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ABSTRACT 

2 
This study describes bone mineral index (g/cm ) of 

the distal and mid forearm, spine and hip in 

gymnasts/weight trainers, and runners with varying 

menstrual status. 12 eumenorrheic gymnasts/weight 

trainers (EGW), 11 eumenorrheic runners (ERU), 8 

oligomenorrheic gymnasts/weight trainers (OGW), 3 

oligomenorrheic runners (ORU) 4 amenorrheic runners 

(ARU) and a eumenorrheic control group (EC) of 18 

subjects were examined. Bone mineral index (BMI) was 

measured using single and dual photon absorptiometry. 

EGW had greater BMI than ARU and EC (spine, hip and 

distal and mid forearm) and ERU (femur and distal 

forearm). The ARU were not significantly lower in BMI 

than the ERU. The ARU were only significantly lower in 

BMI than the EC at the distal forearm. OGW were not 

significantly greater in BMI than ORU. The OGW had 

greater BMI than the ARU (spine, femur and distal 
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forearm), ERU and EC (femur and distal forearm). These 

results show higher BMI in gymnasts/weight trainers, 

independent of menstrual status, than in runners and 

controls. 
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Chapter 1 

INTRODUCTION 

Within the past ten years there has been a 

tremendous increase in women's participation in 

exercise programs. Although regular exercise has many 

physiological benefits (23), under certain conditions, 

exercise may not promote well being (11). As more women 

become involved in exercise and sports, we see unique 

problems affecting those female athletes engaged in 

high levels of physical activity. Athletic amenorrhea 

and oligomenorrhea and the affect these conditions may 

have on the integrity of bone is addressed in this 

study (27). 

Athletic amenorrhea is the absence of menstruation 

associated with the undertaking of a rigorous, physical 

training regimen (5). The occurance of athletic 

amenorrhea has been documented in a number of studies 

(5,25). The criterion used for one to be considered 

amenorrheic varies from investigator to investigator. 

Some have defined amenorrhea as that condition where 3 

or less menses have occured in the preceeding 12 months 

(31) while others (13) state the more stringent 

criterion of a cessation of menses lasting one year is 

a more appropriate standard to use when assessing the 
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prevalence of athletic amenorrhea in the active female 

population (13). 

Until recently, the amenorrheic athlete did not 

appear to be at risk for any undesirable health 

consequences, except if she desired to become pregnant, 

but even this could be overcome for many individuals if 

they decreased their intensity of training (29). Cann 

(8) reported lower spine mineral bone in women who were 

amenorrheic due to a number of pathological disorders 

and in a few subjects who were considered amenorrheic 

due to their vigorous exercise programs. Later, 

Drinkwater et al. (13) designed a study to test the 

assumption that the training regimens of endurance 

athletes exert a protective effect against bone loss in 

the amenorrheic athlete. This study revealed that the 

mineral index of the lumbar vertebrae was significanly 

lower in the amenorrheic group of athletes. Linnell et 

al. (31), studying only arm bone mineral, presented an 

alternative view on bone mineral content and menstrual 

regularity. Of greatest interest, was the relationship 

between bone mineral content and body weight along with 

relative body fatness. The only significant positive 

correlations between relative body fatness and bone 

m-ineral content/bone width (BMC/BW) and between body 
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weight and BMC/BW (both at the wrist) were found in the 

amenorrheic runners. That is the lighter and leanest 

amenorrheic runners had less bone than the other 

subjects, including the heaviest and fatter (17.1 plus 

or minus 3.7 % fat) amenorrheic runners. None of the 

other groups showed such a relationship. 

Studies have shown that mechanical stress and, 

more recently, activity during childhood may be 

associated with the development of a well mineralized 

skeleton (1, 2). In the past few years research has 

shown that activity, even in postmenopausal and elderly 

women, will promote mineralization of the skeleton 

(2,52). Recently, low bone mineral values have been 

observed among some amenorrheic athletes (13,31). 

Whether or not the mechanism responsible for a 

decreased mineralization of bone in amenorrheic 

athletes is the same as the mechanism found in age 

related bone loss has yet to be determined. 

Studying the mechanisms behind bone loss 

associated with secondary amenorrhea may help to better 

understand the more wide spread problem of age related 

bone loss. The altering of the onset and progression of 

osteoporosis, has much significance, especially if one 

considers that the incidence and severity are likely to 
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increase as the proportion of older individuals in our 

population increases as the life span of the population 

continues to increase. 

Purpose 

The purpose of this study is to examine the 

relationship between gymnastics/weight training and 

running athletes with and without menstrual cycle 

regularity and the bone mineral content of the forearm, 

hip and spine. It is hypothesized that, due to the 

mechanical stresses exerted on the spine and hip in 

weight training and gymnastics, subjects with an 

extensive history of such training will have a higher 

bone mineral index, especially at the spine than 

runners. This may even be the case in the 

oligomenorrheic weight trained/gymnast population. The 

amenorrheic runners are expected to have the lowest 

bone mineral index values. 

This study will compare the non- dominant forearm 

(distal and proximal radius and ulna) , hip (femoral 

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

234 and 1234 bone indices of gymnasts and weight 

lifters to runners and controls. The subject's 

menstrual cycle history will also be tested for its 

influence on the bone index measurements. It is assumed 
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that both gymnasts and weight lifters subject their 

spine to mechanical stresses (contraction, stretching, 

impacts etc.) which are associated with muscular 

development in this area. Running, it is also assumed, 

does not provide for developing the back musculature as 

does gymnastics and weight training. The affect of 

muscle contraction on bone may stimulate the vertebral 

column to increase its bone mineral content and thus it 

is hypothesized that a higher bone mineral index at 

areas of such stress will be found in the weight 

trained/gymnast groups than in runners. While 

amenorrheic runners have shown lower bone mineral, no 

other studies have examined the influence of menstrual 

cycle regularity on other athletic groups with .respect 

to bone mineral content. 

Hypotheses 

1. Eumenorrheic gymnasts/weight trainers will have 

greater bone mineral index (BMI) in the spine, hip and 

forearm than all runners and inactive controls. 

2. The amenorrheic runners will have lower bone 

mineral index at the spine, hip and forearm than 

eumenorrheic runners and inactive controls 

3. Oligomenorrheic athletes of different sports 

will differ in their bone mineral index with 
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oligomenorrheic athletes involved in high impact, high 

resistance and torsional stress activity having greater 

bone mineral indices than amenorrheic runners, 

oligomenorrheic runners and inactive controls. 

4. In all groups, athletes with a longer history 

of athletic training will have a greater bone mineral 

index. 

5. Calcium intake of athletes within a given sport 

will be directly related to bone mineral index at all 

sites. 

Scope 

The study compared the bone mineral index of 

forearm, hip and spine in runners, inactive controls 

and a combined group of gymnasts and weight trainers. 

Each athletic group included eumenorrheic and 

oligomenorrheic subjects. In addition, four runners 

categorized as amenorrheic were studied. An inactive 

control group of 18 subjects was also studied. Each 

subject was between 18 and 38 years of age and had at 

least two years of regular training prior to 

participation in this study. Anthropometric dimensions 

were taken along with hydrostatic weight and skinfolds 

to estimate body fatness from body density. The 

training history and recent calcium intake of all 



subjects was documented and related to bone mineral 

index. 

Limitations 

The major limitation of this study is the use of 

the cross-sectional descriptive method rather than a 

longitudinal design. While it can be shown that 

significant differences are found among groups we can 

not be certain of the causes for those differences. In 

addition, the volunteer rather than random sample 

limits the external validity. Finally, small sample 

sizes in several groups lowers the statistical power. 



17 

Definitions 

Athletic Amenorrhea—Refers to secondary amenorrhea 

occuring in athletic women associated with their 

training regimen when all other etiologies have been 

eliminated. In this study to be described as 

amenorrheic, the athlete must have gone without a 

period for an entire year prior to the study. 

Oligomenorrheic Irregular or infrequent menstrual 

periods. In this study to be described oligomenorrheic, 

the athlete could have no less than one period and no 

more than six periods in the year prior to the study. 

Eumenorrheic Regular menstrual cycles (23-36 day 

cycles)) 

Bone Mineral Content (BMC)—Amount of bone mineral 

(calcium) contained in the area of bone measured. 

Reported in g/cm. 

Bone Mineral Density (BMP)—Amount of bone mineral 

(primarily calcium and phosphorous) contained in a 

3 
volume of bone. Reported in g/cm . 

Bone Mineral Index (BMI)—Ratio of amount of bone 

mineral (primarily calcium and phosphorous) to the bone 

width (i.e., calcium per unit area). Reported in 

g/cm2. 
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Cortical Bone—The dense, outer layer of bone. The type 

of bone found in the arms and legs is mostly cortical 

bone. This is found to predominate in the midshaft bone 

measurement. 

Mid-shaft—Means "middle part". This refers to the 

midportion of the radius where one of the bone 

measurements are taken of the forearm. This is 

comprised mostly of cortical bone and is usually 

measured at 1/3 the distance of the forearm length 

proximal to the styloid process of the ulna. 

Osteopenia—Used to describe individuals who have 

symptoms due to decreased bone mass and impaired 

skeletal function when the diagnosis has not yet been 

established. 

Osteoporos is—A proportional decrease in the amounts of 

both mineral and matrix in a given volume of skeletal 

tissue. 

Photon absorptiometry—A non-invasive means of 

measuring bone mineral index which involves passing a 

radioactive source horizontally below a scan site while 

a mechanically connected detector unit passes 

simultaneously above the site. The quantity of energy 

absorbed is proportional to the bone mineral and is 

reported in grams per centimeter; bone width in 
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centimeters is computed from the distance of the scan; 

bone-mineral concentration is the ratio, mineral 

content divided by width, and is expressed as grams per 

centimeter squared. 

Single photon absorptiometry—Operates as described 

125 above using I as the radioactive source. It is used 

primarily for peripheral measurements of cortical bone 

at the mid-shaft forearm site and both cortical and 

trabecular bone of the distal forearm. 

Dual photon absorptiometry—Same procedure as for 

single photon absorptiometry except it incorporates a 

153 
Gd source which is emitted at two different energies 

allowing the scan to differentiate between bone and 

soft tissue. It is used to measure bone mineral content 

of the entire skeleton and is especially valuable in 

assessing trabecular bone of the vertebral column and 

femur. 

Photon densiometry—Another non-invasive method for 

measuring bone mineral content. Uses the same standard 

scan sites. This technique gives only l/100th the 

radiation of x-rays, and it can measure bone loss as 

small as .5% per year. Is very similar to the above 

mentioned technique. The difference in technique will 

be discussed in the text. 



20 

Quantitative computed tomography—One of the most 

recent developments for assessing bone mineral content. 

Gives a computerized picture of a cross-sectional area 

of bone. 

Radius—One of the two bones in the forearm. This is 

the bone often evaluated for the densiometry and 

absorptiometry measurements. 

Trabecular (cancellous) bone—Spongy, inner meshwork of 

bone. The type of bone found in the spine is mostly 

trabecular bone. 
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Chapter II 

REVIEW OF THE LITERATURE 

The following literature review includes three 

major sections. The first section will present a brief 

overview of osteoporosis and its relation to low bone 

mineral content. The second section will cover various 

methods of measuring bone mineral that are utilized. 

Finally, the third section will focus on bone mineral 

changes in the female athletic population with emphasis 

on the amenorrheic athlete. 

Osteoporosis and Bone Mineral Content 

According to Matkovic et al (38) osteoporosis is 

defined as a proportional decrease in the amounts of 

both bone mineral and matrix in a given volume of 

skeletal tissue. Of the many contributing factors that 

lead to osteoporosis, the decrease in female sex 

hormone production at menopause and subsequent rapid 

bone loss that is associated with this is one of the 

most important (44). Furthermore, because women have a 

smaller initial bone mass than men; osteoporosis 

appears to be more common in the female although it 

does occur in older men (44). 

Various treatments to prevent osteoporosis, such 

as hormone therapy, exercise and diet alterations, have 



22 

been recommended (44). Studies (49,38) have shown that 

peak life time skeletal mass is a major determinant of 

future osteoporosis. In addition to adequate dietary 

calcium (49) , exercise performed on a regular basis 

through out adulthood may also positively influence 

peak lifetime skeletal mass (12,42). 

Most data suggests that the primary abnormality in 

osteoporosis is an acceleration of bone resorption 

(42,44). Decreased sex hormone production is certainly 

associated with osteoporosis, but the mechanism is 

unknown. Bone mass is lost at an average rate of about 

0.5 per cent per year in both males and females after 

the age of 40 (44). However, for women an accelerated 

rate of one percent per year for at least ten years 

after menopause is more characteristic, gradually 

slowing to the lower universal rate (8,46). There is a 

possibility that the sex hormones act through an effect 

on muscle (44). Of course, age-related loss of muscle 

mass occurs (9), and muscular activity is important in 

the maintenance of bone mass (2). Muscular activity can 

be shown to increase both local and total bone mass in 

elderly as well as in young individuals (1,2,22). 

There are many predisposing factors to 

osteoporosis. Nutritional factors may play a role (27). 



Nutritional surveys show that calcium intake relative 

to the RDA for women, is lower in women than in men, 

and the negative calcium balances of both before and 

after menopause in women can be reversed by increasing 

calcium intake from about 0.6 to 1 to 2 grams of 

calcium per day (45). A history of low calcium intakes 

may be associated with higher fracture rates at all 

ages (38). 

Methods used to Measure Mineral Content of Bone 

The mineral content and width can be measured to 

give bone mineral index by densiometry and 

absorptiometry. Actual bone density can be determined 

with quantitative computed tomography. These methods 

are described in the following section. 

The densiometer is based on the compton scattering 

techique (43). The compton effect is the change in wave 

length of gamma-radiation due to the interaction of an 

incident photon with an orbital electron and a 

scattered photon of reduced energy. Measurements are 

made of the number of photons scattered by the bone 

153 
from a Sm photon beam (43). Thus, the denser the 

bone the more photons that are scattered. 

Photon absorptiometry using the single beam 

IOC 
method and I only measures BMC, BW and BMI (BMC/BW) 
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of the wrist (trabecular bone measurement) and the 

midshaft of the radius (cortical bone measurement). 

This method is limited to peripheral bone and cannot be 

used to estimate spine or hip bone mineral content. 

Established principals of radiation absorption permit 

quantitative determination of bone mineral by 

absorptiometry (6,15). Thus, bone mineral is determined 

using a radiologic absorptiometric method in which the 

attenuation of a low-energy beam from a well-collimated 

12 5 241 
radionuclide source ( I or AM) is measured using a 

collimated scintillation detection pulse height 

analyzer system. The absorption of the photon beam by 

bone as shown by this scanning method is highly 

correlated with the weight of standard sections on 

excised bones (6). Thus the more photons that are 

absorbed by the bone, the more bone mineral in a given 

crossectional area. 

