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ABSTRACT 

This study compared bone mineral index (BMI, gm/cm2) 

of the femur, spine, and radius, measured by photon 

absorptiometry in various groups of eumenorrheic female 

athletes. The sample included body builders (11), swimmers 

(13), runners (5 collegiate, 11 recreational), and inactive 

controls (18) averaging 25 years of age, ranging from 17 to 

38 years. Lumbar vertebral BMI for body builders (1.40 

2  . . .  gm/cm ) was significantly (p < 0.05) greater than controls 

(1.25 gm/cm2). The body builders' femoral neck BMI (1.09 

2 gm/cm ) was significantly greater than swimmers (0.97 

2 2 
gm/cm ), recreational runners and controls (0.95 gm/cm ). 

Years of exercise history and calcium consumption were not 

significant predictors of BMI. Correlation coefficients 

between fat-free body and all BMI sites were significant and 

more closely related to bone mineral than other variables 

2 . . (weight, height, weight/height ). Correlation coefficients 

for proximal and distal radius BMI and femoral and spine BMI 

were significant, the distal radius having higher 

association. 

x 



CHAPTER 1 

INTRODUCTION 

The physiological mechanisms regulating skeletal 

development, skeletal integrity and the etiology of 

age-related bone loss, have yet to be elucidated (Aitken, 

1984; Rambart et al. 1975). The loss of bone mineral with 

age leads to osteoporosis, now a serious public health 

problem for the expanding elderly population of the United 

States (United States Bureau of the Census, 1984). 

Associated with osteopororis is chronic back pain, spinal 

vertebral crush syndrome, and approximately 1.2 million 

fractures including the spine and hip regions. The 

cumulative loss of bone mineral from peak value beginning in 

the second to third decade of life and continuing through 

the seventh decade ranges between 25% and 46% in women 

(Geusens et al. 1986; Riggs et al. 1981; Morgan et al. 1969; 

Garn et al. 1967). Annual United States economic costs of 

osteoporosis total approximately 6.1 billion dollars 

(Cummings, et al. 1985). 

During the last two decades, several noninvasive 

methods of quantifying bone mass of the peripheral and 

vertebral skeleton have been developed. Cameron and 

Sorenson (1963) developed single photon absorptiometry which 

1 
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provides accurate measurement of the mineral content of the 

peripheral skeleton. With the development of dual photon 

absorptiometry in the 1980's, reliable techniques for 

studying the predominantly trabecular bone of the femur and 

lumbar vertebral regions of the skeleton became available. 

As the osteoporotic fractures of greatest concern occur in 

the hip and spine regions, dual photon technology provides 

the methodological advances to research the factors 

effecting age-related bone mineral development and loss. 

The 1984 National Institutes of Health Consensus 

Development Conference stressed the need "to develop safe, 

effective, low-cost strategies which might be applicable to 

populations at large for maximizing peak bone mass, 

minimizing bone loss and preventing osteoporotic fractures" 

(Block et al. 1987). They further recommended a program of 

"modest weight-bearing exercise" for the possible prevention 

of osteoporosis. While the 1987 conference, "Research 

Directions in Osteoporosis", of the National Osteoporosis 

Foundation/National Institutes of Health, was less emphatic 

with its conclusions, it called for additional, more 

rigorous studies on the presumed effects of exercise on the 

skeletal system (Block et al. 1987). 

Bone density and mineral content depend on the amount 

of bone made during growth and its subsequent rate of loss. 

Genetic, endocrine, nutritional factors, and physical 
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activity, have all been shown to affect bone mineralization, 

but the interaction of these factors and their relative 

importance at different ages is unknown. The precise role 

of physical activity as well as type, duration and intensity 

of exercise in maximizing peak lifetime skeletal mass, and 

minimizing bone mineral loss has yet to be determined. 

Additionally, the physiological mechanisms that mediate the 

responses of bone to the exercise stimulus are unknown. 

Several possible load or force related bone remodeling 

mechanisms exist for regulating bone mass including 

mechanical forces exerted by the muscles, and the 

gravitational, hydrostatic and piezoelectrical forces 

(Rambart 1975). 

Cross-sectional studies of active men and women 

versus inactive age- and sex-matched controls (Nilsson and 

Westlin 1971; Oyster et al. 1984: Chow et al. 1986; Stillman 

et al. 1986), and athletes (Huddelston et al. 1980; Nilsson 

and Westlin 1971; Jacobson et al. 1984; Snyder et al. 1981; 

Brewer et al. 1983; Dalen and Olsson 1974; Aloia et al. 

1978; Talmage et al. 1986), suggest physical activity is 

important for determining peak bone mass and density. The 

reported group differences between active and inactive 

individuals' bone mineral indexes have ranged from 18 to 83% 

at a variety of sites using different measurement 

techniques, with a greater bone mineral index in physically 
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active subjects compared to inactive controls (Nilsson and 

Westlin 1971; Oyster et al. 1984; Chow et al. 1986; Stillman 

et al. 1986). Significantly higher bone mass has been 

reported for highly trained athletes compared to 

non-exercising controls. These studies show differences in 

bone mineral indexes between athletes and controls ranging 

up to 50% (Nilsson and Westlin 1971; Dalen and Olssen 1974; 

Aloia et al. 1978; Snyder et al. 1984; Brewer et al. 1983; 

Jacobson et al. 1984). Results from these comparative 

studies have been site-specific with the more labile, 

trabecular skeletal sites such as the lumbar spine showing a 

mean difference between athletes and controls of 10-16% 

(Jacobson et al. 1984; Snyder et al. 1984) and at the femur 

a difference of 12-50% (Dalen and Olssen 1974; Nilsson and 

Westlin 1971) in bone mass than the appendicular, more 

cortical bone sites such as the radius. 

Research supports the role of chronic physical 

activity in maintaining and increasing site specific bone 

mineral (Jones et al. 1977; Watson, 1973; Dalen, 1974). 

Studies involving comparisons of the bone mass of the 

dominant limb in athletes to the bone mass of the 

non-dominant limb control for the confounding factors such 

as genetic endowment, nutrition, metabolism and selection 

biases that are inherent in cross-sectional studies. 

Several investigators have reported greater radius and ulna 
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widths, and increased humerus cortical thickness in the 

dominant playing arm of young professional tennis players 

compared to the non-dominant arm. Similar results have been 

shown in two groups of older recreational tennis players 

with a long history of participation in the sport. (Buskirk 

et al. 1956; Jones et al. 1977; Priest et al. 1977; Montoye 

et al. 1976, 1979, 1980; Huddleston 1980; and Plato 1980; 

Jacobson et al. 1984; Awbrey et al. 1984). 

In an investigation by Nilsson and Westlin (1971), 

using dual photon absorptiometry, a 26.8% greater bone 

mineral content in the femur of active, college-aged men, 

compared to inactive controls was observed. Results from 

studies have shown bone mass to vary across athletic popula

tions such that, among athletes, bone mass is positively 

correlated with the load demanded by the sport (Nilsson and 

Westlin 1971; Jacobson et al. 1984). Nilson and Westlin 

(1971) observed higher bone mineral content in male weight 

lifters (0.247 gm/cc bone mineral index) compared to 

swimmers (0.226 gm/cc) and non-exercising controls (0.168 

gm/cc BMI). 

More recently Jacobson et al. (1984), studied the 

2 bone mineral index (gm/cm ) of the arm and spine in female 

intercollegiate swimmers, tennis players and older athletic 

women as well as age matched nonathletic women. The 

collegiate tennis players had 16% greater bone mineral 



content in their dominant arm compared to their non-dominant 

arm. The radius bone mineral density of the intercollegiate 

athletes was not significantly greater than the inactive 

control sample. In the lumbar spine, only the bone mineral 

index of the tennis players was significantly above the 

control group. In the eighty-six older athletic women, bone 

mineral index was higher at the arm and spine sites than 

their age matched controls. The distal radius and lumbar 

spine bone mineral index values of the 20-40 year old and 

the 40-55 year old athletic women was significantly greater 

than the age matched nonathletic women. In the 55-75 year 

old athletic group, the women had arm and spine bone mineral 

measurements above those of the younger nonathletic women 

and in the same range as the younger athletic women. The 

nonathletic women over 55 years of age had the lowest bone 

mineral values. With the completion of more studies, using 

dual photon methodology to quantify the bone mineral content 

especially in the hip and spine, the role of exercise in 

maximizing peak skeletal mass and maintaining bone mineral 

can be better studied. 

STATEMENT OF THE PROBLEM 

The precise role of physical activity in maximizing 

peak lifetime skeletal mass, and preventing bone mineral 

loss below fracture risk values, has yet to be determined. 
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Research is needed to define more precisely the intensity, 

duration and mode of exercise needed to stimulate skeletal 

mass during the optimum years of bone growth. 

The purposes of the study were to quantify and 

compare the bone mineral index of the femur, lumbar 

vertebrae, and radius, in eumenorrheic female swimmers, 

collegiate runners, recreational runners, and body 

builders, as well as an inactive group of young adult women. 

Secondly, to determine how closely the bone mineral index 

measurement sites at the radius, femur, and lumbar vertebrae 

are interrelated. And lastly, to determine the variation in 

bone mineral index associated with physical activity history 

and average daily dietary calcium. 

Specific questions to be investigated include: 

1. Is there a significant difference in the bone mineral 

index between each athletic group and the inactive women? 

2. Are there significant differences in the bone mineral 

index of specific sites among female athletic groups from 

different sports? 

3. How closely are various bone mineral sites at the arm, 

spine and hip interrelated? 

4. Within athletic groups is there a relationship among 

history of physical activity, consumption of calcium foods 

in the diet, and bone mineral index? 
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RESEARCH HYPOTHESES: 

1. There will be significantly (p < 0.05) greater spine, 

hip, and arm bone mineral index in the athletes than the 

inactive women. 

2. It is hypothesized that the body builders, collegiate 

runners, and recreational runners will have significantly 

greater (p < 0.05) lumbar vertebral spinal and femoral bone 

mineral indexes than the swimmers. 

3. It is hypothesized that the body builders will have 

significantly (p < 0.05) greater forearm distal and proximal 

bone mineral index than the collegiate runners, recreational 

runners, and swimmers. 

4. It is hypothesized that the forearm distal bone mineral 

index site is more closely related than the proximal site in 

predicting spinal bone mineral index, and neither can serve 

as a substitute to the spine and hip bone mineral index 

site. 

5. Within athletic groups, it is hypothesized that those 

athletes with the longest history of physical activity and 

highest consumption of calcium containing foods will have 

the highest bone mineral index. 
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SCOPE OF THE STUDY 

This study included forty athletic women 

participating in ongoing training and competing in the 

sports of swimming, running, or body building. 

Additionally eighteen inactive women were studied so the 

entire population totaled fifty-eight women. These women 

ranged in age from seventeen to thirty-eight years of age 

with a mean age of twenty-five years. All subjects were 

measured for body composition using anthropometry (height, 

weight, skeletal breadths, circumferences, skinfolds); 

densitometry (hydrostatic weighing); and photon 

absorptiometry (single photon and dual photon) at the arm 

(distal and mid shaft locations), hip, and spine locations. 

Each subject completed a medical history, history of 

physical activity questionnaire, and frequency of consump

tion of calcium foods in the diet questionnaire. 

DEFINITION OF TERMS 

The following definitions were used throughout this 

study: 

Inactive control women. 

Qualification as a control subject required the women not be 

participants in any organized physical activity program. 



10 

Their major activity level was defined as walking as a means 

of locomotion and not for exercise purposes. 

Eumenorrheic female athlete. 

Eumenorrheic athletes were defined as those athletes having 

eleven through twelve menstrual cycles per year with a 

duration of twenty-seven to thirty-four days per cycle. 

Single photon absorptiometry. 

Assessed the amount of bone mineral present at the time of 

measurement at the distal and proximal radius and ulna, 

using a Iodine-125 radionuclide source. 

Dual photon absorptiometry. 

Assessed the amount of bone mineral present at the time of 

measurement at the femoral neck, greater trochanter, and 

Ward's triangle region of the hip and spine lumbar vertebrae 

1 through 4, using a gadolinium-153 radionuclide source. 

Femoral scan. 

The subject's greater trochanter is positioned 2 cm proximal 

to the localizer light of the scan. The scan begins distal 

to the ischium and medial to the femur. The scan covers an 

area of approximately 12 cm longitudinally by 18 

cmtransversely, approximately 48 scan lines which includes 
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the proximal greater trochanter, and proximal femur, includ

ing the femoral neck and Ward's triangle. See appendix 

figure 2. 

Ward's triangle. 

Area within the femoral neck which is critical for bone 

strength (Lunar 1985). See appendix figure 2. 

Bone mineral content. 

The amount of mineral mass in the cross section of the bone 

scan. 

Bone mineral index. 

Bone mineral index was calculated as the quotient of bone 

mineral content (g/cm) divided by bone width (cm). This 

2 index, BMC/W (g/cm ), is used to normalize the data for bone 

size. 



CHAPTER TWO 

LITERATURE REVIEW 

Bone mineral mass for a given individual is influenced 

by both genetic and environmental factors. The quantity and 

quality of bone attained at a given age is, in part, a 

function of dietary habits, physical activity history, 

gynecological history, frame size, as well as smoking and 

caffeine consumption among other factors. The major areas 

to be covered in the following review of the literature 

include athletes and bone mineral content, inactivity and 

bone mineral content, mechanisms underlying bone mineral 

changes, methodology of bone mineral assessment, and 

summary. 

Athletes and bone mineral content 

Research supports the role of chronic physical 

activity in maintaining and increasing site-specific, bone 

mineral (Jones et al. 1977; Watson 1973; Dalen 1974). 

Studies comparing the dominate and nondominant limbs of 

athletes, control for the factors of genetic endowment, 

nutrition, and metabolism. Tennis players, young adult and 

older adults as well as world class to recreational, have 

12 
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been studied using single photon absorptiometry showing 

increases in bone mineral content and bone widths of the 

dominate side versus the non dominate side and additionally 

over that of control subjects (Buskirk et al. 1956; Jones et 

al. 1977; Priest et al. 1977; Montoye et al. 1976, 1979, 

1980; Huddleston 1980; and Plato 1980). Results of the 1980 

National Senior Clay Court Tennis Championships for men, 

mean age 64 years, with a mean of 40 years playing history 

and average of 8 hours of tennis per week, show a 13% 

increase in mineral and 4% increase in width of the dominate 

humerus compared to the non dominate humerus; 8% increase in 

mineral and 4% increase in width of the dominate radius over 

the nondominate radius; and for the dominate ulna a 1% 

increase in mineral was measured with no change in its width 

over the nondominate ulna (Montoye et al. 1980). More 

recently Jacobson et al. (1984), studied the bone mineral 

2 index (gm/cm ) of the radius in female intercollegiate 

tennis players whose dominant arm had 16% greater bone 

mineral content compared to their nondominate arm. The 

potential for selection bias is high in cross-sectional 

studies; thus when athletes' dominant and nondominant limbs 

are compared each athlete serves as his own control and 

selection bias is avoided. 

Cross-sectional studies of athletes versus inactive 

age- and sex-matched controls supports the hypothesis that 
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regular physical exercise is important for determining peak 

bone mass and density (Huddelston et al. 1980; Nilsson and 

Westlin 1971; Jacobson et al. 1984; Snyder et al. 1981; 

Brewer et al. 1983; Dalen and Olsson 1974; Aloia et al. 

1978; Talmage et al. 1986). In a number of these studies, 

significantly higher bone mass has been reported with 

differences in bone mineral indexes between highly trained 

athletes and non-exercising controls ranging up to 50% 

(Nilsson and Westlin 1971; Jacobson et al. 1984; Dalen and 

Olssen 1974; Aloia et al. 1978). Results from these 

comparative studies have been site-specific with the more 

labile, trabecular skeletal sites such as the lumbar spine 

showing a mean difference between athletes and controls of 

10-16% (Jacobson et al. 1984; Snyder et al. 1984) and the 

femur a difference of 12-50% (Dalen and Olssen 1974; Nilsson 

and Westlin 1971) in bone mass than the appendicular, more 

cortical bone sites such as the radius. 

When recreational athletes are compared with inactive 

controls the reported bone mass differences are less 

striking (Nilsson and Westlin 1971; Jacobson et al. 1984). 

In Nilsson and Westlin's (1971) control group (N=39) 

individuals who exercised on a regular basis had 

significantly greater distal femur bone mineral density than 

those who did not exercise. A gradient from highest distal 

femur bone mineral density of international level athletes 



15 

(N=9, 0.252 g/cc + 0.05 g/cc, mean + standard deviation 

respectively) decreasing to "ordinary" athletes (N=55, 0.236 

g/cc + 0.05 g/cc) and "exercising" controls (N=24, 0.213 

g/cc + 0.03 g/cc) decreasing to "non exercising" controls 

(N=15, 0.168 g/cc + 0.04 g/cc) was found. Bone mass 

differences were also found to vary across athletic popula

tions such that, among athletes, bone mass was positively 

correlated with the load demanded by the sport. The eleven 

weight lifters had the greatest distal femur density, 0.247 

g/cc + 0.06 g/cc, the twenty-five runner's femur density was 

0.235 g/cc + 0.05 g/cc, and the nine swimmers were measured 

the lowest with 0.226 g/cc + 0.04 g/cc femoral mineral 

content. 

Results of the first decade of studies, examining the 

skeletal status among female athletic groups with the 

femoral neck, lumbar vertebrae and radius as the measurement 

sites and single and dual-photon absorptiometry as the 

instrument of measurement, can now be interpreted and 

compared. Recently, Jacobson et al. (1984), documented the 

bone mineral of the arm and spine in female intercollegiate 

swimmers, tennis players and older athletic women as well as 

age matched nonathletic women. The radius mid and distal 

bone mineral density of the intercollegiate athletes was not 

significantly greater than the control population. In the 

lumbar spine, only the bone mineral of the intercollegiate 
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2 tennis players (1.51 gm/cm +0.04 gm/cm2) was significantly 

greater, (p < 0.02) than the control population with 1.36 

2 2 gm/cm + 0.05 gm/cm ). The intercollegiate swimmers mean 

2 lumbar vertebrae density measurement of 1.32 gm/cm + 0.03 

2 gm/cm was less than their age-matched control group with 

2 2 1.36 gm/cm + a 0.05 gm/cm . The 20-40 year old athletic 

2 group of women had a lumbar vertebrae content of 1.36 gm/cm 

2 . . . ± 0.06 gm/cm , significantly higher (p < 0.05) than their 

2 2 non athletic control group with 1.22 gm/cm + 0.03 gm/cm 

lumbar vertebrae density. The distal and mid radius bone 

2 mineral density of this athletic group (0.42 gm/cm and a 

2  .  . . .  0.73 gm/cm respectively) was significantly greater (p < 

2 2 0.01) than the control group (0.38 gm/cm and 0.70 gm/cm ). 

Snyder et al. (1986) measured the bone mineral content 

of the midshaft radius (nondominate arm) and lumbar two 

through five vertebrae of seven eumenorrheic United States 

elite lightweight (< 59 kg) oarswomen and nine non athletic, 

control women matched for age (range 20-28 years), height, 

weight and race (white). The U.S. oarswomen followed the 

following exercise regime for 3.8 years: two to four hours 

per day, seven days week of rowing; 38-64 km week of running 

spread over seven days per week; and three to four weight 

lifting sessions a week. The lumbar vertebrae two through 

five bone mineral index of the eumenorrheic oarswomen was 
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2 2 1.67 g/cm and the controls was 1.44 g/cm . The radial bone 

2 mineral content of the oarswomen was .86 g/cm and the 

2 controls was .41 g/cm . Drinkwater et al. (1984) combined a 

sample of eleven eumenorrheic runners with three oarswomen 

and described their radius and lumbar one through four 

vertebral bone mineral index. The radius bone mineral index 

2 was a 0.67 gm/cm and lumbar one through four was 1.30 

gm/cm2. Drinkwater did not measure a control group for 

comparisons. 

Marcus et al. (1985) measured six eumenorrheic 

competitive distance runner's radial bone mineral density. 

Maximal oxygen uptake of the runners was 57.6 ml/kg/min and 

all had run marathons under three hours. Their training 

program averaged 93 km per week run. Their mid-radial bone 

2 mineral density was 0.72 g/cm , which Marcus et al. (1985) 

compared to the age-matched nonathletic controls of Cann et 

al. (1984) with 0.71 gm/cm2 BMI. 

Inactivity and bone mineral content 

Inactivity, such as prolonged periods of bed rest, 

periods of immobilization, and prolonged periods of the 

weightlessness of space flight; have led to increases in 

urinary excretion of calcium, nitrogen, and a decalcifica

tion of bones. Steinhaus (1933) studied the effects of 

immobilization and denervation on the growth of bones in the 
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extremities of young dogs and rabbits. These bones were 

lighter in weight and had less mineral content and greater 

water content. Radiographic and histologic analysis showed 

signs of greater activity at the epiphyseal zones over those 

bones not immobilized and denervated. The increased bone 

lengths and decreased bone diameters were considered to be 

the result of the absence of compressive forces and removal 

of muscular tensions, respectively. In a human study of 

three young adult males confined to bed rest for thirty 

weeks, Donaldson et al. (1970) measured an average total 

body calcium loss of 4.2%. The calcaneus mineral loss 

ranged from 25-45%. In this experiment calcaneus 

remineralization occurred at approximately the same rate of 

its loss following resumption of activity during the three 

week measurement period after bed rest. The bone loss of 

weightlessness has been seen to be even more rapid, with 

measurements using radiographic densitometry of the 

calcaneus, in the four to fourteen day Gemini missions, 

ranging from three to fifteen percent (Mack et al. 1967). 

The smallest losses in the calcaneus bone mineral content 

(3%) occurred following the fourteen-day Gemini flight which 

has been associated with the additional variable of an 

isotonic and isometric exercise program the astronauts 

participated in during the mission (Mack et al. 1967). 

Exercise components were added to later Skylab and Salyut 
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missions as countermeasures to the bone mineral losses of 

the trabecular weight supporting bones. The loss in mineral 

content of the calcaneus bones was lessened to the same 

extent in both nations' crew members following the added 

countermeasures (Rambaut 1987) . The countermeasures 

included: flight suit creating a 50% of body weight load 

when in an upright posture, shoe stirrup stressing the 

gastrocnemius muscle, bike ergometer exercise of 

approximately 1400 kg/m day and treadmill exercise of 

approximately 2.5 km/day for an energy expenditure of 

450-600 kcal/hour, nutrient intakes were approximately 2900 

kcal/day. Weight bearing muscular activity has been found 

to prevent the bone mineral decreases of inactivity. 

Issekutz et al. (1966) found three hours of quiet standing 

to reduce calcium decline of bed rest experiments, however 

up to four hours of supine exercise did not. Schneider et 

al. (1984) studied the effects of 5 to 36 weeks of 

continuous bed rest on 90 healthy men with a mean age of 25 

years. Throughout the study various therapeutic attempts, 

including exercise were made to prevent bone mineral loss. 

The exercise programs included exercise with a pulley system 

for 80 minutes a day, static longitudinal compression four 

hours per day at 80% of body weight, lower body negative 

pressure, and or impact loading to the bottom of the heel 

with longitudinal compression of 80% of body weight. None 
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of the physical modalities restored the negative urinary 

calcium balance or loss of calcaneal bone mineral. 

