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Abstract: Aim of this study was to assess bone mass density among adult Egyptians and to study its

association with some anthropometric measurements. Across sectional sample was conducted and

composed of 406 (102 men and 304 women) adult healthy participants aged from 20 -60 years.

Anthropometric measurements (weight, height, skinfold thicknesses at three sites, bicromial and

bicrestal breadths, mid upper arm and calf circumferences) were measured. Bone mineral density was

measured by DEXA at three sites (lumber spine, femur neck and left forearm). Each sex was divided

into four age subgroups. Results: The peak of bone mass density is achieved at first age group (20-

29.9) for men and at the second age group (30-39.9) for women. Gradual decrease of BMD after

achieving the peak is observed in both sexes by age. Also, there was a significant correlation between

bone density and the anthropometric measurements in all sites and in all age groups. In Conclusion:

After achieving the peak of bone mass density, gradual decrease by age in both sexes. Presence of

association between bone mineral density and body size i.e. larger body size, the greater bone mass

density and finally local reference data base is mandatory for assessment of bone mass density for

each population.
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INTRODUCTION

Bone is a living, dynamic tissue that serves protective, structural, mobility as well as metabolic functions.

Its composition is related to the principle functions. Since the mineral contents of bone comprises the principle

elements of its mass (more than 80 %), the term bone density largely reflects the bone mineral contents (Shore

et al, 1995; Harry et al., 1999). Interestingly, bone formation and resorption (remodeling), must be present for

bone mass accumulation to proceed in a normal manner. All over the life span of an individual, bone mass

changes where it is accumulated progressively from infancy through young adulthood until the mid of the third

decade of life, when achievement of peak bone mass is reached. After the growth ceases, bone formation

slightly decrease resulting in the decline in bone mass seen by aging (Riggs and Melton, 1986).

Although most of bone strength, including mass and quality is genetically determined, many other factors

(nutritional, environmental, and life style) can exert modifying effects on normal bone accumulation and any

alteration will lead to disruption of bone (Tandon et al, 2003; Sandison et al, 2004). Certain people are more

likely to be affected by reduction of their bone mass and impairment of its micro-architecture than other.

Unraveling the inter-action between the different influencing factors on bone formation and bone density help

us to understand the complexity of the development of hard tissue quality loss (Broadus, 1996; Ganry et al.,

2000; Barr et al., 2001; Mc-Guigan et al., 2002). It is crucial to establish reference data for each particular

population and have a reliable ethnic matched reference data base. So, this study aims to: Assess bone density

for healthy adult Egyptians by age and sex as a nucleus to establish reference data for the overall Egyptian

adult population.

2- Study the association between bone density and some anthropometric measurements. 

SUBJECTS AND METHODS

Subjects:

The selected sample consists of 406 adult participants of whom 102 males and 304 females, aging from

20 too 60 years old. All participants are apparently healthy and free from any chronic disease. All of them

are of pure Egyptian origin. The subjects are selected from the employees at the National Research Centre and
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their families. The sample collected in the period of March 2002 to July 2004; and conducted in the

Osteoporosis Unit – Ain Shams University.

Methods: 

• A questionnaire was filled to document personal, social, and demographic information about the subjects

and also, including all exclusion criteria. 

• A routine medical examination was performed to ensure that the subjects were free from any systemic

diseases. 

• Anthropometric measurements including weight, height, skin fold thickness at three sites (triceps, sub

scapular, and suprailliac), breadths (bicromion and bicrestal) and circumferences (mid upper arm and calf)

were measured following the formal description of Cameron, 1979. 

Bone Mineral Density measured by DEXA:

The principle concept of bone mineral density measured by DEXA is that the device includes an X-ray

source that emits two- radiation beam, one for penetration of soft tissue and the other for penetration of bone.

The beam travel through the subjects' bone and soft tissue, continue upward and enter a detector where the

intensity of the incoming beam is registered. The intensity of the incoming beam after attenuation reflects the

bone mineral density that is a measurement of bone mineral found in the region of interest. BMD is measured

in grams per centimeter squared. BMD is derived using BMC divided by area, where bone mineral content

(BMC) is measured in grams and area is measured in centimeters squared. Measurements of bone mineral

density by DEXA were done at three sites, lumber spine (L2-L4) in anteroposterior, proximal femur neck on

the left side and the lower end of fore arm of the non dominated hand (distal third of left radius and ulna)

using LUNAR DPX-MD+ densitometer with reference to the Hispanic group and presented by T and Z score

where T is the difference between individual's bone mineral density and the mean young adult value of the

reference population; Z is the difference between individual's bone mineral density and the mean age –matched

value of the reference population.