According to Dunn et al; "The dual photon 

absorptiometry scan is a total body scan which measures 

an integral of cortical and trabecular bone in the 

axial or entire skeleton. The method is based on 

radiation transmission measurements of two separate 

photon energies through a medium consisting primarily 

153 
of bone and soft tissue. The Gd energy spectrum has 
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predominant photoelectric peaks in Nal (Tl) at 

approximately 44 and 100 KeV. Equations 1 and 2 

describe the transmission of each energy through a 

medium composed of bone and soft tissue. 

equation 1 

_44 i 44 r i / \ / / \ I x,y=lo exp[-(u/p)st Mst-(u/p)bm Mbm] 

equation 2 

T 100 T  100 ,  .  .  .  100 M  .  ,  ,  100 M  I x,y=Io exp[-(u/p)gt Mst-(u/p)bm Mbm] 

44 100 
I x,y and I0 x,y refer to the transmitted 

radiation beam intensity at a point x,y for 44- and 

44 100 
100-keV energies, respectively. I and IQ are the 

unattenuated Photon intensities. The mass attenuation 

coefficients of soft tissue and bone mineral at energy 

A A 
A are represented by (u/p) and (U/P)bm 

respectively. The masses per unit area of tissue and 

bone mineral are indicated by Mst and Mbm. Solving for 

these two equations simultaneously yields the following 

equation for bone mineral: 

100 100 44 ,44 
Mbm = RST (InIiWMx,y/Ioii3W)-(Inl x,y/IQ ) 

44 100 
(u/p) bm -RST(u/p)bm 

44 100 
where RST=(u/p)st /(u/p)st 
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As the radiation source scans over the area in 

question, a point-by-point determination of bone 

mineral is made. The RST value, the attenuation ratio 

of lower and higher energy photons, is averaged over 

all of the non-osseous area scanned, and the average 

RST is used to calculate . This procedure corrects 

for the presence of varying amounts of fat from 

individual to individual. The total bone mass is 

determined by summing the individual point value. 

The bone surface area and edge limits are defined by 

use of an edge detection software based on the change 

in at the bone edge. 

Pulses from the Nal (Tl) scintillation detector 

are amplified and conveyed to two pulse-height 

analyzers, set on the 44-and 100- keV photopeaks. En 

route to the computer the output of each analyzer 

passes through a digital counter, which accumulates the 

number of transmitted photons detected in each second 

of scanning. This number is recorded on disc for 

subsequent calculation of a point Mbm value" (15). 

The radiation dose, of dual photon absorptiometry 

as determined by thermoluminescent dosimetry (tld) on 

phantoms and patients, depends on the strength of the 

source. In the studies reported by William L. Dunn and 
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others it ranged from 5 to 15 mrad (0.05 to 0.15 mGy) 

(peak skin dose at beam entrance) (15). 

According to Genant "Quantitative computer 

tomography has a potential advantage over photon 

absorptiometry in that it has the capability of precise 

regional localization and of spatial separation of 

cortical from cancellous bone. Values on bone 

mineralization are taken from a cross-sectional plane 

of the body, presented as an image generated by a 

computer synthesis of x-ray transmission data obtained 

in many different directions through the given plane" 

(19). It is very important to use, in studies 

concerning bone density, a technique that can measure 

trabecular bone because patients who develop vertebral 

and wrist fractures are likely to show greater losses 

of trabecular bone than cortical bone (44). Also, it 

has been shown that the measurement of mineral in the 

peripheral skeleton (high cortical bone content) does 

not correlate well with mineral content in the axial 

skeleton (largely trabecular bone) (13). 

Bone mineral changes in the athletic population 

Cross-sectional studies have been done to assess 

bone mineral differences between those who engage in 

exercise and those who don't (2,22). These studies have 
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shown higher bone mineral values in those who have 

adhered to an exercise program. However, for the 

amenorrheic athletic population an inverse relationship 

to bone mineral and exercise has been found (13). 

Cann (7) notes that amenorrheic women with a low 

percentage of fat, such as athletes in his study, are 

known to lack normal concentrations of circulating 

estrone. Since circulating estrone results from 

aromatization of the adrenal hormone androstenedione a 

conversion which he states must take place in fat, he 

proposes that an estrone deficit in concert with a 

deficiency of ovarian estradiol might explain bone loss 

in these runners. 

This statement was refuted by Ann B. Loucks (35). 

She states that Cann's statement about aromatization of 

androstenedione to estrone occurs in fat may be 

misunderstood—and says that it is misunderstood by 

those who perpetuate the body composition theory of 

athletic amenorrhea. Fat is not the only site for this 

conversion. Longscope and his group (34) have shown 

that this conversion occurs at an equal rate in muscle. 

Furthermore, the total amount converted is related to 

blood supply, and blood supply to muscle increases 

during physical activity (35). Therefore, there is no 
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reason to assume an estrone deficit in active, muscular 

athletes, even if their percentage of body fat is low. 

However, Boyden et al. (3) showed that estrone levels 

of highly trained female runners fell progressively, 

although not significantly during a 15-month endurance 

training study. The changes in estrone significantly 

correlated with the decreases in fat weight between 

base line and an increased training distance of 50 

miles ,(r= 0.51, p < 0.03) and with the increases in 

lean weight between baseline and a change of 50 miles 

(r= 0.49, p < 0.04). Sanborn and associates (47) 

recently showed a lack of association between incidence 

of amenorrhea and % body fat using densitometry. 

The cross-sectional study by Drinkwater et al (13) 

was designed to test the assumption that the training 

regimens of endurance athletes exert a protective 

effect against bone loss in the amenorrheic athlete. 

Twenty-eight women athletes participated in the study. 

Fourteen of the women were amenorrheic, having had no 

more than one menstruation in the preceding 12 months. 

Fourteen eumenorrheic women were selected to match the 

amenorrheic athletes for the following variables: 

sport, age, weight, height and the frequency and 

duration of training sessions. The only marked 
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differences between the amenorrheic and eumenorrheic 

groups in athletic history was the number of miles run 

per week. Both groups had a similar percentage of body 

fat as measured by body density. Eleven of the subjects 

in each group were runners: the remaining were crew 

members. Single-photon and dual-photon absorptiometry 

were used to measure regional bone mass at the distal 

radius (two sites) and lumbar vertebrae, respectively. 

2 
Neither bone mineral nor bone mineral index (g/cm ) at 

the two sites along the radius (S^=distal end, S2=l/3 

distal end) differed between groups. The mineral index 

of the lumbar vertebrae was significantly lower in the 

2 amenorrheic group of athletes (1.30 vs 1.13 g/cm ). 

Although the mineral content and mineral index at 

and were significantly related (r = 0.72), the 

relation between mineral index of the vertebrae and 

that at either radial site (S-^, r = 0.31; r = 0.34) 

was not significant. 

Both mean (amenorrheic = 38. 58 pg/ml , eumenorrheic 

= 106.99 pg/ml) and peak (amenorrheic = 67.75 pg/ml, 

eumenorrheic = 205 pg/ml) estradiol values were 

significantly different between groups. Neither value 

was significantly correlated with bone mineral index at 

any site. With the exception of a significant relation 
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between age and bone mineral index of the radius (S^, r 

= .52 p < 0.05 ; S2, r = .48 p < 0.05), none of the 

physical characteristics, training factors, hormone 

levels, or dietary variables were related to the bone 

mineral index of the radius or the lumbar vertebrae in 

the total sample. 

The observed values for radius bone mineral index 

(SI and S2) in both groups of athletes were close to 

the norms for nonathletes with regular cycles who were 

tested in the same laboratory. When the values for 

vertebral mineral index were compared with those 

recorded by Riggs et al. (46) for 120 women 

representing a wide age span, the mean bone mineral 

index of the eumenorrheic women was close to that 

2 predicted (1.33 g/cm ) by an age-based regression 

equation. In contrast, the average bone mineral index 

of the amenorrheic athletes was equivalent to that of 

women 51.2 years of age (13) with the amenorrheic 

athletes having 86% of the bone that would be predicted 

by an age-based regression equation. 

Linnell et al. (31) presented additional 

information on bone mineral content and menstrual 

regularity. They examined the relationship between 

radius bone mineral content and body weight, relative 
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body fatness (densitometry), running distance, and 

calcium and phosphorus intake to determine if 

amenorrheic runners may, in fact have a low BMI. Height 

and weight are significant criteria to consider when 

comparing bone mineral content because osteoporotic 

women have been found to be significantly lower in 

height and weight than their age-matched controls (50). 

In Linnell's study, thirty-seven women, ages 18-33 

years, were grouped according to their menstrual 

regularity and athletic participation. The groups 

consisted of 10 runners exibiting secondary amenorrhea 

(0-3 menses in the preceding 12 months), 12 runners 

with regular menstrual cycles (10-12 menses in the 

preceding 12 months), and 15 non-athletic, regularly 

menstrating control subjects who had no present or past 

history of routine, intensive physical activity. The 

two groups of runners were remarkably similar. There 

were no significant differences between the amenorrheic 

runners and the regularly menstrating runners in any of 

the categories, including radius bone mineral index 

(BMC/BW) and percent fat. The control subjects were 

similar in age and height to both groups of runners, 

but differed significantly in body weight, percent body 

fat and body density. There were no significant 
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differences among the three groups in BMC/BW at either 

2 the wrist (controls = 0.544 g/cm , amenorrheic runners 

2 2 
= 0.508 g/cm eumenorrheic runners = 0.529 g/cm ) or 

2 the forearm (controls = 0.707 g/cm amenorrheic runners 

2 2 = 0.707 g/cm eumenorrheic runners = 0.700 g/cm ). 

Furthermore, the average values for BMC/BW for all 

groups were nearly identical to those reported for 

women in this age group with regular menstrual cycles 

(28). No significant correlations were found between 

BMC/BW and body weight or body composition in the 

regularly menstrating runners or control subjects. 

However, in the amenorrheic runners, there were 

significant positive correlations between relative body 

fatness and BMC/BW and between body weight and BMC/BW 

(both at the wrist). In addition, when the BMC/BW of 

the five leanest (7.4 %fat) and the five fattest (17.1 

%fat) amenorrheic runners were compared, the group with 

the lowest body fat values had significantly lower 

2 
radius BMC/BW (0.457 vs 0.559 gr/cm ). No differences 

between groups were found in training distance, height, 

age, or diet. 

Despite a report suggesting that amenorrheic 

athletes have reduced ovarian function and low levels 

of estrogens (20), this study indicated that 
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amenorrhea, independant of body fatness and body 

weight, associated with distance running does not 

necessarily predispose a female athlete to the risk of 

reduced peripheral bone mass (31). However, observing 

no differences in BMC/BW at the radius cannot be 

interpreted to mean total bone mineral or spinal 

mineral content is unchanged (2). 

This study (31) showed that female runners whose 

menstrual cycles were normal did not exhibit 

significantly higher BMC/BW values than non-athletic 

controls. This finding seems to contrast literature 

(1,22) which indicates exercise stimulates bone 

deposition, resulting in higher bone densities in 

athletes. It should be noted that Linnell's study (31) 

took measurements of non weight-bearing bone and may 

not be indicative of changes in other locations 

throughout the body. 

In a study by Fisher and associates (18,41) 11 

amenorrheic runners and 24 eumenorrheic runners were 

studied to examine the relationship between bone 

mineral content (g/cm ) and levels of gonadotropins and 

estrogens. Serum estradiol, leutinizing hormone (LH), 

follicle stimulating hormone (FSH) , estrone and 

testosterone were measured in serial blood samples 



obtained at 15 min. intervals for 4 hrs. Estradiol, LH, 

FSH and estrone levels were lower in the amenorrheic 

runners. They also exhibited a higher estrone-estadiol 

ratio than did the eumenorrheic runners. The 

amenorrheic women had lower LH pulse amplitudes; 

however, no differences were found in FSH pulse 

amplitudes. LH and FSH pulse frequencies were the same 

for both groups. Bone mineral index of the lumbar spine 

but not at the radius was lower in amenorrheic women 

and was positively correlated with estradiol levels in 

all women. The authors (18,41) suggested that in 

exercise-related amenorrhea, low serum LH, FSH, and 

estrogen levels reflect an alteration in the 

hypothalamic control of gonadotropin release and 

speculated that reduced circulating estrogen levels in 

amenorrheic runners may be a cause of low mineral 

content of the spine. 

In a related report (41) looking at the 

relationship of diet to bone status in amenorrheic 

runners it was found that these runners not only had a 

lower spinal bone mineral density than age-matched 

eumenorrheic runners but also demonstrated a 

significantly lower daily energy intake, and lower but 

not significantly different calcium intake (30% 
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decreased). Protein intake was 10% less than the U.S. 

Recommended Dietary Allowance in 82% of amenorrheic 

women and 35% of eumenorrheic women. The authors 

speculated that abnormal eating behaviors may be 

associated with the development of amenorrhea. Their 

results showed that when weight- bearing exercise and a 

low energy intake are associated with amenorrhea, the 

accretion of a large bone mass in young trained women 

is not favored. 

Fears et. al. (17) investigated the hormonal 

characteristics of women with exercise-related 

amenorrhea (long distance runners, swimmers, and ballet 

dancers) and women suffering from anorexia nervosa. It 

is postulated that abnormalities of hypothalamic and 

pituitary function are related to weight loss per se 

and are not specific for anorexia nervosa (17). There 

is much data that supports the notion that exercise 

induced amenorrhea is also hypothalamic in origin 

(40,54). The question arises whether the weight loss 

seen in many amenorrheic athletes is responsible for 

the blunted hypothalamic response that leads to 

amenorrhea or if another mechanism specific to exercise 

is responsible. Both the amenorrheic athletes and 

anorectics had depressed basal LH, FSH, and estradiol 
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serum concentrations. The only difference was that the 

amenorrheic athletes had an increased LH response to 

GNRH compared to a decreased or normal response found 

in the anorectic subjects. 

Marcus and associates (37) conducted a study to 

see whether severe exercise training might reduce or 

even reverse the deleterious skeletal effects of 

amenorrhea. They used computed tomography to evaluate 

bone density (g/cm^) of the lumbar vertebrae in a group 

of elite women distance runners. The bone mineral 

density of the lumbar vertebrae in the amenorrheic 

runners was lower than that in the cyclic runners and 

age-matched controls, but higher than that in runners 

with secondary amenorrhea who are less physically 

active. The amenorrheic group with the greater physical 

activity included cycling, swimming and weight training 

in their programs. A fairly inclusive endocrine profile 

was included in this study (37); however, no attention 

was paid to the phase of the menstrual cycle the cyclic 

athletes were in when the blood was drawn. Serum 

triiodothyronine, indicative of metabolic activity, was 

lower in the amenorrheic group, perhaps reflecting 

lower calorie intake. The authors (37) concluded that 

intense exercise may reduce the impact of amenorrhea on 
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bone mass; however, some amenorrheic runners remain at 

high risk for exercise related fractures. 

In a follow up study by Drinkwater (14) athletes 

who regained menses, athletes who remained amenorrheic, 

and athletes with regular cycles were evaluated before 

and after a 15.5 month period. Significant increases in 

vertebral BMI were found for the former amenorrheic 

group (6.3%) but not for cyclic runners (-0.3%). The 

two athletes who remained amenorrheic during this 

period continued to loose bone mineral (-3.4%). The 

authors concluded that the resumption of menses was the 

primary factor for the significant increase in the 

vertebral BMI of the athletes who were amenorrheic. 

