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The Effects of High-Impact Exercise on Bone Mass in Adolescent Girls
by

Kara A. Witzke

Chapter 1

Introduction

2

THE EFFECTS OF HIGH-IMPACT EXERCISE ON BONE MASS IN
ADOLESCENT GIRLS

INTRODUCTION
Osteoporotic fractures associated with bone fragility are a major health concern,
particularly in postmenopausal women. In 1990, there were approximately 1.66 million
hip fractures worldwide, about 72% of which occurred in Women (Cooper, Campion, &
Melton, 1992). A majority of these fractures were caused by a fall from standing height or

less, as a consequence of low bone mass (Melton, 1993). The reduction in bone strength
which occurs with age is due to a loss of bone mineral density (BMD), particularly in the
horizontal structural units which provide support for the microarchitecture of bone.
Prevention Strategies

Two general preventative methods exist in dealing with osteoporosis: 1) maximize

peak bone mass during youth, and 2) minimize bone loss with age. Much of the work
concerning mechanical influences on bone have focused on adults and the elderly, many of

whom are already osteopenic or osteoporotic. Research is often aimed at the prevention of
age-related bone loss following menopause, rather than on intervention strategies preceding

this critical age. There has been speculation that normal age-related bone loss can be

reduced by certain lifestyle behaviors implemented in early adulthood to increase the
attainment of peak bone mass (Recker et al., 1992). The factors which have been shown to

affect bone mass during the premenopausal years include mechanical loading, sufficient
calcium intake, and the maintenance of normal reproductive hormones. The focus of this
investigation is the influence of exercise on bone.

Exercise intervention programs aimed at increasing bone mass and reducing bone

loss have shown varying levels of success, but most agree that bone changes due to
exercise after the menopause may be insignificant in light of the magnitude of bone lost
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prior to this critical age. No published research has focused on improving the quality
and/or quantity of bone in adolescents.

Maximizing the peak bone mass during growth has been proposed as a possible
means for reducing the risk for osteoporosis later in life (Recker et al., 1992; Snow-Harter

& Marcus, 1991). During skeletal maturation, two factors work together to form the adult
skeleton. First, longitudinal bone growth increases the overall bone volume as the mature
skeleton is formed. Secondly, the modeling process occurs whereby the overall density of
bone is increased. Mechanical loading during this important period may serve to optimize

the modeling process by altering a specific growth pattern and organization of the bone
components thereby forming a denser tissue (Grimston, Willows, & Hanley, 1993).
When Does Peak Bone Mass Occur?

The age at which peak bone mass occurs still remains relatively unclear due to the

minimal amount of prospective data. Estimates have ranged from peak being achieved
during the second decade, immediately after the end of longitudinal growth, to the end of
the third decade. Matkovic, Fontana, Tominac, Goel, and Chesnutt (1991) reported that by

the age of 14 years, values for bone size, mass, and density of girls were similar to that of

their mothers. These findings agree with those of others (Gilsanz, Gibbons, & Carolson,

1988; Marcus, Kosek, Pfefferbaum, & Horning, 1983) who reported a similar early
attainment of peak trabecular bone mass. Theintz et al. (1992), reported similar results in
98 healthy females followed over a 1-year period. They inferred that the rate of increase in

BMD and bone mineral content (BMC) was most pronounced over a 3-year period, from

11-14 years of age. Katzman, Bachrach, Carter, and Marcus (1991) followed 12 girls
longitudinally for 2 years, (beginning age 15.2 years) and similarly reported the most rapid

increases in bone mass occurred in the early teens and plateaued after the age of 16.
Furthermore, they concluded that 50% of the change in spine mineral, and 99% of the
change in whole body mineral was due to bone expansion rather than to an increase in bone
mineral per unit volume.
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There are studies, however, which report bone density increases much later than 14

years, presumably due to the fact that although longitudinal growth has ended, periosteal
bone expansion may still be occurring, possibly related to physical activity. In a 3.4 year,

longitudinal prospective study, Recker et al. (1992) reported that bone continued to
accumulate until age 28.3 years at the lumbar spine, and 29.6 years for the whole body.

Although the age range of these women was 18 to 26 years at entry into the study, the
marked increases in bone density (expressed as a percentage' per decade) of 4.8% for the

forearm, 6.8% for the lumbar spine, and 12.5% for the whole body suggests that a
"window" of opportunity may exist in which bone mass may be enhanced through weightbearing exercise.

It appears that mechanical loading of the skeleton is an important component of
optimal bone health. Loading can contribute to improved bone mass throughout a person's

life, but the most beneficial time period for increasing bone mass through exercise is
probably during adolescence and early adulthood, when peak bone mass is being achieved.
The degree to which peak bone mass may be affected, and the types of exercise which most
effectively increase bone mass, however, need further investigation.
Factors Affecting Bone Acquisition

Studies of twins are an excellent model for examining the effects of certain
treatments, whereby one twin receives a treatment, and the other twin acts as the control.
Johnston et al. (1992) found higher radial and spinal BMDs in twins who received calcium

supplementation compared to their twin controls who received a placebo over a 3-year
period. Others have also found similar positive correlations between calcium intake and
bone acquisition (e.g., Lloyd et al., 1996).

Aside from the beneficial effects of adequate nutrition on bone health, however,

"mechanical loading of the bone itself remains the only natural influence capable of
producing a sustained, structurally appropriate increase in bone mass (Lanyon & Rubin,
1984)." Throughout the past decade, research on the effects of exercise on bone mass has
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permeated the literature. The need for weight-bearing types of exercise to prevent rapid
bone loss seems clear at this point, but the form of activity which provides the most benefit
is still under investigation. There is evidence that some forms of mechanical loading on the

skeleton are better than others at not only increasing bone mass, but in reducing the rate of
normal age-related bone loss which becomes far more important following menopause.

Weight-bearing activities in the presence of gravitational forces are believed to be

beneficial to the skeleton. Walking, in particular, has been recommended as a positive
"bone loading" activity, but research shows that the impact loads associated with walking

may not be adequate to slow age-related bone loss, let alone reverse it. Cavanaugh and
Cann (1988), reported that a 52-week moderately brisk walking program did not prevent

the loss of spinal bone mass in non-estrogen replaced, early-postmenopausal women.
While fast walking and jogging apply forces to the skeleton of about 1.49 and 2.47 times
body weight, respectively (Grove & Londeree, 1992), other activities such as jumping and
gymnastics training have been shown to generate skeletal loads of 7-10 times body weight
(McNitt-Gray, 1989), which would be expected to stimulate bone formation.

Cross-sectional studies have found gymnasts to have higher BMDs than agematched controls (Kirchner, Lewis, & O'Connor, 1994), despite a higher incidence of
menstrual irregularity and inadequate calcium intake (Robinson, Snow-Harter, Gillis, &

Shaw, 1993). Longitudinal work lends further support to these data. Robinson et al.

(1995) found that over an 8-month training season, competitive collegiate gymnasts
significantly gained bone at the hip, spine, and whole body, while elite runners lost bone at
the lumbar spine, and displayed only modest increases in femoral neck BMD. Furthermore,

LaRiviere, Robinson, Shaw, and Snow-Harter, (1995) showed that these same gymnasts
lost bone during the summer when the training stimulus was removed. These data suggest
a beneficial effect of high impact loads on bone density at the hip, spine, and whole body.

Although intuitively it may seem that bone mass should not decrease with running, these
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results may suggest that the loads generated by running are not great enough at the spine to
provide an osteogenic stimulus.

Based on these observations, researchers have attempted to explain why some
forms of physical activity are more beneficial to bone than others. Rubin and Lanyon

(1985), using an avian model, found that an ideal amount of mechanical strain was
necessary to maintain bone mass, and that increases in bone mass were highly related to the

magnitude of strain, but not on the number of cycles imposed on the bone. These findings

were supported by Whalen, Carter, and Steele (1987) who concluded that the overall
magnitude of the mechanical load imposed was a more important predictor of bone mass
than the overall number of load cycles.

Frost (1992) introduced the "mechanostat theory" which describes a setpoint for

bone metabolism that is mediated by estrogen and mechanical stimuli such as physical
activity. This theory states that high mechanical impact forces stimulate modeling drifts at
bone sites which result in net bone gain. Therefore, stimuli occurring below this certain set

point may be too minimal to produce an increase in bone mass. Along these same lines,

Lanyon (1996) later proposed the Error Strain Distribution Hypothesis, which suggests
that bone maintains its structural competence by making architectural changes in response

to "error" strains, produced by unusual or unaccustomed loading patterns.

He also

suggested that relatively few load cycles (i.e., < 50) are necessary to produce this
osteogenic response.

The above hypotheses of Frost (1992) and Lanyon (1996) could be used to imply
that athletes participating in such activities as weight lifting, gymnastics, and figure skating

would display higher bone mass, and higher increases in bone mass during the training
season, than athletes such as runners where repetitions are the major stimulus for bone.
Furthermore, the repetitious stress associated with long distance running may produce an
accumulation of fatigue damage whereby the remodeling process cannot form new bone as

fast as it is being resorbed due to damage. In this way, activities which rely on forceful
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muscular contractions with few repetitions may provide a high degree of stress, yet afford a

long enough rest period for bone to recover (Snow, 1996).
In an intervention study using jumping exercises in premenopausal women, Bassey

and Ramsdale (1994) reported that only 50 jumps per day added to an aerobics class was

enough to significantly increase bone mass at the hip. Although the frequency of the at-

home jumping exercises was not reported, this was the first intervention program using
high-impact activity in the form of jumps to be published. Furthermore, it suggests that
simple two-footed jumping may provide a safe and convenient means for osteoporosis risk

reduction in premenopausal, non-osteoporotic women. Similarly, Shaw (1995) reported a

tendency for higher bone density in older post-menopausal women who performed 9
months of lower body resistance and jump training. She speculated that adding more
jumps earlier in the program may have contributed to larger group differences.

More recently, Heinonen et al. (1996) completed an 18-month intervention using an

aerobic jump/step program in premenopausal women aged 35-45 years. They found that
training sessions including 20 minutes of jump training, three times per week produced a

1% greater increase in bone density at the femoral neck, compared to controls. Their
jumping activities, classified as "progressive high-impact" exercises, produced ground
reaction forces of 2.1-5.6 times body weight.

Aside from the osteogenic nature of impact loading, mechanical loading produced

by forces from muscular contractions has also been proposed as a means to increase bone
mass. The relationship between muscle strength and bone mass is largely site specific, so
it follows that bone adaptations to mechanical loading depend primarily on the magnitude

and frequency of the loads. College-aged body builders have been shown to have
significantly higher BMD values than other athletes (Heinonen et al., 1994), as have male

junior Olympic weightlifters (mean age 17.4 years) (Conroy et al., 1993). Resistance
training has also been found to positively affect lumbar spine BMD of previously untrained

middle-aged women (Notelovitz et al., 1991). Weight lifting can produce strains at the
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lumbar spine of approximately 5-6 times body weight (Granhad, Jonson, & Hansson,
1987). Cross-sectional studies have shown weight lifters to have higher bone mass than

other athletes (Block, Genant, & Black, 1986; Granhad, et al., 1987), and higher BMD
values than controls (Davee, Rosen, & Adler, 1991). Snow-Halter et al. (1990) also report
positive relationships between BMD and muscle strength.

Body weight has also been shown to be a strong predictor of bone mass in
adolescents and adults (Conroy et al., 1993; Moro et al., 1996; Slemenda et al., 1994;
Welten et al., 1994). From the limited data available on body composition and bone, most

researchers report that of the two components, lean mass appears to have more predictive
value in bone mass determination than fat mass, indicating that the "heavy-lean" individual

would have a greater degree of protection from osteoporosis than the obese individual

(Khosla, Atkinson, Riggs, & Melton, 1996). Since muscle strength is related to lean
mass, and lean mass development is largely a function of growth, it could be speculated
that increases in bone mass which accompany sexual maturation may be partly influenced
by lean mass and muscle strength development. While muscle strength has been shown to

predict bone mass in adolescents by a limited number of researchers (Conroy et al, 1993;
Rice et al, 1993), intervention studies aimed at increasing bone density during growth by
increasing muscle strength have not been conducted.

In active children (mean age 13.2 years), Grimston et al. (1993) showed that young
athletes who participated in "impact load" activities such as running, gymnastics, tumbling,

and dance had significantly higher femoral neck BMD, and a tendency for higher lumbar

spine BMD than children who swam, which was defined as an "active load" activity.

Slemenda, Miller, Hui, Reister, and Johnston (1991) found a statistically significant
correlation in 59 pairs of identical twins between total weight-bearing hours and femoral

neck bone density. These results were similar to those later found by McCulloch et al.
(1992), who concluded that weight-bearing activities provided a better stimulus to bone
than non-weight bearing activities in children. If these cross-sectional data are used to
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predict the effects of certain activities on bone in the achievement of peak bone mass during

adolescence, then it would seem that activities such as jumping and plyometric exercises,
which employ high impact loads and forceful muscular contractions, may provide the best

stimulus for bone modeling. Longitudinal data, however, regarding the effects of certain
types of exercise in the attainment and/or augmentation of peak bone mass in adolescents
are not available.
Plyometric Exercise

Plyometric training is a method for developing explosive muscular power.
Plyometrics are increasingly becoming a more popular and effective method of training for

athletes in sports ranging from track and field, to basketball and football. These exercises
are characterized by powerful muscular contractions in response to rapid, dynamic loading

or stretching of the muscles (Radcliffe & Farentinos, 1985). The movements associated
with plyometric training involve eccentric-concentric sequences of muscle activity. These

activities often involve hopping, bounding, and jumping exercises with the goals being
maximum height and distance. Depth jumping, a specialized form of plyometric training,

involves jumping down from a box, then immediately up to another box, minimizing the

time spent on the ground. These movements prestretch the muscles during the eccentric
"landing" phase and activate muscle spindles which allow for a more forceful concentric

muscular contraction on "take-off" (Chu, 1995).

