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Low bone mineral density (BMD) and poor stability both contribute to

increased risk of fractures associated with a fall. The aim of this dissertation was

two-fold. The first study, a cross-sectional analysis, sought to determine the

anthropometric and/or performance variables that best predicted BMD and postural

stability in mature, premenopausal women (N=59). Based on the information

gained from the cross-sectional study, a prospective exercise-intervention trial was

designed to determine the effects of a 12-month progressive impact (jump) plus

lower body resistance training and six-month detraining program on risk factors for

hip fracture in the same group of mature premenopausal women (age = 3 0-45 yrs;

N49). Bone mineral density (hip, spine, and whole body), body composition,

muscle strength, muscle power and dynamic postural stability were the primary

measures evaluated in each study. Results from the cross-sectional study showed

that lean mass was an important predictor of BMD, while hip abductor torque and

leg power were independent predictors of BMD at clinically relevant fracture sites
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(hip and spine). Higher fat mass contributed to the majority of the variance in poor

stability, indicating that greater fat mass may compromise stability and thus,

increase fall risk in heavier individuals. Thus, the exercise program implemented

in the intervention trial was designed to maximize gains in BMD, muscle mass,

strength and power. Results from the intervention trial showed that 12-months of

jump plus resistance training significantly improved hip BMD, body composition,

muscle strength, power and stability in mature premenopausal women; however,

the positive benefits of impact plus resistance training on the musculoskeletal

reversed when training was withdrawn.
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THE EFFECTS OF IMPACT PLUS RESISTANCE TRAINING ON THE
MUSCULOSKELETAL SYSTEM IN PREMENOPAUSAL WOMEN

INTRODUCTION

There are approximately 1.5 million osteoporosis-related fractures each year in

the U.S. that carry health costs of over $13 billion (Melton et al., 1997). Most

(>70%) of these fractures occur in persons over the age of 70 years. Hip fractures

carry the most severe consequences with respect to morbidity, mortality, and

financial costs in excess of $9 billion (World Health Organization technical report,

1994), though vertebral fractures are also costly and often result in chronic pain that

can be debilitating. Low bone mass at the hip and spine increase the risk of fracture

at these sites, and it is estimated that each one standard deviation decrease in BMD

increases fracture risk by 10% (Cummings et al., 1993). The classic osteoporotic

fracture is a relatively rare event in which a frail skeleton cannot withstand the weight

of the body or the application of small forces during routine movements such as

bending, twisting, or coughing, resulting in spontaneous fracture. Most hip

fractures (>90%) and over half of all spine fractures are not caused by skeletal frailty

alone but rather result from injury associated with a fall (Greenspan et al., 1994b).

Thus, the combination of low bone mass and a propensity to fall greatly increase the

fracture risk profile of an individual.

Risk factors for osteoporotic fractures

The clinical condition of osteoporosis is characterized by significant bone

loss which increases skeletal fragility and fracture risk. Aging accounts for bone loss

of approximately 1% per year beginning in the third decade (Geusens et al., 1986;
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Riggs et al., 1986). Women are at particular risk for osteoporosis due to an

accelerated bone loss of 2.0-6.5% per year within the first five to eight years after

menopause (Dalen & Olsson 1974; Gallagher et al., 1987; Krolner & Nielsen, 1982;

Nilas et al., 1988). Lifestyle factors in the etiology of osteoporosis include poor

calcium and vitamin D status, low levels of reproductive hormones, and reduced

mechanical loading. Of these, only increased mechanical loading has been shown to

stimulate bone accretion. Conversely, spaceflight, immobilization and bed rest

studies report significant bone loss as a result of disuse and loss of weight bearing

mechanical forces on the bone (Baldwin et al., 1996). Thus, mechanical loading, via

regular physical exercise is imperative to the maintenance of skeletal health and may

also offer a strategy for optimizing skeletal mass and integrity.

Fall prevention is central to decreasing the incidence of osteoporosis-related

fractures (Greenspan et al., 1994b). Reduced muscle mass, poor lower-extremity

strength and power, and instability are independently associated with increased fall

risk and lower functional capacity for tasks such as lifting objects or performing

household chores (Drinkwater et al., 1995, Myers et al., 1994). The reductions in

lower extremity strength and power are similar to the pattern of bone loss with age

and may thus be implicated in the etiology of age-related changes in BMD.

Diminished compressive and tensile forces (i.e., mechanical loading) on the bone

from reduced force of muscular contractions may partially account for the bone loss

associated with disuse or decreased activity (Rubin & McLeod, 1996).



Presently, it is unclear whether the decrements in the musculoskeletal

system are the physiological consequence of the aging process alone or result from

the combination of physiological aging and the accompanying decline in physical

activity. However, comparison of physically active individuals to their inactive

counterparts yields some relative indication of the role of mechanical forces in

maintaining or optimizing musculoskeletal health (Fehling et al., 1995; Heinrich et

al., 1992). Identification of anthropometric andlor functional parameters associated

with risk factors for osteoporotic fractures in premenopausal women may aid in the

development of preventive strategies to offset or minimize age- and inactivity-

associated decrements in musculoskeletal health. Specifically, an exercise program

initiated prior to menopause, a time during which bone loss rapidly accelerates, may

sufficiently delay or offset the development of osteoporosis and hence decrease

fracture risk. Additionally, improved muscular strength, power and stability may

further reduce the risk of fracture by reducing the likelihood of a fall. An exercise

intervention program to specifically improve fracture risk profile in women prior to

menopause has been neither designed nor experimentally tested.

Factors associated with fracture and fall risk in premenopausal women

Numerous cross-sectional studies have investigated the contributions of

heredity, age, body composition, weight-bearing activity, and muscle strength to

BMD at the hip and spine in premenopausal women. Reports consistently show

that genetics, advanced age, removal of weight-bearing and/or muscular forces, and



reduced lean body mass are each associated with reduced hip and spine BMD

(Deng et al.,1999; Felson et al., 1993; Pocock et al., 1989; Ulrich et al., 1999).

While genetics and age cannot be controlled, physical activity can increase

mechanical loading and lean body mass, which, in turn, may increase BMD.

Cross-sectional comparisons of athletes to non-athletes or physically active

persons to sedentary persons were the first to suggest that exercise may be

osteogenic. Women with a history of physical activity prior to menopause

generally have a higher BMD than their inactive counterparts (Aloia et al., 1988;

Brewer et al., 1983; Lane et al., 1986). The specific components of physical

activity that increase BMD have been evaluated by cross-sectional and longitudinal

comparison of different athletic groups. These studies consistently show that

those activities imparting moderate to high loads andlor high loading rates are more

osteogenic than low- or no-load activities. Thus, athletes participating in sports

such as gymnastics, basketball, and volleyball (Robinson et al., 1995, Fehling et al.,

1995), or heavy weight-lifting (Heinrich et al., 1992) have greater BMD compared

to their athletic counterparts involved in cycling, swimming or running. However,

athletes with initially high BMD may also self-select into high-load sports.

Given the association between activity and BMD, predictors of site-specific

BMD, such as muscle strength and mass, can be hypothesized and tested. Most

reports on the relationship between body composition and BMD suggest that lean

mass is a stronger determinant of BMD than fat mass (Salamone et al., 1995,

Sowers et al., 1992). Additionally, several studies report significant relationships
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between muscle strength and BMD or bone mineral content (BMC) (Pocock et al.,

1989; Snow-Harter et al., 1990; Khosla et al., 1996). However, in some cases the

relationship between strength and BMD is eliminated when adjusted for their

common association with lean body mass (Duppe et al., 1997; Henderson et al.,

1995; Madsen et al., 1998). Thus, it is unclear whether the local application of

strong compressive forces to specific skeletal sites during resistance training is more

osteogenic than the summation of forces from total lean mass. Furthermore, using

peak muscle strength as the only index of exercise effects on bone growth may

underestimate the magnitude of the role of mechanical loading in osteogenesis. Both

animal and human intervention studies suggest that the rate of force development,

or power, may be an equal, if not stronger stimulus for bone hypertrophy than

absolute force production (O'Conner & Lanyon, 1982; Heinonen et al., 1996a;

Bassey et al., 1998). Thus, future studies should comprehensively examine the

independent contributions of lean mass, muscle strength and power to BMD.

The ability to determine robust predictors of BMD in premenopausal

women is also complicated by the wide age range of the women in study samples.

Participants are frequently college-aged or younger women, in whom the

associations between physical or performance variables and BMD may differ from

those observed in more mature premenopausal women. For instance, it has been

reported that women accrue bone mineral into their third decade (Recker et al.,

1992), and the factors that influence the acquisition of mineral may change

following cessation of longitudinal growth. Thus, it may be more appropriate to



identifi associations within young (18-30 years) and mature (>30 years) groups of

premenopausal women separately. Furthermore, BMD at or near the age of

menopause is a better predictor of risk for osteoporosis following cessation of

menses than is BMD in young adult years when the skeleton may still be

developing (Riggs et al., 1992). Thus, knowledge of predictors of BMD in mature

premenopausal women may be more useful for the design of specific exercise

intervention strategies.

To most effectively reduce the risk of future fracture, the assessment of fall

risk should accompany the evaluation of BMD. Poor lower-extremity strength and

power and instability are each independently associated with increased fall risk in

postmenopausal women (Drinkwater et al., 1995; Myers et al., 1994). However,

no study has specifically examined the factors associated with fall risk in

premenopausal women. It is generally accepted that physically active individuals

exhibit greater muscle strength compared to their sedentary counterparts (Laforest

et al., 1990). Subsequently, athletes involved in sports requiring a high degree of

muscle strength and/or power (i.e., gymnastics, basketball, or volleyball) possess

greater muscle fitness compared to athletes involved in sports dependent on

endurance and/or motor skills (i.e., long-distance running or archery) (Hakkinen &

Keskinen, 1989; Paasuke et al., 1999). The only study on balance in

premenopausal women reported height and weight to best predict postural

stability; however, this study did not examine the contributions of physical

performance to stability (Balogun et al., 1993). A better understanding of the



anthropometric and performance factors that contribute to stability in mature

premenopausal women could help to identify those women who are more likely to

sustain an injurious fall andlor resultant fracture.

Interventions aimed at reducing fracture and fall risk in premenopausal women

Exercises that produce large ground reaction forces, such as jumping or

gymnastics, best increase BMD, while exercises that produce large joint reaction

forces, such as resistance training, best improve lean body mass and strength in

postmenopausal women (Kohrt et al., 1997). In premenopausal women, activities

that produce ground reaction forces in excess of four times body weight have been

shown improve hip and spine BMD (Bassey & Ramsdale, 1994; Bassey et al.,

1998; Heinonen et al., 1996a). In two similar studies, Bassey et al. (1994; 1998)

reported that premenopausal women who performed 50 jumps per day experienced

a 3-4 % increase in trochanteric BMD with six months of training. No

improvements in femoral neck or lumbar spine BMD, muscle strength or power

were observed, nor was stability measured. Premenopausal women participating in

18 months ofjump plus aerobic step exercise increased femoral neck BMD by

1.8% and lumbar spine BMD by 2.1% (Heinonen et al., 1 996a). Significant

improvements in vertical jump ability (power) and cardiovascular fitness also

occurred; however, neither muscle strength nor dynamic balance improved.

Resistance training may have a positive effect on BMD via increased

mechanical pull at the attachment sites of muscle to bone resulting from muscular



contractions against a fixed load. Furthermore, resistance training might have the

greatest potential to improve BMD as well as muscle mass, strength and power.

