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SUMMARY REPORT

1 INTRODUCTION

Poor bone health is a major public health problem of worldwide concern. It affects all
segments of the population, but is particularly important in older people (and, most of all,
in post-menopausal women). In view of the fact that the numbers of older people, both in
absolute terms and as a fraction of the total population, are increasing practically
everywhere, there is little doubt that poor bone health will become a much more widespread
and severe problem in coming decades.

Earlier in 1994 the International Atomic Energy Agency (henceforth "the Agency") started
a 5-year Co-ordinated Research Programme (CRP) based on the recommendations of an
Advisory Group Meeting (AGM) held in 1992 (1). This CRP currently addresses one
particular measure of bone health - bone mineral density (BMD). The main concept
underpinning this CRP is the idea that a major determinant of bone health in later years is
peak bone mass. The objective of the Agency's CRP is to determine the age of peak bone
mass in various different study groups and countries, and to investigate how BMD varies
with the age, sex, ethnicity and geographical origin of the subjects.

This First Research Co-ordination Meeting (RCM) for participants in the CRP was held at the
Agency's headquarters in Vienna. The list of participants is given in Annex 1 and the
Agenda in Annex 2.

Information on individual participant's plans for implementation of the CRP, and progress
achieved so far on this and related topics, was presented in each country's report. These
reports are reproduced in annexes 3-13.

The following summary report restates some of the principal features of the CRP (as
originally defined in reference 1) and provides additional detail - based on the discussions
held during this RCM - on how the CRP will be implemented.

2 THE CORE PROGRAMME (studies of bone density)

2.1 Update on current knowledge of factors that affect bone density in human
populations

Some important new findings (since the AGM in 1992) are (1) the discovery in Australia
that variations in a single gene (the vitamin D receptor gene) may account for a significant
component of the genetic influence on bone density, and (2) the recognition of the
importance of the hip axis length as a risk factor for hip fracture (also that hip axis length
may be related to nutrition). Risk factors for osteoporosis and for osteoporotic fracture are
given in tables I and II.

2.2 Definitions of target populations and study groups in the Agency's CRP

A target population may be any group of individuals who are considered to be similar in
respect of (1) lifestyle and other factors that may be related to the aetiology of
osteoporosis, and (2) the incidence of osteoporosis. Generally, a target population will
comprise people from a single ethnic group. A study group comprises those individuals in
the target population who have actually been chosen for study.
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Each CRP participant is recommended to select one target population belonging to the most
common ethnic group in the country and/or city concerned. Generally, the target population
will comprise urban residents of the city in which the Principal Investigator's institute is
located. In those countries that have two or more common ethnic groups (e.g. Chinese,
Indian) it would be of interest to define and study two or more corresponding target
populations. (However, the feasibility of doing this is for individual CRP participants to
decide.) In some countries it may be of interest to define two target populations groups
comprising (i) urban and <ii) rural population groups.

2.3 Selection of subjects

A study group should always comprise subjects who are representative of the designated
target population. Representative (randomized) selection of subjects should preferably be
done on the basis of a demographic list (registry). Alternatively it may be done by
community sampling (e.g. with the help of doctors', high school or other community lists).
The use of volunteers, or of patients attending a hospital, is generally not desirable.

In cases where randomized representative selection of subjects is not feasible, it will be
necessary to demonstrate that the selected subjects are indeed representative of the
designated target population. This may have to be done with respect to several
socioeconomic variables.

Table III provides information on the target populations and sampling procedures that will
be used in this CRP. However, each participant agreed to reconsider the matter with the
assistance of a biostatistician and/or epidemiologist and to provide to the Agency's
Technical Officer a more detailed description (in about 1 page) of the procedure that will be
followed.

Numbers of subjects to be studied; age; sex

As in the original draft protocol; however, the numbers of subjects in each 5-year age
range (15 male and 15 female) are to be regarded as minimum numbers. Further study is
required to establish whether these numbers will be sufficient for the overall purpose of the
core programme bearing in mind the accuracy and precision of the techniques being used
and the likely magnitude of the differences in bone density that will be encountered in this
CRP.

Randomization of the subjects across the whole age range (15-50 years) is recommended
from the beginning of the project and up to the time of the next Research Co-ordination
Meeting. Randomization of ages may also be important within a 5-year age range if bone
density is changing rapidly (as may be the case in the 15-20 year age group).

Exclusion criteria

These include:

• known chronic illness (past or present) of > 3 months duration
• known chronic (>1 month) use of any medication other than dietary /vitamin

supplementation
• previous low trauma fracture
• prolonged immobilization (> 1 month)
• over-exposure to toxic metals or irradiation



2.4 Information to be collected on study groups and/or subjects (anthropometric,
nutritional, lifestyle, clinical chemistry, etc.)

Information to be collected by questionnaire

As in the modified WHO questionnaire (Balogh/Maggi), which was distributed during the
meeting. Further modification may be necessary to take account of local conditions and
feasibility.

Information to be collected by measurement and analysis

Various kinds of measured data are foreseen in the WHO questionnaire (e.g. height, weight,
arm span).

If possible, a blood sample should be taken and stored for subsequent studies of vitamin D
receptor alleles and other relevant genetic markers (however, it will not be decided until a later
stage of the CRP whether, and if so how, such studies would actually be carried out). At present,
the recommended procedure is to store a 10 mL sample of whole blood (with EDTA) at -70°C.
This should be done individually at each of the participating centres. Issues left for further
consideration include (1) how to help those participants who do not have access to a reliable
means for keeping their samples stored at the required temperature, and (2) whether a simpler
means of storage could be used (e.g. as dried blood spots on filter paper).

According to their individual interests and possibilities, participants are encouraged to make other
kinds of measurements (e.g. clinical chemistry data). However, this is not part of the core
programme, and such data do not need to be reported centrally.

2.5 Techniques and instrumentation for measurement of bone density

The recommendations of the Advisory Group Meeting (AGM) [11 were accepted as still being
valid.

2.6 Quality control of bone density measurements

Within laboratory QC

Each laboratory should have its own written protocol for instrument setup, calibration and
internal quality control. (Dr. Krishnan will provide some examples of suitable protocols drawn
from other programmes.) If possible, the same instrument, software and operator should be used
for the whole duration of the CRP. Frequent (e.g. daily) checks should be made with the
laboratory's own anatomic phantom (or equivalent).

Between laboratory QC

a) Instrument intercalibration

The Agency should make arrangements for three "travelling" phantoms (spine, femoral neck
and wedge) to be circulated to all participating centres. Each participant should measure these
phantoms as if they were "real" subjects, and report their results to a central laboratory (see 2.7).
This exercise should be done at least twice - respectively early and late in the CRP.

It was noted that in another somewhat similar multi-centre study, the QC protocol required
measurements on the travelling phantom to be made at intervals of about three months.
Experience from that study should be used to help establish whether the Agency's proposal



(i.e. once at the beginning and once at the end of the CRP) would be sufficient (action:
Krishnan).

The results of the QC measurements on the travelling phantoms are expected to yield data
which will enable the central laboratory to calculate "correction factors" by which the data
from individual centres may be standardized or normalized.

b) Overall performance

Systematic biases may arise in the measurement and interpretation of "real" scans for
which the best remedy would be to have a central laboratory responsible for processing the
raw scan data for all scans from all participating centres. For practical reasons this is not
feasible. However, the group agreed that, for auditing purposes and as a QC check, it
would be desirable to identify a central laboratory to undertake this role for 10-15% of the
scans (preferably early in the life of the CRP). These scans should be selected randomly by
the central laboratory.

2.7 Data recording and evaluation (what? how? by whom?)

For the CRP as a whole

It would be desirable to have central laboratories responsible for (1) evaluating the
questionnaire data, (2) organizing the "travelling phantoms" and interpreting the between-
laboratory QC data, (3) evaluating 10-15% of all scans, and (4) quantifying differences
between study groups in the different participating countries. Dr. Maggi offered to explore
with WHO whether that organization could assist with task No.1. Dr. McCloskey offered
to explore whether his institute could assist with tasks 2-4.

By individual CRP participants

individual CRP participants are responsible for all other kinds of data evaluation. WHO
can provide the software for evaluation of the questionnaire data (action: Maggi).

2.8 Co-ordination with other on-going programmes

Co-ordination with other relevant WHO programmes is already foreseen through the good
offices of Dr. Maggi and Dr. McCloskey. In addition, the Agency is recommended to make
contact with other organizations, including commercial companies, that have programmes
in this field.

2.9 Other

New CRPs were recommended on (1) long-term longitudinal studies on selected subjects
from the current CRP to investigate the time-course of changes in bone density after the
time of peak bone mass, (2) similar studies on the same subjects following interventions
(e.g. exercise, nutritional supplementation), (3) the prevalence and incidence of fracture in
the CRP study groups, and relationships with peak bone mass, and (4) calcium absorption
as functions of (i) age and (ii) the intake of calcium and other nutrients (including trace
elements).



3 THE SUPPLEMENTARY PROGRAMME

3.1 Trace element studies

It was agreed to postpone further consideration of this matter until after the Consultants'
Meeting which the Agency is planning to convene in the early part of 1995 on current
knowledge of the role of trace elements in bone metabolism, composition, structure and
disease. However, there was some discussion on the problems - in some countries and
cultures - of obtaining suitable specimens of bone at autopsy from accident victims. This
is becoming more and more a matter of legal and ethical concern. It was agreed that, in this
CRP, the Agency should not be seen to contravene currently acceptable standards, including
relevant WHO guidelines.

3.2 Other studies

Several participants are interested in conducting studies on the biomechancial properties
of bone. Although this is not considered to be a high priority topic within the current CRP,
the suggestion of Dr. Bose was welcomed that he will prepare a short position paper on this
subject and circulate it for information and comments.

4 ORGANIZATIONAL ASPECTS

4.1 Desirability of including other participants

The Agency's Technical Officer informed participants that arrangements had already been
made to include South Africa in the CRP. It was further agreed that it would be desirable
to include one or more new participants from other countries such as India, Nigeria, USA
(black target population) and an Arabic country.

4.2 Funding (possibilities for obtaining additional funding)

The Agency's Technical Officer informed participants about the possibilities of requesting
support from the Agency under the Technical Co-operation programme. Regarding external
(non UN) funding, it was recommended that the Agency's Technical Officer should approach
some of the drug companies that support osteoporosis research. (Drs. Krishnan and
McCloskey offered to provides names and addresses of some contact persons.)

4.3 Priorities for future activities within the CRP

It was agreed that those participants who have not already done so would give first
priority to drawing up a plan for representative sampling of their target populations. Other
important priorities are:

• to modify (and, if necessary, also to translate) the WHO questionnaire for
application to each study group (action: each participant)

• to initiate the programme for between laboratory QC of BMD (action: the
Agency's Technical Officer - see section 2.6a).

• to organize a Consultants' Meeting on current knowledge of the role of trace
elements in bone metabolism, composition, structure and disease (action: the
Agency's Technical Officer).



4.4 Publications policy

The Agency strongly encourages and supports the publication of scientific data arising
out of these studies. All CRP participants are therefore strongly recommended to use
whatever means may be available to them to publish their data as soon as possible,
preferably in a reputable peer-reviewed international scientific journal.

This recommendation refers specifically to publications describing the work carried out by
individual CRP participants. The only constraints are that the Agency's support of this work
should be acknowledged, and that a copy of the submitted manuscript should be sent to the
Agency's technical officer for information and comments.

A different policy applies to publications describing the results of projects that have been
evaluated centrally. The preparation of such publications will, in the first place, be the
responsibility of the Agency's technical officer and the central data co-ordinator. Such
publications will be co-authored by all CRP participants who have contributed in any
meaningful way to the outcome of the study.

5 FINAL REMARKS

Another RCM for this CRP is expected to take place during the second half of 1996.
It will provide the next opportunity for a group discussion of progress achieved under the
CRP and of ways in which to co-ordinate the work for the remaining duration of the CRP
(until 1998).

REFERENCE

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Comparative International Studies of
Osteoporosis Using Isotope Techniques (Report of an IAEA Advisory Group
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TABLE I. RISK FACTORS FOR OSTEOPOROSIS

Well established

Age - elderly
Sex - female
Race - Caucasian or Asian
Genetic - (e.g. vitamin D receptor allele)

Gonadal deficiency
Post menopausal women
Early menopause
Hypogonadal men

Probable

Low body mass
Excessive smoking
Excessive alcohol
Sedentary life style
Malabsorption of calcium in elderly

Possible

Low calcium intake
High Caffeine intake
High protein intake (developed countries)
Low protein intake (developing countries)
Vitamin K deficiency
Minor & trace element deficiency: B, Ca, Cu, Ga, Mg, Mn, Sr and Zn
Minor & trace element excess: Al, Cd, F, heavy metals, Na
High parity

Secondary osteoporosis

Corticosteroid excess
Excess thyroxine (thyrotoxicosis or replacement)
Multiple myeloma
Other diseases and therapies that may affect bone metabolism

This list is not exhaustive and other factors could be added if desired. The placement of
some of the factors in the various categories is a little controversial. It should be noted that
this is a list of risk factors for osteoporosis not fractures.



TABLE II. RISK FACTORS FOR OSTEOPOROTIC FRACTURES

SKELETAL

Low bone mass
Trabecular disruption
Large hip axis length
Previous osteoporotic fracture

EXTRA-SKELETAL

Trauma

Fallsrails

Impaired neuromuscular responses (stability, response time, etc.)
Low muscle strength
Reduced soft tissue thickness
Weight loss

TABLE III. CORE PROGRAMME (bone density studies):
DEFINITION OF STUDY GROUPS (TARGET POPULATIONS)
AND PROCEDURE FOR REPRESENTATIVE SAMPLING

Country

Brazil

Canada

Chile

China (Qin)

China (Zhang)

Croatia

Hungary

Philippines

Russia

Singapore

Turkey

Target population

white urban / Sao Paulo

white urban / Toronto

[trauma patients?] / Santiago

urban / Beijing

urban / Shanghai

urban / Zagreb

urban / Debrecen

urban / Manila (city)

urban / Moscow

Chinese / Singapore

urban / Ankara

A •

X

X

X

X

B *

X

X

X

X

X

X

X

• A = Demographic list (registry); B = Community sampling



Annex 1

List of participants (in country/name order)

Dr. Robert M. Parr. Head *
Section of Nutritional & Health-Related
Environmental Studies
IAEA
P.O. Box 100
A-1400 Vienna
Austria
tel: +43-1-2060-21657
fax: +43-1-20607
e-mail: parr@ripo1.iaea.or.at

Prof. Meinrad Peterfik "
Institute for General & Experimental Pathology
Neubau AKH
WIhringerG"rtel 18-20
A-1090 Vienna
Austria
tel: +43 1 40400 5119 or 5120
fax: +43 1 4065 269

Dr. Aurelio Borelli
School of Medicine, Univ. of Sao Paulo
Av. Dr. Arnaldo 455 - 4th fl., r.50
01246-903 Sao Paulo, SP
Brazil
tel:+55-11-851-4011x467
fax:+55-11-853-3452

Dr. S. S. Krishnan
Medical Physics Laboratory
Toronto General Hospital
Rm. CCRW G-803
200 Elizabeth Street
Toronto, Ontario M5G 2C4
Canada
tel: 416 340 4841
fax: 416 340 4707
e-mail: kknshnan@torhosp.toronto.on.ca

Dr. Gabriel Lobo, Head
Nuclear Medicine Department
Clinica Indisa
Av. Santa Maria 1810
Providencia, Santiago
Chile
tel: +56-2-225-3718
fax: +56-2-737-8862

Dr. Qin Lin Lin
Isotopes Research Institute
China-Japan Friendship Hospital
Beijing 100029
PR China
tel: +86-106422-1122-4441
fax: +86-106421-7749

Dr. Zhang Yongpeng
Lab. of Nuclear Analysis Techniques
Institute of Nuclear Research
POB 800-204
Shanghai 201800
PR China
tel: +86-21-5955-3998
fax: +86-21-5955-3021

