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ABSTRACT 

This study was conducted to determine if either calcium 

intake or physical activity is related to bone mineral 

status in children and youth aged 10 to 15 years. Subjects 

(n=30) with high, medium, and low bone mineral status were 

selected based on radius bone mineral index measurements 

from a sample of 108 subjects measured 9 to 12 months 

previously. Calcium intake was estimated from two 24-hour 

recalls and a food frequency questionnaire. Assessment of 

activity level was conducted by questionnaire. Single 

photon absorptiometry was used to obtain bone mineral 

2 
content (g/cm) and bone mineral index (g/cm ) measurements 

for the radius and ulna at the midshaft and distal sites. 

Mean calcium intake and activity level indices were found to 

be similar among the three bone mineral index groups. 

However, calcium intake was shown to be significantly 

related to midshaft ulna bone mineral index, but not to the 

other three bone sites. In addition, activity level 

(participation in sports) was found to be significantly 

related to distal ulna bone mineral index, but not to the 

other three bone sites. The hypothesis that dietary calcium 

and physical activity indices were signficantly related to 

bone mineral status was only partially supported by the 

results. 
xi 



CHAPTER 1 

INTRODUCTION 

The bone mass of the skeleton increases throughout 

childhood and adolescence. This process continues into 

early adulthood before peaking during the fourth decade of 

life. Thereafter a loss in bone mass from the skeleton 

occurs (Gam and Wagner, 1969; Garn, Rohroan, and Wagner, 

1967). In osteoporosis, this loss reduces bone mass to a 

level where skeletal fractures occur with little or no 

trauma. Osteoporosis, an extremely debilitating disease, 

affects one in four white post-menopausal women and results 

in approximately 1.3 million fractures annually (Chestnut, 

1984; National Institute of Health, 1984). The health 

care cost associated with these fractures has been estimated 

at 6.1 billion dollars (Holbrook et al., 1984). Because 

osteoroposis is a serious public health issue, there is a 

need to better understand the factors affecting bone mass 

increases and decreases with age. 

The bone mass of an older adult is a function of 

their peak bone mass in early adulthood and the rate of bone 

loss following this peak (Sandler et al., 1985). The 

prevention of osteoporosis could be mediated by 

1 
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either increasing the peak mass attained or attenuating the 

rate of adult loss. Intense interest has been directed 

toward the latter, especially during the post-menopause 

period (Ettinger, Genant, and Cann, 1987; Riis, Thornsen, and 

Christiansen, 1987; Coralli, Raisz, and Wood, 1986; 

Chestnut, 1984). However, with the realization that 

reducing bone loss this late in life may not be enough to 

prevent the development of osteoporosis, attention is also 

being directed to maximizing peak bone mass (Martin and 

Houstan, 1987; Heaney et al., 1982). 

Genetic and environmental factors interact to 

determine an individual's bone mass (Lutz, 1986). One of the 

primary'environmental determinants is nutrition. A number 

of nutrients, most importantly phosphorus, calcium, and 

vitamin D, have roles in the development and maintenance of 

the skeleton (Pike and Brown, 1985). Phosphorus and calcium 

are the mineral constituents of bone. The feeding of 

deficient diets to animals has demonstrated both minerals 

are indispensable for the maintenance of bone (Jowsey and 

Gerson-Cohn, 1964; Nordin, 1960). and Human dietary 

deficiencies in phosphorus are unlikely though, due to the 

abundance of this mineral in many foods. In contrast, wide 

variations in calcium intake occur depending, in large part, 

on whether dairy products are consumed. 
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Vitamin D is very important, to mineral metabolism 

and the mineralization of bone. Whereas only short expo

sures to the sun are required to synthesize adequate amounts 

of vitamin D, in certain environmental situations a lack of 

this vitamin has compromised bone integrity. However, 

vitamin D deficiency results in a demineralization of the 

skeleton and should be differentiated from osteoporosis 

(Nordin, 1960). 

A calcium hypothesis for the etiology of osteopo

rosis was proposed over a quarter of a century ago by Nordin 

(1960). Since that time, numerous studies have been 

conducted to support or dispute this hypothesis (Gordan and 

Vaughan, 1986; Spencer and Kramer, 1986; Heaney et al., 

1982; Spencer, Kramer, and Osis, 1982). Still, the issue 

remains controversial (Hegstad, 1986). Moreover, Nordin's 

hypothesis was concerned with adult bone loss, not the 

relationship between calcium intake during growth and peak 

bone mass. The hypothesis that calcium intake and peak bone 

mass are related has not been directly investigated (Sandler 

et al., 1985). 

A second major environmental determinant of bone 

mass is the external stress placed on bone. The importance 

of at least minimal activity to prevent bone atrophy has 

been demonstrated by immobilization and weightlessness 

studies (Young et al., 1986; Foders et al., 1986; Globus, 

1984). Furthermore, the ability of bone to adapt to high 
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stress levels has been shown by investigations of athletic 

groups and training studies (Marguies et al., 1986; Nilsson 

and Westlin, 1971). The role of normal daily activity in 

osteoporosis has already gained attention with respect to 

adults (Smith and Raab, 1986; Montoye, 1983). However, 

the relationship between peak bone mass and activity level 

during childhood and youth has not been addressed. 

Purpose 

The purpose of this study was to determine if the 

bone mineral measurements observed in children and youth 

aged 10 to 15 years was related to differences in calcium 

intake or physical activity level. 

Hypothesis 

It was hypothesized that children with higher bone 

mineral index values would have either higher calcium 

intakes or higher physical activity levels than children 

with lower values. 

Justification 

Dietary calcium and physical activity during this 

period of rapid growth may significantly influence the peak 

bone mass attained in early adulthood. The findings of 

this study may provide important information concerning the 

prevention of osteoporosis. 
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Scope 

Data for this study were obtained in the fall of 1986 

and the spring of 1987 at the Body Composition Research 

Laboratory in the Exercise and Sport Sciences Department of 

the University of Arizona. Thirty children aged 10 to 15 

years volunteered to participate in this study. They were 

selected based on their bone mineral index from a larger 

sample in the spring of 1986. The children and one of their 

parents read and signed an informed consent form. The 

project was approved by the Human Review Committee of The 

University of Arizona. 

Measurements of the bone mineral content and bone 

width were made at midshaft and distal sites of the radius 

and ulna of the subjects non-dominant arm. The mono

chromatic photon absorption technique was employed (Lunar 

Radiation Corporation model SP2). Dietary calcium intake 

was estimated by two 24-hour recalls and a food-frequency 

questionnaire centered on dairy products. The physical 

activity level was estimated by questionnaire. This 

questionnaire was retrospective in nature and specific 

criteria were used to quantify activity level. 

Developmental status of the subjects was availible from an 

earlier study. 
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Limitations 

The following are the major limitations involved in 

this study. 

1. Some of the variability in bone mineral values is due 

to genetic factors that were not accounted for by the design 

of this study. 

2. Differences in maturation of the children can only be 

partially acounted for by age, height, and developmental 

status. 

3. Dietary and physical activity assessments have limited 

accuracy and precision. 

4. The bone mineral index of the forearm is not a perfect 

indicator of the bone mass of the total skeleton. 

5. Because each group of children was selected as high, 

medium, or low with respect to bone mineral index in an 

earlier study, it was expected that upon remeasurement of 

the mineral index there would be some regression to the mean 

and the group differeneces would be less than originally 

found. 

Definition of Terms 

Key terms used in this study have been defined as 

follows: 

Peak Bone Mass-' The bone mass reached in early 

adulthood before the onset of adult bone loss. 
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Osteoporosis: A bone pathology in which bone 

mass is reduced to a level where fractures occur with little 

or no trauma. Although bone mass is diminished, the 

remaining bone is fully mineralized. 

Photon Absorptiometry: A technique for estimation 

of bone mineral content using the attenuation of a 

collimated photon beam from lodine-125. 

Bone Mineral Content (BMC): The bone mineral mass 

(grams) for a one centimeter cross section. 

Bone Width (BW): The bone width at the BMC 

measurement site. 

Bone Mineral Index (BMI): The bone mineral content 

(gram/cm) divided by width of bone (cm). 

Midshaft Site: Bone mineral measurement site one 

third the distance from the styloid process of the wrist to 

the olecranon process of the humerus. 

Distal Site: Bone mineral measurement site where 

the radius and ulna are separated by five mm. 



CHAPTER 2 

LITERATURE REVIEW 

The impetus for this investigation was the pre

valence of osteoporosis in the adult population, especially 

women. The development of the critically low bone mass 

which is representative of osteoporosis requires many 

decades, and its epidemiology may begin in childhood. The 

genetically determined bone mass of individuals is thought 

to be influenced by two environmental factors, dietary 

calcium intake and physical activity. This study was 

designed to investigate the relationship between these 

and the bone mineral status of children. The following 

review covers the literature in the areas of osteoporosis, 

bone physiology, bone mineral assessment, bone growth, 

assessment of nutrient intake, calcium requirements, 

assessment of activity, and activity and bone. 

Osteoporosis 

Osteoporosis is a bone pathology distinguished by 

a low bone mass and susceptability to skeletal fractures 

resulting from little or no trauma. In osteoporosis the 

bone tissue present is fully calcified, but there is much 

less than usual. A differentiation was made betweeen the 

8 
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low bone mass in osteoporosis (deossification) and the 

diminished mineral content of bone in osteomalacia 

(demineralization) in 1885 by Pommer (Nordin, 1960), but 

clinicians and scientists did not widely recognize this 

until it was re-emphasized by Albright, Smith, and 

Richardson in 1941. Currently, the terms demineralization 

and loss of calcium are still being used in reference to 

osteoporosis. The inaccuracy of these statements was 

recently pointed out again by Bassett (1987). 

In April of 1984 the National Institute of Health 

convened a Consensus Development Conference on osteoporosis. 

The Conference Statement included these statistics on the 

public health impact of osteoporosis: 15 to 20 million 

individuals are affected by it, 1.3 million fractures 

attributable to osteoporosis occur annually in people over 

the age of 45, 32 percent of the women and 17 percent of the 

men who live to be 90 will suffer an osteoporotic hip 

fracture, and the total cost of osteoporosis is estimated to 

be $3.8 billion annually (National Institute of Health, 

1984). In addition to these statistics, Drinkwater (1981) 

stated the mortality rate for women from complications 

associated with hip fractures is 20 percent. The 

significance of osteoporosis as a public health problem is 

demonstrated by these statistics. 
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The etiology of osteoporosis has been attributed 

to a hormonal mechanism (Albright, 1941), long term 

deficiencies in dietary calcium (Nordin, I960), and seden

tary lifestyles (Montoye, 1983). Although each hypothesis 

has evidence to support its validity, there is no conclusive 

support for any. The possibility that osteoporosis has 

multiple etiologies has also been considered (Riggs and 

Melton, 1986). In contrast to these hypotheses, Atkinson et 

al. (1970) contends osteoporosis results from a normal 

developmental process. This theory is based on the 

universal occurrance of adult bone loss. 

Adult bone loss is an universal phenomenon first 

identified by Trotter (1954) and later substaniated by Garn 

(1967). It was shown to occur in a number of countries and 

in both sexes. However, defining an exact onset and rate for 

bone loss has been difficult (Mazess, 1982). After 

reviewing the literature, Mazess (1982) concludes cortical 

bone is lost at a rate of 3 percent per decade and begins at 

about the age of 40 years in both sexes. For women, 

cortical bone loss is accelerated following menopause to a 

rate of 9 percent per decade. The loss of trabecular bone 

begins earlier, as early as age 20, with a rate of loss of 6 

to 8 percent for both sexes. Mazess (1982) also states 

there is no evidence for a large loss of trabecular bone 

after menopause. 
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A biphasic pattern of trabecular bone loss In 

women is controversial. Most studies have not found an 

accelerated loss following natural menopause (Riggs and 

Melton, 1986). Moreover, a recent study by Riggs et al. 

(1986), using dual-photon absorptiometry, found large losses 

of vertebral bone prior to menopause, but no postmenopausal 

increase in trabecular bone loss. In contrast, Genant et 

al. (1982), using computer tomography, report a 12 percent 

loss in vertebral bone two years after surgical oophorec

tomy. Riggs and Melton (1986) conclude the loss of 

trabecular bone following menopause may have an initial rate 

greater than cortical bone, but it is of short duration. In 

addition, due to the variable and gradual loss of sex-

steroids following menopause this accelerated phase is 

difficult to demonstrate. 

The bone mass present in the skeleton during late 

adulthood is a function of the peak bone mass attained in 

early adulthood and the rate of adult bone loss (Sandler et 

al., 1985). Low bone mass in late adulthood (i.e. osteo

porosis) could result from either an enhanced rate of bone 

loss or diminished peak bone mass. The hormonal hypothesis 

for the etiology of osteoporosis is based on an enhanced 

rated of bone loss precipated by the reduction in estrogen 

levels at menopause. The calcium intake and activity level 

on the other hand, could affect bone gain or bone loss. 
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Direct evidence relating low peak bone mass to the 

risk of developing osteoporosis has not been provided, and 

because a long prospective study would be required to 

validate the hypothesis, this evidence is not likely to be 

produced. However, some support for the hypothesis is 

available. In Yugoslavia, Matkovik et al. (1979) found the 

peak bone mass of a high calcium intake district is greater 

than that of a low calcium intake district. In addition, 

the hip fracture rate of the high calcium district is 50 

percent lower. Moreover, the loss of bone in adulthood is 

similar in both districts. The high peak bone mass 

resulting from a high calcium intake seemingly reduces the 

incidence of osteoporosis. This conclusion has to be made 

very cautiously. Although the incidence of hip fractures is 

reduced, there is no difference in the incidence of Colles' 

fractures. Furthermore, the diet of high calcium district 

is also higher in calories, fat, protein, and phosphorus. 

The peak bone hypothesis was also investigated by 

Sandler et al. (1985). A retrospective assessment of milk 

comsumption is compared to postmenopause bone status by 

these investigators. The bone density of women who reported 

consuming milk with every meal during childhood and 

adolescence is significantly greater than women reporting 

milk consumption less frequenlty. The milk consumption 

patterns of early life are also related to current calcium 

intake. However, there is no significant correlation 
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between current calcium intake and bone density. Although 

these findings also do not directly demonstrate that 

enhancing peak bone mass will reduce the incidence of 

osteoporosis, they do provide strong indication that calcium 

consumption early in life is related to bone mineral status 

later in life, possibly affecting peak bone mass. 

Areas related to the peak bone mass hypothesis 

that need to be studied include determining the factors that 

influence bone status during early life, the period that is 

most crucial to enhancing peak bone mass, childhood, 

adolescence, or early adulthood, and the significance of 

peak bone mass as a risk factor for osteoporosis. The two 

factors most likely to influence bone status during this 

period of life are diet and activity level. The nature of 

this influence has yet to be demonstrated. During 

adolescence rapid bone growth, first in length and then in 

mass, occurs. Significant growth, however, also occurs 

before and after adolescence. The importance of any of these 

periods of development in the attainment of peak bone mass 

needs to be studied. Finally, more evidence showing peak 

bone mass is related to the incidence of osteoporosis has to 

be found to support the peak bone mass hypothesis. 

Bone Physiology 

Bone is a composite substance made up of an organic 

and inorgainc matrix. The organic matrix, or osteoid, is 
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primarily composed of the protein collagen. The inorganic 

matrix of bone is primarily compsed of crystals of the 

calcium salt hydroxyapatite. These materials have two 

different sets of properties. Collagen gives bone its 

elasticity, flexibility, and strength in tension. Whereas 

the inorganic crystals give bone its rigidity, hardness, and 

strength in compression (strength is defined as the force 

required to break a substance). The composite of these two 

substances in bone tissue is stronger than either component 

alone. The tendency of bone to decrease in strength and 

increase in brittleness with age is explained by three 

factors (Skinner, Walker, and Bichell, 1985, pp. 55-65). 

One is a change in the flexibility properties of the protein 

collagen with age. A second is a change in the bonds 

between collagen and hydroxyapatite which makes the crack 

stopping functions of bone less efficient. And finally, the 

simple decrease in the quantity of bone that occurs with 

aging. 