While the efficacy of resistance training to increase muscle mass and strength is well

established, investigations of the osteogenic potential of this type of training have

yielded equivocal results. Snow-Harter et al. (1992) reported small but significant

1.3% increase in spine BMD following eight months of progressive resistance

training at high-intensity (70-85% of 1-RM). No changes in hip BMD were found,

and an endurance-trained group experienced a similar increase in spine BMD.

Gleeson et al. (1990) reported similar results following a 12-month moderate

intensity (60% 1 -RM), high repetition (2 sets of 20 repetitions) Nautilus training

program. On the other hand, Lohman et al. (1995) observed significant

improvements in both spine and trochanter BMD as early as 5 months into an 18-

month resistance training program in 28-3 9 year-old premenopausal women.

Exercises using free-weights and machine-based equipment were performed at 70-

80% of 1 -RM, 3 days per week, and also resulted in significant increases in arm,

leg, and total body soft tissue lean mass, as well as a 3 3.8% increase in maximal

isokinetic strength. Conversely, a three year low-intensity weight lifting (30% of

body weight) program designed to specifically load the back extensors and shoulder

girdle failed to improve either spine or hip BMD in 30-40 yr old premenopausal

women (Sinaki et al., 1998). Furthermore, Rockwell et al. (1990) reported a 4%

decrease in spine BMD, but no change at the hip, following nine months of

moderate resistance training using Cybex isokinetic strength equipment. From these



studies, it appears that significant improvements in both hip and spine BMD

through resistance exercise are best achieved when the loads are sufficiently high,

obtained with free-weight equipment and appropriate time is given for adaptations

to occur. While these resistance training studies also reported significant increases

in muscle strength, none measured power nor stability.

An additional consideration when evaluating the effectiveness of

intervention trials to reduce fracture risk is adherence to the training principles of

specificity, overload and reversibility. Demonstration of the principles of training in

intervention work increases the probability of a favorable outcome and the

credibility of study findings. Two reports in young, premenopausal women

examined the effects of unilateral upper or lower extremity training and detraining

on limb-specific strength and BMD (Heinonen et al., 1996b; Vuori et al., 1994);

however, neither demonstrated a training effect. The only reported exercise training

and detraining study in postmenopausal women demonstrated gains in BMC from

training and subsequent reduction in BMC after detraining, but did not examine

other risk factors for fractures (Dalsky et al., 1988).

Statement of purpose

To date, no study has examined anthropomentric and performance factors

known to predict BMD and postural stability in mature premenopausal women.

Nor has any study investigated the systematic application and withdrawal of

exercise training on multiple risk factors for fracture in mature, premenopausal
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women with attention to the training principles of specificity, overload and

reversibility. Implementing such a program in a premenopausal population may

afford the greatest long-term protection against osteoporosis and related fractures in

later years, as earlier development and continuation of regular physical activity

habits increases the time for optimization and maintenance of resultant benefits.

Thus, we conducted a 12-month impact (jump) plus resistance training and

subsequent six-month detraining program in mature, premenopausal women. The

baseline data from this study, presented in the first manuscript, aimed to answer

the following research questions: 1) Do anthropometric (height and body

composition) and performance variables (lower-extremity muscle strength and

power) predict hip and spine BMD and postural stability in premenopausal

women? 2) Are the predictor variables for BMD different than those for postural

stability in mature premenopausal women? The results from the exercise training

and detraining intervention, presented in the second manuscript, sought to answer

the following research questions: 1) Will one-year of high impact and resistance

training result in significant improvements in hip BMD, lean mass, strength, power,

and stability in mature premenopausal women? and, 2) Will exercise training-related

gains in BMD, lean mass, strength, power, and stability reverse when the exercise

stimulus is withdrawn?
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Chapter 2

ANTHROPOMETRIC AND PERFORMANCE PREDICTORS OF BONE
MINERAL DENSITY AND BALANCE IN PREMENOPAUSAL WOMEN

Kern M. Winters and Christine M. Snow

Submitted to Journal of Bone and Mineral Research
Blackwell Science, Inc., Cambridge, Massachusettes

January 2000, in review
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Abstract

Low bone mineral density (BMD) and poor stability both contribute to

increased risk of fractures associated with a fall. Our aim in this cross-sectional

study was to determine the anthropometric andlor performance variables that best

predicted BMD and postural stability in mature, premenopausal women. Bone

mineral density, body composition, muscle strength, muscle power and dynamic

stability were evaluated in 61 women (age4Q+4 yrs.; %body fat27%±5). Bone

mineral density at the proximal femur, lumbar spine and whole body and body

composition were measured by DXA (Hologic QDR-1000/W). Quadriceps and hip

abductor torque were assessed via isokinetic dynamometry (Kin-Corn 500H).

Maximum leg power was tested using a Wingate Anaerobic Power test, and

dynamic stability was measured on a stabilometer (Biodex). In correlation analyses,

BMD at all sites was positively and significantly related to height, lean mass,

strength, and leg power (F=O.25-O.49). Fat mass was not related to any BMD

measure (r=O.02-O.24). Significant inverse relationships were found postural

stability and each of the following independent variables: height, lean mass, fat

mass, strength and power (r0.23-O.52). In stepwise regression, lean mass

independently predicted BMD at the femoral neck (R20. 17), total hip (R20.24)

and whole body (R2=O.20), whereas hip abductor torque predicted 23% of the

variance in trochanter BMD and added 6% to the variance in total hip BMD. Leg

power was the only predictor of spine BMD (R20. 14). Fat and lean mass each

significantly predicted poor performance on postural stability, with fat mass
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contributing 31% of the total variance (R2=O.38). In conclusion, we report that lean

mass is an important predictor of BMD. Furthermore, hip abductor torque and leg

power are independent predictors of BMD at clinically relevant fracture sites. The

finding that higher fat mass contributes to the majority of the variance in poor

stability indicates that greater fat mass may compromise stability and thus, increase

fall risk in heavier individuals.
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Introduction

Hip and spine fractures, most commonly suffered by persons over 70 years

of age, result in increased health care costs, admissions to hospitals or nursing

homes, morbidity and mortality (Chrischilles et al., 1991; Tinetti & Williams,

1997). The primary risk factors for these fractures are low bone mineral density

(BMD) and a propensity to fall (Greenspan et al., 1994b). Postmenopausal

women have lower BMD and poorer stability than their premenopausal

counterparts (Jonsson et al., 1992; Nguyen et al., 1993; Stevenson et al., 1989;

Torgerson et al., 1993). Identifying factors that may be related to low BMD and

stability prior to the onset of menopause would help to target intervention

programs toward at-risk individuals to reduce hip or spine fractures in later years.

Numerous cross-sectional studies have investigated the contributions of

heredity, age, body composition, weight-bearing activity, and muscle strength to

BMD at the hip and spine in premenopausal women. From these reports, genetics,

advanced age, low body weight, and lack of weight-bearing exercise are each

associated with reduced hip and spine BMD (Deng et al., 1999; Riggs et al., 1982;

Felson et al., 1993; Pocock et al., 1989, Ulrich et al., 1999). The relationships

between BMD and either body composition or muscle strength are less clear. The

majority of evidence reports that lean mass is a stronger determinant of BMD than

is fat mass (Salamone et al., 1995; Sowers et al., 1992). Several studies report

significant relationships between muscle strength and BMD or bone mineral content

(BMC) (Pocock et al., 1989; Khosla etal., 1996; Snow-Harter et al., 1992);
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however, in some cases the relationship is eliminated when adjusting strength for

lean mass (Duppe et al., 1997; Henderson et al., 1995; Madsen et al., 1998). Also,

using muscle strength as the only index of exercise effects on bone density may

diminish the contributions that mechanical loading makes to bone remodelling. Both

animal and human intervention studies suggest that the rate of force development,

or power, may be an equal, if not stronger stimulus for bone hypertrophy than

absolute force production (Lanyon, 1987); thus, indices of both strength and power

should be included when examining predictors of BMD.

The ability to determine robust predictors of BMD in premenopausa!

women is further complicated by the wide age range of the women in prior study

samples. Participants are frequently college-aged or younger women, in whom

associations between physical or performance variables and BMD may differ from

those observed in mature premenopausa! women. For instance, it has been reported

that women accrue bone mineral into their third decade (Recker et al., 1992) and the

factors that influence this acquisition may change following cessation of longitudinal

growth. Thus, it may be more appropriate to identify associations within young

(18-30 years) and mature (>30 years) groups of premenopausa! women separately.

Furthermore, BMD at or near the age of menopause is a better predictor of risk for

osteoporosis following cessation of menses than is BMD in young adult years

when the skeleton may still be developing (Riggs et al., 1982). Thus, knowledge of

predictors of BMD in mature premenopausal women may be more useful for the

design of specific exercise intervention strategies.
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Few reports have examined the factors associated with postural stability in

premenopausal women (Jonsson et al., 1992; Balogun et al., 1994). In

postmenopausal women poor stability is associated with increased fall risk

(Gehisen & Whaley, 1990; Lord et al., 1994). These studies also show that muscle

mass and strength are strong indicators of stability, and thus falling, in older

individuals. A better understanding of the anthropometric and performance factors

that contribute to stability in mature premenopausal women could identify those

more likely to sustain an injurious fall.

Numerous studies have investigated the predictive power of anthropometric

and performance variables on hip and spine BMD and postural stability in

postmenopausal women. However, to our knowledge, no study has examined these

factors known to predict fracture risk in mature premenopausal women. Thus, we

sought to answer the following research questions: 1) Do anthropometric (height

and body composition) and performance (lower-extremity strength and power)

variables predict hip and spine BMD and postural stability in premenopausal

women? 2) Are the predictor variables for BMD different than those for postural

stability in mature premenopausal women?

Materials and methods

Subjects

Sixty-one apparently healthy, premenopausal women, between the ages of

30-45 years volunteered to participate in this study. Women who had a history of
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chronic disease known to affect bone metabolism, were currently taking medicaitons

known to affect bone mass (e.g., synthroid, prednisone, alendronate), had irregular

menstrual cycles, were smokers, breast feeding, or previously participated in high-

intensity resistance or impact activities (e.g., weightlifting, volleyball, basketball)

were excluded from participation (Appendix A). Two subjects were extreme

outliers for fat mass (> 3 standard deviations above the mean) and skewed the

distribution to the right; thus, their data were excluded from all subsequent

analyses. The Oregon State University Institutional Review Board (Appendix B)

approved the study and all subjects gave written consent prior to participation

(Appendix C).

Anthropometric Indices

Height and weight were measured with subjects in regular dress clothing, but

without shoes. Standing height was measured to the nearest 0.5 cm using a wall-

mounted stadiometer. Body weight was measured on a digital scale to the nearest

0.1 kg.

Bone mineral density and body composition

Bone mineral density (BMD: glcm2) of the greater trochanter (GT), femoral

neck (FN) and total hip (THip), lumbar spine (L2-L4) (LS), and whole body (WB)

were measured via DXA (Hologic QDR 1000-W, software version 4.74). Lean mass

and fat mass were determined from whole body scans. The same individual

conducted all bone scans and analyses, as well as all subsequent tests, eliminating
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error associated with multiple testers. For this experiment, within-study

coefficients of variation were determined from a sub-sample of women similar to

our study population and, are <1.0% for hip and spine measures and <1.5% for

whole body and body composition measures.

Lower extremity strength

Knee-extensor and hip abductor torque (Nm) were assessed via isokinetic

dynamometiy (Kin-Corn 500-H, Chattex, TN). All torque values were corrected

for the effect of gravity on the limb in the horizontal position. This instrument has

been shown to provide valid and reliable estimates of muscle strength (Farrel &

Richards, 1986) and our within-study coefficient of variation is <4%.