Some of these exercises resemble

gymnastics landings and take-offs, if one is to consider the amount of mechanical load
being applied to the skeleton. Bobbert, Mackey, Schinkelshoek, Huijing, and van Ingen
Schenau (1986) reported forces of up to seven times body weight in the joints of the lower
extremities and Achilles tendon during depth jumps.

Although plyometrics have been used successfully for many years to improve
performance, their usefulness in increasing bone density has not been investigated. Given

the potential for high impact loads on the lower extremities during plyometric jumps,
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combined with the high degree of muscular pull on the bony attachment sites, plyometrics
should afford a simple, yet effective method of skeletal loading.
Statement of the Purpose

An exercise intervention study was designed to evaluate the effects of 9 months of

moderate to high impact plyometric training and resistance exercise on bone mass in
adolescent girls. It was hypothesized that there would be a significantly greater increase in

bone mineral density of the whole body, proximal femur, lumbar spine, and femoral mid-

shaft of the exercisers compared with controls. Secondly, it was hypothesized that the
exercisers would show a greater increase in knee extensor strength, leg power, and static
balance as a result of their participation in the exercise program.

The following chapters present two manuscripts derived from the intervention
study.

The first paper is a cross-sectional design to evaluate predictors of BMD in

adolescent girls using baseline values.

Specifically, we developed regression models

which would distinguish anthropometric and performance variables that best predicted bone

mineral density at clinically relevant skeletal sites. The second paper presents the results of

the 9-month exercise intervention study, and a comparison of the changes in bone mass
which occurred in the exercise versus the control group.
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Chapter 2

Lean Body Mass and Muscular Power Best Predict
Bone Mineral Density in Adolescent Girls

Kara A. Witzke and Christine M. Snow

Submitted to Calcified Tissue International,
Springer-Verlag New York Inc., New York, New York
March 1997, 15 pages, in review.
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Abstract

We evaluated anthropometric and performance measures which best predict bone

mineral density (BMD) in 54 adolescent girls (14.6+0.5y; 22.7+14.0 months past
menarche). BMD for the whole body, femoral neck, greater trochanter, lumbar spine (L2

L4), and mid-femoral shaft was assessed using dual-energy x-ray absorptiometry (DXA)
(Ho logic QDR 1000/W). Whole body lean mass and fat mass were derived from the whole

body scan.

Knee extensor strength and leg power were assessed by isokinetic

dynamometry and the Wingate Anaerobic Power Test, respectively.

Using simple

regression, lean mass was significantly correlated with BMD at all bone sites (r=.45-.77; 2

< 0.001), and was more highly correlated with BMD at all sites than was body weight.
Maximum leg power was also associated with bone mass at all sites (r=.41-.67; 2 < 0.001)

while leg strength correlated significantly with all sites (r=.41-.53; 2 < 0.001) except the

lumbar spine. Stepwise regression analyses revealed that 59% of the variance in whole

body BMD was predicted by lean mass alone. No other variables, including fat mass,
height, months past menarche, leg power, or leg strength, contributed additionally to the
regression model. Similarly, lean mass was the only predictor of lumbar spine and femoral

shaft BMD (R2=.25, R2=.37, respectively), while femoral neck and trochanteric BMD

were best predicted by leg power (R2=.38, R2=.36, respectively).

In this group of

adolescent girls, lean body mass and leg power independently predicted bone mineral
density of the whole body, lumbar spine, femoral shaft, and hip, which may suggest an
important role for muscle mass development during growth to maximize peak bone density.
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Introduction

Increasing bone mass during youth, thereby enhancing peak bone mass, has been
suggested as an osteoporosis prevention strategy (Conroy et al., 1993; Slemenda, Miller,

Hui, Reister, & Johnston, 1991; Slemenda et al., 1994). Since the adolescent years are
characterized by a period of increased bone modeling, it is hypothesized that factors which

impose an osteogenic stimulus will have marked effects on bone during these
developmental years (Conroy et al., 1993; Slemenda, Miller, Hui, Reister, & Johnston,
1991; Slemenda et al., 1994). It is generally accepted that peak bone mass is achieved at
the end of longitudinal growth in girls, and it has been suggested that peak bone mass may

be enhanced with loading activities through the third decade (Recker et al., 1992; SnowHarter & Marcus, 1992). Physically active children and young adults have been shown to

have higher bone mass than their sedentary counterparts, although these data are limited
(Conroy et al., 1993; Slemenda, Miller, Hui, Reister, & Johnston, 1991; Slemenda et al.,
1994). Furthermore, studies examining the relationship between physical activity and bone

have not been consistent in differentiating between high and low impact activities, or in
attempting to identify specific performance characteristics related to bone mass (Conroy et

al., 1993; Grimston, Willows, & Hanley, 1993).

Investigators who have assessed

variables such as muscle strength and more recently, muscle power, have evaluated the
adult skeleton in pre- and postmenopausal women, and have reported that muscle strength

and power are related to adult bone mass (Khosla, Atkinson, Riggs, & Melton, 1996;
Shaw, Snow-Harter, & Protiva, 1995). This relationship may also hold true for growing
children and adolescents, such that those children with higher lean body mass associated

with both growth and higher levels of physical activity would also display higher bone
mass.
Rice et al. (1993) reported that whole body and lumbar spine BMD in adolescent
girls were predicted best by body weight. Body weight was not separated into lean and fat
components, and although quadriceps strength was measured, it did not further explain the
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variance in BMD. Hip BMD was not assessed in their sample of adolescent girls.
Slemenda et al. (1991) found strong associations between physical activity and bone mass

in monozygotic twins (ages 5-14 years), but did not report which specific aspects of
physical fitness, such as muscle mass, strength or power, accounted for the observed
relationships.
Body weight has long been shown to be a strong predictor of bone mass (Conroy et

al., 1993; Rice et al., 1993; Slemenda et al., 1994; Welten et al., 1994). It is unclear,
however, which component of body composition, lean or fat mass, is most related to bone

mass. This knowledge could assist in defining an appropriate "bone building" exercise
prescription. Furthermore, this issue carries specific health implications, if indeed higher
amounts of body fat provide a more protective effect against osteoporosis than does lean

mass.
From the limited data available on body composition and bone, most researchers
report that of the two components, lean mass appears to have more predictive value in bone

mass determination than fat mass, indicating that the "heavy-lean" individual would have a

greater degree of protection from osteoporosis than the obese individual (Khosla et al.,
1996). Reid et al (1992; Reid, Evans, & Ames, 1994), however, have repeatedly shown
that fat mass, not lean mass, is more important to bone.

The purpose of this cross-sectional study was to investigate the associations
between BMD of the whole body, proximal femur, lumbar spine, and femoral mid-shaft

and measures of body composition, muscle strength, and power in adolescent girls. We

hypothesized that lean mass, muscle strength, and leg power would be independent
predictors of bone mass in this population.
Materials and Methods

Subjects

Subjects were 54 apparently healthy, eumenorrheic girls aged 14.6 ± 0.5 y, (22.7 ±

14.0 months past menarche) who were recruited from two high schools in the Corvallis,
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OR community. Subjects were excluded for diabetes, thyroid disorders, use of oral

contraceptives, and corticosteroids. The study was approved by the Oregon State
University Institutional Review Board and the State of Oregon Board of Radiology. All
subjects and their parents gave written informed consent prior to participation.

Height, weight, menstrual status, and physical activity

Subjects completed a comprehensive health and menstrual status questionnaire
which was followed up by personal interview with the daughter and parent.

Standing

height without shoes was measured to the nearest 0.5 cm using a wall chart and straight
edge. Weight was measured on a balance scale to the nearest 0.5 kg with the subjects in
exercise clothes and no shoes.
Previous activity levels were assessed by questionnaire for each of the participants.

"Previous activities" included organized or regular sports activities performed during the

two years prior to participation in the study.

Subjects were rated on a discrete scale

between 0 - 5 on their activity patterns, with "0" meaning no organized or regular physical

activities, and "5" meaning constant participation on a team or organized physical activity

during the previous two years. For example, if a subject competed on a basketball team

during one school year, she received a score of "1", while a subject who ran track and
played basketball received a score of "2". Participation in a year-round sport, such as

swim team, received a score of "5". These data were obtained for descriptive purposes
only, and were not included in the statistical analyses.
Bone mineral density measurements

Bone mineral density (BMD) was determined for the whole body (WB), right
proximal femur, including femoral neck (FN) and greater trochanter (TR), lumbar spine

L2-L4 (LS), and right mid-femoral shaft (FS) using dual-energy x-ray absorptiometry
(Hologic QDR-1000/W, software ver. 6.10). The bone densitometer delivers a very low
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dose of radiation (2.0 mR-5 .0 mR for regional scans, 1.5 mR for whole body) using
quantitative digital radiography (QDR).

Standardized protocols from the manufacturer were used for scans of the whole

body, proximal femur, and lumbar spine. Precision error in our lab is 0.5% for lumbar

spine and regions of the proximal femur, and 1.0% for whole body BMD. The midfemoral shaft scan was begun at the distal femur, one-third the distance from the proximal
patella to the inguinal crease, measured with the subject lying on the table. The scan length

was set at 4.0 inches. In-house coefficient of variation (CV) for femoral shaft BMD is
1.2%. Bone-free lean body mass and fat mass (CV = 1.2%) were obtained from the whole

body scan (software version 5.67).
Muscular strength

Strength of the left knee extensors was measured using the Kin-Corn 500H
(Chattex Corp., Hixson, TN). This instrument has been shown to provide valid and
reliable (r=.95, test-retest) measures of muscle strength (Farrell & Richards, 1986).

All

measures were corrected for the effect of gravity on the limb in the horizontal position
(Finucane, Mayhew, & Rothstein, 1994). In-house test-retest coefficient of variation over
two days for this measurement is 4%.

Each subject received five to seven warm-up trials prior to testing to become
familiar with the machine and to warm up the knee extensors, followed by three to four
maximal knee extensions from a position of 85 degrees to 150 degrees at a speed of 30°

sec

1

.

Subjects were instructed to "push as hard and as fast as you can," and were verbally

encouraged during each attempt. Each trial was separated by a 1-minute rest period.

Muscular power
Muscular power of the lower extremities was assessed using the Wingate Anaerobic

Power Test (WAPT) on a Monarch bicycle ergometer. A specialized software package
(Sports Medicine Industries, version 1.02) and a computerized sensor (SMI Opti-Sensor,
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Model 1000) were used to administer the test. The test consisted of a five minute aerobic

warm-up (60-70 rpm pedaling speed), followed by 30 seconds of maximum speed
pedaling against a resistance equal to 7.5% of body weight (Dolan & Bar-Or, 1983).
Maximum power was used in the analyses to reflect lower body muscular power. Validity

of this test has been previously established and test-retest reliability for this measure in
several studies of children and young adults has shown to be very high (r=.95- .97) (Bar-

Or, 1977). In-house CV is 4%.
Statistical analyses

All statistical analyses were performed using the Statview statistical software
package (Abacus Concepts, ver. 4.1). Pearson product-moment correlation coefficients
were computed for the six independent variables, including: bone-free lean body mass, fat

mass, months past menarche, height, knee extensor strength, and maximal leg power.

Stepwise regression analyses were performed for each of the five dependent BMD
variables (whole body, femoral neck, greater trochanter, lumbar spine, and femoral shaft)
using the independent variables listed above. Independent variables were entered into the
stepwise regression if' they represented a significant contribution to the explained variance

(F to enter > 4.00, F to remove < 3.996) corresponding to an alpha level of p < .05.
Results

Study participants were similar in age, height, weight, and percent body fat, but

heterogeneous with respect to months past menarche (Table 2.1).

Ten girls reported

having their menstrual cycles for less than 12 months, while the other forty-four girls were
eumenorrheic, and ranged from 12-60 months past menarche.