According to World Health Organization (WHO):

Normal: T-Score greater than (-1.0); Osteopenic: T- Score greater than (-2.5) and less than or equal to (-

1.0); Osteoporosis: T-Score less than or equal to (-2.5). 

The quality control procedure was followed in accordance with the manufactures recommendations. Daily

calibration routine was done using the standard phantom supplied by manufacturer. All clinical examination

and anthropometric measurements are performed by experienced well trained physician in the Ain Shams

University and the anthropologists in the National Research Centre. 

Statistical Analysis:

Each sex group was divided into four age sub-groups, the first age sub-group starting from 20-29.9 years

old, the second from 30 to 39.9 years old, and the third one from 40 – 49.9 years old, the forth age sub –

group from 50-59.9 years old.

Descriptive statistics for all anthropometric and bone density measurements, comparison between sexes and

age groups, linear regression analysis, were calculated and analyzed using statistical package for social science

(SPSS) for windows version 9.0.

RESULTS AND DISCUSSION

As seen from table (1), that bone mass density of men is higher than that of women, and there is a

gradual decrease by age in both sexes. The peak of bone mass density in the three skeletal sites for men is

present at first age group (20-29.9) while for women is at the second age group (30-39.9), and show gradual

decrease by age in both sexes. A significant sex difference was detected in the first age group where men are

a head, for lumber spine (0.65 vs. -.95), for femur neck (0.85 vs. -0.63) and for distal radius (2.45 vs. -0.23).

However, women are significantly higher in the second age group (-0.002 vs. -1.23; 0.46 vs. -.70; 0.800 vs.

0.167) respectively. (Fig. 2).

Means and Standard Deviations of the studied anthropometric measurements in the four age groups by sex

are shown in table 2. It is clear that the men measurements' in the four studied age groups are significantly

higher than that of women as regard heights and bicromial breadth (p< 0.05). In the first age group the men

are significantly advanced in their weights than the women (85.0 vs. 62.0). In both sexes, there is an increase

in the skinfold thicknesses value by age. However, above the age 30 years old the women are significantly

advanced as regard their weight, circumferences and skinfold thicknesses measurement.
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Fig. 1: Sites of Bone Mass Density Measurements

Table 1: Bone Mineral Density (gm/cm ) in the Three Exam ined Sites by Age and Sex2

Age group Sex Lumber spine L-2 L4 Femur neck Forearm Distal Radius

2.45 ±1.5I 20-29.9 M en T 0.65 ± 0.005 0.85 ± 0.005  **
** **

2.45 ± 1.5Z 0.50 ± 0.7 0.65 ± 0.6

Wom en T -0.95 ± 0.8 -0.63 ± 0.37 -0.23 ± 1.5

Z -1.05 ± 0.8 -0.75 ± 0.35 -0.23 ± 1.5

-0.70 ± 0.30II30-39.9 M en T -1.23 ± 1.04 0.167±1.14**

-0.90 ± 0.008Z -1.73 ± 0.89 0.167±1.4

0.800 ± 1.14Women T -0.002 ± 0.97 0.46 ±1.03*

0.862±1.52Z -0.529±0.88 0.33±1.05

III40.49.9 M en T -0.700±1.01 -0.500±0.451 0.375±0.98

Z -0.625±1.12 -0.175±0.844 0.375±0.98

Women T -0.910±1.41 -0.500±0.451 -0.001±1.45

Z -0.998±1.38 -0.339±0.943 0.135±1.51

-1.18±1.51IV50.59.9 M en T 0.001±2.50 -0.633±2.37*

Z 0.417±2.48 -0.183±1.56 0.233±2.44

Women T -0.915±1.37 -0.791±1.15 -0.226±1.98

Z -0.007 ±1.40 -0.199 ±1.06 0.538 ± 1.93
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Fig. 2: Bone Mass Density in the Three Sites by Age Groups and Sex

Table 2: M eans and SD. of Physical Anthropometric Measurements in Four Age Groups by Sex

