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COMPARATIVE INTERNATIONAL STUDIES OF OSTEOPOROSIS
USING ISOTOPE TECHNIQUES.

S.Krishnan and W.C.Sturtridge

Medical Physics Laboratory, General Division
The Toronto Hospital, 200 Elizabeth Street
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ABSTRACT

In-Vivo Neutron Activation Analysis (IVNAA) and Dual Energy X-ray
Absorptiometry (DEXA) are routinely used in our laboratory for clinical and
research investigation of Bone Mineral Content (BMC) and Bone Mineral
Density (BMD in g/sq.cm). These two techniques differ in many respects.
IVNAA is an established technique where 49Ca radioisotope induced by the
48Ca(n,gamma)4ilCa reaction is measured to determine BMC. In DEXA, two
X-rays of different energies are used and based on the known attenuation
characteristics of bone and soft tissue and the measured attenuated signals,
the BMC is calculated. Very little radiation dose (<0.1 mSv) is given in
DEXA compared to IVNAA (3 to 5 mSv). Site specific information can be
obtained in the former. Although DEXA is easier to use both the techniques
are in use in the investigation of Osteopenia.

The BMD, a clinical useful parameter, is a function of age and not
height. The body calcium content determined by IVNAA is a function of
height and not age. These differences are not yet clearly understood. Work
is underway to determine the influence of several factors e.g. age, weight on
BMD. We are also conducting experiments to determine the peak BMC and
BMD of Canadians. The role of various life styles e.g. exercise, diet,
ethnicity are being investigated as a determinant of BMD and BMC. Also the
effects and safety of many drugs in the treatment of osteopenia and
osteoporosis are also being studied.
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1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Our laboratory in Canada is one of the main centres of research on
Osteoporosis in this country and is located in a hospital clinical/research
setting. We therefore look after a large number of patients with ostepenia
and the majority of them are osteoporotic. We closely collaborate with the
University of Toronto through the Bone and Mineral Group. This group
consists of a large number of university faculty and staff and hospitals in
various aspects of bone mineral research, basic and clinical. We are also
members of this group.

For many years including the present time, our laboratory has used in-
vivo neutron activation analysis (IVNAA) for the measurement of osteopenia.
Here, the body calcium (partial body i.e. from sternal notch to mid thigh) of
the patients are measured by neutron irradiation to induce the
48Ca(n,gamma)4VCa reaction. Plutonium-Beryllium neutron sources are used
for this purpose. The 49Ca found in a patient is expressed as Calcium Bone
Index (CaBI) which is the ratio of 49Ca in the patient to that in a normal
person of same height. The 49Ca from a normal person has been found to
be a function of height. The CaBI varies between 0.8 to 1.0 in normal
persons and in osteoporotics it is at or below 0.7. This is used as a diagnostic
criterion for osteopenia and has been very effective in our work for over 20
years.

With the development and availability of DEXA instrument, a new way
of measuring bone mineral status has become available. Unlike CaBI where
the radiation dose is 5 mSv, here the dose is under 0.1 mSv. Measurements
can be made at specific sites such as lumbar spine or femoral neck where
fractures often occur. The precision of DEXA is less than 1% as against 3 to
5% in the case of IVNAA. We are measuring bone mineral status by DEXA
for the past 4 years.

In practice, however, DEXA has not replaced IVNAA. Some of the
patients cannot lie down flat due to their condition, a requirement of DEXA,
and they are measured by IVNAA. Also with many patients who have been
sequentially measured by IVNAA, the physicians feel comfortable in
continuing the same type of measurement for comparison and monitoring
purposes.
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2. METHODS.

We are measuring the lumbar spine, femoral neck and whole body of
patients to determine osteopenia. The instrument used in Hologic QDR
Model 1000W. These patients are referred to us through our metabolic bone
disease clinic. In addition to this many of the subjects are part of nearly 20
research studies which are underway. Some of these studies are listed in the
following.