Subjects performed 3-5 trials prior to each maximal effort for warm-up and

to ensure proper positioning. Each subject was then instructed to perform at least

3 maximal efforts until no further increases in strength were observed. A one-

minute rest period was allowed between successive trials, and most subjects

reached peak effort on the third trial. Both strength tests were performed at a rate

of 30° per second to provide the optimal velocity for peak force development. For

assessment of knee extensor strength subjects were in a seated position where full

leg extension was set at 180 and the range of movement was from 85° to 150°.

For assessment of hip abductor strength, subjects lay on their left side where

horizontal placement of the tested limb parallel to the table was set at 0° and the

range of movement was from -5° to 30°.
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Peak leg power

Muscular power (Watts) of the legs was assessed using a modified version

of the Wingate Anaerobic Power Test on a Monark bicycle ergometer (Varberg,

Sweden). The test consisted of a 3-5 minute warm-up period of light cycling (little

to no resistance) at 6 0-70 rpm, followed by 15 seconds of maximal pedaling against

a resistance set at 7.5% of body weight (Dotan & Bar-Or, 1983). The highest value

obtained during the 15-second trial was taken to reflect peak leg muscle power. The

Wingate test has been shown to be a valid measure of muscular power in younger

women (Jacobs et al., 1982) and our within-study coefficient of variation for

maximal power is <4%.

Dynamic postural stability (balance)

The ability of subjects to balance themselves for 30 seconds on an unstable

surface was tested using a stability platform (Biodex Medical Systems, NY).

Values are expressed in terms of the Stability Index, a unit-less measure that

represents the variance of platform displacement in degrees from level. A higher

number is indicative of less motion control and thus poorer postural stability. The

test protocol consisted of the following three sets of trials: 1) a single positioning

trial in which subjects self-selected a foot position which felt most stable on the

unsteady platform. Subjects kept this foot positioning for the practice and test

trials; 2) two practice trials in order to negate learning effects; and, 3) two test trials,

of which the best performance value was taken as the stability measure used in
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subsequent analyses. During the practice and test trials subjects were instructed to

keep the platform as steady as they could without using the handrails for

assistance. Subjects were also given visual feedback where they attempted to keep

a cursor that tracked their movements in the center of a target displayed on a screen

in front of them. The within-study coefficient of variation in for this measure is

<10%.

Statistical analyses

Descriptive data are presented as mean ± 1 standard deviation, with ranges.

Pearson-product moment correlation coefficients were used to determine

relationships between the dependent measures (BMD and stability) and the

following independent variables: age, height, lean mass, fat mass, hip abductor

torque, knee extensor torque and leg power. Similar analyses were used to examine

relationships between independent variables to check for multicollinearity and

shared variance between measures. Stepwise regression analyses were used to

determine the independent variables that best predicted BMD and stability. The

significance criterion of the critical F-value for entry into the regression equation

was set at P<0.05. R-squared change (R2-change) was examined to interpret the

practical significance of the predictors in explaining the variance in dependent

measures. All analyses were performed using the SPSS statistical software program,

version 9.0.
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Subjects were mature premenopausal women of average height, weight, and

body composition (Table 2.1). Mean bone mass values were 1-6% higher than age-

matched referents supplied by the DXA manufacturer. Reference data were not

available on performance measures, thus comparisons of mean values from our

sample against a larger population were not possible.

Table 2.1: Descriptive characteristics of subjects (N=59).

Characteristic Mean ± SD Range
Age (yr) 40.1 ± 39 30-46
Height (cm) 166.6 ± 5.8 152.4-180.3
Weight (kg) 65.3 ± 8.6 48.0-104.4
Lean mass (kg) 45.2 ± 4.8 36.2-56.6
Fatmass(kg) 17.6± 5.2 8.0-32.4
% Body fat 26.5 ± 5.2 15.4-40.5
BMD (g/cm2)

Whole body 1.107±0.067 0.928-1.239
Total hip 0.932 ± 0.103 0.734-1.194
Femoral neck 0.835 ± 0.098 0.639-1.044
Greater trochanter 0.7 14 ± 0.088 0.542-0.962
Lumbar spine 1.113 ± 0.118 0.870-1.423

Knee extensor torque (Nm) 115.8 ± 23.6 47.5-165.5
Hip abductor torque (Nm) 57.1 ± 14.9 28.5-90.9
Maximal leg power (Watts) 379.2 ± 957 2 19.0-697.0
Stability Index (SI) 6.6 ± 2.5 2.1-12.1
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Inspection of residual plots confirmed that model assumptions for

regression analyses were satisfied. Frequency distributions for descriptive data

were normally distributed with the exception of fat mass. There were significant

correlations among the independent variables (r = -0.29-0.58; Table 2.2) but none

were considered to be multicollinear (i.e., r> 0.90) and thus each was included in

regression analyses.

Table 2.2. Pearson-product moment correlation matrix for independent variables.

Knee Hip
Age Height Lean Fat extensor abductor Leg

mass mass torque torque power

Age 1.00

Height -.16 1.00

Lean mass -.23 .41* 1.00

Fat mass .10 .15 .40* 1.00

Knee extensor
torque -.16 .16 .51* .17 1.00

Hip abductor
torque .30* .39 .46* .07 .42* 1.00

Legpower -.29 .36* .58* -0.02 47* 55* 1.00

* p <0.05

Bone mineral density at each of the six measured sites was significantly

related to height, lean mass, hip abductor torque, and maximum leg power.
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However, only total hip BMD was inversely correlated with age. A significant

association was observed between knee extensor torque and total hip and

trochanteric BMD. Fat mass was not related to any BMD measure (Table 2.3).

Stepwise regression analyses showed that anthropometric indices were

independent predictors of BMD at whole body and hip sites, while performance

measures also predicted regional BMD at the hip and spine (Table 2.4). Lean mass

was the single best indicator of whole body bone mass and accounted for 20% of

the variance in this measure. No other variable contributed to the regression model.

Table 2.3. Pearson-product moment correlation matrix for independent variables
vs. whole body (WB), total hip (Thip), femoral neck (FN), greater trochanter (GT)
and lumbar spine (LS) BMD (g/cm2) and stability index (SI).

WB THip FN GT LS SI

Age -.13 .27* -.24 -.20 -.12 .15

Height .25* 34* .26* 43* .36* .27*

Lean mass 44* 49* .41* .38* .36* 47*

Fat mass .24 .12 .15 .02 .17 .52*

Kneeextensortorque .15 .28* .16 .29* .24 .36*

Hipabductortorque 39* 44* 39* .48* .27* .28*

Leg power 35* 44* .36* .46* 37* .23*

* = p < 0.05
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Lean mass was the strongest predictor of total hip and femoral neck BMD,

explaining 24% and 17% of the variance, respectively. Performance measures were

the most robust predictors of trochanteric and spine BMD and added to the

prediction of total hip BMD. Of the performance measures, hip abductor torque

predicted trochanteric and total hip BMD (R2 = 0.23, p=O.001; R2=0.06, p=O.033)

while maximal leg power best predicted bone mass at the lumbar spine (R2 =0.14;

p=O.O04). Height also explained an additional 11% of the variance at the greater

trochanter.

Table 2.4. Summary of stepwise regression analyses for BMD and balance.

Dependent Predictor Beta Model R2- p-value
Variable Variable SEE change

BMD (g/cm2)

Greater Hip Torque 3.2(10) 0.07 0.23 0.001
Trochanter Height 5.1(10) 0.11 0.004

Femoral Neck Lean Mass 8.4(10.6) 0.09 0.17 0.001

Total Hip Lean Mass 7.7(106) 0.09 0.24 0.006
Hip Torque 2.6(10) 0.06 0.033

Lumbar Spine Leg Power 4.6(l0) 0.11 0.14 0.004

Whole Body Lean Mass 6.2(10.6) 0.06 0.20 0.001

Stability Index Fat Mass 1.9(10) 2.1 0.27 0.002
Lean Mass 1.7(10) 0.08 0.010

Note: beta weights given as unstandardized beta coefficients; Model SEE =
standard error of the estimate for regression model
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With the exception of age, significant relationships were found between all

independent variables and dynamic postural stability (r = 0.28-0.52). Correlations

indicate that increases in independent variable values are associated with decreases

in stability since the Stability Index value increases as stability worsens. Because of

the high correlations between lean mass and performance measures (r 0.48-0.56),

we calculated partial correlation coefficients controlling for lean mass. This

adjustment eliminated the associations between performance measures and stability.

Stepwise regression analyses revealed that higher fat tissue mass and lean mass each

indicated poorer stability (R2 0.27, p<O.Ol and R2 = 0.08, p=O.Ol for fat and lean,

respectively). No performance measure contributed to the prediction of stability

(Table 2.4).

Discussion

Our results indicate that lean mass and lower extremity muscle strength and

power are strong, independent predictors of BMD at clinically relevant fracture

sites. Specifically, lean mass was the only significant predictor of BMD at the

whole body and femoral neck, while hip abductor torque best predicted trochanteric

bone mass and added to the prediction of total hip BMD. Leg power was the only

predictor of lumbar spine BMD, even when including lean mass in the regression

model. By contrast, greater fat mass predicted poor performance on measures of

postural stability with lean mass contributing to only a small proportion of the

variance. Neither strength nor power predicted postural stability.
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Our study has several strengths. It was the first to simultaneously examine

two primary risk factors for fracture, BMD and stability, in a group of mature

premenopausal women. Furthermore, we included both lower-extremity strength

and power measures among the performance variables. While the muscle groups

tested for strength were specific to the lower body and thus, more likely related to

hip than spine BMD, our measure of muscle power, which incorporates mid- and

lower-extremity musculature, provided a global index of muscle strength. The

limitations of this study were the relatively small sample size (n59) compared to

similar studies on this population and the fact that we did not measure strength in

isolated muscle groups that attach directly to the lumbar spine.

We found lean mass to be a robust predictor of both hip and whole body

BMD. Fat mass was neither correlated to, nor predictive of BMD at any skeletal

site. Our results supported most reports of the relationship between body

composition and BMD (Salamone et al., 1995; Sowers et al., 1992; Khosla et al.,

1996; Madsen et al., 1998). By contrast, Reid and colleagues (1992) reported a

stronger association between fat mass and total body BMD than between lean mass

and total body BMD in premenopausal women. Both Sowers et al. (1992) and

Salamone et al. (1995) examined body composition according to combinations of

quartiles of high and low lean and fat mass, and reported that greater lean body

mass was associated with greater BMD, independent of fat mass and total body

weight. In addition, Madsen et al. (1998) found that correlations between fat mass

and BMD in sedentary subjects were eliminated when active subjects, who had high
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lean mass, were included in the analysis. By contrast, the study sample of Reid et

al. (1992), included subjects who had a relatively high percent body fat (mean =

31%) compared with ours (mean 27%) and others; thus, their results may be

specific to individuals with high body fat. Furthermore, Reid et al. (1992) evaluated

the relationship between body composition and total body BMD, but not BMD at

the more clinically relevant fracture sites of the hip and spine. Investigations that

measured hip and spine BMD reported lean mass to be the most robust predictor

(Salamone et al., 1995; Sowers et al., 1992; Khosla et al., 1996; Madsen et al.,

1998), suggesting that strategies which increase lean body mass may lower hip and

spine fracture risk by increasing BMD at these sites.