Schneider et al. (1984) concluded a lack of weight bearing 

activity causes skeletal loss. 

Mechanisms underlying bone mineral changes 

The physiological mechanisms regulating skeletal 

integrity remains elusive. Wolff (1982) stated, "Every 

change in the... function of bone...is followed by certain 

definite changes in... internal architecture and external 

confirmation in accordance with mathematical laws". Roux 

postulated that the apposition and resorption of bone is a 

biological control process which depends on the local state 

of stress (Roesler, 1981). These concepts relating the 

strain remodeling response of bone as being site specific 

are now universally accepted although the "mathematical 

laws" remain unformulated and the biological control systems 

that mediate these processes remain unknown. 

The skeleton is subjected to a variety of force 

systems that effect bone remodeling and net bone balance 

including static and dynamic muscular activity, gravity, and 

impacts which bend and twist bone causing tensile, 

compressive, and torsional strains or stress. Variables 

effecting the strain imparted on bone include the number of 
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strain cycles, peak strain magnitude, rate of strain change, 

and strain distribution (Lanyon, 1984). Bassett and Becker 

have put forth a local control mechanism of bone cell 

activity with muscular contraction and gravitational force 

activating a piezoelectrical response at the specific site 

of the stressor (Smith et al., 1982). Another possible 

mechanism is the hydrostatic pressure of the extracellular 

fluids under load regulating the remodeling process 

(Treharne, 1981). 

Carter's (1984) hypothesis of bone remodeling entails 

two interconnected control systems which regulate the net 

rate of bone resorption or deposition in response to bone 

strain history rates. From his animal studies he found the 

structural adaptations from changes in cyclic strain 

histories to be non-linear. The theory proposes a 

"physiologic band" which is site and bone specific and 

fairly unresponsive to changes in strain loading history. A 

broad range of "normal" physiologic activities maintain this 

"normal" level of bone mass. As the bone strain history 

deviates from the center of this physiologic band, 

structural adaptation resulting in bone atrophy or hyper

trophy can ensue. 
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Rubin (1984) found a "dynamic strain similarity" in a 

variety of species and over a wide range of activities. In 

his model there is an optimal strain environment that is 

regulated internally through the cross-sectional geometry of 

the bone as it is loaded as well as externally through the 

coordination of synergistic and antagonistic muscular 

activity (Lanyon and Rubin 1983). Despite animal size 

(7.3kg—2500kg) or locomotor style, the peak functional 

strains prior to failure in load bearing bones were similar 

(Rubin 1984). This represents a universal functional as 

well as structural adaptation of bone. Habitual cyclic 

loading, i.e., repetitive activity within this optimal 

strain environment has no fatigue endurance limit and causes 

constant bone remodeling (Carter et al. 1981). Increasing 

skeletal strain stimulates bone hypertrophy and decreased 

activity causes bone resorption but only to the genetic 

baseline according to Rubin's model (1984). 
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Direct photon absorptiometry by low energy (20 to 100 

keV) radionuclide transmission scanning provides a precise 

and accurate indication of local bone mineral content. The 

components of bone including fat, protein, cartilage, water 

and mineral are treated mathematically in direct photon 

absorptiometry as a two component system, that being, bone 

mineral and soft tissue or water. Essentially the 

absorptiometric method consists of passing either a single, 

low energy collimated beam of iodine radionuclide 125 

(emitting photons at 27 keV) or a dual, low energy 

collimated beam of gadolinium radionuclide 153 (emitting 

photons at 44 and 100 keV) across the bone and soft tissue. 

The radiation source is located under the subject and passes 

at a uniform speed in a rectilinear scan pattern (width of 

the bone in a one centimeter wide path) across the width of 

the bone and soft tissue. The changes in the photon beam 
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attenuation due to the amount of bone mineral and soft 

tissue present is measured with a sodium iodine crystal 

detector located above the subject. The quantity estimated 

is the bone mineral mass in gm/cm or the mass of mineral per 

rectilinear scan area (width of the bone in a one centimeter 

wide path)• Bone width is also measured in centimeters. 

The bone mineral index is then calculated as the bone 

mineral mass in gm/cm divided by bone width (cm) and is 

2 reported as bone mineral index in gm/cm ; thus normalizing 

the data for bone size. 

Single photon absorptiometry was first developed by 

Cameron and Sorenson in 1963, who based their equations on 

the following assumptions: 

1. The soft tissue is of equal thickness throughout the scan 

(Sorenson and Cameron, 1967). 

2. The total thickness of the sample is constant (Cameron, 

Mazess and Sorenson, 1968). 

3. The non-mineral substances such as water, fat and 

collagen absorb radiation to the same degree as striated 

muscle Cameron and Sorenson, 1963). 

4. All bone are of standard mineral composition (Wooten, 

Judy and Greenfield, 1973). 

The validity of the method was first determined by measuring 

in vivo sections of bone which correlated 0.99 (SEE .002 
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gm/cm2) with the actual ashed weights when these sections 

were removed (Sorenson et al. 1970) . 

Dual photon absorptiometry, available in the 1980's, 

enables a quantitative assessment of bone mineral in regions 

of the body such as the spine and femur that are 

inaccessible using the single photon technique. The use of 

the two photon frequencies permits measurements of bone 

mineral mass of non uniform thicknesses of bone and soft 

tissue. Dual photon absorptiometry is less precise than 

single photon technique. Preliminary dual photon scans of 

the spine showed a long-term precision of 4.6% using a 

spine phantom (Mazess et al. 1973). The largest source of 

error in making serial measurements or in comparing 

individuals, is not in the method itself rather in the 

location/relocation of the correct scan site or subject 

positioning (Mazess et al. 1973). 

Summary 

Skeletal mass is a function of the peak skeletal mass 

(PSM) reached early in adulthood, minus the bone mass lost 

through the process of adult bone loss (ABL) . Thus, the 

total skeletal mass at any point in mature years (m) is the 

result of the bone mass at the time of its peak (p) minus 

the cumulative adult bone loss (ABL) (Sandler, 1985). 
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(m-p) 
Total Bone Mass (xn) = PSM p - Z ABL 

(P) 

The precise role of specific exercise programs in maximizing 

peak skeletal mass, and minimizing net bone mineral loss 

below fracture risk values has yet to be determined. Until 

exercise studies are carried out on different age groups the 

above will remain unknown. Evidence in athletes show higher 

bone mineral content of the extremities, but limited 

evidence is available throughout the skeleton. This study 

is designed to provide additional evidence of bone mineral 

difference among highly active, eumenorrheic populations of 

young adult women in the hip and spine skeletal regions. 



CHAPTER 3 

METHODOLOGY 

The purpose of this study was to describe the bone 

mineral content in five groups of females: swimmers, 

collegiate runners, recreational runners, body builders 

(weight trainers) and a group of inactive women. This 

chapter includes sections on research design, sample 

selection, research procedures and data analysis procedures. 

RESEARCH DESIGN 

The descriptive method was selected for this study and 

both comparative and interrelationship designs were used. 

The subjects were selected from physically active swimmers, 

collegiate runners, recreational runners, or body builders. 

As a control group, inactive females volunteered for the 

study. 

The dependent variables for estimating body composi

tion were: bone mineral content (BMC) of the femoral neck, 

greater trochanter, and Ward's triangle region of the hip; 

spine lumbar vertebrae 1 through 4; distal and proximal 

radial and ulna arm sites, anthropometry (height, weight, 

skinfolds, circumferences and skeletal diameters), and 

densitometry (hydrostatic weighing). 

27 
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SAMPLE SELECTION 

Fifty-eight female volunteers served as subjects. The 

subjects ranged in age from seventeen to thirty-eight years 

of age with a mean age of 25 years. Eleven competitive body 

builders averaging 26 years of age were recruited from local 

body-building contests and local body-building clubs. Five 

volunteer collegiate runners, mean age 20 years, were 

members of the University of Arizona cross country team. 

Eleven recreational runners, averaging 30 years of age, 

were recruited from local Southern Arizona Road Runners Club 

races. Thirteen swimmers were members of the University of 

Arizona swim team or the local masters swim program. Their 

mean age was 22 years. The eighteen inactive controls, mean 

age 25 years, qualified for the study by not being a 

participant in any organized physical activity program. 

Their primary activity level was walking as a means of 

locomotion. All were students at the University of 

Arizona. 

PROCEDURES 

Testing was conducted in the University of Arizona 

Exercise and Sport Sciences Department Body Composition 

Laboratory, between the dates of May 1, and October 17,1986. 

University of Arizona Human Subjects Committee approval was 
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obtained for the study (Appendix A) . The criteria of 

exclusion were on the basis of menstrual status, i.e. ten or 

less menstrual cycles per year and durations greater than 

thirty-five days per cycle; anabolic steroid and estrogen 

supplements. Prior to being measured, subjects were told of 

the nature and purpose of the research and a consent form 

was signed. Subjects also completed a medical/physical 

activity history questionnaire and dietary calcium consump

tion questionnaire (Appendix B). 

Data was collected during one three-hour measurement 

session for an individual subject. 

Photon Absorptiometry 

One third of the bone scans were analyzed by one 

investigator, one third of the scans were analyzed by a 

second investigator, and the final third were analyzed by 

both investigators. For this final third of the bone scans, 

the average of both investigators analyzes' were used as the 

bone mineral content measurement. Non-dominate arm bone 

mineral measurements were made by Lunar Radiation 

Corporation's Bone Mineral Analyzer Model SPl and using the 

direct single photon absorption method developed by Cameron 

and Sorenson (1963). The bone mineral analyzer was 

calibrated before each measurement session. The calibration 

procedure is described in Appendix C. Data was stored on 
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floppy disks for later analysis. Two radial and two ulna 

scan sites were measured. Distal radius/ulna refers to a 

scan site slightly proximal to the radius/ulna interface, 

where the distance between the two bones is five millimeters 

(Appendix Figure la). The patients's arm is positioned so 

the ulna tip is placed at the edge of the bolus (soft tissue 

equivalent wrap) and compressor. Proximal radial/ulna site 

is located on the radius one third of the distance from the 

ulna styloid process to the olecranon process of the distal 

end of the humerus (Appendix Figure lb) . The site was 

measured with a tape measure and marked with a grease 

pencil. The subject was seated in a chair and the bolus was 

placed around the subject's arm and under the stabilizer bar 

of the bone mineral analyzer. The stabilizer bar was firmly 

pushed down on the bolus and the subject's arm to minimize 

air gaps between the bolus and the stabilizer bar. The 

subject was instructed to sit as still as possible through

out the readings. 

In general the absorptiometric method consists of 

passing the photons from either a single, low energy 

collimated beam of Iodine radionuclide 125 (emitting photons 

at 25 keV) or a dual, low energy collimated beam of 

gadolinium radionuclide 153 (emitting photons at 44 and 100 

keV) across the bone and soft tissue. The radiation source 

is located under the subject and passes at a uniform speed 
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in a rectilinear scan pattern (width of the bone in a one 

centimeter wide path) across the width of the bone and soft 

tissue. The changes in the beam attenuation due to the 

amount of bone mineral and soft tissue present is measured 

with a sodium iodine crystal detector located above the 

subject. The quantity calculated is the bone mineral mass 

in gm/cm of the rectilinear scan area (width of the bone in 

a one centimeter wide path). Bone width is also measured in 

centimeters. The bone mineral index is then calculated as 

the bone mineral mass in gm/cm divided by bone width (cm) 

2 and is reported as bone mineral index in gm/cm ; thus 

normalizing the data for bone size. Radiation exposure from 

single photon absorptiometry is approximately 2-5 mrems 

which is much less than an x-ray of the forearm. The 

average per capital background exposure of radiation over 

one year is 170 mrems (Lunar, 1985) . 

The femoral neck, greater trochanter, and Ward's 

triangle region of the hip and spine lumbar vertebrae 1 

through 4 were measured with Lunar Radiation Corporation DP3 

Model dual-photon scanner. The bone mineral analyzer was 

calibrated at the beginning of each testing day. The 

calibration procedure is described in Appendix D. Data was 

stored on floppy disks for later analysis. 

Lumbar spine dual-photon absorptiometry is conducted 

with the subject lying supine on the scan table with the 
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legs on a support block to enable separation of the 

vertebrae. The subject is positioned so the anterior iliac 

crest is in the same transverse plane as the localizer light 

and the subject's midline is in the same longitudinal plane 

as the localizer light. 

Femur dual-photon absorptiometry is conducted with the 

subject lying supine on the scan table. The right leg is 

gently rotated inward and outward to locate the trochanter 

region which is then situated above the transverse plane of 

the localizer light. The center of the thigh should be in 

the same longitudinal plane as the localizer light. The 

subject's feet are then strapped to a leg brace, with the 

right leg fastened to the angled side of the brace. Figure 

2 shows the positioning of the trochanter approximately 2 cm 

proximal to the localizer light. Note the scan should begin 

distal to the ischium and medial to the femur shaft. 

The gadolinium radionuclide 153 source is located 

under the subject and emits photons at dual frequencies, 

i.e., 44 and 100 KeV. The photons pass through the 

successive layers of the absorber in 1 cm wide strips at a 

speed of 2.5 milimeters a second with 4.5 mm step intervals. 

Up to forty spine lines can be scanned thus including lumbar 

vertebrae one. The femoral scan covers an area of 

approximately 12 cm longitudinally by 18 cm transversely. 

The scan speed is 2.5 mm/sec at a 2.5 mm step interval. The 
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program executes an auto-stop when the area of interest has 

been scanned. The technician then has the option of 

terminating or continuing the scan with a total of 48 scan 

lines being possible. The scan should include two to three 

lines of the pelvis proximal to the femoral neck. In both 

the lumbar spine and femur scans, the collimated sodium 

iodine crystal detector above the subject measures the count 

rate of the radiation that has passed through the non 

uniform layers of bone and soft tissue. The quantity 

calculated is the bone mineral mass in gm/cm of the 

rectilinear scan area (width of the bone in a one centi

meter wide path) . Bone width is also measured in centi

meters. The bone mineral index is then calculated as the 

bone mineral mass in gm/cm divided by bone width (cm) and is 

2 . . reported as bone mineral index m gm/cm ; thus normalizing 

the data for bone size. The radiation exposure to the 

subject is confined to a 4 mm beam to the area of the lumbar 

vertebrae or femur being scanned and is approximately 12-15 

mrems for a new radioactive source which is below that of a 

typical chest x-ray (25-40 m rems) (Lunar, 1985). 

The lumbar vertebrae bone mineral content one through 

four (SL 1234) and two through four vertebrae (SL 234) were 

computed as bone mineral content in grams per square 

centimeter of bone. Accurate data for the lumbar vertebrae 

on nine subject's spine lumbar vertebrae one (control 
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subject 10, 14, and 19; swimmer subject 6, and 12; 

collegiate runner 2, 4, and 6; and recreational runner 13) 

were not obtained due to positioning error of the subjects. 

Estimation of these subject's SL 1 bone mineral content was 

estimated from their spine lumbar two, three vertebrae (SL 

23) BMC in g/cm2 divided by 1.084 (SL 23/1.084 = SL 1). The 

derivation of this constant was obtained by using the mean 

2 value of SL 23/SL 1 of the control group (1.0740 g/cm ), the 

2 swimmer group (1.0812 g/cm ), the recreational runner group 

2 . 2 (1.0968 g/cm ), and the body builder group (1.0839 g/cm ) on 

subjects when complete data were available; and then 

calculating the average of these values to derive the 1.084 

correction factor. Three subject's (swimmer 16; and body 

builder 3, and 16) spine lumbar vertebrae four (SL 4) BMC 

values were not obtained from the scan due to positioning 

error of the subjects. Estimation of these subject's spine 

lumbar four (SL 4) bone mineral content was derived by 

2 dividing their two, three vertebrae (SL 23) BMC in g/cm by 

1.048 (SL 23/1.048 = SL 4). The derivation of this constant 

was obtained by using the mean value of SL 23/SL 4 of the 

2 control group (1.0527 g/cm ), the swimmer group (1.0655 

2 2 g/cm ), the recreational runner group (1.0427 g/cm ), and 

the body builder group (1.032 g/cm ) on subjects where 

complete data was available; and then calculating the 

average of these values to derive the 1.048 correction 
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factor. SL 1 correlates well with SL 23, r = .93 and SL 4 

correlates well with SL23, r = .91. This procedure was 

selected rather than eliminate the subject from the study 

and have different subjects represented for spine, hip, and 

arm bone mineral data. Additionally, for statistical 

purposes retaining as many subjects in the study is 

preferred and the high correlations and small change in the 

2 group mean differences of 0.01 to 0.03 gm/cm made use of 

the correction factor possible. 

All subject's spine lumbar one through four (SL 1234) 

2 BMI in gm/cm and spine lumbar two through four (SL 234) BMI 

2 in gm/cm used in the data analysis were derived by the 

summation of each individual vertebral quotient of BMC 

(either from the actual value or the estimated value using 

the correction factor) and bone width. 

Anthropometry 

The anthropometric measurements included: height, 

weight, seven skinfold thicknesses, three circumferences, 

and four skeletal breadths. Procedures were conducted for 

each method as follows. 

Height 

Standing height was obtained with the subject standing 

erect, heels together, looking straight ahead and with their 
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back against a wall-mounted stadiometer. A deep inspiration 

was held. A board was held on top of the subject's head and 

perpendicular to the stadiometer. The value was recorded to 

the nearest millimeter in centimeters. 

Weight 

Body weight was recorded with the subjects wearing a 

swim suit or tee shirt and gym shorts. Weight was measured 

to the nearest 25 grams with an Accu-Weigh beam scale (Model 

150 TK/A-58). 

Skinfold thicknesses 

The skinfold thickness measurement sites were made 

with a Harpenden caliper using the technique described by 

Lohman (1984). The seven skinfold measurement sites 

selected for the study included the triceps, subscapular, 

suprailiac waist, suprailiac anterior, abdominal, thigh, and 

medial calf. All measurements were taken of the right side 

of the body. The location of all seven sites were first 

located and marked before measurements were taken. The 

entire series of seven skinfold thicknesses were measured in 

the order listed above and readings were taken to the 

nearest 0.5 mm. The series was then repeated two more times 

with the mean of the three values for each site calculated 

and used in the final data analysis. The anatomical 
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location and measurement procedure for each site are 

described in Appendix E. 

Body density, percent fat, and fat free body weight 

were calculated using the skinfold measurements. Body 

density was calculated using the Jackson and Pollock (1985) 

equation: 

Body density =1.089733-[0.0009245*(TRI+ABDM+SUPA)]+ 

[0.0000025*(TRI+ABDM+SUPA)*(TRI+ABDM+SUPA)]-(0.0000979*AGE). 

This body density was then placed in the Siri equation for 

percent fat estimate: 495/body density - 450. Fat free 

body weight was calculated by subtracting body weight from 

percent fat multiplied by body weight. 

Circumferences 

The circumference measurements were made on the right 

side of the body using a narrow retractable steel tape 

(Lufkin 146 ME) scaled in millimeters and centimeters. 

Readings were taken to the nearest tenth of a millimeter. 

The tape was positioned in a horizontal plane or at right 

angles to the length of the segments with sufficient tension 

for the tape to be in continuous contact with the skin but 

not depressing it. Each of the three circumference 

measurements were made three times and in the following 

seguence: upper arm contracted, abdomen, and calf. 
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The mean of the three measurements was calculated and 

used in the data analysis. The anatomical location and 

procedure for each measurement site is described in Appendix 

F. 

Skeletal breadths 

The four skeletal breadth measurement sites included 

the shoulder, hip, wrist, and ankle. The shoulder and hip 

measurements were made with a narrow blade anthropometer and 

a spreading bow caliper was used to measure the wrist and 

ankle. All skeletal breadth measurements were made by 

applying moderate tension with the measurement device to 

compress the soft tissue against the bony landmarks. The 

fingers of both hands were used to locate the precise bony 

landmarks, then the blades of the anthropometer or the 

caliper were immediately placed on the identified landmarks. 

All four skeletal breadth measurements were made in sequence 

and repeated three times. The mean of the three measure

ments was calculated and used in the data analysis. The 

skeletal breadth measurements were read to the nearest tenth 

of a centimeter. The anatomical location and measurement 

procedure for each site are described in Appendix G. 
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DENSITOMETRY 

The procedures and instrumentation for measurement of 

the underwater weight were modified from those suggested by 

Akers and Buskirk (1969) and Lohman et. al. (1982). The 

underwater weight was measured with the subject seated and 

submerged on a weighing platform in a tank of water warmed 

to approximately 36 degrees centigrade. The underwater 

weight was recorded (Hewlett-Packard Model 1732A) from 4 

LVDT force transducers (Daytronic Corp. Model 152A-25) upon 

which the platform rested. The underwater weight was 

measured at the end of a forced exhalation just prior to the 

functional pulmonary residual volume measurement. 

The functional pulmonary residual volume, the volume 

of air occupying the lungs during the underwater body 

weight measurement, was measured at the time the underwater 

weight was taken with the subject in a kneeling or sitting 

position on the weighing platform in the underwater weighing 

tank. This lung volume was measured by a closed-circuit 02 

dilution method modified from Wilmore (1969). This method 

involves estimation of the N2 equilibration (Med. Sciences 

Model 505) in the lung from measurement of N2 

breath-by-breath during rebreathing of a known quantity of 

oxygen (9 9.5% pure). Residual volume at body temperature 
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pressure saturated (BTPS) was computed according to the 

following equations: 

Vr = [V02 (EN2 - IN2) (AiN2 - AfN2) - DS] X BPTS 

Factor 

Vr = residual volume 

V02= initial volume of O 

in analyzer system deadspace 

EN2= N2 fraction at equilibrium 

IN2= N2 fraction of initial V02 

when breathing room air 

AiN2= N2 fraction in alveolar air when 

breathing room air 

AfN= N fraction equal to EN2 - IN2 

DS= deadspace of the valve 

In this equation deadspace of the valve was subtracted 

before the BPTS correction factor was made in the 

procedure. Gas and water temperatures were measured with 

thermistor probes in the respective mediums and read from a 

Yellow Springs telethermometer. 

Equipment Calibration. Calibrations of all equipment 

systems were completed before each subject was measured. 

The equipment calibrated included Daytronic LVDT force 

transducers, nitralyzer, telethermometer, and weight 

recorder. Calibration procedures for the underwater 

weighing system are reported in Appendix H. 
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Subject Preparation. The subject put on a swimming 

suit, body weight was measured on the Accu-Weigh beam scale, 

then the subject entered the tank. The tare weight of the 

weighing platform was recorder with the subject submerged 

under the water at the side of the platform, not on the 

platform. The subject then knelt on the platform, secured a 

belt attached to the platform over the thighs, put on nose 

clips, and removed air bubbles from skin, hair, and swimming 

suit. Water temperature was read and recorded on the 

subject's underwater weighing data sheet and then a gas 

temperature probe was inserted into the telethermometer. 

ANALYSIS OF DATA 

Interinvestigator reliability for the bone mineral 

index measurements were determined using paired t-tests, 

Pearson correlation coefficients and regression analysis. 

