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1. Introduction

One of the primary purposes of the coordinated research program was to measure BMD of the
healthy population of the ages between 15 and 49 based on the protocol discussed during the first
research coordination meeting, RCM, in Vienna, December 12-15, 1994. The work carried out
since then can be divided into several topics. Each of these subjects will be summarized in the
following sections.

1. Preparation of the Questionnaire
2. Selection of Candidates for BMD Measurements and the Application of the Questionnaire
3. Analysis of the data from the questionnaire
4. BMD Measurements
5. Analysis of BMD Measurements

6. Trace Element Measurements

1. Preparation of the Questionnaire

1.1 WHO Questionnaire
The questionnaire currently used in this study is a modified form of the questionnaire which was
prepared by WHO for the Osteoporosis Project used for case control studies in 1993. The
objective of the WHO questionnaire was to identify and compare risk factors for hip fractures,
such as dietary factors and physical activity, between cases and population controls, in several
countries. The topics included in the WHO questionnaire were: Social and demographic
information , the family history of the fractures , personal and inherited characteristics, smoking
habit, the history of fertility, level of the physical activity, history of the diet, life style identify and
compare risk factors for hip fractures, such as dietary factors and physical activity.
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1.1.2 Adaptation of the Questionnaire

For the purpose of our study the WHO questionnaire was translated into Turkish and modified
according to life style of average Turkish population. As the aim of the Turkish study group was
to evaluate the bone mass of the younger people, the mental state, history of hip fracture and
functional disability sections of WHO questionnaire were discharged. The ethnic background
question was modified to three geographic regions of Turkey. Alcohol usage was assessed
together with smoking. The female reproductive history section was developed by adding the
questions of first menstruation age, menstrual abnormalities, treatment due to abnormal
menstruation, presence of polycystic over, mammary cancer and anti estrogen therapy due to
these diseases.

As praying five times a day is essential according to Islam and as many people, especially the
elderly population gives importance to this rule, Namaz was questioned in the exercise section.

The dietary section was adapted according to the Turkish cuisine. Long lasting medical treatment
is also assessed in this form.

2. Selection of Candidates for BMD Measurements and the Application of the
Questionnaire

Ankara, the capital of Turkey, is located in central Anatolia has a population of around 3 million.
Most of the people are the immigrants of various parts of Turkey. Middle East Technical
University is in Ankara and its students and staff share the mosaic of the city. Therefore we
decided to select our subjects among the METU members. Another reason of selecting the
candidates among the staff and the students of the University was the easy re-call of these people
if needed. A primary form in which the age and origin of the individual was distributed to the
students and staff for establishing a pool of subjects that may join this study. For the sake of a
peer random selection, the ethnic group, the origin of the individual, habits like smoking and
alcohol or sporting were not questioned in the primary form. It is also advertised at the Middle
East Technical University newspaper. More than 3000 people answered to the primary form.
Following sex and age distribution, applicants were selected randomly. Two hundred ten people
among the applicants were selected for BMD study. About 1000 people did not give enough
information to us to make decision. We believe most of them were more than 50 years old. There
were accumulation between ages 30 to 45 and selected only six for each age group. Sex
distribution of the candidate were equal. Three female and three male person were selected for
each age. These subjects were individually called to METU Medical Center and questioners were
filled under the supervision of one of the medical doctor. Each interview took approximately 45
minutes (range 25min-65min). Following the application of the form to 100 subjects a
retrospective evaluation of the form revealed the necessity to change the dietary section. Further
studies were performed with these changes at the form.

A detailed description about the project was given to the applicants and their weight, height and
arm span were measured at the same session. Selected subjects were then, referred to the Duzen
laboratory for bone mineral density measurements

3.Analysis of the data from the questionnaire: Osteoporosis Score

The data obtained from the forms were converted to a pointing system. This procedure was done
by making a relative importance list according to the present literature'12. The similar questions in
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the form were gathered together under each related topic. For each of these 10 topics different
osteoporosis Effecting Constants, OEC, ranging from 0 to 1.0 were given according to the
relative effects on osteoporosis. Each of the main topics was given a constant point according to
the answers. After calculating the Osteoporosis Score, OS, of the each of the ten groups, they are
added together to form final Osteoporosis Score for each subject. Then OS's were compared
with the DEXA results of the individuals.