Lower extremity strength and power also independently predicted hip

BMD. Hip abductor torque explained 23% of the variance in BMD at the greater

trochanter and an additional 6% of the variance in total hip BMD. Although lean

mass was correlated with trochanteric BMD, it did not independently predict it as

at the femoral neck and total hip. Other studies have reported that the relationship

between strength and BMD was eliminated once muscle strength was adjusted for

body weight or lean mass (Duppe et al., 1997; Henderson et al., 1995; Madsen et

al., 1998). Only three studies (Snow-Harter et al., 1992; Sinaki et al., 1998),

including ours, considered hip strength in the prediction of hip BMD. Others have

examined the strength of muscle groups close to the skeletal site of interest, such as

the knee extensors and flexors or the trunk extensors and flexors, but without direct

insertions on the hip. The influence of lean mass on bone may be stronger than the
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influence of indirect muscle strength, however, Woiffe's law suggests that greater

strength of muscles directly attached to a specific skeletal site should result in

greater BMD at this site. The hip abductor muscles (gluteus medius and gluteus

minimus) have direct attachments on the greater trochanter. This likely explains the

fact that we observed hip abductor torque to independently predict trochanteric and

total hip BMD. Snow-Harter et al. (1992) found hip adductor strength to better

predict femoral neck BMD than hip abductor, flexor or extensor strength, but Sinaki

et al. (1998) found neither hip flexor nor extensor strength could predict total hip

BMD. Neither the hip flexors nor extensors have attachments on the greater

trochanter so it is not surprising that Sinaki et al. (1998) found no relationship

between strength of those muscle groups and hip BMD. The discrepancy between

our findings and those of Snow-Harter et al. (1992) may be attributed to the

different testing methods used to assess muscle strength. We assessed hip abductor

strength by isokinetic dynamometry in which the subject lay in a horizontal

position to best isolate the tested limb, whereas Snow-Harter et al. (1992) measured

abductor strength from a one-repetition maximum effort during standing, and this

may prevent appropriate comparisons between studies. Our data demonstrate the

independent effect of site-specific strength on hip BMD and suggest that the actual

application of force to bone stimulates an osteogenic response, as opposed to being

a secondary effect of increased lean body mass.

We were surprised by the finding that height independently predicted

trochanteric BMD. However, the statistical selection of height as opposed to lean



mass in the final prediction model may be misleading. Height and lean mass were

similarly correlated to bone mass at this site (r = 0.43 and 0.38 for height and lean

mass, respectively) and were significantly interrelated (r 0.41) and thus share

overlapping variance. Therefore, the effects of lean mass on BMD at these

particular sites may have been masked by height. Furthermore, when controlling

for either height or lean body mass, the relationship between hip abductor torque

and trochanter BMD remained significant (r = 0.38; p = 0.004).

Lower body power was the single best predictor of lumbar spine BMD but

did not independently predict whole body or hip BMD. While knee extensor and

hip abductor torque were significantly correlated to spine BMD, neither measure

contributed significantly to the regression model. We did not measure strength of

isolated muscle groups that directly attach to the vertebrae, thus we could not

assess site-specific relationships between strength and spine BMD. However, we

measured leg power from a maximal effort cycling test which incorporates both

mid- and lower-body musculature during the test, thus power may provide a global

index of muscle fitness. Other studies have reported relationships between arm

strength and spine BMD (Snow-Harter et al., 1992; Pocock et al., 1989) which

suggests an indirect influence of upper body muscle fitness on spine BMD. Thus,

lumbar spine BMD may be influenced by the sum of muscle forces generated during

movements of the spine and in postural control, as opposed to the site-specific

effects of muscle forces demonstrated at the hip.



We found that as body mass increased, the ability to maintain postural

stability became more difficult. Central to this finding was the fact that fat mass

was a much stronger predictor of instability than was lean mass, explaining nearly

four times the variance in stability estimates. Excessive body mass may cause

instability by shifting weight away from the center of gravity. Furthermore,

adipose tissue is a nonfunctional tissue with respect to postural control or strength

such that excessive amounts of adipose tissue offer no support to maintain

stability. Only two other studies have examined the relationship between body

mass and balance in a similarly aged population. Using a single-legged timed stance

test of balance, Balogun et al. (1994) reported a positive relationship between body

mass index (BMI) in 30-39 year-old men and women, but an inverse relationship in

their 40-49, 50-59, and 60-69 year-old groups. Unfortunately, data for each gender

were not reported separately so gender-specific relationships could not be

evaluated; however, their data suggested that greater body size enhanced balance

performance up to the age of 40 years, after which time, a higher BMI

compromised stability. In perimenopausal women aged 45-49 years, Torgerson et

al. (1993) observed that fallers had greater body mass compared to non-fallers. The

Torgerson et al. (1993) study also reported that fallers who suffered a fracture did

not have significantly lower BMD than those who fell but were uninjured,

suggesting that greater body mass, typically indicative of greater BMD, may not

protect against fractures because of the instability related to greater weight.
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Unlike studies in postmenopausal women that report significant

relationships between measures of lower-extremity strength and stability, our

results did not support these associations in premenopausal women. Neither of the

two previous investigations that examined determinants of stability in

premenopausal women (Torgerson et al., 1993; Balagon et al., 1994) included

strength or power as a dependent measure. Body mass or body composition is

rarely considered in analyses of factors contributing to stability in postmenopausal

women. However, Ringsberg et al. (1999) included body mass in their comparison

of muscle strength and balance and gait performance in 75-year old women and

found that heavier women had poorer performance on tests of balance and gait,

despite having greater knee extensor strength. In our study, the heavier women also

had greater strength and power, yet poorer balance compared to lighter women.

Thus, greater body mass may have a strong, negative influence on stability and thus

increase fall risk, while high muscle strength may not adequately compensate for

poor balance in heavier individuals.

Results from this study could yield a better index of the overall risk of fracture

than either BMD or balance alone and thus provide key information for developing

exercise programs for fracture prevention. An integrated fitness program that

incorporates exercises to build muscle mass and strength and to decrease fat mass

may increase BMD and reduce fall risk. The program should incorporate exercises

that utilize those muscle groups that attach to the hip or spine. Premenopausal

women who regularly participate in such a program may significantly reduce their
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risk of fracture prior to menopause, since fracture incidence increases considerably

in later years. Furthermore, women should aim to maintain normal weight and body

composition in order to reduce fall risk, as well as other chronic diseases related to

obesity such as hypertenstion, coronary artery disease, and diabetes mellitus.
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Abstract

We studied the effects of a six-month withdrawal of exercise after 12

months of progressive impact (jump) plus lower body resistance training on risk

factors for hip fracture in premenopausal women (age = 30-45 yrs). Thirty-three

women completed the 12-month training program and were compared to 22

matched controls whereas, 29 exercisers and 20 controls participated in the six-

month detraining period. Bone mineral density (BMD) at the greater trochanter,

femoral neck, lumbar spine and whole body and body composition (% body fat)

were measured by dual energy x-ray absorptiometry (1-lologic QDR- 10001W). Knee

extensor and hip abductor strength were assessed via isokinetic dynamometry (Kin-

Com 500H), maximum leg power was tested using a Wingate Anaerobic Power test,

and dynamic postural stability was measured on a stabilometer (Biodex). All

measurements were conducted at baseline, 12, and 18 months with an additional

mid-training measurement of BMD. Exercisers trained three times per week in a

program of 100 jumps and 100 repetitions of resistance exercises at each session.

Intensity was increased using weighted vests to final values of 10% and 13% of

body weight for jump and resistance exercises, respectively. Statistical analyses

were performed on those women with complete data sets for the entire 18-month

study. Differences between groups on dependent measures over the training period

were analyzed by repeated measures ANOVA. Detraining effects were analyzed by

comparing the changes from training to the changes from detraining using repeated

measures ANOVA. Baseline values were not significantly different between



exercisers and controls. Percent change over the training period was greater in the

exercise group than controls at the greater trochanter (2.7%±2.5% vs.

O.80%±O.82%, respectively; p<O.Oi) and there was a trend for greater increases in

femoral neck BMD in exercisers versus controls (1.2%±3.2% vs. 0.3±1.9%,

respectively; pO.O56). Significant improvements were also observed in exercisers

versus controls for strength and power with exercisers increasing 13%-i 5% above

controls, while intervention-related changes in postural stability were not different

between groups. Following six months of detraining, BMD and muscle strength and

power decreased significantly toward baseline values, while control values did not

change. We conclude that the positive benefits of impact plus resistance training on

the musculoskeletal system in premenopausal women reverse when training is

withdrawn. Therefore, continued training, perhaps at a reduced frequency and

intensity, is required to maintain the musculoskeletal health benefits from jump and

resistance exercise training.
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Introduction

The approximate 1.5 million osteoporosis-related fractures that occur each

year in the U.S. carry a significant health and economic burden (Melton et al.,

1997). Hip fractures result in the most severe consequences with respect to

morbidity, mortality and financial cost (World Health Organization technical report,

1994). Low bone mineral density (BMD) at the hip increases the risk of fracture,

and it is estimated that each one standard deviation decrease in BMD increases

fracture risk by 10% (Cummings et al., 1993). However, the majority of reported

hip fractures are not caused by low bone mineral density alone, but rather result

from injury associated with a fall (Greenspan et al., 1994b). Thus, the combination

of low bone mass and a propensity to fall significantly increase the fracture risk

profile of an individual. Poor lower extremity strength and power and instability

are independently associated with increased fall risk (Drinkwater et al., 1995;

Myers et al., 1996). As individuals age, declines in bone mineral density, muscle

mass, and physical function are observed (Geusens et al., 1986; Riggs et al., 1986).

However, age-associated declines may be partly attributed to accompanying

reductions in habitual physical activity, as inactivity, immobilization, and bed rest

also lead to significant musculoskeleta! and functional decrements (Baldwin et al.,

1996). There is limited evidence that engaging in activities that apply high loads to

the musculoskeleta! system may reverse or slow these physiological and functional

declines (Nelson et al., 1994; Kohrt et al., 1997).



Activities that impart moderate to high loads and high loading rates have

been shown to build bone and muscle mass and strength in pre- and

postmenopausal women (Nelson et al., 1994; Bassey & Ramsdale, 1994; Bassey et

al., 1998; Heinonen et al., 1996a; Lohman et al., 1995). In premenopausal women,

activities with an impact component, i.e., high loading rate, such as jumping alone or

in combination with aerobic step exercise, increased hip BMD, vertical jump ability

and cardiovascular fitness (Bassey & Ramsdale, 1994; Bassey etal., 1998;

Heinonen et al., 1 996a), while high-intensity resistance training improved both hip

and spine BMD and muscle mass and strength (Lohman et al., 1995; Snow-Harter

et al., 1992). However, no study has investigated the effect of combined impact

(jump) and resistance exercise on multiple risk factors for hip fractures (hip BMD,

lower extremity strength and power, and stability) in mature (> 30 years)

premenopausal women. Moreover, few studies incorporate the principles of

specificity, overload and reversibility of exercise training in intervention trials. Yet,

demonstration of the principles of training in intervention work increases the

probability of a favorable outcome and the credibility of study findings. Two

reports in young, premenopausal women examined the effects of unilateral upper or

lower extremity training and detraining on limb-specific strength and BMD

(Heinonen et al., 1 996b; Vuori et al., 1994); however, neither demonstrated a

training effect. The only reported exercise training and detraining study in

postmenopausal women demonstrated that the training-related gains in BMC were

not maintained after detraining (Dalsky et al., 1988). However, the effects of
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training and detraining on other risk factors for fracture, such as low strength,

power and stability, have not been examined.