Dr. D. Dekanic
Dept of Human Metabolism
Institute for Medical Research & Occupational Health
POB 291, 41001 Zagreb
Croatia
tel: +385-1-214-460
fax: +385-1-274-572
e-mail: ddekanic@mimi.imi.hr

Dr. Adam Balogh
Dept of Obstetrics & Gynecology
University Medical School of Debrecen
POB 37
H-4012 Debrecen
Hungary
tel: +36-52^20545 (also fax)
fax: +36-52-414577

Dr. Stefania Maggi ***
Institute of Internal Medicine
University of Padua
Via Giustiniani 2
35128 Padua
Italy
tel: +39-49-831850
fax: +39-49-831845

Dr. Mary Anne LJm-Abrahan
Philippine Diabetes Association
Unit 25, Facilities Center
548 Shaw Btvd
Mandaluyong City
Philippines
tel/fax: +63-2-531-1278

Dr. V. Ye. Zaichick, Head
Section of INAA and XRF
Medical Radiological Research Centre
Korolyeva Str. 4
Obninsk 249020
Kaluga Region
Russian Federation
tel: +7-8439-26497
fax: +7-095-956-1440
e-mail: pete@oak.obninsk.su

Prof. Kamal Bose
Dept. of Orthopaedic Surgery
National University of Singapore
National University Hospital
Lower Kent Ridge Road
Singapore 0511
tel: +65-779-5555 ext 4327/4340
fax: +65-778-0720
e-mail: doshead@leonis.nus sg
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Prof. Namik K Aras
Department of Chemistry
Middle East Technical University
TR-06531 Ankara
Turkey
tel:+90-312-210-3241
fax. +90-312-210-1280
e-mail: arasQrorqual.cc.metu.edu.tr

Prof. Y. Laleli —*
Duzen Laboratories
Ataturk Bulvari
Kavaklidere
Ankara
tel: +90-312-427-8170
fax: +90-312-427-8174

Dr. Eugene V. McCloskey
WHO Collaborating Centre for
Metabolic
Bone Disease
University of Sheffield Medical
School
Beech HOI Road
Sheffield S10 2RX
United Kingdom
tel:+44 114 271 2750
fax:+44 114 272 6938
e-mail: e.McCioskey@shef.ac.uk

Scientific Secretary
Consultant
Consultant (Representing WHO)
Observer
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Annex 2

RESEARCH CO-ORDINATION MEETING ON
COMPARATIVE INTERNATIONAL STUDIES OF OSTEOPOROSIS
USING ISOTOPE TECHNIQUES

AGENDA

MONDAY, 12 DECEMBER

09:00-09:15 Registration

09:15-09:30 OPENING

Welcome

Introductions
(each participant to introduce him/herself briefly)

09:30-12:30 SESSION 1:

Adoption of the agenda

Status report on the Co-ordinated Research Programme
and administrative arrangements for the meeting
(ParrRM)

COUNTRY REPORTS (presentation of working papers)

14:00 - 17:30

Brazil
Canada
Chile

SESSION 2:

Borelli A
Krishnan SS
Lobo G

COUNTRY REPORTS (presentation of working papers)
(continuation)

China
China
Croatia
Hungary
Philippines

Qin Lin Lin
Zhang Yuanxun
Dekanic D
Balogh A
Guanzon LVV
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TUESDAY. 13 DECEMBER

09:00 - 12:30

1. Maggi S

SESSION 3:

COUNTRY REPORTS (presentation of working papers)
(continuation)

Russia
Singapore
Turkey

SEMINARS

Zaichick V
BoseK
ArasNK

The WHO Osteoporosis Project: current status and perspectives

2. McCloskey EV WHO Collaborating Centre for Metabolic Bone Disease:
research update

14:00 - 17:30

3. PeterlikM

4. Krishnan SS

5. LaleliY

SESSION 4:

SEMINARS (continuation)

Calcium nutrition and bone mineral density

Comparative studies of two techniques for measuring bone status:
DEXA and IVNAA

Bone mineral density measurements and quality control at Duzen
Laboratory, Ankara

GENERAL DISCUSSION

General discussion on work to be undertaken by participants within the
framework of the CRP

See attached list of discussion topics

2 - 2



WEDNESDAY, 14 DECEMBER

09:00-12:30 SESSION 5:

GENERAL DISCUSSION (continuation)

See attached list of discussion topics

14:00 - 17:30 SESSION 6:

GENERAL DISCUSSION (continuation)

See attached list of discussion topics

THURSDAY, 15 DECEMBER

09:00 - 12:30 SESSION 7:

Final discussions
Report of the meeting

CLOSING OF THE MEETING

14:00 - open end Personal discussions

2 - 3



LIST OF DISCUSSION TOPICS

1. THE CORE PROGRAMME (studies of bone density)

1.1. Update on current knowledge of factors that affect bone density in human
populations

1.2. Definition of study groups in the IAEA's CRP
- representative or normal?
- how defined?

1.3. Selection of subjects
- numbers of subjects to be studied; age; sex
- exclusion and inclusion criteria?

1.4. Information to be collected on study groups and/or subjects (anthropometric,
nutritional, lifestyle, clinical chemistry, etc.)
- what information should be collected by questionnaire?
- what information should be collected by measurement and analysis?

1.5. Techniques and instrumentation for measurement of bone density
- what to measure (lumbar spine, femoral neck, whole-body, other?)
- how to standardize (normalize?) the data when different CRP participants

are using different instruments?

1.6. Quality control of bone density measurements
within laboratory QC
between laboratory QC

1.7. Data recording and evaluation (what? how? by whom?)
- by individual CRP participants
- for the CRP as a whole

1.8. Co-ordination with other on-going programmes

1.9. Other

2. THE SUPPLEMENTARY PROGRAMME (trace element and other studies)

2.1. Update on current knowledge of the role of trace elements in bone
metabolism, composition, structure and disease

2.2. Trace element studies of autopsy specimens (healthy accident victims)
- definition of study groups
- sample collection and preparation techniques
- alternative sample collection techniques (e.g. in countries and cultures that

do not allow the use of autopsy specimens)
- elements to be determined and analytical techniques to be used
- information on the test subjects to be collected and recorded

2.3. Trace element studies of bjojisy. specimens (osteoporosis patients and

2 - 4



controls)
- definition of study groups
- sample collection and preparation techniques
- elements to be determined and analytical techniques to be used
- other information on test subjects to be collected and recorded

2.4. Quality assurance of trace element measurements

2.5. Other trace element studies (e.g. correlations between bone and teeth)

2.6. Other studies (biomechanical strength, etc.)

3. ORGANIZATIONAL ASPECTS

3.1. Desirability of including other participants

3.2. Funding (possibilities for obtaining additional funding?)

3.3. Technical co-operation projects and training

3.4. Co-operation with others

3.5. Role of the Agency's Laboratory, Seibersdorf

3.6. Information exchange

3.7. Publications policy

3.8. Report of this RCM

3.9. The next RCM (where, when?)

3.10. Other
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STUDIES OF OSTEOPOROSIS IN URBAN RESIDENTS OF SAO
PAULO, BRAZIL, USING ISOTOPE RELATED TECHNIQUES

Part of Coordinated Program: COMPARATIVE INTERNATIONAL
STUDIES OF OSTEOPOROSIS USING ISOTOPE RELATED
TECHNIQUES

Contracting Institute: School of Medicine (Faculdade de Medicina), Hospital
das Clinicas, Laboratory of Human Nutrition and Metabolic Diseases
(LIM/25), Sao Paulo, SP, Brazil.

Chief Scientific Investigator: DR. AURELIO BORELLI

Starting date of current contract: November 1, 1994.
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XA9846140

STUDIES OF OSTEOPOROSIS IN URBAN RESIDENTS OF SAO
PAULO, BRAZIL, USING ISOTOPE RELATED TECHNIQUES

Borelli A

Endocrine Unit of the Hospital das Clinicas and Laboratory of Human Nutrition
and Metabolic Diseases, LIM/25, School of Medicine, University of Sao Paulo.
Av. Dr. Arnaldo, 455- 4th fl., r. 50, Sao Paulo 01246-903, SP, Brazil.
FAX 0055 11 853-3452

ABSTRACT

Brazilians as other communities are also predisposed to osteoporosis;
eventhough the condition of diet may vary, the exposure to sun light all year
long may introduce a factor of variability in the frequency and presentation of
bone metabolic disturbances. Studies have already shown decreased incidence
of hip fracture in the brazilian elders. Normal variation of bone mineral density
has already been determined in selected groups of individuals in large cities,
but without any reference to diet or exposure to sun.
The aim of this study is to evaluate bone mineral density as well as define the
peak of bone mass in a normal urban population from 5 to 50 year old (90
females and 90 males), correlating these data with nutritional intake, sun
exposure and physical activity.
As a complement to this project, bone biopsies will be taken from normal
individuals who died in automobile accidents and elements like Ca, Zn, K, Na,
Sr, Fe, Cl will be evaluated.

3 - 2



1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Osteoporosis has only recently been shown to be an important health problem
in Brazil. Eventhough the Unit of Metabolic Bone Diseases of Hospital das
Clinicas of Sao Paulo, has been studying problems related to bone physiology
and physiopathology, the epidemiology and economic consequences of
osteoporosis are being studied only recently. In the city of Sao Paulo a melting
pot of many races and brazilians from all over the country, this epidemiological
study of osteoporosis has the difficulty of the mixed samples but at the same
time allows one, with some defined criteria to choose a representative sample
of the urban population in this country.
As a complement to this study bone composition as well as the determination of
some elements as Ca, Zn, K, Na, Sr, Fe, Cl will help to characterize deviations
from normal which could help to understand the metabolic abnormalities found
in osteoporosis.
The scope of this project is the definition of normal standards for bone density
and the peak of bone mass as well as bone composition which has been a major
obstacle preventing meaningful epidemiologic research projects in various
regions of the country. The result of this study will help to develop plans to
decrease the impact of osteoporosis as an important social and economic
problem in our country.
The Unit of Metabolic Bone Disease of the Hospital das Clinicas (University of
Sao Paulo) is presently developing the following projects:
a- Bone mineral density in children from 5 to 15 years;
b- Bone and body composition in malnutrition;
c- Senile osteoporosis: evaluation of bone mineral density after a laboratory
oriented therapy;
d- Post menopause osteoporosis: response to HRT;
e- Effect of exercise on bone mass in senile osteoporosis;
f- Human growth hormone effect on senile osteoporosis;
g- Hyperthyroidism and osteoporosis;
h- Alendronate treatment of osteoporosis - a multicenter study under the
direction of Merck Sharp & Dohme.

3 - 3



METHODS

Commencing in November 1994 and extending for four years.
The subjects will be chosen from communities which are currently under
Governamental Health Program of the Department of Preventive Medicine.
These communities are regularly visited by the governamental officials.
Subjects from 15 to 50 years old will be distributed in 5 year groups, each
group will have 15 individuals of each sex.
A questionnaire (under development) will help to characterize the normal group
and will help to separate those individuals with known factors which could
interfere on bone metabolism as chronic intake of medicine such as steroids,
contraceptives, thyroxin, anticonvulsivants, underlying diseases such as
diabetes mellitus, liver diseases, kidney diseases, etc.

LABORATORY METHODS

Two Hologic densitometers will be used (1000 W DPX and a 4500 W). The
bone density measurements will include lumbar spine anterior-posterior and
proximal femur and whole body. Included individuals whose bone mineral
density were out from the expected normal range will be more thoroughly
studied before entering the group of normals.

PLANS FOR FUTURE WORK

Besides the evaluation of normal bone density measurements as proposed,
arranges have been made with the Dr. Mitiko Saiki from the Radiochemical
Division of the Institute of Nuclear and Energetic Research (IPEN-CNEN/SP)
to study chemical determinations of mineral and trace elements in normal and
osteoporotic bones. We have already been able to measure Zn, Fe, Sr as well
as Ca, Cl, K, Na and have started measuring at of trace elements.
The plan is to measure those bone components in normal and eventually on
osteoporotic individuals.
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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.

4 - 2



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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ABSTRACT

Several studies on bone densitometry measurements in healthy individuals have
been perfomed in Chile. However due to the fact that different techniques and no
uniform protocols have been used to select patients, the results obtained are not
suitable as reference values for a normal Chilean population. Therefore, foreign
reference values are used.

This study will select healthy normal individuals, typical urban Chilean residents,
and measure bone density using the DEXA technique. The selection will be made
according to a well defined protocol.

Serum osteocalcin, a marker of bone remodeling, will be measured in all
subjects as a means a assessing bone metabolism.

.Bone trace element composition will be measured in selected subjects.
Samples will be obtained by biopsy or through normal surgical procedures and will be
analyzed by neutron activation analysis.

5 - 2



Studies on osteoporosis in Chile... page 1

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT.

1.1 OSTEOPOROSIS IN CHILE: PRESENT STATE AND FUTURE
DEVELOPMENTS.

Little attention has been given to the study of osteoporosis in Chile in tbe past
However in the last four years this situation is changing due in part to the large quantity
of international publications which show the importance of this disease as a public
health problem, and due to a great extent to the availability of the technology for
measurement of bone mass density, a diagnostic tool which allows a more rational
approach to the diagnosis and treatment of osteoporosis.

The nineties find Chile in a situation of epidemiologic transition in which some
socio economic conditions of a developing country coexist with life expectancy,
prevalence of certain diseases and mortality rate, similar to those of developed
countries [1]. This circumstance increases the importance of diseases of the old age,
osteoporosis amongst them. On the other hand, due to complex reasons, economic
aspects being very important, there has been an explosive increase of bone
densitometers in Chile, especially in the Metropolitan Region in which Santiago is
located.

Several studies have been performed in Chile on the subject. Some of them with
the aim of establishing the epidemiological situation of osteoporosis in Chile [2,3] and
some with the purpose of validating bone densitometry in our clinical set-up,
establishing data bases for national reference values [4,5] and applying the technique
to different pathologies [6,9].

These studies have demonstrated that the problems derived from osteoporosis,
evaluated through their consequences such as types of bone fractures, do not show yet
in Chile the frequency of developed countries, even when groups of patients of similar
age are compared [1,2). This is specially true for femoral neck fractures. There is no
satisfactory explanation for this fact.

Some investigators have attributed the low incidence of fractures to the high
calcium content of drinking water and to the high incidence of obesity in the Chilean
population. These two factors might contribute to higher bone density. However,
contrasting these possible explanations is the fact that bone density measurements
have demonstrated a frequency of osteopenia of 21.7% in lumbar spine in normal
women over 40 years of age [4] and no correlation was found in this group between
calcium intake and bone mass index.

Bone density measurements in normal individuals, predominantly females, using
different techniques (Isotopic, Dexa) do not allow a comparison with the values
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obtained in other countries, even though some of the studies mention that the mean
values obtained in Chile are higher than those in Denmark and lower than those in the
U.S.A.

There are in Chile at present, several groups in the University and Public
Hospitals actively working in the field, with the aim of-defining the precise indications
for the measurement of bone density in our set-up of limited economic resources, and
applying the technique to specific clinical situations [6.9]. There is increasing interest
in obtaining national reference values for bone density of a normal population which
conforms to a defined protocol. It is also highly desirable that these values could be
used for the different types of equipment available.

For these reasons, the CRP proposed by the IAE.A. is most interesting and
important and will result in better knowledge of the characteristics of our population in
the aspect of bone mineralization, mass and density. Risk groups could thus be
identified in order to take preventive measurements and also better utilization of bone
densitometry as a diagnostic tool could be obtained [10].

1.2 OBJECTIVES

i) Determination of peak bone mass in healthy Chilean urban residents of both
sexes.

ii) Quantification of bone density (BD) in different age and sex groups.
Measurements of BD will be made in the lumbar spine region and hip. Healthy
individuals of both sexes in the age range 15 to 55 years old will be included in
this study.