Lindberg et al (29) also reported increased 

vertebral bone mineral in response to resumption of 

menses. This follow up study measured spine BMD of 4 

amenorrheic runners which took supplemental calcium and 

reduced their weekly running distance by 43%, which 

resulted in an average 5% increase in body weight, 

increased estradiol levels and resumption of menses. In 

these athletes bone mineral content increased from 

2 1.003 to 1.070 g/cm but the difference was not 

significant. Three runners that continued to be 

amenorrheic with no change in body weight or running 
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distance continued to have low estradiol levels and 

demonstrated no significant change in vertebral bone 

mineral content, even though they took supplemental 

calcium. 

Snyder and her group (53) studied eumenorrheic 

(E) , (n=7), oligomenorrheic (0), menstrual cycles less 

than 23 days or greater than 33 days (n=5), and 

amenorrheic (A), less than 2 cycles per year, oarswomen 

(n=4). Their study was designed to determine whether 

there was a decreased bone mass in amenorrheic 

oarswomen, athletes who use their back and arm muscles 

extensively, similar to that previously observed in 

runners. Sixteen elite lightweight (body weight < 

59.0kg) oarswomen were classified as to menstrual 

status as described above. The normal values for 

height, weight and radial bone measurements were 

obtained from predictive equations derived from 

non-athletic females (NA, n=419). A group of 

non-athletic women with regular menstrual cycles and 

matched for age, height, weight and race (CON, n=9). 

Mean mid-shaft, radial bone mineral content (CON=0.94, 

R=0.98, 0=0.89, SA=1.09 gm/cm) and vertebral bone 

mineral content (C0Jtf=l.44, R=1.67,0=1.63, SA=1.53 

2 
gm/cm were not significantly different from the 
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non-athletic control subjects. One possible reason no 

differences were found at the radius is, that they 

measured a single dimension (gm/cm) rather than two 

2 
dimensions (gm/cm ) as is done with most recent bone 

mineral studies. Also, the vertebral bone measurements 

reported in this study are of a different site (L2345) 

than most other studies of this type which usually 

report L1234 and or L234. The observation that the 

oligomenorrheic or amenorrheic oarswomen were not low 

in bone mineral at either site when compared to the 

controls or eumenorrheic oarswomen provides additional 

insight into what type of amenorrheic athletes may be 

at risk for low bone mineral. 

Summary 

Recent studies (14,37,18,41,26) have found that 

amenorrheic runners are lower than eumenorrheic runners 

in bone mineral at the spine (Drinkwater L1234 = 1.12, 

2 Fisher L1234 = 1.10 gm/cm ) but not the forearm. Some 

of these studies have also discovered that many 

amenorrheic athletes have decreased caloric intakes for 

their high levels of activity (37,41) which in some 

instances reflects the tendency of these athletes to 

have low body weights. The combination of amenorrhea 

and either low body fatness or low body weight, may 
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result in reduced bone mass for the athlete. Snyder et 

al's (53) study of oarswomen with various menstrual 

histories suggests that the type and intensity of 

exercise may be important in the maintenance of an 

adequate bone mineral, since the oarswomen in her study 

were not low in bone mineral when compared to 

eumenorrheic oarswomen or controls. One study indicates 

that within the athletic amenorrheic population, the 

thinner and lighter runners have significantly lower 

BMC/BW at the wrist (31) than those with higher 

relative body fat or body weight. This may be shown to 

be true at the spine as well if differences in % fat, 

body weight and height are examined carefully. 

To date the mechanisms for the gain and loss of 

bone mineral are not well established. Though many 

factors play a part, the frequency, duration and 

intensity of exercise needed to maintain bone mineral 

integrity still needs to be quantified. Why some 

amenorrheic athletes do not have a lower bone mass must 

be determined. If oligomenorrheic weight trainers and 

gymnasts are able to maintain normal bone mineral 

indices, this may indicate that factors other than 

cycling estradiol levels may be important in the 

maintenance of bone mineral content. Other factors 
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affecting bone mineral include sufficient body weight 

and lean body mass, training regimen and diet, and not 

consuming excess caffeine and alcohol (44). Altering 

these factors may prove helpful in altering bone loss 

in some amenorrheic runners without hindering their 

performance or risking their health in any way. Once it 

can be shown that certain amenorrheic individuals may 

be more prone to bone loss than others, appropriate 

intervening strategies can be better formulated. 
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Chapter III 

METHODS 

The purpose of this study was to examine the 

relationship between gymnastic/weight training and 

running athletes with and without menstrual regularity 

and the bone mineral index of the forearm, hip and 

spine. An inactive control group was also compared to 

the athletic groups. It was hypothesized that, due to 

the mechanical stresses exerted on the spine and hip in 

weight training and gymnastics and the subsequent 

development of the back musculature, subjects with an 

extensive history of such training would have high bone 

mineral indices, especially in the spine. It was 

speculated that this may even be the case in the 

oligomenorrheic weight trained/gymnast population. It 

was expected that the amenorrheic runners would have 

lower bone mineral indices at the spine, femur and 

forearm than the other athletes and controls. 

Research Design 

A comparative research design was used to study 

the bone mineral content among groups. Two of the five 

athletic groups consisted of eumenorrheic athletes, one 

being comprised of weight lifters and gymnasts (n=12), 

the other of runners (n=ll). Another two athletic 
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groups consisted of oligomenorrheic athletes. These two 

groups were made up of weight trainers and gymnasts 

(n=8) and runners (n=3). The study also includes 4 

amenorrheic runners who did not menstrate at all during 

the year prior to measurement. A final group was a 

nonathletic, regularly-menstruating control group. 

Athletes who have been involved in daily vigorous 

physical training programs for at least the past two 

years were included as subjects. The gymnasts were 

members of a college team that practiced 5-6 days per 

week for 2-3 hrs at a time. Athletes who were involved 

in daily vigorous personal training programs for either 

weight training or running for at least the past two 

years were also included as subjects. The weight 

trainers worked out at least 6 hours per week. The 

runners all ran at least 20 miles per week. Athletes 

with a recent history of contraceptive drug and or 

anabolic steroid use were not included in this study. 

For the purpose of this study, eumenorrheic athletes 

were those athletes having regular menstrual cycles 

between 22 and 35 days long. Oligomenorrhea was defined 

as 3 to 6 menstrual periods in the past year. 

Amenorrhea was defined as the cessation of menses for 

at least one year prior to the time of the study. This 
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study included 12 eumenorrheic weight trainers/ 

gymnasts, 7 oligomenorrheic weight trainers/gymnasts, 

11 eumenorrheic runners, 3 oligomenorrheic runners, 4 

amenorrheic runners and 18 inactive normally 

menstruating controls. 

Specifically, the oligomenorrheic gymnasts had an 

average of 4.5 menstrual cycles in the past year and 

had not had regular menstrual cycles for an average of 

27 months, the oligomenorrheic weight trainers averaged 

3 menstrual cycles in the last year with an average of 

35 months without regular menstrual cycles. The 

oligomenorrheic runners had 4.7 menstrual cycles on the 

average in the past year and an average of 89 months 

without regular menstrual cycles which was the longest 

of the two oligomenorrheic groups (the weight trainers 

and gymnasts were combined to make one of the two 

groups) . The amenorrheic runners did not have any 

menstrual cycles in the past year and averaged 91 

months without regular menstrual cycles. The study was 

approved by the Department of Exercise and Sport 

Science and the University of Arizona human review 

board. The consent form is given in the appendix. All 

subjects volunteered to participate in the study and 

written consent was obtained from each subject. 
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Specific Methods and Procedures 

The descriptive method was employed to examine the 

possible factors associated with the low bone mineral 

values discovered in some amenorrheic athletes. 

Single-photon and dual-photon absorptiometry were used 

to measure regional bone mass at specific locations of 

the radius, femur and lumbar vertebrae. The 

single-photon measurements were made on the 

non-dominant arm at the point where the radius and ulna 

are separated by 5mm (ultra distal radius) and at the 

radial diaphysis at one- third the distance from the 

ulnar styloid process to the olecranon process 

(proximal radius). For spine measurements, the mineral 

content of the individual vertebrae Ll through L4 were 

measured. The femur was measured at the neck, Ward's 

triangle and the.trochanter. 

Dual photon absorptiometry at Lumbar 1 thru 4 were 

done while the subject was lying supine on a table with 

legs on a support block to enable separation of the 

vertebrae (36). The scan, using a 153-Gadolinium 

radionuclide source, is started just distal to the 

fourth lumbar vertebrae and continues caudally until 

the 12th thoracic vertebrae is reached. Photons of 

energies 44 and 100 kev pass through the lumbar spine 
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and provide the data base for quantitative analysis of 

the bone mineral content and index. During the scanning 

procedure an image of the scan develops on a screen to 

aid in proper identification of the lumbar vertebrae. 

Where a positioning error is apparent the scan was 

stopped, the subject repositioned and the scan started 

again. The scanning process takes about 36 minutes. The 

quantities measured from dual photon absorptiometry are 

2 bone mineral index (BMI) expressed as g/cm for L1-L4, 

femoral neck, Ward's triangle, and the femoral 

trochanter. BMI is a two dimensional projection of the 

bone and is normalized for bone width but not depth. 

All bone mineral measurements and analyses were 

done by two experienced investigators. Investigator 1 

measured 15 subjects, investigator 2 measured 13 

subjects and 21 of the subjects were measured by both 

investigators to conduct an inter investigator 

reliability study. Each group contained a random sample 

from the entire sample. 

If LI or L4 was missed in the measurement of BMI 

of the lumbar vertebrae (as a result of positioning 

error) estimated values were provided from the subjects 

L23 BMI value. For those seven subjects missing Ll and 

for the three subjects missing L4 the indices at these 
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two vertebrae were estimated by dividing each subjects 

2 
L23 value by 1.084 g/cm if Ll was missing, and by 

2 
1.048 g/cm if L4 was missing. The denominator of the 

correction factor was derived by calculating the values 

of lumbar 23/lumbar 1, and lumbar 23/lumbar 4, for 

every subject of each group, (including only those 

subjects with complete data) calculating the mean 

values of L23/L1 and L23/L4 for each group and then 

taking the average of these mean values to get the 

correction factors of 1.084 and 1.048 for the purpose 

of deriving Ll and L4, respectively. Because this 

procedure allowed for the same subjects to contribute 

data at every bone mineral index site measured rather 

than having different subjects represented for the 

spine, hip and forearm bone mineral sites it was 

incorporated into the methodology of the study. To be 

consistant, every subject's Ll and L4 BMI were 

predicted from their own L23 values divided by the 

derived correction factor. The L1234 and L234 vertebrae 

bone mineral index used in the data analysis were 

derived by adding each individual vertebrae BMI, after 

the Ll and L4 corrections were made, and then dividing 

by the number of vertebrae. 
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Both the single and dual photon absorptiometry 

bone mineral analysers were calibrated before each days 

measurements were taken. Calibration and data analyses 

procedures for the single and dual photon 

absorptiometry bone mineral analysers are in the 

appendi x. 

Frame size was evaluated by measuring height, and 

four skeletal breadths were measured, two of which were 

used in data analysis; wrist and ankle girth. Seven 

skinfolds were measured including triceps, abdomen, 

and supra-iliac to estimate % fat (Jackson and Pollock, 

1985). Other anthopometric data included five 

circumferences (abdominal, chest, thigh, upper arm and 

calf) and weight. 

Height, in centimeters, was measured using a wall 

mounted stadiometer while a deep inspiration was held. 

Body weight was measured on an accu-weigh beam scale 

with the subject dressed in light clothing, without 

shoes. The four skeletal breadth sites measured were 

the shoulder, hip, wrist and ankle. A narrow blade 

Harpenden anthropometer (L.S. Starret Co. Athol, Mass 

U.S.A) was used to measure the shoulder and hip and a 

Martin spreading bow caliper (Gneupel Co. Switzerland) 

was used to measure the wrist and ankle. These 
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measurements were recorded to the nearest tenth of a 

centimeter. The appendix includes detailed information 

on where and how the skeletal breadth measurements were 

taken. The mean of three measurements were calculated 

for each site. 

All skinfold sites were first located and marked 

before the actual measurement was taken (see appendix 

for detailed site description). The skinfold 

measurements were done with a Harpenden caliper (John 

Bull, British Indicators LTD, England), taken on the 

right side of the body and recorded to the nearest 

millimeter. The mean of three trials for each site was 

used in the data analysis. The anatomical location and 

a description of the technique employed is part of the 

appendix. The triceps, abdominal and suprailiac 

skinfolds were used in a density prediction equation 

developed in 1985 by Jackson and Pollock (24); Body 

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

[0.0000025 * (TRI+ABDM+SUPA) * (TRI+ABDM+SUPA)] -

(0.0000979 * AGE). The calculated body density was then 

converted to percent body fat using the Siri equation 

(24); 495/body density - 450 = % fat. Fat free weight 

is equal to Body weight - (% Fat * body weight). 
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Three circumferences, including the right upper 

arm (contracted), abdomen and right calf, were measured 

using a retractable steel tape (Lufkin 146 ME) scaled 

in millimeters and centimeters (see appendix). 

Measurements were read to the nearest tenth of a 

centimeter. The mean of three readings was recorded for 

each site. The technique for measuring these 

circumferences is included in the appendix. Body weight 

was taken with the subject dressed in light clothing 

and without shoes. It was recorded to the nearest 25 

grams with an Accu-Weigh beam scale (model 150 TK/A-53, 

Metro Equipment corporation, Sunny Vale, California). 

The percentage of body fat was also assessed by 

densitometry. Before the actual procedure took place 

calibrations of all equipment systems (nitralyzer, and 

weight recorder) were made with a digital panal 

instrument by Analogic corporation (model AN2570, 

Audubon Road, Wakefield, Massachsetts 01880). The tare 

weight of the weighing platform was registered using 

the weight recorder (Linear instruments corp. model 

1201-0000 Reno, Nevada) with the subject submerged 

under the water away from the platform. Water and gas 

temperature were recorded. 
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The underwater weight was taken while the subject 

was secured with a belt, in a kneeling position, to a 

weighing platform, which was underwater in a 

chlorinated tank heated to approximately 36 degrees 

celsius. Nose clips were worn to prevent inhalation 

during the measurement of residual volume. Four LVDT 

force trasducers (Hewlett-Packard model 152A-25, 

Scottsdale, Arizona), on which the platform rested, 

were used to measure the under water weight while the 

subject performed a forced expiration. Immediately 

after the underwater weight was measured the functional 

pulmonary residual volume, the volume of air occupying 

the lungs during the underwater body weight (after 

forced expiration), was measured with the subject 

maintaining the position she was weighed in with the 

exception of the head which was tilted up and raised 

above the water. The volume of the lungs was measured 

by a closed-circuit dilution method modified from 

Wilmore (55). This method involves estimation of the 

nitrogen (^J equilibration, with a nitrogen electrode, 

(Medical Sciences Model 505, Needham Heights, 

Massachusetts) in the lung from measurement of the ̂  

breath-by-breath during rebreathing of a known quantity 

of C>2 (99.5% pure). Residual volume at body temperature 



53 

pressure saturated (BTPS) was calculated according to 

the following equations: 

Vr = [V02 (EN2 - IN2) (AiN2 - AfN2 - DS] * BTPS 

Where Vr = residual volume, VC>2 = initial volume of 02 

in the deadspace of the analyzer system, EN2 = N2 

fraction at equilibrium, IN2 = N2 of initial V02 when 

breathing room air, AiN2 = N2 fraction in alveolar air 

when breathing room air, AfN = N2 fraction equal to En2 

- IN2, DS = deadspace of the value. The dead space of 

the value was subtracted before the BPTS correction 

factor was made in the procedure. Gas and water 

temperature were measured with thermister probes in the 

respective mediums and read from a Yellow springs 

telethermometer (Yellow Springs Instrument company Inc. 