Descriptive statistics were used to characterize each group 

in terms of bone mineral content, anthropometry, body 

density, and percent body fat. The specific questions and 

research hypotheses investigated in this study were tested 

with the following statistical procedures: Analysis of 

variance (p < 0.05) with Duncan's multiple range post hoc 

test (p < 0.05) was used to make all possible comparisons 

between all athletes combined and the control group, and 

between each athletic group with the control group, as well 
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as between athletic groups. Pearson product-moment correla

tion coefficients were calculated within each group and for 

the total sample to test the relationship among spine and 

femur bone mineral index sites with radial bone mineral 

index sites. Finally to evaluate whether the level of 

consumption of dietary calcium and physical activity history 

were related to bone mineral index, step up multiple 

regression analysis with built in comparisons were used to 

predict bone mineral index at each site. 



CHAPTER 4 

RESULTS AND DISCUSSION 

This study was designed to quantify the bone mineral 

content of the femur, lumbar vertebrae, radius and ulna in 

young adult eumenorrheic female swimmers, collegiate 

runners, recreational runners, and body builders, as well 

as an inactive group of adult women. A total of fifty-eight 

subjects from seventeen to thirty-eight years of age were 

included in this sample. All subjects were measured for 

body composition using anthropometry (height, weight, 

skeletal diameters, circumferences, skinfolds), densitometry 

(hydrostatic weighing), and photon absorptiometry at the 

arm, hip and spine. 

The results of the study are presented in the 

following order: (1) group characteristics, (2) inter-

investigator reliability of bone mineral measurements, (3) 

comparison of bone mineral content between the different 

groups and the control group, (4) comparison of the bone 

mineral content among the athletic groups, (5) correlation 

among the bone mineral sites of the spine, femur, and 

radius, (6) interrelationship of physical activity history 

and below or above the recommended daily dietary allowance 

for calcium consumption with bone mineral index, and (7) 

43 
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interrelationships between athletic group, body weight, fat 

free body weight, and body mass index with bone mineral 

index. 

Group Characteristics 

The mean age for the total sample was 24.6 years with 

a range of seventeen to thirty-eight years. The mean age 

of the athletes was 25.0 years and the controls mean age was 

25.2 years. The means and standard deviations for several 

body composition variables, physical activity history and 

calcium consumption are given for the two groups in Table 1. 

A superscript denotes significant differences between the 

athletes and the controls at p < 0.05 probability level. 

The athletes mean height of 168.3 cm was significantly 

different compared to the controls mean height of 164.8 cm. 

The mean body weight for the athletes averaged 60.7 kg and 

the controls averaged 58.2 kg. Body density (underwater 

weighing) and percent body fat, derived from body density, 

for the athletes averaged 1.0526 g/cc with a percent body 

fat of 20.4%. This was significantly different from the 

controls who averaged 1.0377 g/cc for body density with a 

corresponding percent body fat of 27.0%. Fat-free body mass 

for the athletes and controls were significantly different, 

averaging 48.1 kg and 42.4 kg. The sum of three skinfolds 

for controls, 53.0 mm, was significantly different compared 
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Table 1. Etaysical ciiaracteristics of athletes (N = 40) and controls (N = 

18). [means (standaxd deviations)] 

VARIABLE ATHLETES CONTROLS 

Age ^ yrs 25.0(5.5) 25.2(4.4) 

Height* ̂  cm 168.3(5.5) 164.8(5.9) 

Weight ̂  60.7(8.4) 58.2(5.7) 

Body Mass Index 21.4(2.6) 21.5(2.1) 

Body Density* g/oc 1.052(.012) 1.037(.013) 

Beroent density 20.4(5.6) 27.0(6.0) 

Fat-free Weight* ̂  48.1(5.5) 42.4(4.6) 

Sum Three Skinfolds* 
mm 

35.8(11.8) 53.0(13.8) 

Triceps* 
mm 12.8(4.5) 17.8(4.0) 

Suprailiac* mm 
8.7(3.8) 12.2(4.8) 

Abdominal* 
mm 

14.4(5.2) 22.9(7.2) 

Percent Fat* Jackson-Pollock 
18.0(3.7) 23.4(4.0) 

Years Exercised* yrs 12.7(5.8) 2.5(2.4) 

Years Exercising Current 
Program* 6.2(5.2) .44(1.2) 

Calcium mg 
1230(951) 1126(288) 

*p < 0.05 

calcium = average daily calcium intake 
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to 35.8 mm for the athletes. As seen in Table 1, individual 

skinfolds were all consistently lower for the athletes. 

These skinfolds were also significantly different. Percent 

body fat from skinfolds using the Jackson/Pollock equation 

(1985) was 23.4% for the controls, which was significantly 

different than the 18.0% mean value for the athletes. The 

correlation of percent fat from body density and percent fat 

from skinfolds was .82 and the standard error of estimate 

was 3.5% body fat. 

Table 2 is comprised of the means and standard 

deviations for physical characteristics and body composition 

measures by athletic group with significant differences (p < 

0.05) indicated with superscripts. The percent body fat, 

estimated from densitometry of the collegiate runners was 

the lowest of the groups with an average of 17.8% body fat, 

(standard deviation 3.7% body fat). Next were the 

recreational runners with 18.9% (SD=2.9%), followed by the 

body builders with 19.7% (SD=7.0%). Of the athletic groups 

the swimmers had the highest percent body fat of 23.3% 

(SD=5.8%), but were not significantly different than the 

other athletic groups. Percent body fat for the controls 

was significantly higher than all athletic groups averaging 

27.0% (SD 6.0%). Similar results were found for body fat 

based on skinfolds with the runners being the leanest and 

the controls the fattest. A systematic difference in 
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percent body fat between methods of two to three percent was 

found, with the skinfold method giving lower percent fat 

estimates compared to densitometry. Lohman et al. (1984) 

investigated the effect of various skinfold calipers on the 

prediction of body fat in female athletes. At all skinfold 

measurement sites the Harpenden caliper consistently 

recorded lower values than the Lange caliper. These results 

are consistent with the present study. Significant 

differences (p < 0.05) between the controls and all athletes 

combined were found for the following body composition 

parameters: height, body density and percent body fat and 

fat free body mass from underwater weighing, sum of three 

skinfolds, triceps skinfold, suprailliac skinfold, abdominal 

skinfold, and percent body fat from skinfolds. Ranges of 

physical characteristics body composition, physical activity 

history, and calcium consumption by group are reported in 

Appendix Table 1. 

Means, standard deviations, and ranges of each groups 

exercise history and dietary calcium consumption are 

summarized in Tables 1, 3 and Appendix Table 1. On an 

average the athletes exercised (YEX) for 12.2 years prior to 

participating in the study (Table 1) . Except for four of 

the controls, who averaged 2.5 years of exercise before 

inclusion in the study (range=l-6 years), none of the 

remaining fourteen control subjects exercised regularly. 
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Table 2. Biysical characteristics and body ocnposition for athletic groups 

and controls, [means (standard deviations) ] 

VARIABLE CONTROLS SWIMMERS OOI1BSIATE KECREATCCNAL BODY 
RUNNERS HJNNERS BOUDERS 

N 18 13 5 11 11 

Age, yrs. 25.2 21.7 20.2 30.3 25.7 
(4.4) (3.0) (1.1) (4.8) (5.2) 

Height, cm 164.8b 171.0a 164.5 168.2 167.1 
(5.9) (5.5) (3.2) (3.0) (7.2) 

Weight, kg 58.2b,e 64.9a,C'd 53.3b,e 55.-̂ 'B 64.3a,C'd 

(5.7) (6.9) (3.6) (3.5) (10) 

Body Mass . , _ . 0 , 
Index, kgm 21.5 22.2 19.7 19.7 ' ' 23.0 ' 

(2.1) (2.1) (1.2) (1.4) (3.2) 

Body Density . 
g/oc 1.037C' 1.046 1.593 1.0553 1.0543 

(.013) (.012) (.009) (.006) (.015) 

Percent Fat . 
Density 27.0C'Q,e 23.3 < 17.8 18.93 19.7 

(6.0) (5.8) (3.7) (2.9) (7.0) 

Fat free 

Intensity 42.4b'e 49.5a,C,d 43.9b'e 45.2b,e 51.2a,C,d 

(4.6) (4.2) (3.7) (3.4) (6.9) 
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VARIABLE OOtTCROIS SWIMMERS COLLEGIATE RECREATIONAL BODY 
HJNNERS HUNNERS BUILDERS 

N 18 13 5 11 11 

Sum Three 
Skinfolds 53.0b,C'd'e 43.6a 25.0a 33.O3 34.0a 

(13.7) (11.5) (3.5) (8.0) (13.0) 

Triceps 17.8b,C'd,e 14.4a 10.7a 12.2a 12.3a 
(4.0) (5.7) (1.1) (2.7) (5.0) 

Suprailiac 12.2c'd'e 10.9C,d 6.0a'b 7.4a,b 8.5a 
(4.8) (3.8) (2.2) (2.2) (4.4) 

Abdcmen 22.9b,C'd,e 18.2C,d,e'a 8.2a,b 13.8a,b 13.3a,b 
(7.2) (4.1) (1.7) (4.6) (4.9) 

Percent Fat 
Jackson- , , . 
Pollock 23.4 20.4a,C 14.2a'D 17.5a 17.5a 

(4.0) (3.6) (1.3) (2.6) (4.0) 

a,b,c,d,e A superscript indicates a significant difference (p < 0.05). 

a Significantly different frcm the control group. 

b Significantly different frcm the swimmer group. 

c Significantly different frcm the collegiate runner group. 

d Significantly different from the recreational runner group. 

e Significantly different frcm the body builder group. 
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The recreational runners averaged the highest number of 

years exercising, 14.3 years (SD=6.7 years), followed by the 

swimmers with 13.8 years (SD=4.3 years) (Table 3). The 

athletic group with the fewest years of exercise history was 

the collegiate runners averaging 9.4 years (SD=4.5 years). 

The body builders had been exercising for 11.3 years (SD=6.8 

years) before volunteering as subjects in the study. 

As a group the athletes averaged 6.2 years of 

exercise in their current training program (YCP) i.e., 

swimming, running or weight lifting. The number of years 

for each athletic group is listed in Table 3. The swimmers 

had a significantly (p < 0.05) longer history of training in 

their current program with 10.5 years, compared with the 

other groups. This was followed by 5.5 years of running by 

the recreational runners, 4.4 years of competitive running 

by the collegiate runners, and lastly an average of 2.5 

years of weight-lifting by the body builders. 

The current recommended dietary allowance (RDA) of 

calcium for females between the ages of 23-50 years and 

averaging 55 kg in weight and 163 cm in height is 800 mg 

(Whitney, 1981). There was not a significant difference 

between the controls and the athletes regarding average 

daily calcium consumption (Table 1). The collegiate runners 

had the lowest dietary intake of calcium (TCA), averaging 

819 mg per day, as seen from their responses on the 
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Table 3. Exercise history and daily calcium consumption for athletic 

groups and controls, [means (standard deviations) ] 

Group 

Variable Controls Swimmers Collegiate Recreational Body 
Runners Runners Builders 

Years 
Exercised 2.5b,d,e 

(2.4) 
13.8a 

(4.3) 
9.4 
(4.5) 

14.3a 

(6.7) 
11.3a 
(6.8) 

Years 
Exercising 
Current 
Program .44b,c,d 

(1.0) 
10.5a'C'd,e 

(6.0) 
4.4 ' 
(3.0) 

5.5a'b 
(3.0) 

2.5b 
(2.5) 

Calcium̂  1126e 

(288) 
1084 
(393) 

819e 

(550) 
1082 
(476) 

16853 

(1589) 

a,b,c,d,e A superscript indicates a significant difference at the p < 0.05 

level. 

a Significantly different from controls. 
v_ 

Significantly different frcan swimmers. 

c Significantly different fran collegiate runners. 
j 
Significantly different from recreational runners. 

e Significantly different from body builders. 
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approximate number of servings of calcium rich foods and 

supplements consumed each day (Appendix I) . The controls, 

swimmers, and recreational runners all consumed calcium 

dietary products within the same range, ll26mg, 1084 mg, and 

1082 mg, respectively. The body builders intake of calcium 

containing foods averaged 1685 mg per day, with a range of 

198-4750 mg. The body builders average daily calcium 

consumption was significantly different p < 0.05 from the 

controls and the collegiate runners. Eight of the eleven 

body builders (73%) were taking a calcium supplement or 

multivitamin daily, compared to approximately 50% of the 

runners and swimmers. Only one of the eighteen control 

subjects was taking a supplement. 

INTERINVESTIGATOR RELIABILITY OF BONE MINERAL MEASUREMENTS 

Interinvestigator reliability of single and dual 

photon absorptiometry for the radius, lumbar vertebrae and 

2 femur bone mineral index, g/cm , measurements were analyzed 

statistically using Pearson product moment correlation 

coefficients, paired t-tests and regression analysis. The 

results of these analyses are reported in Table 4. 

A subsample of the bone mineral scans were analyzed 

independently by two investigators. The average of both 

investigator's analyzes' were used as the bone mineral 

content measurement for these athletes. These reliability 
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Table 4. Jnterinvestigator reliability for single and dual photon 

absorptiometry for radius, lumbar vertebrae and femur bone 

2 
mineral index, gn/can . 

Investigator Investigator 

Bone Mineral Site 

J. 

X S 

<• 

X S r t 
SEM2 

am/an % 

Radius (N=31) 

Shaft .70 .059 .69 .059 .90* 0.85* .018 2.6 

Distal .41 .066 .40 .068 .97* 2.5* .014 3.5 

Ulna 

Shaft .60 .070 .60 .070 .96* 1.4* .015 2.5 

Distal .26 .053 .25 .049 .96* 2.1* .007 2.8 

lumbar Vertebrae 

LI (N=28) 1.30 .15 1.25 .14 .94* 5.1* .035 2.7 

12 (N=35) 1.35 .16 1.32 .16 .94* 3.6* .033 2.5 

13 (N=35 1.36 .16 1.31 .16 .97* 7.0* .031 2.3 

L4 (N=35) 1.30 .16 1.26 .16 .94* 5.1* .031 2.4 

12,3,4 (N=35) 1.35 .15 1.30 .15 .97* 6.7* .028 2.1 

LI,2,3,4 (N=28) 1.34 .15 1.30 .15 .97* 5.6* .028 2.1 

Femur (N=35) 

Neck 1.01 .15 1.01 .16 .988 1.21 .013 1.3 

Wards Triangle .94 .17 .93 .17 .989 1.58 .015 1.6 

Greater Trochanter .80 .11 .80 .11 .984 -.75 .014 1.8 

* p < 0.05 

SEM = Bie standard error of estimate of the regression of investigator one 

chi investigator two, divided by the square root of two. 
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results are presented along with the means and standard 

deviations for each investigator. The standard error of 

measurement was calculated from the standard error of 

estimate of the regression of investigator one on 

investigator two. The standard error of estimate was 

divided by the square root of two to give a standard error 

of measurement for each investigator. 

There were significant (p < 0.05) differences in the 

t-ratios between the two investigator's mean bone mineral 

indexes the magnitude of which were 2-4% at the lumbar 

vertebrae, 3.9% at the distal ulna and 1.4 to 2.5% at the 

radius (mean difference as a percent of the mean). The 

correlations between investigators were significant (p < 

0.05) at all bone mineral index sites. For the distal 

radius the correlation between technicians was .97 with a 

2 SEM of 0.01 gm/cm . The proximal site had a lower correla-

2 . . tion of .90 with a SEM of 0.02 gm/cm . The coefficients of 

variation (SEM/mean) as a percent for the radius ranged from 

2.6 to 3.5%. For the distal ulna the correlation between 

investigators was significant (p < 0.05) at .96 with a SEM 

2 . of 0.01 gm/cm . The proximal ulna had the same significant 

2 correlation of .96 with a SEM of 0.02 gm/cm . The 

coefficients of variation for the ulna ranged from 2.5 to 

2.8% Correlations for each lumbar vertebrae individually as 

well as L2,3,4 and Ll,2,3,4 ranged from .94 to 0.97 between 
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the technicians. The coefficient of variation ranged from 

2.1 to 2.7%. The thirty-five femur scans had the following 

correlations between the two technicians for the femural 

neck, Ward's triangle and greater trochanter sites: .99, 

0.99, and .98, respectively. SEM and coefficient of 

variation (SEM/mean) as a percent were 0.013 gm/cm2, 1.3% 

for the femural neck, 0.02 gm/cm2, 1.6% for Ward's tri

angle, and 0.01 gm/cm2, 1.8% for the Greater Trochanter 

site. 

GROUP BONE WIDTH CHARACTERISTICS 

Significant differences (p < 0.05) were found between 

the controls (1.11 cm and 1.32 cm) and the athletes (1.19 cm 

and 1.40 cm) for ulna bone width at both measurement loca

tions (proximal and distal, respectively). Radius and ulna 

bone widths, estimated from single-beam photon 

absorptiometry, for the controls and each athletic group are 

presented in Table 5. The average distal ulna width for the 

athletic groups ranged from 1.34 cm to 1.44 cm compared to 

the control group average of 1.32 cm. The swimmers (1.44 

cm) and the body builders (1.42 cm) had significantly (p < 

0.05) wider distal ulna widths that the control group (1.32 

cm) . The average distal radius width for the athletes and 

controls ranged from 2.22 cm to 2.43 cm and no significant 

differences were found. The proximal radius width (1/3 



Tkble 5. Radius and ulna widths for athletic groups and controls, estimated from photon 

absorptiometry, means (standard deviations) and ranges. 

Group 

Bone width 
Variable, cm Controls 

IT=18 
Swinsners 
n=13 

Collegiate 
Runners 
n=5 

Recreational 
Runners 
n=ll 

Body 
Builders 
n=ll 

Proximal Radius 1.23(.12) 
.99-1.43 

1.32c(.08) 
1.16-1.47 

l.wfy.u) 
1.04-1.36 

1.30(.14) 
1.10-1.56 

1.27 (.15) 
1.05-1.52 

Pradjnal Ulna l.llb,e(.08) 
.99-1.29 

1.20S(.07) 
1.08-1.30 

1.15(.13) 
.98-1.33 

1.19 (.11) 
1.03-1.40 

1.23®(.12) 
1.09-1.51 

Distal Radius 2.25(.18) 
2.00-2.58 

2.33(.12) 
2.12-2.49 

2.43(.47) 
2.12-3.25 

2.22(.19) 
1.84-2.59 

2.27 (.20) 
1.90-2.61 

Distal Ulna 1.32b,e(.ll) 

1.13-1.51 

1-44a(.09) 
1.32-1.63 

1.34 (.14) 
1.16-1.51 

1.38 (.11) 
1.20-1.54 

1.42®(.12) 
1.27-1.70 

a,b,c,d,e  ̂superscript indicates a significant difference, p < 0.05. 

a Significantly different fron controls. 

b Significantly different from swimmers. 

c Significantly different fron collegiate runners. 

d Significantly different from recreational runners. 

e Significantly different fron body tuilders. 
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site) average of the collegiate runners, 1.16 cm, was the 

smallest value of the athletic and control groups. The 

swimmers proximal radius width average of 1.32 cm was the 

widest of the athletic groups and significantly wider than 

the collegiate runners (1.16 cm). The body builders had the 

widest proximal ulna width averages with 1.23 cm. The 

swimmers with an average width of 1.20 cm, and the body 

builders had significantly (p < 0.05) wider proximal ulna 

bone widths when compared with the control group whose 

widths averaged 1.11 cm. 

BONE MINERAL INDEX OF THE ATHLETES AND CONTROLS 

The means, standard deviations, and ranges for the 

2 bone mineral indexes (gm/cm ), using photon absorptiometry, 

of the athletes and controls are listed in Table 6. Mean 

bone mineral index values for all athletes combined are 0.71 

2 . 2 gm/cm for the proximal radius,0.40 gm/cm for the distal 

2 
radius, and 1.33 gm/cm for lumbar vertebrae 2,3,4. For the 

three femur sites the athletes mean bone mineral index 

2 2 values were 1.00 gm/cm for the femural neck, .91 gm/cm for 

2 Ward's triangle, and .78 gm/cm for the greater trochanter. 

Comparing the controls with all athletes combined on their 

femur, lumbar vertebrae, and radius bone mineral indexes, no 

significant (p > 0.05) differences were found. The ranges, 
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Table 6. Bone mineral index of athletes and controls, means + standard 

deviations, (ranges). 

Bone Mineral Index am/cm Controls 
N=18 

Athletes 
N=39 

Femur Neck .95 + .11 
(.78 - 1.14) 

1.00 ± .14 
(.72 - 1.42) 

Femur Ward's Triangle .86 ± .13 
(.61 - 1.04) 

.91 ± .16 
(.60 - 1.26) 

Femur Greater Trochanter .73 + .09 
(.60 - .89) 

.78 ± .11 
(.56 - .98) 

Lumbar Vertebrae 1,2,3,4 

Lumbar Vertebrae. 2,3,4 

1.24 ± .13 
(.97 - 1.47) 

1.25 + .13 
(.98 - 1.48) 

N=40 

1.31 ± .15 
(1.03 - 1.68) 

1.33 ± .16 
(1.02 - 1.71) 

Proximal Radius .69 ± .07 
(.53 - .83) 

N=40 

.71 ± .06 
(.61 - .82) 

N=40 

Distal Radius .38 + .05 
(.29 - .48) 

.40 ± .06 
(.26 - .52) 
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shown in Appendix Table 2, obtained in this study reflect 

intragroup and interindividual differences in bone mineral. 

The athletes did however consistently have the highest bone 

mineral index at each measurement site. Of the entire 

sample, the body builders had the highest femur and radius 

bone mineral index values. A recreational runner had the 

highest bone mineral index value at lumbar vertebrae 1,2,3,4 

2 2 
(1.68 gm/cm ) and L 2,3,4, (1.71 gm/cm ) locations. A 

swimmer had the lowest bone mineral index of the entire 

2 sample at two sites, femoral neck (.72 gm/cm ) and Ward's 

2 Triangle femur site (.60 gm/cm ). This swimmer was also the 

athlete with the lowest bone mineral index for lumbar 

2 
vertebrae 2,3,4 (1.03 gm/cm ), and for lumbar 1,2,3,4 (1.05 

2 gm/cm ) . One other athlete with the lowest bone mineral 

index values of the entire sample at four sites was a 

2 recreational runner; lumbar vertebrae 1,2,3,4 (1.03 gm/cm ), 

2 greater trochanter femural site (.56 gm/cm ), and both 

• 2 2 radius sites (proximal .45 gm/cm and distal .26 gm/cm ). 