In respect to gross appearance, bone is covered 

on the outside by a thick, tough membrane called the perios

teum. A similar membrane, the endosteum, lines the marrow 

cavities of bone. Additionally, bone can be separated into 

two gross types, compact (cortical) and cancellous (tra

becular), based on the blood supply to each. Compact bone 

is bony tissue surrounding blood vessels. Cancellous bone, 

however, is bony tissue surrounded by blood vessels. The 
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larger surface area of cancellous bone results in it having 

a higher metabolic activity than compact bone, and 

therefore, more responsive to changes in mineral homeostasis 

(Cummings et al. , 1985). 

As a tissue, bone is responsive and active, 

constantly undergoing remodelling (a differentiation between 

the modelling of immature bone during development and 

remodelling of mature bone has been made by Erikson (1986). 

Three distinct cell types occur in bone and are responsible 

for the apposition and resorption processes of remodelling. 

Osteoblasts are the major bone forming cells. They are 

primarily responsible for prodcuing large quantities of 

osteoid. Osteocytes, the second major type of bone cell, 

are derived from osteoblasts that have become trapped in 

matrix. These cells have a regulatory function, responding 

to changes in calcium homeostasis. Because osteocytes can 

respond rapidly, they are crucial to maintaining appropriate 

circulating levels of calcium. Osteoclasts, the third major 

type of bone cell, actively resorb apatite and collagen from 

bone tissue. These cells respond slower to changes in the 

body's need for calcium than osteocytes. 

The control of bone resorption and apposition is 

complex involving many local, as well as humoral factors. 

The release and uptake of mineral from bone is closely 

linked with serum calcium and phosphorus homeostasis by 

parathyroid hormone, 1,25-dihydroxyvitamin Dg, and calci-
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tonin (Rasmussen et al., 1974). A simplistic scheme is that 

parathyroid hormone and vitamin D act to increase serum 

calcium by promoting the release of mineral from bone, 

whereas calcitonin reduces the level of calcium in the blood 

by enhancing the uptake of mineral from bone. However, the 

maintenance of mineral homeostasis by these hormonal agents 

are not necessarily mediated by direct actions on bone, 

definately involve other tissues, and are highly integrated 

at the cellular level. 

In addition, the growth and development of bone is 

also highly controlled. Growth hormone, insulin, and 

somatomedians, and sex-steroids have been shown to be 

involved in bone growth (Krabbe et al., 1979). Growth 

hormone is placed in a unique position during development 

as the coordinator between the growth and mineralization of 

bone and the maintenance of blood mineral homeostasis 

(Krabbe, Transbol, and Christainsen, 1982). 

The importance of local factors in the control of 

bone formation is receiving increased interest (Canalis, 

1983). These factors may be important in linking bone 

resorption to bone apposition. A neural control mechanism 

for bone formation has also been proposed by Hohman et al. 

(1986). 
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Bone Mineral Assessment 

Research of bone during skeletal growth and 

development has been limited by the lack of in vivo 

techniques to assess bone mass and volume. The pioneering 

work of Trotter and Peterson (1962) in the assessment bone 

status was not conducted in vivo, but involved the removal 

of whole bones from cadavers. The mass, volume, and ash of 

these bones was then determined. Biopsies from the iliac 

crest, the calcaneum, or vertebral bodies have also been 

used by many investigators (Newton-John and Morgan, 1971). 

However, it has been the development of nonivasive 

techniques that has allowed for widesread research of bone 

status to occur. 

These techniques include radiographic morphometry 

and photodensitometry (Barnett and Nordin, 1960), photon 

absorptiometry (Cameron and Sorenson, 1963), computed 

tomography (Genant et al., 1982), and neutron activation 

analysis (Harrison, 1984). Radiographic measurements, 

because of their questionable accurary in predicting bone 

mass and large measurement errors, are no longer widely used 

(Mazess, 1982). Neutron activation is an accurate method of 

assessing total body calcium stores. Radiation exposure, 

however, is very high, thereby limiting the utility of this 

technique (300-5000 mrad, Kimmel, 1984). 

Computed tomograhpy and photon absorptiometry are 

the techniques currently used in bone mineral research. 
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Computer tomography uses collimated beams of single or dual 

energy gamma rays to scan slices of tissue. By rotating the 

scan device around the tissue, the slice is scanned from 

numerous angles. Data are evaluated by computer, and 

small differences in absorption coefficients of various 

tissue types used to define a geometric matrix. Although 

this provides a sensitive measure of bone mineral, the 

radition dose (200-250 mrad) precludes its use in children 

(Kimmel, 1984). 

In contrast, the radiation dose for single photon 

absormptiometry is only 2 to 5 mrad (Kimmel, 1984) and can 

be used on children. This- method was introduced in 1963 by 

Cameron and Sorenson. Photon absorptiometry is based on the 

principle that bone mass is proportional to the amount of 

photon energy absorbed by the bone. In this technique, the 

transimission of the photon beam is measured directly by a 

scintillation detecter system, the photon beam is essen

tially monchromatic, the photon beam and deterctor are well 

collimated, and the effects of the tissue around the bone 

are taken into account (Cameron and Sorenson, 1963). The 

photon source is usually iodine-125. Photon absorptiometry 

has a precision of 1% to 2% and accuracy of 2% to 4% 

(Cameron, Mazess, and Sorenson, 1968). In addition, it is 

highly correlated with the weight of sections of excised 

bones (r=.97 and .99) and the weight of tissue covered bones 
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of cadavers (r=.96, Cameron, Mazess, and Sorenson, 1968). 

However, because the bone mineral measurement does not 

include depth, bone density can not be calculated. 

Moreover, the technique is limited by the require

ment for a constant thickness of soft tissue around the bone 

to maintain the validity of the mathematical basis of the 

method. A tissue equivalent material is placed around the 

appendicular skeleton. Scans of the axial skeleton, 

however, are difficult and imprecise. The correlation of 

the mineral of the appendicular skeleton (radius) with the 

spine and femur is .85 and .70, respectively (Wilson and 

Madison, 1977). For total skeletal weight the correlation is 

.87 (Ghristainsen, Rodbro, and Jensen, 1975). Therefore, 

this technique can be used as an index of the mineral 

content of the total skeleton, but the limitations in its 

predictive ability have to be recognized. 

Dual-energy photon absorptiometry has been 

developed and does not require a constant thickness of soft 

tissue (Pepper and Mazess, 1981). Direct measurement 

of axial sites and of total body bone mineral are possible. 

Due to the radiation exposure (slightly higher than single 

photon, 5 to 15 mrad), however, the use of this technique 

has not been readily used in studies involving children 

(Kimmel, 1984). 
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Bone Growth 

Garn and Wagner (1969) and Garn (1972) have 

described the growth of trabecular bones during childhood 

and adolescence in detail. Standardized roentgenograms were 

used to measure shaft diameter and medullary cavity width of 

a metacarpel in over 1500 subjects. Subperiosteal apposi

tion occurs throughout chldhood and then accelerates during 

adolescense (age 10 for females and age 12 for males). In 

contrast, endosteal apposition is broken up by periods of 

resorption. The pattern is one of a resorptive phase in 

infancy followed by a childhood appositive phase, a 

prepubertal resorptive phase, and an adolescent appositive 

phase. The net result of both an accelerated periosteal 

apposition and a shift to endosteal apposition during 

adolescance is a large increase in cortical thickness. 

Additional investigations examining changes in 

bone mineral content skeletal growth and development have 

been reported (Lohman et al., 1984; Klemm, Bauzer, and 

Schneider, 1976; Christiansen, Rodbro and Neilson, 1975; 

Mazess and Mather, 1974; Mazess and Cameron, 1972, 1971). 

These studies used photon absorptiometry to assess bone 

status. The measurements location evaluated was the shaft 

of the forearm (radius and ulna) with the exception of Klemm 

et al. (1976) who reported data for the os calcis. In 322 

white children, Mazess and Cameron (1971, 1972) found bone 

mineral content and bone mineral index to increase at 
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incremental rates of 8.5 percent and 4 percent, respec

tively. Christiansen et al. (1975) compared their findings 

to those of Mazess and Cameron (1972, 1971) by reporting the 

ratio,of the bone mineral content values at the age of 14 to 

the values at age 7. The ratios for males and females from 

Christiansen, Rodbro and Nielson (1975) study were 1.66 and 

2.09 with Mazess and Camerson (1972, 1971) figures being 

1.55 and 1.92. 

The data reported by Klemm et al. (1976) for the 

os calcis is in percentage of the adult value. At the age 

of six, bone mineral is 67 percent of the adult, but 

increases to 90 percent for females and 80 percent for males 

by the age of 15. These changes correspond with those of 

radius midshaft reported by Mazess and Cameron (1973). 

Lohman et al. (1984) reported data on 292 children 

and young adults for bone mineral measurements of the radius 

and ulna. From childhood to late adolescences, the bone 

mineral content increased 2.2 for males and 1.8 for females 

whereas bone mineral index increased 1.4 and 1.2 times. 

Lohman et al. (1984) reported a systematic difference (5 to 

10 percent) between their bone mineral content values and 

those obtained by Mazess and Cameron (1973). Sampling 

variation and methological factors may account for the 

differences between investigations. 

Mazess and Mather (1974) also assessed the bone 

mineral content of Eskimos. Bone mineral content values 
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were 5 to 10 lower for Eskimo children than those of white 

reference values. Differences in body size and bone size, 

however, were also observed. Thus differences in bone 

mineral index were less than 5 percent. 

During childhood and adolescence increases in bone 

mineral content and bone mineral index have been 

demonstrated. Due to the variability in the data reported, 

exact estimates of the magnitude of the change in bone 

mineral during growth cannot be made. It appears, however, 

that bone mineral content increases 1.6 to 1.9 times from 

childhood (age 6) to adolescence (age 15) and up to 2.2 

times by adulthood. Yet, although both bone mass and bone 

volume increase during growth, bone mineral content does not 

account for the increase in volume. In contrast, bone 

mineral index, which includes a bone width measurement, does 

partially account for size changes. The increase in bone 

mineral index from childhood to adulthood is estimated to be 

30 to 40 percent less than the increase in bone mineral 

content. 

Assessment of Nutrient Intake 

The assessment of nutrient intake has always been 

an obstacle in human nutrition research (Burke, 1947). The 

current interest in relating nutrition to the etiology of 

certain diseases has increased the need to validate 

nutrition intake techniques (Block, 1986). To determine the 



validity of a teat, the actual (true) value of the measure

ment the test is making must be known. Assessments of 

nutrient intakes are designed to estimate usual eating 

patterns. However, monitoring an individual's usual eating 

pattern to obtain a true measurement of nutrient intake is 

difficult, and maybe impossible. Investigations using 

direct observations have been conducted. The period of 

observation, however, is normally short, and therefore 

may not represent a typical eating pattern. In addition, 

only when observations are conducted surreptitiously can 

they be assumed to measure actual eating patterns. 

Since actual eating patterns over an extended 

period of time are not known, direct validation of an 

assessment of usual nutrient intake over a long period can

not be conducted. The alternatives to direct validation 

have been determinations of reliability and relative 

validity. A test is not valid unless it is reliable. Thus, 

if a nutrient assessment technique is shown to be 

unreliable, than it cannot be valid. Demonstrating the 

reliabilty of a technique, however, does not prove it is 

valid. Relative validity uses a criterion standard which 

has a greater acceptence of its validity (content validity) 

than the test being validated. For example, data from 

nutrient intake assessments have been compared to bio

chemical and physiological indicators of nutritional status. 

The typical validation procedure, however, involves 
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comparing two assessment techniques with one being 

considered the criterion. Although many investigations give 

seemingly definitive conslusions about the validity of an 

assessment technique, it should be remembered they are 

limited by being based on relative validity. 

One important factor in nutrient intake assessment 

is whether the assessment is estimating the intake of an 

individual or the mean intake of a group. Although often 

unable to provide estimations of an individuals' intake, an 

assessment technique may be valid for estimating a group's 

mean intake (Fannelli and Stevenhagaen, 1986; Pao, Mickle, 

and Burk, 1985; Mahalko et al. 1985; Karvetta and Knuts, 

1981; Young et al. 1952). Additionlly, when studying the of 

role a nutrient in a disease etiology, the goal of a intake 

assessment may simply be to form a distribution of high 

intakes to low intakes (Vanstavern et al., 1986 and Block, 

1982). This can be achieved without the quantitative 

precision required when the objective is estimating the an 

intake of an individual (Hankin, 1986). 

An additional factor which affects nutrition 

assessments is the population group being studied. 

Validation of nutrition intake assessment techniques has 

involved children (Knuiman et al., 1987; Branawoski et al., 

1986; Emmans and Hayes, 1973), the elderly (Fannilli 

and Stevenhage, 1986), pregnant women (Linnuson, Sanjur, and 

Erickson, 1973), and many other populations (Hankin, 1986 
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and Morgan et al., 1978). The specificity of a validation 

to the population studied should be realized. Although a 

technique demonstrates validity when used for a group of 

adults, it may not be valid when with used in children. 

The four approaches used to assess nutrient intake 

are recalls, records, frequencies, and histories. The 

recall method entails having subjects describe their food 

intake for a specific period of time usually 24-hours. 

Using dishes and cups of standard sizes, food models, and 

weighed portions of food items as references, subjects are 

asked to estimate the quantity of each food item recalled. 

In assessments by the record method, subjects keep a written 

diary of their food intake with quantities being either 

estimated or measured. Records can be for a single day of 

for as long as a month. Because of the degree of coopera

tion required, a week is usually the longest period for 

which records are obtained. Frequencies are questionnaires 

designed to estimate how often specific items from a food 

group are eaten. The dietary history method utilizes a 

combination of the three approaches already mentioned. This 

method was developed and refined by investigators from the 

Department of Maternal and Child Health of the Havard School 

of Public Health (Burke, 1947). Although modifications of 

the original method have occurred the basic structure is 

still the same. First the food consumption pattern for a 

typical day is obtained. Besides the kinds of foods eaten, 
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the frequency and usual size of portions are also recorded. 

A "cross-check" of this typical day is made by using a food 

frequency questionnaire. In Burke's original dietary 

history, subjects also kept three day records. 

When estimating usual nutrient intakes by short 

term recalls or records the day to day variation in food 

consumption patterns must be considered (Jackson et al., 

1986 and Young et al., 1952). Eating patterns maybe 

different on work days versus non-work days. For children 

in school, the meal patterns on week-ends will most likely 

be different than those of week-days. A number of 

researchers have addressed this problem (Jackson et al., 

1966; Pao et al., 1985; Krantzler et al., 1982; Rasahen, 

1979; Reshef and Epstein, 1972; Balogh, Kahn, and Medalie, 

1982). One emphasis of this research has been to determine 

the number of days a dietary record has to be dept to give a 

valid estimation of usual nutrient intake. Jackson et al. 

(1986) concluded the estimation of usual intake calculated 

from four-day records agreed with the estimation from a two-

week record. This research was based on predicting the 

intake of a single subject. When surveying the nutrient 

intake of a group, fewer days would be required. Pao et al. 

(1985) recently published findings indicate for a large 

group a single 24-hour recall provides an estimation of 

usual intake similar to that of a three-day record. The 

fewest number of subjects in any group in this study was 75. 
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The research in -this area can be summarized by stating that 

studies in which the mean nutrient intake values are based 

on information from 60 or more subjects a single 24-hour 

recall or record is adequate. When fewer subjects are 

involved, however, more days will be required. 

Although not normally accounted for in most 

nutrient assessments, seasonal variations in food consump

tion patterns also occur. In some populations and for some 

nutrients, this source of variation may be significant. For 

example, Gasanen (1979) ascribed higher intakes of vitamin A 

and iron in winter by Finnish children to the consumption of 

organ meats during this season. Investigations should 

determine if seasonal variations in eating patterns occur in 

the population they are studying. 

Because dietary habits early in life may play a 

role in determining current health status, researchers often 

attempt to assess diet retrospectively. A dietary histroy 

designed to estimate nutrient intake in the past would be 

assumed to be best suited for use in this situations. This, 

however, may not be true. Van Steveren et al. (1986) found 

that a current dietary history correlated better than a 

retrospective history with past nutrient intake. These 

authors concluded that a current dietary history in 

combination with a food frequency questionnaire designed to 

uncover changes in eating patterns may be the most accurate 

picture of past nutrient intakes. 
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Traditionally, nutrient assessments have been 

conducted during in person interviews. Not only is this 

inconvenient for subjects, but also increases the cost and 

organizational problems of research projects. Krantzler et 

al. (1982) recently investigated the use of the telephone 

to obtain diet recalls and records. This study indicates 

telephone interviews can be considered as an alternative to 

in person interviews. 