In general, most girls had not achieved their predicted peak bone mass, as average

BMD values for the group were below 100% of normal reference values provided by
Hologic, Inc. (Table 2.2). The one exception was at the greater trochanter, where the
group had achieved an average of 104 ± 12% of their predicted peak bone mass.
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Subjects participated in an average of 1.3 organized or regular physical activities per

year, for the previous two years. Twenty-one of the 54 subjects reported engaging in no
organized sports or activities. Thirteen participated in an average of one sport per year,

Table 2.1. Subject characteristics (n=54)

Mean ± SD

Range

14.6 ± 0.5

13.25 - 15.75

Months past menarche

22.6 ± 14.0

1.0 - 60.0

Height (cm)

164.2 ± 6.0

151.8 - 176.5

Weight (kg)

59.3 ± 9.7

41.4 - 85.5

Bone-free lean mass (kg)

42.1 ± 5.3

30.3

Fat mass (kg)

14.1 ± 5.2

6.6 - 32.2

% Body fat

23.7 ± 5.1

15.1 - 39.8

1.3 ± 1.4

0-5

100.0 ± 22.9

55.3 - 158.0

407 ± 85

227 - 634

Characteristic
Age (y)

Past 2 yr wt-bearing activities (# sports/yr)

Knee extensor strength (kg)

Max. leg power (watts)

57.3

Table 2.2. Summary of bone variables
BMD (g/cm2)

% of Predicted Peak

Whole body

1.016 ± 0.077

92 ± 7

Femoral neck

0.870 -± 0.111

97 -± 12

Greater trochanter

0.750 ± 0.085

104 ± 12

Lumbar spine (L2-L4)

0.998 ± 0.097

93 ± 9

Femoral shaft

1.649 ± 0.142

N/A

seven girls played two sports, four played three sports, and nine girls participated in four
or more sports per year during the previous two years. Thirteen girls played basketball, ten
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played softball, ten played volleyball, six played soccer, five ran track, and four ran cross

country. In addition, three of the girls competed on a year-round swim team, two were
competitive gymnasts, and two others were competitive roller and figure skaters. Physical

activity assessed in this way was not statistically correlated with lean mass nor any of the
bone variables, and was not used in the regression analyses.

Table 23. Pearson product-moment correlation coefficient summary for independent
variables

Menarche

Menarche
Height
Lean mass

Fat mass
Leg strength
Leg power

Height

Lean
mass

Fat mass

Leg
strength

Leg
power

1.00

.06
.36

1.00
.51

1.00

.37

.00

.60

1.00

.20

.18

.49

.18

1.00

.18

.40

.77

.36

.65

1.00

Table 2.4. Pearson product-moment correlation coefficient summary for dependent vs.
independent variables

WB BMD
(gcm-2)

FN BMD TR BMD LS BMD FS BMD
(gcm-2)
(gcm-2)
(gcm-2) (gcm-2)

Menarche

.41

.07

-.13

.34

.38

Height

.16

.29

.11

.08

.21

Lean mass

.77 *

.60 *

.45 *

.50 *

.61 *

Fat mass

.60 *

.35

.24

.33

.37

Leg strength

.53 *

.45 If

.41 *

.34

.44 *

Leg power

.67 *

.62 *

.60 *

.41 *

.58 *

#2 < anal

All residuals and frequency distributions were normally distributed. There were no
obvious outliers, an no missing data. Of the independent variables, the correlation between

lean body mass and leg power was the highest (r=0.77), while all other independent
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variables correlated between 0.00-0.65 (Table 2.3). Lean body mass and maximal leg
power were the most correlated with BMD measures (r =43.41-0.77; Table 2.4). At the axial

skeletal sites, months past menarche, fat mass, and height were not significantly associated
with bone density. Similarly, menarche and height were not related to whole body BMD (p

> 0.05).
Stepwise regression analyses revealed that bone mineral density at each site was
independently predicted by only one independent variable (Table 5.5). Whole body lean

mass was able to account for 25-59% of the variance in whole body, lumbar spine, and

femoral shaft BMD. No other variables, including fat mass, height, strength, power, or

months past menarche added explanatory power to the models, most likely due to
overlapping variability with lean mass.

Table 2.5. Summary of stepwise regression models

Bone measure

b0 + bXi

SEE

R2

WB BMD (gcm-2)

0.545 + 0.011 * lean mass

0.055

0.593

FN BMD (gcm-2)

0.540 + 0.001 * max power

0.059

0.384

TR BMD (gcm-2)

0.505 + 0.001 * max power

0.046

0.361

LS BMD (gcm-2)

0.607 + 0.009 * lean mass

0.093

0.254

FS BMD (gcm-2)

0.958 + 0.016 * lean mass

0.126

0.371

Note: beta-weights are in raw score units
< (wool

With respect to bone density of the proximal femur, maximal leg power explained
more of the variance in femoral neck and greater trochanter BMD than any other variable,

and no additional variables added significantly to the models. It should be noted that lean

mass and leg power probably explained some overlapping variability in the models for
femoral neck and greater trochanter, since leg power was highly correlated with lean mass

(r=0.77). When either leg power or lean mass was removed from the regression models,
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the variable remaining became more significant in the prediction equation. Leg strength

was not a significant contributor to any of the regression models, even when maximal
power was removed. Similarly, months past menarche also did not add to the models,

which was not surprising given its low correlations with all of the bone measures. To

investigate the effects of menarcheal status on BMD, all stepwise regressions were
repeated, excluding the 10 subjects who had been menstruating less than 12 months. The
independent predictors for each of the bone measures remained the same, regardless of the
number of months the girls had been menstruating.
Discussion

We report significant contributions of lean mass and muscle power to bone mass in
adolescent girls. Specifically, lean mass best predicted whole body, femoral mid-shaft,
and lumbar spine BMD. Leg power was the best independent predictor of BMD at the two
hip sites. No other independent variables significantly added to the models.

Our finding that fat mass did not significantly contribute to any of the regression
models conflicts with the findings of Reid et al. (1992; Reid et al., 1994), who examined

an adult population. A recent report by Khosla et al. (1996), however, emphasizes that
many of the conflicting conclusions in the literature about the relationships between lean
and fat mass with bone can be attributed to differences in methodology. Most studies using
BMC as the dependent variable have identified both lean and fat body mass to contribute to

the prediction of bone mass, whereas those studies using BMC values adjusted for bone

volume or size such as BMD/height (Reid et al., 1992; Reid et al., 1994) or volumetric
BMD (BMAD) (Katzman, Bachrach, Carter, & Marcus, 1991) have found fat mass to be
more important. This is probably due to the fact that the correction factors such as bone

area and height were highly correlated with lean body mass and not with fat mass, thus

essentially diminishing the influence of lean body mass in the prediction of bone mass.

Therefore, the suggestion by Reid et al. (1992; Reid et al., 1994) that fat mass is more
important to bone, may be attributed, at least in part, to the fact that they used BMD/height
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as the dependent variable in their analyses. We accounted for height by including it as an
independent variable in the stepwise regression models.

Since we were most interested in the contribution of the separate components of
weight, fat and lean mass, and developed our hypotheses accordingly, we evaluated lean
mass and fat mass as separate variables in our regression analyses, rather than using total
body weight. This was not only based on the fact that both lean and fat mass were highly

correlated with whole body weight (r=0.89), producing problems with multicollinearity,
but that for every BMD variable, lean mass was more highly correlated with bone than was

whole body weight. These data agree with those of Conroy et al (1993) who found fat-free

mass to be more highly correlated with hip and spine BMD than whole body mass in
adolescent weightlifters. Therefore, lean body mass had more practical and statistical

significance in predicting BMD in the current study, than did whole body weight. It is
important to identify which of the two components of body composition is most related to
bone mass if we are to begin to identify osteoporosis intervention strategies. Based on the

results of this cross-sectional investigation, it appears that even during growth, girls with

the highest amount of lean body mass will likely also have the highest bone mineral
densities. This finding agrees with our previous results in premenopausal women, that
lean mass, not fat mass, is more important to bone (Shaw et al., 1995; Snow-Harter &
Marcus, 1991; Snow-Harter, Robinson, Shaw, Wegner, & Shelley, 1993) .
The development of lean body mass can be influenced by many factors, including

genetics, growth, and physical activity. Slemenda et al. (1991; Slemenda et al., 1994)
report positive associations between physical activity patterns and bone mass accretion in

prepubescent children, accompanied by increases in body weight, but not skinfold
thicknesses. These longitudinal data suggest that physically active, growing children

display higher increases in lean body mass and bone mass than their sedentary
counterparts. In young women, muscle mass has also been shown to independently

predict BMD (Bassey & Ramsdale, 1994; Snow-Harter et al., 1993).

In pre and
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postmenopausal women, we have previously reported a site-specific association between

muscle strength of the hip abductors, which attach at the greater trochanter, and femoral
neck BMD in both pre- and postmenopausal women (Snow-Harter et al., 1993). These
findings suggest an important connection between the muscular and skeletal systems.

Recent cross-sectional research suggests that athletes involved in sports requiring
high power output and sustained high impact loads have higher bone mass than endurance

trained athletes (Robinson et al., 1995). We measured muscular power of the legs based

on our recent observations that athletes involved in high power activities such as
gymnastics (LaRiviere, Snow, & Robinson, 1995; Robinson et al., 1995) and wrestling
(unpublished data, OSU Bone Research Laboratory) exhibit bone mass at the femoral neck
and trochanter that is 2-4 standard deviations above the mean. These activities impose high
strains on bone from ground reaction forces and muscular contraction.

Our statistical analyses of femoral neck and greater trochanter BMD confirmed
strong relationships between leg power and bone mass of the hip. When leg power was
removed from the analyses as an independent variable, lean mass best predicted femoral
neck and trochanter BMD, although it did not account for as much of the variance in BMD

as did leg power. Although 59% of the variability in leg power was explained by lean
mass, 41% of the variability cannot be explained by this factor alone. Therefore, the
finding that leg power is highly associated with, and independently predicts hip BMD,
suggests that the ability to apply fast and powerful muscular contractions to the bone itself

may be an important factor in bone mass accretion during growth. Based on this crosssectional observation, it may be worthwhile to determine if increasing leg power (and most

likely lean mass) through weight-bearing physical training involving high strains, also

improves hip BMD. A cross-sectional study by Grimston et al (1993) concluded that
children who participated in impact activities (running, gymnastics, tumbling, and dance)
had higher femoral neck BMD than children who participated in sports where loads to the
skeleton were produced primarily from muscular contraction (swimming).
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The finding that months past menarche was not associated with any of the bone
variables was somewhat surprising. A closer examination of the data showed that the ten

girls who had been menstruating less than 12 months had significantly less lean and fat

mass than their more mature counterparts, and lower BMD values for the whole body,
lumbar spine, and femoral shaft, but not for the femoral neck or greater trochanter. They

also did not differ with respect to leg power. To examine the influence of menarcheal
status on bone, we performed the stepwise regression analyses again, excluding these ten
girls. All of the original independent predictors of BMD remained the same, except for the
addition of months past menarche into the equations for femoral neck and greater trochanter

BMD, exerting a slight negative influence. Although the negative correlation between
menarche and hip BMD was small ( -.16 to -.27) when the less mature girls were removed,
its contribution to the regression models may indicate that the onset of estrogen exposure is

more influential to bone during the first year than it is thereafter, where other factors
associated with growth (and estrogen exposure) such as lean mass become more important.

The influence of estrogen exposure on indices of bone mass should not be overlooked.
However, it is probable that in this study, the positive influence of estrogen on indices of

growth such as height, lean mass, and BMD were somewhat attenuated due to the large
variability in the reproductive status of these girls (i.e. 1-60 months past menarche).
The results of this study indicate that bone-free lean body mass is a strong predictor

of bone mineral density of the whole body, lumbar spine, and femoral shaft, while
maximal leg power is a more robust predictor of bone mass of the hip in adolescent girls.
These findings suggest an important role for lean body mass in the development of peak

bone mass, although future longitudinal studies should seek to determine if increases in
lower extremity lean mass and muscular power are also associated with increases in bone

mass in adolescents.
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Abstract

We investigated the effects of high-impact training on bone mineral density (BMD)

in adolescent girls (aged 14.6+0.5 years; 22.7+14.0 months past menarche). Exercisers
(n=25) trained 30-45 minutes, 3 times/week, and performed a variety of exercises using
weighted vests (squats, lunges, calf raises) and high-impact exercise (plyometrics included

hopping, jumping, bounding, and box depth jumps). Controls (n=28) maintained their

usual activities. Student's t-tests for independent samples revealed that both groups
experienced a significant (g < 0.01) increase in percent change in BMD, for the whole body

(mean: 2.0% exercisers, 1.6% controls), femoral neck (3.6% vs 2.2%), lumbar spine (L2

L4) (3.7% vs. 2.9%), and femoral shaft (2.1% vs. 1.7%), but only the exercisers
improved BMD of the greater trochanter (1.8% vs. 0.8%).

Only the exercise group

significantly increased knee extensor strength (14.7% vs. 7.3%) and improved
medial/lateral balance (38.1% vs 9.5%). Repeated measures ANOVA, however, showed
that changes in BMD were not different between groups (g > 0.01), nor were the changes

in performance variables, as shown by MANOVA (g > 0.05). The variety of lateral

movement activities performed by the exercise group may have contributed to the
differences observed between groups for greater trochanter BMD, leg strength, and
medial/lateral balance. The trends observed in bone mass between groups suggests that
this type of program continued over a longer period of time during adolescent growth may
prove to be an efficacious osteogenic stimulus to increase peak bone mass.
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Introduction

Research has suggested that increasing bone mass during growth (Friedlander et
al., 1995; Teegarden et al., 1995), and immediately following growth (Recker et al., 1992)

may proveto be an important prevention strategy for osteoporosis. An increase of only 3

5% in BMD may result in as much as a 20% reduction in fracture risk (Johnston et al.,
1992; Slemenda et al., 1991). Studies in children have shown that active children who

participate in impact loading exercises have higher bone density than children who
participate in non-impact activities (Grimston et al., 1993).