Although there were no significant differences (p < 

0.05) among the athletes combined and the controls for the 

2 bone mineral index values in gm/cm , there were significant 

differences between the two groups for the proximal ulna 

bone mineral content and bone mineral width sites. The 

distal ulna width site was also significantly different at 

the p < 0.05 probability level. 
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BONE MINERAL INDEX OF THE ATHLETIC GROUPS AND CONTROLS 

The means and standard deviations of bone mineral 

2 indexes (gm/cm ) using photon absorptiometry are shown for 

the proximal and distal radius, three femural sites (femural 

neck, Ward's triangle, greater trochanter), and lumbar 

vertebrae 1,2,3,4 and 2,3,4 in Table 7. Significant 

differences (p < 0.05) among groups are shown with 

superscripts. At the proximal radius, the body builders 

2  . . .  (0.75 gm/cm ) had significantly (p < 0.05) greater bone 

mineral index than the collegiate runners, recreational 

2 runners and controls (0.68 - 0.69 gm/cm ). At the distal 

2 radius measurement location the body builders (0.44 gm/cm ) 

had significantly (p < 0.05) greater bone mineral index than 

2 the recreational runners (0.36 gm/cm ), and the collegiate 

2 runners and controls (0.38 gm/cm ). Lumbar vertebrae 1,2,3, 

bone mineral index was lowest in the controls who averaged 

2 2 1.2 gm/cm + 0.13 gm/cm . Of the athletic groups the 

collegiate runners had the lowest vertebral bone mineral 

2 2 index of 1.26 gm/cm + .13 gm/cm . The body builders had 

2 the greatest mean bone mineral indexes of 1.38 gm/cm' + .13 

2 . 2 gm/cm . The body builders (1.38 gm/cm ) and the controls 

2 (1.24 gm/cm ) were found to be significantly different from 

each other. No other significant differences were found at 

the lumbar vertebrae 1,2,3,4 location. Significant 



Table 7. Bone mineral index for athletic groups and controls, means (standard deviations). 

Group 

BONE 
MINERAL _ 
INDEX guy/an OCOTTOIS 

n=18 
SWIMMERS 
n=13 

COUfEIATE 
RUNNERS 

rr=5 

RECREATIONAL 
RUNNERS 
n=ll 

BOOT 
BUILDERS 
n=ll 

Proximal Radius .69®(.07) .71(.06) .67®(.05) •68®(.05) 
•75'c'd(.03) 

Distal Radius .38®(.05) .39®(.05) .38(.05) .36®(.07) .44®'b'd(.06) 

Xunfear Vertebras 
1,2,3,4 

1.24(.13)6 1.29(.10) 1.26(.13) 1.27(,20) 1.38(.13)a 

Lumbar Vertebrae 
2,3,4 

1.25(.13)® 1.31(.ll) 1.28(.13) 1.30(.21) 1.40®(.14) 

Femur Neck .95®(.11) .97e(.ll) 1.03(.09) •95e(.12) 1.09a'b'd(.17) 

Femur Ward's 
Triangle •86e(.13) •86e(.12) .89®(.13) .85®(.17) 1.06a,b,c'd(.14] 

Femur Greater 
Trochanter .73e(.09) .77(.10) •80(.08) .73(.13) .82a(.10) 

A superscript indicates a significant difference, p < 0.05. 

? Significantly different from controls. 
Significantly different from swimmers. 

. Significantly different from collegiate runners. 
Significantly different from recreational runners. 
Significantly different from body builders. 
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differences were also found between the body builders (1.40 

2 2 ± .14 gm/cm ) and the controls (1.25 + .13 gm/cm ) at 

lumbar vertebrae 2,3,4 bone mineral index. Three sites of 

2 the femur were analyzed for bone mineral indexes in gm/cm , 

the femural neck, Ward's triangle, and greater trochanter. 

The body builders femural neck bone mineral index of 1.09 + 

2  . . .  0.17 gm/cm was significantly (p < 0.05) greater than the 

2 controls of 0.95 + 0.11 gm/cm , the recreational runners of 

2 0.95 + 0.12 gm/cm , and the swimmers with a 0.97 + 0.11 

2 gm/cm . Mean bone mineral index values of the Ward's 

triangle site were similar among the recreational runners 

2 2 (0.85 + 0.17 gm/cm ), the controls (0.86 ± 0.13 gm/cm ), 

2 swimmers (0.86 + 0.12 gm/cm ), and collegiate runners (0.89 

2 ± 0.13 gm/cm ). The body builders Ward's triangle bone 

2  . . .  mineral index value of 1.06 + 0.14 gm/cm was significantly 

(p < 0.05) greater than all the other groups. At the 

greater trochanter site the bone mineral index of the body 

builders was the highest of all other groups at 0.82 + 0.10 

2 gm/cm , and significantly (p < 0.05) higher than the control 

2 group value of 0.73 + 0.09 gm/cm . 

PREDICTION ACCURACY OF SPINE AND FEMUR BONE MINERAL INDEX 
USING RADIUS BONE MINERAL INDEX. 

Table 8 summarizes the Pearson product moment 

correlation coefficients of the relationship between femur 
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Table 8. Correlation coefficients of spine and femur bone mineral index 

with radius bone mineral index. 

Bone Correlation Coefficients 
Variable Proximal Radius Distal Radius 

Total Sample n = 57 

Femur Neck .35* .53* 

Femur Greater Trochanter .29* .57* 

Femur Ward's Triangle .40* .59* 

Lumbar Vertebrae. _ _ . .49* .54* 
1,2,3,4 

Within Group 

lumbar Vertebrae, _ _ . 
2 f3 f4 

controls n=18 .32 .42 

swimmers n=13 .34 .74* 

runners n=16 .81* .57* 

body builders n=10 .29 .28 

* p < 0.05 
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and lumbar vertebrae bone mineral index with radius bone 

mineral index. For the total sample, at all femur and spine 

locations, the ultra distal radius bone mineral measurement 

site had a higher correlation than the proximal site. The 

proximal site correlations ranged from .29 to .49. The 

ultra distal location correlations ranged from .53 to .59. 

All correlations were significant at the p < 0.05 level. 

Within athletic groups, the runners, N=16, proximal radius 

bone mineral index correlation of a .81 was significant at 

lumbar vertebrae 1,2,3,4. This correlation was higher than 

the . 57 correlation at the distal radius measurement 

location which was also significant. The swimmers, N=13, 

correlation of .34, at the proximal radius site, increased 

significantly to .74 at the distal location. 

PREDICTION ACCURACY FOR BONE MINERAL INDEX SITES USING 
ATHLETIC GROUP, BODY WEIGHT, YEARS EXERCISE HISTORY, AND 
AVERAGE DAILY CALCIUM CONSUMPTION. 

Table 9 summarizes the Pearson product moment 

correlation coefficients of the linear relationship between 

bone mineral index of the various sites with athletic group, 

body weight, exercise history, and calcium consumption. 

Belonging to the body building group versus the remaining 

athletic groups (swimmers and runners) had significant 

correlations for the femoral neck (.40), Ward's triangle 
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Table 9. Correlation coefficients among bone sites for athletic group, 

body weight, years of exercise and calcium intake. 

Correlation Coefficients 

Bone Mineral 
Index 

Athletic 
Group 

Body 
Weight 

Years2 
Exercise 

3 
Calcium 

Femur Neck .40* .29 .18 .04 

Femur Ward's Triangle .54* .26 .26 .09 

Femur Greater Trochanter .25 .29 .19 .16 

Lumbar Vertebrae. _ _ . .26 .32* .11 .17 

Lumbar Vertebrae2 3 4 .26 .31 .10 .20 

Proximal Radius .45* .30 .03 .32* 

Distal Radius .41* .38* .16 .06 

N=39 

*p < 0.05 

Athletic group = Athletic group built-in comparison comparing body builders 

and the remaining athletes (swimmers and runners). 

2 . . years exercise = years exercise history built-in comparison comparing zero 

through thirteen years exercise history and fourteen 

through twenty-seven years. 

3 calcium = calcium consumption built-m comparison comparing up to 

800 mg calcium and above 901 mg calcium intake. 



66 

(.54), and the proximal and distal radius (.45 and .41, 

respectively) bone mineral indexes. Correlation 

coefficients for body weight were significant at the lumbar 

spine, .32, and distal radius, .38, bone mineral indexes. 

Years of exercise and calcium consumption correlation 

coefficients were non significant and ranged from .03 to .32 

for the various bone mineral index sites. The exception was 

the significant linear correlation of calcium with the 

proximal radius bone mineral index site (.32). 

PREDICTION OF BONE MINERAL INDEX FROM ATHLETIC GROUP, BODY 
WEIGHT, EXERCISE HISTORY AND CALCIUM CONSUMPTION. 

Step-up multiple regression analyses were used to 

investigate the relationship between the dependent variable 

bone mineral index of the femur, lumbar vertebrae, and 

radius, estimated from photon absorptiometry, and the 

following independent variables added at each step: (1) 

athletic group built-in comparison of body builders versus 

the remaining athletic groups (swimmers and runners), (2) a 

second athletic group built-in comparison of swimmers versus 

runners, (3) body weight, (4) years of exercise history 

built-in comparison compared zero through thirteen years of 

exercise history (-1) versus fourteen through twenty-seven 

years exercise history (1), and (5) average daily calcium 

consumption built-in comparison of up to 800 mg of calcium 
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intake (-1) and above 801 mg of calcium intake (1) . The 

results of this step up multiple regression analysis at each 

bone mineral index location is reported in Table 10. 

Contrast 1, body builders versus the remaining athletic 

groups (swimmers and runners), was significant for Ward's 

triangle femural and proximal radius site. The positive 

relation of body weight with bone mineral index for the 

femural neck, greater trochanter, lumbar vertebrae 1,2,3,4, 

and lumbar 2,3,4 locations was not significant. The highest 

adjusted R2 for this multiple regression analysis was .27 

for the femur Ward's triangle location. The SEE was .14 

2 gm/cm . Adjusted R2 for lumbar vertebrae 1,2,3,4 and 2,3,4, 

o 
were .04 and .06; SEE's were 0.14 gm/cm2 and 0.15 gm/cm . 

Tor the radius, the proximal location's adjusted R2 was .24 

and the distal site was a .16. SEE's at the radius were 

2 . 2 0.05 gm/cm (proximal) and 0.06 gm/cm (distal). 

PREDICTION OF BONE MINERAL INDEX FROM ATHLETIC GROUP, BODY 
WEIGHT, FAT FREE BODY WEIGHT, AND BODY MASS INDEX. 

Step-up multiple regression analysis was also used to 

investigate the relationship between bone mineral index and 

two additional body size variables. The first three steps 

of the previous multiple regression analysis were retained, 

1.e., two built-in athletic group comparisons and body 



Table 10. Multiple regression analysis of bone mineral index with athletic group, body weight, years 

exercise history, and average daily calcium consumption. 

Regression Coefficients 
Dependent Contrast Contrast Mj 

Variable 1 2 WCT YEX TCA R2 SEE INTERCEPT 

Femur Neck -.039 .050 .005 .015 -.003 .13 .13 .68 

Femur Ward's 
Triangle -.080* .027 .004 .033 -.017 .27 .14 .65 

Femur Greater 
Trochanter -.020 .009 .003 .022 -.018 .05 .11 .56 

Iuntoar Vertebrae 
1,2,3,4 -.023. .035 .005 .014 -.022 .04 .14 1.0 

lumbar Vertebrae 
2,3,4 -.021 .050 .006 .013 -.028 .06 .15 1.0 

Proximal Radius -.032* -.021 .000 .001 -.015 .24 .05 .65 

Distal Radius -.023 -.001 .002 .008 -.000 .16 .06 .23 



Table 10. (continued) 

1*=39 *p < 0.05 

1 « Contrast 1 athletic group built in comparison of body builders and ranaining athletes (swiitmers 

and runners) 

2 = Contrast 2, athletic group built in comparison of swimmers and runners. 

3 = Body weight 

4 = Years exercise histroy built-in comparison comparing zero through thirteen years exercise 

history and fourteen through twenty-seven years. 

5 » Calcium consumption built-in comparison comparing up to 800 mg calcium and above 801 mg calcium 

intake. 
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weight. The effects of years of exercise history and 

calcium consumption as predictors of bone mineral index were 

removed from this analysis and the following independent 

variables were forced in at step four and five: (4) fat free 

body weight and (5) body mass index (body weight/height2). 

Appendix Table 3 shows the results of multiple 

regression analysis with fat-free body weight as the fourth 

variable, and body mass index as the last variable to be 

added in predicting bone mineral indexes at all the sites. 

At all femur and spine measurement sites fat free body 

weight was a significant predictor (p < 0.05) for bone 

mineral index. Step one alone, athletic group contrast 1, 

was a significant regression coefficient for the femoral 

neck site until fat free body weight was added in. Contrast 

1, i.e., the athletic group comparison of body builders 

versus the remaining athletes, was a significant regression 

coefficient throughout the multiple regression analysis at 

2 the Ward's Triangle femur location. The adjusted R at the 

three femur sites reached their height of .24 femoral neck, 

.32 Ward's triangle, and .33 greater trochanter with the 

addition of fat free body weight as a predictor of bone 

mineral index at step four. Body mass index was not a 

significant regression coefficient at the femur. The SEE's 

2 2 
ranged from 0.09 gm/cm to 0.14 gm/cm at the femur. At 

lumbar vertebrae 2,3,4, and 1,2,3,4, body mass index added 
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to the prediction accuracy of the lumbar vertebrae bone 

2 mineral index. The adjusted R for the lumbar vertebra was 

.08 at step three (body weight) and increased significantly 

(p < 0.05) to .25 at step four (fat-free body weight). This 

improved further to .33 with the inclusion of step five, 

2 body mass index. The SEE was .13 gm/cm . For the proximal 

and distal radius the built-in comparison of body builders 

and the remaining athletes (swimmers and runners) had a 

significant effect. The adjusted R for the proximal site 

was highest at .23 after both athletic group contrasts. The 

2 SEE was a 0.05 gm/cm which was not improved with the 

addition of the independent variables body weight, fat-free 

body weight, and body mass index. For the distal radius 

location the adjusted R was a .20 with athletic group, body 

weight, and fat free body weight as the predictors. The SEE 

2 was a .06 gm/cm . 

The results of two separate regression analyses of 

lumbar vertebrae 1,2,3,4, bone mineral index, the first with 

athletic group, body weight, years exercise history, and 

calcium consumption as the independent variables; and the 

second analysis with athletic group, body weight, fat free 

body weight, and body mass index as the independent 

variables, are summarized in Table 11. There were no 

significant regression coefficients at SL1,2,3,4 using 

2 multiple regression analysis one. The highest adjusted R 
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Table 11. Multiple regression analyses of SL 1,2,3,4 bone mineral index 

with athletic group, body weight, years exercise history and 

average daily calcium consumption and with athletic group, body 

weight, fat-free body weight and bod/ mass index. 

Multiple Regression Analysis 1 

Regression Coefficients 

Dependent Contrast Contrast 

wsr3 

ADJ Inter

Variable 1 2 wsr3 YEX4 Ca5 R R2 SEE cept 

lumbar 
Vertebrae 
1,2,3,4 -.043 .26 .04 .14 1.28 

-.048 -.223 .27 .02 .15 1.27 

-.024 .037 .006 .39 .08 .14 .94 

• -.024 .029 .006 .010 .39 .05 .14 .94 

-.023 .035 .005 .014 -.022 .41 .04 .14 1.00 

MultiDle Regression Analysis 2 

Regression Coefficients 

Dependent Contrast Contrast 

WGT3 

ADJ Inter

Variable 1 2 WGT3 FFB4 EMI5 R R2 SEE cept 

Lumbar 
Vertebrae 
1(2,3,4 -.043 .26 .04 .14 1.28 

-.043 -.011 .27 .02 .15 1.28 

-.033 .018 .006 .39 .08 .14 .92 

-.015 .012 -.005 .020* .55 .22 .13 .63 

.013 .007 -.021* .028* 435.* .63 .31 .12 .27 
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N=39 

*p < 0.05 

1 = Contrast 1 athletic group built in comparison of body builders and 

remaining athletes (swimmers and runners) 

2 = Contrast 2, athletic group built in ccsnparison of swimmers and 

runners. 

3 = Body weight 

Multiple regression Analysis 1 

4 = Years exercise histroy built-in comparison comparing zero through 

thirteen years exercise history and fourteen through twenty-seven 

years. 

5 = Calcium consumption built-in comparison comparing 15) to 800 mg calcium 

and above 801 mg calcium intake. 

Multiple regression Analysis 2 

4 = Fat-free body weight (underwater weighing) 

2 5 = Body mass index (weight/height ) 
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achieved was after step three, two athletic group built-in 

comparisons and body weight, of .08. The SEE was 0.14 

2 gm/cm . In multiple regression analysis two, body weight, 

fat free body weight, and body mass index were significant 

regression coefficients in prediction SL 1,2,3,4 bone 

2 mineral index. The adjusted R increased from .08 after 

step three to .22 after the addition of fat-free body 

weight, and to .31 with the addition of body mass index as a 

2 predictor variable. The SEE was lowest at 0.12- gm/cm at 

step five. 

Table 12 lists the results of step-up multiple 

regression analysis showing ' the effects of two athletic 

group comparisons, body weight, fat free body weight, and 

body mass index in the prediction of femur, lumbar 

vertebrae, and radius bone mineral index. No regression 

coefficients were significant at the femoral neck BMI site. 

The SEE with all five regression coefficients was 0.12 

n 2 . 
gm/cm and the adjusted R was .22. At the Ward's Triangle 

femur BMI location, both athletic group contrast 1 (body 

builders versus the remaining athletes) and fat-free body 

weight were significant regression coefficients. The SEE 

2 2 was 0.13 gm/cm and the adjusted R was .32. Fat-free body 

weight was a significant (p < 0.05) regression coefficient 

in predicting the BMI of the Greater Trochanter of the 

2 
femur. The SEE at this site was 0.09 gm/cm and the 



T&ble 12. Multiple regression analysis of bone mineral index with athletic group, body weight, fat-

free body weight and body mass index. 

Regression coefficients 

Depai'ifent 
Variables 

contrast 
1 

Contrast 
2 

Body 
Weight 

Pat-Free 
Weight 

Body 
Mass 
Index 

ADJ. 
R SEE 

Inter
cept 

Feraur neck -.039 .025 -.003 .014 37.3 .22 .12 .41 

Ftsnur ward's 
Triangle -.065* .015 -.011 .019* 201.2 .32 .13 .22 

Paiur Greater 
Trochanter .001 .002 -.011 .022* 122.5 .32 .09 .13 

Iunfaar 
Vertebrae, «, -X / Z f J  ,4 .013 .007 -.021* .028* 435.4* .31 .12 .27 

Iunbar 
Vertebraej ̂  4 .013 .013 -.021* .030* 433.5* .33 .13 .24 

Proximal 
Radius -.027* -.013 -.001 .001 -37.1 .19 .05 .65 

Distal 
Radius .016 .001 -.003 .005 90.9 .20 .06 .99 

N=39 

«p < 0.05 

Oaitrast 1 •» athletic group built-in oonpariscn of bcdy builders and remaining athletes (swimmers 
and runners). 

Ojntrast 2 = athletic group built-in comparison of swimmers and runners. 
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2 adjusted R was .32. For the lumbar vertebrae 1,2,3,4 and 

2,3,4; all body mass regression coefficients were 

significant, i.e., body weight, fat-free body weight, and 

. 2 p 
body mass index. The SEE was 0.12 gm/cm to 0.13 gm/cm and 

2 the adjusted R was .31 to .33. At the radius the 

significant predictor variable was athletic group contrast 1 

at the proximal site. The radius SEE was 0.05 gm/cm2 to 

2 0.06 gm/cm and the adjusted R2 was .19 to .20. 

PREDICTION ACCURACY FOR BONE MINERAL INDEX SITES USING 
ATHLETIC GROUP,BODY WEIGHT, FAT FREE BODY WEIGHT, OR BODY 
MASS INDEX. 

Table 13 summarizes the Pearson product moment 

correlation coefficients of the linear relationship between 

bone mineral index of the various sites and athletic group, 

body weight, fat free body weight, and body mass index. 

Correlation coefficients for the athletic group built-in 

comparison of body builders versus swimmers and runners was 

significant at two femur sites, femural neck and Ward's 

triangle, the proximal and distal radius. The correlations 

were .40 femural neck, .54 Ward's triangle, .45 for the 

proximal radius and .41 for the distal radius bone mineral 

indexes. Athletic group had the highest correlation of .54 

in predicting Ward's triangle femur bone mineral index. Fat 

free body weight had significant correlation coefficients at 

all of the bone mineral index locations ranging from .35 at 
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Table 13. Correlations between body weight, fat-free body weight, body mass 

index, and bone mineral index at various measurement sites. 

Correlation Coefficients 

Bone Mineral 
Index 

Athletic 
Grouo 

Body 
Vfeiaht 

Fat-free 
Body Weiaht 

Body 
Mass Index 

Femur Neck .40* .29 .46* .26 

Femur Ward's 
Triangle .54* .26 .44* .30 

Femur Greater 
Trochanter .25 .29 .56* .22 

lumbar Vertebrae 
1,2,3,4 .26 .32* .51* .35* 

Lumbar Vertebrae 
2,3,4 .26 .31 .52* .34* 

Proximal Radius .45* .30 .35* .27* 

Distal Radius .41* .38* .45* .41* 

N=39 

Athletic group = built-in comparison of body builders and remaining 

athletes (swimmers and runnel's). 
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the proximal radius bone mineral index to .56 at the greater 

trochanter femur bone mineral index site. Body weight had a 

significant linear relationship at the lumbar vertebrae, 

a .32, and at the distal radius, .38. The body mass index 

correlation coefficient was significant at the lumbar 

vertebrae, .34 to .35, and at the distal radius, .41. 



DISCUSSION 

The results of the study will be discussed in the 

following order: reliability of bone mineral data, 

comparison of the control group's and athlete's bone mineral 

2 index (g/cm ) with Lunar Radiation Corporation norms, 

differences between the control group and the athletic 

groups, differences between athletic groups, comparison 

between results of the present study with previous 

investigations of eumenorrheic athletes, relationship 

between proximal and distal radius bone mineral index with 

spine and femur bone mineral index, mineral index, relation

ship of physical activity history and calcium consumption 

with bone mineral index, and selected case studies of 

athletes connoting low and high bone mineral indexes. 

RELIABILITY OF BONE MINERAL DATA 

Photon absorptiometry was the method employed to 

access the bone mineral status of the sample. For both 

single and dual photon absorptiometry, precision of measure

ment is usually presented as a coefficient of variation, and 

reported values range from 1-5% (Cummings et al. 1986; Ott, 

1986; Mazess et al. 1984; Peppier et al. 1981; Wahner et al. 

1983) . Lunar Radiation Corporation reports their scanner 

79 
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model DP3, used in this study, has a 2-3% precision of spine 

measurements (1985). 