Anthropometric Sex First Age Group X ± SD Second Age GroupX ± SD Third Age GroupX ± SD Fourth Age GroupX ± SD

measurement

Weight M 85.0 ± 13.3* 76.3 ± 24.9 74.4 ±12.9 75.8 ± 9.8

W 62.0 ± 5.2 77.9 ± 10.2* 77.9 ±14.8 79.1 ± 10.0 

Height M 175.5 ± 7.8* 166.9 ± 23.3* 165.6± 6.0* 166.6 ± 3.5* 

W 161.0 ± 4.2 157.5 ± 6.4 159.7 ± 5.6 156.0 ± 4.0

BM I M 26.9 ± 7.8 26.3 ± 4.5 26.9 ± 2.7 27.2 ± 2.7

W 23.8 ± 2.4 31.4 ± 3.8* 30.5 ± 5.1* 32.5 ± 4.0* 

Bicromial Breadth M 41.0 ± 3.1* 43.1 ± .85* 39.0 ± 3.0 39.6±1.6*  

W 37.9 ± 0.6 38.8 ± 2.1 37.7 ± 2.2 38.3±2.2

Bicrestal Breadth M 31.8 ± 1.8 32.9 ± 2.2 30.5 ± 4.6 31.4 ± 0.7

W 31.4 ± 0.2 32.7 ± 2.5 32.4 ± 2.2* 32.6± 2.1* 

Triceps Skinfold M 11.5 ± 7.8 12.4 ± 2.9 10.7 ± 3.1 21.7 ±7.9

W 15.2 ± 4.8 24.1 ± 7.3* 25.0 ± 8.4* 27.7 ± 6.2  

Subscapular Skinfold M 15.5 ± 5.8 22.0 ± 10.0 18.6 ±7.5 20.4 ± 5.2

W 18.0 ± 6.0 30.2 ± 5.8* 26.6 ± 9.4* 31.8 ± 4.8* 

Suprailiac Skinfold M 10.8 ± 7.6 11.3 ± 2.0 11.3 ±4.6 10.3 ± 2.2

W 14.9 ± 5.7 23.9 ± 6.9* 19.7 ± 8.5* 25.4 ± 6.3*  

M id Upper Arm M 31.8 ± 7.6* 26.9 ± 4.4 28.9± 1.8* 27.7 ± 0.8  

W 26.5 ± 2.8 31.7 ± 2.7* 20.4 ±7.1 33.5 ± 2.7* 

Calf Circumference M 38.5 ± 5.8 35.1 ± 5.02 35.9 ± 2.5 34.0 ± 2.6

W 35.6 ± 1.4 39.1 ± 3.9* 36.2 ± 7.0 38.0 ± 3.1 

Tables 3, 4 represent the coefficient of correlation between bone density in the three skeletal sites and the

studied anthropometric measurements by four age groups; for both sexes, there is a significant correlation

between bone density in the three skeletal sites and weight, skinfold thickness, circumferences in all age groups

(p < 0.05; p < 0.01).
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Height and breadths (Bicromial and bicrestal) show a negative significant correlation in the four age groups

of men with femur neck and lumber spine BMD, this correlation is reversed as regard women. The forearm

site shows a positive significant correlation with body height and body breadths of women, the only exception

is noticed in the first age groups with breadths' measurements (r is -.785, -. 729). Positive correlation was

observed in men aged 20-29.9 between their heights, bicromial and bicrestal measurements and forearm BMD

(p <0.01), however the older men aged (40-49.9) show a negative correlations

Table 3: Coefficient of correlation between three skeletal sites bone density and anthropometric measurements

Anthropometric Age groups Lum ber Spine Fore arm Femur Neck

----------------------------------- ------------------------------------ ----------------------------------