Model 431A, Yellow Springs, Ohio). Percentage of body 

fat was estimated with the use of the formula of Siri: 

percentage of body fat = (495/D - 450). 

To examine diet of the athletic subjects as well 

as that of the controls, the subjects were asked to 

complete a food reference questionaire, which was 

evaluated for calcium (Ca). The subjects were asked to 

put the number of servings they ate each day from very 

high (292mg), high (208mg) and medium (158mg) calcium 
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sources. The amount of.calcium from calcium and vitamin 

and mineral supplements was also examined and added to 

the subjects estimated daily calcium intake. Menstrual 

history and training history was completed by all 

subjects on questionnaires. An example of the 

questionnaire used is in appendix E. 

Analysis of Data 

Analysis of variance (ANOVA) was used to examine 

the inter investigator reliability of the bone mineral 

index measurements. The data were analyzed using ANOVA 

and Duncan's multiple range test which were used to 

determine differences among athletic groups in bone 

mineral indices of the spine, hip and forearm, frame 

size, body composition (fat and fat free body), 

training regimens, and calcium intakes. Step down 

multiple regression was used to determine which 

variables, i.e., menstrual irregularity, calcium 

intake, activity history, intensity, duration and 

frequency of training and lean body mass, defined as 

mass of body multiplied by percent body fat subtracted 

from mass of body, divided by height (LBM/HT), were 

able to predict bone mineral index of the forearm, 

spine and femur. The level of probability for falsely 

rejecting a correct null hypothesis was selected at 
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0.05 (type 1 error). Statistical significance was 

defined at this level. 
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Chapter IV 

RESULTS AND DISCUSSION 

The purpose of this study is to examine the 

relationship between gymnastics/weight training and 

running athletes with and without menstrual regularity 

and the bone mineral content of the forearm, hip and 

spine. It is hypothesized that, due to the mechanical 

stresses exerted on the spine and hip in weight 

training and gymnastics, subjects with an extensive 

history of such training will have a higher bone 

mineral content, especially in the spine. This may be 

the case in the oligomenorrheic weight trained/gymnast 

population as well. The amenorrheic runners are 

expected to have the lowest bone mineral index values. 

Data reliability 

The bone mineral data for this study were 

collected and analysed by two experienced 

investigators. A subsample of the data was analysed by 

both investigators and used to examine 

inter investigator reliability for measurements of 

radius bone mineral index taken using single photon 

absorptiometry, and at the vertebrae and femur using 
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dual photon absorptiometry. The results of this 

reliability study are shown in table 1. 

Inter investigator reliability was slightly lower 

at the forearm sites with an interinvestigator 

correlation ranging from .90 to .97 as compared to 

higher correlations of .94 to .99 for the spine and hip 

sites, respectively. The standard error of measurement 

(SEM) based on this interinvestigator analysis was 

2 
between .010 and .035 g/cm with coefficients of 

variation (SEM divided by the mean * 100) ranging from 

1.3 to 3.9%. Other investigatons have shown this 

technique to have a coefficient of variation of 3-5% 

using single and dual photon absorptiometry (21). The 

interinvestigator reliability at the spine was well 

within that reported by other studies (21) using dual 

photon absorptiometry with a coefficient of variation 

at all sites between 2.1 and 2.8%. The highest 

interinvesigator reliability was found at the femur 

sites with precisions at the three sites ranging 

between 1.3 and 1.8% and correlations all above .98. 

The mean difference between investigators was also 

tested for systematic differences. A consistantly 

higher mean value was found for investigator 1 when 

compared to investigator 2 at the lumbar vertebrae. 



:"a.ble l. rn~erinves~igator relia.bility for single a.nci pho~on 

a.bsorp~iome1:ry for raciius, l\llllDar ver:ai:lrae a.nci femur bone mineral inciex, 

g;cm2. 

Inve•~iqa~or Inve•-eiqa~or 

Bone Mineral x s x s r t SZM 

Site q;ca2 ' 
Raciius (n•J1) 

shatt .70 : .059 .69 : .059 .90 .85 .018 2.6 

d.istal .41 : 0.066 .40 : 0.068 .97 2.54 .01l 2.7 

01na 

shatt .60 : .070 .60 : .070 .96 1.42 .015 2.5 

d,j •tal .26 : 0.053 .25 : 0.049 .96 2.1l .010 3.9 

L~ar Va~ai:lraa 

Ll. (n•28) l. JO : 0.15 l.25 : 0.14 .94 5.1* .035 2.7 

L2 (n•J5) l.JS : 0.16 l.J2 : 0.16 .94 J. 6* .OJJ 2.5 

LJ (n•J5) l.J6 : 0.16 l. 31 : 0.16 .97 7.0* .031 2.8 

L4 (n•35) l.JO : 0.16 l.26 : 0.16 .94 S.l* .031 2.4 

!.234 (n•JS) l. JO : 0.15 l. JO : 0.15 .97 6.7• .028 2.1 

Ll2J4 ( n•28) l. 34 : O.lS l. JO = O.lS .97 5.6• . 028 2.1 

Inv--eiqa~or Inv--eiqator 

Bona Mineral x s x s r t SEM 

Site g/ca2 t 

Femur ( n•3S) 

neck l. 01 = .15 l. 01 : .l6 .988 : l.2l . OlJ : l.J 

.,.ra. 
erianqla .94 : .11 .93 : .17 .989 : 1.58 .015 : l.6 

trocnan~er .so : .11 .so : .11 . 984 : -0.75 .014 : l.S 

error) ot the reqre••ion ot inv-~iqator l on inve•~iqa~or 2 d.ivicieci by 

the square roo~ ot two a.nci is axpraa•ecl in g;c:m2 a.nci a• a pe.rcan~ ot the 
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Significant differences in the mean values 

between investigators are denoteded by an asterick (*) 

on table 1. While some systematic differences were 

found the variation between the two investigators (as 

measured by the coefficient of variation) was low and 

the investigator's had a good correlation. In general, 

the investigators bone mineral analyses were in good 

agreement with one another. 

Subject description and Physical Characteristics 

Descriptive data on the 18 controls, 23 

eumenorrheic, 11 oligomenorrheic and 4 amenorrheic 

athletes are shown on tables 2 thru 6. Table 2 breaks 

the gymnast/weight training group into two groups so 

that the number of gymnasts and weight trainers that 

comprise that group can be seen. It can be seen that 

the number of subjects making up the oligomenorrheic 

and amenorrheic groups are small when compared to the 

number of subjects in the eumenorrheic groups. 



Table 2. Numbers and mean ages (years) of the controls, gymnasts, weight trainers, and 

runners. 

Eumenorrheic n X S Oligomenorrheic n X S Amenorrheic n X S 

Gymnasts 2 20 + 1 Gym 4 20 + 2 

Weight trainers 10 26 + 5 WT 4 25 + 8 

Runners 11* 30 + 5 Run 3 25 + 7 Run 4 29 + 3 

Controls 18 25 + 4 

*The eumenorrheic runners are significantly older than both groups of gymnasts/weight 

trainers and the controls (p < 0.05). 

Gym = gymnasts 

WT = weight trainers 

Run = runners 

a\ 
o 



Table 3. Means and standard deviations of body composition variables determined from the sum of 

densitometry 

Skinfolds 

Eumenorrheic 01igomenorrheic Amenorrheic 

Variable Con n=18 Run n=ll GW n=12 Run n=3 GW n=8 Run n=4 

X S X S X S X S X sx s 

Age 25 + 4 30 + 5 25 + 5 25 + 7 22 + 6 29 + 3 

Density1 1.046 + . 009* 1.059 + .006 1.062 + .006 1.066 + .009 1.065 + .009 1.065 + .004 

% Fat 23.3 + 4.0* 17.5 + 2.6 16.1 + 2.6 14.5 + 4.0 14.7 + 4.0 14.8 + 1.7 

Fat Free 
Weight 44.5 + 3.8 46.0 + 2.7 52.0 + 7.3+ 48.4 + 7.4 48.1 + 5.2 44.8 + 4.4 

Height 164.8 + 5.9 168.2 + 7.6 166.2 + 7.6 166.6 + 7.6 158.8# + 5.7 167.2 + 5.6 

FFW/ 
Height .27 + .02 .27 + .01 .31 + .046 .29 + .03 .30 + .026 .27 + .02 

Densitometrv 

Density3 1.038 + .013* 1.056 + .007 1.059 + .010 1.068 + .014 1.062 + .019 1.057 + .005 

Weight2 58.2 + : 5.7 55.7 + : 3-5 62.1 4 : 7.8$ 57.0 + 11.3 56.6 + : 7-8 52.6 + ; 5.4 

% Fat 27.0 + 6.0* 18.9 + 2.9 17.7 + 4.9 13.5 + 6.0 16.1 + 4.9 18.3 + 2.0 

Fat Free 
Weight 42.4 + 4.6 45.2 + 3.5 50.9 + 6.7+ 48.9 + 6.7 47.5 + 6.9 43.1 + 4.9 

FFW/ 
Height .26 + .02 .27 + .02 .31 + .030 .29 + .03 .30 + .046 .26 + .02 



62 

Explanation of Symbols for Table 3 

The controls have a significantly lower body density 

than all of the athletic groups. 

$ The eumenorrheic gymnasts/weight trainers are 

significantly heavier than the amenorrheic runners. 

* The controls have a significantly higher percentage 

of body fat (p < 0.05) than all of the athletic groups. 

+ The eumenorrheic gymnasts/weight trainers had 

significantly greater fat free weight than the 

controls, eumenorrheic runners and amenorrheic 

runners. 

# The oligomenorrheic gymnasts/weight trainers are 

signficantly shorter than all groups except the 

oligomenorrheic runners (p < 0.05). 

9 The eumenorrheic and oligomenorrheic gymnasts/weight 

trainers have significantly higher FFW/HT ratio than 

the controls, eumenorrheic runners and the amenorrheic 

runners. 

^ Density (g/cm"^) estimated from the Jackson and 

Pollock (23) equation using three skinfolds (triceps, 

abdominal and suprailiac). 

2 Weight is measured in kilograms. 

3 3 
Density (g/cm ) estimated from underwater weighing. 

t 
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All of the body composition measurements taken 

were shown to be representative of well trained 

athletes. All groups of athletes had denser bodies and 

thus significantly lower percentage of body fat than 

the control group. This was shown with both the sum of 

three skinfolds used in the 1985 Jackson Pollock (23) 

skinfold equation and with densitometry. The 

eumenorrheic gymnasts/weight trainers had a greater 

lean body mass (fat free body) than the controls and 

the eumenorrheic and amenorrheic runners. Fat free body 

divided by height showed that both groups of 

gymnasts/weight trainers had a significantly greater 

lean body mass for their height (true for fat free 

weight estimated from skinfolds and densitrometry) than 

amenorrheic and eumenorrheic runners and the controls. 

There are no differences in height except for the 

oligomenorrheic gymnast/weight trainers who were 

shorter than all groups except for the oligomenorrheic 

runners. There were no differences in body density or % 

body fat within the athletic groups. Because of the 

lack of differences in the body parameters mentioned 

above it is assumed that the greater body weight of the 

eumenorrheic gymnasts/weight trainers reflects their 

greater lean body mass. 



64 

Of the four skeletal measures, the wrist and ankle 

were chosen for analyses. The reason for these two 

sites rather than the shoulder and/or hip was because 

of the influence of posture on the shoulder site and 

the difficulty in reaching bone at the trochanteric 

area due to the large amount of soft tissue often 

covering this site. No significant differences were 

found between any of the groups at either of these two 

sites. 

BMI results 

2 
Bone mineral indexes (g/cm ) of the lumbar 

vertebrae are shown for lumbar 2 through 4 and 1 

through 4 in table 4. From post hoc tests of the 

analysis of variance between groups, the eumenorrheic 

gymnasts/weight trainers and oligomenorrheic 

gymnasts/weight trainers were significantly higher (p < 

0.05) than the amenorrheic runners at L234 and L1234 

(eumenorrheic gymnasts/weight trainers 26.8% higher and 

oligomenorrhea gymnasts/weight trainers 25.0% higher 

at L234). The eumenorrheic gymnasts/weight trainers 

were also significantly higher at L234 (by 12.5%) than 

the controls. Although the oligomenorrheic 

gymnasts/weight trainers were 10.0% higher at L234 

than the controls, this was not significant at p < 

0.05. The four amenorrheic runners 
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Table 4. Lumbar vertebrae (L) bone mineral index (g/cm ) 

Eumenorrheic 

Site Con n=18 Run n=ll GW n=12 

X S X S X S 

01igomenorrheic 

Run n=3 GW n=8 

X S X S 

Amenorrheic 

Run n=4 

X S 

L2340 1.26 + .14 

L12340 1.24 + .14 

1.30 + .22 1.42 + 16*+ 1.26 + .03 1.40 + .16+ 1.12 + .14 

1.28 + .21 1.42 + .16*+ 1.24 + .03 1.38 + .16+ 1.09 + .13 

* = significantly greater than controls (p < 0.05). 

+ = significantly greater than amenorrheic runners (p < 0.05). 

@ = includes calculated estimated values for LI and L4. 

Con = controls 

Run = runners 

G W  = gymnasts/weight trainers 

cn 
w 
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had a lumbar bone mineral index at L234 of 1.03, 1.28, 

2 .97, and 1.16 g/cm . Overall the mean of the 

2 amenorrheic running group of 1.12 g/cm was 11.1% lower 

than the controls but not significantly different (p < 

0.05). Large variations within groups were found for 

both eumenorrheic runners (ranged from 1.01 to 1.07 

2 g/cm for L1234) and the eumenorrheic gymnasts/weight 

2 
trainers (ranged from 1.15 to 1.74 g/cm ). 

The mean bone mineral index values at the spine of 

the oligomenorrheic runners were identical to that of 

2 2 
the controls, 1.26 g/cm at L234 and 1.24 g/cm at 

L1234 vs 1.26 g/cm^ at L234 and 1.24 g/cm^ at L1234 for 

the oligomenorrheic runners and controls respectively. 

The number of subjects in the oligomenorrheic group was 

too small to show any significant differences between 

it and any of the other athletic groups. 

The results of the femoral neck, Ward's triangle, 

and the femur trochanter are shown in table 5. The 

significant differences for the femoral neck and Ward's 

triangle involved the same groups as for the spine 

site. At this site the eumenorrheic gymnasts/weight 

trainers had higher bone mineral index values than the 

amenorrheic and eumenorrheic runners, and the controls 

by 20.4%, 17.9% and 17.9%, respectively. At Ward's 



Table 5. 
2 

Femur bone mineral index (g/cm ). 