1. Estrogen therapy for the prevention and treatment of osteoporosis
in young women with Anorexia Nervosa.

2. Childhood Asthma management Program. The effect of
treatment on bone status.

3. Safety and efficacy of intermittent cyclical therapy(ICT) etidronate
in the prevention of corticosteroid-induced osteoporosis (CIOP)

4. Effects of Didronel PMO therapy in postmenopausal osteoporotic
women.

5. Hypothyroidism in children: The effect of thyroid hormone
overt reatment.

6. Clinical trial of estrogen/progestin for osteoporosis in primary
billiary cirrhosis (PBC)

7. The efficacy and safety of Risedronate in the treatment of
postmenopausal women with established osteoporosis-related vertebral
deformities.

8. Thyroid bone disease in adults: The effect of thyroid hormone
treatment in adults.

9. Intermittent cyclical Tiludronate in the treatment of established
post-menopausal osteoporosis.

10. Zoladex therapy with or without hormone replacement therapy for
the treatment of endometriosis.
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11. Thallassemia: The effect of blood transfusion on bone mineral
status in patients with thallassemia.

The method used to determine BMC and BMD, generally, is that
recommended by Hologic. All our technologists are trained by the
manufacturers at our site or at their site. There are some slight variations
when more than one centre and different DEXA instruments are used in a
multi-centred trial. Cross calibration and quality control is accomplished by
periodic and regular measurements of comparison phantoms. In each site,
however, daily and weekly QC is maintained by phantom measurements.

3. RESULTS

We have collected DEXA and CaBI data from some patients to
compare their bone mineral status by the two techniques. We assayed 77
women consisting of 39 normal volunteers and 38 patients. The correlation
of 49Ca counts from IVNAA was at r=0.7 and to lumbar spine was at
r=0.79, which are not as high as expected. The BMC from NAA is
proportional to height power 3 and not age. The BMD from DEXA is a
function of age and not height. These differences are not clearly understood
yet. However, in most instances, with each subject, similar conclusions with
respect to osteopenia are reached, with some exceptions.

The DEXA instrument is easy to operate and the precision is very
good. It is being more and more used for BMC and BMD measurements to
determine bone mineral status.

4. PLANS FOR FUTURE WORK.

Core Program

Under this program and particularly within the first year,
measurements of bone mineral content(BMC) and bone mineral density
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(BMD, g/sq.cm) will be measured on healthy volunteers. Both sexes in the
15 to 50 age group and possibly groups younger than 15 and older than 50
will also be measured. We will try to recruit at least 15 subjects in each 5
year range. The data will be used to determine the age of peak bone mass
among Canadians. The data will also be used to quantify the differences in
bone density as a function of age and sex among Canadians and to compare
them with people from other countries.

We will use DEXA (Hologic 1000W) instrument for ihis purpose and
mainly measure lumbar spine and femur. We will also conduct, wherever
possible, whole body measurements and also total body calcium measurements
using IVNAA. This would help comparison and correlation of data from
DEXA and IVNAA on the same subjects. Quality control will be assured by
daily measurement of phantoms.

Supplementary Program

1. We will conduct studies in using BMC data to normalize for body
size to see whether a BMC index similar to CABI in IVNAA can be
developed. CABI has proved to be an extremely effective predictor of normal
bone mass. This study is important due to the fact BMD(g/sq. cm) can vary
while the bone thickness grows, even when the bone density(g/cc) is constant.

2. We will study children's data in particular to see whether BMD
actually increases with age or is just a reflection of growth in height and
weight. The development of BMCI mentioned above would be useful in this
study.

3. We will study the trace element content of bone samples from
normals, osteoporotics and patients with other related diseases. If, due to
statutes in this country, the collection of human samples proves difficult, we
v«ill collaborate with other countries or the IAEA who can provide the
samples. We have the expertise to do multielement analysis.

4. Towards the latter years of the program we would like to study the
risk of osteopenia (bone loss) among different patient groups e.g diabetics,
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asthmatics etc. under therapy.

5. Towards the latter years of the program we would like to study the
effectiveness of various therapies for osteoporosis e.g. fluoride,
biphosphonates etc.
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