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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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Fig.I. Bone mineral density in the femoral neck in males.
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Fig. II. Bone mineral density in the lumbar spine in males
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Fig.III. Bone mineral density in the femoral necK in females.
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Fig IV. Bone mineral density in the lumbar spine in females
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