The procedure employed for photon absorptiometry data 

collection in this study entailed the use of two 

investigators. One third of the bone scans were analyzed by 

one investigator, one third of the scans were analyzed by a 

second investigator, and the final third were analyzed 

independently by both investigators. The average of both 

investigators analyses were used as the bone mineral 

measurement for the third of the sample analyzed by both 

investigators. Analysis of photon absorptiometry bone 

mineral scans involves subjective evaluation by the 

investigator. Inter-investigator reliability using Pearson 

product moment correlation coefficients and paired t-tests 

were examined. The inter-investigator reliability data is 

presented in Table 4. While the correlation coefficients 

for the two investigators showed a high degree of associa

tion at the lumbar vertebrae 2,3,4 and 1,2,3,4 site of .97, 

and .94 to .97 for each vertebrae individually, the t-test 

statistics indicated the mean values for each investigator 

were significantly different (p < 0.05), but very small in 

2 2 magnitude (0.03 gm/cm to 0.05 gm/cm ) and a mean difference 

as a percent of the mean of 2-4%. For the lumbar vertebrae; 

in view of the small differences between the means, the high 

correlation coefficients, the small standard error of 
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2 2 measurement of 0.03 gm/cm to 0.04 gm/cm and ranging from 

2-3 when expressed as a percent, the data obtained were 

considered very reliable. For the femur, the high correla

tions (r= .98 to .99), non significant t-tests, only a 0.01 

2 gm/cm difference between one mean between both 

investigators, small standard errors of measurement of 0.01 

2 to 0.02 gm/cm and ranging from 1-2 when expressed as a 

percent, the analyses were highly reproducible. For the 

2 radius, the mean differences were small at 0.01 gm/cm 

between the investigators, the correlations were significant 

and high, ranging from .90 to 0.97, the standard errors of 

2 measurement ranged from 0.014 to 0.018 gm/cm and from 2.6 

to 3.5%, thus the analyses by the investigators are highly 

comparable. The distal radius t-test was significant, the 

magnitude of the difference however was small and 0.01 

2 gm/cm or 2.5%. For the ulna, the mean differences were 

2 also small at 0.01 gm/cm between investigators, the 

significant (p < 0.05) correlations were .96, the standard 

2 errors of measurement ranged from 0.01 to 0.02 gm/cm and 

from 2.5 to 2.8%, thus the analyses were highly 

reproducible. The distal ulna t-test was significant, the 

2 magnitude of the difference was small and 0.01 gm/cm or 

3.9%. 
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No data have been published regarding inter-

investigator reliability of bone mineral density measures in 

vivo, although Mazess and Witt (1983) examined inter-

laboratory variation in measures on a three chambered 

standard using single-photon absorptiometry. Unpublished 

data of intra and inter-investigator reliability in the 

analysis of bone mineral using the Lunar DP3 scanner system 

was examined in the same laboratory with the same 

investigators as the present study just prior to data 

collection. Twenty-nine subjects were scanned on two 

occasions, one week apart. For lumbar vertebrae 2,3,4 the 

average difference between the two investigators was .04 

2 gm/cm or approximately 3% error. The femoral neck 

investigator differences for the unpublished study were .017 

2 gm/cm , which is also in range with the present studies 

2 investigator standard error of measurement of .013 gm/cm . 

COMPARISON OF BONE MINERAL VALUES WITH LUNAR CORPORATION 
NORMS 

Another method of establishing reliability of bone 

mineral data obtained in the present study would entail 

drawing comparisons with cross-sectional normative data as 

well as previously reported values on similar populations, 

i.e., eumenorrheic female athletes. Appendix Table 4 

presents Lunar Radiation Corporations (1985) distribution of 
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bone mineral values in young normal females using their DP3 

dual photon scanner which was used in the present study. A 

comparison of Lunar normal mean bone mineral index in gm/cm 

and standard deviations with the present study's controls as 

well as the athletes grouped together (Table 14) reveals the 

mean bone mineral values to be in very close agreement. 

A review of Lunar's distribution of normal bone 

mineral values from the 50th percentile or mean to the 

2 99.8th percentile finds a .39 gm/cm range in lumbar 

2 vertebrae 2,3,4, .36 gm/cm for the femural neck, .42 

2 . 2 gm/cm for Ward's triangle and .33 gm/cm difference for the 

greater trochanter. In the present study, the distribution 

• 2 of bone mineral index values in gm/cm from the mean to the 

highest value at each bone mineral index measurement site is 

smaller than Lunar's distribution of normal values except 

for the lumbar spine of the recreational runners (Table 15). 

DIFFERENCES BETWEEN THE ATHLETES AND CONTROLS BONE MINERAL 
INDEX VALUES. 

There were no significant differences (p < 0.05) 

between the athletes grouped together and the controls at 

any bone mineral index value, i.e., at the lumbar vertebrae, 

femur, or radius. At the three femur measurement sites and 

at the distal radius, an athlete represented the lowest 
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Table 14. Comparison of lunar bone mineral index with controls and 

athletes, [means (standard deviations) ] 

EMIfam/ernr) 

Lunar normals 
Bone Mineral N=164 spine Controls Athletes 
Index N=100 femur N=18 N=39 

Lunibar Vertebrae 
2,3,4 

Femur Neck 

Femur Ward's 
Triangle 

Femur Greater 
Trochanter 

1.27(.13) 

1.00(.12) 

.93(.14) 

.82(.11) 

1.25(.13) 

0.95(.ll) 

•86(.13) 

.73(.09) 

1.33(.15) 

1.00(.14) 

.91(.16) 

.78(.11) 



T&ble 15. Distribution of normal bone minercil values. 

Group 

Bone 

Mineral 
2 Site gny/an 

lunar 

Norms Controls Swimmers 
Collegiate 
Runners 

Recreational 
Runners 

Body 
Builders 

lumbar 
Vertebrae 
2,3,4 .39 

Femur Neck .36 

Femur Ward's 
Triangle .42 

Femur 
Greater 
Tnxhanger .33 

.23 

.19 

.18 

.16 

.17 

.12 

.18 

.15 

.13 

.09 

.15 

.10 

.41 

.23 

.27 

.23 

.21 

.31 

.20 

.16 

1 = difference of 50th percentile to 99.8th percentile 

2 = difference of mean to the highest value 
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measured bone mineral index value of the entire sample. 

Only at the spine did a control subject represent the lowest 

bone mineral index value. This suggests the athletes 

grouped together are a more heterogeneous sample than the 

control group for bone mineral sites. 

Two athletes were consistently measured lowest in 

bone mineral index at all the measurement sites. A 

swimmer's bone mineral index was the lowest of the entire 

2 sample at the femoral neck (.72 gm/cm ), and Ward's triangle 

2 (.60 gm/cm ) locations. These are 2.3 standard deviations 

below Lunar norms or at the 1.0 percentile. Lunar considers 

this the upper limit for marked risk for fracturing. This 

swimmer was also measured lowest of the athletes at the 

lumbar vertebrae 2,3,4 bone mineral index site with 1.03 

2 gm/cm . In the present study, this swimmer fell (-2 SD) 

standard deviations below the mean. A recreational runner 

was measured lowest in bone mineral index of the entire 

2 sample at the greater trochanter site with 0.56 gm/cm . 

Lunar corporation reports this value to be -2.3 standard 

deviations and at the 1.0 percentile of the distribution of 

young normal values. This recreational runner was also 

lowest of the entire sample at the radius proximal and 

2 distal bone mineral index locations, with 0.45 gm/cm and 

2 0.26 gm/cm , respectively. Lumbar vertebrae 1,2,3,4 bone 

mineral index measurement also reports this recreational 
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2 runner with the lowest value, 1.03 gm/cm of the athletes at 

this site. In the present study this recreational runner's 

bone mineral index values of these sites were (-2SD) two 

standard deviations below the samples mean value. One 

control subject had the lowest bone mineral index of the 

control group for the femoral neck, lumbar spine and 

proximal radius bone mineral index location. 

BONE MINERAL INDEX DIFFERENCES AMONG THE CONTROLS AND THE 
ATHLETIC GROUPS 

There were no significant differences (p < 0.05) 

between any athletic group and the control group at the 

radius proximal or distal bone mineral index location. The 

difference in mean values at the proximal radius was 0.06 

2 gm/cm , the standard deviations are are all in agreement 

2 
averaging 0.05 gm/cm . At the distal radius the difference 

2 in mean values is also .08 gm/cm , average standard devia-

2 tion 0.05 gm/cm . It is apparent the groups are similar at 

the radius. 

At the spine and all three femur bone mineral index 

value sites, the body builders were significantly different 

(p < 0.05) than the control group. Three body builders 

consistently reported the highest bone mineral index values 

of the entire study at the femur (all three sites) and 

radius (both sites). 
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BONE MINERAL INDEX DIFFERENCES AMONG ATHLETIC GROUPS 

Table 7 summarizes the bone mineral index for the 

various athletic groups and the control group, means and 

standard deviations. There were significant differences (p 

< 0.05) between the athletic groups at the femur with the 

body builders having significantly (p < 0.05) greater bone 

mineral index than the swimmers, and recreational runners. 

The femur Ward's triangle bone mineral index value of the 

body builders were significantly (p < 0.05) greater than 

all the other groups. Comparing the standard deviations of 

Lunar's normative data at each bone mineral site with the 

different athletic groups, there is good general agreement 

except for the lumbar vertebrae 2,3,4 site with the 

2 
recreational runners whose standard deviation was .21 gut/cm 

2 as compared to Lunar's .13 gm/cm . Both the lowest and 

highest spine lumbar 2,3,4 vertebrae bone mineral index 

values were recreational runners. 

Table 16 and 17 summarize the results of the bone 

mineral data analyses with the five collegiate runners and 

the 11 recreational runners combined as one group of sixteen 

runners. The Lunar norms are also shown in Table 16 for the 

lumbar vertebrae and the femur bone mineral indexes. Table 

7 summarizes the results of the bone mineral index analyses 

for the different athletic groups with the runners seperated 



Table 16. Lumbar vertebrae and femur bone mineral index in eumenorrheic athletes and controls. 

CONTROL 
(N=18) 

IDNBR NORMS 
(N=164 spine) 
(N=L00 femur) 

RUNNERS 
(N=16) 

SWIMMERS 
(N=13) 

BOOT BCJIICERS 
(N=H) 

VARIABLE X S X S X S X S X S 

Lumbar 
Vertebrae 
2,3,4 1.25® (.13) 1.27 (.13) 1.29 (.18) 1.31 (.11) 1.403 (.14) 

1,2,3,4 1.24® (.13) 1.27 (.18) 1.29 (.10) 1.38a (.13) 

Femur Neck .95® (.11) 1.00 (.12) .97® (.12) .97® (.11) 1.09a'b,C (.17) 

Wards Triangle •
 

C
D
 (D
 

(.13) .93 (.14) .86® (.15) •
 

00
 <D
 

(.12) 1.06a'b,C (.14) 

Trochanter .73® (.09) .82 (.11) .75 (.12) .77 (.10) • 82a .10 

a,b,c,e A superscript indicates a significant difference at the p < 0.05 level 

a significant difference from controls 

b significant difference from swirrmters 

c significant difference from runners 

® significant difference from body builders 



Table 17. Radius and ulna bone mineral index in euinenorrheic athletes and controls. 

CONTROL IDNAR NORMS RUNNERS SWIMMERS BODY BUILDERS 
(N=18) (N=16) (N=13) (N=ll) 

VARIABLE X S X S X S X S X S 

Radius 
qta/cm 
Proximal .69e (.07) .68 (.05) .71 (.06) .75a,C (.03) 

Distal .38e (.05) .37® (.07) .39e (.05) .44a,b,C (.06) 

a,b,c,e A superscript indicates a significant difference at the p < 0.05 level, 

a Significant difference fran controls. 

b Significant difference from swimmers. 

c Significant difference from runners. 

e Significant difference fran body builders. 
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into two groups. When comparing the two separate analyses, 

the statistically significant differences did not change. 

COMPARISON OF THE ATHLETIC GROUPS WITH OTHER INVESTIGATIONS 
OF EUMENORRHEIC. ATHLETES 

The bone mineral index values obtained in the present 

study were compared with the results obtained by other 

investigators measuring eumenorrheic, similar age athletes 

using photon absorptiometric methodology at the lumbar 

vertebrae, femur and/or radius. Table 18 summarizes 

comparisons between the present study's swimmers with 

Jacobson et al. (1984) swimmers, the runners with Marcus et 

al. (1984) and Drinkwater et al. (1984) runners, the 

athletes grouped together with Jacobson et al. (1984) 

athletic women, the controls with Jacobson et al. (1984) 

controls, as well as presents Snyder et al. (1986) 

oarswomen. To date, no investigation has reported bone 

mineral values of female body builders for comparison. 

The results found in the present study agree well 

with those obtained by other investigations. The difference 

in the means of two groups being compared range from 0.01 to 

2 0.07 gm/cm for athletic groups at the spine, 0.00 to 0.08 

2 2 gm/cm at the proximal radius and a 0.02 to a 0.05 gm/cm 

for the distal radius. The mean difference as a percent of 

the mean between investigators was 1-5% at the spine between 



Table 18. Bone mineral index values of euroenonheic female athletes. Means (standard deviations) of 

the spine/femur and radius. 

X 
X difference 

Present Study _ Investigator _ difference as % of 
N Bone Site gny/cm N Bone Site gm/cm gm/cm the mean 

Jaocbson et al 1984 

Swimmers 13 Spine 
2,3,4 

13 D Radius 

13 P Radius 

1.31(.ll) 

.39(.05) 

•71(.06) 

17 Spine 1.32(.03) 
Vertebrae not reported 

23 D Radius 

23 P Radius 

.44(.01) 

.71(.01) 

.05 

.00 

1.0% 

12.0% 

.0% 

Runners 5 

5 

P Radius 

D Radius 

11 P Radius 

.64(.06) 

.38(.05) 

.68(.05) 

5 SL1,2,3,4 1.26(.13) 

5 SL2,3,4 1.28(.12) 

11 SL1,2,3,4 1.27(.20) 

Marcus et al 1984 

6 P Radius .72(.01) 

Dririkwater et al 1984 

14 Spine 1.30(.03) 
1,2,3,4 

(3 are 
oarswcmen) 

.08 

.05 

.04 

.03 

11.8% 

7.3% 

3.1% 

2.3% 



Table 18. (continued) 

"Athletic" 

exercising 
3 times a week 

Oarswanen 

Present Study 
N Bone Site gn/cm 

All Athletes Together 

39 Spine 1.33(.15) 
2,3,4 

39 D Radius .40(.06) 

39 P Radius .71(.06) 

Body Builders 

Controls 

11 Spine 
2,3,4 

D Radius 

P Radius 

18 D Radius 

18 P Radius 

18 Spine 
2,3,4 

1.40(.14) 

.44(.06) 

.75(.03) 

.38(.05) 

.69(.08) 

1.25(.13) 

X 
Investigator _ X difference 
N Bone Site gny'cm difference as % of 

gm/cm the mean 

Jaccibson et al 1984 

17 Spine 1.40(.06) .07 5.3% 

30 D Radius .42(.01) .02 4.9% 

30 P Radius .73(.01) .02 2.7% 

Svnder et al 1986 

7 Spine 1.67 
12,3,4,5 

Jacobson et al 1984 
46 D Radius ,43(.01) .05 12.3% 

46 P Radius .71(.01) .02 2.8% 

181 Spine 1.37(.05) .12 9.1% 
vo 
CJ 
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athletic groups and 9% for controls, 0-12% at the proximal 

radius and 5-12% at the distal radius. For athletes 

combined (Jacobson et al. 1984 versus the present study), 

the mean difference as a percent of the mean between 

investigations was 5% for the mean lumbar spine bone mineral 

index. 

Jacobson et al. (1984) swimmers group mean was 

identical with the present study at the proximal radius. 

The mean difference as a percent of the mean at the lumbar 

spine was 1%. The control groups of both investigations had 

2 a mean difference of 0.12 gm/cm at the lumbar spine which 

as a percent of the mean was 9%. The present study's 

control group compared well with Lunar (1985) norms, 

2 differing by 0.02 gm/cm at the lumbar spine. Jacobson et 

2 al. controls differ with Lunar norms by 0.10 gm/cm . 

Jacobson et al. controls mean lumbar spine value of 1.37 

2 gm/cm compares well with their own athletic group sample 

2 and the present study's body builder group (1.40 gm/cm ). 

The present study's results, therefore did not support those 

of Jacobson et al. (1985), that being the swimmers group's 

lumbar spine bone mineral index was below that of the 

control group. 

Unfortunately, not all athletic groups of other 

investigations participated in the same sport. For example, 

Drinkwater et al. (1984) included three oarswomen among 
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their sample of 14 eumenorrheic runners. Additionally, 

investigations are not reporting the same lumbar vertebrae. 

Bone mineral indexes that are being reported in the 

literature are lumbar vertebrae 2,3,4 or 1,2,3,4, and 2,3,4 

and 5. Snyder et al. (1984) measured seven U.S. lightweight 

oarswomen and reported their bone mineral index at the 

lumbar vertebrae 2,3,4, and 5. The mean bone mineral index 

2 for the sample was 1.67 gm/cm at lumbar vertebrae 2,3,4,5. 

There are no other investigations reporting lumbar vertebrae 

two through five for comparison. 

RELATIONSHIP OF SPINE AND FEMUR BONE MINERAL INDEX TO RADIUS 
BONE MINERAL INDEX 

Table 8 presents the results of Pearson product 

moment correlation coefficients of the spine and femur with 

both radial measurement sites. The percentage of trabecular 

bone at both the proximal and distal radius locations is 

presented in Appendix Figure 1 (Schlenker et al., 1976). 

Eighty percent of the skeleton consists of the compact, 

cortial bone which is predominate in the appendicular 

skeleton. Approximately 20% of the skeleton is the more 

metabolically active trabecular bone present in the lumbar 

vertebrae (Wahner, 1984). The distal radius site (Awbrey et 

al., 1984) with its greater than fifty percent trabecular 

bone is considered in theory to be a better site than the 
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more proximal location for using the radius bone mineral 

index for predicting spinal bone mineral status (Appendix 

Figure 3) . The correlation coefficients at both proximal 

and distal locations were significant (p < 0.05) at the 

spine and the three femur sites for the total sample. The 

correlations increased from a range of .29 to .49 at the 

proximal site to .53-.59 at all distal sites. Awbrey et 

al. (1984) conducted a cross-sectional study on over 700 

normal caucasian women from 18-98 years of age. The 

correlation coefficient of the lumbar spine to the distal 

radius was .52 and the proximal radius .50. The distal 

radius results of the present study agree with those of 

Awbrey et al. (1984). Mazess et al. (1984) examined normal 

young females bone mineral index of the proximal radius and 

found a .21 correlation with the lumbar spine bone mineral 

index. Wilson (1977) reported a correlation of .87 for the 

bone mineral content of the femoral neck with the radius. 

In the present study, the femoral neck bone mineral index 

correlation with the distal radius site was .53. The femur 

Ward's triangle bone mineral index site gave the highest 

correlation of .59 with the distal radius bone mineral index 

site. 

In the present study, the coefficient of variation 

(CV=SEE/Mean) as a percent for predicting spine bone mineral 

index from the proximal radius and distal radius bone 
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mineral index sites were 10.2% and 9.4%, respectively. 

Other investigations (Krolner et al.f 1980; Madsen, 1977), 

have yielded a CV of 20-25% in predicting lumbar spine bone 

mineral index with the proximal radius bone mineral index. 

The CV% in the present study of the femoral neck with the 

proximal radius and distal radius were 12.1% and 11.1%, 

respectively. Wilson (1977) reported a 15% CV in predicting 

the bone mineral content of the femoral neck with proximal 

radius bone mineral content. The significant correlation of 

0.59 of the Ward's triangle femur bone mineral index 

location with the distal radius bone mineral index site gave 

the highest correlation. The coefficient of variation was 

13.3%. 

Correlations with each athletic group were also 

calculated between the lumbar vertebrae and the radius in 

the present study. The proximal radius correlation was 

significant only for the runners (N=16) at .81, which 

decreased to .57 at the distal radius. For the swimmer 

group the distal radius correlation increased significantly 

(p < 0.05) to .74 over the proximal correlation of 0.34. 

This was the highest difference between measurement loca

tions within athletic groups. 

Although both proximal and distal radius bone mineral 

index correlation coefficients were statistically 

significant (p < 0.05), with the distal radius having higher 
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association with the lumbar vertebrae bone mineral index, 

the correlations were not high enough to give an accurate 

prediction of the lumbar spine. Direct measurement of the 

lumbar vertebrae is therefore required for most cases when 

accurate information of lumbar vertebrae bone mineral index 

is required. 

CORRELATION COEFFICIENTS OF ATHLETIC GROUP, BODY WEIGHT, 
YEARS OF EXERCISE, AND CALCIUM CONSUMPTION WITH BONE 
MINERAL INDEXES. 

Table 9 shows the results of correlation coefficients 

used to analyze the effects of athletic group, body weight, 

years of exercise history and calcium consumption on bone 

mineral index. The athletic group was a built-in comparison 

of body builders versus the remaining athletic groups, i.e., 

swimmers and runners. Average daily calcium consumption was 

a built-in comparison of under 800 mg versus over 801 mg of 

calcium. The correlations for years of exercise history 

(linear relationship) with the bone mineral indexes of the 

lumbar spine, femur, and radius were very low (.03 to .26) 

and all non-significant (p < 0.05), indicating little 

association of exercise history to bone mineral index in 

this sample of young women. The correlations for calcium 

consumption with the bone mineral indexes of the lumbar 

spine, femur, and radius were also very low (.04 to .32) 

with the .32 correlation at the proximal radius being the 
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only site reaching significance (p < 0.05). Table 3 and 

Appendix Table 1 report the means, standard deviations, and 

ranges for estimated average daily calcium consumption in 

milligrams. The body builders were significantly higher (p 

< 0.05) than the collegiate runners and the controls in 

daily calcium consumption. The collegiate runners were 

lowest of all groups in this sample and averaged a daily 

calcium consumption at the recommended daily dietary 

allowance of 800 mg. The controls, swimmers, and 

recreational runners were all in the same range of 1050 -

1125 mg of calcium per day. The body builders recorded the 

highest daily calcium consumption of 1685 mg. Eight of the 

eleven body builders (73%) were taking either a multivitamin 

with calcium in it or a calcium supplement, compared to 

approximately 50% of the runners (two collegiate runners, 

six recreational runners) and swimmers (six). Only one of 

the eighteen controls was consuming calcium supplemental to 

her diet. The results of the present study indicate that 

estimation of present calcium consumption were not highly 

associated with bone mineral index. The lumbar vertebral 

spine 2,3,4 is an example with the athlete with the lowest 

bone mineral index having an estimated daily calcium intake 

of 2000 mg while the athlete with the highest bone mineral 

index averaged approximately 450 mg of calcium per day via 

questionnaire. A history of past calcium intake was not 
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Appendix Table 1. Ranges of physical characteristics for athletic groups and controls. 

Groups 

Variable Controls Swimmers 
Collegiate 
Runners 

Recreational 
Runners 

Body 
Builders 

N 18 13 5 11 11 

Age, yrs. 17-31 18-28 19-21 22-38 19-36 

Height, an 147-172 158-178 160-169 164-172 152-176 

Weight, kg 45-68 54-75 49-58 51-63 48-78 

Body Density 
g/cc 1.014-1.057 1.027-1.073 1.050-1.070 1.044-1.064 1.019-1.072 

Percent Fat 
Density 18-38 11-32 12-21 15-24 12-36 

Fat-free 
Weight, kg 
Density 32-52 44-56 39-49 . 41-52 41-62 

Sum Three 
Skinfolds, 
mm 31-76 22-66 20-29 23-46 19-65 

Triceps, ran 9-24 6-28 9-12 8-17 8-24 

Suprailiac, 
mm 5-25 5-20 4-9 5-12 4-21 

Abdcmen, mm 13-39 11-27 6-10 7-21 6-23 

Percent Fat 
Jackson-
Pollock 16-30 13-27 13-16 14-21 13-27 

Years 
Exercise 1-6 8-22 3-15 7-27 2-24 

Years 
Exercising 
Current 
Program 0-5 1-21 1-10 1-9 1-8 

Calcium, mg 792-1840 500-2079 292-1533 450-1929 198-4750 

Calcium = average daily calcium intake 



101 

recorded and thus the impact of previous calcium intake 

cannot be ruled out as an influencing factor, however 

present calcium intake can. 