The recall method has been compared to direct 

observations more often than other assessment approaches. 

Observations were conducted by monitoring lunches eaten at a 

school (Emmons and Hayes, 1973), lunches eaten at a 

congregate meals site (Gersovity, Madden, and Smicikles, 

1978 and Madden, Goodman, and Guthrie, 1976), meals eaten at 

a college dining hall (Krantzler et al., 1982), meals eaten 

while staying in the hosiptal (Linusson, Sanjur, and 

Erickson, 1973), meals eaten at cafeteria in a rehabilita

tion center (Karvette and Knuts, 1985), and meals eaten at a 

children's summer camp (Carter, Sharbaugh, and Stapell, 

1981). These studies obviously cover a range of suject 

populations. In addition, the observation periods were 

short, from one to three meals. These limitaions should be 

kept in mind during the following discussion of the findings 

of these studies. 

A common finding of these studies is an over-

estimation of low intakes and an under-estimation of high 
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intakes (Karvetti and Knuts, 1985; Garter et al. , 1981; 

Stunkard and Waxman, 1981; Gersovitz et al., 1978; Madden et 

al., 1976; Linnusson et al., 1973). This phenomenon is 

termed the "flat slope syndrome". When regression analysis 

between recall and actual intakes calculate regression 

cofficients less than unity (1.0), an over-estimation of 

actual low intakes and an under-estimation of actual high 

intakes is indicated. The "flat slope syndrome" results in 

an underestimation of the difference in group means (Madden 

et al., 1976), and thus, a loss of power for detecting a 

difference in population means (Carter et al., 1981). 

Studies involving a variaty of populations have demontrated 

this phenomenon, indicating it is a general characteristic 

of the 24-hour recall method. 

Estimations of nutrient intake from 24-hour 

recalls have also been compared with estimates from diet 

records (Fanelli and Severhagen, 1986 and Pao et al., 1986) 

and diet histories (Rasanen, 1979 and Balogh et al., 1971). 

Some studies have used all three methods (Sorenson et al., 

1985; Young et al., 1952; Morgan et al., 1978). As with the 

studies involving direct observations, the populations 

investigated in these studies are varied. The findings of 

these studies demonstrate a tendency fro 24-hour recalls to 

give smaller estimates of nutrient intake (Fanelli and 

Severhagen, 1986; Sorenson et al., 1985; Rasanen, 1979; 

Morgan et al., 1978; Young et al., 1952). For example, in a 
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study by Morgan at al. (1978) a 24-hour recall estimated 

caloric intake to be 1615, whereas a contempra-neous diet 

history estimated it to be 2170. One.exception to this 

trend is the findings of the study by Balogh et al. (1971). 

The caloric intake estimated by repeat 24-hour recalls (at 

least 8 per subject) was 2577 in comparision to the 2390 

estimated by diet history. One plausible explanation is 

the subjects became trained in recalling their diets, and 

gave better estimates of their actual intake. Balogh et al. 

(1971) do not indicate whether this occurred. 

The record approach is often assumed to be the 

most valid method of assessing nutrient intake and is used 

as the criterion test for validating other methods (Block, 

1982). However, researchers have conducted few direct 

validations of records. Gersovitz et al. (1978) surrepti

tiously observed lunches eaten by an elderly group at con

gregate meal sites. A comparison of these observations with 

information obtained by 7-day records were made. Nutrient 

intakes calculted from subject's records were significantly 

different from actual intakes for only two of ten nutrients. 

The validity, however, declined during the final three days 

of the 7-day record. This indicates that accounting for 

day-to-day variance in eating patterns by keeping a record 

for a longer period may sacrifice the validity of the 

assessment. 
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Krantzler et al. (1982) also attempted to validate 

directly dietary records by observing students eating meals 

in a dormitory dining hall. The data from this study are 

reported in percent agreement between food items recorded 

and those observed. An 87 percent agreement occurred for a 

7-day record. It is difficult to compare results reported 

in this form with those reported in the quantity of a 

nutrient consumed. 

Records have also been compared with recalls and 

histories. Nutient intakes calculated from diet records are 

similar to those from recalls, but usually less than those 

from histories. For example, Morgan et al. (1978) estimated 

caloric intake of a group of 50 adults to be 1646 by recall, 

1792 by record, and 2019 history. The agreement between 

recalls and records could be because they measure short term 

eating patterns whereas the history method measure long term 

patterns. 

Food frequencies, which have not been mentioned 

until now, are normally used only as a part of a diet 

history. Investigators have not included this approach in 

their validity studies with the exception of Sorenson et al. 

(1978). In this study, estimates of nutrient intakes from a 

food frequency questionnaire are higher than those from a 

recall, record, and history. Subjects may tend to reply to 

food groups even when they rarely of, if ever, eat items 

from this group. In addition, since some nutrients are 
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still higher when based on calorie intake, the trend may be 

to over estimate certain foods. 

It is difficult to summarize the findings of these 

studies comparing records, recalls, and histories. As 

mentioned above these nutrient intake assessments are 

supposed to measure the usual intake. Since direct obser

vations are practical for short periods only, validating 

long term usual intake is not possible. Moreover, when 

indirect validations are conducted the method which should 

be the criterion is unclear. Diet histories are purposely 

designed to measure usual intake. The importance of 

accurately estimated portion sizes, however, may be greater 

for the history method than recalls. The subject not only 

has to conceptualize quantities, but must also take into 

account the variability in the portion sizes they eat. 

Although records can eliminate this problem by 

direct measurement of servings, one must evaluate the effect 

this has on usual eating patterns. Moreover, the degree 

of cooperation required for record keeping limits its 

utility for research purposes. Finally, the aggreement 

between records and recalls indicates there is no advantage 

to using records. 

Rasanen (1979) found repeated 24-hour recalls is 

the preferable approach for assessing nutrient intake in 

children. Nutrient intake information was obtained by 24-

hour recall and dietary history from a group of children in 



33 

rural Finland. These dietary assessments were also repeated 

seven monthes later. The reliability for estimating group 

mean nutrient intakes is better for the recall method. There 

is a 27 percent difference in energy intake estimation between 

repeated histories whereas repeated recalls differed by only 

2 percent. Based on the greater reliability of recall and 

its ease of obtaining, recalls may be the approach to use in 

studies involving children. 

In summary, although nutritional histories are 

supposed to measure intakes there is no direct validation 

for this assumption. There are, however, indications from 

direct observations that recalls and records are valid. But 

the applicability of these short term validations to long 

term usual intake is questionable. The report by Balogh et 

al. (1971) on repeat 24-hour recalls indicates this approach 

may account for the day-to-day variations in eating 

patterns, yet not influence normal eating patterns as 

records possibly do. Combined with the findings of 

Krantzler et al. (1982) on telephone interviews, repeat 24-

hour recalls over the telephone is seemingly a convenient 

and accurate method of obtained nutrient intake information. 

Calcium Requirements 

Although an adequate supply of dietary calcium is 

obviously needed to maintain health and allow for bone 

growth, defining a requirement for calcium has been 
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difficult (Irwin and Kienholz, 1973). The Recommended 

Dietary Allowances for children aged 7-10 years and 

adolescents aged 11-18 years are 800 mg per day and 1200 mg 

per day (National Academy of Sciences 1980). Many, if not 

most populations in the world, do not consume nearly this 

quantity of calcium. The intake reported in some instances 

was very low, yet calcium balance was maintained (Nicholls 

and Nimalasuriya 1939, Begum and Pereira 1969). However, 

the subjects in these reports were also smaller in stature 

than by United States standards. These findings indicate 

there is a mechanism which allows balance to occur, yet 

limits growth, when calcium intake is low. 

Lack of indisputable symptoms of calcium deficiency 

along with adaptations to low intakes are responsible for 

hindering the defining of calcium requirements for children 

and youth. Bone acts as a tremendous reserve of calcium to 

maintain blood and cellular levels when the dietary supply 

is inadequate. During the short term, this prevents the 

development of symptoms of calcium deficiency. 

Over a prolonged period though, the integrity of 

bone would be compromised. Animal studies had led investi

gators to believe calcium deficiency would produce 

osteoporosis. Moreover, the inefficient use of calcium 

resulting from Vitamin D deficiency or a hormonal imbalance 

was thought to cause osteomalacia (Nordin 1960). However, 

Marie et al. (1982) have reported finding osteomalacia due 

to calcium deficiency. 
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In rural South Africa, a community has been 

described in which calcium intake is extremely low (Eybergh, 

Pettifor, and Moodley, 1986; Marie et al. 1982; Pettifor et 

al., 1978 Kooh et al., 1977; Maltz, Fish, and Holliday, 

1970). The calcium intake of children and adolescents was 

reported to range from 125 mg per day to 378 per day (Marie 

et al., 1982; Eyberg, Pettifor, and Moodley, 1986). The 

presence of osteomalacia was confirmed by biochemical and 

histological evidence as was the reversal of these symptoms 

by calcium therapy (Marie et al., 1982). 

The most recent findings from these investigators 

in South Africa indicate a relationship between bone mass 

and calcium intake (Eyberg, Pettifor and Moodley 1986). 

The bone mineral index measurements obtained from children 

who had low serum calcium levels and high alkaline phos-

photase levels were compared with those of age matched 

controls who had normal biochemistry values. The children 

with the altered biochemical values had significantly lower 

2 2 
bone mineral index values (.34 g/cm compared to .41 g/cm 

2 2 
for the ages 8 to 10 and .42 g/cm compared to .54 g/cm for 

the ages 13 to 16). In addition, the calcium intake was 

also lower for the children in the study group. The intake 

was 199 mg per day and 229 mg per day for the study groups 

and 338 mg per day and 378 mg per day. The energy and 

protein intake of the groups were similar and at least 90 
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percent of the Recommended Dietary Allowances (National 

Research Council 1980). 

Estimations of calcium intake requirements during 

growth have also been made by approximating the calcium 

required for bone accretion. Garn and Wagner (1969) used 

radiomorphometry to estimate skeletal weights for children 

and adolescents. The calcium retained in bone during growth 

was then calculated (skeletal mass times 0.25). During peak 

growth, males and females were calculated to retain 283 mg 

per day and 198 mg per day, respectively. These are not 

dietary requirements. Depending on absorptive efficiency, 

actual requirements at peak growth were estimated to range 

from 377 mg per day at 25 percent efficiency to 1132 mg per 

day at 75 percent efficiency (males). The calcium need 

during childhood was calculated to be about half the 

requirement at peak growth during adolescence. 

The minimum calcium requirements during childhood 

can be approximated at 250 mg per day. The growth spurt of 

adolescence demands an apparent minimum need of 400 mg per 

day. Below these levels there is evidence bone mass, and at 

very low levels bone quality, will be reduced. The average 

intake of youth in the United States have been estimated to 

be significantly higher than these levels. The question 

here is there an optimal level of calcium intake. Although 

it is well established there is a critical minimum level of 

calcium required for normal bone development, it is not 
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known whether there is a relationship between calcium intake 

and bone mass at levels above the minimum. 

Assessment of Activity 

Activity level can be assessed by several 

techniques, including energy intake, oxygen uptake, 

surreptitious observations, heart rate recording, doubly 

labeled water, and movement computers. Cost and time 

limitations, however, preclude the use of these methods in 

many research situations. Physical activity questionnaires 

are left as the most practical alternative. 

Many survey procedures have been developed 

and extensively analyzed, but they can be categorized into 

four types: 1) short term diary (less than 24 hours); 2) 

recall surveys of the past 1-7 days; 3) a quantitive history 

over the past 1-5 years; and 4) general survey regardless of 

the time frame of reference (Le Porte, Montoye, and 

Caspersen, 1985). In children, however, few validation 

reports concerning physical activity questionnaires are 

available (Sanis 1986). 

From the limited reports two points have been 

identified. One is the more reliable information obtained 

in questionnaires comes from questions about sports 

participation (Telama et al., 1985). This is probably due 

to the regular character of this type of activity. The 

second is context specific times such as before school, 
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during school or after school improve the comparison of 

questionnaire information with observation (Baranowski, 

1984). 

Activity and Bone 

The theory of bone adaptation to external stress 

was proposed over a century ago by Wolff (Chamay and 

Tschantz, 1972). Both the quantity and architecture of bone 

are altered to reduce the internal strain resulting from the 

forces placed on it. The specific structural and 

biochemical changes in bone to different types of loading 

continue to be of acute interest to scientists. 

Of concern here is the influence physical activity 

during growth has on bone development. Primary to the area 

of growth is the relative importance of genetics. This area 

is not well studied, but a report by Houston (1978) provides 

some insight into the importance of external stress. 

Houston (1978) cited a case in which a child was born 

without the left tibia. Even at birth, the left fibula was 

already larger than the right fibula, demonstrating the 

influence of utero movements. The fibula was surgically 

centered at the age of 2 years, and took on the stresses 

which usually are applied to the tibia. After 16 months, 

the fibula was the size, shape and strength of a tibia. 

External stress may influence bone shape and architecture 

during growth to an extent that is not generally believed. 
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The effect of external stress on bone during 

growth was also addressed by Watson (1973). A comparison of 

the bones in the upper limbs of 203 young male baseball 

players (age 8-19 years) clearly showed the bones of 

dominant arm were wider and contained more mineral. The 

difference in the humerous were greater and more consistant 

than in the ulna or radius. These differences between 

dominant and non-dominant were larger and more pronounced 

than those of non-athletes. This type of study benefits 

from holding constant genetic and nutritional factors. 

It is clear from studies involving athletes that 

very high activity levels effect bone. Moreover, 

immobilization and weightlessness studies have shown bone 

atrophy occurs at the opposite end of the spectrum. 

However, the effect activity has on bone between these 

extremes is not clear. In adults, investigations have been 

conducted to identify a relationship between daily activity 

levels and bone mass. Pocock et al (1986) found femoral 

neck (r=.60) and lumbar spine (r=.54) to be significantly 

correlated with fitness, as measured by predicted maximal 

oxygen uptake. Similar findings were reported by Chow et 

al. (1986) also using oxygen uptake as an indicator of 

activity level. Stillman et al (1986) and Oyster, Morton 

and Linnell (1984) estimated activity by questionnaire. 

Both of these groups found significant differences in bone 

mass between the highest and lowest activity groups. 
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Thus, for adult women, there is evidence accumulating 

showing that activity levels exhibited by the general 

population are related to bone mass. 

In children, the variation in normal activity 

level has not been studied in its relation to bone mass. 

From studies in adult women, it seems possible that bone 

mineral may be related to the variation in activity 

exhibited by children. 

Summary 

The level of bone mineral attained in early adult 

is believed to influence the of risk developing osteoporosis 

later in life. The greater peak bone mineral attained the 

less the risk is of osteoporosis occurring. Both calcium 

intake and activity level during the first three decades of 

life could affect peak bone mass. Low levels of calcium 

intake have been shown to comprise the bone mineral status 

in children (Eyberg et al., 1986). The specific relation

ship between bone mineral and various levels of calcium 

intake has not investigated. In addition, the external 

stress on the skeleton is known to effect bone mineral. No 

attempt, however, has been made to relate the spectrum of 

activity level exhibited by children to bone mineral. 

Because both calcium intake and activity level may influence 



the bone mineral of children, and thus, the peak bone 

mineral attained in early adulthood, there is need for 

research in this area. 



CHAPTER 3 

METHODS AND PROCEDURES 

The purpose of this study was to investigate the 

relationship between calcium intake and activity level and 

the bone mineral content in children ages 10 to 15 years. 

This chapter describes the selection of the subjects, the 

design of the study, the procedures for measuring bone 

mineral content, height, weight, and developmental status, 

the procedures for assessing calcium intake and activity 

level, and the statistical treatment of the data. 