M en W omen M en W omen M en W omen

0.177 0.619Weight 1 1.0 1.0 -0.451 -1.0 **
** ** **

0.489 0.787 0.372 0.82 0.3802 0.60 ** ** ** ** **
**

-0.452 -0.284 0.4853 -0.014 0.355 0.548 **
** **

0.191 0.248 0.0174 0.394 0.389 * 0.251* ** *

0.960 1.0 -1.0Height 1 1.0 ** ** 0.847 ** -0.674** ** **

0.661 -0.472 0.0142 -0.685 ** * -0.419 0.585** **

0.266 -0.465 -0.0143 -0.209 0.021 -0.610 ** *
**

0.1124 0.033 0.437 -0.069 -0.178 -0.085**

-1.0BM I 1 1.0 -0.364 1.0 -0.809 ** 0.854** ** ** **

0.111 0.426 0.984 0.0452 0.878 0.972 ** **
** **

-0.330 -0.1563 0.116 0.423 0.501 0.548** * **

0.028 0.280 0.1254 0.522 0.490 * 0.314** ** **

-0.586 -1.0Bicromial Breadth 1 1.0 1.0 -0.785 ** 0.739** ** ** **

0.351 1.0 1.02 -1.00 ** ** 0.382 ** 0.386** ** **

0.069 0.376 -0.796 0.2393 -0.606 -0.908 ** ** *
** **

0.417 0.2634 0.175 0.079 0.119 0.329 * *
*

-1.0Bicrestal Breadth 1 1.0 -0.322 1.0 -0.729 ** 0.770** ** ** **

1.0 1.02 -1.0 0.559 ** 0.108 ** 0.324** ** **

-0.733 0.475 -0.596 0.5133 -0.352 0.380 ** ** ** **
**

0.008 0.231 -0.2564 -0.534 -0.364 -0.818 *
** * **

Table 4: Coefficient of correlation between three skeletal sites bone density and anthropometric measurements

Anthropometric Age groups Lum ber Spine Fore arm Femur Neck

M easurements --------------------------------- ------------------------------- ----------------------------------

M en W omen M en W omen M en W omen

-0.541 1.0 - 0.978 -1.0 0.998Triceps Skinfold 1 1.0 * ** ** ** **
**

0.265 0.239 -1.0 0.402Thickness 2 -1.0 -1.0 * ** **
** **

0.117 0.70 0.3483 0.870 0.543** 0.403 ** **
** **

4 -0.055 -0.107 -0.004 0.063 -0.202 0.391**

-0.104 -0.779 -1.0 0.919Subscapular Skinfold 1 1.0 1.0 ** ** **
** **

0.086 0.045 0.072Thickness 2 -1.0 1.0 1.0** ** **

-0.047 0.0923 0.327 0.284 0.283 0.236** ** *

0.406 0.036 -0.0744 0.351 -0.366 * 0.457** *

0.201 -0.226 0.351Suprailiac Skinfold 1 1.0 1.0 -1.0** ** **

0.260 1.0 -0.110 0.214Thickness 2 -1.0 * ** 1.0** **

-0.414 0.285 0.1303 0.343 0.382 * ** 0.405** *

- 0.120 -0.483 0.472 -0.2144 0.548 0.647 ** **
** **

-0.069 -0.607 -1.0 0.717M id Upper Arm 1 1.0 1.0 * ** **
** **

0.190 0.504 1.0 0.083Circumference 2 -1.0 1.0 ** **
** **

-0.719 0.1173 0.060 -0.221 ** -0.207 -0.045*

-0.188 0.306 0.1974 0.672 0.790 ** -0.202** **

-0.126 -0.794 0.930Calf Circumference 1 1.0 1.0 -1.0 **
** ** **

0.391 -1.0 0.373 0.4122 -1.0 ** ** 1.0 **
** **

-0.719 0.5853 -0.367 0.214 ** -0.60** 0.282* **

-0.187 0.1414 0.410 0.589 0.107 -0.170* **

Discussion:

Bone quality can be defined by the ability to resist fracture. This quality is depending on several

determinants: intrinsic properties of bone, bone architecture and bone size. These determinants more or less

linked to bone turnover; absence or excessive presence one, increasing fragility (Roux et. al, 2004).

Bone Densitometry is very useful epidemiological studies that have an impact on bone growth and

developments (Schonau, 2004). Recently the terms bone mass and density are typically used synonymously.

In physics density has been defined as mass / unit volume. In clinical practice and science, bone density

usually has a different meaning, the degree to which a radiation can be attenuated by a bone. This attenuation

of a radiation beam does not only depend on density but also on bone size (Rauch and Schonau, 2001).
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Further more, bone research shifting away from bone mass and focus to bone geometry or bone strength

(Schonau et al, 2004).

In the last several years, many new techniques have been introduced for measurement of bone density.

At present, the clinician is faced with choice between various technologies that provide measurements of

different skeletal sites. Each of these techniques has advantages and disadvantages for clinical application.

Currently, no single technique ideally addresses all clinical requirements (Faulkner, 1988) However, the golden

choice remains the duel energy x- ray absorptiometry (DEXA) that in additional feature of DEXA include

measurements of BMD at multiple skeletal sites, minimal radiation exposure, safety of performance, short

investigation time and ease of use, the advanced DEXA scanner use fan beam geometry which improve image

quality, allowing better visualization of the scan region as well as the ability to detect vertebral deformities

(Nord, 1987; Genant et. al, 1996).