The hypothesis that bone mass is related to 

nutritional status including calcium is an area of much 

current research. Martin et al. (1987) reviewed 

longitudinal studies examining the effects of calcium 

supplementation on various measures of bone status in 

healthy menopausal women with a summary of findings to date. 

Prospective studies by Horseman et al. (1977); Recker et al. 

(1977); Nilas et al. (1984); and Ettinger et al. (1986); of 

calcium supplementation ranging from 500-1040 mg for two 

years in healthy menopausal women found no significant 
4 

differences (p < 0.05) fr<?m controls in distal radius bone 

mineral via single-photon absorptiometry. Ettinger et al. 

(1986) combined quantitative computed tomography of the 

lumbar spine with single-photon absorptiometry of the distal 

radius in his two year study assessing the effect of a daily 

supplement of 1000 mg of calcium on bone status. No 

differences were observed between the experimental and 

control groups at any of the bone sites. The present study 

differs in methodology from these investigations as it is 

cross-sectional, uses dietary recall, and a younger age 

group. 
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Correlations of athletic group (built in comparisons 

of body builders versus the remaining athletes) on bone 

mineral indexes of the lumbar spine, femur, and radius were 

significant (p < 0.05) at the proximal and distal radius, 

.45 and .41 respectively, and two measurement sites of the 

femur, femoral neck and Ward's triangle, .40 and .54, 

respectively. Of the independent variables, athletic group, 

body weight, years of exercise history and calcium consump

tion, athletic group correlated the highest. Lastly body 

weight was significant (p < 0.05) at the distal (.38) 

radius, and lumbar vertebra 1,2,3,4, (.32); however, these 

correlations are too low in this sample to conclude there is 

a strong relationship between body weight and bone mineral 

index. To conclude, although statistically significant, 

these correlations are not high enough to give an accurate 
« 

prediction of an individual's bone mineral index. 

MULTIPLE REGRESSION ANALYSES OF BONE MINERAL INDEXES. 

Tables 10 and 12 report the results of two separate 

step-up multiple regression analyses to determine the 

association of several independent variables on bone mineral 

index of the lumbar spine, femur, and radius. The first 

multiple regression analyzes the bone mineral index predic

tion accuracy with the following independent variables added 

at each step: (1) athletic group built-in comparison of body 



103 

Appendix Table 2. Ranges of bone mineral index values for athletic groups and controls. 

Group 

Bone 
Mineral „ Collegiate Recreational Body 
Index gny/cm Controls Swimmers Runners Runners Builders 

Proximal Radius .53-.83 .61-.82 .61-.74 .61-.76 .69-.82 

Distal Radius .29-.48 .30-.48 .30-.44 .26-.48 .36-.52 

lumbar Vertebrae 
1,2,3,4 .97-1.47 1.04-1.47 1.10-1.39 1.03-1.68 1.12-1.57 

Lumbar Vertebrae 
2,3,4 .98-1.48 1.02-1.47 1.10-1.40 1.05-1.71 1.14-1.61 

Femur Neck .78-1.14 .72-1.09 .92-1.12 .80-1.18 .87-1.42 

Femur Ward's 
Triangle .61-1.04 .60-1.04 .73-1.06 .62-1.12 .90-1.26 

Femur Greater 
Trochanter .60-.89 .62-.92 .70-.90 ,56-.96 .68-.98 
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builders versus the remaining athletic groups (swimmers and 

runners), (2) a second athletic group comparison of swimmers 

versus runners, (3) body weight, (4) years of exercise 

history built-in comparison compared zero through thirteen 

years with fourteen through twenty-seven years exercise 

history, and (5) average daily calcium consumption built-in 

comparison of up to 800 mg of calcium and above 801 mg of 

calcium. Of the entire multiple regression analysis, the 

athletic group comparing body builders with the remaining 

athletes, was the only significant independent variable for 

predicting bone mineral index of the Ward's triangle femur 

skeletal site. The adjusted R2 for the Ward's triangle 

2 femur bone mineral site was 0.27 with an SEE of 0.14 gm/cm . 

These results indicate that although the independent 

variables are related to bone mineralization, much of the 

variation is not accounted for by the present model. At 

every dependent variable bone mineral index measurement 

site, years of exercise history and calcium consumption did 

not add to the prediction accuracy. As the body weight 

regression coefficients did contribute to the accuracy of 

prediction for the lumbar spine and femur, a second multiple 

regression analysis was carried out with fat-free body 

weight replacing years of exercise history and body mass 

index (weight/height2) replacing calcium consumption. These 

body size variables including body weight, fat-free body 
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weight and body mass index had significant regression 

coefficients in predicting bone mineral index of the femur 

and lumbar spine. At the spine lumbar 1,2,3,4 site the bone 

mineral index adjusted R2 changed from .04 in the first 

multiple regression analysis to .31 using the body mass 

variables. At all skeletal sites however the SEE was only 

2 improved on the average by .02 gm/cm or about 1-2% lower. 

In this study fat-free body weight was the best 

predictor of bone mineral index at the femur, spine and 

distal radius. The significant correlations ranged from .35 

to .56 in predicting bone mineral from fat-free body weight 

(Table 13) . The addition of fat-free body weight at step 

four increased the adjusted R2 at the femur from a range of 

.05 - .32 at the three measurement sites to .24 - .33. The 

lumbar spine adjusted R2 increased from .08 at step three, 

to .22 - .25 at step four (Appendix Table 3). Thus hypothe-

tically the results of these two multiple regression 

analyses indicate two individuals of the same body weight, 

one with a higher percent body fat and; therefore, less 

fat-free body weight would be predicted to have lower bone 

mineral index that the second individual with the same body 

weight, lower percent fat and therefore greater fat-free 

body weight. The CV (SEE/Mean) is 9.2% at the lumbar spine, 

and 11.5% to 14.3% at the three femur sites. Body mass 

predictor variables were not significant at the radius BMI 



Appendix Table 3. Multiple regression of bone mineral index with body weight, fat-free body weight 

and body mass index. 

Reqression Coefficients 

Dependent 
Variables 

Contrast 
1 

Oontrast 
2 

Body 
Weight 

Fat-free 
Weight 

Body 
Mass ADT 
Index R 

Inter-
SEE cept 

Femur Neck 

Femur Ward's 
Triangle 

-.062* .14 .13 .97 

-.062* .003 .11 .13 .97 

-.054* .030 .005 .17 .13 .64 

-.041 .026 -.002 .014* .24 .12 .44 

-.039 .025 -.003 .014 37.3 .22 .12 .41 

-.098* .27 .14 .86 

-.098* .001 .25 .14 .86 

-.091* .023 .004 .27 .14 .60 

-.078* .018 -.004 .015* .32 .13 .38 

-.0658 .015 -.011 .019* 201.2 .32 .13 .22 



Appendix Table 3 (continued) 

Regression Coefficients 

Dependent 
Variables 

Contrast1 
1 

2 Contrast 
2 

Body 
Weight 

Fat-free 
Weight 

Body 
Mass 
Index 

ADI 
R SEE 

Inter
cept 

Femur Greater 
Trochanter -.031 .04 .11 .76 

-.031 -.010 .02 .11 .76 

-.025 .009 .004 .05 .11 .52 

-.007 .003 -.007 .020* .33 .09 .23 

.001 .002 -.011 .022* 122.5 .32 .09 .13 

Iimtoar Vertebrae 
1,2,3,4 

-.043 

-.043 -.011 

.04 

.02 

.14 

.15 

1.28 

1.28 

-.033 .018 .006 .08 .14 .92 

-.015 .012 -.005 .020* .22 .13 .63 

.013 .007 -.021* .028* 435.4* .31 .12 .27 

lumbar Vertebrae 
2,3,4 

-.045 

-.045 -.007 

.04 

.02 

.15 

.15 

1.30 

1.30 

-.034 .025 .007 .08 .15 .91 

-.015 .018 -.005 .021* .25 .13 .59 

.013 .013 -.021* .030* 433.5* .33 .13 .24 



Appendix Table 3 (continued) 

Regression Coefficients 

1 2  ̂Dependent Contrast Contrast Body Fat-free Mass ADI Inter-
Variables 1 2 Weight Weight Index R SEE cept 

Proximal Radius 

Distal Radius 

-.028 

-.027* 

-.026 

-.024* 

-.027* 

-.029* 

-.029* 

-.025* 

-.021 

-.016 

.017 

.013 

.014 

.013 

.009 

.003 

.002 

.001 

.001 

.000 

-.001 

.003 

.001 

-.003 

.18 .05 .69 

.23 .05 .69 

.22 .05 .65 

.002 .21 .05 .62 

.001 -37.1 .19 .05 .65 

.14 .06 .38 

.13 .06 .38 

.19 .06 .22 

.004 .20 .06 .17 

.005 90.9 .20 .06 .99 

*p < 0.05 

Contrast 1 = Athletic group built-in comparison oamparing body builders and the remaining athletes 

(swimmers, runners). 

Contrast 2 = Athletic group built-in comparison comparing swimmers and runners. 
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sites. Belonging to the body builder athletic group was a 

significant regression coefficient at the radius. The CV 

(SEE/Mean), using the second multiple regression analysis 

with fat-free body weight and body mass index, at the 

proximal radius was 7% and at the distal radius 15.4%. at 

the femur and 6% at the distal radius. 

FACTORS CONNOTING LOW AND HIGH BONE MINERAL INDEX. 

It was hypothesized the swimmers would have the 

lowest bone mineral index among athletic groups at the 

femur and lumbar spine. This hypothesis was formulated on 

the basis of the general consensus among investigators that 

bone mineralization is dependent on gravitional and muscular 

stresses induced by weight bearing activity. Previous 

investigations have found swimmer's bone mineral content to 

be within the same range as their control groups (Jacobson 

et al. 1984; Nilsson et al. 1971). The results of the 

present study are in agreement with these studies at the 

femur bone mineral index measurement site but not the radius 

and lumbar spine. At the radius and lumbar spine, the 

swimmer's mean bone mineral indexes were above the controls 

and the collegiate and recreational runners. In this 

sample, only the body builders were higher than the swim

mers' bone mineral index. The swimmers were also above the 

Lunar (1985) norms at the lumbar spine. At the femur, 
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however, the swimmers, runners and controls were below the 

bone mineral index values of Lunar's (1985) norms by .03, a 

2 2 .03, .05 gm/cm at the femoral neck; .07 gm/cm at Ward's 

triangle; and .05, .07, and .09 gm/cm2 at the greater 

trochanter, respectively. The collegiate runners' and body 

builders' femur bone mineral index values were above the 

swimmers, who were above the recreational runners and 

controls. These results may support the hypothesis of 

chronic physical activity increasing site specific bone 

mineral; an example being the dominate arm of tennis players 

compared to their non dominate arms (Montoye, 1980). 

Perhaps the local stresses of muscular contraction are the 

resistance of the water through swimming may provide 

sufficient stress to increase bone mineralization of 

swimmers' radius and spine but not femur as seen in the 

present study's results. 

At all bone mineral index measurement locations, the 

body builders' mean values were the highest. The body 

builders were significantly greater than the controls at the 

lumbar spine, greater trochanter femur site, and distal 

radius. The body builders were significantly greater (p < 

0.05) than the controls, swimmers, and runners at the 

femoral neck, Ward's triangle femur location and distal 

radius. The body builders were significantly greater (p < 

0.05) than the runners at the proximal radius. Nilsson and 
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Westlin (1971) showed weight lifting to be associated with 

an increase bone mass of the distal femur in his study of 

male athletes. Perhaps, the specificity of weight training 

provided a more optimum physical strain environment 

including the number of strain cycles, peak strain 

magnitude, rate of strain change, and strain distribution 

(Lanyon, 1984) at each bone mineral measurement location, 

thus placing the body builders as the athletic group with 

significantly higher mean bone mineral indexes. Inherent 

in cross-sectional studies is the absence of pre-exercise 

bone mass measurements; thus, it cannot be determined if 

all of the differences observed were associated with 

training, with initial differences due to the selective 

effect of each sport, subject selection bias or other 

confounding factors. Additionally, no investigation has 

reported bone mass values of female body builders for 

comparison. 

The results of multiple regression analyses showed 

that years of exercise history and calcium consumption 

criterion variables did not add to the prediction accuracy 

of bone mineral indexes. The body builders only averaged 

2.5 years of weight lifting compared to 10.5 years of 

swimming by the swimmers. Body mass criterion variables; 

however, did effect prediction of bone mineral index. The 

swimmers and the body builders mean body weights, fat-free 
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body weights, and body mass indexes were significantly 

greater than the mean values of the runners (N=16) and 

inactive controls. Doyle et al. (1970), using forty-six 

human cadavers, first proposed the weight of a muscle 

reflects the forces that it exerts on bones to which it is 

attached and that muscle weight is an important determinant 

of bone mass. Through multiple regression analysis Doyle et 

al. (1970) predicted the ash weight of lumbar vertebrae 

three from the criterion variables of left psoas muscle 

weight, body weight, age, and height with a standard error 

of 1.4 grams. This is perhaps the first study testing the 

hypothesis of specificity of muscular weight (posas muscle) 

reflecting the force that it exerts on the bone (lumbar 

vertebrae three) to which it is attached resulting in a 

corresponding increase or decrease in bone weight or mass. 

Because the larger variation of in bone mineral index 

values obtained in the present study within athletic 

groups, factors that merit further investigation regarding 

increased bone mineralization include body composition (fat 

free body weight) and chronic, site-specific strains on bone 

from weight lifting and previous experience and nutritional 

history both during adolescence and throughout young 

adulthood. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to quantify the bone 

mineral index of the femur, lumbar vertebrae, and radius in 

eumenorrheic female swimmers, collegiate runners, 

recreational runners, and body builders, as well as an 

inactive group of young adult women. 

This study included forty athletic women 

participating in ongoing training of swimming, running, or 

female body building. Additionally eighteen inactive women 

were examined so the entire subject population totaled 

fifty-eight women. These women ranged in age from seventeen 

to thirty-eight years of age with a mean age of twenty-five 

years. 

The descriptive method was selected for this study 

and both comparative and interrelationship designs were 

used. The dependent variables for estimating body 

2 composlton were: bone mineral index (gm/cm ) of the femoral 

neck, greater trochanter and Ward's triangle region of the 

proximal femur; spine lumbar vertebrae one through four as 

well as two through four; distal and proximal radial sites, 

anthropometry (height, weight, skinfolds, circumferences, 
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skeletal lengths and widths) and densitometry (hydrostatic 

weighing). 

All bone mineral index measurements were made with 

Lunar Radiation Corporation's bone mineral analyzers using 

photon absorptiometry. Non-dominate arm bone mineral 

measurements were made with single photon absorptiometry 

Model SP1 (1-125). Two radial and ulna scan sites were 

measured. Distal radius/ulna measurements were made 

slightly proximal to the radius/ulna interface, where the 

distance between the two bones is five millimeters. The 

proximal radius/ulna measurement site is located on the 

radius 33% (l/3rd) of the distance from the ulna styloid 

process to the olecranon process of the distal end of the 

humerous. The femur and lumbar vertebrae were measured with 

photon absorptiometry scanner. Measurements are made at 

three sites in the proximal femur, the femoral neck, Ward's 

triangle, and greater trochanter. Lumbar spine measurements 

were made of vertebrae one through four. Estimations of 

body density, percent body fat, and fat free body weight 

from skinfolds were calculated using equations of Jackson 

and Pollock (1985) . The Siri equation was also used with 

body density from underwater weighing for percent body fat 

estimations. Daily calcium consumption was assessed using a 

dietary calcium consumption questionnaire. Subjects also 

completed a medical/physical activity history questionnaire. 
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All measurements were made by trained personnel following 

standardized procedures and always using the same measuring 

instruments. 

Inter-investigator reliability of all bone mineral 

measurements was evaluated by having one third of the 

subject's bone scans analyzed by both investigators that 

scanned the subjects. The inter-investigator reliability of 

measurements was assessed using analysis of variance. The 

statistical significance level for all analyses was set at p 

<•05. Oneway analysis of variance with Duncan's multiple 

range post hoc test was used to compare differences among 

athletic groups and in comparison with the control group. 

Correlation coefficients were calculated within each group 

and for the total sample to study associations among spine 

and femur bone mineral index sites with radial bone mineral 

index sites. To evaluate whether the level of consumption 

of dietary calcium and physical activity history were 

related to bone mineral index, step up multiple regression 

analysis with built-in comparisons was used to predict bone 

mineral index at each site. 
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SUMMARY OF FINDINGS 

The major findings of the study were: 

Subject Characteristics 

The athletes and controls were similar in age, 25.0 

years and 25.2 years, and body weight, 60.7 kg and 58.2 kg. 

The athletes mean height difference of 3.5 cm over the 

controls was significant, with the swimmers being the 

tallest group. 

As was expected the athletes compared to the controls 

were significantly different, for the following body 

composition parameters: greater body density and fat free 

body weight, and lower percent body fat, sum of three 

skinfolds as well as each individual skinfold site. The 

body mass index (weight/height2) and fat-free body mass of 

the body builders and the swimmers was significantly greater 

than the inactive controls and both runners groups 

(collegiate and recreational) combined. 

On an average the athletes exercised 12.7 years prior 

to participating in the study and 6.2 years of exercise in 

their current training program, i.e., swimming, running or 

weight lifting. The body builders had the least number of 

years weight training, 2.5 years, as compared to the 

swimmers who had 10.5 years of swim training. The athletes 
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and controls were similar regarding average daily calcium 

consumption, 1230 mg and 1126 mg, with all groups receiving 

over the current recommended daily dietary allowance of 800 

mg. The body builders consumed the most calcium, 1685 mg., 

as compared to the collegiate runners who consumed the 

lowest calcium intake of 819 mg per day. 

Reliability 

Inter-investigator reliability of bone mineral 

measurements indicated there was a .01 gm/cm2 difference 

between the means of both investigators for the radius, .03 

2 2 to .05 gm/cm for the lumbar vertebrae, and .01 gm/cm mean 

difference for the femur. The highly significant correla

tions between the investigators, low standard error of 

2 measurement of a .01 - .04 gm/cm , and 1% to 3% coefficient 

of variation (SEM/Mean) between investigators for the femur 

and lumbar vertebrae scans, indicate all bone mineral 

measurements are highly reproducible. The radius bone 

mineral scan analyses significant correlations were 0.90 to 

.97, the low standard error of measurement was 0.01 to 0.02 

2 gm/cm and a 2.6 to 3.5% coefficient of variation 

(SEM/mean), thus the radius bone mineral analyses were also 

highly reproducible. 



118 

Bone Mineral Index of the Athletes and Controls. 

Comparing the controls with all the athletes combined 

on their lumbar vertebrae, femur and radius bone mineral 

indexes, no significant differences were found. The ranges 

obtained in this study reflect intra-group and 

inter-individual differences in bone mineral which are 

within the normal physiological range. The athletes did; 

however, consistently have a higher bone mineral index at 

each measurement site. The inactive group of women control 

subjects are highly comparable to the norms established by 

Lunar Radiation Corporation (1985) on normal young females. 

There were significant differences among the athletic 

groups and controls at all bone mineral index measurement 

sites of the femur, lumbar vertebrae, and radius. At the 

femoral neck, the body builders were significantly different 

from the controls, swimmers, and recreational runners. The 

body builders were significantly different from all other 

groups (controls, swimmers, and runners) at Ward's triangle 

femur location, and significantly different from the 

controls at the greater trochanter femur location. At the 

lumbar vertebrae 1,2,3,4 and 2,3,4 bone mineral index 

measurement location, the body builders were significantly 

different than the inactive women control group. With both 

runners groups (collegiate and recreational) combined, the 



119 

runners were significantly lower than the body builders at 

the proximal radius. At the distal radius, the body 

builders were significantly higher than the controls, 

runners and swimmers. The bone mineral index values of the 

eumenorrheic female athletes in the present study, swimmers 

and runners, were comparable to those reported by other 

investigators studying bone mineral in female eumenorrheic 

athletes. 

Relation of Spine and Femur Bone Mineral Index Prediction 
from Radius Bone Mineral Index. 

All correlation coefficients at the proximal and 

distal radius were significant with the dependent variable 

bone mineral index sites. The correlations improved at the 

distal radius measurement sites, ranging from .53 to .59 at 

the femur locations and .54 at the lumbar spine 1,2,3,4, 

bone mineral index. This indicates direct measurement of 

the femur and lumbar spine are necessary. Within group 

correlation coefficients revealed the swimmers lumbar 

vertebrae 1,2,3,4 bone mineral index prediction increased 

significantly from the proximal (.34) location to the 

distal (.74) scan location. The runner's (N=16) group 

proximal radius correlation of .81 decreased to .57 at the 

distal site. 

Multiple Regression Analysis Predicting Bone Mineral Index. 
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Bone mineral index at the femur, lumbar spine, and 

radius was predicted from multiple regression equations 

using two athletic group built-in comparisons, body weight, 

years of exercise history, and average daily calcium 

consumption. Athletic group built-in comparison of body 

builders versus swimmers and runners had a significant 

regression coefficient with Ward's triangle femur scan site 

indicating prediction of bone mineral index could be 

improved at this site by including this criterion variable. 

Years of exercise history and average daily calcium 

consumption did not add to the prediction accuracy of the 

equations and therefore need not be included as criterion 

variables for predicting bone mineral index in this young, 

eumenorrheic sample of female athletes. 

Prediction accuracy of bone mineral index is improved 

by the use of fat-free body mass and body mass index as 

regression coefficients. At lumbar vertebrae 2,3,4, and 

1,2,3,4, body weight, fat free body weight, and body mass 

index criterion variables had significant regression 

coefficients indicating prediction of spine bone mineral 

index could be improved by adding these variables to 

athletic group. The SEE with these five variables was .12 

gm/cm2 for the lumbar spine. At two of the femur measure

ment sites, Ward's triangle and the greater trochanter, fat 
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free body weight was a significant regression coefficient 

over the other criterion variables including body weight and 

body mass index. The SEE with these five variables was 

.09-.13 gm/cm2 at the femur. Prediction of radius bone 

mineral index was not improved in this second regression 

2 
analysis, SEE remained at 0.05 to 0.06 gm/cm . The SEE's 

obtained from this multiple regression analysis are 

comparable to Lunar Radiation Corporation's (1985) standard 

deviations of the bone mineral value norms of young normal 

2 females, those being, .13 gm/cm at the lumbar spine 2,3,4, 

and a .11-.14 gm/cm2 at the femur. Fat-free body weight had 

significant linear correlations at all bone mineral index 

sites; femoral neck (.46), greater trochanter (.56), lumbar 

spine vertebrae 2,3,4 (.52), lumbar vertebrae 1,2,3,4 (.51), 

proximal radius (.35), and the distal radius (.45). 