Design of the Study 

The bone mineral content and bone width at the mid

shaft and distal site of the radius and ulna in 30 children 

ages 10 to 15 years were measured using single photon 

absorptiometry. Bone mineral index was calculated by 

dividing bone mineral content by bone width. The children 

selected were a subsample from a previous study (9-12 months 

earlier) in which bone mineral index values were obtained in 

108 children. Selection for this study was designed to 

produce a sample with high, medium, and low bone mineral 

index groups. Calcium intake and physical activity were 

assessed by questionnaire with the objective being to 

quantify accurately these variables. 

42 
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Selection of -the Subjects 

Subjects for this study were selected from 

participants in a longitudinal investigation of growth and 

body composition conducted by the Body Composition Research 

Laboratory, in the Department of Exercise Sciences, The 

University of Arizona. The sample (n=108) used for 

selection was tested originally from November 1985 to April 

1986. The criterion for selection was based on bone mineral 

2 index (gm/cm ) measurements. The objective was to select 

subjects with high or low bone mineral index values. 

However, due to differences in maturation, it was not 

possible to select subjects directly from their bone mineral 

index values. Therefore, a multiple regression analysis of 

bone mineral index with age and height squared as 

independent variables was performed. Radius bone mineral 

index was the dependent variable. Separate analyses were 

conducted for males and females. Eight males and eight 

females with bone mineral index values at least one standard 

deviation below the value predicted by the regression were 

identified. In addition, nine males and nine females were 

found to have bone mineral index values at least one 

standard deviation higher than the value predicted by the 

regression. These individuals were invited to volunteer for 

this study. Five high males, four high females, six low 

males, and four low females consented to participate. A 

group of subjects (six male and six female) with bone 
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mineral index values less than one standard deviation away 

from their predicted values were also included in the study 

and grouped as medium in bone mineral. 

Procedures 

Bone Mineral 

The Lunar Radiation Coporation Single Photon 

Rectilinear Scanner Model SP2 was used to measure bone 

mineral content and bone width. The single photon 

absorptiometry method of assessing bone status is a 

noninvasive technique developed by Cameron and Sorenson 

(1963). A monochromatic, low energy photon source (Iodine-

125) is rigidly coupled in parallel opposed geometry with a 

scintillaiton detector (sodium-iodide crystal). Both the 

source and detector are collemated. The source-dectector 

system is motor driven in 1.5mm steps in a direction 

tranverse to the bone. The difference between the intensity 

of the beam is integrated across the scan path to give the 

bone mineral mass per centimeter axial length of bone (bone 

mineral content=gm/cm). The width of the bone is also 

2 determined (bone width=cm) and bone mineral index (gm/cm ) 

then calculated by dividing bone mineral content by bone 

width. A constant thickness of soft tissue across the 

measuring path is required for valid measurements. Form 

fitting pieces of tissue-equivalent material was used to 

maintain a contant thickness. The precision (1 to 2%) and 



accuracy (2 to 4%) for this method have been determined by 

Cameron et al. (1968). The radiation exposure for single 

photon absorptiometry is 2-5 mi^ad (Kimmel, 1984). 

The measuremennt sites used in this study were the 

distal and midshaft of the radius and ulna. All measure

ments were made on the subject's non-dominant arm. The mid

shaft site was defined as one-third the distance form the 

styloid process of the wrist to the olecranon process of the 

humerus (Figure 1). The site was measured with an anthro-

pometer and the exact point marked with pen. Four scan 

lines were made at this site with the final measurement 

being the mean of the four. The distal site was defined as 

the scan line at which the radius and ulna are separated by 

five mm (Figure 1). This site was obtained by scanning ten 

scan steps proximal from the articulation of the two bones. 

Within these ten scans steps the site at which the bones are 

five nun apart should occur. This measurement was for a 

single scan line at the five mm site and represents a higher 

trabecular bone content than the midshaft location. 

Although the edges and baselines of the bones are 

chosen by the computer software as the scan is conducted, 

reanalysis of the scan by a technician is required. The 

technician checks the edges and baselines of every scan line 

to ensure they have been placed according to defined 

criteria. For the distal site, it is during reanalysis that 

the 5 mm site is determined. The technician selects the 
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scan line in which the distance between bones, information 

that is provided by the computer, is nearest to 5 mm. One 

technician, the author of this study, reanalyzed all scans. 

Measurement of Height, Weight, and Developmental Status 

Heights were taken with socks and shoes removed and 

recorded to the nearest tenth of a centimeter. Subjects 

were weighed, using a platform scale, in light clothing, but 

with socks and shoes removed. Weight was recorded to 

nearest tenth of a kilogram. 

Developmental status was evaluated by a physician 

during an earlier study from which subjects for this study 

were selected. Using the Tanner Scale (1962) of pubertal 

stage development, subjects were classified as prepubescent 

(stages 1 and 2), pubescent (stage 3), and postpubescent 

(stages 4 and 5). The classifications were dummy coded 1, 

2, and 3 respectively as described by Slaugter et al. 

(1984). The Tanner Scale is based on secondary sexual 

characteristics, such as breast development and the 

appearance of pubic hair. 
• 

Assessment of Calcium Intake 

Each subject completed two 24-hour recalls and a 

questionnaire designed to estimate the frequency of 

consuming dairy products. The first recall and the 

questionnaire were administered during an interview at the 

time the bone scan was conducted. A parent was present 
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during the interview to help with recall. The second recall 

was obtained over the telephone without parental assistance 

four to six weeks later. 

Measuring cups, bowls and glasses of standard 

sizes, and pictures of typical serving sizes of food items 

(National Dairy Council food models) were used to assist 

subjects in quantifying portion sizes. Questions to prompt the 

subjects recall were asked. The interviewer made every 

effort to use questions which were non-leading and not 

influential in nature. After completion of the recalls, 

they were repeated back to the subjects to ensure all food 

items consumed were recalled and recorded. 

Dairy products are the primary source of calcium in 

the diet. A quantification of dairy product consumption 

should, therefore, be an indictor of calcium intake. The 

questionnaire used in this study assessed the number of 

servings of milk, cheese, yoghurt, or ice cream eaten at 

each meal during a typical week. Care was taken to include 

snacks and to quantify typical serving sizes. 

Calcium intake was calculated from the question

naire by multipling the number of servings of the individual 

dairy products by the calcium content of that item and then 

dividing by seven (see Appendix A). The quantity for the 

four items included in the questionnaire were then totalled 

to give an estimate of usual calcium intake from dairy 

products per day. The questionnaire also included questions 
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concerning intolerance to milk consumption and dietary 

supplementaion of calcium. 

The interview procedure was thoroughly practiced 

with a university student before any subjects were tested. 

This allowed for the procedure to be standardized. The 

second 24-hour recall was obtained from the child over the 

telephone. The subjects were told they would by contacted 

by telephone for a second recall, but were unaware of the 

day in which they would be called. During the telephone 

recall, references were made to the prompts used previously 

in the initial recall. The food intake during the past 24-

hours was obtained from each child. The telephone interview 

was practiced twice on a child not participating in the 

study. 

The computer software Every Diet was used to 

determine the calcium content of the 24-recalls. For food 

items not present in the program's data file, United States 

Department of Agriculture Handbook 456 and Nutrition Super 

Stars Arizona Foods (1983) were used as references. 

Assessment of Physical Activity 

A questionnaire was used to assess physical 

activity (see Appendix A). It was designed to quantify 

activity by determing the time spent in sedentary 

activities (school studies and television viewing), in non-

sport play activities, and in sport activities. Questions 
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concerning the intensity of play activities were included. 

In addition, the questionnaire was retrospective to the age 

of six. 

The activity index from each question was based on 

the average for the three age ranges covered by the ques

tions. The A through E answers to questions four (index 

two), five (index three), and eight (index four) were given 

the numerical values one through five respectively. Five is 

considered a high activity level and one a low level (see 

Appendix A). Questions six and seven were treated in the 

same manner, but the average of the two was used to cal

culate a single inactivity index. One indicates a subject 

is very sedentary. 

The final page of the questionnaire was a question 

concerning participation in sports. For each activity, the 

hours per days, days per week, weeks per year, and the 

number of years spent participating were obtained. Cal

culation of an activity index (four) from this question was 

accomplished by the following procedure. Points were given 

for the amount of time spent participating based on this 

criterion: one for less than 3/4 of a hour per day, two for 

3/4 to 2 hours per day, and three for more than 2 hours per 

day; one for less than 3 days a week, two for 3 to 5 days a 

week, and three for more than 5 days a week; one for less 

than 14 weeks a year, two for 14 to 36 weeks a year, and 

three for more than 38 weeks a year. These points were 
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totaled and multiplied by the number of years of partici

pation. To account for the age range of subjects, this 

value was then divided by the number of years older than six 

the subject was. The final index was the sum of the values 

from all activities. 

The questionnaire was administered during an 

interview at the time of the bone mineral measurements. All 

interviews were conducted by one trained interviewer. 

Previous to interviewing subjects, the interviewer practiced 

the procedure on one high school student. 

Statistical Analysis of the Data 

The data were analysed statistically in the 

following ways-' 

1. The bone measurements from the first measurement session 

and those obtained in this study 9 to 12 months later were 

compared by Pearson product-moment correlation coefficients 

and t-tests. 

2. Means, standard deviation, and ranges were calculated 

for the variables of age, height, weight, developmental 

status, bone measurements, calcium intake indices, and 

activity indices. 

3. Regression analysis was performed to determine if the 

bone mineral index values of the high, medium, and low 

bone mineral index groups were significantly different. The 

groups were coded high=l, medium=0, and low=-l and used as 
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an independent variable in regression analysis to determine 

if the bone mineral index values of the high and low groups 

were different. A significant regression coefficient 

would indicate the extreme groups are significantly 

different. The groups were coded high=l, medium=-2, and 

low=l to determine if the medium group's bone mineral index 

value fell half-way between the other groups. The regression 

coefficient would be non-significant if the medium group was 

half-way between the other groups. Sex and a sex times 

group interaction were also entered as an independent 

variable in these regression analyses. 

4. Multiple regression analyses were performed for bone 

measurements with calcium intake indices and activity level 

indices as independent variables to determine if any indices 

were significantly related to bone measurements. 

5. To determine if the physical characteristics, calcium 

intake, or activity level of the three bone mineral index 

groups were significantly different, each was used as a 

dependent variable in regression analyses with contrasts 

coded for the groups as the independent variables (as 

described in step three). 

6. The sample was regrouped based on activity index four. 

These activity groups were coded in the same manner as the 

bone mineral index groups were coded. Multiple regression 

analysis was performed for bone measurements with the coded 
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activity groups, sex, and group-sex interaction as dependent 

variables. 



CHAPTER 4 

RESULTS 

The purpose of this study was to examine the 

relationship between the bone mineral content of children 

aged 10 to 15 years old and two putative determinants of bone 

status. The results are presented as follows: (1) bone 

measurements from the initial selection procedure and 

changes in these values nine to twelve months later; 

(2) descriptive data for age, height, weight, developmental 

status, and bone measurements for the total sample; 

(3) correlation among bone measurements at different sites; 

(4) correlation among indices of calcium intake; 

(5) correlation between activity indices; (6) differences 

in bone measurement values between bone mineral index 

groups; (7) descriptive data for age, height, weight, and 

developmental status by bone mineral index groups; 

(8) calcium intake of the bone mineral index groups; 

(9) additional factors affecting calcium intake; 

(10) activity level of the bone mineral index groups. 

Bone Measurements from the Selection Procedure 

The subjects used in this study were selected from 

participants of a previous study. Bone measurements at the 

midshaft uile for the radius and ulna were obtained in the 

54 
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earlier study on 108 children. Bone mineral index values 

2 (gm/cm ) for the radius were used to classify subjects into 

high, medium, and low groups. The mean and standard devia

tions of the midshaft bone measure-ments for the groups are 

given in Table 1. These data represent the initial measure

ments obtained. 

The bone measurements used in selecting subjects 

were remeasured 9 to 12 months later for this study. These 

repeated measurements were compared by correlation coeffi

cients and t-tests for paired data. A summary of the com

parison is given in Table 2. Mean values of bone measure

ments for the sample were higher for the second test with 

all differences being significant except for radius bone 

mineral index. The change in bone mineral index was not as 

great due to the increase in bone width. The ulna bone 

measurements showed a lower correlation than radius measure

ments . 

The initial bone mineral measurements of the three 

groups were tested to determine if the groups differed 

significantly in bone mineral values. Regression analyses 

of bone mineral measurements with group, sex, and group-sex 

interaction as independent variables was performed. The 

regression coefficients for these analyses are given in 

Table 3. The only coefficients found to be significant were 

for bone mineral content and bone mineral index with 

contrast one as the independent variable. This indicates 
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Table 1. Initial Measurement of Bone Mineral Content, Bone 
Width, and Bone Mineral Index for the Radius Midshaft Site. 

Bone Measurement 
Bone Mineral Groups 

High Medium Low 

BMCB g/cm F .74 ( . 10 )a .65 ( • 15) .56 ( .07) 
M .79 ( • 14) .61 ( .06) .60 ( .12) 

BWC cm F 1.16 ( .09) 1.12 ( .16) 1.19 ( .14) 
M 1.25 ( .16) 1.11 ( .08) 1.25 ( .16) 

BMId g/cm^ F .63 ( .05) .58 ( .05) .47 ( .03) 
M .63 ( .04) .55 ( .04) .48 ( .06) 

Ulna 
BMC g/cm F .60 ( • 11) .52 ( .15) .43 ( .06) 

M .68 ( .12) .50 ( .04) .50 ( .09) 

BW cm F 1.12 ( • 14) 1.08 ( • 18) 1.11 ( .09) 
M 1.41 ( .32) 1.11 ( .05) 1.18 ( .12) 

BMI g/cm^ F .50 ( .08) .48 ( .07) .40 ( .05) 
M .49 ( .06) .45 ( .03) .42 ( .05) 

^Mean (Standard Deviation). 
BMC=bone mineral content. 

^BW=bone width. 
BMI-bone mineral index. 

N= 9 high group (4 females and 5 males), 11 medium group 
(5 females and 6 males), 9 low group (4 females and 5 
males). 
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Table 2. Comparison Between Repeated Bona Minaral Index Meaaurements. 

Measurement4 

Site 
Teat'1 Mean S.O. 
Number 

Diffarenca Batwaan 
Measurements 

Mean S.O. 8.S. 

r T-ratio 

. 

Badius 
BMC® a/cm 1 

2 
.65 
.71 

.13 

.17 .06 .074 .014 .90 4.23* 

BH* cm 1 
2 

1.18 
1.25 

.17 

.17 .08 .080 .015 ,89 5.13* 

BMl" */cm2 1 
2 

.56 

.56 
.08 
.08 .01 .046 .009 .84 1.37 

Ulna 
BMC g/ca 1 

2 
.53 
.58 

.12 

.14 .06 .095 .018 .74 3.16* 

BW cm 1 
2 

1.14 
1.18 

.14 

.16 .04 .099 .019 .76 2.23* 

BMl S/cm2 1 
2 

.46 

.49 
.06 
.08 .03 .054 .010 .73 3.08* 

vAll maaauramants ware taken at tha midshaft site. 
Test number 1 is tha initial measurement from the selection procedure. Test 

number 2 is tha measurement from this studjr and was taken 9 to 12 months after 
the initial measurement. 
jBMC=bone mineral content. 
**BW=bone width. 

BMI=bone minaral indax. 
N=28. *p<.05. 
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Table 3. Regression Coafficiaxrts From Multiple Regression Analyses of Initial 
Bona Mineral Measurements with Group, Sax, and Group-Sax Intaraction aa 
Independent Variables. 

Dependant Variablaa 

Indapandant BMC*f/cm 
Variablaa Radius Ulna Radius Ulna 

Contraat 1° .94-01* .75-01* .80-01* .43-01* 

Contraat 2^ .13-01 .12-01 -.37-02 -.34-02 

Sax .10-01 .27-01 -.22-02 -.24-02 

CI-Sax .32-02 .15-01 -.16-02 -.10-01 . 

C2-Sex .14-01 .21-01 , .48-02 .73-02 

Intercept .66 .53 .56 •46 

r squared .39 .40 .70 .33 

Adjusted 
r squared 

.26 .27 .64 .18 

S.E.E. .11 .10 .05 .06 

. BMC=Bone Minaral Content. 
BMI=Bone Minaral Index. 
Codaa for contrast 1 vara — High Group = 1, Medium Group = 0, and 

Low Group = -1. 
Codaa for eontraat 2 ware — High Group = -1, Medium Group = 2, and 

Low Group = -1. 
N=29. *p<.05. 
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the midshaft radius bone mineral content and bone mineral 

index values of the high and low groups were significantly 

different (p<.05). In addition, the non-significant 

contrast two showed that the medium group's values were 

half-way between the values of the high and low groups. 