Thus, in our 12-month impact (jump) plus resistance training and

subsequent six-month detraining program we asked the following research

questions: 1) will one-year of high impact and resistance training result in significant

improvements in hip BMD, lean mass, strength, power, and stability in mature

premenopausal women? and, 2) will exercise training-related gains in BMD, lean

mass, strength, power, and stability reverse when the exercise stimulus is

withdrawn?

Materials and methods

Subjects

Premenopausal women between 30 and 45 years of age were solicited to

volunteer in the 18-month exercise training and detraining program. Initially, 110

women responded to local newspaper and electronic mail announcements. Of the

original 110 respondents, 62 were excluded for one or more of the following

reasons: history of chronic disease known to affect bone metabolism or exercise

capacity, current use of medications known to affect bone mass (e.g., synthroid,

prednisone, alendronate), percent body fat> 40%, smoking, breast feeding,

intention to become pregnant within the next year, irregular menstrual cycles,

regular participation in high-intensity resistance training or in activities including
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high-impact movements (e.g., volleyball, basketball) (Appendix A). After initial

screening, 46 women were eligible; however, at training onset, five women decided

not to participate in the training program and 41 women began the 18-month study.

Reasons for not beginning the training program were as follows: relocation (n1),

disinterest in study (n= 1), diagnosis of fibromyalgia (n= 1), physician concern over

pre-existing orthopedic problems (n=2).

An additional group of women were recruited as controls, and were matched

to the exercise group on age, body weight and BMD. Controls were recruited in a

similar manner as the exercise group and resulted in 45 initial respondents. The

aforementioned exclusion criteria and matching restrictions were used to screen

women for entry into the control group, and 24 women were recruited. The Oregon

State University Institutional Review Board approved the study (Appendix B) and

all subjects provided written informed consent (Appendix C).

The training and detraining programs

Exercise participants were asked to attend three exercise sessions per week

with at least one day of rest between sessions. Classes were held on the Oregon

State University campus. If participants could not attend all three classes on

campus due to travel or other constraints, they were given an at-home training

program to complete for missed sessions. Training sessions completed at-home

were included in the final calculation of program compliance. The training program

consisted of 100 jumps and 100 repetitions of lower body resistance exercises. A
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variety of jumping routines were used to prevent monotony in training. Jumps

were performed off the ground, off 12-inch wooden boxes, in the forward and side

directions, and in single or double-leg stances. In general, each session consisted of

equal repetitions of the following types ofjumps: two-footed jumps off the ground,

two-footed jumps onto and off of a 12-inch wooden box, two-footed side-to-side

hops and one-footed hops. Subjects performed the jumps on 2-inch gymnastics

mats and were instructed to jump with shoes off and to land flat-footed with

approximately 30 degrees of knee flexion. Pilot data, collected in the laboratory,

generated ground reaction forces of 4-5 times body weight for jumps and are

categorized as high-intensity exercise. We define high-intensity activities as those

that produce forces greater than four times body weight (Witzke & Snow, in press).

Lower body resistance exercises (squats, lunges, and calf raises) were

performed immediately following the jump exercise. Squats were performed in a

wide-stance to 90 degrees of knee flexion, lunges were performed in the forward,

side and backward directions to 90 degrees of knee flexion in the lead leg, while calf

raises were performed off the toes to slightly less than 90 degrees of plantar flexion.

Intensity for both jump and resistance exercise was increased using weighted vests

and calculated as a percentage of body weight (%BW), such that each woman had

the same relative intensity. Jump and resistance intensity were increased over the

first ten months at rates of 1% BW/month and 1.25% BW/month, respectively and

remained at 1 0%BW for jumps and 1 3%BW for resistance exercises during the final



two months. Women recorded their training on individual logs kept in the exercise

room and also maintained records of physical activities performed outside of class.

Following the conclusion of the training program, subjects in the exercise

group were asked to discontinue participation in exercise training for six months.

Women were encouraged to maintain other normal activities and dietary regimens

that they had followed during the training program. Control subjects were also

followed during the detraining program and were asked to maintain their usual

activity and dietary habits.

Measurements:

Tests were performed at baseline (month 0), post-training (month 12) and

post-detraining (month 18) on all dependent measures. An additional measurement

of BMD was made at the midpoint of training (month 6) to assess the time-course

of the bone response to training. The same individual conducted all tests, thus

eliminating error associated with multiple testers.

Anthropometric Indices

Height and weight were measured with subjects in regular dress clothing, but

without shoes. Standing height was measured to the nearest 0.5 cm using a wall-

mounted stadiometer. Body weight was measured on a digital scale to the nearest

0.1 kg.
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Bone mineral density and body composition

Bone mineral density (BMD: g/cm2) of the greater trochanter, fernoral neck,

lumbar spine (L2-L4), and whole body was measured via DXA (Hologic QDR 1000-

W, software version 4.74). Lean and fat masses were determined from whole body

scans. The same individual conducted all scans and analyses. For this experiment,

within-study coefficients of variation (CV) were determined on a sub-sample of

women similar to our study population and, are <1.0% for hip and spine measures

and <1.5% for whole body and body composition measures.

Lower extremity strength

Knee extensor and hip abductor strength were assessed via isokinetic

dynamometry (Kin-Corn 500-H, Chattex, TN). All strength values were corrected

for the effect of gravity on the limb in the horizontal position. This instrument has

been shown to provide valid and reliable estimates of muscle strength (Farrel &

Richards, 1986) and our within-study CV is <4%.

Subjects performed three to five trials prior to each maximal effort for

warm-up and to ensure proper positioning. Each subject was then instructed to

perform at least three maximal efforts until no further increases in strength were

observed. A one-minute rest period was allowed between successive trials and

most subjects reached peak effort on the third trial. Both strength tests were

performed at a rate of 30 degrees per second to provide the optimal velocity for

peak force development. For assessment of knee extensor strength subjects were in



a seated position where full leg extension was set at 180 degrees and the range of

movement was from 85 to 150 degrees. To measure hip abductor strength, subjects

lay on their left side where horizontal placement of the tested limb parallel to the

table was set at 0 degrees and the range of movement was from -5 to 30 degrees.

Peak leg power

Muscular power (Watts) of the legs was assessed using a modified version

of the Wingate Anaerobic Power Test on a Monark bicycle ergometer (Varberg,

Sweden). The test consisted of a 3-5 minute warm-up period of low-intensity

cycling at 60-70 rpm, followed by 15 seconds of maximal pedaling against a

resistance set at 7.5% of body weight (Dotan & Bar-Or, 1983). The highest value

obtained during the 15-second trial was taken to reflect peak leg muscle power. The

Wingate test has been shown to be a valid and measure of muscular power in

younger women (Jacobs et al., 1982) and our within-study CV for maximal power

is <4%.

Dynamic postural stability (balance)

The ability of subjects to balance themselves for 30 seconds on an unstable

surface was tested using a stability platform (Biodex Medical Systems, NY).

Values are expressed in terms of the Stability Index, a unit-less measure that

represents the variance of platform displacement in degrees from level. A higher

number is indicative of less motion control and thus poorer postural stability. The

test protocol consisted of the following three sets of trials: 1) a single positioning
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trial in which subjects self-selected a foot position which felt most stable on the

unsteady platform. Subjects kept this foot positioning for the practice and test

trials; 2) two practice trials in order to negate learning effects; and, 3) two test trials,

which were averaged to yield the stability measure used in subsequent analyses.

During the practice and test trials subjects were instructed to keep the platform as

steady as they could without using the handrails for assistance. Subjects had visual

feedback where they attempted to keep a cursor that tracked their movements in

the center of a target displayed on a screen in front of them. The within-study CV

for this measure is <10%.

Nutritional analyses

Macro- and micronutrient intake was assessed from three-day self-reported

food intake records. Subjects were instructed to record the type and amount of all

food and drink consumed over three consecutive days, including two weekdays and

one weekend day. Daily consumption of total energy (kilocalories), carbohydrate

(g), protein (g), fat (g), and calcium (mg) was estimated using the Food Processor II

nutrient analysis software program (Version 2.2; Salem, OR).

Statistical analysis

Data shown are for those subjects with complete data sets for the entire 18-

month study. All values are expressed as means ± standard deviation, except

Graphs 1-3 where data are expressed as mean ± standard error of the mean.

Dependent measures were examined to determine whether they met the



assumptions of normality, linearity and homogeneity of variance. Statistical

analyses of the training and detraining data were conducted and interpreted

separately. However, graphical representation of bone data includes all four

measurement points (Figs 3.1 & 3.2). Training effects were assessed using a

between-within subjects design, whereas detraining effects were evaluated using a

within subjects design for each group separately. Initial differences between groups

were determined using unpaired t-tests. For the training period, between and within

group differences were evaluated by separate repeated measures ANOVA on the

pre- and post-training values for each dependent measure separately. Linear trend

analyses were also conducted on 0, 6 and 12 month data for BMD measures to

examine the time-course of the bone response to exercise training. For the detraining

analyses, training differences on measured variables in the exercise group were

compared to detraining differences on measured variables using repeated measures

ANOVA. Control group data were analyzed in a similar manner to compare

changes during the same periods. This approach best isolated the effect of

detraining since the length of the training and detraining periods differed. All

statistical analyses were performed with the SPSS statistical software program,

version 9.0 with a two-tailed significance criterion set at p=O.05.



Results

Subjects

Forty-one women participated in the training program and thirty-three

women completed twelve months of exercise (retention = 82%). Reasons for

dropping out of the exercise program were as follows: aggravation of preexisting

orthopedic problem (n=3), relocation outside of study area (n=1); pregnancy (n1);

disinterest (n=2); time constraints (n= 1). Twenty-nine exercisers were available for

re-testing at the conclusion of the detraining period; two women had lost interest in

the study and two women had relocated during detraining. Twenty-four women

were recruited as matched controls and twenty completed the 18-month control

period (retention = 83%). Four women in the control group relocated before the

final measurement period and thus their data were not included in final analyses.

Baseline data on dependent measures between those who completed the study and

those who withdrew were not significantly different.

Subjects were mature premenopausal women of average height, weight and

body composition. Mean bone mass values were 1-6% higher than age-matched

referents supplied by the DXA manufacturer. Reference data were not available on

performance measures thus comparisons of mean values from our sample against a

larger population were not possible. Daily intake of total energy and calcium were

adequate in both groups and percentages of calories consumed from carbohydrate,

protein and fat were typical of a Westernized diet. Independent group t-tests

indicated no significant differences between exercise and control groups at baseline
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for anthropometric, dietary, or dependent measures (Table 3.1). Additionally,

nutritional intake remained similar over time across groups.

Bone mineral density

Within groups, exercisers significantly increased BMD at the greater

trochanter, femoral neck and whole body; whereas, controls significantly increased

BMD only at the greater trochanter (Fig. 3.1; Table 3.2) though their magnitude of

the increase was within measurement error. Between groups, the increase in

trochanteric BMD in the exercise group was significantly greater than the increase

in controls (p = 0.005); however, a trend for higher BMD was observed at the

femoral neck (p=O.O56) and whole body (p0.089). Linear trend analyses of 0, 6

and 12 month data from the exercise group detected continuous increases over time

for trochanter, femoral neck and whole body BMD.

After six months of detraining, femoral neck BMD in the exercise group was

significantly lower compared to post-training values (Fig. 3.1; Table 3.3). At all

bone sites, the rates of loss over detraining were significantly different from the

rates of gain over training. Over the same detraining period, controls demonstrated a

significant increase in lumbar spine BMD and no change in BMD at other sites.
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Table 3.1: Baseline characteristics of subjects (means ± standard deviation).