Further, athletes who

continually load the skeleton with high-impact forces, such as gymnasts, display increases

in bone during the training season, despite high initial values (Taafe, Robinson, Snow, &

Marcus, 1997). These data imply an important role for high load activities. To date,
however, no longitudinal intervention studies have evaluated the effects of impact loading
activities on the adolescent skeleton.

Studies examining the various load characteristics of elite athletic groups suggest
that high force magnitude may be more beneficial to bone than repetitions with low level

forces (Heinonen et al., 1995; Lanyon, 1987; Whalen & Carter, 1988). Competitive long
distance runners who may impose thousands of load cycles per day with training typically
display lower bone mass than gymnasts, who may impose only a few hundred load cycles

per day (Robinson et al., 1995). The primary differences between the loading patterns of
these two groups are the number of load cycles, the peak forces imposed, and strain rates
to which the axial and peripheral skeleton is exposed.

Lanyon and Rubin (1984) have suggested that strain rate and the distribution of the
strain within the bone may influence the osteogenic response. In a cross-sectional analysis,

Heinonen et al. (1995) proposed that the observed differences in BMD of weightlifters vs
squash players may be partially attributed to the different strain distribution patterns in these

activities. Whereas squash imposes movement patterns with high acceleration/deceleration

components, weightlifting imposes strains at a constant rate.

Therefore, movements
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utilizing a high degree of acceleration/deceleration may produce a higher degree of effective

strain on bone (F = m a) (Heinonen et al., 1995). In young, premenopausal women,
Vuori et al. (1994) showed less than a 2% increase in lower extremity BMD following 12

months of unilateral leg press training. The researchers speculated that the repetitive,

unidirectional nature of the activity failed to produce high enough strain in a unique or
unaccustomed loading direction. The results from this intervention emphasize the need for
loading which imposes an overload on bone.

There is evidence to suggest that the effects of mechanical loading on bone,
especially high-impact loads, are more pronounced and possibly provide more long-term

benefits if imposed before or around the adolescent growth spurt (Goulding et al., 1996;

Haapasalo et al., 1994; Heinonen et al., 1995), although to date no intervention studies
have been performed in this age group. Haapasalo et al. (1994) found young competitive
athletes who participated in high-impact or high-load activities (squash and weightlifting) to

have higher BMD than endurance athletes, despite fewer years of sport-specific training.
BMD of the endurance athletes was not significantly greater than that of controls, which the

researchers speculated was due to loading patterns that failed to exceed the habitual level of
bone loading experienced in everyday activities.

An optimal bone-loading intervention regimen has yet to be identified. Many
intervention studies have attributed non-significant changes in bone mass to the fact that
either the intervention period was not long enough to detect changes, or the magnitude of

the forces imposed were not high enough to produce significant improvements in bone.
Furthermore, the loading protocols selected for intervention studies are influenced by the

study population. Studies using postmenopausal women must focus on the safety of the
participants.

Therefore, interventions in this age category often involve conservative

regimens which may not impose sufficient overload (Pruitt et al., 1995; Sinaki et al.,

1989). A more feasible age group for studying the effects of a high-impact training
program on bone are young children and adolescents, whose play patterns often impose
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movements and activities utilizing high-impact jumping. In one of the only studies to date

using simple two-footed jumping to load the lower extremities, Bassey and Ramsdale

(1994) showed significant positive increases in BMD of the greater trochanter in
premenopausal women. These data suggest a positive role on BMD for a simple loading
modality such as jumping.

Plyometric activities are associated with high impact loads and include a wide
variety of exercises specifically designed to increase muscular strength and power. They

are based on the premise that increasing eccentric preload on a muscle will induce the
myotatic stretch reflex, thereby causing a more forceful concentric contraction. Plyometrics

range in difficulty and intensity level, from simple stationary jumping to traveling drills
such as hopping and bounding, to very high-intensity depth jumps using boxes as high as

24-30 inches. Depth jumps have been shown to produce ground reaction forces of up to

seven times body weight (Bobbert, Mackey, Schinkelshoek, Huijing, & van Ingen
Schenau, 1986). An inherent benefit of utilizing these types of activities is that they require
little equipment, small blocks of time, and are safe for children and young adults to perform

(Chu, 1995). Plyometric jump training has been shown to safely and effectively improve
lower body strength and power in young, high school aged women (Hewett et al., 1996),
but its effects on bone density has yet to be determined. A proper progression of exercises

is important to ensure adequate muscular strength to maintain proper body mechanics
during execution and landing.

This study was undertaken to evaluate the effects of nine-months of high-impact
plyometric and resistance training on bone mineral density, leg strength, leg power, and

balance in adolescent girls. We hypothesized that participation in this program would
produce a significant increase in BMD, leg strength and power, and improve balance.
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Materials and Methods

Subjects

Fifty-six freshmen girls (aged 14.6+0.5y; 22.7+14.0 months past menarche) were

recruited from two Corvallis, OR high schools to participate in the program (exercisers,

n=27; controls, n=29). Given the constraints of the high school environment, the girls
volunteered to be in either the exercise or control group. The 9-month exercise training
program was conducted as a physical education class for school credit at each of the two

local high schools during the regular school day. All subjects were apparently healthy,

post-pubertal girls between the ages of 13 and 15 years. Subjects were excluded for
metabolic disease (diabetes, thyroid conditions), respiratory disease, and orthopedic
problems (significant disability of knee, ankle, or hip) which would interfere with their
participation in the exercises.
Interested subjects and their parents were invited to attend an informational meeting

during the summer prior to the beginning of the study. All subjects attending the meeting

expressed an interest in participating in the exercise class. Informed consent from the

daughters and parents was obtained at this time.

Control subjects were recruited

subsequent to the exercise group. This study was approved by the Institutional Review
Board at Oregon State University, and by the State of Oregon Board of Radiology.

Assessments

Prior to beginning the exercise program in September, 1995, and immediately
following the program in May, 1996, all subjects completed a comprehensive health and
activity questionnaire, a 100-item Block Food Frequency Questionnaire, and were tested on

the following variables: bone mineral density, muscular strength, muscular power, and
static balance.

Health and activity questionnaire.

Subjects completed a comprehensive health

questionnaire which was followed up by personal interview.

Questions regarding

33

menstrual history, family and personal health history, and physical activity patterns were

addressed using this form. Months since the onset of menarche was confirmed by a
parent, and each girl was questioned regarding menstrual regularity since menarche.

Block food frequency questionnaire. Subjects completed a computer-scored 100 

item Block Food Frequency Questionnaire designed for use by the National Cancer
Institute. Information regarding average daily caloric consumption, calcium intake, and
calcium/protein and calcium/phosphorus ratios were obtained using this tool.

Bone scans. Bone mineral density (BMD, gcm-2) was assessed by dual energy x-

ray absorptiometry (Hologic QDR 1000/W) for the whole body, lumbar spine (L2-4),
proximal femur (femoral neck and greater trochanter), and femoral mid-shaft. The bone
densitometer delivers a very low dose of radiation (2.0 mR-5.0 mR for regional scans, 1.5
mR for whole body) using quantitative digital radiography (QDR).

Standardized protocols from the manufacturer were used for scans of the whole

body, proximal femur, and lumbar spine. Precision error in our lab is 0.5% for lumbar

spine and regions of the proximal femur, and 1.0% for whole body BMD. The midfemoral shaft scan was begun at the distal femur, one-third the distance from the proximal
patella to the inguinal crease, measured with the subject lying on the table. The scan length

was set at 4.0 inches. In-house coefficient of variation (CV) for femoral shaft BMD is
1.2%. Bone-free lean body mass and fat mass (CV = 1.2%) were obtained from the whole

body scan (software version 5.67). All bone scans and analyses were performed by the
same technician.

Muscular strength. Muscular strength of the left knee extensors was isokinetically
measured using the KinCom 500H (Chattex Corp., Hixson, TN) as an evaluative measure

of the training program. An isokinetic movement is one in which the speed of movement

remains constant throughout the range of joint movement. As a result, the force and/or
torque applied to the machine can be used as a measure of muscular strength. In addition,
this device allows the researcher to factor out the weight of the limb ("gravity correction"),
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in order to obtain a more accurate measure of muscular strength (Finucane, Mayhew, &
Rothstein, 1994). This instrument has been shown to provide valid and reliable (r =.95)
measures of muscle strength (Farrell & Richards, 1986). In-house coefficient of variation
for this measurement is 4%.
Each subject received 5 to 7 warm-up trials prior to testing to become familiar with

the machine and to warm up the knee extensors, followed by 3 to 4 maximal knee
extensions from a position of 85° to 150° at a speed of 30°seC-1. Subjects were instructed

to "push as hard and as fast as you can," and were verbally encouraged during each
attempt. Each trial was separated by a 1-minute rest period.

Muscular power. Muscular power of the lower extremities was assessed using the

Wingate Anaerobic Power Test (WAPT) on a Monarch bicycle ergometer. A specialized

software package (Sports Medicine Industries, version 1.02) and a computerized sensor
(SMI Opti-Sensor, Model 1000) were used to administer the test. The test consisted of a

five-minute aerobic warm-up (60-70 rpm pedaling speed), followed by 30 seconds of
maximum speed pedaling against a resistance equal to 7.5% of body weight (Dolan & Bar-

Or, 1983). Maximum power was used to reflect lower body muscular power. Validity of
this test has been previously established and test-retest reliability for this measure in several

studies of children and young adults was shown to be very high Cr=.95-.97) (Bar-Or,
1977). In-house coefficient of variation is 4%.
Static balance. Static balance was measured using the Biodex Stabilometer. This

machine allows the test administrator to select a difficulty level from 1 to 8, with 1
corresponding to the least ("loosest") platform stability and 8 having the most ("stiffest")
platform stability. A stability level of 2 was selected for these subjects during the pre- and

post-tests. The goal of each 30-second trial was to balance on the platform as well as
possible, not using the hands for support, keeping the center of gravity over the feet. Each
subject received two familiarity trials, followed by two test trials in which their best index
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of stability was selected for statistical analyses. The same foot position was used for preand post-tests.
Exercise Training Protocol

Classes were held three times per week for approximately 45-minutes each
session. The exercises were performed on a variety of surfaces, including wrestling mats,

An appropriate progression of

grass, concrete stairs, and regular wood gym floors.

exercises was selected each day, with emphasis on muscular development at the beginning
of the class, and increasingly more difficult and higher impact activities towards the end of

the class.

Resistance exercises. Resistance training was performed for the first 3 months of
the program, using a padded nylon vest loaded with small weights. Subjects loaded their

vests according to a percentage of their body weight based on the schedule outlined in
Table 3.1.

Subjects performed a predetermined number a sets and repetitions of each

resistance, with approximately 30-60 seconds between sets (Table 3.1). Exercises using
the weighted vests included squats, forward and side lunges, toe raises and heel drops, and
bench stepping and jumping onto and off of an 8-inch wooden box.

Table 3.1. Weighted Vest Resistance Training Protocol.

Month

Sets

Repetitions

1

2

8-10

2

2

10-12

3

3

12

Plyometric training.

Intensity
5-7% of body weight
10-12% of body weight
15% of body weight

These exercises imposed a range of impacts, from low

intensity, low impact activities such as "pogo" hops (simple two-footed, in-place jumps),
to more intense activities such as stair jumping, bounding, and depth jumps onto and off of

wooden boxes ranging from 12-24 inches in height.

These exercises are designed to
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increase power and muscular strength while also adding heavy loads to the skeleton
through increased impact. Due to the relatively intense nature of these exercises, weighted

vests were not worn, and most exercises were performed on softer surfaces such as
wrestling mats and/or grass when possible.

Plyometrics are progressive in nature. When the simplest two-legged jumps were
perfected, more sets and repetitions, and eventually more intense bounds and hops, were

added to the program. The order in which these exercises were added was important,
ensuring that the muscles were conditioned properly for the next progression. Jumping
exercises were performed for maximum height. They included exercises such as the pogo,

squat jump, box jump progression, knee tuck, stride jump, split jump, and depth jump
progressions (see Radcliffe & Farentinos, 1985). The emphasis in bounding drills was to
gain maximum height and distance. They were performed with both or alternating feet, and

included prancing, galloping, skip progressions, ankle flips, stair exercises, alternating leg

bounds, and double leg butt kicks (see Radcliffe & Farentinos, 1985). Hopping exercises

emphasize maximum vertical height and maximum rate of leg movement, and were also

performed with both or alternating leg take offs.

Hopping exercises included hop

progressions, hurdle hops, side cone hops, and single leg hops (see Radcliffe &
Farentinos, 1985). Due to the considerably more difficult nature of depth jump activities
which require proper body mechanics for safe execution, depth jumps were not added to
the program until the third month, when subjects displayed adequate lower body strength
and the ability to perform stable two-footed landings from a 12-inch box.