Serum osteocalcin will be measured in all patients.

iii) Comparison of BD in the groups mentioned, throughout the calendar year to
account for seasonal variations.

iv) Measurement of bone mineral composition in bone samples from at least 8
individuals with no bone pathology, in the range 20 to 50 years old.
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2. MATERIALS AND METHODS

2.1 MATERIALS

Bone density and serum OsteoGatein will be-measured in 210 healthy men and
women, representative of the typical urban resident of Santiago. This population will
be studied through a calendar year so as to take into account possible differences due
to seasonal variations. The age range of the individuals will be 15 to 50 years. The
population will be divided in 5 year intervals and 15 individuals in each range will be
studied; thus a total of 105 women and 105 men will comprise the study group. A
"normal" protocol will be established which will take into account previous pertinent
diseases, and which will discard disorders of bone metabolism at the moment of
measurement. If necessary radiological studies will be performed.

Serum Osteocalcin, a marker of bone remodelling will be measured in all
subjects of the study group.

Trace element composition of bone in samples obtained from surgery
procedures because of trauma will be measured. Eight samples from different
individuals in the age range 20 to 50 years will be analyzed.

2.2 METHODS

Bone density will measured by DEXA in a Hologic QDR 1000 densitometer.
Measurements will be made in the lumbar spine and hip.

Osteocalcin, also called Bone Gla Protein (BGP) represents 20% of the non
collagenous proteins of bone matrix which is produced by osteoblasts. This molecule
of 49 aminoacids contains 3 residues of gamma carboxyglutamic acid. Its precise
physiologic function remains unclear, but numerous studies have shown that serum
osteocalcin is a sensitive marker of bone metabolism in various metabolic bone
diseases such as osteoporosis, primary hyperparathyroidism and renal osteodistrophy.
However osteocalcin is a specific index of bone formation whenever resorption and
formation are disocciated.

Serum Osteocalcin will be measured by IRMA (Elsa Osteo, Cis Biointemational,
France), using human osteocalcin as standards and monoclonal antibodies raised
against human osteocalcin purified from cortical bone. Detection limit for this IRMA is
0.4 ng/mL; intra-assay C.V. is 4.7% and inter-assay C.V. is 6.7% for a concentration
of 80 ng/mL.
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At least two hours fasting will be required before extraction of the sample.
Hemolyzed and hyperiipemic samples will be discarded. Samples will not be stored for
more than 15 days at -20°C. All samples will be analyzed in duplicate.

The elemental analysis of bone samples will be carried out using neutron
activation analysis (NAA) at "La Reina Nuclear Centre". The facilities available
comprise a swimming pool-type nuclear reactor with a thermal neutron flux of 1x1013

n-cm'2-s'1 with in-core irradiation positions and pneumatic transfer suystems and high
resolution gamma-ray spectrometers.

The elements to be measured are: Al, Ca, Cd, Cu, Mn, Na and Zn. However,
other elements relevant for the CRP, as defined at this first RCM, could also be
determined. It is expected to carry out all determinations instrumentally and avoid
chemical processing of samples [11].

It would be highly appreciated if the IAEA provides the participants in this CRP
with a bone reference material from either its own analytical quality control services or
some other supplier, to validate the analytical methodologies before the analysis of
actual samples is performed.

3. RESULTS

Serum osteocalcin values for women increase as age increases in the
range 30 to 90 years

There is a significant difference in serum osteocalcin values between pre
and postmenopausic women.

Serum osteocalcin values in normal Chilean women are inversely
correlated with bone density of the lumbar spine region, in the range 23
to 30 ng/mL At higher levels the relationship is constant coinciding with
the age of highest bone mass stability.

Bone density in the femoral neck is inversely correlated with serum
osteocalcin levels in the range 25 to 37 ng/mL. In the range 23-25 ng/mL
there is a constant relationship which coincides with the age of maximum
bone density.

5 - 6



Studies on osteoporosis in Chile... page 5

4. PLANS FOR FUTURE WORK

The work envisaged for this next year will be the following:

1. Definition of a protocol for selection of individuals.

2. Measurement of bone density in 75 women in the range 15 to 55 years old , in
the lumbar spine and hip, using Dexa will be performed. Measurements will be
made throughout the calendar year to account for seasonal variations. If
necessary, bone x-ray images will be obtained to rule out bone abnormalities.

3. Serum osteocalcin will be measured in all individuals.

REFERENCES

1. Situacidn de la Salud en Chile. Republica de Chile, Ministerio de Salud.
Documento Oficial 1994.

2. Epidemiologia de las fracturas en Chile. Contreras L, Kirschbaum A, Pumarino
H. Rev.Med.Chile 1991 ;119:92-98.

3. Incidencia de fracturas de cuello de femur en el area Sur y Suroriente de
Santiago. Blumel J, Ayarza R, Pavez A, Silva I. Cuadernos Medico Sociales
Colegio Medico 1990.

4. Frecuencia de osteopenia en columna lumbar en una poblacion chilena
postmenopausica asintomatica. Arteaga E, Campusano C, Rodriguez J. Cervilla
V. Rev. Med.Chile 1994; 122:372-377.

5. Oensidad y contenido mineral,6seo y su relacidn con parametros
antropometricos en poblaci6n normal chilena. Estudio en mujeres. Pumarino
H, Gonzalez P, Oviedo S, Lillo R. Rev.Med.Chile 1991 ;119:279-286.

6. Densitometria 6sea bifotdnica en hipertiroidismo por enfermedad de Basedow.
L6pez Moreno JM, Gonzalez G. Rev. Med.Chile 1991; 119:1033-1037.

7. Efecto de la gastrectomia total sobre la masa 6sea evaluada por densitometria
osea diferencial de doble fot6n. L6pez Moreno JM, Gonzalez G, Caracci L.
Rev.Med.Chile 1991 ;119:368-371.

8. Hiperparatiroidismo primario asintomatico:evaluaci6n de la masa 6sea por
densitometria 6sea bifot6nica.L6pez Moreno JM, Gonzalez G. Rev.Med.Chile
1991:120:282-287.

5 - 7



Studies on osteoporosis in Chile.,, page 6

9. Osteopenia en ninos nacidos antes de termino: evaluaci6n mediante
densitometria 6sea. Wilson Sch, Romein N, Amaral H et al. Rev.Chilena
Pediatria 1993;64:89-93.

10. Densitometria osea. <j,Es un aporte real a la clinica? Arteaga E. Rev.Med.Chile
1003;121:1313-1315.

11. Concentration of trace elements in children from northern Chile. Pefta Clunes
L, Jamett A, Santander M, Gras N, Mufioz L. Rev.Med.Chile 1992; 120:20-24.

5 - 8



XA9846143

No.8191/RB

Studies of Osteoporosis In The Northern China,

Using Isatope-Related Techniques

China-Japan Friendship Institute of

Clinical Medical Sciences

Qin,Linlin 1994-11-5

6-1



STUDIES OF OSTEOPOROSIS IN THE NORTHERN CHINA,
USING ISOTOPE-RELATED TECHNIQUES

QIN Linlin, DUAN Yunbo, MA Haibo, ZHANG Wei,
GE Chonghua, WANG Shilin., LIU Zhonghou

Department of Isotope Research,
China-Japan Friendship Institute of Clinical MedicalSciences,
• Pathologist, Vice-Head of Chin-Japan Friendship Institute of

Clinical MedicalSciences,
YingHua East Street, Beijing, China 100029

ABSTRACT

Osteoporosis is a systemic skeletal disease characterized by low bone mass and
microarchitectural deterioration of bone tissue, with a cosequent increase in bone
fragility and susceptibility to fracture. Osteoporosis is an enormous public health
problem,because it causes multiple fractures in the elderly people, and huge health
care cost. The progressive aging of the world's population predicts a substantial
increase in the global burden of osteoporosis, so further studying and preventing
osteoporosis are often important problems.

Since 1986 our department started large investigation of BMDat forearm using
single photon absorptiometry (SPA) and in 1991-1993 was undertook Investigation of
bone mineral density at the lumbar spine and proximal femur in normal Chinese
population using Dual Energy X-ray Absorptiometry(DEXA). The results showed the IM3
of all above sites is age-related, the age of peak BMD is different at the forearm
, lumbar spine and hip, and also the difference is related with sex. After the age of
peak bone mass, BMD steadily declined with advancing age.

In the Co-ordinated Research Programme on Comparative International Studies of
Osteoporosis using Isotope Techniques. Thefrist, we will further study age-, sex-
related changes in bone mass among Chinese northern healthy residents in urban. Not
only conside that chronic disease and medicine influence on osteoporosis, also
conside the influence of life-style factors. The second, the trace elemets of tooth
and hair samples will be analyzed by neutron activation analysis (NAA). It try to
find the correlation of trace elements composition between tooth and hair samples.
The possible difference in theses elements between osteoporotic patients and controls.

I . Significance in studying on osteoporosis.

Following the increasing of age the spine gradually becomes winding, and the body
height decrease.This phenomenon is considered acturally is a kind of disease. We
know now it is caused by osteoporosis (1).

Osteoporosis is a disease characterized by low bone mass and a subsequently
increased risk of fracture.An increased incidence of the fractures could also be
predicted.

On the Consensus Development Conference of Osteoporosis . it was defined:
Osteoporosis is a systemic skeletal disease characterized by low bone mass and
microarchitectural deterioration of bone tissue, with a consequent increase in bone
fragility and susceptibility to fracture (2).

Osteoporosis is a public health problem (3X4)that afflicts primarily the older
women,both in terms of patient suffering and in cost. For example, in the United
States Osteoporosis affects more than 25 million people, and more than 1.3 million
fractures annually, including more than 500,000 spine, 250,000 hip and 240,000 wrist
fractures. The costs from the nation were in excess of US$10 billion.

In Japan a incidence of fracture was investigated in the people of the age of 40
years over.The result is shown as following table I :

Table I . The Incidence of Fracture In Japan
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femoral
age: 60 over

distal radius
age: 45 over

percent

0.31%

0.4%

1980(persons)

26,662

77,429

1985

31,056

86,712

2000

45,812

115,036

Bone mass in elderly people is determined by the initial peak bone mass attained at
young adult age and the subsequent bone loss, associated with age, menopause and
various risk factors (5X6X7).

It has been recognized for over a century that the hip fractures are a
manifestation of osteoporosis in the elderly people and the vertebrae fractures were
virtually synonymous withpostmenopausal osteoporosis since the time of Albtright.
Only in the last decade, however, has it become clear, that osteoporosis is an
enormous public health problem, causing multiple fractures in the elderly people and
huge health care cost (8X9).

One recent study estimates that there will be 4.5 million hip fractures world-
wide in the year 2050. The risk of fracture is greater in women than in men, and
greatest in post menopausal women.since the elderly are at greatest risk for
osteoporotic fractures. The progressive aging of the world's population predicts a
substantial increase in the global burden of osteoporosis (10).

The aging condition of Chinese society (11), (table II)

Table II. The Aging Situation in Beijing

year age number (million) percent

1989

2000

over 60 old

over 60 old

1.07

16.13

10.6%

14.0%

The Aging Situation in China

year

1986

2000

2025

age

over 60

over 60

over 60

old

old

old

number (million)

85.00

130.00

280.00

percent

8.2%

11.0%

20.0%

Froml980's an upsurge of studying osteoporosis has been aroused in China.

II. Our Related work

Since the year 1986 our department was responded for large investigation of BMDat
forearm using SPA supported by Adminstration of Traditional Chinese Medicine and
Ministry of Public Health.

1. Investigation of bone mineral density at the radius in normal Chinese population

1.1 Subjects:
3,000 healthy people ranged 11 to 90 years old in Beijing, including 1,270

males and 1,770 females. Various chronic diseases which can influence the metabolism
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of the bone were excluded

1.2 Method:
using GMY-1 Single-Photon Bone Absorptiometry produced by Beijing Broadcosting

Technological Institute, the bone mineral content was measured at the middistal 1/3
of radius

1.3 Results:
Table HI. The baseline cross-sectional BMD measurements at the radius and ulna

were shown in table HI •

Table ffi. The Age Distribution of Radial BMD in Health-Population in Beijing

age

l l -
l S -
1 5 -
1 7 -
1 9 -
2 0 -
3 0 -
4 0 -
5 0 -
6 0 -
7 0 -
80-90

male

number

105
137
102
94
67
82

103
163
193
146
60
18

BMD(g/cm2)
X±SD

0.46110.086
0.513 ±0.094
0.570 ±0.083
0.612 ±0.079
0.621 ±0.075
0.777 ±0.078
0.783 ±0.080
0.752 ±0.076
0.696 ±0.084
0.643 ±0.083
0.592 ±0.088
0.570 ±0.066

P

0.05
0.001
0.001
0.001
0.05
0.001
0.001
0.01
0.001
0.001
0.001
0.05

female

number

60
103
138
133
71

159
242
205
352
201
86
20

BMD(g/cm2)
X±SD

0.455 ±0.074
0.515 ±0.100
0.538 ±0.076
0.580 ±0.084
0.601 ±0.103
0.681 ±0.073
0.688 ±0.070
0.663 ±0.073
0.570 ±0.077
0.511 ±0.076
0.454 ±0.088
0.423 ±0.086

P

0.05
0.001
0.05
0.001
0.05
0.001
0.05
0.001
0.001
0.001
0.001
0.05

The data showed that the peak bone mineral density at the distal forearm appeared
in the age group of 30-39 years in both sexes. After peak bone mass attained, the
bone mass loss is begun. The results also showed that there was significant
difference of peak BMD among males and females.

2. Investigation of bone mineral density at the lumbar spineand proximal femur in
normal Chinese population using Dual Energy X-ray Absorptiometry (DEXA, Norland

XR-26)

2.1 Subjects:
There were 894 healthy people excluding various chronic diseases which can

influence bone metabolism, such as renal, hepatic, or gastroinetestinal diseases,
primary hyperparathyroidism.Paget's disease, and thyroid disease. Among them male 353,
from 20-90 years old, average age 52.5 ±8.5 years old, female 541, from 20-80 years
old, average age 48.5 ±8.2.

2.2 Method:
BMD measured sites included vertebrae L2-L4 and both proximal

include femoral neck, great trochanter and ward's Triangle.

2.3 Results and Conclusion:

femurs, which

2.3.1 The results of 20-40 year-old-group, showed that in male the peak BMDof
lumbar spine and hip were at 20 -29 years old and in female the peak BMD of hips and
lumbar vertebra attained at about 30 years old. (tab. IV, V)

TablelV- The Reference Value of Lumbar spine and Proximal Femur BMD in Male
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age

2 0 -
3 0 -
4 0 -
5 0 -
6 0 -
7 0 -
8 0 -

N

65
60
42
91
64
23

8

Lumbar

1.051 ±0.117
0.999 ±0.148
0.969 ±0.141
0.962 ±0.153
0.922 ±0.152
0.824 ±0.087
0.822 ±0.080

N

60
30
42
89
64
22
7

Neck

0.984 ±0.143
0.856 ±0.135
0.849 ±0.153
0.786 ±0.095
0.753 ±0.114
0.713 ±0.119
0.634 ±0.179

Troch

0.844±0.125
0.733 ±0.124
0.748 ±0.124
0.712 ±0.108
0.685 ±0.083
0.666 ±0.106
0.576 ±0.071

Ward

1.020 ±0.189
0.828 ±0.130
0.822 ±0.176
0.725 ±0.137
0.685±0.128
0.548 ±0.121
0.569 ±0.115

TableV- The Reference Value of Lumbar spine and Proximal Femur BMD in Female

age

20
30
40
50
60
70

N

46
92

124
178
80
21

Lumbar

0.990±0.095
1.055 ±0.115
1.021 ±0.140
0.860 ±0.145
0.785 ±0.125
0.740 ±0.120

N

45
85

121
177
77
23

Neck

0.814 ±0.115
0.855±0.125
0.845 ±0.125
0.730 ±0.110
0.650 ±0.110
0.485 ±0.100

Troch

0.695 ±0.081
0.701 ±0.085
0.705 ±0.120
0.615 ±0.100
0.565 ±0.110
0.485 ±0.100

Ward

0.885 ±0.130
0.870 ±0.170
0.840 ±0.160
0.675 ±0.135
0.590 ±0.140
0.475 ±0.085

2.3.2 There was significant difference of radial and ulnal BMD between male and
female in the 20-40 year-old group. The BMD in femalewas much lower than that in
male at the same age. There was no obvious sex difference of lumbar vertebrae BMDwe
considered preliminarily that evident sexual difference of peak BMDmay exist i n
compact bones, but may not in spongy.