Characteristic
Exercise (N=29)

X ± SD
Control (N20)

X ± SD
Age(yr) 39.6 ±4.2 40.5 ±3.3
Height (cm) 166.9 ±6.0 166.7±6.3
Weight(kg) 64.8 ±9.5 63.3 ±9.1
% Body fat 27.5 ± 4.4 25.4 ± 6.5
BMD (g/cm2)

Whole body 1.095±0.115 1.107±0.063
Greater trochanter 0.690 ± 0.096 0.708 ± 0.067
Femoral neck 0.8 17 ± 0.102 0.824 ± 0.079

Lumbar spine 1.073±0.116 1.107±0.121
Knee extensor strength (kg) 46.4 ± 9.0 46.6 ± 8.5

Hip abductor strength (kg) 28.5 ± 6.1 27.6 ± 4.8
Maximal leg power (watts) 378.5 ± 94.7 351.5 ± 78.6
Stability Index (SI) 7.5 ± 2.8 6.5 ± 2.7
Total energy intake (kcal/d) 1770 ± 449 2027 ± 365
Carbohydrate(g!d) 248± 66 278± 71
Protein(g/d) 66±21 76± 13
Fat(gld) 60±23 71±23
Calcium (mg/d) 826 ± 296 1045 ± 295

Muscle strength, leg power and postural stability

Significant increases in lower extremity strength and power over the training

period were observed within the exercise group (Table 3.2). However, compared to

controls, significant differences were found only for knee extensor strength and leg

power (Table 3.2; Fig. 3.2). Relative to changes in controls, exercisers increased

knee extensor and hip abductor strength by 15% and leg power by 13% (Figure



52

3.2). Improvements in postural stability in exercisers were twice that of controls

(24 % vs. 12%), but the difference between groups was not statistically significant

(p=.098).

Over the six-month detraining period, the exercise group exhibited decreases

of 8% in knee extensor and hip abductor strength and of 18% in leg power which

were significantly different from post-training values as well as the gains achieved

with training (Table 3.3; Figure 3.2). For controls, changes in strength during the

six-month detraining period were not significantly different from changes over the

first twelve months, but changes in power were significantly different between the

two periods. For both exercisers and controls, postural stability did not change

during detraining.

Body composition

Body composition improved significantly over the training period in exercisers,

but did not change in controls over the same time frame (Table 3.2; Table 3.3). In

exercisers, lean mass increased (+1.0 kg) and fat mass decreased (-0.9) resulting in

an overall decrease in percent body fat (-1.5%) whereas, controls maintained body

composition. During the detraining period, body fat significantly increased in the

exercise group (+1.5%), but did not change in controls.
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Table 3.2: Changes in anthropometric and performance measures following exercise
training. Training effects within and between (b) groups were analyzed by
repeated measures ANOVA.

Exercisers (N=29) Controls (N=20)

Pre-training Post-training Pre-training Post-training
Characteristic X ± SD X ± SD X ± SD X ± SD

Bone Mineral Density

Greater trochanter

Femoral neck

Lumbar spine

Whole body

0.690 ± 0.096 0.7 13 ± 0.094' 0.708 ± 0.067 0.722 ± 0.066a

0.8 17 ± 0.102 0.838 ± 0.107a 0.824 ± 0.079 0.837 ± 0.09 1

1.073±0.116 1.089±0.118 1.107±0.132 1.115±0.126

1.095 ± 0.115 1.107 ± 0.063a

Knee extensor strength (kg) 46.4 ± 9.0 54.4 ± 11.5ab

Hip abductor strength (kg) 28.5 ± 6.1 36.0 ± 7.8a

Maximal leg power (watts) 378.5 ± 94.7 469.0 ± 86.1

Stability Index (SI) 7.5 ± 2.8 5.5 ± 2.5a

% Body Fat 27.5 ± 4.4 26.0 ± 5.lab

1.100 ± 0.052 1.104 ± 0.058

46.6 ± 8.5 49.5 ± 8.9

27.6 ± 4.8 32.8 ± 5.6k

351.5 ± 78.6 413.3 ± 82.8a

6.5 ± 2.7

25.1 ± 6.2
a = post-training value significantly different from pre-training value, p<O.O5

= exercise group significantly different from controls, p<O.OS

5.9 ± 2.7a

25.9 ± 5.9
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Table 3.3: Changes in anthropometric and performance measures following
detraining. Detraining effects were evaluated within groups by comparing
detraining values to post-training values and change over the training period to
change over the detraining period (b) using repeated measures ANOVA.

Exercisers (N=29) Controls (N=20)
Post- Detraining Post- Detraining

training training
Characteristic X ± SD X ± SD X ± SD X ± SD

Bone Mineral Density

Greater trochanter 0.708 ± 0.095 0.702 ± 0097b 0.7 13 ± 0.066 0.709 ± 0.062

Femoral neck 0.825 ± 0.102 0.8 12 ± 0107a,b 0.822 ± 0.077 0.82 1 ± 0.077

Lumbar spine 1.080 ± 0.112 1.077 ± 0.118 1.109 ± 0.110 1.111 ± 0.119

Whole body 1.100 ± 0.075 1.096 ± 0085b 1.100 ± 0.058 1.096 ± 0.056

Knee extensor strength (kg) 54.9 ± 10.7 51.2 ± 8.8 49.2 ± 8.9 49.4 ± 7.5

Hip abductor strength (kg) 36.4 ± 7.8 33.0 ± 5.6' 32.9 ± 5.6 31.5 ± 6.7

Maximal leg power (watts) 466.8 ± 86.1 387.1 ± 106.6 400.2 ± 82.8 374.4 ± 783b

Stability Index (SI) 5.5 ± 2.5 5.4 ± 2.4 5.6 ± 2.7 5.6 ± 24b

% Body Fat 25.3 ± 5.1 26.4 ± 5.la 26.1 ± 5.9 25.8 ± 7.0
a = detraining value significantly different from post-training value, p<O.O5
b = change over detraining period significantly different from change over training period, p<O.OS
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Figure 3.1: Percent changes in bone mineral density across training and detraining
periods. (mean ± standard error) at the A) greater trochanter; B) femoral neck; C)
lumbar spine; and, D) whole body.
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Figure 3.2: Percent changes in performance measures across training and detraining
periods. (mean ± standard error) for A) knee extensor strength; B) hip abductor
strength; C) leg power; and, D) dynamic postural stability.
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Discussion

Twelve months of impact plus lower body resistance exercise significantly

increased trochanteric and femoral neck BMD (2.5% and 1.2%, respectively),

though only changes at the trochanter were significantly different from controls.

Additionally, the training program improved lower extremity strength and power,

and body composition when compared to controls. Although an effect was observed

on postural stability in the exercise group, the increase was not significantly different

from controls. Following a six-month withdrawal of the exercise stimulus

(detraining), BMD returned toward baseline values, as did muscle strength and

power, demonstrating the reversibility of exercise training on the musculoskeletal

system.

This study has several strengths. The exercise training program was

specifically designed to reduce multiple risk factors for hip fractures by combining

impact and resistance exercise into a single training protocol. Kohrt et al. (1997)

reported that exercises that produce ground reaction forces, such as running or

walking, best increase BMD while exercises that produce joint reaction forces, such

as resistance training, best improve lean body mass and strength in postmenopausal

women. They further suggested that a comprehensive program of combined

exercise may yield optimal reductions in fracture and fall risk and ours is the first to

examine this type of intervention in mature premenopausal women. Furthermore,

the intervention adhered to the training principles of specificity, overload and

reversibility. To our knowledge, we are the first to include and evaluate these

components of training in studies of risk factors for osteoporotic fractures. The

program was specific to the lower extremities, achieved overload via the use of



weighted vests and increased ground reaction forces (jumps), and withdrew the

stimulus to study reversibility. The detraining component in our study also yields

an estimate of rates of decline when exercise discontinues. Also important are the

good compliance (75%), low attrition (20%) and small occurrence of minor injuries

with training. The training program was enjoyed by participants, took less than 30

minutes to complete, and included simple movements that could easily be

performed at home.

The limitations of this study must also be mentioned. Ours was not a

randomized trial, as participants were initially recruited to participate in the training

program and then a matched control group was selected. While baseline data did

not differ between groups, we cannot ensure that selection bias did not occur.

However, a tradeoff to non-randomization may have been gained with better

program adherence and compliance, as randomized trials often suffer 40-50%

attrition that may reduce statistical power (Lohman et al., 1995; Gleeson et al.,

1990; Rockwell et al., 1990). Additionally, the length of our detraining period was

half that of our training period, thus the full extent of detraining may be

underestimated; however, we are able to examine short-term effects. Furthermore,

approximately half (14 out of 29 women) of the exercise group included in

detraining analyses continued to participate in community or home-based exercise.

No study subject continued jumping exercise, but the community fitness classes

consisted of resistance exercise of less intensity than the research program and with

emphasis on the whole body. Exercise participants who did not fully comply with

the detraining guidelines may have attenuated the observed changes in performance
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parameters from detraining. Nevertheless, a detraining effect was clear, indicating

the effectiveness of our program. In addition, our ability to determine the relative

contributions ofjump or lower extremity resistance exercise to the gains in BMD is

precluded by our study design. Previous studies have debated whether ground

reaction or muscle forces during jump exercise contribute most to gains in BMD

(Kohrt et al., 1997; Bassey et al., 1998). Our study combined exercise with both

impact and muscle forces, therefore, we cannot discern between the two. However,

our intent was to develop a practical program to reduce fracture risk and not to

determine the mechanism of the observed changes. Finally, as our program examined

the effects of exercise training and detraining on multiple risk factors for fracture,

several statistical tests were performed. This situation has the potential to inflate

Type I error, though our significance levels were all less than pO.Ol thus, we are

confident that our findings reflect true differences between groups which can be

attributed to exercise training.

As previously reported, impact exercise via jumping, has been shown to be

osteogenic at the trochanter and the femoral neck (Bassey & Ramsdale, 1994;

Bassey et al., 1998; Heinonen et al., 1996a). The trochanter appears to respond

more quickly to loading exercise and significant increases are observed within 5-12

months (Bassey & Ramsdale, 1994; Bassey et al., 1998; Lohman et al., 1995),

whereas the femoral neck appears to require a longer stimulus period (18 months)

to note significance compared to controls (Bassey et al., 1998; Heinonen et al.,

1996a). Our data corroborate those of Bassey et al. (1998), where both trochanteric

and femoral neck BMD increased in response to jump exercise, but the response at



the femoral neck was slower compared to the trochanter. Additionally, we

observed significant linear increases at both the femoral neck and trochanteric

regions suggesting that lengthening the training program might further increase

BMD at the femoral neck above controls while trochanteric BMD might also

continue to improve. The reversal of gains in hip BMD after six months of

detraining confirms the effectiveness of the training program. Both femoral neck

BMD and trochanteric BMD approached baseline levels after half the time spent

training. Thus, training withdrawal appears to have a potent effect on bone loss.