Plyometric drills progressed from 2 sets, 10 repetitions of 5-7 different exercises
during the first two months, to 2-4 sets, 15-20 repetitions of 12-20 different exercises the

eighth and ninth months. The exercises selected were chosen on intensity level, ranging
from the simplest activities to the more difficult and higher intensity depth jumps as the
months progressed.
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Warm-up and cool-down. Before each training session, subjects were led through

a 5-minute general warm-up including light jogging, shuffling, jump roping, and/or
skipping. Following the training session, a general cool-down was performed, often
including stretching and strengthening exercises for the abdominals and low back.
Statistical Analyses

All statistical analyses were performed using the Statview statistical software
package (Abacus Concepts, ver. 4.1). After matching for height, weight, and months past
menarche, one-way ANOVAs were performed on the baseline data to ensure that the two

groups did not differ with respect to age, height, weight, months past puberty, activity
history, BMD values, muscular strength, muscular power, stability, and average daily
intake of total calories, protein, and calcium.

Post-training group differences were initially assessed using one-sample Student's
T-tests, comparing the percent change in bone and performance measures compared to zero

for each group separately. Repeated measures ANOVA were then performed on the bone

variables to assess post-training differences between groups.

Using a Bonferroni

correction (0.05/5), an' alpha level of 0.01 was considered statistically significant.

Pre and post-test changes in the remaining dependent measures (body composition,

strength, power, stability) were analyzed using a 2x2 MANOVA as an evaluative measure

of the exercise program.

Significant group differences were followed up with a

discriminant function analysis to determine which of the test variables contributed to the
difference. Significance was established at the 0.05 level.

The number of subjects required for this study was determined by formal power
calculations. It was hypothesized that BMD of the whole body, proximal femur, lumbar

spine, and femoral shaft would increase significantly more in the exercisers vs nonexercisers. With an expected group difference of 1%, a power of 0.8 and an alpha level of
0.05, it was calculated that 17 subjects were needed per group.
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Results

Baseline data for the two groups are presented in Table 3.2. The groups did not

differ at baseline on any anthropometric or bone variables, but the control group had
participated in more sports than the exercise group during the two years prior to the study.

They also tended to have higher initial strength and leg power values than the exercisers

(2=.07).

Table 3.2. Pre- and Post-test Subject Characteristics

Characteristic

Age (y)

Months past menarche
Height (cm)
Weight (kg)
Lean mass (kg)
Fat mass (kg)
% Body fat
Past 2-yr # sports/yr

Exercise (n=25)
(mean ± SD)

Control (n=28)
(mean ± SD)

Pre-test

Post-test

Pre-test

Post-test

14.6 ± 0.4

15.4 ± 0.4

14.5 ± 0.6

15.3 ± 0.6

22.5 ± 14.2
164.3 ± 5.6

31.5 ± 14.2
165.0 ± 5.0
61.5 ± 13.1

22.4 ± 13.7

31.4 ± 13.7

165.1 ± 6.4

165.8 ± 6.4

61.0 ± 15.2

61.5 ± 9.0
43.7 ± 5.8
14.9 t 3.9
23.3 ± 5.7
N/A
112.3 ± 22.2
484 ± 83

61.0 ± 15.2
42.6 ± 5.8
15.7 ± 10.1

24.3 ± 7.9
1.0 ± 1.1 *

43.0 ± 5.2
15.5 ± 8.9
24.3 ± 7.0
N/A

Leg strength (kg)
Leg power (watts)
A/P stability (° dev)
M/L stability (° dev)

96.0 ± 19.9
392 ± 82

107.7 ± 17.3

4.1 ± 2.3

2.1 ± 1.5

2.7 ± 1.5

1.7 ± 1.3

Energy intake (kcal/d)
Calcium intake (mg/d)

1340 ± 714 #

1241 ± 517 A

1107 ± 639 #

997 ± 659 A

445 ± 91

43.1 ± 5.7
14.6 ± 4.2
24.1 ± 3.9
2.0 ± 1.8 *
107.2 ± 23.5
440 ± 102
4.9 ± 2.0
3.8 ± 1.9
1475± 432 #
1244 ± 470 #
19.1 ± 4.7 #

17.2 ± 5.7 A
17.8 ± 5.9 #
Ca/Pro
0.84 t 0.15 # 0.85 ± 0.15 A 0.89 t 0.12 #
Ca/Phos
* significantly different between groups at baseline (2 < 0.02)
# based on n=22 exercise subjects; n=17 control subjects
A based on n=17 exercise subjects; n=13 control subjects

3.5 ± 2.0
3.2 ± 1.7
1293 ± 447 A
1121 ± 584 A
18.5 ± 5.6 A

0.87 ± 0.14 A
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Table 3.3. Pre- and Post-test Bone Mineral Density Measurements
Bone Site

Exercise (n=25)
(mean ± SD)

Control (n=28)
(mean ± SD)

Post-test

Pre-test

Post-test

Pre-test

WB BMD (em')

1.011 ± 0.090

1.030 ± 0.084

1.034 ± 0.061

1.051 ± 0.055

FN BMD (gcm2)

0.858 ± 0.124

0.887 ± 0.119

0.888 ± 0.098

0.908 ± 0.111

GT BMD (gcm4)

0.744 ± 0.095

0.757 ± 0.095

0.760 ± 0.076

0.767 ± 0.087

LS BMD (rm.)

1.004 ± 0.095

1.040 ± 0.087

0.990 ± 0.099

1.019 ± 0.103

FS BMD (gcm2)

1.654 ± 0.175

1.687 ± 0.167

1.656 ± 0.112

1.675 ± 0.116

Exercise classes were held three times per week during the nine-month school year,

excluding school in-service days and holidays, where subjects were assigned workouts to

perform at home. A total of 90 formal classes were conducted at each school, with an
additional 15 days assigned as home workouts during school holidays. Attendance in the

formal classes averaged 86% for all exercise subjects (range 71-97%), including days
missed due to sickness and school required activities such as sports participation and a
health/PE class which occasionally overlapped with the sessions. Attendance averaged
90% (range 72-100%) when considering only unexcused absences from class. Offering

this class as a regular physical education course for school credit was a key factor in
maintaining high rates of attendance and participation.

A total of 25 girls completed the nine-month exercise program. One subject moved
out of the area, and one subject contracted mononucleosis during the first part of the study

and chose to withdraw. Only one control subject did not return for follow-up testing due to
repeated scheduling conflicts.
Initial observation of the data showed all variables to be normally distributed. The

stability variables, however, tended to be positively skewed, with more girls displaying
lower scores (better stability). There were no obvious outliers or missing values. Standard
deviations for most variables were high, however, indicating a wide range of scores.
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One sample t-tests were performed separately for the two groups on the changes in

anthropometric, performance, and bone variables. This statistic was used as an initial

screening technique to evaluate the magnitude of the average percent change for each
group. Both groups significantly increased bone density for the whole body, femoral

neck, lumbar spine, and femoral shaft. Only the exercise group, however, significantly
increased bone density of the greater trochanter (Tables 3.3, 3.4). In addition, the exercise

group displayed significant increases in knee extensor strength, and significant
improvements in medial-lateral stability, which did not occur in the controls (Figs. 3.1
3 .3).

Table 3.4.

Mean Percent Change Compared to Zero for Each Group (one-sample

Student's t-tests)

Exercise (n=25)
% change
(mean ± SD)

p value

WB BMD (gcm-2)
FN BMD (gcm-2)
GT BMD (gcm-2)
LS BMD (gcm-2)
FS BMD (gcm-2)

1.96 ± 1.83
3.58 ± 4.73
1.76 ± 3.27

<.0001

3.69 ± 2.62
2.12 ± 2.11

<.0001

Height (cm)
Fat mass (kg)
Lean mass (kg)
Leg strength (kg)
Leg power (watts)
A/P stability
(° deviation) #
M/L stability
(° deviation) #

0.39 -± 0.52

.001

3.56 ± 13.80
1.15 ± 4.15
14.69 ± 19.36
14.61 ± 14.10
-46.04 ± 24.94

.21

-38.11 ± 31.78

Control (n=28)
% change
p value
(mean ± SD)
1.64 ± 1.47
2.16 ± 3.88

<.0001
.13

<.0001

0.82 ± 2.79
2.93 ± 2.05
1.71 ± 2.91
0.45 ± 0.52
2.60 ± 7.05
1.43 ± 2.68
7.31 ± 21.60
11.56 ± 10.43

<.0001

-29.03 -±

<.0001
<.0001

<.0001

29.43
-9.45 ± 44.55

.27

.001
.01

<.0001

.18
.001

.01

*

<.0001
.04
.0001
.06
.01

.09

* significant increases in exercise group but not control group
# more negative stability scores indicate less deviation from the center of gravity.

*
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FIG. 3.2. Percent change in body composition, leg strength, and leg power
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FIG. 33. Percent change in anterior/posterior and medial/lateral balance
Subsequent between/within repeated measures ANOVA, however, showed that the
improvements for the exercise group were not statistically greater than the improvements in

controls (Table 35). Similarly, a MANOVA analysis of the remaining dependent measures
(body composition, strength, power, stability) revealed no

statistically different

improvements for the exercise group (Table 3.6).

Table 3.5. One-way ANOVA for Comparison of Percent Change Group Differences

Mean % change difference p value
(exercise - control) *
.49
0.32
.23
1.42
FN BMD
.26
0.94
GT BMD
.24
0.76
LS BMD
.18
0.41
FS BMD
* positive group differences indicate exercise group increased more than controls

WB BMD
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Table 3.6. MANOVA for Comparison of Group Differences, Pre- to Post-test.
(Variables: Lean Mass, Fat Mass, Knee Extensor Strength, Leg Power, A/P Stability, M/L
Stability)

df

Source

p value

Group
Dependents
Dependents x Group

1

.0818

5

.0001

5

.0097

Time

1

.0001

Time x Group

1

.3294

Dependents x Time

5

.0001

Dependents x Time x Group

5

.5732

Changes between groups not significantly different over time on any test variable.
Type Ill MANOVA Table
Effect: Dependents * Time * Group
S

1

M 1.500
N 22.500
Value

F-Value

Num DF

Den DF

P-Value

Wilks' Lambda

.942

Roy's Greatest Root
Hotelling-Lawley Trace
Pillai Trace

.061
.061

.577
.577
.577
.577

5.000
5.000
5.000
5.000

47.000
47.000
47.000
47.000

.7171
.7171
.7171
.7171

.058

Discussion

We report that high-impact exercise improved BMD, muscle strength, leg power,

and balance in adolescent girls. Although the improvements in these variables were not
statistically different from the improvements in control subjects, a trend towards greater
increases in BMD across all sites in the exercisers was observed. Our results suggest that
impact activities which result in high loads to the skeleton may be effective in promoting
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increased bone modeling during growth. This extra bone mass accrual would improve
peak bone mass, thus decreasing fracture incidence associated with low bone mass.
We speculate that the improvements in bone mass and performance variables of the

controls were partially due to growth (accompanied by increases in lean body mass), but

may also have been enhanced by a high level of physical activity. The control subjects
reported engaging in an average of 5.6 hours of physical activity per week, besides their

mandatory PE class, during the study period.

The exercisers, on the other hand,

performed only 2.6 hours per week of activity outside of the high-impact class. Nine of
the exercise participants did not perform any activities aside from the exercise class, while

only four control subjects were sedentary, aside from their mandatory PE class. On
average, control subjects experienced a larger increase in lean body mass, which was not
accompanied by a larger increase in leg strength and power than the exercise group. This is

probably a reflection of the specific nature of the intervention training, and may also imply
that the training program enhanced physiological systems involved in muscle recruitment.

Although static balance improved in both groups, the percent change from zero in

the exercisers was significantly greater in exercisers than controls.

Specifically,

medial/lateral balance was 29% higher and anterior/posterior balance was 17% higher in

exercisers than controls. These differences are a reflection of training specificity and
overload on the neuromuscular system. Many of the selected plyometric drills contained
lateral movement patterns, which activated muscles and neural pathways involved in hip

ab/adduction, and knee and ankle stabilization.

These exercises challenge the

neuromuscular system which controls coordination and balance. The improvements in

postural stability, particularly in the medial/lateral direction, suggest that training must
include exercises which require movements to the side. Maintenance of medial/lateral
stability throughout life could drastically reduce side falls and, thus, the incidence of hip

fractures. We were surprised by the striking improvements in balance in such young
subjects, which leaves us to speculate that stability requires specific training.
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While there was a clear trend for greater improvements in bone mass at all sites
among exercisers, the largest difference in the change in bone mass between groups was at
the greater trochanter. This finding was similar to the results of Bassey and Ramsdale

(1994). In their study of premenopausal women, which incorporated 50 two-footed jumps

per day in addition to a regular aerobics class, the only bone site at the hip to show a
significant increase was at the greater trochanter. This was one of the first intervention
studies using impact exercises to evaluate changes at the hip. These improvements, which
have not been conclusively duplicated in studies using low-impact training and/or strength

training alone, may be attributed to the relatively high impacts produced at the hip during
jumping. While the femur experiences compressive forces during the jump landing phase,
muscles which attach to the trochanter produce tensile forces during take offs and landings.

It is possible that the high strain patterns produced during jumping in the present study
were of sufficient magnitude to cause an increase in bone density at this hip site. A unique

feature of

this exercise program using plyometric activities is the variety of

acceleration/deceleration patterns imposed on the lower extremities. These movement
patterns may allow unusual or unaccustomed strains to be imposed on the skeleton.