Descriptive Data for the Total Sample 

Measurements describing the physical characteris

tics of subjects were obtained, including age, height, 

weight, developmental status, bone mineral content, bone 

width, and bone mineral index of the radius and ulna at 

midshaft and distal sites. The mean, standard deviation, 

and range of these values for the total sample are given in 

Table 4. The developmental status data was obtained in an 

ealier study. 

Measurements estimating calcium intake and activity 

level were also obtained. Descriptive statistics of these 

values are given in Table 5. Due to the very high calcium 

intake of a few subjects, medians are provided for the 

calcium indices. The recall method resulted in higher 

estimates of calcium intake than the frequency question

naire. For activity indices one, two, and three the mean 

values for the sample were above three and no individual 

value was less than 2.5. 
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Table 4. Physical Characteristics of the Total Sample.3 

Variable Mean S.D. Range 
Low High 

Age (yr) 13.3 1.4 11.0 15.6 

Height (cm) 160.6 10.1 144.0 180.0 

Weight (kg) 54.7 15.0 34.7 92.0 

Developmental 
Status 

2.3 .7 1.0 3.0 

Bone Mineral 
Radius 

Midshaft 
BMCd (g/cm) 
BW°, (cm) 9 
BMI (g/cm ) 

.71 
1.24 
.56 

.17 

.18 

.08 

.40 

.94 

.41 

1.21 
1.67 
.72 

Distal 
BMC (g/cm) 
BW (cm) , 
BMI (g/cm ) 

.69 
2.14 
.32 

.18 

.21 

.07 

.42 
1.80 
.23 

1.18 
2.64 
.48 

Ulna 
Midshaft 
BMC (g/cm) 
BW (cm) 9 
BMI (g/cin ) 

.58 
1.18 
.49 

.14 

.16 

.08 

.34 

.92 

.34 

.97 
1.60 
.62 

Distal 
BMC (g/cm) 
BW (cm) 9 
BMI (g/cnT) 

.34 
1.43 
.23 

.10 

.19 

.05 

.18 
1.11 
.15 

.63 
2.14 
.42 

Measurements obtained during retest of bone mineral with 
the exception of developmental status which was obtained with 
jbhe initial bone measurements. 
BMC=bone mineral content. 

jBW=bone width. 
BMI=bone mineral index. 
N=30, except for developmental status— N=28 and radius 
measurements— N=29. 



Table 5. Calcium Intake and Physical Activity Indices of 
the Total Sample. 

Variable Mean S.D. Range 
Low High 

Calcium Intake (mg) 1388 
(1221)a 

701 317 3988 

Calcium Intake 
(From Dairy 
Products) 

(mg) 1109 
(971) 

540 313 2907 

Inactivity 
Index 

2.8 .7 1.5 4.8 

Activity 
Index 1 

3.6 .6 3.0 5.0 

Activity 
Index 2 

4.0 .7 2.5 5.0 

Activity 
Index 3 

3.6 .7 2.0 5.0 

Activity 
Index 4 

4.9 . 3.4 1.3 14.9 

a 

Median values for calcium intakes in paranthesis. N=30. 
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Correlation Among Bone Measurement Sites 

The correlation coefficients among the bone mineral 

content measurements made at the retest at different sites 

are given in Table 6. The highest correlation was between 

the midshaft ulna and the distal radius (r=.83), whereas the 

lowest correlation was between the midshaft radius and the 

distal ulna (r=.44). 

The correlation coefficients between the bone 

mineral index measurements at different sites are given in 

Table 7. The bone mineral index measurements showed a lower 

correlation than the measurements of bone mineral content. 

The bone mineral content measurements at the midshaft and 

distal radius had a correlation of .72 (Table 6). However, 

the correlation between these sites for bone mineral index 

was only .36 (Table 7). 

Correlation Among Calcium Intake Indices 

As described in Chapter 3, more than one index of 

calcium intake was obtained. The correlation between 

estimates of calcium intake (mg consumed per day) from the 

recall and frequency questionnaire was .78. 

Correlation Among Activity Indices 

Activity level was estimated from five indices. 

One and two were calculated from questions concerning the 

intensity of the games children engaged in, whereas index 

three was based on the time spent in these games. Four was 



Table 6. Correlation Matrix of Bone Mineral Content 
Measurements for Different Sites at Retest. 

Bone Site 

Radius 
Distal 

Ulna 
Midshaft 

Ulna 
Distal 

Bone Site 

Radius Radius Ulna 
Midshaft Distal Midshaft 

.72 

.73 .83 

.44 .59 .56 

Table 7. Correlation Matrix of Bone Mineral Index 
Measurements for Different Sites at Retest. 

Bone Site 

Radius Radius Ulna 
Midshaft Distal Midshaft 

Bone Site 

Radius .36 
Distal 

Ulna .52 .63 
Midshaft 

Ulna .21 .52 .40 
Distal 



64 

calculated from the time spent participating in sports. The 

inactivity index was calculated from questions concerning 

time spent in sedentary activities. Although a value of five 

for an activity index would indicate a .person is highly 

active, for the inactivity index a five would indicate a 

person is inactive. Correlation among indices are given in 

Table 8. The inactivity index was negatively correlated 

with all activity indices except activity index four. The 

highest correlation between activity indices was between 

activity index one and activity index two (r=.45). All 

correlations were significantly greater than zero (p<.05). 

In general, the indices are not closely associated with each 

other. 

Table 8. Correlation Among Physical Activity Indices. 

Variable Inactivity Activity Indices 
Index One Two Three 

Activity -.22 
Index One 

Activity 
Index Two -.27 .45 

Activity 
Index Three -.33 .21 .32 

Activity 
Index Four .04 .14 .40 .23 
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Physical Characteristics of the Bone Groups 

The physical characteristics of the groups are 

given in Table 9. To determine if the groups were different 

in respect to physical characteristics regression analyses 

of these characteristics with groups, sex, and contrast-sex 

interaction as independent variables was performed. The 

regression coefficients from the analyses are given in Table 

10. No significant differences among groups for any 

characteristic were found. 

Differences in Bone Measurement Values Among Groups 

The subjects in this study were selected, and also 

separated into three groups, based on bone mineral index 

measurements made in an earlier study. The means and 

standard deviations of bone retest measurements for the 

radius and ulna at the mid-shaft and distal sites for the 

three groups are given in Tables 11 and 12. Within each 

group males and females have been separated. The mean 

midshaft radius bone mineral index values for the groups 

remained ranked high, medium, and low as they were for the 

measurement from the earlier study. However, the distal 

sites did not follow this order. For example, for females 

the distal ulna bone mineral index for the high group was 

2 2 
.205 gm/cm , but the medium group was .218 gm/cm . 

A regression analysis of bone measurements with 

groups, sex, and group-sex interaction as independent 
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Table 9. Physical Characteristics of the Bone Mineral Index Qroupa. 

Variable Qroup 
High Medina Low 

Age (yr) 

Height (cm) 

Weight (kg) 

Developmental 
Status 

F *12.4 (1.7) 13.2 (1.7) 12.6 (.7) 

M 13.4 (1.5) 14.1 (1.3) 13.4 (1.5) 

F 157.8 (11.2) 162.0 (13.0) 161.0 (13.0) 

M 168.6 (6.4) 162.5 (11.70 168.6 (8.0) 

F 60.3 (12.3) 56.2 (23.5) 54.1 (13.7) 

M 46.7 (7.3) 53.6 (9.5) 58.3 (19.4) 

F 2.3 (1.2) 2 . 2  ( . 5 )  2 . 0  ( 0 )  

M 2 . 0  ( 1 . 0 )  2 . 5  ( . 6 )  2 . 4  ( . 6 )  

?Mean (Standard Deviation). 
Developmental status codes — 1 Mas pre-pubeseent, 2 was pubescent, 

and 3 was post-pubescent. 
N= 9 high group (4 female and S males), 12 medium group (6 females 
and 6 males), 10 low group ( 4 females and 6 maltaa). For develop
mental status the high group had 3 females and the medium 
group had 4 females. 
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Table 10. Regression Coefficients of Age, Weight, and Height 
Squared with Groups, Sex, and Group-Sex Interactions as 
Independent Variables. 

Dependent Variables , 
Age Weight Height' 
(yr) (kg) (cm ) 

Independent 
Variables 

Contrast la -.383-01 -1.937 -1534.5 

Contrast 2b -.197 -.163 -237.8 

Sex .409 -2.045 449.7 

Cl-Sex .303-01 -3.863 -425.5 

C2-Sex -.434-02 -.205 236.4 

Intercept 

r squared 

Adjusted 
r squared 

S.E.E. 

13.2 

.12 

0 

1.45 

54.9 

.07 

0 

15.81 

26,068.3 

.17 

0 

3275.8 

Codes for contrast 1 were — High Group = 1, Medium Group 
g 0, and Low Group = -1. 
Codes for contrast 2 were — High Group = -1, Medium Group 

= 2, and Low Group = -1. 
N= 30. *p<.05. 
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Table 11. Bone Mineral Measurements at the Midshaft Site for the 
Bone Mineral Index Groups. 

Bone Mineral Index Group 
High Medium Low 

Bone Mineral 
Site 

Midshaft Radius 

BMCb F . 7 5  ( . l l ) a  . 6 8  ( . 1 7 )  . 6 2  ( . 0 9 )  
(g/cm) M . 9 0  ( . 2 4 )  . 6 5  ( . 0 8 )  . 6 9  ( •  2 1 )  

BW® F 1 . 2 0  ( •  1 1 )  1 . 1 3  ( . 1 6 )  1 . 2 4  ( . 1 5 )  
( c m )  M 1 . 3 6  ( . 2 2 )  1 . 2 2  ( •  1 0 )  1 . 3 5  ( . 2 5 )  

BMId
p F . 6 2  ( . 0 5 )  . 6 0  ( . 0 7 )  . 5 0  ( . 0 4 )  

(g/cm ) M . 6 5  ( . 0 6 )  . 5 3  ( . 0 6 )  . 5 1  ( . 0 9 )  

Midshaft Ulna 

BMC F . 5 3  ( . 0 9 )  . 5 3  ( . 1 3 )  . 4 7  ( . 0 6 )  
(g/cm) M . 7 0  ( . 1 9 )  . 6 5  ( . 1 3 )  . 5 8  ( •  1 5 )  

BW F 1 . 0 6  ( •  1 0 )  1 . 0 6  ( . 1 3 )  1 . 2 1  ( •  1 2 )  
(cm) M 1 . 2 9  ( . 2 1 )  1 . 2 3  .( . 1 0 )  1 . 2 2  ( . 2 2 )  

BMI 9 .  F  . 5 0  ( . 0 8 )  . 4 9  ( . 0 7 )  . 3 9  ( . 0 4 )  
(g/cm ) M  . 5 4  ( . 0 6 )  . 5 2  ( . 0 8 )  . 4 7  ( . 0 8 )  

.Mean (Standard Deviation). 
BMC=bone mineral content. 

jRW=bone width. 
BMI=bone mineral index. 

N= 8 high group (4 females and 4 males), 12 medium group (6 females 
a n d  6  m a l e s ) ,  1 0  l o w  g r o u p  ( 4  f e m a l e s  a n d  6  m a l e s ) .  
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Table 12. Bone Mineral Measurements at the Distal Site for the 
Bone Mineral Index Groups. 

Bone Mineral Index Group 
High Medium Low 

Bone Mineral 
Site 

Distal Radius 

BMCb F . 6 4  ( •  1 8 ) a  . 6 2  ( . 1 5 )  . 5 6  ( . 0 9 )  
(g/cm) M . 8 2  ( . 2 2 )  . 6 7  ( . 0 9 )  . 7 9  ( . 2 3 )  

BWC F 2 . 0 5  ( . 2 0 )  2 . 0 7  ( . 2 0 )  2 . 0 2  ( . 3 0 )  
( c m )  M 2 . 2 0  ( - 2 7 )  2 . 2 4  ( •  1 5 )  ,  2 . 1 8  ( . 2 2 )  

BMId
9 F . 3 1  ( . 0 8 )  . 3 0  ( . 0 5 )  . 2 7  ( . 0 1 )  

(g/cm M . 3 7  ( . 0 7 )  . 3 0  ( . 0 3 )  . 3 6  ( . 0 9 )  

Distal Ulna 

BMC F 
(g/cm) M 

BW F 
(cm) M 

BMI 9 F 
(g/cm *) M 

. 2 7  ( . 0 8 )  . 3 1  ( . 0 5 )  . 2 6  ( . 0 3 )  

. 4 1  ( •  1 5 )  . 3 9  ( . 0 8 )  . 3 7  ( . 1 1 )  

1 . 3 2  ( . 0 9 )  .  1 . 4 2  ( . 1 3 )  1 . 3 7  ( . 0 8 )  
1 . 4 1  ( . 1 5 )  1 . 6 1  ( . 2 9 )  1 . 4 0  ( . 2 2 )  

. 2 0  ( . 0 6 )  . 2 2  ( . 0 2 )  . 1 9  ( . 0 2 )  

. 2 9  ( . 0 8 )  . 2 4  ( . 0 4 )  . 2 4  ( . 0 5 )  

.Mean (Standard Deviation). 
BMC=bone mineral content. 

.BW=bone width. 
BMl=bone mineral index. 

N= 9 high group (4 females and 5 males), 12 medium group (6 females 
a n d  6  m a l e s ) ,  1 0  l o w  g r o u p  ( 4  f e m a l e s  a n d  6  m a l e s ) .  
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variables was performed to determine if the groups remained 

significantly different for the retest measures. The 

regression coefficients from the analyses are given in 

Tables 13 and 14. The analyses showed the high and low 

groups were significantly different for midshaft radius 

bone mineral content and bone mineral index and midshaft 

ulna bone mineral index. The differences, however, were not 

as great as that found in the initial measurements nine 

months earlier, as expected due to the "regression toward 

the mean" of the high and low groups. 

Calcium Intake of the Groups 

Mean and standard deviations for the calcium intake 

indices of the groups are given in Table 15. Within each 

group males consumed more calcium than females. To deter

mine if group differences existed with respect to calcium 

intake, regression analyses with group, sex, and group-sex 

interactions as independent variable were performed, but no 

significant difference of group-sex interactions was found 

(p>.05). 

Regression analyses of bone measurements with 

calcium indices as independent variables were performed to 

identify significant relationships (activity indices were 

also used as independent variables in this multiple 

regression). The t-ratios from these analyses are given in 

Tables 16, 17, and 18. The only t-ratios found to be 
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Tabic 13. Regression Coefficients of Bona Minaral Contant 
Meaauremnta wi-bh Group. Sax, and Group-Sax Interaction aa 
Indapandant Variables. 

Bona Mineral Content (g/cm) 
Midahaft Diatal 

Radius Ulna Badiua Dlna 

Indapandant 
Variables 

Contrast Is .75-01* .38-01 .22-01 .16-01 

Contrast 2*® .02-01 -.66-02 .19-01 -.84-02 

Sex .28-01 .67-01* .83-01* .55-01* 

CI-Sex .23-01 .21-01 .13-01 .27-01 

C2-Sex .25-01 .45-02 .34-01 .96-02 

Intercept .72 .58 .69 .33 

r squared .23 .27 .28 .34 

Adjusted 
r squared 

.06 .12 .12 .19 

S.E.2. (g/era) .16 .13 .17 .09 

Codas for contrast 1 warc — High Group = 1, Mediua Group = 0, 
and Group Low s -1. 
Codas for eon'tras't 2 were — High Group = -1, Mediua Group = 2, 
and Low Group = -1. 
H=30. *p<.05. 
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Tabla 14. Ratfrsssian Co«ffof BOBS Mineral Index 
Measurements with Group, Sex, and Group-Sex Interaction as 
Independent Variables. 

