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INTRODUCTION

The Department of Orthopaedic Surgery in the National University of Singapore has

been involved in research activities in osteoporosis since 1986. We currently have two

DEXA machines i.e. a Norland XR-26 and a Lunar DPX-L densitometer. We have

obtained normative data of 108 normal Chinese males and 136 normal Chinese

females (1-2). These data now form our reference for all patient's densitometry scans.

The facility is used routinely in screening patients for low bone mass as a risk factor for

osteoporosis and to follow-up patients on hormone replacement therapy and other

treatment modality. Our centre is also currently involved in a worldwide Phase III clinical

drug trial on the effect of raloxifene hydrochloride on postmenopausal osteoporosis.

Currently, we have a number of on-going projects utilizing the DXA machine, in

particular, the osteoporotic hip and spine fractures, falls in the elderly and the use of

bone densitometry as a non-invasive technique in the in-situ detection of total hip

replacement loosening (3-12).

MATERIALS AND METHODS

The main objectives of this study was to determine the bone density 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 age and sex.

Normal healthy subjects from the three major ethnic groups in Singapore i.e. Chinese,

Malays and Indians, of both sexes across the age range of 15-50 were recruited for this

programme. Initial recruitment of subjects were done through the hospital

staff/outpatients and their family member and friends. Exclusion criteria include

subjects with a history of renal, liver or thyroid disease. Subjects on regular medication

e.g. steroids, fluoride and estrogen or who had a history of hip, spine or wrist fractures

were also excluded. A total of 122 females and 49 males were recruited (Table I).

The subjects were interviewed by the same technologist and the questionnaire included

details on lifestyle factors such as food intake, exercise and medication. The height

and weight was recorded. The bone mineral density (BMD) of the lumbar spine and left

hip was then measured using a LUNAR DPX-L bone densitometer. The BMD of spine

was analyzed in the region L2-L4 while analysis of the hip gave BMD values for the

femoral neck, trochanter and Ward's triangle. The hip axis length (HAL), defined as the
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length below the lateral aspect of the greater trochanter through the femoral neck axis

to the inner pelvic brim was also measured on the BMD scan of the femoral neck. This

was done by placing the software ruler parallel the femoral neck axis with the ends of

the ruler positioned at the bone edges. Recent studies have found that HAL predicts

hip fracture independently of age and BMD (13) and a one standard deviation increase

in HAL leads to a twofold increase in hip fracture risk (14).

A dedicated quality assurance programme was done throughout the period of study to

ensure instalment consistency and accuracy of results. This include the daily internal

calibration of the system and the scanning of a phantom.

RESULTS

Tables II and III shows the BMD and BMI value of the different age groups in both

sexes. Table IV shows the correlation of BMD to age, height, weight and BMI. BMD in

the lumbar spine and femoral neck were negatively correlated to age. There was a

positive correlation of femoral neck BMD to height ( r = 0.42334) and weight ( r =

0.39647). There was a good correlation between lumbar spine and femoral neck BMD (

r = 0.55252). Hip axis length was positively correlated to height ( r = 0.54131) but there

was a weak correlation of HAL to spine and hip BMD.

Males were found to significantly taller and heavier (p < 0.01) than females. However,

there was no significant difference in body mass index (BMI) ( Table V ). The hip axis

length in males was about 11% longer than in females. There was no significant

difference in BMD of the spine between males and females. The hip BMD of males in

all the 3 areas, i.e. femoral neck, trochanter and Ward's triangle was significantly higher

(p < 0.01) in males than in females (Table V).

The data was also analyzed according to the 3 major ethnic groups ( Table VI, VII). It

was found that Indian women were significantly heavier ( p < 0.01) than the Chinese.