As secondary outcomes, we evaluated training and detraining effects on

lumbar spine and whole body BMD. As expected, BMD remained near baseline

levels at these sites in both exercisers and controls over the training and detraining

periods. Attenuation of reaction forces from jump exercise by the landing surface

of the foam gymnastics mat and surrounding soft tissues of the lower extremity

likely prevented delivery of forces with sufficient magnitude to affect the lumbar

spine. While Heinonen et al. (1 996a) reported significant changes at the lumbar

spine from high-impact stepping routines, this type of dance exercise incorporates

the trunk and upper body, producing torque about the spinal column sufficient to

stimulate osteogenesis. Resistance exercise has also been found to increase spine

BMD in premenopausal women (Lohman et al., 1995; Gleeson et al., 1990), but

successful interventions included upper body exercises, whereas our program was

specific to the lower body. Furthermore, these resistance training studies

supplemented subjects with 500 mg/day of elemental calcium. An interactive effect

of calcium and physical activity in premenopausal women has been suggested
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(Kanders et al., 1988; Uusi-Rasi et al., 1998), thus the effects of calcium on

observed changes in spine or hip BMD may confound attributions of bone changes

to resistance exercise. Although we observed significant differences at the lumbar

spine in controls between periods, the percent changes were within our reported

machine error, and thus were not meaningful.

We report positive changes in risk factors associated with falling.

Specifically, lower extremity strength and power increased compared to controls,

and both measures are independently associated with falls (Drinkwater et al., 1995;

Myers et al., 1996). Neither jump training study of Bassey et al. (1994; 1998) nor

Heinonen et al. (1 996a) produced improvements in strength; however Heinonen et

al. (1996a) did report a 20% improvement in leg power as assessed by vertical jump

test. On the other hand, resistance training studies have demonstrated

improvements in strength ranging from 14%-34% when measured by similar

methods as the present study (Lohman et al., 1995; Heinonen etal., 1996b;

Hawkins et al., 1999), but these studies did not measure leg power. The combined

effects ofjump plus resistance training in the present study produced increases in

both strength and power of the lower extremities, similar in magnitude as reported

by others. Decreases in both lower extremity strength and power among the

exercise group following detraining confirm the positive training effect on these risk

factors for falls. Strength and power declined nearly 50% after six months of

detraining. If these decreases are extrapolated to the equivalent time spent training,

values would decrease near or below pre-training levels. However, the effect of



stimulus withdrawal on the muscular system was not as potent as it was on the

skeletal system.

Postural stability within the exercise group increased significantly from

training and increases were nearly twice that of controls; however, changes between

groups were not significantly different as were observed with strength and power.

Since poor stability is associated with an increased risk of falls, and strength and

power are related to stability, we hypothesized that the resistance component of

the program would result in significant increases in postural stability and declines

with detraining. However, stability did not decrease toward baseline in the exercise

group following detraining, but rather remained near post-training levels. Since our

stability measure had a large coefficient of variation and both groups demonstrated

wide variability in baseline and post-training scores, particularly controls, the

power to detect differences between groups was low, even though the

improvements in the exercise group were nearly twice that of controls (24% vs.

12%). Furthermore, the plateau in stability scores following detraining suggests

that a learning effect may have occurred over time. Despite efforts to account for

such a phenomenon by conducting multiple trials, the plateau in scores in both

groups, and subjective impressions of the research staff, indicate that subjects

remembered adjustments to improve scores at successive testing sessions.

Furthermore, stability is a trait-dependent task and is thus difficult to unlearn. To

our knowledge, only one other intervention to evaluate exercise effects on fracture

risk in premenopausal women has measured dynamic balance. Heinonen et al.

(1996a) reported that step and jump training significantly improved dynamic
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balance, as measured from a figure of eight run test, though improvements were

small (0.3 second improvement (5%)), the coefficient of variation for this measure

was not reported, and the significance value (p=O.08) was greater than the a priori

level set by the researcher (p <0.05). The appropriateness of the figure-of-eight run

as a valid measure of dynamic stability is questionable, and may rather be a better

measure speed and agility, factors unrelated to falls. Our study used a valid measure

of stability (Guskiewicz & Perrin, 1996), demonstrated significant improvements

outside of our reported coefficient of variation, but had large variability and low

power thus preventing conclusive statements regarding the effectiveness of our

program to improve stability.

Body composition improved significantly in the exercise group due to both

an increase in lean body mass and a decrease in fat mass. Numerous studies have

shown that resistance training improves body composition by increasing lean body

mass, while the increased caloric expenditure from physical activity may also

reduce body fat (Dolezal & Potteiger, 1998; Tracy et al., 1999; Hans et al., 2000).

When the exercise group stopped training, percent body fat returned to baseline

levels confirming the ability of our training program to improve body composition.

As advancing age and associated reductions in physical activity result in a

myriad of physiological and functional declines, our training program could provide

an effective and well-tolerated means for offsetting these changes. The training

program was enjoyable, safe, time-efficient, and adaptable for at-home exercise.

Increases in lean mass and reductions in body fat from resistance training reduce the

risk of metabolic and cardiovascular disease and promote self-confidence and



positive self-image (Tsutsumi et al., 1997). Improved strength and power reduce

the risk of falling and improve physical function. Equally important, increases in

trochanteric bone mass from jumping exercise may reduce the risk of osteoporosis

in later life and the occurrence of related fractures. From estimates of

premenopausal bone loss at the trochanter of 0.6%/year, simply maintaining BMD

between the ages of 40 (the average age of our subjects) and 50 (the average age of

menopause) would result in a 6% higher BMD prior to menopause (Baran, 1994).

If women in our exercise group maintained the 2.5% gain in trochanteric BMD by

continuing to exercise, this would elevate BMD nearly 9% prior to menopause.

Since trochanteric fractures carry considerably higher morbidity and mortality than

fractures of the femoral neck or vertebrae (Greenspan et al., 1 994a), improvements

at the trochanter may have a stronger influence on extending the quality and

quantity of life. Thus, one year ofjump plus resistance training during

premenopausal adult years may prevent or delay the development and progression

of osteoporosis and other chronic diseases; however, the protective effect of

exercise is dependent upon the establishment of lifetime activity habits.
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CONCLUSION

As the aging population across the world represents an increasingly greater

fraction of our society, chronic diseases including osteoporosis are reaching

pandemic proportions. In the United States alone over $13.8 billion was spent in

1995 for the care of fractures related to osteoporosis, more than half of that

expenditure covered treatment for hip fracture. By the age of 65 years, only one of

nine women will have normal bone mass and one in three will have osteoporosis.

After the age of 80 years, 70% of women will have osteoporosis. Within their

lifetime, nearly half of all women will have a hip, forearm or clinically apparent

vertebral fracture. Hip fractures result in the most severe consequences with respect

to morbidity, mortality and financial cost (Greenspan et al., 1994b). Low bone

mineral density (BMD) at the hip increases the risk of fracture, and it is estimated

that each 1 standard deviation decrease in BMD increases fracture risk 10%

(Cummings et al., 1993). However, the majority of reported hip fractures are not

caused by low bone mineral density alone, but rather result from injury associated

with a fall (Greenspan et al., 1994a). Thus, the combination of low bone mineral

density and a propensity to fall significantly increase the fracture risk profile of an

individual.

The need to develop prevention strategies to lower the risk factors related to

osteoporotic fractures is clearly evident. Women in their premenopausal years who

regularly participate in such a program may significantly reduce their risk of

fracture prior to menopause, since fracture incidence increases considerably in later



years. Furthermore, implementing such a program in a premenopausal population

may afford the greatest long-term protection osteoporotic fracture in later years, as

earlier development and continuation of regular physical activity habits increases

the time for optimization and maintenance of resultant benefits. Simply offsetting

age-related changes in BMD, muscle mass, strength, power and stability can reduce

fracture risk, while improvements in these factors may significantly delay or

prevent fractures, altogether. Thus the aim of our study was two-fold, 1) to

identify anthropometric and performance variables which are associated with BMD

and stability in premenopausal women and, 2) to evaluate the effects of a

comprehensive exercise intervention specifically designed to reduce risk factors for

osteoporotic fractures.

Analysis of the initial data from our cohort of premenopausal women

indicate that lean mass and lower extremity muscle strength and power are strong,

independent predictors of BMD at clinically relevant fracture sites. Specifically,

lean mass was the only significant predictor of BMD at the whole body and

femoral neck, while hip abductor torque best predicted trochanteric bone mass and

added to the prediction of total femur BMD. Leg power was the only predictor of

lumbar spine BMD, even when including lean mass in the regression model. By

contrast, greater fat mass predicted poor performance on measures of dynamic

balance with lean mass contributing to only a small proportion of the variance.

Neither strength nor power predicted postural stability.

These data suggest that an integrated exercise training program that
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incorporates exercises to build muscle mass and strength and to decrease fat mass

could increase BMD and reduce fall risk. While strength and power were not

associated with stability in this cross-sectional analysis, improvements in these

parameters should also be a goal of a comprehensive intervention, since poor

strength and power are associated with increased fall risk, independent of stability

(Myers et al., 1994). Additionally, maintenance of normal weight and body

composition may reduce instability and thus, fall risk.

Our subsequent training program was specifically designed to reduce

multiple risk factors for fractures by combining impact and resistance exercise into a

single training protocol. Our twelve-month jump and resistance exercise program

significantly improved trochanteric BMD, lower extremity strength and power, and

body composition in mature premenopausal women. We also demonstrated that

these reductions in risk factors for osteoporotic fractures may be lost if training is

no longer continued. In fact, only a six-month withdrawal of the exercise stimulus

returned BMD, strength and power, toward baseline values.

As advancing age and associated reductions in physical activity result in a

myriad of physiological and functional declines, the data gathered from this study

offers important information for preventive strategies. Our training program could

provide an effective and well-tolerated means for offsetting musculoskeletal

decrements which increase in the risk of osteoporotic fractures and other chronic

diseases. The training program was enjoyable, safe, time-efficient, and adaptable for

at-home exercise. Increases in lean mass and reductions in body fat from resistance
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training reduce the risk of metabolic and cardiovascular disease and promote self-

confidence and positive self-image (Tsutsumi et al., 1997). Improved strength and

power reduce the risk of falling and improve physical function. Equally important,

increases in trochanteric bone mass from jumping exercise may reduce the risk of

osteoporosis in later life and the occurrence of related fractures. If women in our

exercise group maintained their 2.5% gain in trochanteric BMD by continuing to

exercise, this would elevate BMD nearly 9% prior to menopause. Since

trochanteric fractures carry considerably higher morbidity and mortality than

fractures of the femoral neck or vertebrae (Greenspan et al., 1 994b), improvements

at the trochanter may have a stronger influence on extending the quality and

quantity of life. Similar estimates can be made for the training gains in strength and

power, which may improve function in activities of daily living and reducing fall

risk in later years. Thus, one year of jump plus resistance training during

premenopausal adult years may prevent or delay the development and progression

of osteoporosis and other chronic diseases; however, the protective effect of

exercise is dependent upon the establishment of lifetime activity habits.
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APPENDIX A

OREGON STATE UNIVERSITY BONE RESEARCH LABORATORY
Health History Questionnaire

Last name First name Middle Date of birth

Address, street City, State

phone work/home email address Occupation

Weight pounds Height ____ft inches

Please list your present medications and dosages (include birth control pills/vitamins):

PAST HISTORY (Check if yes) FAMILY HISTORY (Check if yes)
Have you ever had? Have your grandparents, parents or siblings had?