2.3.3 After the age of peak bone mass, BMD steadily declined with advancing age (r=0.
24-0.37, P<0.01).The radiul bone loss was 1.87-6.86% per decade, whereas the BMD
reduction in the lumbar spine and proximal femur was 0. 72-7.42%. After the age of 70
years.a slightly accelerated BMD lossoccured at the various sites.

HI. Work plan for first year

1. In the first year 105 subjects of each sex will be measured and conside to track
the subjects around age of peak bone mass about four years. In order to preventthe
subjects from losing about300 subjects will be enrolled:

1.1 Subject Selection

1.1.1 Age Range 150 men and 150 women across age range 15-50 will be measured
which include above 20 subjects in each 5-year age range. Random sample recruited
from Beijing urban area who were grown in northern city of China.

1.1.2 The condition of subjects: Theyshould be healthy men and women with same
index of height and weight excluding various disease that affect the bone metabolism
(e.g.hyperthyroidism, hypothyroidism, hysteretomy,renal,hepatic,or gastrointestinal
disease etc.)and excluding several kinds of person who is amenorrhea;estrogen use;
pregnancy, lactation and heavy smoking and alcohol consumption etc. We should
detail record their nutritional condition, physical activity and other living habits
(such as drinking tea, etc.) (11)02)03)

1.2 Measurement sites
- distal forearm (the unsupporting heavy side)
- lumbar spine (L2 to L4 A-P view)
- proximal femur (including femoral neck, great trochanter
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and ward's triangle)

1.3 Instrument
- Single photon absorptiometry,it's precision should be

controlled below 3%.
- Dual energy x-ray absorptiometry, it's precision should be

controlled below 1%.

2. The trace elements of tooth and hair samples will be analyzed. We try to find
the correlation of the trace elementscomposition between tooth and hair samples.
The possible difference in theses elements between osteoporosis patients and
controls will be studied.

2.1 Analytic method: neutron activation analysis
Analytic device is the Miniature Neutron source Reactor (MNSR) of China Atomic

Energy Science Institute in Beijing

Neutron flux can be adjusted from5xl010 to lxlO12 n/cm2.s The flux fluctuation
during eight hours' operation is within ±1%

There are altogether ten irradiation sites available in the reactor. Where the
maximum temperatures are lower than 50'C (even in full power operation). Therefore,
biological tissues and body fluids can be directly irradiated without ashing or
other pretreatment. Twosets of rapid pneumatic capsule transfer systems are
installed in MNSR.So,medium and short-lived radioisotopes can be analyzed.

2.2 Collection for teeth and hair specimens:

2.2.1 Healthy adults: The sample will be selected from autopsy controls with age
range 20 to 50 years such as accidental death, kidney transplants and other organ
transplants. The subjects which affect bone metabolism will be excluded.

2.2.2 Osteoporotic Patients:

The specimens will be recruited from the patients with fractures or/and the
subjects whose bone mineral density should be lower than 2 SD of the young normal
meanbone density.

REFERENCES:

(1). H. ORIMO Calcium, vitamin D and Osteoporosis

(2). Fourth International Symposium on Osteoporosis and Consensus
Development Conference 1992

(3). JOHNA. KANIS, L. JOSEPH MELTON, HI, CLAUS CHRISTIANSEN
The Diagnosis of Osteoporosis. Journal of Bone and Mineral Research
Vol 9, No 8, (1994)

(4). Consensus DevelopmentConference: Prophylaxis and Treatment of
Osteoporosis (1991) Am JMed 90:107-110

(5). MAZESS RB On Aging Bone Loss. Clin Orthop 165: (1982) 239-252

(6). GEUSENS P.et al. Age-, Sex-, and Menopause-Related Changes of Vertebral
and Peripheral Bone: Population Study Using Dual and Single Photon
Absorptiometry and Radio Grammetry. JNucl Med 27: (1986) 1540-1549

(7). STEVENSON JC, LEES B, DEVENPORT M, CUST MP.GANGER KF
Determinants of Done Density in Normal Women: Risk Factors for Future
Osteoporosis BrMedJ298: (1989) 924-928

(8). PETER STEIGER Age-Related Decrements in Bone Mineral Density in Women

6 - 6



Over 65, Journal of Bone and Mineral Research Vol 7, No 6, (1992)

(9). AIBRIGHT, F.: Osteoporosis. Ann. Inter, Med 27:861, (1947)

00). COOPER C, et al. Hip Fracture in The Elderly: A World Wide Projection.
Osteoporosis Int. (1992); 2, P285

(ID. CHINA DAILY. (1988); June, 27

02). DAVIS JW.etal. Age-Related Changes in Bone Mass Among Japanese-American Men.
Bone Miner, (1991) 15:227

03). MAZESSRB. etal. Bone Density in Premenopausal Women: Effects of Age,
Dietary Intake, Smokingand Birth-Control Pills. Am JClin Nutr(1991); 53:132

04). YANO K. et al. The Relationship BetweenDiet and Bone Mineral Content of
Multiple Skeletal Sites in Elderly Japanese-American Men and Women Living in
Hawaii. Am JClin Nutr, (1985); 42:877

6 - 7



XA9846144

WORKING PAPER

1. Contract Number: 8192/RB

2. Title of Project: Studies of Osteoporosis in Shanghai, China,

Using Isotope Related Techniques

Part of Coordinated Programme: Comparative International Studies of

Osteoporosis Using Isotope Techniques

3. Research Institute: Shanghai Institute of Nuclear Research,

Academia Sinica

4. Chief Scientific Investigator: Yongpeng Zhang

5. Starting Date of Current Contract: Nov.l, 1994

7 - 1
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ABSTRACT

Using Hologic QDR-2000 DEXA, the BMD determinations of subjects
suffering from osteoporosis and normal persons are in progress in
Shanghai, China. A primary correlation between the kidney disease and
the osteoporosis has been obtained. The studies of roulti elemental
distribution in cancellous bone of femoral head are also performed by
PIXE. According to IAEA Co-ordinated Research Programme (CRP),
a further working arrangement has been planed.

1. SCIENTIFIC BACKGROUND

Recent epidemiologic studies of osteoporosis show that it is a worldwide
disease that causes significant morbidity and mortality(1>. Also osteoporosis is
a predominant bone disease of the elderly specially for women after the
menopause in China. The goverment has payed great attention to this problem
seriously. In Shanghai, my research group in cooperation with Second
Medicine University is earring on a co-ordinated project on Aetiology and
Prevention Studies of Osteoporosis sponsored by Shanghai Scientific
Technology Committee. The purpose of this programme is to 6tudy the
aetiology of the disease, and how to prevent the disease and optimize
diagnosis and therapy. The scope of thi6 programme includes following
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determinations: (a) the age of peak bone mass in each study group and the
differences in bone density as functions of the age and sex of persons in
the study groups, (b) the levels of sex hormone particularly before and
after the menopause woman, (c) trace element compositions of femur and
serum in osteoporosis group and in control group, (d) bone biomechanical
strength test and so on. The programme already started in 1993 and spreads
3-4 years.

2. METHOD

2.1 Bone Densitometry
A complete set of QDR-2000 Dual Energy X-ray Abeorptiometry (DEXA)

was imported from USA Hologic Inc. in 1993. Fan beam DXA densitometers
such as the QDR-2000 overcome the limitation of single beam system and
result in faster scan times and the ability to perform measurement of AP
spine, hip, forearm, whole body, lateral spine, vertebral morphomotry,
and research applications/21

2.2 BMD Reference Database
A set of BMD reference database is provided by Hologic Instrument

Company. It i6 said that the oriental models are from Japanese. We think
there are some differences between Japanese and Chinese in habits,
lifestyles, diets, and so on. We should measure normal human BMD reference
database specially for Shanghai residents, China. The following criteria
are provided as an example of the types of diseases and drug therapies that
are known to interfere with bone and mineral metabolism. Such criteria are
commonly employed to exclude subjects from a BMD reference database.
Fracture assessment by lateral lumbar spine x-rays have also been employed
to exclude subjects with vertebral fracture.

2.2.1 Chronic Diseases
Kidney disease, Hepatic disease, Hyperparathyroidism, Hyperthyroidi6m,

Hyperprolactinemia, Amenorrhea(in young women), Oopherectomy, Rheumatoid
arthritis, Ankylosing spondylitis, Paget's disease, Malabsorption syncromes,
Cancer, and Atraumatic fracture.
2.2.2 Chronic Drug Therapy

Steroid therapy, Anticonvulsant use, Fluoride therapy, Diuretics, and
Estrogen therapy.
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2.2.3 Scan Artifacts
Measurements exhibiting motion artifacts, significant vertebral

deformities, or other technical problems such as poor or irregular image
quality should be repeated. All measurements exhibiting poor technical
quality should be excluded from the reference database.

2.8 FIXE Set-up for Element Analysis
4UH Van de Graaff accelerator was imported from USA NEC Co. and

a set of complete Proton Induced X-ray Emission (PDCE) analysis system is
shown schematically in fig.l. All the targets are irradiated in a vacuum
chamber. A 3.5 MeV proton beam is obtained from the accelerator, diffused
by a tVtin aluminium foil (6.7 mg/cm2) and finally collimated to a 6 mm
diameter beam spot on the target. Typical beam currents of the order of
10-20 nA are used and the average measuring time per sample is 20 min. The
target chamber is designed to house 40 samples mounted in slide frames for
automatic sample changing. Appropriate x-ray absorbers are positioned between
the sample and the detector to reduce the high intensity of proton induced L
x-rays from the high Z targets. The counting rate in the detector with the
beam currents employed is always less than 1 KHz, thus minimising pulse pile-
up. The x-rays are detected by a 32 mma Si(Ii) detector with a resolution
of 180 eV (FWHM) at Mn Ka 6.9 KeV, located at 136° with respect to the
beam direction in the horizontal plane. The associated electronics comprises a
pulsed optical preamplifier and a spectroscopy amplifier. The output from the
amplifier is connected to the ND-76 multichannel analyzer and then stored
in a PC-486 on-line computer for data acquisition and analysis.C8>

13 14 15

Fig 1. Schematic diagram of the experimental set-up

1 - 4 MeV V»n de Gruff accelerator. 2 - proton beam. 3 • aluminium foil.
4 • tantalum collimator. S - ab»orber. 6 - vacuum irradiation chamber. 7 - sample.
5 - automatic tarnple changer with remote portioning ayitem. 9 • Faraday cop.
10 - Si(Li) detector. 11 - preamplifier. 12 . amplifier. 13 - pulte pU*-up rejector.
14 -ND-W multichannel analyzer. 15 - pc - 4H computer.
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3. RESULTS

3.1 BMD Determination
Since Aug.1993, we have already performed the BMD determinants more

thfiP 1200 perpons. 300 of them are normal human between 40-60 years of age
and the rest are osteoporosis patients between 50-70 years of age. A
typical example is shown in table 1. The reports obtained 6how that the
patient's BMD is lower than the reference database, and the bone mineral
contents in femur and lumbar spine have been lost. By understanding the
changes in bone mass throughout life, physicians can use bone densitometry
to help patients make clinical decisions and take available treatment
options.

3.2 Study of the Correletions Between Kidney Disease and Osteoporosis
The primary study of the correletions between kidney disease and

osteoporosis has been performed in Shanghai 6th People's Hospital. The
subjects in this study include 35 patients with kidney disease ( uraemia 17,
chronic nephritis 13, Iupu6 nephritis 5 ) between 25 and 72 years of age.
Using Hologic QDR-2000 bone densitometry, the BMD in femoral neck, AP
spine and lateral spine are determined. Results obtained show that the
incidence of femoral neck osteoporosis has lifted obviously as compared with
L1-L4 spine. The incidence of osteoporosis in women suffering from kidney
disease is higher than that of in men suffering from same disease. The
further studies and results will be reported in the near future.

3.3 Distributions of Multi-element in Bone
Study of metal multi-element distribution in cancellou6 bone of human

femoral head is in progress. PDCE method is used for the determination of
elemental concentrations in cancellous bone of femoral head from five
autopsies and seven patients with femur broken. Using T test, the results
show that the concentrations of P, Ca, Fe, Cu, Sr in control group is higher
than those in patient group, but the concentrations of S, K, Zn, Mn are not
remarkable difference. The specimen preparation and experimental procudure
will be introduced in detail, also the physiological functions of metal elements
in human bone will be discussed00
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4. PLANS FOR FUTURE WORK

4.1 The Core Programme Parts
The studies of bone density in selected populations includs (a)

detaining the age of peak bone mass in each 6tudy group and (b)quantifying
differences in bone density as functions of the age and sex of persons in
the study group. The measurements are carried out in subjects of both sexes
across the age range 15-50. More than 15 subjects are determined in each 5-
year age range. These subjects should be representative Shanghai residents.
The positions of bone density measurement ere : (a) in the lumbar spine
region ( anterior/posterior) and (b) at the femoral neck. Related
information of every subject is recorded for later evaluation such as whole
body measurements, disease history, occupation, habit, diet, wine and
smoking.

The work to be done during the first year is the measurements of bone
density in 90 subjects of both sexes across the age range 15-50 using
Hologic QDR-2000 DEXA.

4.2 The supplementary programme parts
We plan to determine trace elemental contents of suitable specixnents

(head of femur and serum) both of osteoporosis patients and controls by
PDCE or NAA. If possible, we intend to collect autopsy samples of rib bone
from health accident victims for biomechanical strength test.
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Table 1. A typical example of BMD measurement

SHflNGHRI 6th PEOPLE'S HOSPITRL
A Left Hip

Reference Database

B
H
D

28 30 46 58 68 76
Age

BMD(NeckEL])

Region

Neck

Troch

Inter

TOTAL

Ward's

]

8

6

8

8

8

BMD

.481

.358

642

545

313

= 8.

-4

-4

-3

-3

-4

481

T

.14

.04
loo
.61
.58

.39
(28

g/cm2

54x
O \.D )

sax.a/
56x
56x

39x
.0)

-2

-3

-2

-2

-2

Z

.60

.09

.69

.60

.08

65X

56x

63x

64x

58x

• Age and sex matched
T = peak bone mass
Z = age matched TK 10/25/91

Y09099314
Name:
Comment:
I.D.:
S.S.tt:
ZIPCode:
Scan Code:
BirthDate:
Physician:

Thu Sep 9 15:13 1993
LING NIAN

112 Sex: F
- - Ethnic: 0

Height: 158.80 cm
Weight: -44.86 kg

12/01/34 Age: 58

Physician Comment '•

Oopherectomy

A Lumbar Spine
Reference Database •

B
M
D

10 20 30 40 50 66 76 88
Age

BHDCL1-L4) =

Region

LI

L2

L3

L4

L1-L4

BUD

6.522

8.551

8.688

8.672

8.613

8.613 g/cm2

T(30

-3.67

-4.34

-3.67

-4.83

-3.94

.0)

56x

54x

63x

60x

S9x

Z

-2.50

-3.04

-2.31

-2.63

-2.62

65x

62x

73x

70x

68x

* Age and sex matched
T = peak bone mass
Z = age matched

¥89099318
Name".
Comment:
I.D. :
S.S.tt:
ZIPCode:
Scan Code:
BirthDate'
Physician'

Thu Sep 9 14:54 1993
LING NIAN

112 Sex: F
- - Ethnic: 0

Height: 158.88 cm
Ueighf. 44.86 kg

12/01/34 Age: 58

Physician Comment:

Oopherectomy.

TK 11/04/91

7-7



XA9846145

Contract No: 8193/RB

STUDIES OF OSTEOPOROSIS IN CROATIA USING
ISOTOPE RELATED TECHNIQUES

Institute for Medical Research and occupational Health)
Zagreb) Croatia

Chief Scientific Investigaror: Darinka Dekanic, M-D-,Ph-D.