Eumenorrheic Oligomenorrheic Amenorrheic 

Con n=18 Run n=ll GW n=12 Run n=3 GW n=8 Run n=4 

Site X SXSX SX SX SXS 

Femoral 
Neck 0. 99 + 0. 11 0. 95 + 0. 12 1. 12 + 0. 17* 1. 11 + 0. 08 1. 05 + 0. 20 0. 93 + 0. 10 

Wards 
Triangle 0. 86 + 0. 13 0. 85 + 0. 17 0. 98 + 0. 12* 0. 97 + 0. 13 0. 98 + 0. 21 0. 81 + 0. 12 

Femur 
Trochanter 0. 73 + 0. 09 0. 73 + 0. 13 0. 87 + 0. 13* 0. 84 + 0. 08 0. 84 + 0. 09* 0. 66 + 0. 12 

* = significantly greater than controls, amenorrheic runners, eumenorrheic runners (p < 0.05). 

Note: That although the oligomenorrheic runners had a high mean value at the femur neck they 

were not significantly greater than any of the groups because of the small number of subjects in 

the group. 

Con = controls 

Run = runners 

GW = gymnasts/weight trainers 

cn -j 
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triangle the same groups, with once again the 

eumenorrheic gymnasts/weight trainers, having higher 

bone mineral indices, were different by 21.0%, 15.3%, 

and 14.0% respectively. There was essentialy no 

difference between the amenorrheic runners and the 

eumenorrheic runners or the controls (amenorrheic 

runners were 2.2% lower than both these groups). At 

Ward's triangle these three groups were essentially 

homogeneous, with amenorrheic runners 6.2% lower than 

the controls and 4.9% lower than the eumenorrheic 

runners. 

Variability at the femoral neck was highest for 

the gymnasts/weight trainers, with the eumenorrheic 

2 
group having a range of 0.87 to 1.42 g/cm and the 

oligomenorrheic group ranging between 0.82 to 1.40 

2 
g/cm . The differences among subjects of all other 

2 groups were less than 0.38 g/cm . At wards triangle all 

groups showed ranges among subjects between 0.43 and 

2 
0.56 g/cm except the oligomenorrheic and amenorrheic 

runners with the former having differences of 0.23 

2 2 
gm/cm and the later having differences of 0.26 gm/cm . 

The results for the trochanter were similar with 

the eumenorrheic gymnasts/ weight trainers, and the 

oligomenorrheic gymnasts/weight trainers having 



69 

significantly greater BMI than the two running groups 

and the controls. The regularly menstruating 

gymnasts/weight trainers were 31.8% higher at the 

trochanter than the amenorrheic runners, and 19.2% 

higher than both the eumenorrheic runners and controls 

while the oligomenorrheic gymnasts/weight trainers were 

27.3% than the amenorrheic runners and 15.1% higher 

than the eumenorrheic runners and controls. Both the 

eumenorrheic runners and controls were 10.6% higher at 

the trochanter than the amenorrheic runners. The 

oligomenorrheic runners had mean values of 1.11, 0.97 

2 and 0.84 g/cm at the femoral neck, Ward's triangle, 

and trochanter, respectively. Though these values were 

similar to the values of the two gymnasts/weight 

training groups, they were not significantly different 

from any of the other running groups or the control 

group, probably due to the small number (n=3) of 

subjects in this group. One possible explanation for 

this group having bone mineral index values closest to 

the gymnasts/weight trainers is that 2 of the 3 

oligomenorrheic runners also lifted weights as part of 

their weekly training. These were the only runners in 

the study which participated in weight training. 
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The variability at the trochanter was slightly 

less than at the other two femur sites. The 

eumenorrheic runners and gymnasts/weight trainers had a 

2 
range within groups of 0.40 and 0.41 gm/cm . All other 

2 
groups had ranges between 0.15 and 0.29 gm/cm . 

At the shaft of the radius, the eumenorrheic 

gymnasts/weight trainers were significantly higher than 

the controls and oligomenorrheic gymnasts/weight 

trainers by 8.7% and eumenorrheic runners by 10.3 %. 

These were the only significant differences at this 

site (table 6). Mean values for all groups ranged from 

2 
0.68 (eumenorrheic runners) to 0.75 gm/cm 

(eumenorrheic gymnasts/weight trainers). There was not 

an excessive amount of variability among any of the 

groups at the shaft of the radius (standard deviation 

2 was not higher than .07 g/cm for any one group) . There 

were no significant differences found at the shaft of 

the ulna. 

The significant differences in bone mineral index 

at the ultra distal radius were similar to those at the 

femur. Both groups of gymnasts/weight trainers had 

significantly greater ultra distal radius BMI (the 

radius is the weight bearing bone of the forearm) 

values than the amenorrheic runners and eumenorrheic 
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Table 6. Forearm shaft and ultra distal forearm bone mineral index (g/cm ). 

Eumenorrheic Oliaomenorrheic Amenorrheic 

Con n=18 Run n=ll GW n=12 Run n=3 GW n=8 Run n=4 

Site X S X SXSXSXSX S 

RS .69 + .07 . 68 + .05 .75 + . 03* .70 + .02 .69 + .04 .70 + .05 

US .60 + .06 .60 + .07 .65 + . 04 . 62 + . 01 .60 + .07 .63 + .08 

UDRS . 38 + .05 .36 + .07 .45 + . 06+ . 39 + .05 .44 + .05+ .33 + .04 

UDUS .26 + .060 .23 + .04 .25 + .030 .24 + .06 .28 + .04# .17 + .02 

RS = radial shaft, US = ulnar shaft, UDRS •= ultra distal radius, UDUS - ultra distal 

ulna. 

* = significantly greater than controls, eumenorrheic runners and oligomenorrheic 

gymnasts weight trainers. 

+ = significantly greater than controls, eumenorrheic runners and amenorrheic runners. 

@ = significantly greater than amenorrheic runners. 

# = significantly greater than amenorrheic runners and eumenorrheic runners 

(p < 0.05 for all significant differences). 
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runners and the controls. For the eumenorrheic 

gymnasts/ weight trainers the differences are 36.4, 

25.0, and 18.4 percent higher than the amenorrheic 

runners, eumenorrheic runners and controls, 

respectively. The oligomenorrheic gymnasts/weight 

trainers are the following percent greater than the 

respective groups; 33.3% (amenorrheic runners) 22.2% 

(eumenorrheic runners) and 15.8% (controls). 

At the ultra distal ulna site the controls join 

the two groups of gymnasts/weight trainers in having 

significantly greater bone mineral index values than 

the amenorrheic runners (52.9%, 47.1% and 64.7% greater 

for the controls, eumenorrheic gymnasts/weight trainers 

and oligomenorrheic gymnasts/weight trainers, 

respectively). In addition, the oligomenorrheic 

gymnasts/weight trainers were significantly higher at 

this site than the eumenorrheic runners. The within 

group subject variability was the highest in the 

eumenorrheic running group at the ultra distal radius 

2 
(.22 g/cm ) and highest in the control group at the 

2 ultra distal ulna (.22 g/cm ). 

Although the amenorrheic runners tended to have 

the lowest bone mineral index values at every site 

except at the two shaft sites, they were never 
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significantly lower than the regular runners. However, 

at the ultra distal ulna site the amenorrheic runners 

had a significantly lower bone mineral index than the 

controls. In addition, at the femoral neck, Ward's 

triangle, femoral trochanter, lumbar 234, lumbar 1234, 

ultra distal ulna, and ultra distal radius sites the 

amenorrheic runners were significantly lower than the 

eumenorrheic gymnasts/weight trainers. The amenorrheic 

runners were also significantly lower than the 

oligomenorrheic gymnasts/weight trainers at these 

sites, except for the femoral neck and Ward's triangle. 

At these same sites the same is true for the 

eumenorrheic runners except at the ultra distal ulna 

site, where only the oligomenorrheic gymnasts/weight 

trainers were found to be significantly greater than 

eumenorrheic runners. The differences in bone mineral 

index of the groups can be seen in tables 4 thru 6. 

Linear regression analysis showed fat free weight 

to be the best predictor of bone mineral at ultra 

distal radius, L1234 and L234. The best predictor of 

femoral neck and ultra distal ulna bone mineral index 

was the inverse relationship of age. The second best 

predictor of femoral neck bone mineral index was body 

density. 
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Training History 

The number of years each group trained is shown in 

table 7. The eumenorrheic runners ran for a 

significantly greater number of years (16.1) than the 

amenorrheic runners (7.3). Since the eumenorrheic 

runners are, as a group, only one year older than the 

amenorrheic runners, age can not account for this 

difference in years of training. No other difference is 

significant though the eumenorrheic runners were 

training 4 to 5.2 years longer than the two 

gymnasts/weight training groups. Most of this 

difference is due to the differences in ages of these 

athletes. 

All athletes were training approximately at the 

same frequency, as was determined from written answers 

to a training history questionnaire. Most runners ran 6 

to 7 times per week. Only 3 eumenorrheic runners ran 

less frequently (5 times/week) and 1 amenorrheic runner 

ran 4 times/week. The gymnasts had 5 workouts/week and 

the weight trainers lifted 3 to 6 days per week. 

All groups of runners ran between 32 to 40 miles 

per week. The eumenorrheic runners averaged 35.91 miles 

per week, the oligomenorrheic runners averaged 40 miles 



Table 7. History of training (years) for the five groups of athletes. 

Eumenorrheic Oligomenorrheic Amenorrheic 

Run n=ll GW n=12 Run n=3 GW n=8 Run n=4 

History X S X SX SX S X S 

Years exercised 16.1+8.7* 12.1+5.8 15.6+6.9 10.9+4.1 7.3+2.6 

*The only significant difference in the number of years of exercise was found between 

the eumenorrheic runners (16.1 years) and the amenorrheic runners (7.3 years) (p < 

0.05). 

Run = runners 

GW = gymnasts/weight trainers 
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per week and the amenorrheic runners ran 31.75 miles 

per week. 

Menstrual History and Calcium Intake 

Menstrual history data is shown in table 8. No 

relationship was found between menstrual history and 

bone mineral index at any of the sites. The 

relationship of the age of onset of menarche to bone 

mineral index appeared to be more a function of sport. 

The eumenorrheic and oligomenorrheic gymnasts started 

menstruating at an older age (range of 16 to 20 years) 

than the other subjects, yet many had high bone mineral 

index values. 

Calcium intake, estimated from a food frequency 

questionnaire, is shown in Table 9. The eumenorrheic 

gymnasts/ weight trainers (1742 mg/day) had a 

significanly greater calcium intake than the controls. 

Of the 12 eumenorrheic gymnasts/weight trainers, 5 were 

taking calcium supplements which contributed to the 

large range in calcium intake in this group. Calcium 

supplements were not taken by the controls or 

oligomenorrheic runners. They were taken by 3 

eumenorrheic runners, 2 amenorrheic runners and 2 

oligomenorrheic gymnasts/weight trainers. It is 

important to note that a single attempt to estimate 



Table 8. Menstrual history of inactive controls and athletes. 

Subiects 

Age at 

menarche 

Number of 

in cast 

menses 

vear 

Number of mo. 

at MS status 

Eumen Con n=18 13.0 12. 0 since menarche 

Eumen Gym n=2 16.0 12. 0 since menarche 

Eumen WT n=10 13.0 11. 0 since menarche 

Eumen Run n=ll 13.0 12. 0 since menarche 

Oligomen Gym n=4 17.2 4. 5 27 

Oligomen WT n=4 12.0 3. 0 33 

Oligomen Run n=3 13.7 4. 7 89 

Amen Run n=4 14.5 0 91 

MS = menstrual status 

Eumen = eumenorrheic 

Oligomen = oligomenorrheic 

Amen = amenorrheic 



Table 9. Calcium intake in mg/day of the contorl 

trainers (GW) groups. 

Eumenorrheic 

Con n=18 Run n=ll GW n=12 

X S X S X s 

Ca. 1060 + 390 1082 + 476 1742 + 1551* 

Range 0-1840 658-1929 198-4600 

* = significantly greater than controls (p < 0.05) 

(Con), Runners (run), and Gymnast/weight 

Oligomenorrheic 

Run n=3 GW n=8 

X S X S 

939 ± 411 

500-1316 

1045 + 590 

366-1984 

Amenorrheic 

Run n=4 

X s 

886 + 361 

500-1224 

-j 
CD 
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ones calcium intake from a survey examining calcium 

intake of an average day has eminent limitations. 
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Discussion of findings 

Reliability of Bone Mineral Measurements 

The bone mineral data for this study was collected 

and analysed by two experienced investigators. A 

subsample of the data was analysed by both 

investigators and used to examine inter investigator 

reliability for measurements of forearm BMI taken using 

single photon absorptiometry, and at the vertebra and 

femur sites using dual photon absorptiometry. 

Interinvesigator reliability was lower at the 

forearm sites with inter investigator correlation 

coefficients ranging from .90 to .97 as compared to 

higher correlation coefficients of .94 to .99 for the 

spine and hip sites. The standard error of measurement 

(SEM) based on this inter investigator analysis was 

between .010 and .035 with coefficients of variation 

(SEM divided by the mean * 100) ranging from 1.3 to 

4.9%. Another investigaton has shown this technique to 

have a coefficient of variation of 3-5% using single 

and dual photon absorptiometry (21). The 

inter investigator reliability at the spine was well 

within that reported by other studies using dual photon 

absorptiometry with a coefficient of variation at all 

sites between 2.1 and 2.8%. The highest 
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interinvesigator reliability was found at the femur 

sites with variation at the three sites ranging between 

1.3 and 1.8% and correlation coefficients all above 

.98. 

Lunar Norms 

Table 10 gives the norms for the lumbar and femur 

bone mineral index using a lunar instrument as 

published by the Lunar company for young adult women (n 

= 412 at L234, n = 221 at the femur). The controls for 

2 our study (1.26 g/cm ) compared very well at lumbar 

2 
vertebrae 234 to the Lunar norms (1.27g/cm ). The Lunar 

controls had higher (5.3% and 8.1%) bone mineral 

indices at the femur neck and Ward's triangle, 

respectively, than our controls. At the femur 

trochanter site the Lunar controls were 12.3% higher 

than the controls in our study. 

Bone Mineral Indices of Athletic Groups 

On the average, the eumenorrheic runners and 

controls had equal bone mineral index values. The 

reasons why this study and others like it fail to show 

significant differences in bone mineral indices between 

eumenorrheic runners and controls are not clear. It has 

been hypothesized that these differences were not seen 



2 
Table 10. Lunar radiation corporation normal BMI (g/cm ) values for young adult 

2 
females; bone mineral index gm/cm . 

Site X S 

Lumbar vertebrae L234 1.27 + .13 

Femur Neck 

o
 

o
 

H
 ± .12 

Ward triangle .93 ± .14 

Trochanter .82 ± .11 

Lunar (36) personal communication L234 n=412, Femur (all three sites) n-221. 

03 
to 
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because the sites of greatest stress were not being 

measured. This study seems to dismiss that hypothesis 

in that we measured three femur sites, an area of great 

stress in running, and still could not show the 

eumenorrheic or any group of runners to have a 

significantly greater bone mineral index than the 

inactive controls. 

Though the eumenorrheic runners had significantly 

higher body densities and a lower % body fat than the 

controls they did not have a greater lean body mass 

when expressed absolutely or expressed as a function of 

height. Where as, the eumenorrheic gymnasts/weight 

trainers did have a significantly greater lean body 

mass than the controls and both groups of 

gymnasts/weight trainers had greater lean body masses, 

when expressed as a function of height and also had 

significantly greater bone mineral indices at many 

sites. How much of this greater lean body mass is 

accounted for by bone is unknown. 