Major factors taken into consideration which affect on osteoporosis are age, genetics, body mass
index, height to arm span ratio, exercise, female reproductive system, pregnancy, smoking,
alcohol and drug habits. Effects and composition of each factor will be discussed separately. We
assumed different weighing factor, Fk for each of the factor for males and females, which changes
between 0 and 1.0. The values of Fk are decided with the assumption of their relative effects on
osteoporosis, based on our knowledge on the disease. Each of the factor may have one or more
components with different osteoporosis effecting factor, Fl, which also change between 0 and 1.0.
As an example, for a single major group ( i ) osteoporosis score will be calculated as ,

OSi = Fkix Fli
and the final Osteoporosis Score ,OS, will be,

10

OS = Z Fki xF|i
i= l

The Fki and Fli values for factor i are decided with the assumption that the subjects who have
the largest OS values will less likely have osteoporosis problem during his/her life time.

3.1 Age (a)

Age is known to be a major factor, effecting male and female osteoporosis. Bone remodeling is an
important aspect of skeletal biology. Decrease in remodeling and/or increase in resorption is
correlated with osteoporosis. As age progresses, localized imbalances appear within each
remodeling cycle, such that the amount of bone resorbed is greater than the quantity with which it
is replaced, particularly on the endosteal surface of cortical bone and in cancellous bone3 .
Starting from age 15, ten age groups for women and men were established separately, with five
year intervals, in order to give a Fla value fore each male and female age group. The score
changes between 0 and 1.0 according to the age group. Fla values are largest namely 1.0 for age
groups between 25-39. In general the BMD value reaches to maximum at these ages3. They
gradually reduces as age increases.

3.2 Genetic (g)

This factor is composed of origin (or), present living site (Is), and family situation (fa), of the
subjects. Fracture and/or curved back in Family due to osteoporosis is taken into consideration in
calculating the Fig value of the subject4.

3.3 Body Mass Index, BMI (w)

Several studies have shown a significant protective effect of body weight or BMI on hip fracture
risk5"*. Body Mass Index is defined as Weight (Kg) / Height2 (m~). The mean BMI (weighted for
the height distribution of the United States population) taken from the mid-point of the medium
frame of the 1983 Metropolitan tables is 22.4 kg/m2 for men and 22.5 kg/m1 for women. A BMI
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of greater than 26 kg/m2 seems to not confer additional rotection. This approximates to the mean
BMI of women in many European countries and the United States. The greatest risks, however,
were observed with a BMI of 20 or less7. This suggests that obesity should not be regarded as a
very effective protective factor as has been always suggested.
3.4 Height/Arm Span (h)

In addition to BMI, the ratio of arm span to height values were also used as a major factor. It is
generally accepted that the arm span of an individual is not expected to decrease during aging but
contrarily the height is expected to decrease as the age increases. This procedure may be
accelerated in the presence of a marked Osteoporosis. So, if the ratio of height to arm span is
smaller than 1, a physical disorder or a measurable mistake have to be questioned. As age
increases, the ratio is expected to be lower.

3.5 Diet (d)

We divided diet into 10 subgroups based on their calcium content and other essential trace
elements such as copper, manganese, fluoride and magnesium5"9. Also a third factor introduced
here depending on trace element content of the food. Most prospective intervention studies have
shown a significant effect of high intake of calcium in women after the menopause but
unfortunately most of the studies were unable to determine at what period of life high or low
intake of calcium was most important. Several studies have suggested that the consumption of
coffee is associated with a significant increase in risk of fracture8'9. The consumption of tea was a
protective factor in some of the studies*. Although tea contains appreciable quantities of caffeine,
this also argues against a significant effect of caffeine consumption on risk. The reason why tea
intake might be protective is unknown, but may be the effect of relatively high Mn content of tea.
At least, one huge cup of tea daily would be expected to increase fluoride intake by up to 4 mg
daily. It is also possible that a protective effect of tea is due to the presence of phytoestrogens.
Two types of the traditional soups of Turkish cuisine have very high calcium content, so they are
included to the diet table.