Starting date: 1 st November 1994

8-1
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ISOTOPE RELATED TECHNIQUES

Darinka Dekanid M-D., Ph-D-
Maja Blanusa B•5c -, Ph.D«
Selma CviJetic M.D., M.Sc-
Ljerka Prester B.Sc., M-Sc-
Vlatka Uzelac M-D-

Institute for Medical Research and Occupational Health,
Ksaverska cesta 2, 41000 Zagreb, POB 291, CROATIA

ABSTRACT

A short overview is presented of research activities
concerning osteoporosis and trace element exposure
monitoring carried out by the Institute for Medical Research
and Occupational Health in Zagreb during the last forty
years. The overview includes! cross~sectional and
prospective epidemiological studies in districts with
habitually low and high calcium intake; clinical studies
concerning peak bone mass and bone mineral density in
postmenopausal women; studies on trace element exposure
monitoring* The collaborating institutions, agencies and
relevant recent publications Are quoted.

A survey is given of relevant methods which were used in
earlier studies as well as the techniques which will be used
in the current IAEA project.

A brief description of the work which will be undertaken
(particularly during the first yeAr) within the framework of
the IAEA CRP is given-

1- SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The Institute for Medical Research and Occupational
Health in Zagreb has been involved in epidemiological and
clinical studies of osteoporosis for about 25 years.
Studies concerning monitoring of trace elements exposure
have been carried out for more than 40 years.

The participation in this IAEA project is going to be
part of the Institute's current research activity. It will
concern the factors affecting bone density and peak bone
mass in the Croatian population and the composition of human
bone in respect to trace elements-

Since 1970 studies concerning bone mass and fracture
rates have been conducted in two Croatian populations with
different calcium intakes- They were partly supported by the
U.S. Department of Agriculture. The first results published
in the seventies, which received world~wide attention,
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suggested that habitual calcium intake not only influenced
peak bone mass but was also inversely related to the
incidence of fractures [ 1-2J. A follow-up study of the same
subjects was done after ten years- The preliminary results
showed that high calcium intake did not retard
postmenopausal bone loss in women and age related bone loss
in men, but by affecting bone architecture and/or
remodelling activity may have maintained somewhat favourable
linear indices of cortical bone and probably the mechanical
stability of the bone [3J.

Evidence was presented showing that blood lead level
and diastolic blood pressure were affected by dietary
calc ium I 4 , 5] .

In collaboration with scientists from the USA the
potential nutritional and genetic determinants of peak bone
mass were elucidated [6-8].

Particular attention was given to the evaluation of
bone mineral density in postmenopausal women [9,10].

A monitoring team proposing a Supplementary programme
participated in several W H O / U N E P initiated programmes where
lead and cadmium in human tissue, excreta or diet were
monitored. They also participated in the Assessment of Lead
Neurotoxicity in Children Programme by measurements of lead
and other metals in deciduous teeth, as well as in
Intercomparison of Minor and Trace Elements in IAEA Animal
Bone (H—5) with analysis of lead, iron, copper, zinc and
manganese I 11—16j .

In all WHO/UNEP programmes analytical quality assurance of
lead and cadmium in biological material was carried out•

The collaborating domestic and international
institutions and agencies Are shown in Table 1.

TABLE 1. COLLABORATING INSTITUTIONS AND AGENCIES
OF THE INSTITUTE FOR MEDICAL RESEARCH
AND OCCUPATIONAL HEALTH, ZAGREB, CROATIA

DOMESTIC Health Centres in minor towns
University Hospitals in major towns
"R- Boskovic" Institute, Zagreb
Croatian Academy of Science and Arts,
Zagreb

INTERNATIONAL Davis Research Centre, University
Ohio, Columbus, USA
Agencies: WHO, EPA, USDA
Lunar Corporation USA
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2- METHODS

Relevant methods used in earlier studies conducted by
the institute for Medical Research and Occupational Health
in Zagreb a,re shown in Table 2.

TABLE 2. RELEVANT METHODS USED IN EARLIER STUDIES

ASSESSMENT METHOD*

CORTICAL BONE MASS Radiographic morphometry

Metacarpal indices

BONE MINERAL DENSITY DXA, Lunar DPX
Regions: Ls-L«. -femoral neck

NUTRITIONAL Interview of usual weekly
consumption of the individual
-food components

Three-day food record

Food frequency questionnaire

TRACE ELEMENTS ANALYSES AAS (flame or electrothermal)

Methods which will be used in this IAEA study are
presented in Table 3.

TABLE 3. METHODS WHICH WILL BE USED IN THE IAEA STUDY

METHOD DESCRIPTION

MEDICAL HISTORY Diseases, Medications, Life style

BONE MINERAL DENSITV DXA, Lunar DPX
(BMD g/cm2) Regions: L2-L4

Femoral neck
Whole body (optional)

Software: 3.£>z
small animal beta 1.0c

ASSESSMENT OF CALCIUM Dietary interview
INTAKE (weekly consumption of the

individual food components)

ANTHROPOMETRV Standing height, weight
Body mass index

TRACE ELEMENTS ANALYSES AAS (flame or electrothermal)
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3. PLANS FOR FUTURE WORK

During the -first year of the current IAEA study about
100 subjects of both sexes• across the age range 15-50 from
the city of Zagreb* will be enrolled into the study-
The following subjects will be excluded from the study-
1. subjects with a history of the disease which affects bone
tissue; 2. subjects who regularly use medications which
influence the bone; 3. subjects with a history of fracture
of the hip, spine and wrist; 4- subjects with a current
history of alcohol or drug abuse; 5. subjects with
prolonged immobilization-

During the second year of the project post mortem
samples of the rib bone from adult healthy accident victims
will be provided at autopsies from the Department of
Forensic Medicine, School of Medicine University of Zagreb-
5ex, age, cause of death, occupation and smoking habit will
be recorded- At least 8 subjecs will be included for each
age decade from 20-50 years- About 100 mg of calcified
tissue will be dried at 105 °c, dissolved in 10% HNO3 and
Ca, Mg, Pb, Fe, Zn, Cu, and Mn will be analysed by flame of
electrothermal atomic absorption spectrometry-
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Abstract

Estimates of the annual incidence of various osteoporotic fractures in Hungary
only recently became available. Further prospective data are needed in order to
get an estimate on the public health impact of osteoporosis. It has been
postulated that beyond genetic factors, environmental effects play important roles
in determining the peak bone mass. Many of the influential environmental factors
and also the normal course of the development of peak bone mass need further
investigation in our region, also to explore suspected interregional differences in
bone health. This study will take place in a centre as participant of a multicentre
international population study and aims to draw a random sample of the minimum
of 105 persons of both sexes from the urban population (15 to 50) of Debrecen, a
town of 220 thousand inhabitants in the eastern region of Hungary and measure
bone density of the spine, hip and total body using isotope related techniques.
Further goal is to review major lifestyle variables, such as nutrition and exercise.
Laboratory markers of bone metabolism will be assayed and bone samples
obtained from victims of accidents to analyze bone quality and elemental
composition. Alternative bone sites, such as teeth and oral alveolar bone will be
also considered sources of bone samples for comparison to other bone regions.
The duration of the study will be 4 years and the study subjects will be followed by
repeated measurements and clinical assessment. The data will be collected and
analyzed according to a common protocol supported by the IAEA. This makes
possible comparing data from the participating countries. Experiences of previous
work in this Institute on similar subject is also reviewed briefly.
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1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

In Debrecen there has been an old tradition of bone and cartilage research. Noted
scientist Istvan Krompecher, professor of Anatomy, Embryology and Histology at
the University Medical School of Debrecen has made internationally
acknowledged research on bone formation and cartilage regeneration. He
actually advocated the use of egg-shell due to its calcium content to prevent bone
mineral deficiency in childhood and bone fractured patients.

The advent of modern diagnostic instruments, like bone densitometry, as well as
efficient therapeutic measures, Ike hormone replacement therapy (HRT),
calcitonin and calcium supplementation has generated new interest towards bone
metabolism and especially osteoporosis.

In the earliest stage of the modern era in bone research a small group of
Hungarian scientists lead by Istvan Hollo in Budapest started research on primary
and secondary osteoporosis in the 60-s.

It has been established by A merican and European research groups that bone
fractures - major and most apparent consequences of osteoporosis - occur under
the influence of various risk factors, of them there are primary and secondary
ones (figure 1).

Recognizing the need for a health care, screening and research, a
multidisciplinary programme has been launched in 1992 in Debrecen under the
name Debrecen Regional Osteoporosis Program (DROP).

Figures 2 to 6 describe major characteristics of the DROP, by now a nationwide
recognized program.

Figures 7 to 11 show major activities of DROP in various fields.

Based on these results and experience we found major weakness of our activity,
and also other similar projects on national level, the lack of population based
standard values of bone density of various regions of the body, biochemical
markers in healthy population, and profiles of relevant lifestyle variables. This has
been a major obstacle preventing meaningful epidemiologic research in various
regions of our country.

Owing to the recognized deficiency several attempts has been made to correct the
missing informations. We have conducted a retrospective study of hip fractures in
Hajdu-Bihar county of 550,000 total population in the years 1989-1991 (3). First
results of DROP were presented at the International Symposium on Osteoporosis
(1). Further results have been presented and discussed during the III. Congress
of the Hungarian Society for Osteoporosis and Osteoarthrology in Debrecen
(1994).
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Further step was the joining the European Prospective Osteoporosos Study
(EPOS) as a result of our application to the EC together with J. Reeve (1994).

Most recently, the Risk Management Fund of the Hungarian Health Insurance
Organization has awarded a major grant to support the population based
screening and early management of osteoporosis. Consideration of joining to
international multicentre drug studies on osteoporosis is in final stage.

2. METHODS

The proposed study will be a population based one, which has been advocated by
several authors and organizations (4, 5).

The results of the study will be used for planning a meaningful intervention in
regional level according to accepted guidelines (2).

The following list of methods will be applied in the study:

2.1. Establishing contact with the health personnel in the region in order to explain
the nature and purpose of the study.

2.2. Creating publicity in the local media for the potential study participants.

2 3 Population sampling by using census data by sending letters to the selected
persons - at least 7 times the expected study number.

2.4 Filling questionnaires of the incoming persons
2.4.1 Nottingham Health Profile
2.4.2. European Quality of Life Questionnaire (EuroQoL)
2.4.3. European Foundation for Osteoporosis (EFFO) Questionnaire
These are intended to explore nutritional and lifestyle characteristics in a
standardized way.

2.5. Bone density measurement
The instrument: LUNAR DPX-L (DXA) measurements:
2.5.1. AP Spine
2.5.2. Proximal Femur
2.5.3. Total Body

2.6. X-rays of the spine, only if indicated by clinical finding or history.

2.7. Clinical Assessment
Vital functions
Bones and joints
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2.8. Laboratory Tests
2.8.1. Simple, non specific (sCa, P, AP, bi, alb., creatinine ...)
2.8.2. Specific markers of bone metabolism (if not centrally done)

2.9.Tooth and alveolar bone samplin at the Dept. of Dentistry and Oral Surgery
(pilot study)

3. RESULTS

Some of the results of the work that has been done within the DROP has already
been listed on page 2 and on the enclosed figures. The earlier findings gave us a
chance to master some of the methods that are intended for use in this study.
Also, we gained experience in organizing patients for bone density and bone
metabolism assessment.

4. PLANS FOR FUTURE WORK

The present study will be extended and and prolonged, even if IAEA support will
not be available later. However, continuation of this study under the same
protocol and ion the same centres would provide invaluable source of population
data on the development of peak bone mass. Further extension could be to
continue the measurements in later age and follow the course of declining bone
mass and occurring its pathologic sequelae. At the end, the study and its
continuation will contribute to an attempt to improve quality of life in older age.
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5. LIST OF FIGURES (TRANSPARENCIES)

1. OSTEOPOROSIS - DETERMINANTS OF FRACTURE RISK

Peak Bone Mass
Actual Bone Mass
Bone Quality
Rate of Bone Loss
Co-Morbidity
Bone Affecting Drugs
Risk of Falls

2. THE DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM
(DROP)

Starting date: April 1992
Site: Debrecen town and Hajdu-Bihar county

Hungary
Population size: 220,000 (Debrecen)

550,000 (Debrecen + county combined)
Population type: urban & rural equally distributed
Program type: diagnostic (early detection)

screening (about starting)
educational (graduate & postgraduate)
research

3. THE DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM
(DROP)

Aims:
Multidisciplinary approach
Health care function
Higher referral centre
National (regional) reference centre
Population screening and setting standards
Training of medical students
Postgraduate training functions
Research (bone acting drugs, epidemiology)
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4. THE DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM
(DROP)

FOUNDING INSTITUTES:

Dept. of Obstetrics & Gynecology (co-ordinating institute)
Dept. I of Internal Medicine
Dept. of Orhopedic Surgery
Dept. of Radiology
of the University Medical School of Debrecen

5. THE DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM
(DROP)

COLLABORATING INSTITUTES:

Dept. Ill of Internal Medicine
Dept. of Pediatrics
Dept. of Dentistry and Oral Surgery
Inst. of Forensic Medicine
Inst. of Social Medicine
Inst. of Public Health
Inst. of Anatomy
Inst. of Pathology
Inst. of Clinical Chemistry
of the Univerrtsity Medical School of Debrecen, and
Inst. of Nuclear Research of the Hungarian Academy of Sciences
Hospital of Hajdu-Bihar County

6. THE DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM
(DROP)

FUNCTIONAL UNITS

OUTPATIENT CONSULTATIONS AND WARDS
BONE DENSITOMETRY UNIT
LABORATORY FOR BIOCHEMICAL MARKERS
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7. THE DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM
(DROP)

PATIENT NUMBERS & PROFILE OF THE DENSITOMETRY UNIT

Total turnover:
Total number of scans:
Sex distribution:

Age distribution:

3,440 patients
5,932
female
male

below 20
20-30
31 -40
41 -50
51 -60
61 -70
71 -80
81 -

96%
4%
1%
1%
5%

30%
35%
22%
8%
1%

8. THE DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM
(DROP)

DX PRINCIPLES: POSTMENOPAUSAL OSTEOPOROSIS

History: family & individual
Genetic aspects
Risk factors
Clinical assessment
Bone morphometry
Assessment of bone mass
Assessment of bone loss
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9. POSTMENOPAUSAL OSTEOPOROSIS (PMOP)

ROLE OF BONE DENSITOMETRY

Aim:
Early detection of osteoporosis
Expected situation:
Little or no clinical manifestation
Plan:
Search for risk profile
Measuring BMD as primary approach
Baseline Laboratory Procedures
Specific Laboratory Procedures
Dedicated screening vs. early detection

10. DROP: MAJOR FINDINGS IN POSTMENOPAUSAL WOMEN

EXCESS RISK CONDITIONS:

a) Consumption of high calorie / low Ca content food
b) The fraction of aging population is increasing
c) Insufficient physical activity in urban setting
d) Insufficient sun exposure in winter, among the oldest
e) Low prevalence of HRT
f) Increasing incidence rates of hip fracture in the last 7 years

9 - 9



11. DROP: THERAPEUTIC CONSEQUENCES OF THE PROGRAM

Dedicated screening allows early intervention
Enough time for lifestyle adjustment
Time for revision of nutrition
Spread of information among the youth: chance for primary prevention
Time for secondary prevention:
Calcium supplementation
Early indication for HRT
Vitamin D administration
Other drugs considered
Better compliance

12. CAUSES OF FAILURE IN THE MANAGEMENT OF
OSTEOPOROSIS -

AN OVERVIEW IN NUTSHELL

a) Poor perception of the nature of osteoporosis & consequences
b) Rejection of tretment offers (silent disease)
c) Inadequate choice of drugs
d) Inadequate dosage of drugs:

Overdosage
Underdosage

e) Inadequate duration of treatment
f) Poor compliance
g) Role of health education
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ABSTRACT

Filipinos are predisposed to osteoporosis because of inade-
quate calcium in their diet early on in life, confounded by-
malnutrition, susceptibility to infectious diseases and their
generally small body frame. And yet the problem of osteoporosis
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has not been properly addressed. The incidence of osteoporosis
is not known since oftentimes it is established only once compli-
cations have set in. It is believed that osteoporosis poses a
public health concern but its extent is not realized at present
because of lack of local epidemiological data.