2 Bone Mineral Index (g/cm ) 
Midshaft Distal 

Radius Ulna Radius Ulna 

Independent 
Variables 

Contrast la .66-01* .42-01 .11-01 .13-01 

Contrast 2^ .17-02 -.11-01 .96-02 .80-03 

Sex -.69-02 .23-01 .29-01* .29-01* 

CI-Sex .34-02 -.89-02 .22-02 .18-01 

C2-Sex .13-01 .46-02 .17-01* .95-02 

Intercept .57 .49 .32 .23 

r squared .43 .30 .34 .36 

Adjusted 
r squared 

.30 .15 .19 .22 

S.X.E. (g/cm) .07 .07 .06 .05 

aCodes for contrast 
and Low Group = -1. 
Codes for contrast 

Low Group s  - 1 .  
N=30. *p<.05. 

1 were — 

2 were — 

High Group = 

High Group = 

1, Medium Group 

-1, Medium = 2, 

= o, 

and 
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Table 15. Calcium Intake and Physical Activity Indices of 
the Bone Mineral Index Groups. 

Bone Mineral Index Groups 
Variable High Medium Low 

Calcium Intake F 977 (217) a 1290 (619) 1173 (199) 
(nig) M 1695 (549) 1630 (1313) 1409 (375) 

Calcium Intake F 1041 (256) 1154 (526) 1023 (125) 
From Dairy M 1296 (391) 1180 (923) 907 (311) 
Products (mg) 

Inactivity F 2.5 (.9) 2.6 (.9) 2.9 (.6) 
Index M 3.1 (2.0) 3.0 (.9) 2.5 (.6) 

Activity F 3.7 (-4) 4.0 (.6) 3.8 (1.0) 
Index 1 M 3.5 (.6) 3.4 (.4) 3.5 (•4) 

Activity F 3.8 (-6) 4.2 (.6) 3.6 (1-0) 
Index 2 M 4.2 (.5) 4.0 (.8) 4.1 (.7) 

Activity F 3.6 (-4) 3.6 (1.0) 3.5 (.6) 
Index 3 M 4.2 (.5) 3.6 (.3) 3.3 (1.0) 

Activity F 3.2 (2.7) 5.8 (4.6) 2.4 (.7) 
Index 4 M 8.1 (4.4) 4.9 (2.1) 3.9 (2.0) 

Mean (Standard Deviation). 
N= 9 high group (4 females and 5 males), 12 medium group 
(6 female and 6 male), 9 low group (4 females and 5 males). 



74 

Table 16. T-ratios for Multiple Regression Analyses of Bone 
Mineral Content with Calcium and Activity as Independent 
Variables. 

Bone Mineral Index T-ratios 
Midshaft Distal 

Radius Ulna Radius Ulna 
Independent 

Variables 

Age 1.62 3.39* 

Height .61 .51 
Squared 

Calcium -.82 -.93 
(recall) 

Calcium .98 2-22# 
(from dairy 

products) 

Inactivity -.15 .10 
Index 

Activity -1.64 -1.36 
Index 1 

Activity 1.00 1.74 
Index 2 

Activity 1.06 .01 
Index 3 

Activity .35 -.15 
Index 4 

1.79 

1.13 

-.97 

1.36 

-.48 

-1.98 

1.04 

- . 2 0  

1 . 0 2  

2 . 0 1  

.92 

- 2 . 0 6  

.97 

-.97 

-2.32* 

1.49 

1.04 

3.51* 

N= 29. *p<.05. 



75 

Table 17. T-ratios for Multiple Regression Analyses of Bone 
Mineral Index with Calcium and Activity as Independent 
Variables. 

Independent 
Variables 

Bone Mineral Content T-ratios 
Midshaft Distal 

Radius Ulna Radius Ulna 

Age 1.26 5.42* 1.79 2.37* 

Height -.16 -1.37 .24 -.41 
Squared 

Calcium -1.38 -1.43 -.80 -1.61 
(recall) 

Calcium 1.17 3.04* .94 .92 
(from dairy 

products) 

Inactivity -.21 -.92 -.94 .05 
Index 

Activity -.85 -.73 -1.35 -1.99 
Index 1 

Activity .49 2.00 .64 1.48 
Index 2 

Activity 1.35 -.52 -.40 1.52 
Index 3 

Activity .22 -1.28 .61 2.79 
Index 4 

N= 29. *p<.05. 
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Table 18. T-ratios for Multiple Regression Analyses of Bone 
Width with Calcium and Activity as Independent Variables. 

Independent 
Variables 

Bone Width T-ratios 
Midshaft Distal 

Radius Ulna Radius Ulna 

Age .96 .39 

Height 1.05 1.59 
Squared 

Calcium .27 .00 
(recall) 

Calcium .12 .35 
(from dairy 

products) 

Inactivity -.02 .77 
Index 

Activity -1.34 -1.07 
Index 1 

Activity 1.08 .76 
Index 2 

Activity -.23 .28 
Index 3 

Activity .24 -50 
Index 4 

.36 .43 

2.47* 2.12* 

-.22 

. 8 1  

1.07 

•1.80 

1 . 2 8  

.50 

.97 

-.93 

. 0 8  

1.52 

-.95 

.42 

-.50 

1 . 8 1  

N= 29. *p<.05. 
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significant were for calcium from the frequency question

naire with midshaft ulna bone mineral content and bone 

mineral index. When entered into a regression analyss with 

age as the only other independent variable, calcium from the 

questionnaire remained significant with midshaft ulna bone 

mineral index (Table 19). Additionally, when calcium from 

the recall and age were entered as the only independent 

variables, no significant regression coefficients were found 

(Table 20). 

Additional Factors of Calcium Intake 

Six subjects were found to have had gastrointes

tinal problems from milk consumption. A list of these 

subjects with the alternative to milk which they consumed, 

the age at which they began milk consumption, the current 

amount of calcium in their diet, and the bone group in which 

they belong are given in Table 21. 

The use of supplemental calcium was evaluated. No 

subject in this study consumed calcium supplements. 

Additionally, multi-vitamin supplements were not consumed 

regularly by any subjects and infrequently by four subjects. 

An attempt was made to estimate calcium intake 

during early childhood (ages 3 to 6) by a dairy product 

frequency question. The intakes of calcium by all subjucts 

during this period was at least equal to the calcium in two 



Table 19. Regression Coefficients of Bone Mineral Measurements with Calcium Intake from Dairy 
Products and Age as Independent Variables. 

Midshaft Distal 
Radius , Ulna Radius Ulna 

BMI BMC BMI BMC BMI BMC BMI BMC 

Independent 
Variables 

Calcium -.11-04 -.34-04 .52-04* .43-04 -.69-05 -.58-05 .11-04 -.16-05 

Age .26-01 .71-01* .45-01* .80-01* .26-01* .84-01* , .18-01* .37-01* 

Intercept . 2 2  - . 2 0  - . 1 7  - . 5 3  - . 2 4  - . 4 2  -.15-01 - . 1 8  

r squared . 2 2  . 4 0  . 6 5  . 6 0  . 3 2  .  . 4 3  . 1 9  . 2 7  

Adjusted 
r squared 

.16 . 3 6  . 6 2  . 5 7  . 2 7  . 3 9  . 1 3  . 2 2  

S . E . E .  . 0 8  . 1 3  . 0 5  .09 . 0 6  . 1 4  .05 .09 

^BMC=bone mineral content. 
BMI=bone mineral index. 

N= 30. *p<.05. 



Table 20. Regression Coefficients of Bone Mineral Measurements with Calcium Intake from Recalls 
and Age as Independent Variables. 

Midshaft Distal 
Radius Olna Radius Ulna 

BMIa BMCa BMI BMC BMI BMC BMI BMC 

Independent 
Variables 

Calcium -.15-04 -.87-05 .24-04 .31-04 -.46-05 -.61-05 .48-05 -.60-05 

Age .26-01 .73-01* .42-01* .78-01* ,27-01* .84-01* .17-01* .37-01* 

Intercept 

r squared 

Adjusted 
r squared 

S . E . E .  

. 2 3  

. 3 2  

.18  

.08  

- . 2 5  

. 3 9  

. 3 5  

. 1 4  

. 1 1  

. 5 9  

. 5 5  

. 0 5  

- . 5 0  

.60  

. 5 7  

. 0 9  

. 3 0 - 0 1  - . 4 4  

. 3 2  . 4 3  

. 2 7  . 3 9  

. 06  . 1 4  

-.81-03 

. 1 9  

. 1 3  

. 0 5  

- . 1 4  

.28  

.22  

. 0 9  

, BMC=bone mineral content. 
BMI=bone mineral index. 

N =  3 0 .  * p < . 0 5 .  
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glasses of milk. Exceptions were subjects 14, 19, and 24 who 

were sensitive to milk consumption (Table 21). 

Activity Level of the Bone Groups 

Mean and standard deviations for the activity 

indices of the groups are given in Table 15. To determine 

if activity indices were significantly related to any bone 

measurement, multiple regression analyses were performed 

(the same analyses as discussed for calcium intake). 

Regression coefficients from these analyses are given in 

Tables 16, 17, and 18. The regression coefficients for 

activity index one with distal ulna bone mineral content and 

activity index four with distal ulna bone mineral content 

and bone mineral index were significant. When regression 

analyses of bone measurements with activity index four and 

age as the only independent variables, activity index four 

remained siginificant with distal ulna bone mineral content 

and bone mineral index (Table 22). 

Regression analyses for activity indices as the 

dependent variables with bone mineral group, sex, and 

group-sex interactions as the independent variables were 

also performed to determine if the groups differed in 

activity level. No difference in activity level was found 

among bone mineral groups for any of the indices. 

Further investigation of activity as a possible 

determinant of bone mineral index was attempted by 



Table 21. Subjects with Gastrointestinal Distress from Milk Consumption. 

Subject Substitute Age Milk Calcium Activity Bone Mineral Bone Mineral Index (ff/co ) 
Number for Milk Consumption Content of Index 4 Index Group * Midshaft Distal 

Began Current Diet .Radius Olna Radius Olna 
(ag) 

6 Acidophilus 
Milk 

5 months 1200/1084 5. 8 Low .80 < .54)° .51 ( .52) .37 ( .37) .25 < .29) 

14 Acidophilus 
Milk 

3 years 884/488 4. .3 Low .49 ( .47) .41 ( 45) .31 < .32) .30 ( .22) 

19 Hone*' 1. .5 years 2083/787 7. .4 Medium .81 < 61) .49 < • 51) .28 ( .35) .21 < .27) 

22 Soybean Milk 3 years 688/894 7. 4 Medium .53 ( .53) .55 < .55) .34 < .36) .31 ( .31) 

24 Goat's Milk 6 months 393/313 3. .8 Medium .81 < .80) .47 < .56) .29 ( .38) .21 < .26) 

28 Formula 3 years 1693/14S0 4. 7 Medium .47 ( .47) .41 ( .44) .28 < .30) .22 < .27) 

lAII subjects currently drink small amounts of regular milk. 
Calcium intake from recall and dairy products (recall/dairy products). 
Ŝmall amounts of regular milk consumed. 
QMean value was 4.9. 
Actual measurement (value predicted by multiple regression analysis). 



Table 22. Ragrassion Coefficients of Bona Mineral Measurements with Activity Index 4 and Age aa 
Independent Variables. 

Diatal 
Radius Olna 

BMI BMC BMI BMC 

Independent 
Variables 

Activity 
Index 4 

.23-02 .42-02 -.75-04 .87-04 . 10-02 .46-02 .88-02* .15-01* 

Age .20-01* .74-01* .40-01* .78-01* .28-01* .84-01* .18-01* .39-01* 

Intercept .18 .30 -.47 -.44 -.44-01 -.46 -.46-01 -.26 

r squared .23 .40 .54 .58 .31 .43 .49 .54 

Adjusted 
r squared 

.17 .35 .51 .57 .28 .39 .45 .50 

S.E.E. .08 .13 .05 .10 .06 .14 .04 .07 

?BMC=bone mineral content. 
BMI=bone mineral index. 

. N= 30. *p<.05. 

Midshaft 
Radius . Olna 

BMI BMC BMI BMC 
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regrouping the subjects into high, medium, and low groups 

based on activity index four. Regression analyses of bone 

measurements with group, sex, and group-sex interactions 

as independent variables were then performed. The regression 

coefficients from these analyses are given in Table 23. The 

high and low activity index four groups were found to be 

significantly different for bone mineral content and bone 

mineral index at the distal ulna. Additionally, a 

significant interaction between the high and low groups and 

sex were found for all midshaft measurements and distal 

radius and ulna bone mineral content. 



Table 23. Regression Coefficients of Bone Mineral Measurements with Group3, Sex, and Group-Sex 
Interactions as Independent Variables. 

Midshaft Distal 
Radius Ulna Radius Ulna 

BMId BMC° BMI BMC BMI BMC BMI BMC 

Independent 
Variables 

Contrast 1 .28-01 .57-01 .25-01 .49-01 .22-01 .57-01 .32-01 .66-01 

Contrast 2 -.94-02 -.18-01 -.20-01 -.25-01 -.12-01 -.20-01 -.28-02 -.63-02 

Sex -.20-01 -.96-02 .89-02 .34-01 .14-01 .43-01 .23-01 .38-01 

CI-Sex .59-01* .16* .56-01* .14* .36-10 .14 .29-01 .76-01 

C2-Sex .10-02 -.11-01 -.13-02 -.10-01 -.35-02 .12-01 .64-02 .61-02 

Intercept .55 .66 .46 .53 .30 .64 .23 .32 

r Squared .20 .32 .30 .51 .26 .37 .48 .56 

Adjusted 
r squared 

.02 .17 .14 .41 .36 .46 .36 .76 

S.E.E. .08 .15 .07 .11 .06 .16 .04 .07 

Ĥigh, medium, and low groups based on Activity Index 4. 
cBMC=bone mineral content. 
BMI=bon» mineral index. 
H= 30. *p<.05. 



CHAPTER 5 

DISCUSSION 

This study investigated the calcium intake, 

physical activity, and bone mineral status in children. It 

was hypothesized the bone mineral status in children would 

be influenced by their level of calcium intake and physical 

activity. The results of this study will be discussed in 

relation to this hypothesis. 

Bone Mineral Measurements 

Lohman et al. (1984) and Mazess and Cameron (1972) 

have published bone mineral values for children. These 

values, along with the measurements from this study, are 

given in Table 24. The bone width measurements for both the 

radius and ulna from this study are larger than the pre

viously published data. The bone mineral values, however, 

are within the range of the published data. 

The repeated bone measurements for this sample, 

taken 9 to 12 months apart, were obtained by different 

technicians using two different Lunar model SP2 scanners. 

However, the correlations between measurements are very 

good, especially when the effect of growth is considered. 

The bone growth of these children is expected to be 

85 



Table 24. Bone Mineral Measurements form Previous Investigations and Thia Study. 

Study 
Age 
(yx) 

, Radius 
BMCD BWC 

Bone Measurement 
. Ulna 
d BW BMI BMC 

(g/cm) (cm) (g/cm ) (g/cm) (cm) 
BMI -

( g / c m )  

Lohman et al. (1984) Prepubescent F 1 0 . 1  . 5 0  1 . 0 2  . 4 9  . 4 3  . 9 8  . 4 4  
M 1 0 . 1  . 5 4  1 . 2 6  . 5 1  .50 1 . 0 7  . 4 6  

Pubescent F 1 2 . 1  . 6 3  1 . 1 1  . 5 7  . 5 7  1 . 1 2  . 5 1  
M 1 2 . 3  . 8 7  1 . 1 5  . 5 8  . 5 8  1.08 . 4 6  

Mazess and Cameron (1972) F 1 2 . 8  . 7 1  1 . 1 1  . 6 3  . 5 1  . 9 1  . 5 5  Mazess and Cameron (1972) 
M 1 3 . 2  . 7 3  1 . 1 8  . 6 2  . 5 7  . 9 9  . 5 4  

This Study F 1 2 . 9  . 6 8  1 . 1 8  . 5 8  . 5 1  1 . 1 0  . 4 6  
M 1 3 . 7  . 7 3  1 . 3 0  . 5 6  . 6 4  1 . 2 4  . 5 1  

•Measurement site 
BMC=bone mineral 
,BH=bone width. 
BMI=bone mineral 

la the midshaft, 
content. 

index. 
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occurring at different rates, thereby decreasing correla

tions between repeated measurements over the 9 to 12 month 

period. 