Lohman et al. (1995) similarly found the only significant increases in hip BMD to

be at the trochanter, compared with controls, following 18 months of resistance training.
An important consideration in this study, however, is that the subjects were supplemented
with 500 mg/day of elemental calcium, which represented a 50% increase over their usual
daily intake of 1,023 mg/day. Since the largest gains in BMD were observed after the first
5 months of training, concluding that these increases were due solely to the implementation

of the exercise program may be errant. We speculate that the greater trochanter, given its

higher percentage of trabecular bone, is more responsive to loading than other regions of
the hip.

The subjects in the current study were not supplemented with calcium in order to

control for the confounding effects of additional calcium intake on bone mass accrual.
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Although we did not expect calcium intake to change during the study period, the limited

dietary data obtained pre- and post test for 17 exercisers and 13 controls revealed that
calcium intake decreased slightly in the exercise group (13%), while increasing slightly in

the control group (8%). While these data are incomplete for all subjects, and may only
reflect the intake of those subjects motivated to complete the post-test questionnaire, it

would be worthwhile to explore the attitudes about calcium intake in girls who are
participating in activities they assume will be "good for" their bones. Perhaps some of the
exercise participants believed calcium intake from dietary sources to be less important while

they were in the exercise class, and decreased their intake accordingly. Average calcium

intake for both groups at the beginning of the study, however, approximated the RDA of
1200 mg, which may imply that a small reduction in intake should not compromise bone

health based on this factor alone. However, the fact that reported caloric intake was low

(e.g. 1241-1475 kcalday-'), and probably underestimated, these data are probably
unreliable.

Another positive aspect of the study design was that resistance training exercises
using weighted vests were only incorporated into the first three months of the program. It

was necessary to improve the strength of the lower body before more intense plyometric
activities such as box depth jumps could be added to the program, to ensure subjects had

adequate strength to perform a safe, proper landing. Inclusion of these activities for only
one-third of the study helped prevent the confounding effects of strength training on the
results of the high-impact program.

Offering this form of physical activity as a regular PE class during the school day
was an extremely successful method for maintaining high rates of compliance. While effort

levels among the exercise subjects did vary from individual to individual, there was only

one injury (a mild sprained ankle), and most considered it an enjoyable alternative to a
traditional physical education class. Thus, physical education class represents an avenue
for the incorporation of plyometric activities into the lives of growing adolescents.
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The plyometric exercises used in this investigation varied in intensity, from
relatively low-impact jumps and hops, to very high intensity depth jumps onto and off of

24-inch boxes.

It is possible that additional improvement in BMD could have been

produced by including more high-intensity jumps into the program. Given that only one
injury was sustained during the entire 9 months of the study, it may be safe to increase the

magnitude and number of the loads imposed without an increased risk to safety in this
population.

The fact that the control group had been involved in more weight-bearing physical

activity during the two years prior to the study was an inherent weakness in the study
design. Although every attempt was made to recruit control subjects who matched the
exercise group on baseline characteristics, enrolling active controls became an unavoidable
reality. Future studies should optimally control for both previous physical activity and
sports participation during the intervention period.

Aside from the possible effects of dietary intake or activity level on the outcome of

this study, an explanation for nonsignificant findings lies in the low number of subjects,
and the length of the intervention period. It is possible that more subjects in each group

would have increased the statistical power of the study so that if a difference between
groups would have been detected if it did exist. In addition, while the length of the study
coincided well with the academic year at the high schools, the reality is that it may not have

been long enough to produce the desired significant differences in BMD between groups.

Previous research has also attempted to explain nonsignificant results based on the study

period, an explanation which unfortunately seems to plague bone intervention research
(Snow, Matkin, & Shaw, in Marcus, 1996).
The trends in BMD improvements with the present study, however, should not be
disregarded.

High-impact training affords skeletal benefit during adolescence, and

certainly does not compromise the health or safety of the young participant.

On the

contrary, it may also serve to improve other parameters of motor development such as
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strength, power, and balance, all of which are critical during growth. A program such as

this may, in addition, also serves an important role in engaging girls in physical activity

who would otherwise choose to be sedentary. Future studies, however, should focus on
higher load activities and a longer training period. A randomized intervention spanning two

school years may indeed be necessary in order to differentiate the benefits of plyometric
training on the musculoskeletal system.
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CONCLUSION
Despite the strong theoretical basis for using exercise to increase bone mass, results

from intervention studies to test this theory have been equivocal. The primary reason for
this is probably centered around poor study design. Although it is often impractical to try
and eliminate all of the possible confounding factors in a study, bone research interventions

often neglect to address basic principles of training in the intervention and study design.
Observing the principles of overload, reversibility, initial values, and diminishing returns
will help to maximize the possibility of finding a significant exercise effect on bone if one

truly exists (Drinkwater, 1994).

Compared with other fields, such as cardiovascular

physiology, where these principles have been more firmly addressed and established, bone

research is rather neophytic. Whereas we have long observed that bone atrophies during

disuse (the principle of reversibility), we are still uncertain about the optimal overload
strategy to promote bone hypertrophy. Similarly, it is difficult to determine, based on
present research, how the bones of an active vs. sedentary individual will respond to the
same loading intervention (the principles of initial values and diminishing returns).

This

uncertainty is further compounded when evaluating the effects of interventions in children

and adolescents, because even less research exists on these populations. Therefore, to
criticize intervention studies which fail to produce significant results as "poor studies" by
design may be unreasonable, given the lack of substantial research in this area that would

otherwise point to a tried and true protocol. Early studies examining the response of the

cardiovascular system to exercise met with varying levels of success, until a significant
number of studies showed continuous aerobic training produced higher VO2max values and

postponed the onset of heart disease. The same is also the case with exercise training to
prevent the onset of osteoporosis.

Although it has been estimated that between 60-80% of bone mass is genetically

determined, environmental factors such as physical training and dietary intake have the

potential to significantly influence bone, especially during and immediately following
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growth, when peak bone mass is achieved (Sambrook, Kelly, White, Morrison, &
Eisman, 1996, in Marcus, 1996). The observation by our laboratory and others, that
female gymnasts (LaRiviere et al., 1995; LaRiviere et al., 1996; Robinson et al., 1995) and

male wrestlers (unpublished data, Oregon State University) exhibit extremely high bone
mass for their age, has allowed us to speculate about the nature of their athletic training and
other factors which may contribute to such high BMD.
Results from cross-sectional research are helpful in identifying possible connections

between factors in which subsequent longitudinal evaluation may establish a causal
relationship. A cross-sectional analysis of the pre-training data from the present study
suggested an association between lean body mass, leg power, and bone density in this
cohort of adolescent girls. If these relationships were causal, then one would expect to see
a proportional increase in one variable with an increase in another variable. In other words,

the significant correlation between leg power and hip BMD from the cross-sectional study,
could be used to design an intervention to increase leg power, to evaluate the effects on hip

BMD. Although a relationship between change in leg power and change in hip BMD was

not demonstrated following the intervention study, it is difficult to conclude that they are

unrelated since the intervention failed to produce significant increases in either variable
compared to controls.

The cross-sectional observations that gymnasts and wrestlers exhibit high bone
mass, and the longitudinal observation that gymnasts improve upon their initially high

BMD during a training season, are powerful. Research aimed at identifying optimal
intervention strategies for osteoporosis prevention should focus on the lives of these young
athletes. Given the changes observed over training periods, it is appropriate to infer

causality with respect to the loading regimen. If we are to assume that their physical
training patterns are highly influential on bone mass accumulation, then we must strive to

determine if there exists some "dose response" for bone.

In other words, is there a

proportional response between the number of "high magnitude" load cycles imposed and an
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increase in bone mass? If such a relationship does exist, is there a minimum number that
must be imposed to produce an osteogenic stimulus, or is this response purely mediated by
force magnitude, regardless of number of cycles?

Another factor associated with the training regimens of gymnasts and wrestlers is

the unusual loading patterns they experience. As Lanyon (1996) points out, "unusual
strain distributions, high strains, and high strain rates seem to be particularly osteogenic."

He recommends that exercise sessions should not focus on duration, but rather on the
inclusion of as many "novel" strains as possible, implying that bone may respond to loads
that are unaccustomed, rather than loads that are in the same direction as everyday loading

(Haapasalo et al., 1994). Along these lines, the present study suggests that medial/lateral

movements may be particularly useful in stimulating bone at the greater trochanter,
although this needs to be investigated further.
It is also becoming more evident that there exists a need to quantify the forces being

imposed on the bones of interest (e.g. hip and spine) during impact sports. McNitt-Gray

(1989) has reported ground-reaction forces of between 7-10 times body weight during
gymnastics landings, but no intervention studies have quantified the forces imposed with
their particular exercises. Similarly, we must also attempt to quantify forces imposed from

muscular contractions, as during gymnastics take-offs or wrestling maneuvers, to
determine if sufficient force can be produced by muscular pull at bony attachment sites to
produce an osteogenic stimulus.

Lastly, as difficult as it may be to control for the multifactorial nature of humans,
we as researchers must strive to design sound studies, grounded in the five principles of
training. One of the most difficult features to overcome in bone intervention work is the
extremely long time commitment necessary on the part of the researchers and subjects to
complete an intervention of sufficient duration to produce a significant bone response. As

difficult as it may be to design, fund, and recruit for studies of this nature, it remains an
unavoidable reality that bone is slow to respond to stimuli. Few studies of shorter than 6-9
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months in duration have produced significant improvements in bone. An exception is the

work of Bassey and Ramsdale (1994), who were able to show significant increases in
BMD using a high-impact jumping protocol in premenopausal women in as little as 6
months. These results have not been duplicated and probably represent the exception rather

than the rule. Researchers should strive for interventions of at least 12-18 months in
duration (see Heinonen et al., 1996). In addition, multiple baseline measures of BMD, for
instance measured three months apart, allow the researcher to account for remodeling drifts
which may confound the baseline measure if taken only once.

Treatments need to be clearly defined and distinct, with the inclusion of control
groups. This will help to maximize the statistical power of the study. An example where

this is often violated in bone research is the addition of calcium supplementation to the

exercise intervention, without the inclusion of a group that receives only calcium but
performs no exercise. It is impossible, in these studies, to identify changes associated with
the exercise only, because of the possibility of an exercise-calcium interaction.

Another important aspect of bone research which is almost never included is a
detraining phase. This would allow researchers to determine if significant increases in

bone are permanent or transitory, when the osteogenic training stimulus is removed. Our
previous work in gymnasts suggests that substantial bone resorption does occur during the

summer months, between training seasons (LaRiviere, Robinson, & Snow, 1995). The

extent of this detraining response in individuals with "normal" bone mass, however, has
not been determined. Neither has it been examined in children or adolescents following a

training program. This has important implications for the need to include bone loading
exercises for a lifetime to prevent the onset of osteoporosis.
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APPENDIX A
INSTITUTIONAL REVIEW BOARD FOR THE PROTECTION OF HUMAN SUBJECTS

OREGON STATE UNIVERSITY

;JUL

5 1995

Report of Review
The effects of resistance and high-impact plyometric training on bone
mineral density in adolescent females.

TITLE:

PRINCIPAL INVESTIGATOR:
STUDENT:

Christine Snow, ExSS

Kara Broxson

COMMITTEE DECISION: Approved
COMMENTS:
1.

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.

2.

Any proposed change to the protocol or informed consent form that is now
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.

3.

The project's use of human subjects will be reviewed annually.

Date: July 3, 1995
Warren N. Suzuki, Chair
Committee for the Protection of Human Subjects
(Education, 7-6393, suzukiw@ccmail.orst.edu)
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APPENDIX B
INFORMED CONSENT

THE EFFECTS OF RESISTANCE AND HIGH- IMPACT PLYOMETRIC TRAINING ON
BONE MINERAL DENSITY IN ADOLESCENT FEMALES
I have been invited by Dr. Christine Snow to participate in this study. It has been explained to me
that the purpose of this study in the exercise group is to determine the effects of a plyometric, or
"bone loading" exercise program on the bone mass of high school girls over a 3-year period. This
bone loading program will incorporate moderate to high-impact jumping activities which have
been associated with higher bone densities in girls who regularly perform these activities (e.g.
gymnasts). This study will be divided into three, 9-month segments, and continuation from one

year to the next is completely voluntary. This program will help us to evaluate the role of
physical activity in reducing the risk for osteoporosis. Osteoporosis is a bone disease
characterized by fractures of the vertebrae, wrist, and hip. It is caused by a number of factors,
including genetics, reproductive hormone levels, calcium intake, and physical activity.
Osteoporosis affects men and women, but is more prevalent in women, afflicting one in three
women over the age of 60 in this country. The bone loss which leads to fractures is assumed to
begin early in the twenties in the vertebrae and hip, and later in adulthood in the wrist. Although

current knowledge suggests that athletes have stronger bones, the types of exercise that best
promote an increase in bone mass remain controversial. There is also evidence which suggests
that peak bone mass may be increased in young girls through exercise, which may help prevent
osteoporosis later in life. The long-term objectives of this study are: 1) to determine whether
young girls can increase their peak bone mass to better protect them from osteoporosis later in
life, and 2) to identify the types of exercise which can be safely prescribed for improving bone
density and reducing bone loss in women.

I understand that as a control subject in this study, I have been asked to participate in several
physical tests including bone mineral density, muscular strength, balance, and muscular power,
once during September, 1995, and once during June, 1996. I understand that I will not be
participating in any of the exercise sessions with the exercise group.