3.6 Exercise (e)

In this group we included not only sport and exercise but also means of transportation,
occupation, level of physical activity on the job and praying as well. As praying five times a day is
essential according to Islam and as many people, especially the elderly population gives
importance to this rule, Namaz was questioned in the exercise section.

3.7 Female Reproductive History (r)

In this group we included first and last age of the menstruation, problems related to menstruation,
hysterectomy, ovariectomy and mammary. The important factor in determining the rate of bone
loss is also related to the loss of ovarian function. The cancellous bone vertebral bodies appears to
be particularly sensitive to declining sex hormone production. It is clearly demonstrated that the
efficiency of intestinal calcium absorption declines across menopause 6'7>1° . Bone is target tissue
for estrogen. Increased calcium transport into and out of the skeleton must be the primary change
that occurs after estrogen deficiency. Periods of menstrual disturbance such as oligomenorrhea
and amenorrhea are also risk factors for low bone mass prior to menopause".

A late menarche or early menopause was associated with a significantly higher risk of hip fracture
in all countries as shown in MEDOS Study. Assuming an exponential curve, for each year of
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increase in fertile period the risk of fracture decreased by 1.9%. So, age of the menarche and age
of last menstruation have possible effect on osteoporosis .

3.8 Pregnancy (p)

Having no child is considered to be a negative factor effecting osteoporosis according to our
present knowledge on osteoporosis. But, although it has a lot of advantages to baby and mother,
breast feeding also cause a decrease in calcium storage of the mother. In most of the developing
countries, in general, the calcium intake of mother is not at the recommended level. The Diet
Department of Hacettepe University, Turkey, recommended 500 mg Calcium intake for women,
1000 mg for pregnant and 1500 mg for breast-feeding women. So the assumption is, the more
breast fed child the more loss of calcium for a mother.

3.9 Smoking and Alcohol (s)

While determining the Fl value, the duration of smoking seem to be as important as the number
of cigarettes smoked per day. The abuse of alcohol clearly increases the risk of osteoporosis for
both sexes12 . Similar to smoking, for how long has the subject been drinking alcohol is as
important as the amount of alcohol intake.

3.10 Medicine (m)

It is thought that, if an individual uses a drug for at least 6 months, there should be a serious
problem with the health status of the subject. In addition, most of the skeletal problems require
usage of at least one type of analgesic drug. Also the hormone therapy for various endocrine
diseases like thyroid diseases, usually require more than 6 months If the subject is known to use a
drug for more than 6 months, it is assumed that the drug may cause some alterations in the
metabolism and the physiology of the individual.

We have carried out these calculation on 87 female and 57 male subjects, for them we also had
BMD results. We obtained positive correlation between the OS values, and the BMD, for age,
height, height/arm span, weight, BMI, history of reproductiv system , pregnancy, and medicine.

4. Bone Mineral Density Measurements

Bone mineral density measurements were performed at the Ankara Duzen Laboratory with a dual
energy x-ray absorbtiometer (DEXA) (QDR-2000 and QDR 4500, Hologic Inc., Waltham, USA).
The spinal column (Li to L<) and the right hip region (femoral neck, trochanteric region,
intertrochanteric area and Ward triangle) of the individuals were evaluated in the anterior-
posterior and lateral directions. Prior to DEXA, the height, arm span and weight of the individual
is assessed. Daily calibration of the DEXA equipment is performed according to a standard
protocol as described by the supplier of the instruments.

5. Bone Mineral Density Results

Bone mineral density results were evaluated according to the age groups. Results of the
measurements and age distributions are presented in table.
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In Fig. 1 and Fig. 2, the BMD averages of the subjects for the spine (anterior-possterior, L1-L4)
and the hip (anterior-posterior, total) are presented as a function of age. As seen, there are no
differences between the results of the male and female population for spain BMD (L1-L4).
However the hip BMD values for female are lower than man for all age groups. Furthermore, the
averages do not significantly change as age increases.