Although the correlations between the repeated bone 

measurements were high, a regression to the mean by the 

high and low groups occurred. For the first measurement the 

low group's bone mineral index value was 16 percent below 

the value for the medium group. At remeasurement, however, 

the low group's value was only 10 percent below the value 

for the medium group. The high group also regressed to the 

mean, but to a lesser degree. 

The reproducibility of the ulna measurements is 

poorer than that of radius. The lower correlations for the 

ulna measurements indicate in part that repeated measurements 

for this bone are more difficult. Lower correlations also 

may indicate that differences among subjects' growth rate 

are greater for the ulna than for the radius. 

The correlation among bone measurements obtained in 

this study are moderate. The correlation between the shaft 

and distal site may be affected by the difference in the 

cortical and trabecular bone content of each (Cummings et 

al. 1985). The shaft of radius is 90 percent cortical bone 

and 10 percent trabecular. Whereas the distal portion is 30 

percent cortical and 70 percent trabecular. (Wahner, Dunn, 

and Riggs, 1983). 
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The moderate correlations between the measurements 

from the radius and ulna may also be affected by these bones 

responding differently to environmental determinants of bone 

mass. As will be discussed in the following sections, this 

study found bone mineral measurements from the ulna are 

related to calcium intake and activity level whereas the 

radius measurements are not. The bone mass of the radius 

may be more tightly controlled by genetic determinants than 

the mass of the ulna. At this time, this inferance can only 

be advanced as a hypothesis to be investigated in future 

studies. 

The correlations among bone mineral index values 

are lower than the correlations for content measurements. 

This indicates that bone width has an important affect on 

the assessment of bone status. Moveover, it is also 

suggested that although the correlation between bone mineral 

content values for different locations of the skeleton are 

good, the correlation between the actual bone mineral index 

2 
measures (gm/cm ) of these sites are somewhat lower. 

Calcium Intake 

As expected, the calcium intake estimated by the 

dairy product questionnaire is lower than the estimate by 

the recall. These estimations indicated that dairy products 

account for 80 percent of the calcium intake for subjects in 
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this study. This percentage is higher than an estimation of 

60 percent by Robinson and Lawler (1977). 

The estimation of calcium intake by the recall is 

compared to data from the first Health and Nutrition 

Examination Survey (HANES) in Table 25. The calcium intake 

of children in this study was 23 percent higher than HANES 

data. This may be the result of the assessment procedure or 

sample variation. The possible effect of extreme values 

for one or two subjects has to be considered. For example, 

subject number 13 had an estimated calcium intake of 3988 mg 

per day. This subject had recently started a weight lifting 

program and was consuming extra glasses of milk with meals 

and milkshakes between meals. However, even after 

eliminating this subject's data, the mean intake from this 

study was still higher than' HANES data. 

Calcium Intake and Bone 

The findings of this study only partly support the 

hypothesis that bone status and calcium intake are related. 

From regression analysis, the estimation of calcium intake 

by the frequency questionnaire is found to be significant in 

predicting midshaft ulna bone mineral index when age is also 

entered as an independent variable. The multiple regression 

equation from this analysis is: 

y = 0.00053(calcium) + 0.045272(age) - 0.17189. 



Table 25. Published Data for Calcium Intake. 

Calcium Intake 
Study Age Median Mean 

(mg) (mg) 

HANES Ia 
F 10-11 961 1091 

M 10-11 1119 1194 

F 12-14 847 964 

M 12-14 1202 1262 

F 15-17 720 621 

M 15-17 1243 1401 

This Study 
F 10-15 1126 1167 

M 10-15 1561 1628 

HANES I data cited here are for white children 
from families with incomes above the poverty 
level. 
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Calcium intake from the frequency questionnaire is 

more closely related to bone mineral than the calcium intake 

from the recall method. This finding may be due to the 

questionnaire being a better indicator of long term calcium 

intake patterns. It is calcium intake over many years which 

is expected to be related with bone mass rather than recent 

intake. 

The midshaft ulna site was significantly related to 

calcium whereas the distal site was not. The trabecular bone 

content of the distal portion site is thought to make this 

area more sensitive to dietary calcium (Cummings et al., 

1985). However, the types of bone found during growth 

include more than just cortical and trabecular (Skipman et 

al., 1985, pp. 18-19). The bone mass to volume ratios of 

these bone types varies. Moreover, the proportion of bone 

types in a localized areas is changing throughout growth. 

Since during adolescence the shaft of long bones is 

undergoing rapid growth, both subperiosteal and endosteal, 

the sensitivity to calcium may result from changes in the 

type of bone at this location. Thus, as found in the study, 

the bone shaft could be as sensitive to calcium intake as 

the distal portion. 

As for the midshaft radius, the site used to select 

subjects, no evidence for calcium intake relating to bone 

mineral was found. Regression analysis with bone mineral 
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groups coded as independent variables showed the groups are 

not different in their calcium intake. 

The lack of support for one of the major hypotheses 

of this study may be due to the level of calcium intake of 

this sample. In the study by Eyberg et al. (1986) from 

South Africa, the calcium intake of the children was less 

than 450 mg per day. The standard for evaluation of calcium 

intake used in the HANES study was 450 mg. Garn and Wagner 

(1969), using estimations of bone mass from roentgenograms, 

predicted that during the peak growth period of adolescence 

the amount of calcium retained by males and females was 283 

mg and 198 mg, respectively. If 40 percent of dietary 

calcium is absorbed, males would need to consume 700 to 800 

mg of calcium per day. The critical level of calcium for 

females would be 500 to 600 mg. In this study, only four 

subjects were found to have a calcium intake around or below 

the level that seems to be critical. The calcium intake and 

bone mineral index values for these subjects are given in 

Table 26. With the exception of subject number 24, the 

subjects with lowest calcium did not have low bone mineral 

index values. Subject 24 had the lowest estimated calcium 

intake and also very low bone mineral index values. 

A low calcium intake could certainly be a limiting 

factor to bone growth. However, at high intakes charac

teristic of this sample, the relationship of calcium to bone 

mass may not be apparent. The findings of this study 



Table 26. Bone Mineral Index Values of Subjects with Low Calcium Intake. 

o 
Bone Mineral Index (g/cm ) 

Midshaft Distal 
Subject Age Calcium Calcium Radius Olna Radius Ulna 
Number (recall) (dairy 

products) 

(yr) (mg) (mg) 

14 M 12.4 884 486 
• 4 9  »  

.41 .31 .30 
(.47)* (.45) (.32) (.22) 

15 F 14.2 317 881 .63 .55 .35 .24 
(-62) (.52) (.33) (.24) 

22 M 14.3 688 694 .53 .55 .34 .31 
(.64) (.55) (.36) (.31) 

24 M 15.3 393 313 .61 .47 .29 .21 
(.60) ( 5 6 )  (.38) (.26) 

Actual bone measurement value (Bone measurement value predicted from regression 
analysis with age and height squared as independent variables. 
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indicate the level of calcium intake of this sample is not 

significantly related to bone mass except for the mid-shaft 

ulna. Lower calcium intakes, however, may be more closely 

related to bone mass. The calcium intake of this sample is 

over 1000 mg per day in contrast to the less than 300 mg 

per day for the group in the study conducted by Eyberg et al. 

(1986). 

Activity Indices 

Five indices of activity level were calculated from 

the activity questionnaire. For activity indices one, two, 

and three, all subjects considered themselves to be at least 

moderately active. Rather than representing the actual 

activity levels of the subjects, these indices probably 

relate to how subjects perceive their activity. 

The inactivity index, based on time spent viewing 

television and involved with school activities, indicates 

subjects spent similar amounts of time in these activities. 

Since a school day is of essentially the same length for all 

subjects and every subject watched at least some television, 

the inactivity index is probably fairly accurate. This 

index would not be expected to relate to bone mineral if all 

the subjects spent about the same amount of time in 

sedentary activities. 

Activity index four is based on the amount of time 

spent participating in sport type activities. The range of 
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values for this index indicates the amount of participaton 

in sports varies from very high to very low. Thus, based on 

this observed large range this index may be the best overall 

indicator of the activity level of the subjects. 

Activity Level and Bone Status 

This study was designed to examine the relationship 

of activity level to bone mineral content in children. 

Support for this hypothesis came from only one bone mineral 

site. The distal ulna bone mineral index was found to be 

significantly related to the activity index based on sports 

participation and age in the following form: 

y = 0.8775(AI 4) + 0.1789(age) - 0.0478. 

Finding only one bone measurement site related to 

activity level may indicate this location is more sensitive 

to external stress. The mechanism causing a site to be more 

sensitive is not readily apparent. The site may be struc

turally weaker, and therefore, respond greater to stress. A 

higher metabolic activity at the site could also allow an 

enhanced adaptation to stress. Changes in both the struc

tural strength properties of bone and metabolic activity 

occur during growth. Although these mechanisms are possible 

factors, there is no evidence they actually play a role in 

this finding. 

As discussed in the previous section, the ulna is 

also related to calcium intake, but not at the distal site. 
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Thus, it seems the ulna is more sensitive to environmental 

factors than the radius. Genetics may have a greater 

influence over the structure and mass of the radius than 

over that of the ulna. 

The finding that activity level based on sports 

participation was the only activity index related to bone 

status is plausible. The differences between the time spent 

and intensity of the play activities of children is probably 

not great enough to induce large adaptations in bone status. 

In contrast, the recreational and competitive sports 

children participate in are usually very vigorous and often 

quite time consuming. In addition, as children get older 

and spend less time playing, those involved in sports 

probably continue their participation while other children 

become involved in less active pursuits. 

Participation in sports is not intended to mean 

these subjects are highly trained young athletes. Rather, 

their engaging in sports was typical of highly active 

children. Moreover, sports does not mean only organized 

team activities, but also includes recreational swimming, 

skateboarding, and bicycling. 



CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to investigate the 

influence calcium intake and physical activity level have on 

the bone mineral in children and youth aged 10 to 15 years. 

It was hypothesized that children with higher bone mineral 

index measurements would be physically more active or have 

higher calcium intakes. 

Previous research has indicated the growth and 

development of the skeleton, including the bone mineral 

index, can be compromised by low calcium intake. The 

relationship between higher levels of calcium intake and 

bone mineral in children has not been investigated. In 

addition, while the ability of bone to adapt to different 

levels of external stress is well established, the relation

ship between the activity level of children and bone mineral 

has not been described. Knowledge about the factors that 

influence bone mineral during childhood may help develop ways 

to reduce the risk of osteoporosis later in life. 

The bone mineral index at four sites in 30 children 

ages 10 to 15 years was measured by single photon absorp

tiometry. The subjects were a subsample of an earlier study 

and selection was designed to produce groups with high, 

97 
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medium, and low midshaft radius bone mineral index values. 

The calcium intakes and activity levels of the subjects were 

assessed by questionnaire. Regression analyses with the 

high, medium, and low groups coded as independent variables 

were used to determine whether groups had different calcium 

intakes or activity levels. In addition, multiple regres

sion analyses were performed for the bone mineral measure

ments of the total sample with calcium intake and activity 

level as independent variables to determine if any 

significant relationships existed. 

Findings of the Study 

The major findings of this study were as follows: 

1. The correlation between bone mineral index measurements 

at the midshaft radius taken 9 to 12 months apart ranged 

from .73 to .90. 

2. Although the correlation between measurements was high, 

the bone mineral index value of the low group regressed to 

the mean. For the first measurement, the low group was 16 

percent below the medium group's value, whereas it was only 

10 percent below for the second measurement. 

3. The bone mineral values obtained in this study were 

similar to published data for children. 

4. The estimated calcium intake of the entire sample in 

this study (1388) was 23 percent higher than previously 

published data for this age group (HANES I—1132 mg). 
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5. Multiple regression analysis found the calcium intake 

estimated by the frequency questionnaire to be significantly 

related to the midshaft ulna bone mineral index. This was 

the only site to which calcium intake was significantly 

related. 

6. Multiple regression analysis found activity index four 

(participation in sports) to be significantly related to the 

distal ulna bone mineral index. No other activity index was 

found to be significantly related to any bone mineral index 

site. 

7. The high, medium,.and low midshaft radius bone mineral 

index groups were found to be similar in their level of 

calcium intake and physical activity. 

Conclusions 

The following conclusions can be drawn based on the 

findings within the limitations of this study: 

1. The high, medium, and low midshaft radius bone mineral 

index groups were not found to differ in their level of 

calcium intake. Calcium intake was found to be 

significantly related to the midshaft radius bone mineral 

index. Thus, the findings only partially support the 

hypothesis of this study. 

2. A significant relationship between the activity index 

based on participation in sports and the distal ulna bone 

mineral index was found. As this was the only bone mineral 
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index site found to be related to any activity index, the 

hypothesis that activity level influences bone mineral was 

only partly supported. 
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APPENDIX A 
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DEPARTMENT OF EXERCISE AND 

SPORT SCIENCES 

BODY COMPOSITION LABORATORY 
DIET HISTORY 

Name Subject Number. 
Data 
Ht. cm Wt. . kg 

INFANCY(parent) 

1) Was your child breast fed?. 
If yea, until what age? 
If yea, did he/she also recieve: milk ? formula. 
If yes, what kind of formula? 

2) Has your child formula fed? 
If yes, until what age?. 
If yes, what kind: ready-to-feed?_ 

concentrated liquid?, 
other? 

3) At what age did your child begin to drink milk?. 

4) Has your child ever had any adverse reactions to milk, such 
as diarrhea, gas, bloating, or vomiting? 

5) During infancy did your child receive a vitamin or mineral 
supplements? 

Early Childhood(parent) 
Frequency of Consuming Dairy Products: 

Milk 

Every meal 
(218/wk) 

frequently 
(11-17/wk) 

sometimes 
(4-10/wk) 

rarely 
(<l/wk) 

Cheese 

Yoffhui-fc __ i 

Ice cream 

1 
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CURRENT(child) 

Milk (291mg per cup, whole) 

Breakfast S Lunch S Dinner S 

Always (7) 
Frequently (5-6) 
Sometimes (3-4 V 
Infrequently (1-2). 
Never (01 

Cheese (220mg per oz.) 

Alwavs f71._ 
Breakfast 6 Lunch S Dinner S 

Frequently (5-6) 

Infrequently (1-2). 
Never (0) 

Yoghurt(345mg per cup, fruit flavored; 415mg per cup, plain) 

Which type of yoghurt do normally eat? fruit flavored plain 

Alwavs (71 
Breakfast S Lunch S Dinner S 

Frequently (5-61 
Sometimes (3-4) 
Infrequently (1-2). 
Haver (01 

Ice Cream(176mg per cup) 

Alwavs (7) 
Breakfast S Lunch S Dinner S 

Ff-nqiinnl+.y (5-6) . 
Sometimes (3-4) 
Infrequently (1-2). 
Nnvnr 101 

Have your milk drinking habita changed? 
-use to drink milk but not now 
_did not drink before but do now. 

Note: (number of times per week); S=snack) 

2 
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24-hour Recall 

When Food Item Quantity 

Vitaoln/ialneral supplements: 

3 
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PHYSICAL ACTIVITY QUESTIONNAIRE 

Name: 
Last First Middle 

Sex: M F 
Birth date (M/D/Y): 

Subject tt '• 
Today's date (M/D/Y) 

2. 

3. 

4 .  

In general, how would you rate your overall health? 
a) poor 
b) below average 
c) average 
d) above average 
e) excellent 

Relative to your age, how do you view your current activity 
level? 

a) very low 
b) low 
c) average 
d) high 
e) very high 

How important is daily physical activity to you? 
a) not important 
b) somewhat important 
c) beneficial 
d) important 
e) very important 

How would you rate your overall level of activity for the 
ages listed? 
6-9 years ___ 9-12 years _____ 12-15 years 

a) very low 
b) low 
c) average 
d) high 
e) very high 

How would you rate the games you played most often for the 
ages listed? 
6-9 years 9-12 years 12-15 years 

a) sedentary games requiring no running or jumping, 
such as board games, drawing, coloring, puzzles, etc 

b) low activity games requiring little jumping or 
running, such as swings or four square. 

c) average activity games requiring some jumping _ and 
running, such as dodge ball and hopscotch. 

d) above average activity games requiring alot of 
running and jumping, such as hide-and-seek and kick 

e) high activity games requiring mostly running and 
jumping such as jump rope and tag. 

ball. 