This study aims to determine the bone mass density as a
function of age among 210 screened and healthy volunteers coming
from urban poor communities of Metro Manila over a 3-year period.
A LUNAR DPX-L bone densitometry for dual X-ray photon absorptio-
metry will be used, with measurements taken on the spine and
femur. It also aims to correlate factors such as nutritional
intake, physical activity, lifestyle, sex and body mass index
with that of bone mass density. Blood and urine samples will be
obtained for biochemistry and hormonal radioimmunoassay examina-
tion. Statistical analysis will be done to compare differences
within the group and to determine rate of bone loss as a function
of age and sex. Plans for future research include the determina-
tion of trace element content in cortical bone and tooth samples
from healthy living subjects.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE SUBJECT

l.A. OVERVIEW OF THE NATIONAL HEALTH SITUATION

Only 3.8% of our national budget is allocated for health
[l]. In a country where 55 persons still die of tuberculosis and
1277 children still die of pneumonia everyday [2], it is under-
standable why our national health programs are geared towards
battling infectious diseases. Osteoporosis as a public health
concern is therefore not a priority of the Department of Health.

Aside from infectious diseases, renal and endocrine diseases
which affect bone metabolism also burden the Filipinos. For the
year 1988, 8.4/100,000 deaths were due to renal diseases, while
6.0/100,000 were due to thyrotoxicosis, hypothyroidism, other
endocrine and metabolic disorders [3] . Goiter due to iodine
deficiency is even endemic in our country [4]. In the Philippine
General Hospital Outpatient Department alone, the prevalence of
endocrine disorders is approximately 10,000/543,300 admissions
per year, and that of renal diseases is approximately
5,000/543,300 admissions per year [5]. Furthermore, it it esti-
mated that less than 10% Filipino women at their post-menopausal
age receive hormonal replacement therapy [6]. These figures are
not surprising since 76% of the rural population and 50% of the
urban population do not have access to medications [7].

More than 50% of our children, considered the most vulner-
able population, are malnourished [8] . The average Filipino
worker with a GNP per capita of $727 [9] spends almost 50% of his
daily income on food [10], yet this is clearly not adequate since
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his daily caloric intake, on the average, amounts to less than
1800 kcal/day or only 87% of the recommended daily caloric in-
take. Aside from protein-energy inadequacy, the Filipino diet
lacks other nutrients such as iron, thiamine, niacin, riboflavin,
fats, and ascorbic acid. A Filipino consumes only 420-450 mg/day
of calcium, way below the recommended allowance of 1000 mg/day
[11] .

The inadequacy of calcium and vitamin D in the diet is
however alleviated by the fact that the Philippines enjoys ade-
quate sunshine throughout the year and our vast coastal lines
provide rich sources of calcium from seafoods and fishbone. The
latter however is not popularly enjoyed by those living in moun-
tainous areas. Dairy products are not readily available to
the majority of the population, especially those in the rural
areas because of lack of storage facilities, and its prohibitive
cost to the average Filipino. Children do not usually receive
enough milk after they have been weaned from breastfeeding at the
age of 2 years, and milk-drinking is not a habit inculcated among
adults. Lactose intolerance may also be common among Filipinos,
although there are no exact figures to support this.

l.B. RATIONALE

In the Philippines, osteoporosis is often overlooked and
neglected even by physicians. Moreoften, the diagnosis is
established only when patients consult late, that is, when
complications such as fractures, have already set in.

Osteoporosis exacts a great toll of suffering and health
care costs. In the United States, at least 1.3 million cases of
vertebral fracture per year are attributed to osteoporosis, with
the cost of care on femoral fracture alone amounting to $ 5
billion [12] . There are no local figures currently available on
the incidence of osteoporosis. In the Philippine General Hospi-
tal, a tertiary care government referral center with a bed capac-
ity of 1,487, the incidence of osteoporosis as primary diagnosis
among patients consulting at the Outpatient Department for the
year 1993 is only 7/543,700 admissions, while that of hip frac-
tures is 40/30,870 inpatient admissions/year [5, 13]. But whether
these data reflect the trend on a nationwide scale has not been
determined. It is estimated that each patient confined in a
government hospital spends P 15,000.00 ( $ 625 ) on surgical
needs and antibiotics alone, while the government spends for the
same amount as counterpart. This excludes the cost of lost oppor-
tunities and productivity on his part.

Foreign literatures have shown [14,15,16] that low bone mass
density measurements is predictive of fracture. Melton et. al.
[17] has introduced a concept for fracture risk assessment which
could be useful in osteoporosis prophylaxis and patient manage-
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ment. Thus, osteoporosis is preventable if reliable age-specific
bone loss rates estimated from BMD is available. The variabil-
ity in genetic and environmental factors among different races
necessitates that a BMD curve as a function of age and sex must
be derived from among Filipinos.

This study aims to determine the peak bone mass density
among healthy Filipinos of varying ages. This study will hopeful-
ly complement the previous study done by Redoblado, De Guzman,
et. al. [18]. These studies will hopefully serve as initiative
towards coordinated efforts to address the problem of osteoporo-
sis in our country.

l.C. RELEVANT WORK ON CRP

The availability of dual energy X-ray photon absorptiometry
(DEXA) in Manila since 1993 has brought the attention of local
researchers to focus on osteoporosis in the Philippine setting,
albeit still at the inception stage. In the Philippine General
Hospital, the Section of Reproductive Endocrinology has an ongo-
ing research on the administration of gonadotropin releasing
hormone on pre-menopausal women with endometriosis and endomet-
riomas and its effect on bone mass density [19] . A study on the
effect of hormonal replacement therapy on bone mass density among
post-menopausal women [20] likewise shows very encouraging re-
sults, although it is still in progress. A multicenter study on
the effect of calcitonin on post-menopausal osteoporotic women is
still ongoing [21] . The BMD among 216 women who were referred
for DEXA was reviewed at St. Luke's Hospital between the period
February 1993 to August 1994. The subjects were considered high-
risk i.e. those receiving steroids, long-term suppression therapy
of levo-thyroxine, with history of fractures, post-menopausal
women. The results showed a high prevalence of fractures and
osteoporosis which reflect the population bias in this study
[18] .

l.D. COLLABORATIVE EFFORTS

At present, the Philippine Society of Endocrinology and
Metabolism is addressing the problem of osteoporosis in the
country. Efforts are underway to organize an Osteoporosis Socie-
ty which will bring together different fields of specialty in
Medicine in the Philippines to support campaigns for the preven-
tion and alleviation of osteoporosis, and to encourage researches
on this subject matter. The key figures from the PSEM, the
Section of Endocrinology, Section of Reproductive Endocrinology,
Department of Orthopedics, Nuclear Medicine- in the Philippine
General Hospital are in close coordination with those from other
institutions such as the National Orthopedic Hospital, St. Luke's
Medical Center, and the Philippine Nuclear Research Institute on
this project.
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2. METHODS

2.A. STUDY DESIGN

This is a prospective study scheduled to commence on Novem-
ber 1, 1994 and is projected to be finished within a 3-year
period. The target for Year 1 is 90 subjects, Year 2 is 60 sub-
jects, and Year 3 is 60 subjects.

2.B. SELECTION OF SUBJECTS

The subjects in this study will be picked from among
volunteers coming from the different urban poor barangays or
villages in Metro Manila. Subjects will be screened using a
questionnaire as to their monthly family income, lifestyle, and
past medical history (see Annex) . They will also be stratified
according to age and sex.

The inclusion criteria are the following:

1. Age range: 15-50 years old, male or female, with 15
subjects for each age range of 5, or a total of 210 subjects, 105
for each sex. Females should be non-lactating, pre-menopausal.

2. No history of chronic intake of drugs such as steroids,
oral contaceptives, hormonal replacement therapy, thyroxine
therapy, anti-thyroidal drugs, anti-convulsants.

3. No underlying illnesses, such as diabetes mellitus,
thyroid and parathyroid disorders, other endocrine disorders,
malignancies, renal failure, renal tubular acidosis, liver
disease.

4. Non-alcoholic, defined as at least weekly alcohol binges
to the point of intoxication.

Non-smoker, defined as habitual consumption of cigarette.

5. No history of fracture.

6. Estimated monthly family income should not be more than
P5,000.00, the poverty line set by NEDA (National Economic Devel-
opment Authority).

Pertinent history-taking and physical examination to rule
out above conditions will be done. An informed consent will be
obtained. The patient will also be asked to fill in a 3-day diet
diary. The following information will also be obtained from the
patient: average daily intake of calcium rich food, type of daily
activities indulged in, regular exercise, if any.
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2.C. LABORATORY METHODS

i. DEXA

A LUNAR DPX-L Dual Energy X-ray Absorptiometry machine will
be used. Briefly, an X-ray source from the machine emits two
beams of photons at two different energies which pass through the
limb to be studied. After differential absorption of the two
photons of energy by bone and soft tissues, the transmitted
radiation is then measured using a Nal scintillation counter,
allowing the total bone mineral content in the path of beams to
be counted and expressed in g/cm2. Patients will have an evalua-
tion of their lumbar spine and hip bone. Total scanning time is
approximately 10 minutes (5 minutes per site). Estimated radia-
tion dose is 2 mrem [18] . Colored print-outs of the results are
generated after computer processing, and this will then be inter-
preted by an experienced Nuclear Medicine consultant and an
Endocrinology consultant.

The described method above was also similar to the method
used in the previous studies [18,20,21] done in Manila using
DEXA.

ii. RIA and BLOOD CHEMISTRY

A urinalysis will be done and 10 cc of blood will be ex-
tracted from the patient for biochemical examination and hormonal
radioimmunoassay. The blood sample will be placed in 2 separate
vials, centrifuged, sent to the research laboratory for biochem-
istry examination. Biochemical parameters to be obtained are:
Fasting blood sugar, serum creatinine, alkaline phosphatase,
transaminases, serum potassium, serum ionized calcium and
phosphorus. Colorimetric method will be used for biochemistry,
using the Milton Roy Spectronic 21 machine. Serum ionized calcium
will be determined using a Model 634 Ciba Corning analyzer.
Analysis will be performed by an experienced medical technolo-
gist .

The serum sample for radioimmunoassay will be stored at -70C
until sufficient samples could be pooled and analyzed using a
double-run technique. A 5-well Packard Gamma counter will be used
for radioimmunoassay utilizing commercial kits from Incstar and
DPC. Hormonal assays of interest are: parathyroid hormone, TSH-
IRMA, free T4, and osteocalcin. The tests will be performed by an
experienced medical technologist assigned at the RIA Laboratory.

3. RESULTS OF RELEVANT STUDIES

Preliminary results on the study on the effect of gonadotro-
pin releasing hormone on the BMD of pre-menopausal women, after
24 weeks of treatment, have shown that there is no significant
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effect on BMD, although the sample size involved is still quite
small (n=10) and recuitment of subjects is still ongoing [20] .
There is no available data as of this writing as to the effect of
calcitonin on post-menopausal osteoporotic women.

In the study conducted at St. Luke's Hospital by Redoblado,
De Guzman, et. al. [18], the prevalence of osteoporosis in the
high-risk group of women who underwent DEXA was high at 58%,
while that of fractures was at 22%, reflecting the referral bias
in this study population. ' It was also shown that the age-related
changes in the spine and femoral neck bone mineral densities had
an initial steep uprise peaking at 37 years of age before gradu-
ally declining with age (Fig. 1). Looking at site-specific rela-
tive risks, it was observed that for every 1 SD fall in the spine
BMD from the peak adult bone mass, the relative risk of having
either a hip or spine fracture was increased about 1.7X. For
the femoral neck BMD, each 1 SD drop from the young adult value
increased the risk for femoral neck fracture by about 5.8X, which
was much higher than the relative risk with respect to the spine
BMD. Figures 2 and 3 show the distribution of patients with
spine and hip fractures according to age and site-specific bone
density. In Figure 2 , spine fractures were noted to occur more
between the ages 50-60 years, coincident with spine BMD levels
below 1.0 g/cm , the fracture threshold for lumbar spine. In
Figure 3, hip fracture tended to occur more frequently in the
older age group between the ages 60-70 years and above with a
femoral neck BMD less than 0.7 g/cm2. From these data, a dramatic
rise in the incidence of fractures at the spine and hip was
demonstrable when the bone density at either site had fallen
below the fracture threshold. An inverse relationship was also
noted between the BMD and the number of years post-menopause,
i.e. the BMD decreases as the number of years post-menopause
increases.

4. PLANS FOR FUTURE WORK

The analysis of cortical bone and tooth samples will com-
mence during the second project year. However, collection of
samples will start during the first year.

Cortical bone samples about 1 cm3 in size or about 0.5 gram
in weight will be collected intraoperatively from healthy living
patients who come to PGH Department of Orthopedics for internal
fixation and pinning of fracture of either the femur, humerus,
radio-ulna.

Tooth samples will also be collected from healthy patients
who come for tooth extraction for various reasons at the U.P.
College of Dentistry. Patients will be from 20-40 years old, of
either sex, with no underlying illnesses, and no history of
intake of medications, specified earlier in 2.B.
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The bone and tooth samples will be washed with soap and
water, dried, kept in dry containers and sent to the Philippine
Nuclear Research Institute for processing. The specimens will be
analyzed using either wet or dry-ashing and will be examined for
trace element content using a Perkin Elmer Atomic Absorptiometer.
The trace elements of interest are: Al, Mn, B, Cd, Ca, Zn, F, Mg
Na, Sr.
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ANNEX

DETERMINATION OF PEAK BONE MASS DENSITY
AMONG RESIDENTS OF M.MANILA

NAME:
ADDRESS:
TEL.

1.SOCIAL HX:
SMOKER: [] Y
ALCOHOLIC:

OCC.

: MN
MY: []N

ID. NO
WT.

MONTHLY FAMILY

AGE:
kqs. HT. cm
INCOME:

:F

2.DRUG INTAKE:
L-Thyroxine []Y
Anti-thyroidals []Y
Steroids MY
Anticonvulsants []Y
Growth hormone []Y
HRT [] Y
Oral/Depot Contraceptives[]Y
Others

3.PAST HISTORY:
Thyroid/Parathyroid
Diabetes Mellitus
Other Endocrine Dis.
Asthma/Al1ergy
Seizure Disorder
Renal/Adrenal Disease
Jaundice/Liver Disease
Cancer
Arthritis
Menopause
Lactating
Fracture

4.OB-GYNE HISTORY:
OB SCORE: G P
PMP:
LNMP:

[]Y
MY
MY
MY
MY
MY
MY
MY
MY
MY
MY
MY

[]N
MN
MN
MN
MN
MN
MN
MN
MN
MN
MN
MN

5.DIET HISTORY:

Rice
Meat
Fish
Smallfish

Day 1 Day 2 Day 3
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Day 1 Day 2 Day 3

Sardines
Leafy Vegetable
Legumes
Soybean product
Milk
Cheese
Butter/Margarine
Icecream

6.EXERCISE

I 3 or >hr s . /wk. []

[] U
U []
[] U

[] U

< lhr./wkU

Aerobic dancing U
Jogging/Running U
Walking U
Playing Basketball []
Playing Volleyball []
Weightlifting U
Swimming [ ]

7.LAB RESULTS:
FBS mmol/L
BUN
CREAT.
ALKALINE PHOS.
ALT
AST
PHOSPHORUS
POTASSIUM
IONIZED CALCIUM
TSH-IRMA
FREE T4
PTH - N
OSTEOCALCIN
8 a.m. CORTISOL

7.DEXA MEASUREMENTS

BMD values (g/cm2)

A.L2-L4

B.Femur:
Neck

Ward's

Trochanter

Total Body

l-2hrs./wk

UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN

UH
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Fig. 1 Spine & Femoral Neck
BMD in relation to Age
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Fig 2. Distrib. of spine fracture
accdg. to age and spine BMD

o
I

Hi&>g/cm2
•0.9
B.8&<

<50 50 60



Fig. 3. Distrib. of hip fracture
accdg to age and Fern, neck
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STUDIES OF OSTEOPOROSIS IK RUSSIA USING ISOTOPE-

RELATED TECHNIQUES

V.Zai chick

Medical Radiological Research Centre, RAKS, Obninsk
249020 Kaluga Region, Russia

Presented i s the programme to study bone c h a r a c t e r i s t i c s

of heal thy men and women aged 20-54 comprising the urban popu-

l a t i o n of Moscow and near-by c i t i e s to define those of normal

popula t ion . 35ae study w i l l also include p a t i e n t s with cha rac t e -

r i s t i c s for early osteoporosis symptoms. The l a t t e r includes

subjects who took part in the Chernobyl clean—up operation.