Table 1. Bone Mineral Density Results of the Males

Numbek-of Individuals *- ~'V V'

Spine (LI-L4) Antero-posterior

Spine (L2-L4) Lateral

Hip (Total) • » /

7
(17.7 ±1.6)
0.8812
±0.103
0.8015
±0.105

0.9137
± 0.082

20-24
9
(22.2 ± 1.6)
0.9929
± 0.078
0.7821
± 0 . 1 1 3

0.9941
± 0.070

25-29 "
8
(27.8 ± 1.3)

0.9274
±0.123
0.8274
±0.095

0.9488
±0.188

30-343'
8
(32.6 ± 1.4)

1.0159
±0.112
0.7945
±0.097

1.0105
± 0 . 1 1 8

35-39
10
(37J ±1.7)
0.9672
± 0.762
0.7554
±0.101

0.9436
±0.123

40-44-
8
(42.0 ±1.3)
0.9384
±0.122
0.7221
± 0.074

0.9561
±0.095

45-49,
13
(46.1 ± 1 . 3 )

0.8818
±0.123
0.7274
± 0.071

0.9445
±0.126

Table 2. Bone Mineral Density Results of the Females

Age Groups
Number of Individuals

Spine (L1-L4) Antero-posterior

Spine (L2-L4) Lateral

Hip (Total)

15-19?
8
(17.6±1.2)
0.8842
±0.116

0.7040
± 0.066
0.8433
±0 131

20-24
14
(22.0 ±1.2)
0.9690
±0 100

0.7467
± 0 076
0.8828
±0.090

25-29
12
(26.8 ± 1.3)
0.9843
± 0.088

0.7790
± 0.074
0.8331
±0.101

30-34
14
(31.8 ± 1.5)
0.9774
±0.079

0.7555
± 0.054
0.8122
±0.094

35-39
15
(37.0 ± 1.6)
1.0347
±0.122

0.7792
±0.068
0.8813
± 0 . 1 1 6

40-44
15
(42.0 ± 1.4)
0.9530
±0.161

0.7439
±0.098
0.8190
±0.147

45-49
13
(46.8 ± 1.6)
0.9740
±0.150

0.7295
±0.104
0.8385
±0.120

Figure 1. Age vs. Spine BMD (L1-L4) Anterior-Posterior
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Figure 2. Age vs. Hip BMD (Total) Anterior-Posterior

6. Trace Element Studies

6.1 Obtaining of Bone Samples

Bone biopsies were obtained from patients undergoing orthopedic surgery due to any other
reason than osteoporosis. Bone biopsies were obtained according to the following established
protocol:

Patients undergoing surgery filled the Osteoporosis Project Questionnaire which contains
information on life style , dietary intakes, and the reason for surgery. Bone mineral density was
measured prior graft removal for most of the subjects.. 3-5 grams of bone grafts were obtained
from the anterior iliac crest. The iliac crest of hip bone is the most suitable part as the main
sampling site for several reasons:

Local variation in the elemental concentration along the iliac crest is minimal and these biopsies
are commonly taken clinically on patients. Also the cortical part of the sample is small (2 mm) and
can be easily separated from the trabecular bone. The use of the trabecular part of the iliac crest
for trace element analysis has the advantage of reflecting rapidly changes in the composition of
bone due to external parameters, including medication.

Bone biopsies from the iliac crest were taken using a Ti-Al-V or a stainless steel osteotome and
placed into prewashed polyethylene bags and stored at -20 C in a deep freezer.

6.2 Preparation of Bone Sample for Analysis: Removal of blood and muscle

The cortical and trabecular parts of the bone were separated from each other with osteotome.
Soft tissues, muscle and fat were removed mechanically with osteotome as far as possible. The
sample was divided into smaller parts and weighed. For the removal of possible surface
contamination, both cortical and trabecular parts of the same bone were placed in a polyethylene
bottle containing 50 mL 5% citric acid solution for about 30 seconds in the ultrasonic shaker.
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Blood was removed by placing the entire bone sample in 50 mL 5% glucose solution (isotonic
solution) for about 60 minutes in the ultrasonic shaker and then the solution was discarded. This
procedure was repeated for six times.