1 
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6. Indicate the number of hours of television you watch per day 
for the ages listed: 
6-9 years 9-12 years _____ 12-15 years 

a) 0-1 
b) 1-2 
c) 2-3 
d) 3-4 
e) 4 or more 

7. Indicate the number of hours of reading/studying per day for 
the ages listed: 
6-9 years 9-12 years __ 12-15 years 

a) 0-2 
b) 2-4 
c) 4-6 
d) 6-8 
e) 8 or more 

8. Indicate the number of hours of physical activity per day 
for the ages listed: 
6-9 years _____ 9-12 years 12-15 years 

a) 0-1 
b) 1-2 
c) 2-3 
d) 3-4 
e) 4 or more 

9. Have you ever walked or bicycled to school? 
If yes, please indicate the grade level, the mode used, 
and the distance traveled to and from school (including 
the present). 

grade (1-9) mode (walking or bicycling) distance 

10. Do you currently attend a physical education class in 
school? 
If yes, how many hours each day do you attend this class? 

11. Were you ever immobilised due to injury? 
If yes, please answer the following questions: 
At what age did this occur? 
For how long were you immobilized? 
What part of your body was immobilized? 

12. Please indicate the following heights as accurately as 
possible: 
Mom: • " 
Dad: ' " 

2 
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Please fill out the following chart aa completely as possible 
including whether parcipation was in an organised or nonorganized 
form: 

organized(o) 
Activity nonorgained(n) Hra/Day Days/Week ffeeks/Yr Ages 

aerobics _____ _____ ______ _____ 
basketball _____ _____ 
baseball/aof tball _____ ____ _____ 
bicycling _____ 
dancing _____ 
football _____ 
gymnastics 
hiking 

(backpacking) _____ 
( 2 - 8  h r .  w a l k s )  

hockey (field) _____ 
hunting _____ 
iceskating 
jogging/running ____ 
karate/judo _____ 
phys. ed. class _____ 
racquetball _____ _____ 
riding (horseback) 
roller skating _____ 
skateboarding _____ 
skiing 

(cross-country) 
(downhill) 

soccer _____ 
swimming ____ 
tennis 
track & field 

(distance i400 m.) ' _____ 
(hurdles) _____ 
(jumps) 
(pole vault) 
(sprints <400 m.) 
(throws) 

volleyball • _____ 
walking 

( 3 0  m i n  o r  m o r e )  _ _ _ _ _  
weight lifting _____ 
wrestling _____ 
others: please list below 

3 
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BODY COMPOSITION LABORATORY 

EXERCISE AND SPORT SCIENCES DEPARTMENT 
Univarsity of Arizen* 

PARENT/GUARDIAN INFORMED CONSENT 
FOR THE BODY COMPOSITION DEVELOPMENT IN CHILDREN AND YOUTH 

You (your child) are being invited to participate in a 
rasearch study to assess the nutriant content o-f the diet and to 
measure • bone mineral content. You (your child) have been asked 
to participate because you (your child) are a healthy individual 
between the ages of 9 and 15. The anticipated number of 
participants in this study is 36. 

If you (your child) agree to participate, your child will be 
asked to come to the Exercise and Sport Sciences Laboratory one 
time only. At this time specially designed nutrition and 
physical activity questionnaires will be completed during an 
interview conducted by a research technician. The bone mineral 
content measurement will also be made at this time. For this 
measurement, a small amount of radiation is delivered to a one-
half inch seetion ef the forearm. This amount of radiation is 
the same as 1/100 delivered in a typical x-ray of the forearm. 

The benefits of this study to the participants involved 
inculude a nutritional assessment of their diet. However, the 
significance of the study lies in potentially better 
understanding the relationship between the diet and bone mineral 
content of children. 

I have read the preceding description and understand the 
nature of the proposed reseach activity in which my child, 

• is to be involved. I have been 
informed of the need for the research and the risks involved and 
may withdraw my ehild form participation at any .time 'throughout 
the course of the research activity. I also understand that this 
consent form will be files in as area designated by the Human 
Subjects Committee with access restricted to the principle 
investigator or authorized representatives of the particular 
department. A copy of this consent form is available to me upon 
request. In addition, I understand that Mr. M.C. Hall (621-2343) 
will provide more information whenever necessary. 

Signature of Parent/Guardian Date 

Child's Name 

1 
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Mr. tl.C. Hall has e«plained what ha wants ma to do far him and I 
understand his explanation. 

Child's Signature Date 

I have carefully explained to tha subject tha natura of the 
above project. I heraby certify that to the best of my knowledge 
the subject who is signing this consent from understands clearly 
the nature, demands, benefits and risks Involved in 
participating in this study. A medical problem or language or 
educational barrier has not precluded this understanding. 

Investigator's Signiature Date 
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GENDER, AGE, HEIGHT, WEIGHT, DEVELOPMENTAL STATUS FOR EACH SUBJECT 

Subject Gender Age Height Weight Developmental 
Number Status 

1 F 1 3 . 5  173 5 2 . 0  2 
2 F 1 1 . 5  150 5 1 . 5  2 
3 M 1 3 . 3  172 8 8 . 1  2 
4 M 1 3 . 7  155 4 8 . 0  3 
5 F 1 1 . 2  146 4 7 . 0  1 
6 M 1 4 . 8  178 5 4 . 5  3 
7 F 1 4 . 6  151 5 3 . 0  3 
8 F 1 2 . 8  170 7 4 . 0  2 
9 F 1 4 . 1  170 6 8 . 1  3 
10 F 1 3 . 0  158 4 3 . 3  2 
11 F 1 3 . 0  166 4 7 . 7  2 
12 M H . 7  157 3 4 . 7  2 
13 M 1 4 . 2  168 4 9 . 7  3 
14 M 1 2 . 4  165 5 2 . 6  2 
15 F 1 4 . 2  164 7 8 . 4  3 
16 M 1 5 . 1  1 7 4  7 0 . 7  3 
17 F 1 1 . 5  164 7 3 . 0  0 
18 F 1 5 . 6  180 9 2 . 0  0 
19 M 1 3 . 8  162 5 1 . 5  3 
20 M 1 1 . 4  1 5 3  4 4 . 2  1 
21 M 1 5 . 5  168 5 8 . 5  3 
22 M 1 4 . 3  154 4 8 . 0  2 
23 F 1 2 . 0  157 4 2 . 1  2 
24 M 1 5 . 3  1 7 3  5 7 . 5  3 
25 M 1 5 . 0  171 6 1 . 5  3 
26 F 1 1 . 0  145 3 5 . 7  0 
27 F 1 2 . 6  154 3 7 . 2  2 
28 M 1 1 . 6  144 4 4 . 1  1 
29 M 1 2 . 8  1 5 3  3 9 . 6  1 
30 M 1 3 . 8  154 4 3 . 1  2 
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CALCIUM INDICES AND ACTIVITY INDICES FOB EACH SUBJECT 

Subject Calcium Inactivity Activity Indices 

Number Rocall Frequency Index 12 3 4 

1 1504 1277 1 . 6  4 . 7  4 . 0  4 . 3  6. 
2 1407 1209 2 . 2  3 . 0  2 . 5  3 . 0  2. 
3 1730 1304 3 . 0  3 . 7  3 . 5  2 . 0  2. 
4 1131 836 3 . 0  3 . 0  3 . 7  3 . 7  3. 
5 846 1043 3 . 5  4 . 0  3 . 0  3 . 0  7. 
6 1200 1084 2 . 5  3 . 3  4 . 3  3 . 0  5. 
7 748 712 1 . 6  3 . 3  4 . 0  3 . 7  2. 
8 1272 975 2 . 8  3 . 0  3 . 3  4 . 0  1.  
9 1111 1073 2 . 0  3 . 5  3 . 5  4 . 0  2. 
10 1005 967 3 . 5  4 . 0  4 . 0  4 . 0  3. 
11 1010 940 3 . 2  5 . 0  4 . 8  3 . 0  1.  
12 1454 895 2 . 6  3 . 3  3 . 3  •  4 . 0  1.  
13 3988 2907 4 . 8  3 . 0  2 . 8  3 . 8  3. 
14 884 486 2 . 8  3 . 3  4 . 5  3 . 0  4. 
15 317 881 2 . 8  4 . 3  3 . 3  3 . 3  2. 
16 960 932 2 . 2  4 . 0  4 . 8  3 . 8  2. 
17 1207 1337 3 . 0  4 . 0  4 . 5  3 . 5  1.  
18 1141 712 2 . 3  4 . 3  4 . 3  4 . 7  1.  
19 2063 787 2 . 8  3 . 7  5 . 0  3 . 7  7. 
20 2373 1346 3 . 0  3 . 3  4 . 0  4 . 0  4. 
21 1235 975 3 . 0  3 . 0  4 . 0  4 . 3  7. 
22 688 694 2 . 5  3 . 7  4 . 3  3 . 7  7. 
23 1799 2143 4 . 0  3 . 0  4 . 0  2 . 0  3. 
24 393 313 2 . 7  3 . 3  3 . 7  3 . 7  3. 
25 1781 7 6 5  1 . 5  4 . 0  5 . 0  4 . 7  5. 
26 961 813 1 . 6  4 . 0  5 . 0  4 . 5  7.  
27 2021 1097 2 . 8  4 . 0  4 . 5  3 . 0  1 3 .  
28 1693 1450 2 . 8  3 . 0  3 . 5  3 . 0  4. 
29 1628 1778 3 . 5  4 . 0  5 . 0  5 . 0  1 4 .  
30 2111 1544 3 . 0  4 . 3  4 . 3  3 . 8  9. 

8 
9 
4 
9 
3 
8 
2 
9 
2 
1 
7 
3 
3 
3 
4 
8 
3 
5 
4 
6 
4 
4 
0 
6 
0 
4 
9 
7 
9 
6 
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BONE MEASUREMENTS FOR EACH SUBJECT 

Midshaft 
Radius Ulna 

Subject 
number BMC BW BMI BMC BW BMI 

1 . 7 5  1 . 1 6  . 6 5  . 6 1  1. 20 . 5 1  
2 . 5 4  1 . 1 9  . 4 6  . 4 0  1. 18 . 3 4  
3 . 5 6  1 . 3 6  . 4 1  . 7 1  1. 29 . 5 6  

4 . 9 3  1 . 3 2  . 7 0  . 6 9  1. 21 . 5 7  
5 . 6 1  1 . 1 0  . 5 5  . 4 1  1. 04 . 3 9  
6 . 7 8  1 . 3 2  . 6 0  . 5 5  1. 07 . 5 1  
7 . 8 2  1 . 2 4  . 6 6  . 5 5  94 . 5 9  
a . 7 3  1 . 3 3  . 5 4  . 5 0  1." 28 . 3 9  
9 . 8 6  1 . 3 4  . 6 4  . 6 2  1. 15 . 5 3  
10 . 5 5  1 . 0 6  . 5 2  . 4 5  1. 06 . 4 2  
11 . 6 6  1 . 3 9  . 4 8  . 5 4  1. 32 . 4 1  
12 . 4 0  . 9 4  . 4 3  . 3 4  .. 93 . 3 7  
13 . 6 1  1 . 2 2  . 5 0  . 6 9  1. 13 . 6 0  
14 . 7 8  1 . 5 9  . 4 9  . 5 8  - 1. 40 . 4 1  
15 . 7 0  1 . 1 1  . 6 3  '  . 5 9  1. 08 . 5 5  
16 . 6 4  1 . 3 3  . 4 8  . 8 4  1. 36 . 6 2  
17 . 7 3  1 . 1 2  . 6 5  . 5 5  1. 12 . 4 9  
18 . 9 8  1 . 4 3  . 6 9  . 7 1  1. 24 - . 5 7  
19 . 7 8  1 . 2 7  . 6 1  . 6 4  1. 30 . 4 9  
20 . 7 2  1 . 2 1  . 6 0  . 5 6  1. 15 . 4 9  
21 1 . 2 1  1 . 6 7  . 7 3  . 9 7  1. 61 . 6 0  
22 . 6 9  1 . 3 1  . 5 3  . 6 9  1. 26 . 5 5  
23 . 5 9  1 . 0 3  . 5 8  . 4 7  98 . 4 9  
24 . 6 4  1 . 0 6  . 6 1  . 5 9  1." 25 . 4 7  
25 . 9 3  1 . 5 3  . 6 1  . 7 2  1. 43 . 5 0  
26 . 5 1  1 . 0 0  . 5 1  . 3 8  . 93 . 4 1  
27 . 5 7  1 . 0 8  . 5 2  . 3 9  94 . 4 2  
28 . 5 4  1 . 1 6  . 4 7  . 4 5  1.' 10 . 4 1  
29 . 7 0  1 . 2 3  . 5 7  . 5 8  1. 19 . 4 8  
30 • • * * * * 

*missing data 
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BONE MEASUREMENTS FOR EACH SUBJECT 

Distal 
Radius Ulna 

Subject 
Number BMC BH BMI -BMC BW BMI 

1 . 5 6  2 . 1 5  . 2 6  . 3 5  1 . 5 5  . 2 3  
2 . 5 0  1 . 8 5  . 2 7  . 2 2  1 . 2 6  . 1 8  
3 1 . 0 8  2 . 2 4  . 4 8  . 3 1  1 . 5 1  . 2 0  
4 . 8 6  1 . 9 3  . 4 4  . 3 3  1 . 2 5  . 2 6  
5 . 4 2  1 . 7 9  . 2 3  . 1 8  1 . 2 5  . 1 5  
6 . 7 5  2 . 0 3  . 3 7  . 3 4  1 . 3 5  . 2 5  
7 . 7 0  2 . 0 4  . 3 4  . 3 2  1 . 2 5  . 2 6  
6 . 7 0  2 . 5 2  . 2 8  . 2 7  1 . 4 5  . 1 9  
9 . 8 6  2 . 1 2  . 4 1  . 3 5  1 . 3 4  . 2 6  
10 . 5 2  1 . 9 4  . 2 7  . 2 9  1 . 3 6  . 2 1  
11 . 5 4  2 . 1 1  . 2 6  . 2 8  1 . 3 9  . 2 0  
12 . 4 6  1 . 8 8  . 2 4  . 2 1  1 . 1 1  . 1 9  
13 . 6 1  2 . 3 2  . 2 6  . 3 3  1 . 3 5  . 2 4  
14 . 7 6  2 . 4 5  . 3 1  . 5 0  1 . 6 9  . 3 0  
15 . 7 0  2 . 0 2  . 3 5  . 3 4  1 . 4 4  . 2 4  
16 . 7 7  2 . 3 1  . 3 3  . 3 8  1 . 5 5  . 2 5  
17 . 6 1  2 . 2 6  . 2 7  . 2 3  1 . 4 5  . 1 6  
18 . 8 9  2 . 3 6  . 3 8  . 3 3  1 . 5 4  . 2 2  
19 . 6 5  2 . 3 1  . 2 8  . 3 4  1 . 6 4  . 2 1  
20 . 6 0  1 . 9 9  . 3 0  -.2-7 1 . 2 6  . 2 1  
21 1 . 1 8  2 . 6 4  . 4 5  . 5 1  1 . 6 1  . 3 2  
22 . 7 9  2 . 3 4  . 3 4  . 5 0  1 . 6 1  . 3 1  
23 . 5 0  1 . 9 3  . 2 6  . 2 4  1 . 3 5  . 1 8  
24 . 6 4  2 . 1 9  . 2 9  . 4 6  2 . 1 4  . 2 1  
25 . 9 2  2 . 1 9  . 4 2  . 3 8  1 . 3 6  . 2 8  
26 . 5 2  1 . 7 9  . 2 9  . 2 4  1 . 2 1  . 2 0  
27 . 5 8  2 . 1 5  . 2 7  . 3 5  1 . 4 1  . 2 5  
28 . 5 5  1 . 9 6  . 2 8  . 3 0  1 . 3 7  . 2 2  
29 . 8 2  2 . 2 0  . 3 7  . 6 3  1 . 5 1  . 4 2  
30 . 6 6  2 . 2 4  . 2 9  . 3 4  1 . 4 6  . 2 3  
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