Athletic group built-in comparison of body builders versus 

swimmers and runners had significant linear correlations at 

two femur sites, Ward's triangle (.54) and femoral neck 

(.40), and at the radius, distal (.41), and proximal (.45) 

BMI locations. 

CONCLUSIONS 

Based upon the results of this study the following 

conclusions were drawn: 
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1. Significant differences were hypothesized between 

athletes and inactive women in spine, hip, and arm bone 

mineral index sites. This hypothesis was partially 

accepted. There were no significant differences between the 

athletes grouped together and the controls at the femur, 

lumbar vertebrae or radius bone mineral index measurement 

locations. Between group comparisons showed the body 

builders had significantly greater bone mineral index of the 

lumbar spine, femur and radius than the control group of 

inactive women. 

2. The hypothesisthat the body builders, collegiate 

runners, and recreational runners will have significantly 

greater spinal and femoral bone mineral index than the 

swimmers was partially accepted. There were no significant 

differences in bone mineral index between athletic groups at 

the spine. Between athletic groups, at the femur bone 

mineral measurement locations, the body builders were the 

only athletic group with significantly greater bone mineral 

index. The body builders had significantly greater femoral 

neck bone mineral index than the swimmers and the 

recreational runners. At the Ward's triangle femur loca

tion, the body builders were significantly greater than all 

other athletic groups, i.e., the recreational runners, 

swimmers, and collegiate runners. 
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3. The hypothesis that the body builders will have 

significantly greater forearm distal and proximal bone 

mineral index than the collegiate runners, and swimmers was 

accepted. With the runners grouped together, collegiate and 

recreational, the body builders were the only athletic group 

significantly different among athletic groups at the 

proximal radius bone mineral index location. The body 

builders were significantly greater than the runners at the 

proximal radius bone mineral index. The body builders had 

significantly greater distal bone mineral index than the 

runners and swimmers. 

4. It was hypothesized that the forearm distal bone 

mineral index site is more closely related than the proximal 

site in predicting spinal bone mineral index and that 

neither can serve as a substitute to the spine and hip bone 

mineral site. The distal radius bone mineral index site is 

more closely related than the proximal radius site in 

predicting spinal and femoral bone mineral index.. Thus, the 

hypothesis was accepted. However the correlations although 

significant were not high enough to give an accurate 

prediction of spine bone mineral index and it was concluded 

that neither proximal nor distal radius bone mineral index 

measurements can serve as substitutes to the femur and 

lumbar vertebrae bone mineral index site. 
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5. It was hypothesized that those athletes with the 

longest history of physical activity and highest consumption 

of calcium containing foods in their diets, will be 

associated with the highest bone mineral index. Years of 

exercise history and average calcium consumption did not add 

to the accuracy of the criterion variables of athletic group 

and body weight in the prediction of bone mineral index and 

thus this hypothesis was not accepted. Fat-free body weight 

was the best predictor of bone mineral index at the femur, 

spine, and distal radius. 

Recommendations 

1. Grouping the athletes on the basis of body composition 

parameters, i.e., fat free body weight, percent body fat, 

body mass index, and body weight instead of athletic group 

as the independent variable with bone mineral index as the 

dependent variable for comparisons. 

2. Grouping the entire sample on the basis of body composi

tion parameters for comparison with bone mineral index 

measurements. 

3. Cross-validating the hypothesis of the relationship 

between fat free body weight and bone mineral index on a 

larger sample of young, eumenorrheic women. 

4. Conduct additional multiple regression analyses on this 

sample including height, weight, fat-free body and body 
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density to improve the prediction accuracy of bone mineral 

index. 

5. Compare the femur bone mineral index of freestyle 

swimmers versus breaststrokers to test the hypothesis of 

specificity of training. 

6. Compare this sample of female, eumenorrheic body 

builders with another sample of body builders. 

7. Conduct a perspective study with weight training as the 

exercise mode. 
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1. Estimated number of subjects: 300 

2. Description of population to be used and rationale for their use (indicate age range): 

These studies are to be conducted on females between the ages of 18 and 30. This 
population Is susceptible to developing secondary amenorrhea associated with 
exercise, and, therefore, are at greatest risk for exercise-associated premature 
bone loss. 

3. Source of subjects and methods of recruitment (if a "captive'* population i.e., students, etc. is 
. being used, please justify): 

Subjects will be recruited by local media advertising, contacting local health and 
fitness facilities and contacting U of A and visiting women's athletic tean coaches. 
All subjects will be unpaid volunteers. 

A. Criteria for exclusion of potential subjects: • * 

Subjects will be excluded if they are pregnant, taking any medicines known to af
fect bone mineral content, and/or if they have hyperprolactineaia induced amen
orrhea. 

METHODOLOGY AND RESEARCH.PROTOCOL 

S. Where will the project be conducted (room number or area): • '  
Ina Gittings Building, Boom 11 

'6. General description of procedures: Hydrostatic weighing consists of tailing the person's 
veight whey they are underwater and correcting it for lung residual volume as determined by sf 

rometry. Body impedance is done by passing a small electric current (8ratJ) between foot and ha: 
electrodes. Anthropometric dimensions for determination of body fat is made by measuring with 
calipers, tape and metal anthropometer. Dual photon absorptiometry for estimation of bone min 
content of the forearm and lumbar spine are done using 1^1 o n ( j  I j jq j  sources, respectively. _ 
Blood will be drawn by venipuncture for hormone and aerum determinations. 24 hr. urine collec 
tion. He'd leal. Dietary and physical activity histories. 

7. Measurements to be conducted: Single photon absorptiometry of distal radius bone mine 
content. Dual photon absorptiometry of lumbar spine bone mineral content. Body composition b 
hydrostatic weighing, total body water, antropometry, and impedance. Blood - hematocrit; seru 
calcium, creatinine, alkaline phosphatase, albumin, urea nitrogen; plasma parathyroid hormone, 
calcitonin, 1,25 (OK), D, bone Gla protein, estradiol, estrone, testosterone, progesterone, It 
inizing hormone, follicle stimulating horaone, prolactin. Urine creatinine, calcium, and hydr 

xyproline. 

B. Approved drugs and dosage: None 
a. Dose range approved lor clinical use: 

b. Dose to be administered in this project: 
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9. Experimental drugs: None 
a. Not approved by FDA: 

b. Approved by FDA but not approved tor use (or this experimental procedure: 

C. Dcses reported in previous human clinical trials (as reported in IND application): 

d. Doses to be administered in this project: 

e. Investigational New Drug (IND) number or Investigational Device Exemption (IDE) number (if a 
new device): 

10. Special instruments, technical equipment, radioisotopes, or investigational devices (approval 
of Biomedical Engineering or Clinical Radioisotope Committee required): 

Single and dual photon absorptiooeters require and sources, respectively. 

Radiation Safety Office approval number 287. 

11. Blood or other tissue or fluid collections (amount and frequency): 

Blood collection one time 50 ml 
Brine collection one - 24-hr period 

12. Diet modification or restriction: 

None 

13. Injections (route, frequency, and quantity): 

None 

14. Physical activity (nature and extent): 
Only physically active subjects are being solicited but no activity prescription 

will be given by the investigators 
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IS. Special tests or procedures not included in above: 

None 

16. Is hospitalization of subject required? Extent? I 

No 

17. Costs to human subject for any of above: 

Hone 

.18. Will monetary or other compensation be offered to the human subject? 

Mo 

POSSIBLE REACTIONS OR COMPLICATIONS 
(List only those due to the experimental procedure, per se) 

19. To approved drug or radiation therapy: 

The radiation exposure Is minimal and is estimated to be 2-5 nRads for single 
photon absorptiometry and 5-15 nRads for dual photon absorptiometry. These 

levels are much less than the typical chest X-ray (approximately.40 nRads). 

20. To experimental drugs used (as listed in IND application): 
a. Most common complications (list incidence, If known): 

Kone 

b .Possible, but less common complications (lis: Incidence, II known): 

None 

21. To physical activity involved: 

None 
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.22. To other tests, measurements, or procedural requirements: 

Venipuncture may cause some swelling or a possible hematoma 

23. To psychological stress: 

None 

24. Other possible reactions or discomforts: 

None 

CONFIDENTIALITY 

25. Identify persons who will have access to specimens, results, and data: 

X. V. Boyden, M.D. C. Perry, graduate student 
E. V. Patenter, Ph.D. D. Bale, graduate student. 

T. G. Lohman, Ph.D. 
S. B. Going, Ph.D. 
G. Feiss, graduate student 
C. Westfall, graduate student 

26. To what extent and to whom will identity of human subjects be revealed: 

The above persons will all have direct subject contact and will be the only 

people with direct knowledge of subject Identity. 

27. Method of storage.for signed subject consent forms so that they will be easily accessible in the 
event of on-site visits from federal authorities: 

Forres will be bound In a looseleaf notebook and kept In a locked file cabinet 

In the Zna Gittlngs Building, Boom 11. 
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POSSIBILITY OF PHYSICAL, PSYCHOLOGICAL, OR SOCIAL INJURY 

28. Major risks to human subjects most likely to be encountered (list incidence, it known): 

Hematoma, swelling and/or bruise from venipuncture. 

Slight radiation exposure from single and dual photon absorptiometry (2-5 mRads 
sing, 5-15 mRads dual). 

29. Risks of secondary importance or those least likely to occur (list incidence, if known): 

None 

30. If pertinent Information will be withheld from the subject, please justify: 

None 

PRECAUTIONS AND SAFEGUARDS TO BE USED 

31. For medical emergency: 
None of the procedures should precipitate to emergency. A phone Is available 
to contact city paramedics If necessary. 

32. Availability of consulting coverage: • 

Dr. T. V. Boyden Is available If needed for referral. 

33. Surveillance by technical personnel: 

All procedures vill be monitored by either a physician (T. V .  Boyden, M.D.) or 
a physiologist (T. G. tohman, Ph.D.; S. B. Going, Ph.D.; R. V. Paaenter, Ph.D.) 

34. Surveillance of equipment used: 

University of Arizona Radiation Safety Office personnel will monitor the single 

and dual photon absorptiometers for maintenance of safe radioactive materials 

use. 
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35. Other factors (environmental, social, psychological): 

Regular maintenance of laboratory equipment will be performed to maintain It 
In a proper, safe operating condition 

36. Protection of privacy and confidentiality of data (ultimate means of disposal of data): 

All foriQs and data vill be kept in a secure area for five years after final 
publication of the data after vhich these materials will be destroyed by 
shredding. 

SIGNIFICANCE OF PROJECT 

37. Potential benefits to the human subjects 0f any); jhis project will contribute to our 
understanding of the variation in bone mineral content and its relation to high 
levels of physical activity. By measuring specific indices of bone formation 
and resorption as veil as hormones vhich control bone turnover, this study will 

•expand our knovledge about vhich factors influence bone mineral content in trabecule 
and cortical bone. Subjects vill receive medical and physiological profiles relatec 
to body composition, bone mineral'content and endocrine parameters. 

38. Potential benefits of the study to society and possibility for future expansion: * 
This study will be the first to compare athletes with.different physical training 
histories for an effect on bone mineral content. These data vill expand knovledge 
of how physical activity alters body composition and how these changes affect bone 
aineral content. In addition, new knowledge related to the interaction of repro
ductive hormones and bone homeostasis vill be gained. 

39. Give your evaluation of the extent to which the possible benefits to be derived outweigh the 
likelihood of injury and risk to which the human subject is exposed: 

As there are minimal risks associated vith this study, the potential'benefits 
greatly outweigh the risks. 

40. What alternative procedure could be considered to conduct this study which could reduce the 
physical, psychological, or social risk factors? Wty were they not proposed or included 
originally for this study? 

None 

41. What may be revealed that is not currently known? Different training procedures best suited 
increase bone mineral content in female athletes. The role played by reproductive hormones in p 
venting bone loss in females. The control mechanisms involved in the interaction of reproductlv-
and calcium honeostatic hornones resulting in changes in bone mineral content. The influence of 
body composition and dietary history on bone mineral content. The influence of variation in bon 

minerax content on body composition estimates for Ispedance measurements. 
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SUBJECT CONSENT FORM 

University of Arizona 

Study Title: A Comparison of Sport Specific Training Effects on Bone Mineral 
Content, Body Composition, and Reproductive Hormones in Female Athletes 

You are being invited to participate in a research study comparing the 
effects of training for different sports on bone mineral content, body 
composition, and reproductive hormones. This invitation is being extended to 
well trained women athletes with normal and abnormal menstrual periods and to 
non-exercising women in the same age group as the participating athletes. 
Women who are pregnant, taking medications which affect bone turnover, or have 
an abnormality in their medical tests cannot participate in this study. This 
study will be conducted in the Exercise and Sport Sciences Department body 
composition laboratory, Room 11, Ina Gittings Building at the University of 
Arizona. No hospitalization will be involved. A total of 300 subjects will 
be asked to participate. 

Bone mineral content is thought to be influenced by diet, reproductive 
hormones, physical activity and body composition. In women long distance 
runners, changes occur in their menstrual cycles and some have been shown to 
have decreases in spinal bone mineral content. The decrease in bone mineral 
content may be related to the decreased circulating estrogen, female sex 
hormone, levels reported for women athletes. The mechanisms which control 
these changes are poorly understood. Women who participate in sports other 
than running have not been studied. This study will compare the effects of 
different sports on bone mineral content, body composition and reproductive 
hormones. 

For this study, you will undergo a series of tests which will take 
approximately three hours and you will be asked to return a 24-hr urine 
collection. The tests are to determine body composition and bone mineral 
content and blood will be drawn to measure hormones which control bone 
turnover and reproductive function as well as other biochemical markers of 
these functions. Body composition (percent fat) will be determined by your 
underwater weight, by skinfold circumferences and body width measurements, by 
measuring impedance - how well the body conducts a very small electrical 
current, and by total body water. A standard conduction current signal 
(800mA at 50 KHZ), that is so small that it can not be felt by the subject, 
will be sent by the impedance analyzer through a four electrode system. The 
resistance of body tissues to this signal will be measured by the impedance 
analyzer. Associated with the underwater weighing, lung residual volume, the 
volume of air in the lungs after a complete exhalation, will be measured by 
spirometry, a process in which a machine measures lung volume when you breathe 
into and out of it. Total body water will be measured by deterium oxide 
dilution. This entails drinking a small amount of duterium oxide (20 to 30 g 
of heavy water) mixed with a glass of drinking water. Urine samples will be 
collected and analyzed to measure the extent to which this heavy water is 
diluted in your body. Heavy water is found in all drinking water in small 
amounts. These natural levels will be only slightly elevated and 957. of the 
dose is removed from the body within 6 weeks. Bone mineral content will be 
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Page Two - A Comparison of Sport Specific Training Effects on Bone Mineral 
Content, Body Composition, and Reproductive Hormones in Female Athletes 

measured by photon absorptiometry. In this method, a small amount of 
radiation is passed over the bone. The radiation exposure is very small, much 
less than a chest X-ray, and has no known risks associated with it. This 
procedure is done for the forearm, femoral neck (hip area) and the spine. For 
the spine and femoral neck measurements, you will be lying quietly on a 
table. For the forearm measurement, you will be sitting with your arm 
elevated on the scanner table. It will take between 30 and 60 minutes to 
complete these bone mineral measurements. Finally, a dietary history, medical 
history and physical activity questionnaire will be obtained. All of these 
procedures are painless. 

Blood will be drawn before the underwater weighing and the bone mineral 
determination. This will involve a needle puncture of the skin in the 
forearm, which will cause slight discomfort, and 50 ml (about two ounces) of 
blood will be taken. This blood will be analyzed for the hormones and other 
markers of bone and reproductive function. You will be asked to collect a 
24-hr unrine specimen into a supplied container. This will be analyzed for 
markers of kidney function, and calcium and bone turnover. 

From the blood sample, a small amount will be used to determine if you 
are pregnant before you have the bone mineral determination. Although the 
radiation exposure is very low, and has no known risk associated with it, the 
effects on a developing fetus are unknown. The preganancy test we are using 
is capable of determining if you are pregnant eight days after conception. 
Thus, there is a small chance that the test may not detect a very early 
pregnancy. This is a risk you must assume if you decide to participate in 
this study. 

All of these procedures are regularly conducted and have minimal risks 
associated with them. The staff is well trained and includes a physician and 
physiologist who will constantly supervise all of the test procedures. You 
will not be responsible for any of the costs associated with this research 
project and will not receive payment for your participation. 

You, as well as other women athletes, may benefit from this study if we 
find how different exercise regimens differently influence bone mineral 
content. Since osteoporosis, a decrease in bone mineral content, is a leading 
health problem in women after menopause, these results may benefit women in 
general. 

At any time during the study, the staff will be glad to answer any 
questions you may have about the study. You are free to withdraw at any time 
from the study without altering our goodwill toward you or our relationship 
with you. 

All records will be kept strictly confidential. In the event of 
publication, your identification will be kept confidential by using a number 
code system to refer to you. Your name will be known only to the staff 
involved with the tests. 
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Page Three - A Comparison of Sport Specific Training Effects on Bone Mineral 
Content, Body Composition, and Reproductive Hormones in Female Athletes. 

"The nature, demands, benefits and risks of this study have been 
explained to me. I know what my participation involves. I understand I am 
free to withdraw at any time without ill will. Furthermore, I understand that 
in event of physical injury or illness resulting from the research procedures, 
financial compensation for wages or lost time is not available. I understand 
that the Project Directors, Dr. Thomas W. Boyden, Dr. Timothy Lohman, Dr. 
Richard Pamenter, or Dr. Scott Going, will provide more information upon my 
request. I also understand that this consent form will be filed in an area 
designated by the Human Subjects Committee with access restricted to the 
Project Directors or authorized representatives of a particular department. A 
copy of this consent form will be given me upon my request." 

Subject's Signature Date 

I have carefully explained to the subject the nature of the study described in 
this consent form. I hereby certify that to the best of my knowledge, the 
subject signing this consent form clearly understands the nature, demands, 
benefits and risks involved in participating in the study. A medical problem, 
language or education barrier has not precluded a clear understanding of her 
involvement in this project. 

Investigator's Signature Date 
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Name: 

Address: 

Telephone Numbers - Home: Work: 

Convenient Times to Call? 

Occupation: 

Age: 

Height: 

Weight: 

In what states have you lived during the last 5 years? 

Training History 

How active would you classify yourself as being? Highly 
trained Very active . Average Below 
average Inactive . 

Miles per week: 

typical duration and length of run: 

Frequency of runs: 

What other activities do you participate in (i.e., 
swimming, tennis, biking, etc.)? 

Average number of times per month: 

When did you start any form of routine exercise? 

How long have you followed your routine exercise program? 

Menstrual History: 

At what age did you have your first menstrual period? 

How many menstrual periods have you had in the last year? 
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If your periods are regular, approximately how many days 
is your cycle? 

How many days does your period last? 

If you do not have regular periods, have you ever 
established a regular patter? 

If your periods currently do not follow a regular pattern, 
please answer the following: 

How long has your pattern been irregular? 

Did irregularity begin at the onset of training, or 
with an increase in training intensity? 

Did irregularity accompany a significant weight loss? 

Was the weight loss associated with training? 

Approximately how many pounds did you lose? 

Medical History: 

Have you ever had a broken bone? 

Which bone? 

Have you ever had a stress fracture? 

Which bone? 

Are you currently taking any prescribed medicines? 

Which ones? 

Are you currently taking any over-the-counter medicines? 

Which ones? 

Are you currently taking any steroids (i.e., anabolic 
steroids, androgens, birth control pills, allergy related 
corticoids)? 

Which ones? 



139 

Are you currently taking any calcium supplements? 

Which one? 

How many per day? 

Are you currently taking any vitamins? 

Which ones? 

Have you ever been pregnant? 

Number of children? 

Are you pregnant now? 

Have you ever been told you have an allergy to milk or 
milk products? 

Have you ever been told you have an eating disorder (i.e., 
anorexia nervosa, bulimia)? 

Do you think you have an eating disorder? 

Have you had any radiologic (x-ray) examinations in the 
past year? 

What area? 

When? 

Brief medical history (i.e., have you had all the regular 
childhood diseases or immunizations, serious kidney or liver 
infection, surgery, eating disorder, ovarian disease, pelvic 
inflammatory disease?): 
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Brief family (brothers, sisters, parents, grandparents) 
medical history (i.e., do or did any of them have heart 
disease, diabetes, osteoporosis?): 

YES NO Relationship 

Heart disease 

Diabetes 

Liver disease 

Osteoporosis 

Breast cancer 

Uterine cancer 

Other cancer 
(Type ) 

Hip fracture 

Vertebral fracture . 

Eating disorder 

Kidney stones 

Other: (Please describe) 
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NUTRITION AND CALCIUM 

READ THE FOLLOWING USTS OF CALCIUM RICH FOODS. THEN INDICATE THE APPROXIMATE 
NUMBER OF SERVINGS YOU EAT OF THESE FOODS EACH DAY. 

GROUP A ... 
Milk-Whole. Two Psrcent. Skim. Chccclate. Buttermilk or Evaporated. Malted Milk or Milk Shake: 
Ybgurt-Plain, with Fruit or Ravored; Swiss Cheese: Ricorta Cheese; Macarcm aria Cheese; P:^a: Enchiladas, Burntcs. 
"lacss or Nachos made with Cheese; Sardines witn Bones 

TOTAL DAILY SERVINGS FROM GnCUP -A* mi 

G R O U P B  . . .  
Chesse-Amencan. Bnck, Cheddar. Velveeta. Cciby, Edam, Monterey, Mcirare'la or any Pssainred Process Cheese 
Fooa: Salmon witn Eones: Soups Mace with Milk; Tofu; Fresn Cooked Coilard Greens; Warfies or Pancakes made with a 
Mix; Soft Serve Ice Cream; Quiche 

TOTAL DAILY SEnVINGS FRCM GnCUP *3* iH 

GROUP C ... 
Custard: Cottage Cheese—Low Fat or Creamed; Pork and Beans: Canned Shrimp; Comb read: Spaghetti with Meatfcails 
and Cheese; Raw Oysters: Pancakes: Coqked Dry Beans; Chili Concarne with Beans; Pudding mace with Milk; Ice Milk; 
tee Cream; Cusara• Black Strap rloiasses. _ 

TOTAL DAILY SEHVING3 FROM GROUP XT Hi! 

Yes __<lo 

PLEASE ANSWER THE FOLLOWING QUESTIONS. 
Do you take a caic'um supple

ment each cay? 
—What is the name of it? 
—How many milligrams of caidum does it contain?_ 
Do you take a multivitamin 

each day? Yes No 
—What is the name of it?_ 
—How many milligrams of calcium dees it contain? 
—How many units of vitamin "D" does it contain? 
Do you take any of the following 

antacids on a daily basiS? 
Turns. Titralac. Titraiac Syrup; . ' » 
Dicarbonate. Alka Seltzer-2 _l.Yes _No J 

—If the answer to the aDove question is yes. now many 
times a day do you take it? 