It has been explained to me that the instrument used to measure my skeleton (a bone
densitometer) uses very low levels of radiation to assess mineral content. Additional information

on my body composition (percent muscle and fat tissue) will be derived from data collected
during the whole body scan. I have been selected because I am healthy, not pregnant, and have
no history of medical conditions that would affect my skeleton. Prior to the bone density
evaluation each September, I understand that I will be asked to complete a health and activity
questionnaire.

I understand that I should have begun my menstrual periods. If I am not on birth control pills, I
will have the testing conducted during my menstrual flow or within one week of onset. I have
been informed that if I am pregnant, I should not participate in this study. Further, if I become
pregnant, I will be asked to inform the researchers immediately and withdraw from the study.
I have been informed that the scan requires that I lie quietly on a table for seven minutes for spine

and hip evaluations, four minutes for the femur evaluation, and 14 minutes for whole body
mineral determination.

This technique used to assess bone mineral content gives an accurate measure of bone density
with a very low exposure to radiation. It has been explained that this radiation dose is considered
safe to administer on several occasions to girls in my age group, provided that the girls are not
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pregnant. The external beam is the only ionizing radiation to which I will be exposed. No
injections are given and there are no known hazards from radiation at such a low level. The
calculated radiation exposure with this procedure per scan is approximately 2-5 millirads for a
spine, hip, and femur scan, and 1.5 millirads for a whole body scan. For comparison, a person
can be expected to receive about 160 millirads per year from the environment, and about 40
millirads from a standard 2-position chest x-ray.

I understand that the information from the bone scans and other tests will be provided to me at no
charge. The average cost of bone density assessment is $250-300 and a body composition

analysis is $20.

I understand that this evaluation is not diagnostic and that any questions

regarding my bone mineral density report should be directed to my physician.

I understand that my muscular strength and power will also be assessed. Strength of my
quadriceps will be measured using an isokinetic dynamometer which measure s the amount of
force I apply to the instrument. Muscular power will be assessed using a bicycle ergometer, and
will require that I pedal as fast as I can for 30 seconds against moderate resistance. Risk of
muscular soreness will be minimized by having me perform a warm-up prior to , and a cool-down
following each test. My balance will be tested using a stabilometer which will require me to
balance as well as I can on a moving platform.
I understand that I will be given a Food Frequency Questionnaire and an activity questionnaire to
complete during each testing visit which will help the researchers determine what my diet and
activity patterns are like.

If I have any questions about the research or my rights, I understand that Dr. Snow at 737-6788
will be happy to answer them.
I understand that confidentiality will be accomplished by a number coding system and that 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.
I understand that my decision whether or not to participate will not cause prejudice toward me. If
I decide to participate, I am free to withdraw my consent and to discontinue participation at any
time without penalty or loss of benefits to which I am entitled. Consent for my participation in
this study may also be withheld or withdrawn at any time by my parent/guardian without my
being penalized or losing benefits to which I am entitled.
Signature of participant

Date

Signature of parent or guardian

Date

Witness

Date
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APPENDIX C

OREGON STATE UNIVERSITY BONE RESEARCH LABORATORY
Health and Physical Activity History
First name

Last name

Middle

Date of birth

Address

Home phone
OR

City
Pounds

Weight

Occupation and/or sports team
ft

in

M

F (circle)

Height

Please list your present medications and dosages here (incl. birth control pills/vitamins):
1

PAST HISTORY (Check if YES)
Have you ever had:

FAMILY HISTORY (Check if YES)
Have your grandparents, parents, or
siblings ever had:
Diabetes
Heart attacks
High blood pressure
High cholesterol
Congenital heart disease
Heart operations

High cholesterol
Rheumatic fever
Heart murmur
High blood pressure
Heart trouble
Disease of arteries
Varicose veins
Lung disease
Operations
Back injury
Other musculoskeletal inj
Epilepsy

Date of last medical exam

If yes to any of the above, please explain:

Physician:

Other

PRESENT SYMPTOMS (Check if YES)
Have you recently had:
Chest pain
Shortness of breath
Heart palpitations
Cough on exertion
Coughing up blood
Back pain
Painful, stiff or swollen joints

Other
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HEALTH HABITS

Smoking
Do you smoke?
Cigarettes
Cigar
Pipe

NO

YES

How many/day?
How many/day?
Times/day?

If you have quit smoking, when did you quit?
Alcohol consumption
Do you drink alcohol daily? Y

How many yrs?
How many yrs?
How many yrs?

How many yrs did you smoke?

N (circle) If yes, how many drinks/week?

Consumption of calcium-rich daily products
How many 8 oz. glasses of milk do you drink per day?
How many servings of cheese (1 oz) do you eat per day?
How many servings of yogurt (1 cup) do you eat per week?
Body weight
What was your weight 1 month ago?

per week?
per week?

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?
PHYSICAL ACTIVITY
List all sports or activities in which you have participated during the past year.
(Examples: aerobics, tennis, golf, softball, dance, football, weight training, rowing,
hiking, swimming, cycling, etc.)
AVG # HRS/WK
ACTIVITY
AVG # MO/YR

List your involvement in sports activities for the past 2 years prior to above:
# HRS/WK
ACTIVITY
# MO/YR

# YRS
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OSTEOPOROSIS RISK FACTORS
Please cicle "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.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

true false
I have a history of rheumatoid arthritis.
true false
I have been treated with cortisone or similar drugs.
true false
I have a close relative with osteoporosis.
true
false
I have a history of an overactive thyroid gland.
true false
I have a history of an overactive parathyroid gland.
true false
I have a history of alcoholism.
true false
I have a history of chronic liver disease.
true false
I have a history of multiple myeloma.
true false
I have a history of the blood tumor, leukemia.
true false
I have a history of stomach ulcers.
true false
I have lactase deficiency (inability to digest milk).
true false
Some of my stomach has been surgically removed.
I take anabolic steroids now or have in the past.
true false
true false
I avoid milk and other dairy products.
true
false
I usually eat meat at least twice a day.
true
false
I drink more than 2 cups of coffee or tea daily.
false
true
On average, I drink 2 or more soft drinks daily.
I have about 3 or more alcoholic beverages daily.
true false
false
I follow a vegetarian diet and have so for years.
true
I am of Caucasian (white race) ancestry.
false
true
I am of Asian (Oriental race) ancestry.
false
true
true
false
I am of African-American (black) ancestry.
true false
I am of Mexican-American or Hispanic ancestry.
true false
I am physically inactive most of the time.
false
I have lost more than 1 inch in height.
true
true
false
I take or have taken thyroid hormone pills.
true
false
I took phenobarbitol or dilantin for over a year.
true false
I use Maalox or Mylanta antacids frequently.
true false
I have taken furosamide (Lasix) for over one year.
I have been treated with lithium for over one year.
true false
true false
I have been treated with chemotherapy for cancer.
I take or have taken cyclosporin A (Sandimmune).
true false
true false
I have received an organ transplant (kidney, etc.).
true false
I have had trouble with anorexia nervosa or bulimia.
(WOMEN ONLY)
true
false
I lost my period for a year or more before it came back.
I have had irregular menstrual periods.
true false
true false
My menstrual period did not begin until after age 16.
false
I have a medical history of endometriosis.
true
true
false
I lost my periods when I was exercising heavily.
I have had both ovaries surgically removed.
false
true
false
I have breast fed a baby for one month or more.
true
true
false
I take tamoxifin as treatment for breast cancer.
I went through menopause before age 50.
true false
I have gone through menopause (change of life).
false
true
I have received estrogen treatment after menopause.
true false

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?
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FOOD QUESTIONNAIRE
oii:!1`
,

ildiN21.119

quiff

it

Oftl.

This form asks about your usual food intake.
It takes about 30 minutes to complete. Please follow these instructions:
Answer each question as best you can estimate if you aren't sure.
Use only a No. 2 pencil.
Be certain to completely blacken in each of your answers, and erase completely
if you make any changes.
CORRECT MARK:
INCORRECT MARKS:

Ctu2D G)

PLEASE PRINT YOUR NAME IN THIS BOX.
PLEASE DO NOT WRITE OUTSIDE THE BOXED AREA.

IDENTIFICATION
NUMBER

1.

GD

C3D

000000000
CDCDCDCDMCDCDCDCD

3

AGE
0 Less than 20

ap cip ci) ao cr at) cap co ap
CIDGDGDGIDCDCDCDODCD

0 70,

030303 a)030303CD03
0303ODC3DCO

CiDGD

cpcpcncamcDocpcp

DAY

6. HEIGHT

pounds

0May
OJun

°Jul

0 Aug
0 Sep
0 Oct
0 Nov
0 Dec

ft. in.

YEAR

O Feb

0 Apr
0 20-29
0 30-39
0 40-49
0 50-59
0 60-69

03 GD CD CD CD OD CD CD CD

0Jan

°Mar

®03 CID OD OD

CD CD CD CD CD CD GD CD GD

DATE

SEX

0 Male
0 Female

5. WEIGHT

TODAY'S

4.
2.

OD CD

91 0
CDCD 92 0
93 0
CID CD
0303 94 0
CID
95 0
CD 96 0
OD
97 0
CD 98 0
Cl) 99 0
0) 00 0
CDC3D

CD OD GI)

CDC

OCK.D

CD CID

CDCDCD

(DOD

CDCDCD

GDGD

CIDG)(1)

0)03

030)0)

CDCID

03 03 GD

CDCD

CDCDCD

OD

COM®

CD

CDCDO)
03

Himont.' Intormatlon Semen INIS) 02:92 knA89475: 5

1111110, FULL.JAN 92

0 00111011110.0.0110000000
Page 1
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7. Do you smoke cigarettes now?

0 No
0 Yes IF YES, on the average, about how many cigarettes a day do you smoke now?
0 35 or more
0 25 34
0 15 - 24
0 6 - 14
01 5
8. About how many times have you gone on a diet to lose weight?
0
06-8
03 -5
01-2
0 Never

=

11

9

9. During the past year have you taken any vitamins or minerals?
0 Yes, but not regularly
0 Yes. fairly regularly
0 No
IF YES, what do you take fairly regularly?
FOR HOW MANY YEARS?

NUMBER OF TABLETS
4-6
PER
NONE WEEK WEEK
1-3
PER

VITAMIN TYPE

Multiple Vitamins
Stress-tabs type
Therapeutic, Theragran type
One-a-day type

Other Vitamins
Vitamin A
Vitamin E
Calcium or Turns
Vitamin C

O
O
O

O

O
O
O
O

O
O
O

O
O

0

1

2

3

4

5.

PER

PER
DAY

PER
DAY

PER
DAY

PER
DAY

O O
O O
O 0

O
O
O

O
O
O

O O O
O O O
0 O O

O
O
O

O

O

O

O
O
O
O

O
O
O

DAY

O
O
O

O O
O

0

O
O
O
O

O
O
O

O
O

O

0

O

O
O
0 O
O O

O
O

0
0 O
0 0

10. If you take Vitamin E or Vitamin C:
How many units per Vitamin E tablet?
How many milligrams per Vitamin C tablet?

=IN

0 12 or more

11

0 100
0 100

0 200
0 250

0 400
0 500

LESS
10+
6-9
THAN 1-2
3-5
1 YR YEARSYEARS YEARS YEARS

O

0 O O
0 0 O
0 0 0

O

0 1000 0 Don't know
0 1000 0 Don't know

11. Do you regularly take pills containing any of these nutrients?
0 Beta-carotene
0 Iron
0 No or don't know

0 Zinc

0

0 Selenium

12. What kinds of fat do you usually use in cooking (to fry, stir-fry, or saute)? Mark only one or two.
0 Crisco
0 Pam or no oil
0 Don't know or don't cook 0 Lard, fatback, baconfat
0 Stick margarine
MOB

0 Butter

0 Soft tub margarine

0 Oil

0 1/2 butter, 1/2 margarine 0 Low calorie margarine
13. What kinds of fat do you usually add to vegetables, potatoes, etc.? Mark only one or two.
0 Low calorie margarine
0 Lard, fatback, baconfat
0 Don't add fat
0 Stick margarine

0 Soft tub margarine

0 1/2 butter, 1/2 margarine

0 Butter

0 Whipped butter

0 Crisco

14. When you eat the following foods, how often do you eat a low-fat or non-fat version of that food?
0 Rarely low-fat
0 Always low-fat
0 Sometimes
CHEESE
0 Rarely low-fat
0 Always low-fat
0 Sometimes
ICE CREAM/YOGURT
0 Rarely low-fat
0 Always low-fat
0 Sometimes
SALAD DRESSING

Page 2
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15.

SELDOM/NEVER

SOMETIMES

OFTEN/ALWAYS

0
0
0
0

0
0
0
0

0
0
0
0

a. How often do you add salt to your food?
b. How often do you add pepper to your food?
c. How often do you eat the skin on chicken?
d. How often do you eat the fat on meat?