The Indians also had significantly higher hip BMD and BMI than the Chinese. Although

there was no significant difference in height between the Chinese and Indians, Chinese

were found to have significantly longer hip axis length than the Indians. Indians had the

shortest hip axis length among the three races and this was seen in both males and

females. There was however, no significant difference in lumbar spine BMD among the

three races.
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Malays had the highest intake of milk and dairy products (45.2%) as compared to the

Chinese (36.7%) or Malays (34.9%). Most of the subjects interviewed had little or no

regular exercise. Only 24.5% males and 17.1% females do regular weight bearing

exercise at least once a week.

CONCLUSIONS

From the data collected so far, there seem to be some differences in BMD among the

three races. Indians and Malays were observed to have higher bone density than the

Chinese. This could partly be due to the higher body weight and higher calcium intake

in the Indians and Malays. A recent study in Singapore have also shown that the hip

fracture incidence in Chinese is higher than that in Malays and Indians (3). There could

also be racial differences in hip axis length which might explain the racial differences in

hip fracture rates (15-16). From our data, Indians had the shortest hip axis length.

However, the sample size for the Malays and Indians are small and we need to recruit

more subjects before any further conclusions could be drawn.

FUTURE WORK

Apart from BMD measurements, urinary deoxypyridonoline (Dpd) , a marker for bone

resorption, will also be measured. Dpd is a collagen crosslink formed extracellularly as

the final stage of maturation of the collagen fibril. Dpd have the unique advantage as a

marker in reporting the degradation of only mature collagen and not any biosynthetic

intermediates, unlike the current urinary hydroxyproline method which lacked specificity

and sensitivity. Studies have reported that mean Dpd values for subjects with diseases

known to increase bone loss and for postmenopausal subjects were significantly higher

than the mean for normal subjects. Hence, it would be useful to establish the urinary

Dpd values in normal males and females so that this biomarker could be used together

with BMD measurements in identifying individuals at risk and in monitoring the efficacy

of treatment.

The target number of subjects for this year will be 5 subjects in each age group ( 7 age

groups from 15-50 years) for each sex and race (Chinese, Malays and Indians) i.e. a

total of 210 subjects. The subjects will be recruited from members of the community,

schools and institutions. Each subject will be screened to ascertain that he is a normal

healthy individual. When the subject satisfies the inclusion and exclusion criteria as set
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by the protocol, he will be recruited for the study. On the day of the BMD assessment,

the subjects will collect their first morning void urine. The urine samples will then be

kept in a deep freezer (-20° C) for long term storage. The urine samples will be

analyzed in batches urine the Pyrilinks-D assay ( Metra Biosystems, Inc), which is a

competitive enzyme immunoassay in a microtiter stripwell format utilizing a monoclonal

anti-Dpd antibody coated on the strip to capture Dpd. Dpd in the sample competes with

conjugated Dpd-alkaline phosphatase for the antibody and the reaction is detected with

p-nitrophenyl phospate (pNPP) substrate. The strips are then read on an ELIZA plate

reader at 405 nm.

The subjects will have the BMD measured on a LUNAR DPX-L bone densitometer. The

spine, hip and whole body will be measured. The subjects will also be interviewed

regarding their lifestyle habits and food intake. The data collected will then be analyzed.
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Table 1. Number of subjects in the different age groups

Age group

15-20

21-25

26-30

31-35

36-40

41-45

46-50

Females

7

13

16

25

28

17

16

Males

0

8

7

8

9

11

6

Table II. BMD and BMI data for females

Age group

15-20

21-25

26-30

31-35

36-40

41-45

46-50

n

7

13

16

25

28

17

16

BMI

22.08 ± 3.05

19.73 ±2.35

21.41 ±3.76

22.07 ±4.71

23.53 ±4.66

23.44 ± 3.56

22.73 ±4.11

Spine BMD

1.029 ±0.125

1.175±0.138

1.143 ±0.129

1.152 ±0.080

1.187±0.108

1.117±0.108

1.204 ±0.127

Neck BMD

0.878 ±0.107

0.945 ±0.143

0.940 ±0.172

0.908 ±0.101

0.937 ±0.159

0.884 ± 0.086

0.917 ±0.104
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Table III. BMD and BMI data for males