Total body mass by itself may be an important 

factor when considering bone mineral differences. Even 

though the eumenorrheic runners were the second 

lightest group (not significantly lighter) they were 

the tallest which indicates, since their percent fat is 



not different from the other athletes, that they not 

only have small amounts of fat but also have less 

muscle. In fact their FFW/HT ratio of .27 was nearly 

identical to that of the controls (.26). 

The amenorrheic runners who were the lightest 

(nonsignificant) group had the lowest bone mineral 

indices and the eumenorrheic gymnasts/ weight trainers 

who were the heaviest group (only significantly heavier 

than the amenorrheic runners) had the highest bone 

mineral indices. In addition, these two groups also had 

the lowest and highest FFW/HT ratios. The two groups of 

gymnasts/weight trainers had significantly higher 

FFW/HT ratios than the controls, amenorrheic runners 

and eumenorrheic runners. 

It has been reported that height is associated 

with BMI (44). In this study, the oligomenorrheic 

gymnast/weight training group was significantly shorter 

than all groups except the oligomenorrheic running 

group, although they had the second highest bone 

mineral index values, many of which were significantly 

greater than the bone mineral indices of the controls, 

amenorrheic runners and eumenorrheic runners. It 

appears that in the oligomenorrheic gymnast/weight 

trained group other factors such as training and 
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heredity had a greater impact on bone mineral than did 

height. 

Although this study has not nor was its intent to 

directly show that high resistance training results in 

an increase in bone mineralization, the study does show 

a relationship between fat free weight, which is 

increased as a result of high resistance training (42), 

and bone mineral index. Thus, what comes first i.e. 

whether increasing fat free weight increases BMI or 

high BMI is what is responsible for high FFW values is 

not as important as the observation that well 

mineralized bones are seen in individuals with a 

developed musculature and that with certain training 

regimens bones may respond in a compensatory way like 

muscle (2 , 44) . 

Although in many instances the oligomenorrheic 

runners showed greater (non-significant at p < 0.05) 

bone mineral indexes than either of the two other 

groups of runners, the small number of subjects prevent 

generalizing beyond this sample. In addition, two of 

the three runners in this group were the only runners 

in the study who included weight training as part of 

their weekly training routine which may account for the 

higher bone mineral indexes. 
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When considering the gymnast/weight training 

groups alone, the study agreed with other recent 

studies that weight resistance exercise can positively 

influence BMI (2,22). This was apparent in all except 

two sites (ulnar shaft and ultra distal ulna, which was 

expected since it is the non-weight bearing bone of the 

forearm) of the nine bone indices examined, i.e., the 

eumenorrheic gymnasts/weight trainers had significantly 

higher bone mineral indices than inactive controls at 7 

of the 9 sites examined. The greater musculature 

acquired from the high resistive, torsional movements 

which gymnastics and weight training involve may have 

been, at least partly, responsible for the higher bone 

mineral indices found in these athletes. 

The results of Drinkwater's and Fisher's study of 

amenorrheic runners indicates that our bone mineral 

index values compare very well to the results found by 

other investigators (13, 18). The average values for 

L1234 are similar for all three studies 1.12 (13), 1.10 

2 
(18), and 1.09 g/cm (table 11). However, Drinkwater 

and Fisher were able to show significant differences 

between the eumenorrheic runners and amenorrheic 

runners, where this study was unable to show that the 

amenorrheic runners were lower in bone mineral at the 



Table 11. Comparison of results from recent studies on bone mineral index 

2 
(gm/cm ) of the amenorrheic runners. 

Site 

Drinkwater (1984) (13) 
n=14 

Fisher (1985) (18) 
n = 11 

Perry (1987) 
n=4 

L1234 1.12 ± 0.14 1.10 + 0.09 1.09 + 0.13 

SRGS 0.70+0.07 0.70+0.05 

*L1234 = lumbar vertebrae 1234, SRGS = radial shaft. 
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spine than the eumenorrheic runners. This was largely 

due to the small sample size of the amenorrheic running 

group. Neither of the two studies that reported forearm 

shaft values at 1/3 the forarm length were able to show 

significant differences between the eumenorrheic and 

amenorrheic runners at this site. The radial shaft site 

in the Drinkwater et al (13) study was not reported 

because the area of measurement at this site was at a 

different location on the bone than in the other two 

studies; 1/5 rather than 1/3 of the forearm length 

proximal to the styloid process. The present study was 

the only study to measure distal radius sites where the 

two bones are separated by 5 mm. Thus, even though the 

Drinkwater group (13) measured bone mineral of the 

distal radius, (1/10 of the forearm length proximal to 

the styloid process), this site could not be included 

as part of table 15 because of the differences at the 

site of measurement. Fisher et al (18) did not report 

any distal radius sites. 

This study is the first to report femur bone 

mineral indices of athletes of any sport. No 

significant differences were found between the 

amenorrheic runners, eumenorrheic runners or controls 

at any of the femur sites. It appeared that the femur 
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and forearm shaft sites were less influenced by 

menstrual status than the spine and distal radius 

sites. The lack of differences found at the ulnar shaft 

can be explained by the large cortical bone content at 

this site and the fact that it is the non-weight 

bearing bone of the forearm. 

Snyder and colleagues (53) recently published an 

article showing that menstrual dysfunction in 

lightweight oarswomen does not appear to be associated 

2 with a decrease in bone mineral index (gm/cm ). The 

eumenorrheic, oligomenorrheic and amenorrheic athletes 

in their study spent 2-4 hours a day rowing, 60 minutes 

a day running and lifted weights 3-4 times per week. 

These athletes, like the gymnasts and weight trainers 

in our study, use a large majority of the back muscles 

along with most of the other skeletal muscles of the 

body to perform their primary activity. They showed 

that oligomenorrheic and amenorrheic athletes engaged 

in high resistive activity involving the upper body do 

not appear to be at risk for low bone mineral as some 

amenorrheic runners appear to be as was shown by Cann 

et al.(1984), Drinkwater et al. (1984) and Lindberg et 

al (1984). 
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Though most of Snyder's oligomenorrheic subjects 

(categorized as those athletes with less than 23 day 

cycles or greater than 33 day cycles) probably had more 

menstrual cycles in the past year than our 

oligomenorrheic subjects (categorized as those subjects 

who have had 1 to 6 cycles in the past year), the 

spinal bone mineral of Snyder's oligomenorrheic 

subjects are more like our oligomenorrheic gymnasts/ 

weight trainers than other groups as far as menstrual 

status and training is concerned. 

A direct comparison of bone mineral values between 

Snyder's oarswomen and our gymnasts and weight trainers 

is not meaningful, because of the difference in 

criteria for oligomenorrhea and also because the two 

sites of measurement reported by Snyder; the midshaft 

of the radius (1/5 of the radial shaft proximal to the 

styloid process) and lumbar vertebrae (L2345) were 

different than the sites we used. 

The present study is the first to study the bone 

mineral content of eumenorrheic and oligomenorrheic 

gymnasts and weight trainers (weight training being the 

primary mode of training). The highest bone mineral 

index values were observed in the gymnasts. The 

combined group of eumenorrheic gymnasts/weight trainers 



Table 12. Percent difference between gymnasts/weight trainers and controls in 

2 bone mineral index, g/cm . 

Site 

Eumenorrheic 

qvmnasts/weiaht trained 

Oligomenorheic 

avmnasts/weiaht trained 

L234 12.7%* 11.1% 

L1234 14.5%* 11.3% 

Femoral Neck 17.9%* 10.5% 

Wards Triangle 14.0%* 14.0% 

Femur Trochanter 19.2%* 15.1%* 

Radial' Shaft 8.7%* 1.5% 

Ulnar Shaft 8.3% 0.0% 

Ultra Distal Radius 18.4%* 15.8%* 

Ultra Distal Ulna -3.8% 7 . 7 %  

•Indicates where the gymnasts/weight trainers are significantly greater than 

c o n t r o l s  ( p  <  0 . 0 5 ) .  
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were significantly greater than the control group at 7 

of the 9 sites observed. The oligomenorrheic 

gymnasts/weight trainers had significantly greater bone 

mineral indices than the controls at 2 of the 9 sites 

examined. Table 12 shows the percent differences 

between the eumenorrheic and oligomenorrheic gymnasts 

and the controls for all 9 sites. 

Dietary Calcium and Bone Mineral 

The possibility that eumeriorrheic runners had a 

lower calcium intake was investigated by dietary 

recall. The only differences in calcium intake was 

found between the eumenorrheic gymnasts/weight trainers 

and the controls. The association between calcium 

intake and bone mineral found in the eumenorrheic 

gymnasts/weight trained group was weak, but more 

apparent than in the other groups. The subject with the 

lowest calcium had the third lowest bone mineral index 

at two of the nine sites measured. The lowest bone 

mineral index at the ultra distal ulna was found in the 

subject with the second lowest calcium intake. The 

subject with the third lowest calcium intake had the 

lowest bone mineral at four sites, and the second 

lowest bone mineral at two sites of the nine sites 

measured in her group. Only one subject appeared to 
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benefit from a high calcium intake (2058 mg, third 

highest in the eumenorrheic gymnast/weight trained 

group). This subject's bone mineral indices were in the 

top three of her group at both ultra distal sites. 

The oligomenorrheic gymnasts/weight trainers 

failed to show a relationship between calcium intake 

and bone mineral. However, the subject with the second 

lowest calcium intake had the second lowest bone 

mineral index value at the femoral neck. In addition, a 

37 year old weight trainer who ingested only 759 mg of 

her total 1514 mg of calcium from food, consistantly 

had the lowest, by at least 25.6%, bone mineral index 

values of her group at all three femur sites. This 

oligomenorrheic weight trainer had the longest length 

of menstrual dysfunction (99 months) in the 

oligomenorrheic gymnast/ weight trained group. She was 

also the lightest of all subjects in the entire study 

(44.7 kg which was 12 kg less than the mean of her 

group) and the second shortest (150.8 cm.) of all 

subjects in the study. All these factors probably 

contribute to this subjects low bone mineral indices, 

especially at the spine, as compared to the other 

members of her group. No relationship was seen among 
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the subjects with the highest calcium values and those 

with the highest bone mineral values. 

As can be seen in table 9, the eumenorrheic 

runners had a mean calcium intake of 1082 mg. However, 

the calcium intake ranged between 450 and 1929 mg with 

three of the subjects having intakes under the RDA of 

800 mg. The eumenorrheic runner with the lowest 

reported calcium intake of 450 mg was considerably 

above the mean for her group at every bone site 

measured. Two eumenorrheic runners, who had calcium 

intakes of 792 mg and 658 mg, generaly exhibited low 

bone mineral (when compared to the mean of the group) 

at nearly every site measured. At every site one or the 

other of these runners had the lowest or second lowest 

bone mineral index of the eumenorrheic running group. 

When looking at the three eumenorrheic runners with the 

highest calcium intakes we find that all three of these 

subjects have one of the three highest bone mineral 

index values in at least one site. These findings may 

help explain the greater variability in bone mineral 

index values of this group at the spine. Analyses of 

variance did not show any association between calcium 

and bone mineral index at any site. 
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In this study the oligomenorrheic runners (n=3) 

had 13.9% more bone mineral (most of this difference 

was at the femur), when all of the sites were averaged 

together, but only had a 5.9% higher calcium intake 

than the amenorrheic runners. However, if we look only 

at the calcium ingested from food, the oligomenorrheic 

runners were taking in 51.5% more calcium per day than 

the amenorrheic runners. This is an indication that the 

amenorrheic runners may rely more on supplements than 

food for certain nutrients than do the oligomenorrheic 

runners of this study. This may reflect the lower 

caloric intakes observed in amenorrheic athletes in 

Nelson's study (41). 

The relationship of calcium to bone mineral was 

not apparent in the control group. The subject with the 

third lowest calcium intake did have the second lowest 

bone mineral index at the femoral neck. When the 

controls with the three highest calcium intakes were 

looked at, it was observed that the subject with the 

second highest intake had the highest bone mineral 

index at all three femur sites. None of the controls 

took calcium supplements. 

Of the 8 subjects who had high bone mineral 

indices relative to all the subjects and whose bone 
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mineral index values were greater than one standard 

deviation above the mean of their group in at least 4 

sites, 2 of the subjects had calcium intakes above 1000 

mg, four had intakes approximating that of the 

recommended daily allowance (betwween 800 and 1000 

mg),one subject had a calcium intake of approximately 

662 mg. and the remaining subject failed to provide 

calcium intake data. This further demonstrates the poor 

association of current calcium intake, as estimated by 

this study, and present bone mineral status. 

Age and Years of Training 

The eumenorrheic runners were significantly older 

{mean = 30) than both groups of gymnasts/weight 

trainers of which both had mean ages of 20 years and 

the controls who had a mean age of 25 years. If this 

difference in age had any affect it was opposite to 

what would be expected from previous studies relating 

bone mineral to age (10,51). Earlier studies have shown 

that peak bone mass is usually attained between the 

ages of 25 and 35 years in an inactive population and 

may be reached later in a physically active population 

(10,51). Since the eumenorrheic runners in this study 

were closer in age to the age of peak bone mass it 

would be expected if based on age alone, that they 
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would have greater bone mineral indexes than the 

younger subjects. 

The eumenorrheic gymnasts/weight trainers with the 

greatest number of years of exercise did have higher 

bone mineral values than other subjects in the group 

with fewer years of exercise. Specifically the subject 

with 24 years of exercise had the highest bone mineral 

index at the femoral neck and the second highest value 

at Ward's triangle. The next longest training history 

(20 years) was of a weight trainer who had the second 

highest value at the femoral neck and third highest 

value at Ward's triangle and the trochanter. The 

highest radial and ulnar shaft bone mineral index was 

that of the subject with the third longest training 

history (17 years). 

There are too few subjects in the oligomenorrheic 

and amenorrheic running groups to do comparisons of 

exercise history and bone mineral. However, there is 

one observation worth noting; the subject with the 

longest training history (double that of the other two 

subjects) had the lowest bone mineral of the 

oligomenorrheic running group in all but two sites. In 

this group the type of training regimen may have played 

a role in the development of bone mineral in that the 
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two runners in this group with the higher bone mineral 

were the two who also included weight training as part 

of their training regimen. The oligomenorrheic runner 

who did not weight train had slightly lower 

(nonsignificant) bone mineral index values at lumbar 

1234 (1.21 vs 1.24), and at lumbar 234 (1.23 vs 1.26) 

than the controls. However, she had slightly higher 

values at all three femur sites than the controls; 

femoral neck 1.08 vs .95, Wards triangle .88 vs .86 and 

trochanter .77 vs .73. Her two forearm shaft sites were 

essentialy equal in bone mineral to that of the control 

groups and her two ultra distal sites showed the 

greatest difference from the control mean, with the 

radius being lower by 11.1% and the ulna being lower by 

29.6%. This same oligomenorrheic runner had a calcium 

intake of 1000 mg/day and was oligomenorrheic for 99 

months. The amenorrheic subject with the history of 

longest exercise had the lowest bone mineral at every 

site except at the ultra distal ulna. This was probably 

a reflection of the runner's 132 months of menstrual 

dysfunction, the second longest time of dysfunction in 

the group. 