DEXA (spine, femoral neck, whole body) and ultrasound (heel)

wi l l be used to examine those of the normal population group.

To study osteoporosis pa t ien ts the i l i a c cres t biopsy samples

wi l l be taken for subsequent neutron act ivat ion analysis .

Contents of major and trace elements i n bone specimens ( r ib ,

i l i a c crest) and tee th (molar, premolar) wil l be estimated by

neutron act ivat ion and X—ray fluorescent analysis in autopsy

mater ia l of healthy accident victims depending on the age and

sex.

1. SCIENTIFIC BACKGROUND AND SCOPE OF TEE PROJECT

Osteoporosis i s a widespread bone disease of the elderly

(par t icu lar ly , post—me no pau sal women). This disease great ly

l i m i t s the l i f e quality of the elderly and i s placing an

incresing burden on the health-care system i n some developed

countr ies .

There are addit ional reasons for the ever-increasing

i n t e r e s t i n osteoporosis diagnostics and treatment i n Russia

due to the Chernobyl d i sas t e r . 6-8 years a f te r t h i s d i sas te r

symptoms of osteoporosis are being found more and more often

i n 40-50 year old men who took par t i n the clean-up operation.
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Bone changes (increase in number of fractures, l ingering period
of knit t ing, e tc . ) are marked in cit izens (including children and
adolescents) of regions exposed to the heavy radionuclide conta-
mination.

In Russia much experience has been gained in diagnostics,

prevention and treatment of osteoporosis induced by prolonged

antio rtho s t a t i c hypokinesia in healthy volunteers. Studies were

undertaken by the In s t i t u t e of Medical and Biological Problems

in coordination with sc ient i s t s of some other research centres

of Moscow and Obninsk according to the space programme.

2. METHODS

For bone analysis of healthy male volunteers pr ior to and

within different periods after antio rtho s t a t i c hypokinesia the

following methods were used [1i

1. QUANTITATIVE COIZPUTED TOMOGRAPHY. Bone density in the

lumbar spine region, femoral and t i b i a diaphysis was

measured using the X-r2y computed tomograph of the fourth

generation, KBAD-1 (USA).

2. DUAL PHOTON AB30RPTI0METRY. Bone density in spine, femoral

neck and the central part of the diaphysis was measured

using the densitometer, DBD-2600 (USA).

3. SINGLE PHOTOK ABSORPTIOKETRy . Bone density in the t i b i a

and foreana diaphysis was measured using Bone Mineral

Detector (Gambro, Sweden) while Bone Skanner 7102 (Sweden)

was used to measure bone density in the r ight heel ,

4, IN VIVO NEUTRON ACTIVATION ANALYSIS. The t o t a l calcium

content was measured in the lumbar and pectoral spine

regions, foot, and wrist using a complex of equipment

developed by the Medical Radiological Research Centre |2] •

5. ULTRASOUND MEASUKEHENT. The rate of ul trasonic t i b i a

surface dis t r ibut ion was measured using the standard,

Russian, ultrasound equipment.
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6. IK V12BD MEASUREMENTS OF THE ILIAC CHEST ELOPST. Contents of
the major bone minerals (Ca,P,Mg, Na, d ,K t Sr) was measured
using the instrumental neutron activation analysis

3, RESULTS

In addition to the resul ts of choosing the optimum measures
for the prevention and treatment of osteoporosis induced during
pi lot studies, we drew several conclusions based on our preposi t -
ions and data:

1, The greatest bone losses occur in the lower limbs (foct,
heel, femoral neck).

2. Significant seasonal changes in mineral saturation can exist
i n the lower limbs [3],

3»Data acquired from the same skeleton part 'iging different
methods i s poorly comparable.

The third conclusion points out the necessity for carefully
interpret ing the resu l t s of bone analysis by whatever methods are
available.

4. PLANS FOP. FUTURE WORK

The main purpose of our proposed study i s to develop methods
fo r ear ly diagnost ics of radiation-induced os teoporos is . Examined
are people who took an ac t ive pa r t i n the Chernobyl clean-up ope-
r a t i o n and those vho l i v e i n the regions exposed to the heavies t
radionuclide contamination. I t i s impossible to gain this subject
without a detailed study of bone mineral characteristics for the
relatively healthy people of different age and sex. Studies of
normal population are planned for the urban population of Central
European Russia including Moscow, Obninsk and other near-by cit ies.
The modern in vivo and in -vitro methods will be used to analyze
bone mineral characteristics.
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1. IK VIVO METHODS. Anong them, D2XA (1UKAR-DPX-L, Serial 6469)

and ultrasound (LUNAR-ACHILLES) v i l l be used. Bane density v i l l be

measured in the lumbar spine region (anterior and posterior) flnfl

at the femoral neck using HEX A. Whole body measurements v i l l be

included i f possible. The results will be estimated both automa-

tically and manually for DEXA studies of la tera l spine.

The results of DEXA femoral neck scanning will be extended,

if possible, to capture the i l iac crest region. Thus, supplementary

information about the i l iac crest density can be manually obtained

along with the standard data treatment of femoral neck analysis.

The neel density of both feet will Le measured by DEXA in

addition to the standard data manual treatment.

I t i s planning to regularly measure the LTJKAR spine phantom.

Heel will be ultra sonic ally analyzed in subjects examined

previously by DEXA. The neel of both feet will be studied.

The in vivo methods will be used to study 105 women and 105 men

aged 20-54. The age range includes the following seven groups:

20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54. Thus, at least

15 women and 15 men vi l l be included in each study group. In 1995

measurements v i l l be preferably carried out on subjects aged 40-54.

A selection of this age period can be explained by the most possible

early osteoporosis symptoms. So the normal population group just of

this age period i s of the most interest.

The subjects1 height (cm), weight (kg), and age v i l l be

recorded.
The following subjects will be excluded from studies of

normal population:

1. Subjects with a history of renal disease, hyper- or hypopara-

thyroidism, thyroid disease, adrenal disorders, malignancy,

chronic gastrointestinal disease, l iver disease, diabetes,

Pagetfs disease, early oophorectomy, hypogonadism, osteoma—

lacia, vitamin-D defficiency, rheumatoid ar thr i t i s , renal

l i th ias is , and chronio disorders of menstrual cycle
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2. Subjects who regularly use or have used any of the following

medications: glucocorticoids, estrogen (replacement therapy),

anticonvulsives, soditcn fluoride, heparin, thyroxin, vitamin—D

metabolites, sedatives, and soporifics,

3. Subjects with a history of fracture of the lower limbs, spine,

or wrist or evidence of vertebral compression fracture on

thoraco—lumbar spine X-ray, and those with prosthetic appli-

ances,

4. Subjects with a current history of alcohol or drug abuse.

5. Subjects with prolonged hospitalization or other extended

immobilization including those of "sedentary" occupation

(seamstresses, collectors of electronic equipment, e tc . ) ,

6. Subjects who occupationally deal or have dealt with toxic

metals (pb, Cd, Eg), and those who work or have worked at

factories that use or produce hazardous chemicals.

7. Subjects who have occupational contact with ionizing irradiat-
ion (group A), or those exposed to an accident irradiation

or participated in the Chernobyl clean—up operation, and who

were residing within the rediocontaminated regions for a long

time.

Winter and spring have been chosen the best time to study the

nomal population. A minimttm of the lower limb mineral saturation

is supposed to appear just at these periods of the year. Usually

at this time, the population of Central Russia suffers from UV-,

vitamin— D and Hypodynamy defficiency connected with climatic,

social and economic conditions.

Osteoporosis patients will be examined by D3XA and ultrasound

the same way as the relatively healthy people of the normal popu-

lation.

2. IK YITBO METHODS. .Among them, instrumental neutron activation

analysis (IKAA) and X-ray fluorescent analysis (XHF) will be used

to study bone minerals. Contents of major and trace elements in
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bone specimens (lib, i l iac crest) and teeth (molar, preraolar) will

be estimated. Autopsy samples from healthy accident victims will be

used. Autopsy data will be divided into several groups according

to age ang sex the same way as for the in vivo bone density study

of the normal population. However, for the great deal of work, a

number of sibjects in each age group will be smaller than this for

the in vivo study. At least 8 subjects of either sex will be inclu-

ded in each study group.

Besides the autopsy material, contents of major and trace

elements in the i l iac crest biopsies of osteoporosis patients

will be estimated by INAA and XBF. Bone density of the same patients

will be measured prior to biopsy by the in vivo DEXA and ultrasound

the sane way as for the nomal population studies,

A special instrument made of titanium will be used to collect

the autopsy and biopsy bone specimens and teeth. Then bone and

tooth specimens will be placed into the polyethylene ampules,

lyophilized there (dried at the temperature below 0°), and kept

until the monent of INAA and XRF.

Estimation of the data obtained will make i t possible:

1, To determine the age peak of mineral density in the lumbar

spine region, at the femoral neck, i l iac crest, heel, and

bone skeletal mass using the DEXA data of normal population.

2. To quantify differences in bone density and bone mass as

functions of the age and sex of persons in the study group

using the DEXA data of population nouns.

3, To determine the age peaks for concentrations of major

minerals (Ca,P,Mg,K,Na, Cl, Sr) and trace elements in bone

and tooth specimens using the INAA and XRF data for the

normal population.

4. To quantify differences in contents of major and trace ele-

ments in bone and tooth specimens as functions of the age

and sex using the INAA and XRF data for the normal population.

5. To estimate the interdependence between mineral densities

of different bone regions (lumbar spine, femoral neck, i l i ac
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crest, heel) while comparing the DEXA data for the same
person of the normal population.

6. To assess the DEXA informativity comparing the age dynamics
of bone mineral density in ribs and i l iac crest with that
of the major element contents in the appropriate bone samples.

7. To estimate the DEZA informativity comparing the data about
heel mineral density with that of the heel ultrasound analy-
sis for the same person of the population nouns and osteopo-
rosis patients,

8. To evaluate the DEXA informativity comparing the results of
the i l iac crest mineral analysis for osteoporosis patients
with those of the major element analysis in the i l iac crest
biopsies of the same patients.

9. To deteimine differences in contents of major and trace
elements in bone specimens for the nouns and osteoporosis.

10.To deteimine correlations between bone and tooth contents of
major and trace elements thus evaluating the possibility of
applying teeth as indicators of the skeletal minerals and
trace elements.

11.To choose the most informative method (or complex of methods)
for the early osteoporosis diagnostics.
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Abstract

The main objectives of this study will be to determine the bone density in selected

populations for the purposes of i)determining the age of peak bone mass in each study

group and ii)quantifying the differences in bone density as functions of the age and sex

of persons in the study group as well as quantifying the differences between study

groups in different countries.

Normal healthy subjects of both sexes across the age range of 15-50 will be recruited

for this programme. There will be at least 15 subjects in each 5 year age range (i.e. a

total of 105 subjects of each sex). The subjects will be of urban residency. The project

will take a maximum of five years.

Volunteers will be recruited from the hospital personnel and their friends and relatives.

The subjects will be healthy individuals with no history of fractures and they should not

be on any medication which may affect the bone density. A questionnaire regarding

their lifestyle factors such as exercise, coffee/tea/alcohol intake and medication will be

filled. The subjects will also have X-rays of the dorsolumbar spine taken to ascertain

the absence of scoliosis or crush fractures.

Bone mineral density will be measured by dual energy X-ray absorptiometry using a

Norland XR-26 bone densitometer. The BMD in the L2-L4 region of the lumbar spine

and right hip which includes the femoral neck, trochanter and Ward's triangle will be

scanned. Body composition will also be determined by doing a whole body scan on the

subjects.

Autopsy samples of rib bones from healthy accident victims in the age range 20-50

years will be obtained and the biomechanical strength of these bones will be tested.

Biopsy specimens of the iliac crest will also be obtained to study the differences in

trace element composition between osteoporotic patients and controls.
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1. SCIENTIFIC BACKGROUND AND SCOPE OF PROJECT

The Department of Orthopaedic Surgery has been involved in research activities in

osteoporosis and related studies since 1986. We had a dual photon absorptiometry

(DPA) bone densitometer. Our first task was to obtain normative date of our population.

In that study, a total of 108 males and 136 females, age range from 24 to 75 years ,

had their bone density scanned in the lumbar spine and hip . These data now forms our

reference for all patients' densitometry scans. In 1991, we upgraded our system to a

dual energy X-ray absorptiometry (DEXA) bone densitometer. A correlation study was

then undertaken to convert data obtained from the DPA machine to the DEXA scale.

32 women aged between 18-44 years were measured both on the DPA and DEXA in

order to determine the correlation between these two systems. One third of the original

cohort were subsequently measured on the DEXA to validate the conversion. The

information is also used to determine the rate of bone loss. Currently, we have a

number of on-going projects utilizing the DEXA machine. They are: a) Serial

assessment of BMD in total hip and total knee replacement patients, b) Long-term

evaluation of the BMD in hip fracture patients, c) Post-menopausal women undergoing

hormone replacement therapy, d) BMD in patients with endometriosis. The facility is

also available for clinical service through referral from other hospitals and clinics in

Singapore.
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2. METHODS

The main objective of this study will be to undertake studies in bone density in selected

populations for the purposes of ii) determining the age of peak bone mass in each

study group and ii) quantifying the differences in the bone density as functions of the

age and sex of persons in the study group, as well as quantifying the differences in

study groups in different countries. Normal healthy subjects of both sexes across the

age range of 15-50 will recruited for this programme. There will be at least 15 subjects

in each 5 year range (i.e. 105 subjects for each sex). The subjects will be of urban

residency. The project will take a maximum of 5 years.

Volunteers will be recruited from the hospital personnel and their friends and relatives.

The subjects will be healthy individuals with no history of fractures and they should not

be on any medication which may affect the bone density. A questionnaire regarding

their lifestyle factors such as exercise, coffee/tea/alcohol intake and medication will be

filled. The subjects will also have X-rays of the dorsolumbar spine taken to ascertain

the absence of scoliosis or crush fractures.

Measurements of the bone density will be taken by dual energy X-ray absorptiometry

(DEXA) using a Norland XR-26 Marfc II (high speed) bone densitometer. The BMD in

the L2-L4 region of the lumbar spine and right hip which includes the femoral neck,

trochanter and Ward's triangle will be scanned. Body composition will also be

determined by doing a whole body scan on the subjects. A dedicated quality assurance

will be done throughout the study period to ensure instrument consistency and

accuracy of results. The quality assurance will include daily calibrations of the

calibration standard and phantom.

Studies of the trace element composition or suitable autopsy samples will also be

provided as part of the supplementary programme. We would need to apply to the local

authorities for permission to retrieve autopsy bone samples and to organise

preservation of bone samples and transportation to local/IAEA laboratories for analysis.
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3. RESULTS

Normative data for male and female population

Figures I and II shows the scattergram for the values of the femoral neck BMD and

lumbar spine BMD, respectively, in the healthy male population. The relationship of

femoral neck BMD and age and lumbar spine BMD and age is best described by a

linear regression i.e.

BMD = 0.93 - 0.004 AGE ( n= 108, r = -0.476, p < 0.001) in the femoral neck.

BMD = 0.953 -0.0021 AGE (n = 108, r = -0.237, p < 0.02) in the lumbar spine.