Age group

21-25

26-30

31-35

36-40

41-45

46-50

n

8

7

8

9

11

6

BMI

22.15±2.18

22.46 ± 3.60

21.92 ±2.45

23.82 ± 2.63

24.35 ±4.85

24.88 ± 3.95

Spine

1.144±

1.094 ±

1.151 ±

1.053 ±

1.178±

1.192 ±

BMD

0.103

0.131

0.116

0.121

0.132

0.098

1

1

1

0

1

0

Neck BMD

.109±0.115

.017 ±0.223

.045 ±0.169

.944 ±0.104

.015 ±0.148

.968 ±0.157

Table IV. Correlation of bone mineral density and hip axis length to age, height,
weight and BMI

Lumbar spine BMD

Femoral neck BMD

Hip Axis Length (HAL)

Age

Height

Weight

BMI

Neck BMD

HAL

Age

Height

Weight

BMI

HAL

Age

Height

Weight

BMI

r

-0.28372

0.32364

0.18285

0.08041

0.55252

0.17920

-0.25848

0.42334

0.39647

0.23704

0.15283

-0.09724

0.54131

0.09976

-0.10763
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Table V. Comparison of physical variables and BMD between males and
females

n

Age

Height (cm)

Weight (kg)

BMI

Spine BMD

Femoral neck BMD

Trochanter BMD

Ward's Triangle BMD

Hip axis length (cm)

Females

122

35.36 ± 8.05

158.1 ±5.45

55.68 ±10.95

22.43 ±4.20

1.164±0.113

0.923 ±0.131

0.750 ±0.123

0.838 ±0.153

9.65 ± 0.26

Males

49

35.92 ±8.31

170.8 ±6.36

67.63 ±10.50

23.20 ± 3.43

1.139±0.123

1.017 ±0.156

0.859 ±0.148

0.886 ±0.188

10.83 ±0.33

P<

NS

0.01

0.01

NS

NS

0.01

0.01

0.10

0.01
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Table VI. BMD in Chinese, Malay and Indian women

n

Age

Height (cm)

Weight (kg)

BMI

Spine

Femoral neck

Trochanter

Ward's triangle

Hip axis length (cm)

Chinese

62

36.61 ± 9.50

158.6 ±5.02

52.8 ± 8.2

21.23 ±3.13

1.179 ±0.126

0.901 ±0.111

0.730 ±0.106

0.809 ±0.135

9.76 ± 0.52

Malay

19

32.68 ±5.84

157.8 ±5.15

56.6 ±11.3

23.05 ±4.34

1.155 ±0.103

0.923 ±0.159

0.725 ±0.124

0.846 ±0.178

9.67 ± 0.47

Indian

36

34.60 ± 7.88

157.5 ±6.39

60.11 ±13.3

24.16 ±5.02

1.143 ±0.107

0.959 ±0.142

0.799 ±0.139

0.883 ±0.160

9.45 ±0.51

Table VII. BMD in Chinese, Malay and Indian men

n

Age

Height (cm)

Weight (kg)

BMI

Spine

Femoral neck

Trochanter

Ward's triangle

Hip axis length (cm)

Chinese

24

34.04 ± 9.21

170.4 ±7.11

65.6 ±11.7

22.59 ± 3.76

1.127 ±0.105

0.991 ±0.146

0.828 ±0.132

0.849 ±0.172

10.88 ±0.52

Malay

12

36.75 ±7.53

170.8 ±4.55

69.4 ±10.2

23.81 ±3.55

1.142 ±0.143

1.031 ±0.169

0.898 ±0.184

0.910 ±0.215

10.90 ±0.38

Indian

13

38.62 ± 6.80

171.4 ±6.70

69.81 ±8.1

23.78 ± 2.64

1.156 ±0.143

0.991 ±0.146

0.884 ±0.139

0.930 ±0.192

10.66 ±0.45
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