Other than the oligomenorrheic weight trainer 

described previously, there is one other case in the 



oligomenorrheic gymnast/weight trainer group where 

menstrual status seems to have negatively influenced 

the subject's bone mineral. Besides being 

oligomenorrheic for 36 months, a gymnast who was only 

23 years old did not start menstrating until the age of 

20 years. Her lumbar values (L1234=1.19, L234=1.21) 

were the lowest in her group, but were 9.2% and 9.0% 

higher than the mean of the amenorrheic runners at 

L1234 and L234, respectively. This subject had normal 

or above normal bone mineral indexes at every other 

site. At the femoral neck, age at menarche seemed to 

have a varied association in that those sujects who 

started menstrating at age 17 had significantly higher 

bone mineral indexes than those who started menstrating 

at age 13 and 14. Those who started menstruating at age 

11 also had greater bone mineral than those who started 

menstrating at age 13. At L1234 and L234 only the 

athletes who started at age 17 had significantly 

greater bone mineral index values than the subjects who 

started menstruating at age 14. However, the gymnasts 

who had many high bone mineral index values also 

started menstruating later than any other group. Thus, 

the above observation that those who started 

menstrating at age 17 had higher bone mineral at the 
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femur and spine than most of the subjects who started 

menstruating earlier is probably more of a function of 

sport than of age. 

Body Composition and Bone Mineral 

It has been shown that shorter women tend to have 

less bone mineral than taller women of the same age 

(51). The gymnasts, were usually the shortest among the 

gymnast/weight training groups and as a combined group 

(oligomenorrheic and eumenorrheic gymnasts together) 

were 16.06% shorter than the oligomenorrheic. and 

eumenorrheic runners combined as a single group. 

However, the gymnasts had significantly greater bone 

mineral at many of sites than the taller runners. This 

observation may be indicative of the training affect 

gymnastics has on bone mineral. 

It is also possible that the gymnasts/weight 

trainers may have started with a more mesomorphic body 

type before training and had higher bone mineral index 

values to begin with and/or had inherited a potential 

for greater musculature development than the other 

subjects. These factors may have lead to the 

development of a denser skeleton. However, the 

observation that shorter women have less bone than 

taller women (51) and my personal observation of young, 
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potentially successful gymnasts in training leads me to 

question a selective vs training affect in that these 

gifted youngsters have usually been smaller and lighter 

than other children of the same age and have always 

demonstrated an indistiguishable litheness, 

characterized by their petite figures. 

An extensive analyses of body composition by way 

of densitometry and skinfold thicknesses showed that 

all athletes were sigificantly le.-ner than the inactive 

controls. No differences in % body fat were found among 

any of the athletic groups. However, fat free weight 

divided by height (FFW/HT) differed among groups. Those 

groups (controls, amenorrheic runners and eumenorrheic 

runners) with FEW/ HT ratios of .26 to .27 had 

significantly lower bone mineral indices at the three 

femur sites and the ultra distal radius than athletes 

with FFW/HT ratios of .31 (eumenorrheic gymnasts/weight 

trainers). At the trochanter and ultra distal radius 

these same athletes also had significantly lower bone 

mineral indices than athletes with FFW/HT values of .30 

(oligomenorrheic gymnasts/weight trainers). At the 

spine the association of high FFW/HT ratios to high 

bone mineral was not as strong since only one of the 

three groups with the lowest FFW/HT values (amenorrheic 
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runners) consistantly showed significantly less bone 

mineral than the two groups with the highest FFW/HT 

ratios. 

Linear regression analysis showed fat free weight 

to be the best predictor of bone mineral at the ultra 

distal radius, L1234 and L234 sites. Surprisingly, the 

best predictor of femoral neck and ultra distal ulna 

bone mineral index was the inverse relationship of age. 

The second best predictor of femoral neck bone mineral 

index was body density. One possible explanation for 

this observation was that the eumenorrheic and 

amenorrheic runners were the oldest groups and also had 

lower bone mineral at the spine and ultra distal ulna 

than the younger gymnast/weight trained groups. Since 

the older athletes are closer to the age at which peak 

bone mass is reached, it is unlikely that age can 

explain the difference in bone mineral index between 

the older eumenorrheic runners and the younger 

gymnasts/ weight trainers. Thus, the finding may be a 

function of the type of training rather than age 

itself. 

Group contrasts forced into the linear regression 

of the femoral neck, L1234, and L234 clearly showed 

that the combined group of gymnasts/weight trainers 
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were significantly higher in bone mineral index than 

the three groups of runners combined as one group. The 

eumenorrheic gymnasts/weight trainers were also the 

heaviest group of subjects, but only significantly 

heavier than the amenorrheic runners. The 

oligomenorrheic gymnasts/weight trainers were 

significantly shorter than all groups except the 

oligomenorrheic runners. No difference in wrist or 

ankle diameter was found among any of the groups. 

The consistantly higher, on the average .0024 

higher, densities and the lower, on the average 1.7 % 

lower, values of percent fat estimated from the Jackson 

and Pollock (24) skinfold equation when compared to 

density and percent fat estimated from densitometry may 

have resulted from the fact that the Jackson and 

Pollock skinfold equation was developed using Lange 

skinfold calipers which consistantly measure skinfold 

thicknesses about 2.5 mm larger than the Harpenden 

caliper used in this study (32). This difference in 

skinfold thickness between calipers can range from 2 to 

6 mm, depending on the site measured. Thus, since the 

skinfolds were less than what they would have been had 

we used the Lange calipers, the densities were 



Table 13. Comparison of the skinfold and densitometry methods to determine body 

density. 

Eumenorrheic Oligomenorrheic Amenorrheic 

Method Con n=18 Run n=ll GW n=12 Run n=3 GW n=8 Run n=4 

X X XX XX 

Skinfolds 1.046 1.059 1.062 1.066 1.065 1.065 

Densitometry 1.038 1.056 1.059 1.068 1.062 1.057 

Difference .008 .003 .003 -.002 .003 .008 

Con = controls 

Run = runners 

GW = gymnasts/weight trainers 
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slightly over estimated and the percent fat was 

slightly under estimated in all subjects. 

The magnitude of the differences in body density 

determined from skinfolds and density determined from 

hydrostatic weighing varies with the particular group 

being studied. For example, the largest differences in 

the two predicted body densities were found in the 

controls and amenorrheic runners who were among those 

with the lowest bone mineral index values. The controls 

3 showed a .008 g/cm difference between the two 

predicted densities and a 3.7 % difference between 

their two predicted percent fats.The amenorrheic 

runners also showed a mean difference of .008 and 3.5 % 

in body density and percent fat respectively, between 

the two methods. The under prediction of density and 

the over prediction of percent fat via densitometry in 

these subjects may be partly due to the lower bone 

mineral indices of these subjects. The hydrostatic 

weighing method of determining body composition is 

dependent on the bone mineral content of the FFB where 

as the skinfold method is not. In theory any one with a 

bone density less than that assumed, in the methodology 

for the hydrostatic weighing technique, would be under 

estimated in their body densities and over estimated in 
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their percent fat. Despite, these facts Sanborn et al 

(1987) (47) claim that bone mineral less than what is 

assumed for densitometry does not affect the % fat 

estimation to a point worth considering. Sanborn and 

coauthors (48) explained in a rebuttal letter that if a 

person had a 15% reduction in spinal skeletal mass or 

trabecular bone this would only amount to a 2.0 % error 

in the over estimation of percent fat, determined with 

the use of an equation by Lohman (48). However, the 

authors failed to consider that if lumbar bone mineral 

is 15 % lower, other areas, particularily areas of high 

trabecular bone content, say also have less bone 

mineral which would further increase the over 

estimation of percent body fat in these people. 

Bone mineral appeared to have little or no affect 

on the prediction of body fat, via densitometry, in the 

groups with high bone mineral i.e. both groups of 

gymnasts/weight trainers. In these two groups the 

difference between the methods in predicting body 

density was only .003 g/cm for both of the groups and 

the percent fat values differed by only 1.33 % for the 

oligomenorrheic gymnasts/weight trainers and 1.57 % for 

the eumenorrheic gymnasts/weight trainers. 
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The only discrepancy in the above observation was 

in the eumenorrheic runners who had bone mineral index 

values most similar to controls but had differences in 

3 
predicted body density (.003 g/cm ) and percent fat 

(1.4 %) between the two methods which resembled those 

of the gymnasts/weight trainers. 

The oligomenorrheic runners were the only ones as 

a group that were shown to have a higher body density 

and lower percent fat with the hydrostatic weighing 

method opposed to the skinfold technique. This was to 

be expected since these runners also had greater bone 

mineral at many of the sites than the other two groups 

of runners. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to examine the 

relationship between athletes with and without a 

history of menstrual regularity and the bone mineral 

index of the forearm, hip and spine. Two groups of 

athletes were studied. One had a history of gymnastics 

and one had a training history of endurance running. It 

is hypothesized that, due to the mechanical stresses 

exerted on the spine and hip in weight training and 

gymnastics, subjects with an extensive history of such 

training will have a higher bone mineral content, 

especially in the spine. This may even be the case in 

the oligomenorrheic weight trained/gymnast population. 

Based on previous findings of others (13,18,41) a lower 

bone mineral content of both spine and femur were 

expected in the amenorrheic runners. 

Single-photon and dual-photon absorptiometry were 

used to measure regional bone mass at specific 

locations of the radius, femur and lumbar vertebrae. 

The single-photon measurements were made on the 

non-dominan.t arm at the point where the radius and ulna 

are separated by 5mm (ultra distal radius) and at the 

radial diaphysis at one- third the distance from the 
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ulnar styloid process to the olecranon process 

(proximal radius). For spine measurements, the mineral 

content of the individual vertebrae LI through L4 were 

measured. The femur was measured at the neck, Ward's 

triangle and at the trochanter. 

Frame size was evaluated by height, weight and 

certain anthropometric measurements including a wrist 

and ankle girth. In addition, the triceps, subscapular, 

thigh and supra-iliac skinfolds were measured and used 

to estimate % fat. The percentage of body fat was also 

assessed by densitometry. To examine calcium intake of 

the athletic subjects as well as that of the controls, 

the subjects were asked to complete a food reference 

questionnaire. The amount of calcium from calcium and 

vitamin and minera1'supplements was also requested and 

added to the subjects estimated daily calcium intake. 

Menstrual and training history was obtained from a 

questionnaire completed by all subjects. 

Summary of Results 

The two groups of gymnasts and weight trainers 

combined had significantly greater bone mineral indices 

than controls at the L12343, L234, Ward's triangle, 

trochanter and ultra distal radius. The eumenorrheic 

runners had essentially the same bone mineral index 
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values at the femoral neck, Ward's triangle, radial 

shaft, and ulnar shaft as the amenorrheic runners. 

Contrary to earlier research, shorter subjects 

(oligomenorrheic gymnasts/weight trainers) did not have 

lower bone mineral indices than the taller subjects 

(runners and controls). In fact, the contrary was true 

at the trochanter and ultra distal radius. Linear 

regression analysis showed fat free weight to be the 

best predictor of bone mineral at the ultra distal 

radius, L1234 and L234. The only significant 

differences in total years of exercise was found 

between the eumenorrheic runners (16.1 years) and the 

amenorrheic runners (7.3 years). The eumenorrheic 

gymnasts/weight trainers had the highest calcium 

intake, but were only significantly greater than the 

controls. Amenorrheic runners, low in bone mineral, 

showed the greatest difference between the two methods 

used to predict body density and percent fat. 
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Conclusions 

Within the stated limitations, the following 

conclusions are drawn based upon the results of this 

study. 

1. Eumenorrheic gymnasts/weight trainers have 

greater bone mineral index at the spine and 

radial shaft than the amenorrheic runners and 

controls, greater bone mineral at all three 

femur sites and ultra distal radius than the 

eumenorrheic runners, amenorrheic runners and 

controls and greater bone mineral index at the 

ultra distal ulna than the amenorrheic 

runners. The eumenorrheic runners did not have 

significantly greater bone mineral than the 

amenorrheic runners or controls at any site. 

2. The amenorrheic runners were not significantly 

lower in BMI than the eumenorrheic runners at 

any site. The amenorrheic runners were only 

significantly lower than the controls at one 

site; the ultra distal ulna. 

3. The oligomenorrheic gymnasts/weight trainers 

did not have a significantly greater bone 

mineral index than the oligomenorrheic runners 

at any site, though the oligomenorrheic 
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gymnasts/weight trainers did show 

non-significant differences over the 

oligomenorrheic runners at the following 

sites; L12343, L234, ultra distal radius and 

ultra distal ulna. The oligomenorrheic 

gymnasts/weight trainers were significantly 

greater in bone mineral index than the 

amenorrheic runners and controls at the 

trochanter and ultra distal radius. The 

oligomenorrheic gymnasts/weight trainers were 

also significantly greater in bone mineral at 

both lumbar sites and at the ultra distal ulna 

site than the amenorrhreic runners. 

4. Total years of exercise was not a significant 

predictor of bone mineral index. 

5. Present calcium intake was not related to BMI 

at any site. 

Recommendations 

1. Conduct a similar study using a longitudinal 

design with data on the same and additional 

subjects over a ten year period. 

2. Conduct a training study engaging the low bone 

mineral subjects in an extensive weight 

traning program and monitor any changes in 
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strength and bone mineral and see whether the 

response is influenced by menstrual status. 



APPENDIX A 

Raw Data 



Table A 

Mean skinfolds of the five groups (mm)* 

Eumenorrheic Oligomenorrheic Amenorrheic 

Con n=18 Run n=ll GW n=12 Run n=3 GW n=8 Run n=4 

X S X S X S X S X S X S  

Tri 17.8 + 4.0 12.2 + 2.7 10.6 + 3.2 10.3 + 3.2 10.3 + 2.9 9.9 + 2.7 

Sub 12.9 + 4.7 8.3 + 1.5 8.8 + 1.5 7.2 + 2.0 8.0 + 2.9 6.1 + 0.5 

Abd 22.9 + 7.7 13.8 + 4.6 12.4 + 1.3 10.4 + 8.0 10.2 + 7.7 10.9 + 3.6 

SIA 12.2 + 4.8 7.4 + 2.2 7.0 + 1.6 4.7 + 1.7 6.0 + 2.7 4.8 + 1.5 

SIW 17.4 + 5.5 10.6 + 3.8 9.0 + 3.5 8.6 + 5.2 10.2 + 6.2 7.8 + 2.1 

Thi 25.0 + 7.1 19.1 + 3.8 17.5 + 5.0 13.4 + 2.3 15.9 + 2.5 15.1 + 4.9 

Cal 18.2 + 6.0 12.0 + 3.7 10.9 + 4.7 7.1 + 1.8 9.6 + 1.8 8.4 + 2.6 

*TRI = Tricep, Sub = subscapular, Abd = abdominal, SIA = suprailiac anterior, SIW = 

suprailiac waist, Thi = thigh, Cal = medial calf, Con = control, Run = runners, GW = 

gymnasts/weight trainers. 