Fat and muscle were removed by placing the entire bone sample in 50 mL diethyl ether for
about 15 minutes in the ultrasonic shaker and then ether was removed and this procedure was
repeated one more time.

The bone sample was frozen with liquid nitrogen in a polyethylene bag and then ground in a
Teflon container to produce a homogenous sample. The bone sample was dried at 80 ° C for
several hours until a reasonable constancy of weight has been achieved. Cortical and trabecular
parts were weighed, separately.

It is recommended that blood, muscle and fat are removed immediately after the bone sample is
obtained.

6.3 Atomic Absorption Spectrometry (AAS)

AAS was used for determination of Ca, K, Mg, Na, Mn ,Zn and Cu in bone samples. Sample
preparation is a critical step prior to AAS. It requires the oxidation of organic matter of biological
samples to prepare a solution ready for analysis of mineral elements. For bone samples, for
dissolution purposes several acid or acid mixtures can be used.

For the preparation of bone samples for AAS, cleaned, separated from blood, muscle and fat,
powdered and homogenized bone samples were dissolved in nitric acid. Different dissolution
procedures such as hot plate dissolution, dissolution at room temperature and microwave
dissolution were tried .After these experiments, microwave dissolution procedure was chosen as
the main digestion method for its following advantages: Rapid dissolution (only 8 minutes ) ,
complete digestion, minimal reagent consumption, sample integrity which allows volatile element
determination , lower reagent blank and potential automation.

After dissolution , digests were diluted to 50 mL with deionized water. Matrix matched standard
solutions were prepared. Calcium, K, Mg, Na, Mn and Zn were determined by flame AAS.
Copper was analyzed using flameless AAS, the graphite furnace settings chosen for the HGA
programs were determined experimentally by varying the drying, charring and atomization times
and temperatures. AAS experiments are carried out with animal bones and still continuing to
reach the desired optimum conditions.

6.4 Neutron Activation Analysis (ENAA) of the Bone Samples

Bone samples 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 samples will be measured with the nuclear spectroscopy system at the Department
of Chemistry, METU.

We have already analyzed five bone samples (cortical and trabecular parts separately) weighing
approximately 200 mg, both short and long irradiation at Massachusetts Institute of Technology
(MIT), USA.
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7. Future Work

7.1 Questionnaire studies

Further calculations on the point system introduced in this paper will be continued. With the
more complete questionnaires and BMD results , we believe that point system will give us a
better opinion on the future osteoporosis risk of the subject.

7.2 Bone Mineral Density Measurements

Up to now we have completed the BMD measurements of 150 subjects. During the next year, this
will be extended at least to 210 or more subjects, which was our original intention. With the
completion of these measurements, we will have better idea about the distribution of BMD as
function of age and the position of peak BMD for the average Turkish population.

7.3 Trace Element Studies.

Trace element studies will be continued by using both AAS and INAA. Besides the element
mentioned above fluoride will be determined by Ion Selective Electrode, ISE13.

7.4 Biomechanical Studies

Part of the bone graft taken will be from the iliac crest will be used for the biomechanical
experiments. Compression test will be performed to bone specimen of the same patients from
whom specimens were removed for the trace element studies. Biomechanical experiments will be
performed by a Lloyd LS 500 mechanical testing device.

7.5 Immunocytochemical Studies

The periosteum overlying the iliac crest will be removed for the immunocytochemical studies. A
sharp blade will be used to clean periosteum from attached muscles to prevent deterioration of the
periosteum. The tissue will be transferred in to saline solution and will be washed for 30 minutes.
Neuromediators that most probably control the bone turnover will be evaluated at the periosteum
and the bone. Same specimens used for the trace element and the biomechanical studies will be
used. Mainly 4 Neuromediators, calcitonin gene related peptide(CGRP), neuropeptid Y(NPY),
substance P (SP) and vasoactive intestinal peptide (VIP) will be assessed by immunocytochemical
methods.

Biomechanica! and Immunocytochemical studies will be performed following the trace element
studies.
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