaller individuals, even if the volumetric BMD is the same. Researchers using DXA have tried to estimate
and correct for this effect by measuring the spine both from PA and lateral directions and estimating the
“volume” of the vertebra, then scaling the BMD value to a “normal” bone size if either tall or petite patients are
measured (or children). However, this is not done in clinical practice, and normative data provided with DXA
systems does not take into account patient height or estimated bone size in the clinical comparison.

With QCT there is no evidence for a relationship across populations of bone size on the BMD result. Within

a given patient, BMD decreases slightly moving down the lumbar spine @¥, in contrast to the increase in area
BMD as measured by DXA @9, The effect of bone size on the T-score for DXA measurements can be estimated
based on the relationship between patient height and bone size, but differs for different DXA manufacturers, so
it is difficult to quantify; however, recent studies have addressed this effect in children so it may be possible to
estimate the effects. In addition, “volumetric” DXA estimates made by using both PA and lateral DXA data have
been used to try to correct for this effect, but have not improved the diagnostic sensitivity for osteoporosis.



Summary

The reason for observed differences between QCT and PA-DXA T-scores in individual patients may be
multiple, but will generally fall into one or more of 4 categories. Forearm data given for comparison.

1. Ageand postmenopausal status: mean T-scores for QCT and PA-DXA

Age 50 55 60 65 70 75 80
Forearm -0.8 -1.0 -1.3 1.7 2.1 25 -3.5
QCT -1.4 -1.9 25 29 -3.2 -3.5 -3.6

PA-DXA -0.8 -1.1 -1.4 -1.8 -2.1 -2.2 -2.6

2. Osteophytes and other extravertebral calcification

QCT has no effect of osteophyte grade on T-score

PA-DXA
Grade 0 1 2 3
Change in T-score 0 +0.6 +1.1 +2.3

3. Body Mass Index (obesity)
BMI > 27 kg/m?, PA-DXA T-score elevated by 1.45 T-score units over QCT.
BMI > 27 kg/m? corresponds roughly to a woman 5°2”, 150 Ibs, or 5°7”, 175 Ibs.
4. Body Stature (height)

No quantitative data, but generally tall patients will have a higher areal BMD (more positive T-score) than
expected, and short patients will have a lower areal BMD (more negative T-score) than expected.
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