Do you ordinanly eat one or more 
servings of red meat each 
day? _Yes No 

Do you ordinarily add salt to your 
food when you cook or emit? Yes __No 

Do you eat foods that are hign in 
salt, such as pickles, olives, 
potato chips. TV-dinners. 
canned souos. frozen pizza 
or restaurant food more than 
once a day? Yes _».No 

Do you drink S or more cjps of 
coffee or cans of pop contain
ing caffeine each day? .Yes _No 

Do you drink 2 or more beverages 
containing alcohol eacn day? Yes _^_No 

m 
ia 

m 
jj 
% 



APPENDIX E 

SINGLE PHOTON BONE MINERAL ANALYZER CALIBRATION 

1. Instrumentation: 

a) Lunar single photon absorptiometer (Lunar SPI) 

b) Source = Iodine 125 

c) Nal detector 

2. Calibration procedure: 

a) First determine peak, i.e., detection and b) scan 

standard. 

b) Peak detection - This is determination of highest 

number of counts per unit time at various settings 

for gain. Peak detection is done with standard in 

place, with scanner positioned over the large 

standard. 

3. Procedure: 

a) Set gain to previous days peak (usually approximately 

58) - 20 units. 

b) Obtain counts per unit time. 

c) Increase gain by four units, then obtain counts per 

unit time. 

d) Continue the process - (increase gain 4 units, obtain 

count) until 10 scans are obtained (previous days 

peak +20 units gain. 
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e) The gain setting giving highest number of counts per 

unit time is chosen as the peak for the day. All 

further scans (scans of subjects) are done with the 

gain set at the gain corresponding to peak. 

Scan of standard: 

a) Gain should be set to previously determined peak. 

b) Standard is placed under photo detector (Nal crystal) 

so that large standard is scanned first, followed by 

medium, then small standard. 

c) Each standard is scanned eight times and a printout 

of the individual value, mean and standard deviations 

for each standard is obtained. Operator has the 

option of reviewing data and eliminating any scans 

which are out of line (bad scans). 

d) Data from scans of standards are used to normalize 

subject scans. 

Description of standard: 

The standards are constructed to approximate the composi

tion of bone. 

Bone Mineral Standards: 

Large Medium Small 

BMC (gm) 1.277 0.731 0.398 

Width (cm) 1.59 1.35 0.96 



APPENDIX F 

SECTION F.3 

SYSTEM CALIBRATION 
OPTION F3 ON MAIN MENU 

THE DP3 SYSTEM. MUST BE TESTED AND CALIBRATED DAILY. OPTION F3 
tests the following: automatic peaking of the detector, back
ground radiation level, solenoid actuation, detector system, 
scanner movement, and calibration values. 

The Calibration program takes approximately 30 minutes to run. 
THE OPERATOR MUST BE PRESENT ONLY FOR THE FIRST TEST - the source 
light test and to enter the collimation for the peak. All other 
tests are run automatically. 

The System Calibration supplies the information that is necessary 
for converting uncalibrated patient data (in arbitrary units) to 
calibrated results (grams of bone mineral). 

ALL CALIBRATION PRINTOUTS MUST BE SAVED IN A QUALITY CONTROL 
LOGBOOK. 

STEP 1 . . . REMOVE THE SCAN PAD FROM THE TABLE* 

STEP 2  . . .  SELECT THE SYSTEM CALIBRATION OPTION, BY PRESSING THE 
[F3] KEY. 

DP3 SCANNER OPTIONS 

F1 Patient scan 
F2 Analyze previous scan 
F3 System calibration 
F4 Lunar Information Network 
F5 Database utilities 
F6 DOS utilities 
F7 Change default settings 
F8 Exit 

Selection option: 

Figure 13. Main Menu 
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The scanner will now move into HOME position. 
STEP 3 ... PLACE THE STANDARD BLOCK WITHIN THE DESIGNATED AREA OF 

THE SCAN WINDOW, WITH THE CIRCULAR BRASS PIECE IN THE 
•HOME" CORNER, AND FACING UPWARD. 

The standard, a block of tissue-equivalent material, has three 
bone simulating chambers of known bone mineral content. 

Press [Esc] to continue. 

DETECTOR PEAK & STANDARD 
Make sure the standard is properly positioned in the 
scan window before proceeding! 

Press any key to continue... 

Figure 14. Positioning of Standard Block 
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STEP 4 ... SOURCE LIGHT CHECK 

PRESS ANY KEY AND CHECK THAT THE RED INDICATOR LIGHT 
LOCATED ON TOP OF THE DETECTOR IS 'ON*. NOTE: The light 
stays on only briefly. 

If the light comes on, press the [Y] key. If not, press 
the [N] key. 

STEP 5 ... DETECTOR PEAK 

The scanner will now move to the peaking position. The 
'source on' warning should appear in the upper left of the 
screen, and the red indicator light located on the top cover 
of the scanner arm should also be lit. The program will now 
ask the operator to indicate which collimation is being used 
for the tests. 

CHECK TO SEE IF THE 8mm BRASS COLLIMATOR INSERT (WITH THE 
KNURLED EDGE) IS INSTALLED IN BOTTOM OF DETECTOR. IF SO 
ENTER '8'. IF ONLY THE LARGE, SMOOTH, BRASS 13mm COLLIMATOR 
IS IN PLACE, ENTER '13 '. THE OPERATOR NEED NOT BE PRESENT 
FOR THE REMAINDER OF THE TESTS. 

The computer will automatically graph the Peak results, and 
print them. 

The following will now appear... 

AMPLIFIER COUNTS 
COUNTS SETTING ' 44KeV lOOKeV 

250 264852 1845 
c 300 150966 3276 

•b 350 34328 4575 
400 44036 8404 

«r ... 450 110144 137605 
• 500 166134 247606 

550 156515 209954 
• • 

600 85247 49823 
•o 650 20568 24912 

700 5935 30460 
750 5929 73426 

•••• f >  <> 

1 ! 1 1 1 1 1 1 i i Current 44KeV peak : 515 
3B3 •100 sea 609 700 Current lOOKeV peak : 510 

AMPLIFIER SETTING New Peak Setting 514 

Figure 15. Peak Results 

During the peak test the system is sampling the counts over 
an amplifier range of 500 gain units, centered around the 
previous peak setting. After each sample it will print the 
gain setting and the number of counts detected in the 44 KeV 
and 100 KeV ranges. After 11 samples it will graph the 
results for both ranges and determine the optimal gain 
setting to maximize the counts. The system automatically 
adjusts the high voltage to maximize observed counts. 
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STEP 6 ... STANDARD TESTS 

The following chart will appear, and the system will run 
through each of the listed tests, displaying the value and the 
evaluation on the screen. After all the tests are completed the 
chart will be printed. 

The test currently, in progress is indicated in the bottom 
left of the screen. In the bottom right corner is displayed the 
sample number and the number of counts detected in the 44 KeV and 
100 KeV ranges in that sample. 

SOURCE LIGHT TEST: operator checks to see that the source 
indicator light turns on when shutter is opened. 

BACKGROUND: samples taken with shutter closed determine the 
background level of radiation. 

SOLENOID ACTION: tests actuation of shutter mechanism. 
PERCENT SPILLOVER: samples taken over the brass piece check 

system performance. 
CHI SQUARED: a statistical test of system stability. 
AIR VALUES: determines counts detected when sampling through 

air. These values will be stored in the database. They are 
used by the system during data acquisition. 

AIR RATIO: 100 KeV Air Value / 44 KeV Air Value. Tests detector 
resolution. 

USEFUL LIFE OF SOURCE: estimates number of days source can be 
used. If useful life is zero days, patient scans may 
continue if the 44 KeV air value is at least 30,000 counts. 
LUNAR does not recommend scanning patients if the 44 KeV air 
value is less than 30,000 counts. 

TRANSVERSE MECHANICS: measures transverse movement of scanner. 
LONGITUDINAL MECHANICS: measures longitudinal movement of 

scanner. 

*** Source Closed *** Date: 10/23/85 Version 1.0 

TEST VALUE EVALUATION 

Source light pass 
Background 0 4 4 KeV cps 

4 lOOKeV cps pass 
Solenoid action - pass 
Percent spillover 0.72 * pass 
Chi squared 105 pass 
Air values 47879 44KeV cts/.5 sec 

32502 lOOKeV cts/.5 sec 
Air ratio 0.68 100/44 cts pass 
Useful life of source 163 days 
Transverse mechanics 5990 

days 
pass 

Longitudinal mechanics 4336 pass 

Figure 16. Standard Test Results 

The program automatically advances to the next step. 
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STEP 7 ... STANDARD VALUES 

An image of the Standard block will appear on the screen. 
The system will now determine the standard values by scanning the 
standard block 5 times. Each time it will pass over the three 
bone-equivalent chambers and determine the bone mineral (BM) and 
width of each chamber. As the standard is measured, a line will 
plot the progress on the image. Below, the line number, sample 
number, and counts detected at both the 44 and 100 KeV are shown. 

When the standard values test is completed, a table similar 
to the following will be displayed on the screen. 

STANDARD VALUES 
LINE # 1 2 3 4 5 MEAN SD %CV 

LARGE BM 17.64 17.68 17.43 17.63 17.70 17.62 0.10 0.56 
WIDTH 132 131 132 132 132 132 0.40 0.30 

MEDIUM BM 13.12 13.13 13.14 13.02 13.18 13.12 0.05 0.41 
WIDTH 113 115 115 114 114 114 0.75 0.66 

SMALL BM 9.48 9.27 9.11 9.19 9.44 9.30 0.14 1.53 
WIDTH 97 96 96 97 97 97 0.49 0.51 

Do you wish to delete a value (y/n)? 

Figure 17. Standard Value Results 

STEP 8 ...INTERPRETATION OF THE TEST RESULTS (PRINTOUT). 

PEAK 

Both peaks should be graphed as bell curves. The new peak 
should be within 30 units of the previous peak and the 44 and 100 
KeV peaks should be within 30 units of each other. If not, 
contact LUNAR. 

STANDARD TESTS 

Check the 'Evaluation' column on the right-hand side._ A 
'Pass' should be printed for each listing. If any test fails, 
repeat the entire System Calibration. If a test fails 
repeatedly, contact LUNAR. 
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STANDARD VALUES 

The Bone Mineral and width of each chamber is shown for each 
of the five lines. The Average (Mean), Standard Deviation (SD), 
and Percent Coefficient of Variance (%CV) are calculated for each 
parameter. 

The Mean BM values are highlighted and will be stored in the 
database for use as calibration values when scanning patients. 

IF NO VALUES ARE FLAGGED WITH AN ASTERISK, THEN PRESS [N] IN 
RESPONSE TO THE QUESTION "Do you wish to delete a value (y/n)?". 

IF THE! %CV IS FLAGGED 
All %CV values should be less than 3.00. If one is 3.00 or 

greater, it will be flagged with two asterisks (**) and the 
message "** Variability in the standard result is high" will be 
displayed. You should then determine which of the five values 
for that parameter deviates the most from the other four, and 
delete that value. 

To delete a value: press [Y] in response to the question 
"Do you wish to delete a value (y/n)?" You will then be prompted 
to indicate which chamber (Press [L], [M], or [S]) and which line 
(Press [1] - [5]). A maximum of two lines per chamber may be 
deleted. Note that values may be restored if they have been 
deleted erroneously. 

If the delete process does not bring the %CV into the 
accepted range, rerun the System Calibration. 

If you find it is necessary to delete a value each day, or 
several values a few times a week, contact LUNAR. 

The final results will be printed when you indicate that you 
do not wish to delete a.value. 

IF THE MEAN BM OR WIDTH IS FLAGGED 
If a mean BM or Width value lies outside the expected range, 

an asterisk will be displayed next to that value and the message 
"* Mean value deviates from expected" will appear. If this 
occurs check to see that the standard was measured correctly: 
the block was correctly placed, there were no foreign objects 
obstructing the beam, etc. If it was incorrectly measured, rerun 
the test. If it was correctly measured, use the deletion 
process, as explained above, to exclude the most deviant values 
from the calculations. If the deletion brings the mean-values 
within the expected range (so that they are no longer flagged) 
you may proceed with patient scans. If the values continue to be 
flagged contact LUNAR. Whenever a Mean BM or Width is flagged 
(and the standard has been correctly measured), send a copy of 
that printout and the previous day's standard printout to LUNAR. 

Note that a flagged mean value does not necessarily indicate 
an error in the system - it simply means a closer look at the 
results is needed. 

The printout of the peak and standard results MUST be saved 
in a quality control logbook for retrieval should LUNAR request 
copies to aid in service. 
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SKINFOLD MEASUREMENT SITE DESCRIPTIONS 

The following skinfold sites were measured in the 

order listed and readings were taken to the nearest 0.5 mm. 

The series was then repeated two more times with the mean of 

the three values for each site calculated and used in the 

final data analysis. When the skinfold measurement differed 

by a millimeter or more another measurement was taken. 

TRICEPS: A vertical fold raised midway between the right 

olecranon and acromion processes on the posterior of the 

brachium. Subject was positioned with the upper arm flexed 

at a 90 degree angle to the forearm. Using a tape measure, 

the mid point between the acromion and the inferior margin 

of the elbow was determined and marked on the back of the 

arm over the triceps muscle. The arm hung relaxed at the 

side of the body when the skinfold was picked up one cm. 

above this mark and the measurement was taken at the 

midpoint. 

SUBSCAPULAR: A diagonal fold, inclined approximately 45 

degrees from horizontal, in the natural cleavage of the 

skin, picked up at the inferior angle of the scapula. The 

subject stood comfortably erect with the arms relaxed at the 
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sides of the body. The measurement was taken one cm. below 

the width where the fold was picked up. 

SUPRAILIAC WAIST: The subject stand erect with the arms 

relaxed at the sides of the body. A vertical fold is picked 

up on the midaxillary line, 2 cm. above the iliac crest. 

The caliper is applied and the measurement taken 1 cm. below 

the raised fold. 

SUPRAILIAC ANTERIOR: A diagonal fold anterior to the 

midaxillary line 1 cm above the iliac crest. The fold 

should follow the natural cleavage line of the skin, usually 

20 to 40 degrees from horizontal and extending medially 

downward. 

ABDOMINAL: The subject stands erect and a vertical fold is 

taken 1 cm. to the right of the midpoint of the umbilicus 

and 1 cm. inferior to the umbilicus. 

THIGH: Each subject was seated to obtain the measurement 

location of the midpoint of the midline of the anterior 

aspect of the thigh. Using a tape measure the midpoint 

between the inguinal crease and the proximal border of the 

patella was marked. The measurement was taken with the 

subject standing and the body weight of the left leg. The 

right leg is relaxed with the knee slightly bent so only the 

ball of the right foot rests on the floor. A vertical fold 
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is raised 1 cm above the mark and the thickness is measured 

on the mark. 

MEDIAL CALF: A vertical skinfold was raised one cm. above 

this point, and the fold is measured on the point at the 

maximal girth. The subject stands with her body weight on 

her left foot with the right leg relaxed and slightly bent 

at the knee. 



APPENDIX H 

BODY CIRCUMFERENCE SITE DESCRIPTIONS 

UPPER ARM - CONTRACTED: The subject stands erect and flexes 

the elbow until the thumb touches the acromion process of 

the shoulder. The upper arm is parallel to the floor. The 

tape measure is positioned around the brachium, and the 

subject is requested to clench the fist and contract the 

biceps as strongly as possible. The tape measure is 

repositioned so the measurement can be taken perpendicular 

to the long axis of the brachium at the location of maximum 

circumference. 

ABDOMEN: The subject stands erect, with the abdomen 

relaxed. At the end of a normal expiration the minimal 

abdominal circumference is taken midway between the xiphoid 

process and the umbilicus (anteriorly) and midway between 

the tenth rib and the iliac crest (laterally) . At this 

level of minimal abdominal width the side profiles are 

slightly concave. The measurement is taken at the 

umbilicus. 

CALF: The subject stands erect, the feet shoulder width 

apart, and the weight evenly distributed on both feet. The 

horizontal circumference of the calf is taken at the level 

of maximal girth. 
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APPENDIX I 

SKELETAL BREADTH MEASUREMENT SITE DESCRIPTIONS 

SHOULDER WIDTH: The subject stands erect with the back to 

the technician and the body weight distributed on both feet. 

The acromion processes are palpated with the index fingers. 

One end of the anthropometer is placed ont he most lateral 

edge of the left acromion process. The other blade of the 

anthropometer is moved until it is on the most lateral edge 

of the right acromion process. This measurement is made 

with the ends of the anthropometer pointing slightly upward. 

HIP WIDTH: The subject stands erect with the back to the 

technician. Body weight is evenly distributed on both feet. 

The iliac crests are palpated. The blade ends of the 

anthropometer are placed on the lateral sides of the crests 

at the points which result in the greatest hip breadth. The 

anthropometer is held with ends pointing slightly upward. 

WRIST WIDTH: In a standing position the arm is pronated and 

the elbow is flexed to form a right angle. The width is 

measured across the styloid processes (bistyloid radius and 

the ulna breadth), oblique to the long axis of the arm. 

ANKLE WIDTH: The subject places the foot on a bench forming 

a right angle between the thigh and the heel. The 
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anthropometer blades are placed on the medial and lateral 

malleoli at an angle of 45 degrees between the sole of the 

foot and the anthropometer. 



APPENDIX J 

UNDERWATER WEIGHING SYSTEM CALIBRATION PROCEDURES 

AND RESIDUAL VOLUME MEASUREMENT PROCEDURE 

Underwater weighing system calibration procedures: 

A. Calibration of force (underwater weight) recording 

system 

1. Turn on all instruments and allow at least 30 

minutes warmup time. 

2. Fill the tank with water warmed to approximately 

body temperature. 

3. Position and balance the weighing platform upon 

the four force transducer. 

4. Secure the rebreathing hose to the closest upright 

support of the weighing platform. Use a rubber 

stop to plug the end of the hose. The hose should 

be completely submerged in the water. The belt 

should be secured to the weighing platform and the 

touching the tank. 

5. Use the zero control knobs to set the zero reading 

on the summing and amplifier module to zero. 

6. Switch the chart recorder from standby to record 

and adjust the recorder to read zero using the 

zero adjust knob. The zero should be set at least 
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one major division from the baseline so that 

negative tare weights can be recorded. 

7. Place the calibration weight on each transducer 

and check the output on the summing and amplifier 

module. 

8. Use the gain adjust knob on the summing and 

amplifier module to set the module reading to 

equal the weight of the calibration weight. 

9. Switch the chart recorder from standby to record. 

The chart recorder output should equal the weight 

of the calibration weight (+0.02 kg). If it does 

not, check the summing and amplifier module for 

drift. If necessary, readjust the module reading 

to equal the weight of the calibration weight. 

Then, check the chart recorder output for 

equivalency (+0.02 kg) with the module output. 

10. If the output on the chart recorder and summing 

and amplifier module continue to disagree, remove 

the calibration weight and check the zero settings 

on the summing module and chart recorder (steps 4 

and 5) . Readjust the zero settings if drifting 

has occurred. 

11. Repeat steps 6-8. If the output on the summing 

module and chart recorder continue to disagree, 

adjust the output on the chart recorder to equal 
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(+0.025 kg) the module reading by turning the gain 

adjust screw. 

12. Remove the calibration weight and check the zero 

settings on the summing module and chart recorder. 

If no drifting of the zero settings has occurred, 

the system is calibrated and ready for use. 

13. The zero settings on the summing module and chart 

recorder should be checked routinely between each 

subject. If drifting occurs, adjust the zero on 

the summing module using the zero control knob. 

The chart recorder zero should reflect the summing 

module zero. The summing module gain adjust 

controls should not be adjusted without 

recalibrating the system. 

Calibration of telethermometer 

1. Remove temperature probe from the Yellow Springs 

telethermometer and switch on the instrument power 

switch. 

2. The instrument is ready for use if the meter 

responds with a red line reading. If the meter 

does not respond with a red line reading, adjust 

the calibration control screw until a red line 

readings is obtained. 

3. If the instrument cannot be adjusted to red line, 

replace the battery, and recalibrate. 
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Calibration of nitralyzer 

1. Switch on the nitralyzer and nitralyzer vacuum 

pump and allow at least 30 minutes warmup time. 

The nitralyzer is calibrated to dry room air. The 

nitrogen needle valve should be removed from the 

rebreathing valve and allowed to sample room air. 

2. Occlude the tubing connecting the needle valve to 

the nitrogen ionization chamber. The meter should 

indicate 0% nitrogen. If the reading is higher 

than 0% N2, check the vacuum system for leaks, and 

if necessary, correct. A leaking vacuum system 

results in reduced needle valve resolution and 

overall system stability. 

3. Allow the needle to draw in room air. The meter 

output should read 79.6% N2. If it does not, 

adjust the reading to 79.6 by turning the gain 

control on the front panel of the nitralyzer. 

4. The nitralyzer should be checked for drifting 

before testing each subject. Remove the needle 

valve from the rebreathing valve and allow to draw 

in room air. Check the nitrogen zero by occluding 

the tubing so no nitrogen is drawn into the 

ionization chamber. Check the meter reading for 
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room air (79.5%) and adjust, if necessary, using 

the gain control knob. 

Adjustment of nitrogen probe (needle valve) 

1. The needle valve has been adjusted to optimize the 

flow of gas into the ionization chamber and hence 

detection of the nitrogen concentration. No 

adjustment is ordinarily needed. The flow of gas 

is affected by environmental conditions, 

especially relative humidity, and changes in 

environmental conditions, may necessitate 

readjustment of the probe. Of course, after any 

mechanical disturbance of the probe, such as an 

inadvertent blow to the valve, its calibration 

must be checked. Poor response of the nitralyzer 

to changing nitrogen concentrations may indicate a 

readjustment of the valve is needed. 

2. To adjust the needle valve, loosen the lock nut on 

the valve and turn the valve fully clockwise 

(closed). The meter should indicate 0% N2. 

Slowly turn the needle valve counterclockwise 

until a maximum reading is obtained (a peak 

reading) . Adjust the gain control on the 

nitralyzer until the meter reading is 79.6% N2. 

Now turn che needle valve clockwise until the 

meter indication is reduced by 3A (from 79.6 to 
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76.6% N2) . Tighten the lock nut on the needle 

valve. Readjust the meter reading with the gain 

control to read 79.6% N2. The nitralyzer is now 

ready for use. 

Underwater weight and residual volume measurement. 

The subject is instructed to exhale as much air as 

possible, lower the entire body and head under the 

water, and hold this position for three to seven 

seconds. THe subject practices the protocol with the 

breathing apparatus until the procedure is comfortable 

and then is instructed to completely submerge 

performing a maximal exhalation held for three to 

seven seconds. The underwater weight is recorded at 

this time while the technician counts down the seconds 

out loud for the subject. After a steady weight is 

obtained, the subject is switched to the closed 

circuit 02 breathing system by simultaneously 

depressing the spirometer button and switching the 

panel switch from weight to nitrogen. The technician 

then instructs the subject to return to the kneeling 

position with the head above the water. At the same 

time the subject who has been instructed to "breathe 

in", does so, and the gas temperature is immediately 

read and recorded. The subject continues breathing 

the 02 from the bag for about four to five breaths, 
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until the N2 reading becomes stable or near a plateau. 

The mouthpiece and breathing valve were removed from 

the mouth and the underwater weight and residual 

volume measurement procedures are repeated until three 

good trials are obtained. Criteria for a good trial 

are underwater weight in agreement within _ or - 0.3 

kg. 
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