Table B 

Mean anthropometric data of the five groups in cm 

Circumference and skeletal widths 

Eumenorrheic 01igomenorrheic Amenorrheic 

Site Con n=18 Run n=ll GW n=l2 Run n=3 GW n=8 Run n =4 

X S X S X S X S X S X S 

Upper arm 27.8 + 2.0 26.1 + 2.1 30.7 + 2.9 26.4 + 1.3 30.7 + 2.9 24.4 + 2.0 

Abdominal 71.5 + 5.4 65.7 + 1.6 66.9 + 5.6 69.4 + 5.6 66.9 + 5.6 62.6 + 5.6 

Calf 34.8 + 2.8 34.1 + 2.0 34.4 + 2.0 35.4 + 2.7 34.3 + 2.0 34.5 + 1.7 

Shoulder 34.2 + 2.0 34.4 + 1.5 34.5 + 2.5 36.4 + 1.7 34.5 + 2.5 34.6 + 2.2 

Hip 26.5 + 2.1 27.3 + 1.5 25.4 + 2.5 26.6 + 1.3 25.4 + 2.5 27.0 + 1.9 

Wrist 04.7 + 0.6 04.9 + 0.3 04.9 + 0.2 04.9 + 0.3 04.9 + 0.2 04.9 + 0.2 

Ankle 06.3 + 0.6 06.4 + 0.3 06.3 + 0.3 06.4 + 0.4 06.3 + 0.3 06.5 + 0.3 

Height 164.8 + 5.9 168.2 + 3.0 166.2 + 7.6 166.6 + 7.6 158.8 + 5.7 167.2 + 5.6 

*0nly the wrist and ankle were used for analyses. Neither the wrist or ankle differed among 

groups (p < 0.05). 
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APPENDIX B 

Procedures for Anthropometric Measurements And 

Densitometry 
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The procedures used were those explained in a 

technical manual entitled Description of Fat and 

Fat-Free Body Composition of Children (33). A 

description for the measurement, of the skinfolds, 

skeletal breadths, and circumferences will be explained 

as well as the densitometry method utilized. 

General instructions for specific sites: Skinfolds 

The skinfold is taken by lifting the skin with the 

thumb and the forefinger. The skin is lifted one 

centimeter and the calipers are placed on the part of 

the fold that is parallel (approximately half way 

between the base and the crest of the fold). All 

skinfolds are taken while the subject stands errect 

with the arms relaxed at the sides of the body. 

Triceps A vertical fold is raised midway between the 

right olecranon and acromion processes on the posterior 

of the brachium. 

Subscapular The skinfold is raised 1 cm below the 

inferior angle of the right scapula inclined downwards 

and lateraly in the natural cleavage of the skin. 

Suprailiac waist A vertical fold is taken on the 

midaxillary line above the iliac crest of the right 
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side. The skinfold is raised 2 cm above the crest and 

the caliper is applied below the sites. 

Anterior Suprailiac: A diagonal fold anterior to the 

midaxillary line about 3 cm above the anterior superior 

iliac spine on the right side is taken so that the fold 

runs forward and slightly downward. The caliper is 

applied anterior to the site. 

Abdominal A vertical fold is taken 2 cm to the right of 

the umblicus. The skinfold is picked up at the level of 

the umbilicus and the caliper is applied below the 

site. 

Thigh The right foot is placed on a bench with the knee 

slightly flexed and the thigh muscles relaxed. The 

skinfold is raised midway on the anterior of the thigh 

between the trochanterium and proximal border of the 

patella. The fold is lifted parallel to the long axis 

of the thigh. 

Medial calf; The right foot is placed on a bench with 

the knee slightly flexed. The vertical skinfold is 

raised on the medial side of the right calf just above 

the level of the maximal calf girth. The fold is 

measured at the maximal girth. 
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General information for specific sites: Skeletal 

breaths 

The skeletal widths are made with a bone to bone 

contact, i.e., moderate tension is applied and the soft 

tissue is compressed. Diameters were measured with a 

narrow blade anthropometer and a caliper. The fingers 

of both hands were used to locate the percise boney 

landmarks. The blade of the anthropometer is placed 

immediatly over the identified landmarks. The subject 

stands errect with the arms relaxed at the side with 

the body weight evenly distributed on both feet. 

Shoulder width The subject stood erect with the back to 

the examinee. The acromion processes were palpated with 

the index fingers. One end of the anthropometer was 

placed on the most lateral edge of the left acromion 

process. The other blade of the anthropometer was moved 

until it is on the most lateral edge of the right 

acromion process. 

Hip width: The subject stood with the back to the 

examiner. The iliac crests were palpated. The blade 

ends of the anthropometer were placed on the later 

sides of the crests at the points which result in the 

greatest hip breadth. 
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Chest Width The anthropometer was placed at the level 

of the fifth to sixth rib. This position is 

approximately at the nipple level. From the front of 

the subject, the examiner placed the anthropometer in a 

transverse plane so that its blades intersect the fifth 

and sixth ribs. The subject is told to continue 

breathing normally, and the ̂ measurement is taken after 

a normal expiration. 

Wrist Width: The right arm was pronated and the elbow 

flexed to form a right angle. The width is measured 

across the styloid processes, oblique to the long axis 

of the arm. 

Ankle Width The subject was instructed to place her 

right foot on a bench with a right angle existing 

between the thigh and the heel. The anthropometer 

blades were placed on the internal and external 

malleolus at an angle of 45 degrees between the sole of 

the foot and the anthropometer. 

General information for specific sites: Circumferences 

All limb circumferences were taken on the right 

side while the subject stands erect. The tape was 

placed at right angles to the length of the body part 

measured. Measurements were made with a narrow, 



122 

retractable steel tape and recorded to the nearest 

tenth of a centimeter. 

Upper Arm (relaxed) The subjects arm hung extended but 

relaxed while the circumference was taken horizontally 

half way between the acromion process and the elbow 

joint. 

Upper Arm (contracted) The subjects right elbow was 

flexed to the point were the thumb touches the acromion 

process of the shoulder. The upper arm was 

approximately parallel to the floor. The tape measure 

was positioned around the brachium, then the subject 

clenched her fist and contracted the biceps as strong 

as possible. The tape measure was repositioned, if 

needed, in order to measure the brachium at its largest 

circumference. 

Chest The subject stood with the arms slightly 

abducted. the tape was placed around the chest at the 

level of the fourth intercostal space. The subject 

breathed normaly while the measurement was taken at the 

end of a normal expiration. 

Abdomen The subject was measured at the smallest 

abdominal circumference (approximately midway between 

the xyphoid process and the umbilicus) at the end of a 

normal expiration. 
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Upper thigh The subject stood with feet about one foot 

apart with weight evenly distributed between both feet. 

The tape was placed immediately below the gluteal fold 

(posterior). 

Calf The subject stood with feet slightly seperated 

with weight evenly distributed between both feet. The 

calf circumference was taken at maximal girth. 

Procedures for body density (densitometry) 

Body density (BD) is the concentration of the body 

(gm/cc) and can be estimated from underwater weighing; 

a method for determining body volume. The procedure is 

based on Archimedes' principal which states: A body 

immersed in fluid is acted on by a buoyancy force which 

causes a loss of weight -equal to the weight of the 

displaced fluid. Therefore: 

BD = MASS = WEIGHT IN AIR 

VOLUME LOSS OF WEIGHT IN H20 

The density of water is accounted for and djusted 

according to its temperature. Residual air volumes in 

the lungs (RV) and te GI tract (GIV) must also be 

considered when measuring the underwater weight. Thus, 
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body density is measured and computed according to the 

following equation: 

BWa 

BD = BWa - BWw - RV + GIV 

Dw 

Where: BWa = body weight in air 

BWw = body weight in 

DW = water density 

RV = Residual lung volume 

GIV = Volume in GI tract (constant of 100 ml) 

The underwater weight was taken while the subject 

was secured with a belt, in a kneeling position, to a 

weighing platform, which was underwater in a 

chlorinated tank heated to approximately 36 degrees 

celsius. Nose clips were worn to prevent inhalation 

during the measurement of residual volume. Four LVDT 

force trasducers (Hewlett-Packard Model 152A-25), on 

which the platform rested, were used to measure the 

underwater weight while the subject performed a forced 

expiration. Immediately after the underwater weight was 

measured the functional pulmonary residual volume, the 

volume of air occupying the lungs during the underwater 
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body weight (after forced expiration), was measured 

with the subject maintaining the position she was 

weighed in with the exception of the head which was 

tilted up and raised above the water. The volume of the 

lungs was measured by a closed-circuit C>2 dilution 

method modified from Wilmore (55). This method involves 

estimation of the N2 equilibration (Med. Sciences Model 

505) in the lung from measurement of the N2 

breath-by-breath during rebreathing of a known quantity 

of 02 (99.5% pure). Residual volume at body temperature 

pressure saturated (BTPS) was calculated according to 

the following equations: 

Vr = [V02 (EN2 - IN2) (AiN2 - AfN2 - DS] * BTPS 

Where Vr = residual volume, V02 = initial volume of 02 

in the deadspace of the analyzer system, EN2 = N2 

fraction at equilibrium, IN2 = N2 of initial V02 when 

breathing room air, AiN2 = N2 fraction in a alveolar 

air when breathing room air, AfN = N2 fraction equal to 

En2 - IN2, DS =.deadspace of the value. The dead space 

of the value was subtracted before the BPTS correction 

factor was made in the procedure. Gas and water 

temperature were measured with thermister probes in the 

respective mediums and read from a Yellow springs 
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telethermometer. Percentage of body fat was estimated 

with the use of the formula of Siri: percentage of body 

fat = (495/D - 450) . 
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APPENDIX C 

Bone Scan Analysis 
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The success of the dual photon absorptiometry 

technique lies primarily with the reproducibility of 

scan results. Little intervention is required by the 

investigator to perform most of the analysis. In most 

cases the investigator relies on the computer's 

placement of bases and edges. Occasional deviant edges 

and baselines are automatically corrected with 

smoothing routines. There may be situations where the 

program is unable to find the proper baseline or edge. 

When this situation arrises the investigator must 

assess the program's initial choices, and if necessary, 

correct them according to the following information. 

Edge markers designate the edges of the vertebral 

body. They should follow the contour of the bone and 

are typically located just outside of the whiter, 

denser bone on the screen image. A left edge marker 

appears on each scan line. The location of each marker 

corresponds to the number of the sample point on which 

the marker lies. The Average Left Edge is the average 

sample location of all the left edge markers. By 

looking at the scan image, the investigator must decide 

if the majority of the left edge markers are correctly 

placed. If they look correct, the Average Left Edge is 

left as is. The few stray edges are manually corrected 
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on the profile screen. If the majority of the left 

edges are incorrectly placed, the Average Left Edge 

should be changed. The program uses the new average to 

recalculate the left edge markers. The Average Right 

Edge works in the same manner as the Average Left Edge. 

The profile is a graghic representation of the 

different levels of density across a scan line. The 

investigator must limit the region of interest to the 

area representing bone. The baseline, the edge markers, 

and the profile itself are used to define the region of 

interest. The line profile is a guide for properly 

setting the baseline and edge boundaries. The baseline 

is a horizontal line on the line profile. It is the 

lower boundary for the region of interest and is used 

to exclude soft tissue density from the bone density 

calculation. When properly placed, the baseline is 

located at the average height of the soft tissue 

points. The program excludes every thing below the 

baseline (mostly soft tissue) from the region of 

interest. The program derives bone density by 

subtracting soft tissue density from the total density. 

The program determines baseline location by averaging 

the soft tissue points from both sides of the spine. 
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Soft tissue points which deviate excessively from the 

others are excluded from the averaging procedure. 

Edge markers are the two side boundaries of the 

region of interest. When properly placed, edge markers 

indicate the edges of the vertebral body or, in the 

case of a femur scan, edges of the femur. A smoothing 

routine works to keep edge markers in reltive agreement 

with markers on adjacent lines. If an edge on one line 

deviates significantly from those on adjacent lines, 

the smoothing routine will attempt to adjust the 

deviant edge to properly reflect the edge of the bone. 

The program identifies transverse processes and 

correctly places the edges in the majority of cases. 

Sometimes it will be necessary for the investigator to 

adjust the edges manually. 
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APPENDIX D 

Subject Concent Form 
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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. Ho 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 95T. 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 Hineral 
_ 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. X understand I am 
free to withdraw at any time without ill will. Furthermore, X 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 restrictet^ 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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APPENDIX E 

Subject Menstrual and Training History Questionnaire 
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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? 

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 
pattern? 
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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 your 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? 

Are you currently taking any calcium supplements? 

Which one? 

How many per day? 

Are you currently taking any vitamins? 

Which ones? 

Have you every been pregnant? 

Number of children? 
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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 of 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, grandparentsl) medical history 
(i.e., do or did any of them have heart disease, diabetes, osteoporosis?): 

YES HO 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) 



140 

APPENDIX F 

Subject Calcium Survey 
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NUTRITION AND CALCIUM 

READ THE FOLLOWING LISTS OF CALCIUM RICH FOODS. THEN INDICATE THE APPROXIMATE 
NUMBER OF SERVINGS YOU EAT OF THESE FOODS EACH DAY. 

GROUP A ... 
Milk—Whole. Two Percent. Skim. Chocolate. Buttermilk or Evacorated. Malted Milk or Milk Shake: 
Yogurt—Plain, with Fruit or Flavored: Swiss Cheese: Ricotta Cheese: Macaroni and Cheese: Pizza: Enchiladas. Burritos. 
Tacos or Nachos made with Cheese; Sardines with Bones 

TOTAL DAILY SERVINGS FROM GROUP 'A' fH 

GROUP B ... 
Cheese—American, Brick. Cheddar. Velveeta. Colby, Edam. Monterey. Mozzarella or any Pastunzsd Process Cheese 
Food: Salmon with Bones: SOUDS Mads with Milk: Tofu: Fresh Cooked Collard Greens: Waffles or Pancakes made with a 
Mix: Soft Serve Ice Cream: Quiche 

TOTAL DAILY SERVINGS FROM GROUP "B" HI 

GROUP C ... 
Custard: Cottage Cheese—Low Fat or Creamed: Pork and Beans: Canned ShrimD: Cornbread: Scaghetti with Meatballs 
and Cheese: Raw Oysters: Pancakes: Ccqked Dry Beans: Chili Concarne with Beans: Pudding maae with Milk: Ice Milk: 
ice Cream: Custard » Black Strap rfolasses-

TOTAL DAILY SERVINGS FROM GROUP *C* 8H 

PLEASE ANSWER THE FOLLOWING QUESTIONS. 
Do you take a calcium supple-

ment each day? Yes No aflfl 
—What is the name of it? 
-How many milligrams ol caiaum aoes it contain? 
Oo you take a multivitamin 

each day? Yes No US 
—What is the name of it? 
—How many milligrams of calcium aoes it contain? _ 
—How many units of vitamin '0" dees it contain? 
Oo you take any of the following 

antacids on a daily basis? 
Turns. Titralac. Titralac Syruo. 
Dicaroonate. Alka Seitzer-2 Yes No OH 

-If the answer to the above auestion is yes. how many 
times a day do you take it? 

Do you ordinarily eat one or more 
servings of red meat eacn ^ 
day? Yes No i 

Do you ordinarily add salt to your 
food when you cook or eat it? 

Do you eat foods that are hign in 
salt, sucn as pickles, olives, 
potato chips. TV-dinners, 
canned soups, frozen pizza 
or restaurant food more than 
once a day? 

Do you drink 5 or more cups af 
cottee or cans of ooo contain
ing carfeine eacn day? 

Do you onnk 2 or more beverages 
containing alconol eacn oay ? 

Yes 

No 

_No 

Yes No 

.Yes .No 
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