The results of present study are interesting enough to be discussed. It is containing main target of showing

the reference BMD values of Egyptian adults. The findings revealed that, the peak of BMD at the three

skeletal sites for men is at the first age group (20-29.9) which may be due to their higher weights, heights and

body mass index (BMI). While women' peak is at the second age group (30-39.9) where they are shorter,

heavier and larger BMI. These results are in agreement with Thailand reference data by Pongchaiyakul et al,

2002; and Lebanon by Maalouf et al, 2000.

There was a physiological age changes that the human body undergoes, the etiology of age – related bone

loss is multifactorial including menopause, andropause, somatopause and secondary hyper parathyrodism. These

changes of aging are represented by increase fat mass, increase cardio-vascular risk, reduce muscle mass

tolerance, decrease strength and impaired quality of life (Fukuda and Iida, 2004; Gerdhem and Obrant, 2004;

Lombardi et al, 2005).

The current results go in line with many bone densitometric studies that the BMD decreased by age after

achieving the peak. This is obvious in both genders which may be attributed to a dramatic decline in sex

hormones status. Actually, the effect of estrogen on the skeleton has been the subject of intensive investigation.

The menopause represents a critical life step characterized by complex endocrine changes which affect the

musculoskeletal systems. However, the hormonal changes that signal decrease ovarian function begin to occur

in the decade prior to menopausal age. During this transition period, there is a gradual decline in the estrogen

concentration which accompanied by increase in pituitary secretion of follicle stimulating hormones to drive

the ovary to produce more estrogen. Estrogen deficiency plays a major role in bone mass loss, as bone -sparing

effect of estrogen is mainly related to its ability to block bone resorption (by decreasing osteogensis and

diminished resorptive activity of mature osteoclast). Subsequently, there is a significant change in skeletal

homeostasis with consequent loss of bone tissues. More over, it is generally accepted and documented that

there are many intervening environmental factors that impinge on normal peak bone mass and exert modifying

effects on its accumulation (Riggs and Melton, 1986; El-Desouki, 1995; Shore et al, 1995; Bainbridge et al,

2004; Shonau, 2004; Kemmler et al, 2006).

Nutrition is an important modifiable factor in the development and maintenance of bone mass. Therefore

adequate provision of nutrients composing bone matrix constituents and regulating its metabolism as vitamins

should be provided from birth in order to achieve maximal compatibility of hard tissue (Gordon, 2000; Eisman,

2001). Also, other ingested material, not usually categorized as nutrients e.g. caffeine, alcohol, phytoestrogen

may also, impact the hard tissue health and quality (Ilich and Kerstetter, 2000; Ilich and Brownbill, 2001).

Many authors supported this concept and reported that healthy young individuals with optimal nutrition, good

sunlight exposure and regular physical exercise, have normal bone architecture (Mussolino.2001; Tandon et

al, 2003; Lloyel et al, 2004).

Several studies revealed that the measures of body size associated with BMD to a greater extend in weight

bearing sites i.e. the larger body size, the greater BMD and the smaller skeletal size, the lesser BMD and those

were under sever weight reduction programmed diet and dietary restraint leads to considerable amount of bone

loss (Fogelholm et al, 2001; Liao et al, 2003; Liao et al, 2004; Torstveit and Sundgot- Borgen, 2005). This

is in concordance with the line of the current results where there is a significant correlation between BMD in

the three skeletal sites, and weight, skinfold thicknesses and circumferences in all age groups and in both sexes

(p, 0.05 and p< 0.01). However, heights and breadths show a negative significant correlation in the all four

age groups for men with BMD of femur neck and lumber spine which may be referred to the effect of the

change in adipose tissue in conversion of androstene-dione to estrone. It is reported by Dinnie et al, 2000 that

the body weight, body mass index are positively associated with BMD which may be attributed to several

factors: increase weight is associated with increase level of serum calcitonin, androgens, estrogen and

mechanical stress, all of which may be protective against the age related bone loss.
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The most powerful stimuli for bone formation are supposed to be stretching of muscles. The age related

loss of bone mass density may be partly due to loss of muscular wasting. However, the increase of bone mass

density in obese is may be due to increase muscular power to support the increase in body weight (Morii and

Takaishi, 2006; Hsu et al, 2006).

Attention to risk factors that affect and influence bone mass must be taken in consideration and increasing

the awareness of physicians to the usage of our local reference data base is mandatory to avoid misdiagnosis.
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