Figures III and IV shows the scattergram for the values of femoral neck BMD and

lumbar spine BMD in a healthy female population. The relationship of the BMD values

with age for the femoral neck and lumbar spine in females is best described by a

gamma variate equation i.e.

BMD = e -2 04^0 022 Age + A g e 0.265 ( n = 1 3 6 r =.o.574, p< 0.001) in the femoral neck

BMD = e 0 8 2 4 * 0 0 0 7 ^ + Age 0297 (n=136, r=0.663, p<0.001) in the lumbar spine

in this cross sectional study, lumbar spine BMD reached a maximum at age 35 in

females and declined thereafter, whereas femoral neck BMD showed a peak at age 32.

The BMD values for males were consistently higher than females.
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4. PLANS FOR FUTURE WORK

For the first year, our target will be to recruit 5 subjects per age range for each sex.

Therefore the total number of subjects to be measured will be 40 males and 40

females. Each volunteer subject will be screened to ascertain that he/she is a normal

individual i.e. free from any skeletal disease and a lateral radiograph of the

dorsolumbar spine will be obtained . A questionnaire regarding the lifestyle factors will

be filled. Each subject will have a DEXA scan of the lumbar spine, right hip and total

body.

Autopsy samples of rib bones from healthy accident victims in the age range 20-50

years will be obtained and the biomechanical strength of these bones will be tested.

Biomechanical testing (tension/compression, bending and torsion tests ) will be carried

out on a Shimadzu universal testing mechanical testing machine. Biopsy specimens of

the iliac crest will also be obtained to study the differences in trace element composition

between osteoporotic patients and controls. This will require approval from the Hospital

Ethics Committee and consent from individual patients and control subjects. Trace

element analyses will be done using a Varion 1250 atomic absorption

spectrophotometer. We would need to apply to the local authonties for permission to

retrieve autopsy bone samples and to organise preservation of bone samples and

transportation to local/IAEA laboratories for analysis.
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Abstract

Osteoporosis is defined as an absolute decrease in the amount of bone to a
level below required for mechanical support. It is an important bone disease in
elderly people in many countries. Unfortunately, there is no reliable statistical
data in Turkey for the incidence of osteoporosis. A decrease in bone mass is the
important cause in fractures in osteoporosis. Therefore, we intend to study both
bone density and other variables such as trace elements, biomechanical
properties and other immunocytochemicals in bone; all combined might give an
information about the cause and prevention of osteoporosis.

1. Scientific Background and Scope of the Project

1.1 Scientific Background

As same as in other European countries, there is an increasing interest in
Turkey towards the etiology of osteoporosis. Mainly two medical schools in
Turkey, and some private medical centers in Ankara have established a protocol
to investigate bone loss by dual energy X-ray absorptiometry (DEXA). A
multicentric study in Turkey indicated that the rate of osteoporosis in post
menopausal woman is not significantly different than men for the same age
group, and the rate of hip fractures in the elderly population is far less than that
of the developed countries [1], Although this research was based on plain X-ray
studies and retrospective data of the hip surgery cases the reason for the iow
rate of osteoporosis is worthwhile for further evaluation.

Heparin induced experimental osteoporosis in rabbits and its treatment by
calcitonin was evaluated by compression and bending experiments at the.
Biomechanical Laboratory of the Department of Engineering Sciences, Middle
East Technical University. Furthermore, the established osteoporosis was
evaluated by vibration analyses [2]. The possible porosis of calcium
hydroxyapaptite implantation into the bone was evaluated by bone densitometry
and biomechanical study at the same laboratory [3]. Substance P receptors on
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periosteal celis were recognized in vitro that may indicate a
neuroendocrinological control on bone metabolism [4].

Determination of bone minor and trace element content is of considerable
medical interest, since bone serves an important storage areas not only major
elements like calcium, phosphate and magnesium, but other essential elements
for the body. Excess of deficiency of some of these elements have a role in the
development of bone disease such as osteoporosis, therefore, research on trace
elements in bone as in diet and biological material [5-7] is very important.

1.2 Scope of the Project

The objective of the study can be summarized as;
1. Bone mineral density analyses by DEXA;

a. of randomly selected individuals of the Turkish population
between the ages of 15 and 50.
b. of patients above 50 years of age.

2. Measurment of trace elements in bones;
a. of patients undergoing surgery due to any other reason than
osteoporosis that fall into the age spectrum mentioned in 1 .a.
b. of patients older than 50 years and suffer from a hip fracture that
may be related to osteoporosis. Bone density analyses of these
individuals will be performed at the time of addmitance to the
hospital. The patiens will consist of the same individuals of 1 b.

3. Biomechanical studies on bones of the patients of 1 .a and 1 b.
4. Immunocytochemical studies on bones of the patiens of 1 .a and 1b.

2. Methods

2.1 Bone Mineral Density Analyses by DEXA

Dual energy X-ray absorptiometry (DEXA) is a recently developed method to
evaluate the bone density accurately.The rate of exposure to radiation by this
method is inconsequential. The bone mass can be measured with 98 % of
significance and the results are evaluated as g/cm^ when measurements are
performed in two directions. The disadvantages of the DEXA method is;

1. The fat rate of the individual may affect the end result,
2. Alterations may exist due to calibration differences between different
machines,
3. If the measurements are performend in only one direction, the results
can be obtained as g/cm^.

Furthermore, the osteophytes arround the spine due to degenerative changes
may alter the results.

13-3



Randomly selected individuals between the ages of 15 and 50 will be evaluated
by DEXA. At least 15 subjects for each sex who are known to be free of any
disease will be selected. The height, body weight and menstural cycle of the
females will be questioned. The rate of exercise, smoking and alcohol usage will
be recorded. The Hologic QDR 2000 bone densitometer with a mobile head will
be used during these experiments. Bone densities of lumbar one to lumbar four
vertebrae will be obtained in the antero-posterior and lateral projection. The hip
region will be evaluated only in the antero-posterior direction. People under
thyroid hormone or steroid treatment will be discharged from the study. A
questionnarie for the people undergoing DEXA is presented in the appendix.

2.2 Measurement of Trace Elements in Bone

The absence of some trace elements such as calcium, magnesium, selenium
and zinc, and the excessiveness of aluminum, cadmium, sodium and heavy
metals may increase the rate of osteoporosis.

According to the data obtained from the literature, we propose to obtain bone
biopsiesfrom conformable age grouped individualsof the bone density study.
These people will be selected among patients undergoing orthopaedic surgery
for any other reason than osteoporosis. The bones will be obtained from the iliac
crest during autogenous graft removal. A possible protocol of gaft removal is
listed below:

1. The iliac bone should be tricortical.
2 The size should be approximately 3.0 x 1 5 x 1 5 cm
3. During removal a pure titanium saw will be used, and no other metal will

touch the bone to prevent metal contamination The soft tissues and blood
cells will be cleaned using pure titanium instruments and de-ionised water
Prior the trace element studies the bones will be treated with carbon tetra
chloride and defatted by methanol.

4. The bones will be preserved in polyethylene bags at -20°C. The inside of the
bags will be rinsed with de-ionized water.

5. Prior to bone removal the DEXA study will be requested.
6. Serum samples of the same patients obtained using a polyethylene catheter

will be preserved at -80°C. Serum samples may be used in a future study to
establish a corelation between the bone and serum levels of trace elements.

7. A standardized A-P X-ray of both hips will be obtained to assess the Sigh
index and to compare them to the results of DEXA.

In this study it is proposed to measure the trace element levels of the cancelious
and cortical bones separately. The speparation of the cancelous bone from
cortical bone is proposed at figure 1. The aim of such a separation may
distinguish the trace element ratio between cortical thinning and loss of
cancellous trabecular loss.
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Trace element studies will be performed by the neutron activation analysis. Bone
specimens weighing approximately 300 mg will be irradiated with thermal
neutrons at Cekmece Nuclear Research Center, TR-2 reactor, in Istanbul.
Gamma rays of the radioactive isotopes of the specimens will be measured with
the nuclear spectroscopy system of the Department of Chemistry, METU. Atomic
absorbtion spectrometry will also be used for certain elements such as Ca, Cu,
Ni and few others.

2.3 Biomechanical Studies

The bones obtained and preserved by the method proposed above will be
biomechanically evaluated by compression, distraction and three point bending
procedures. The stress-strain relation will be evaluated for each age group.
Loading and distraction rates will be standardized as 5 or 10 mm/second for
each specimen. The modulus of elasticity will be calculated from the obtained
data. Using the ultrasonic vibration methods, further knowledge on the
mechanical structure of bones will be obtained. The Lloyd M 30 K mechanical
testing device and the CNS Pondit digital ultrasonic testing machines of the
Biomechanical Laboratory of the Department of Engineering Sciences will be
used during these experiments.

2.4 Immunocytochemical Studies

Excluding the systematically effective parathyroid hormone, estrogen and
vitamin D, some cytokines as IGF-1 (insuline like growth factor 1), TGF-(3
(transforming growth factor (3), growth factors as IL-1 (mterleukin 1), IL-4
(interleukm 4), IL-6 (interleukin 6) and mediators such as prcstoglandin's. VIP
(vasoactive intestinal polypeptide), SP (substance P). CGRP (calcitonin gene
related peptide) and NPY (neuropeptide Y) are responsible of osteoneogenesis
and bone resorption. The increase of extracellular matrix proteins as osteocalcm
and bone specific alkaline phosphatase indicate bone destruction and may be a
finding of osteoporosis. The evaluation of the above mentioned proteins,
cytokines and local mediators by immunocytochemical means may assemble a
relation between the concentrations of trace elements, biomechanical results
and bone density analyses.

3. Results

Approximately 6000 patiens were evaluated by DEXA between March 1992 and
November 1994. 328 of these patiens were evaluated as the normal population.
The age distribution and spinal bone density analyses are presented in table 1
and figure2. These people were known to be disease free and assessment was
performed due to their own request. Results of the study correlated well with the
results of the normal curve of the European and American population.
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Previous studies performed in the Department of Engineering Sciences. Middle
East Technical University were based on the assessment of local osteoporosis
induced by the implantation of calcium hydroxyapatite (CHA) ceramics [3].
Porous CHA ceramics are biocompatible and present osteoconductive
properties. The radiological findings of this study revealed local porosis at
adjacent sitesof the CHA ceramic. Bone marrow swelling and depletion at the
implantation site were observed histologically. Osteoclasts removed particles of
the implant that may be the cause of local porosis. The possible porosis was
evaluated by bone densitometry analysis and compression and bending tests.
CHA particles were implanted into the left limbs and a sham operation was
utilised on the right limbs of 75 white rabbits. The animals were followed up for
six months. The CHA implanted area and its distal and proximal adjacent areas
were evaluated with a Hologic QDR-2000 (Hologic Inc., MA, USA) bone
densitometer. Three point bending and compression tests were performed with
an M-30 K (Lloyd Instuments, UK) material testing device. The results revealed a
time dependent bone density increase at the CHA implantation site and no
significant porosis at adjacent areas of the implant. The stiffness of the CHA
implanted rabbit bones presented a different fracture pattern than the control
group. The stiffness of the control and the CHA implanted bones generally
increased with time indicating no adverse effects of porous CHA ceramics on
bone and bone marrow healing.

4. Plans For Future Work

Future plans are presented in 2.2, 2.3. and 2.4, and work plan is given in
Apendix.
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Table 1. Bone Mineral Density Analyses of the Turkish Population*

Age Distribution
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-60

Number
2
8
12
29
101
96
54
30

Mean ± SD
0.904 ±0.013
0.606 ±0.111
0.900 ±0.105
0 975 ±0 152
0.957 ±0.120
0.969 ±0.141
0.916 ±0.113
0.848 ±0 093

%CV
1.5
12.2
11.7
15.6
12.6
14.5
12.4
11.0

* Assesment was performed in the AP direction to the lumbar spine (L1-L4)

(g-'sq cm )
A? Lumbar Spine (L1-1-;

20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-60 Distribution

Fimirc 2. Bone Dcnsit\ Distribution ;is a Function of Auc
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Apendix-1: Contract it TUR- 8198-1

Osteoporoz Ara§tirma Formu

Adi: Soyadi:
Adres:

Tel
Dogum Tarihi: / / (gun/ay/yil) Bayan () Erkek ()
Vucut Agirligi: Kg Boy: cm
Mesleginiz:
Gecirdiginiz Onemli Hastalik:
Gegirdiginiz Ameliyat:

Sadece BayanlarTarafindan Doldurulacak
ilk Adet Gorme Yasjniz:
Adet Duzensizligi Varmi? Evet () Hayir ()
Adet Bitim Yasiniz:

Aliskanliklanniz
Sigara: Evet ( ) Gunde kag adet: Hayir()
Alkol: Evet ( ) Gunde ne kadar: Hayir ()
ilac Kullaniyormusunuz?

Evet ( ) Hayir ()
Cevabiniz Evet ise hangi ilaclan kullaniyorsunuz?

1.
2.
3.
4.

Diyet
Gunluk sut ve sut urunu tuketim miktanniz7

Sut: Peynir: Yogurt:
Diger:

Eqzersiz
Duzenli egzersiz yapiyormusunuz? Evet () Hayir ()

Cevabiniz Evet ise haftanin kac gunu ve ne kadar sureyle egzersiz
yapiyorsunuz?

Gun Saat
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Apendix-2: Contract # TUR- 8198-2

Form for Osteoporosis

Family Name: First Name:
Address:

Phone: ( )
Date of Birth: / / (day/month/year) Female () Male ()
Weight: Kg Height: cm
Occupation:

Previous Disease or Surgery:

For Females Only
Age of Onset of Menarche:
Age of End of Menarche:

Smoking: Yes () How many a Day? No ()
Alcohol: Yes ( ) How much a Day? No ()
Any Medication? Yes () No ()
If yes, please list the medicals you use:

1.
2
3.
4.

Diet:
Daily intake of milk and milk based food?

Milk: (L) Cheese: (g)Yoghurt: (g)
Others:

Exercise:
Regular Exercise? Yes ( ) No ()
If yes, please indicate how many days a week and for how many hours during a
day you perform the exercise:

Specification of the Type of Exercise:
Days/ Week: Minutes/Day:
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Apendix-3: Contract # TUR- 8198-3

Work Plan

Months

Study
Bone
Density
Analysis

Trace
Element
Studies
Biomech
anical
Studies
Immuno-
cytoche
mical
Studies

1-3

Evaluation
of already
collected
data at the
Duzen
Laboratory
Collection
of bone
samples

Collection
of bone
samples

Collection
of bone
samples

3-9

New bone
density
measure-
ments

Collection
of bone
samples

Collection
of bone
samples

Collection
of bone
samples

9-12

New bone
density
measure-
ments

INAA and
ASS

Biomech-
amcal
studies

Tissue
culture
studies

12-18

New bone
density
measure-
ments

INAA and
ASS

Biomech-
anical
studies

Tissue
culture
studies

18-24

Analysis of
data

Analysis of
data

Analysis of
data

Analysis of
data

24-36

Analysis of
data.
Publication

Analysis of
data,
Publication

Analysis of
data.
Publication

Analysis of
data,
Publication
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Protocol of Graft Removal

1. The iliac bone should be tricortical.
2. The size should be approximately 3.0x1.5x1.5 cm.
3. During removal a pure titanium saw will be used, and no other

metal will touch the bone to prevent metal contamination. The
soft tissues and blood cells will be cleaned using pure titanium
instruments and de-ionised water. Prior the trace element studies
the bones will be treated with carbon tetra chloride and defatted
by methanol.

4. The bones will be preserved in polyethylene bags at -20°C. The
inside of the bags will be rinsed with de-ionized water.

5. Prior to bone removal the DEXA study will be requested.
6. Serum samples of the same patients obtained using a

polyethylene catheter will be preserved at -80°C. Serum samples
may be used in a future study to establish a corelation between
the bone and serum levels of trace elements.

7. A standardized A-P X-ray of both hips will be obtained to assess
the Sigh index and to compare them to the results of DEXA.

\ j- Trace EUmeA S-fJl-

Figure 1
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