High cholesterol Diabetes
Rheumatic fever Heart attacks
Heart murmur High blood pressure
High blood pressure High cholesterol
Heart trouble Congenital heart disease
Disease of arteries Heart operations
Varicose veins
Lung disease Other______________________________
Operations
Back injury
Other musculoskeletal injury or problems
Date of last medical exam?
Epilepsy
Physician:
If yes to any of the above, please explain

Which describes your racial/ethnic identify? (Please check all that
apply)

White, European American, Non Hispanic African or African American
Asian, Asian American Pacific Islander
Black, African American, Non Hispanic Hispanic of Latino American
Middle Eastern or Middle Eastern American American Indian or Alaskan Native
If none of the above choices apply to you, please use your own description:

Decline to respond



PRESENT SYMPTOMS REVIEW (Check if yes)

Have you recently had?

Chest pain Other_
Shortness of breath
Heart palpitations
Cough on exertion
Coughing blood
Back pain
Painful, stiff or swollen joints

HEALTH HABITS
Smoking YES
Do you smoke?
Cigarettes
Cigar
Pipe

NO

How many/day?
How many/day?
Times/day?

If you have quit smoking, when did you quit?

How many years?
How many years?
How many years?

How many yrs did you smoke?

Alcohol Consumption
Do you drink alcohol daily? Y N (circle one) If yes, how many drinks/week?

Consumption of calcium-rich daily products
How many 8 oz glasses of milk do you drink per day? per week?
How many servings of cheese (1 oz) do you eat per day? per week?
How many servings of yogurt (1 cup) do you eat per week?

Body Weight
What was your weight 1 month ago? ____What was your weight 2 months ago?

Cola Beverages
How many cola beverages do you drink daily?
How many years have you been drinking cola beverages on a regular basis?

Activity History

I. In high school, would you describe yourself as:

active moderately active _.not active (please check one)

Were your activities predominately swimming or cycling? (if yes, circle one)
If not, please describe:

IL Since high school, would you describe yourself as:
active moderately active .not active (please check one)

Were your activities predominately swimming or cycling? (if yes, circle one)
If not, please describe:



OSTEOPOROSIS RISK FACTORS

Please circle true or false for the following. If you think a statement may apply to
you but are not sure, place a question mark (?) by that statement.

1. true false I have a history of rheumatoid arthritis.
2. true false I have been treated with cortisone or similar drugs.
3. true false I have a close relative with osteoporosis.
4. true false I have a history of an overactive thyroid gland.
5. true false I have a history of overactive parathyroid gland.
6. true false I have a history of alcoholism.
7. true false I have a history of chronic liver disease.
8. true false I have a history of multiple myeloma.
9. true false I have a history of the blood tumor, leukemia.
10. true false I have a history of stomach ulcers.
11. true false I have lactase deficiency (inability to digest milk).
12. true false Some of my stomach has been surgically removed.
13. true false I take anabolic steroids now or have in the past.
14. true false I avoid milk and other dairy products.
15. true false I usually eat meat at least twice a day.
16. true false I drink more than 2 cups of coffee or tea daily.
17. true false On average, I drink 2 or more soft drinks daily.
18. true false I have about 3 or more alcoholic beverages daily.
19. true false I follow a vegetarian diet and have so for years.
20. true false I am not very physically active most of the time.
21. true false I have lost more than 1 inch in height.
22. true false I take or have taken thyroid hormone pills.
23. true false I took phenobarbitol or dilantin for over a year.
24. true false I use Maalox or Mylanta antacids frequently.
25. true false I have taken furosamide (Lasix) for over one year.
26. true false I have been treated with lithium for over one year.
27. true false I have been treated with chemotherapy for cancer.
28. true false I take or have taken cyclosporin A (Sandimmune).
29. true false I have received an organ transplant (kidney, etc.).
30. true false I have had trouble with anorexia nervosa or bulimia.
(Women only)

35. true false I lost my period for a year or more before it came back.
36. true false I have had irregular menstrual periods.
37. true false My menstrual period did not begin until after age 16.
39. true false I have a medical history of endometriosis.
40. true false I lost my periods when I was exercising heavily.
41. true false I have had both ovaries surgically removed.
42. true false I have breast fed a baby for one month or more.
43. true false I take tamoxifin as treatment for breast cancer..
44. true false I went through menopause before age 50.
45. true false I have gone through menopause (change of life).
46. true false I have received estrogen treatment after menopause.

If you take estrogen, for how many years?
How many children have you given birth to?
What was the date of your last menstrual period?



APPENDIX B

tNLILULIJN/tLtUV1tW IOAkU) I-OK'ltft L'KOlEUIION OI HUMAN SUIiJECIS

IJ

OREGON STATE UNIVERSLTY

Report of Review

TO: Christine Snow, ExSS

COPY: Kern Winters

RE: Effects of resistance and high-impact training on the musculoskeletal system
in premenopausal women.

The referenced project was reviewed under the guidelines of Oregon State
University's Committee for the Protection of Human Subjects and the U.S. Department
of Health and Human Services. The committee has approved your application. The
informed consent form obtained from each subject should be retained in
program/project's files for three years beyond the end date of the project.

Any proposed change to the protocol or informed consent form that is not
included in the approved application must be submitted to the IRB for review and must
be approved by the committee before it can be implemented. The approval of this
application expires upon the completion of the project or one year from the approval
date, whichever is sooner.

Date:
Warren N. Suzuki, Chair
Committee for the Protection of Human Subjects
(Education, 7-6393, suzukiw@ccrnail.orst.edu)



APPENDIX C

EFFECTS OF RESISTANCE AND HIGH-IMPACT TRAINING ON
THE MUSCULOSKELETAL SYSTEM IN PREMENOPAUSAL

WOMEN

Informed Consent

Women are at risk for the development of osteoporosis and fractures of the hip and
spine because of the increased rate of bone loss after menopause. Reduced physical
activity, prolonged bed rest, or absence of gravity also contribute to the loss of bone
mass as well as muscle mass and strength in the trunk and legs. The development of
an exercise program which is specifically designed to increase bone and muscle mass
would help to offset losses due to reduced physical activity or bedrest, as well as due
to the aging process. In addition, this type of a program may be beneficial for
reducing the risk of osteoporosis in the general population. Therefore, the primary
purpose of this study is to observe the effects of a 12-month resistance and high-
impact training program, and a subsequent 6 month detraining phase on bone mineral
density, muscular strength and power, bone-related hormones and blood and urine
markers of bone formation or breakdown.

I have been invited by Dr. Christine Snow (Principal Investigator) to participate in
this two year study. I have been selected to participate because I am healthy, have
had 10-12 menstrual periods in the past year, am premenopausal, between the ages of
30 and 45 and not pregnant. I am within 15% of my normal body weight and am
able to participate in a physical activity program. I do not smoke, consume more than
2 alcoholic drinks per day and do not take medications known to affect my bones
(e.g. synthroid, prednisone, steroid derived asthma medications). I do not currently
participate in competitive athletics or weight/resistance or high-impact (e.g.,
volleyball, basketball) training.

It has been explained to me that I will be involved in this study for a period of two
years. I understand that if I begin menopause during the study period, my subject
status will not change and I will be allowed to continue to participate in the study.
The first six months will serve as an observation period and I will be asked to
maintain my regular dietary and activity habits. At the end of the observation period I
will be asked to participate in a 12-month training program of resistance and high-
impact exercise. At the end of the 12-month training program I will stop exercise
training and resume my previous activity habits or I will continue to perform only the
resistance exercises for an additional six months. I understand that my placement
into one of these two groups will be decided by random assignment at the beginning
of the study period.

I understand that I will be required to participate in several testing sessions in which
my bone mass, body composition, muscular strength and power, blood and urine
levels of bone-related factors and dietary intake will be measured. I will have these
tests done at six month intervals. In addition, I will be asked to complete a one-time
questionnaire about my health and physical activity history in the first testing session.



I have been informed that the bone scan requires that I lie quietly on a table for 8
minutes for spine and hip evaluations and 15 minutes for whole body mineral
determination. I understand that my body composition values will be derived from
my whole body scan. The X-ray technique used to assess bone mineral density gives
an accurate measure of bone mass with a very low exposure to radiation. It has been
explained to me that this radiation dose is considered safe to administer on several
occasions to women in my age group provided that the women are not pregnant. The
calculated radiation exposure with this procedure per scan is approximately equivalent
to the background radiation you would receive flying in ajet across the country.
Therefore, the risk from this test is negligible. I further understand that I will
experience no discomfort from the scans. In addition, I have been informed that if I
become pregnant or plan to become pregnant that I should not participate in this
study. I will inform the investigators immediately if I become pregnant during the
course of this study and I will then voluntarily withdraw from the study.

I understand that I will have the muscular strength of my hip and thighs measured by
an isokinetic dynamometer. I will be required to perform five maximal efforts
following five warm-up trials. Muscular power of my legs will be measured using
an exercise bicycle and a computer. Following a five-minute warm-up I will be
required to pedal as fast as I can for 30-seconds against a high resistance, which feels
like riding up a steep hill. I will perform a five-minute cool-down period following
the test to ensure my complete recovery.

I understand that I will have a fasting (no food or caloric beverage for at least 8 hours
prior) blood sample taken every six months. Trained and qualified personnel will
draw a 2-3 tsp. sample of blood from my forearm vein. I understand that there is a
slight possibility of discomfort during the blood draw when the needle enters the
vein. I may bleed slightly after the blood is drawn and I may have a small amount of
bruising in the area of the draw. This blood will be analyzed for insulin-like growth
factors (IGF's) and an indicator of bone formation. Results of these findings may
prove useful in understanding how exercise affects bone growth.

I understand that I will be asked to provide a small (2 tsp.) fasting (no food or caloric
beverage for at least 8 hours prior) urine sample the same morning as my blood
draw. This urine will be analyzed for indicators of bone loss (resorption). Results
from these findings may prove useful in understanding how exercise affects bone
loss.

I understand that I will be asked to monitor my food intake at the beginning of the
study and every 6 months throughout the study period using a 3-day food record. I
will do this by writing down everything I eat and drink for 3 consecutive days each
time (i.e., 2 weekdays and 1 weekend day). I will be as honest and accurate as
possible in keeping these records, after receiving detailed instructions from the
investigator and seeing food models. My dietary intake will be analyzed for total
calories, carbohydrate, protein, fat, calcium and vitamin D, using a computerized
nutrient analysis program.

I understand that during the training and testing sessions, every attempt will be made
to ensure my safety and comfort. If I experience any injury or complications as a
result of my participation I should notify the researcher immediately so that
appropriate safety measures may be taken.



I understand that Oregon State University does not provide a research subject with
compensation or medical treatment in the event a subject is injured as a result of
participation in a research project. If I have any questions about the research or my
rights I should contact Dr. Christine Snow (Principal Investigator) at 737-6788.

I understand that the benefits of my participation include contributing to the scientific
study of exercise and the prevention of osteoporosis. I understand that I will gain
knowledge of my skeletal status, body composition and dietary intake, which I can
share with my physician.

I understand that my confidentiality will be maintained at all times. At no time will
my name appear on record forms or in computer files in reference to the study. A
code number will be used to identify my data and all records shall be kept using the
code number. Only the researchers will have knowledge of my name. I have been
informed that the results of this study may be published in scientific literature and that
any data that may be published in such a journal will not reveal my identity. The
code number will be destroyed once the study is over and the investigators are
finished with my data, so that my confidentiality is assured.

I have been completely informed and understand the nature and purpose of this
research. The researchers a have offered to answer any further questions that I may
have. I understand that my participation in this study is completely voluntary and I
may withdraw from the study at any time without prejudice or loss of the benefits to
which my participation entitled me. Questions about the research or any aspect of my
participation should be directed to Dr. Snow at 737-6788. I have read the foregoing
and agree to participate.

Subject's Signature _______________________________Date
Investigator's Signature Date