16. About how often do you eat the following foods from restaurants or carry-outs?
Remember to think about all meals (breakfast, lunch, dinner or snacks).
NUMBER OF VISITS LAST YEAR
NEVER
IN PAST
YEAR

RESTAURANT FOOD

0
0
0
0
0
0

Fried chicken
Burgers
Pizza

Chinese food
Mexican food
Fried fish

1-4

5-11
1.3
TIMES
TIMES
TIMES
PAST YEAR PAST YEAR A MONTH

0
0
0
0
0
0

0
0
0
0
0

o

0
0
0
0

o
o

ONCE
A
WEEK

2-4
TIMES
A WEEK

ALMOST
EVERY

0
0
0

0
0

0

O

o
o
o

o
o
o

DAY

o
0
0
0

o

17. This section is about your usual eating habits over the past year.
FIRST:

SECOND:

Mark the column to show how often, on the average. you ate the food during the past year.
Please BE CAREFUL which column you put your answer in.
Mark whether your usual serving size is small, medium or large. Please DO NOT OMIT serving size.

ADDITIONAL COMMENTS:
Please DO NOT SKIP any foods. If you never eat a food, mark "Never or less than once a month."
A small serving is about one-half the medium serving size shown, or less.
A large serving is about one-and-a-half times the medium serving size shown, or more.

SAMPLE:

This person ate a medium serving of rice about twice per month and never ate squash.
HOW OFTEN

TYPE OF FOOD

NEVER
1
OR LESS
1
2-3
1
2
3-4
5-6
THAN ONCE PER PER PER PER PER PER PER
PER MONTH MON MON WEEK WEEK WEEK WEEK DAY

0

Rice

Winter squash, baked
squash

MIN

HOW MUCH
2+
PER
DAY

0
0 0 0 0 0 0
0 0 0 0 0 0 0 0
Page 3

YOUR
SERVING SIZE
MEDIUM
SERVING

3/4 cup
1/2 cup

S

N

L

0 III 0
0 0 0
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HOW MUCH

HOW OFTEN
NEVER
I
33 5-6
1
1
1
23
OR LESS
PER PER PER I PER PER PER PER
THAN ONCE
MON MON WEEKIWEEKWEEKWEEK DAY
PER MONTH

TYPE OF FOOD

FRUITS ND JUICES ,

0
0
0
0
0
0
0
0
0
0

Bananas
Peaches, apricots (fresh
or canned

Cantaloupe (in season)
Cantaloupe (rest of year)
Watermelon (in season)
Strawberries (in season)
Oranges
Grapefruit
Orange juice or grapefruit juice
Fruit drinks with added
vitamin C, such as Hi-C

Highly fortified cereals, such as
Total, Just Right or Product 19
Other cold cereals. such as corn
flakes, Rice Krispies
Cooked cereal. or grits
Milk on cereal

Sugar added to cereal
Eggs
Bacon

Sausage

0
0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0
0
0
0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

medium
o1

r /2 cup

1 medium
or 1/2 C UP

1 medium
1 medium
or 1/2 cup
1/4

medium
1/4

medium
1 slice
1/2 cup
1 medium
1/2

medium
691

glass
6 ounce
glass

0 0 0 0 0 0 0 0
v

:.

. ..: -;:,i.- ..,IC'A.:4' ,'''''''
High fiber, bran or granola
cereals, shredded wheat

0 0
0
0 0 0 0
0 0 0 0
0 0 0 0

O000 0000

o

Any other fruit, including
berries, fruit cocktail, grapes
4-J'eVti''.:'"-'

0
0
0
0

0
0

Apples, applesauce, pears

;4:7r-

I

MEDIUM
SERVING

!

YOUR
SERVING SIZE
S

M

L

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

., .,

.

EXAMPLE: Apples, etc.

7 ;.;---

2«
PER
DAY

.i-

olgz4WP 71::t34,=i--

0
0

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

0
0
0
0
0
0
0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Page 4

1/2 cup

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0 0 0

,;,

1 medium
bowl
1 medbowl ium

0 0 0
0 0 0

0
1 medium
0
bowl
0
1/2 cup
0
2 teasp
egg' 0
2 eggs.meMd
0
2 slices
2 patties
0
or links
1 medium
bowl

1

IN

NM

0
0
0
0
0
0
0

0
0
0

0
0
0
0
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HOW MUCH

HOW OFTEN
NEV
OR LESS

1
5-6
3-4
1
2
2-3
PER PER PER PER PER PER PER
THAN ONCE
DAY
PER MONTH MON MON WEEK WEEKIWEEK WEEK

TYPE OF FOOD

VEGETABLES

7!;:1-

'_1

-

.4

String beans, green beans

0

Peas

0

Chili with beans
Other beans such as baked beans,
pintos, kidney, limas, and lentils
Corn

Winter squash/baked squash
Tomatoes, tomato juice

Red chili sauce, taco sauce,
salsa picante
Broccoli

Cauliflower or brussels sprouts
Spinach (raw)

Spinach (cooked)
Mustard greens, turnip greens,
collards
Cole slaw, cabbage, sauerkraut
Carrots, or mixed vegetables
containing carrots
Green salad
Regular salad dressing &
mayonnaise. including on
sandwiches or on potato salad, etc.
French fries and fried potatoes
Sweet potatoes. yams
Other potatoes, including boiled,
baked, mashed & potato salad
Rice

Any other vegetable. including
cooked onions. summer squash
Butter, margarine or other fat
added to veg.. potatoes. etc.

0
0
0

o
o
0
o
0
0
0

o
o
o
o

1

''!`'

2,

'

0
0
0
0
0
o o o o o o o 0

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

o o o o o o o o
0 0 0 0 0 0 0 0
o o o o o o o 0
0
0
0
o

0 0 0 0
0 0 0 0
0 0 0 0
o o o o

0 0 0
0 0 0
0 0 0
o o o

o 0 0 o o o o o
o o o o o o o o
o o o o o o o o

0

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
c o o o o o o
0 0 0 0 10 0 0
0 0 0 0 0 0 0

0

0 0 0 0 0 0 0 0

0
0
0

o
o

Page 5

YOUR
SERVING SIZE

MEDIUM
SERVING

PER
DAY

.i:i.:.;,:;.

,

NC]

0
0
0

o
0
0

S

M

L

,406i:-A...
6`;140.1.;

,:i;(4'

1/2 cup

1/2 cup

3/4 cup
3/4 cup
1/2 cup
1/2 cup
1 medium or
6 oz. glass

2 tablesp
1/2 cup

1/2 cup

3/4 cup
1/2 cup

1/2 cup
1/2 cup
1/2 cup
1 medium
bowl

2 tablesp
3/4 cup
1-2 cup-

1 medium
or 1/2 cup
3/4 cup
112 cup

2 oats

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
o o
0 0
0 0
0 0

0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
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HOW MUCH

HOW OFTEN
TYPE OF FOOD

NEVER
1
OR LESS
THAN ONCE PER
MON
PER MONTH

1
1
2-3
2 I 3-4
5-6
PER PER PER I PER PER j PER
MON WEEKIWEEKIWEEK WEEKI DAY
1

2*
PER
DAY

I

MEDIUM
SERVING

I

YOUR
SERVING SIZE

H

M

MEAT, FISH, POULTRY, LUNCH ITEMS

0

0 0 0 0 0 0 0 0

1 medium
or 4 oz.

0 0 0

Beef, (steaks, roasts, etc.,
including sandwiches)

0

0 0 0 0 0 0 0 0

4 ounces

0 0 0

Beef stew or pot pie with
carrots or other vegetables

0
0
0
0
0
0
0

0 0 0
0 0 0
.0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0

0 0 0 0 0 0 0 0

Hamburgers, cheeseburgers,
meatloaf, beef burritos, tacos

Liver, including chicken livers
Pork, including chops, roasts
Fried chicken
Chicken or turkey (roasted, stewed
or broiled, including on sandwiches)

Fried fish or fish sandwich
Tuna, tuna salad,
tuna casserole
Oysters

Shell fish, (shrimp, crab,
lobster, etc.)
Other fish (broiled or baked)
Spaghetti, lasagna, other pasta
with tomato sauce
Pizza

Mixed dishes with cheese
(such as macaroni and cheese)
Liverwurst
Hot dogs

Ham, bologna, salami and
other lunch meats
Vegetable and tomato soups,
including vegetable beef, minestrone

Other soups

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

Page 6

O

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

1 medium
bowl

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

1 medium
bowl

0 0 0

1 cup

4 ounces
2 chops or
4 ounces
2 small or
1 large pce
2 small or
1 large pce

4 ounces or
1 sandwich
1/2 cup

5 pieces.
1/4 cup
or 3 oz.

0
0
0
0
0

2 pieces or
4 ounces

0

1 cup

0
0
0
0

5 pices.
e
1/4 cup
or 3 oz.

1 cup

2 slices

2 slices
2 hot dogs
2 slices or
2 ounces
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HOW MUCH

HOW OFTEN
NEVER

TYPE OF FOOD

1

OR LESS
THAN ONCE _PER.
PER MONTH MI"

BREADS, SNACKS, SPREADS

2-3

i

I

2

I

3-4

RIwPEEERK
PER PER
mPER miNPEEEw

5-6
PER

2.

1

R

PDERY

DAY

:-.1_, .:-;t

.A

s

M

L

TIOWZ:47-,..-1'

-i

...t

YOUR
SERVING SIZE

MEDIUM
SERVING

0 0

o

0 0 0 a 0 0 0 0

I medium
piece

White bread (including
sandwiches, bagels, burger rolls,
French or Italian bread

0

0 0 0 0 0 0 0 0

2 slices

0 0 0

Dark bread, such as wheat,
rye, pumpernickel,
(including sandwiches)

O

o o o o o o o 0

2 slices

0 0 0

Corn bread, com muffins,
corn tortillas

o
o

0 0 0 0 0 0 0 0
o o o o o o o 0

2 handfuls
or 1 cup

0
0
0
0

0
0
0
0

Biscuits, muffins.
(including fast foods)

Salty snacks, such as potato
chips, corn chips, popcorn
Peanuts, peanut butter
Margarine on bread or rolls
Butter on bread or rolls
Gravies made with meat
drippings, or white sauce

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

Other cheeses and
cheese spreads
Flavored yogurt. frozen yogurt

0
0
0
0

0
0
0
0

0
0
0
0

2 tablesp
2 pats
2 pats
2 tablesp

0
0
0
0

0
0
0
0

-

DAIRY PRODUCTS
Cottage cheese

0
0
0
0

0 0 0
0 0 0

imedium
piece

o

o o o o o o o o

0
0

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

0 0 0
0 0 0
0 0 0

1/2 cup

2 slices or
2 ounces
1 cup

SWEETS

-.4

Ice cream

Doughnuts, cookies,
cake, pastry

Pumpkin pie, sweet potato pie
Other pies
Chocolate candy
Other candy, jelly,
honey, brown sugar

..

o
o

o o o O' o

o o

i scoop
or 1/2 cub

0 0 0 0 0 0 0 0

1Plecew
cookies

0

0 0 0 0 0 0 0 0

1 medium
slice

o
o
0

o o o o o o o o
o o o o o o o o
0 0 0 0 10 0 0 0
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O

0 0 0
0 0 0

1 small bar
or 1 az

0 0 0
0 0 0
0 0 0

cMes:.

0 0 0

1

medium
slice

77

HOW MUCH

HOW OFTEN
TYPE OF FOOD

NEVER OR
1-3
1
1
2-4
5-6
LESS THAN
PER PER PER PER PER
ONMCE PER
DAY
MON
WEEKWEEKIWEEK
ONTH

2-3
PER
DAY

4-5
PER
DAY

6+

I
I

I

PER'
DAY

MEDIUM
SERVING

YOUR
SERVING SIZE
M

S

L

I

.t.ii-*.t

tor the
esolumns
are 'different.)
BEVERAGES (Please note that the categories
.... c
...
.

Whole milk and beverages with
whole milk (not incl. on cereal)

2% milk and beverages with 2%
milk (not including on cereal)
Skim milk, 1% milk or buttermilk
(not including on cereal)
Regular soft drinks (not diet soda)
Beer

Wine or wine coolers
Liquor

Coffee, regular or decaf
Tea (hot or iced)

Lemon in tea

0
0
0
0
0
0
0
0
0
0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

Non-dairy creamer
in coffee or tea
Cream (real) or Half-and-Half in
coffee or tea
Milk in coffee or tea
Sugar in coffee or tea
Glasses of water

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0
0
0
0
0 0

0 0
0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0
0 0
0
0
0
0
0

0
0
0
0

8 oz. glass
8 oz. glass
8 oz. glass
1or 2 oz can

bottle
12 oz can
or bottle
edium
mlass
g

1

1 shot

I m edium
cup
1 meedium

up
1 teasp

1 tablesp

1 tablesp
1 tablesp

2 teaspoons
8 oz. glass

0 0 0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0
0

AVERAGE USE LAST YEAR

18.

SUMMARY QUESTIONS
a. How often do you use fat or oil
in cooking?
b. About how many servings of
vegetables do you eat, not
counting salad or potatoes?
c. About how many servings of fruit
do you eat, not counting juices?

d. About how many servings of
cold cereal do you eat?

LESS
THAN
ONCE PER
WEEK

1-2
PER

3-4
PER

5-6
PER

1

11/2

2

3

WEEK

WEEK

PER
DAY

PER
DAY

PER

WEEK

DAY

PER
DAY

4+
PER
DAY

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

0
0

0

THANK YOU VERY MUCH FOR TAKING THE TIME TO FILL OUT THIS QUESTIONNAIRE
Please take a moment to fill in any questions you may have skipped.
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