
AN ABSTRACT OF THE DISSERTATION OF

Tanya R. Littrell for the degree of Doctor of Philosophy in Exercise and Sport Science

presented on February 24, 2004.

Title: Water Exercise Effects on Bone Density and Fall Risk in Postmenopausal Women.

Abstract approved:

Christine M. Snow

Exercise may be the most effective strategy to reduce osteoporotic fractures in older

adults because of its potential to reduce both bone loss and fall risk. It is unclear whether

water exercise is an effective strategy to reduce fracture risk in postmenopausal women.

PURPOSE: To examine the effects of a 12-month shallow water exercise program on

bone mineral density (BMD) and physical function in postmenopausal women.

METHODS: We recruited 59 women (5 years past menopause; 27 exercisers and 32

controls) and evaluated subject characteristics (weight and age), BMID (spine, total hip,

femoral neck) by dual energy x-ray absorptiometry, and physical function (leg power,

arm endurance, cardiorespiratory fitness, flexibility) at baseline and 12 months. The

exercise group participated in a 45-minute shallow water exercise class 3 times per week

for 12 months, while the control group was asked to maintain initial activity levels.

RESULTS: Using ANCOVA (covariates: initial BMID and weight) BMD difference

scores at the spine, total hip, and femoral neck were similar between exercisers and



controls after the 12-month intervention (p=O. 14-0.31). However, one-sample t-tests

revealed that over the 12 months, femoral neck BMD decreased 1.7% in controls

(p<O.Ol) but did not change in exercisers (p=O.98). Using ANCOVA to evaluate

difference scores in physical function (covariates: initial weight and age), exercisers

exhibited greater cardiorespiratory fitness after 12 months of water exercise than controls

(pO.O3), but leg power, arm endurance, and flexibility were not different between

groups. One-sample t-tests revealed that exercisers increased leg power

(+14. l%,p=O.Ol), flexibility (+11 .4%,p<O.Ol), and mobility (+13.4% to l7.4%,p<O.Ol),

while values for controls did not change (i.e. were not different from zero). One-sample

t-tests also demonstrated that balance decreased 16.1% in controls (pO.O3), but did not

change in exercisers (-4.0%, p=O47). CONCLUSION: Our results provide preliminary

evidence that shallow water exercise maintains femoral neck BMD in postmenopausal

women. Furthermore, we conclude that shallow water exercise is an effective means of

maintaining and improving physical function as women age.
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Water Exercise Effects on Bone Density and Fall Risk in
Postmenopausal Women

CHAPTER ONE



INTRODUCTION

Background

Osteoporosis is a disease characterized by low bone mass, reduced bone strength

and thus, an increased susceptibility to fracture. Low bone mass is a problem in women

due to a lower peak bone mass in youth and accelerated bone loss after menopause. As

life spans continue to increase, women can expect to spend at least 30 years in the

postmenopausal, estrogen-depleted state. In order to have 30 healthy years, women are

urged to adopt strategies to reduce bone loss and falling, thereby reducing fractures.

There are well over one million osteoporotic fractures annually in the U.S., primarily

occurring in the spine at a rate of approximately 750,000/year (Watts, 2001). Vertebral

fractures are associated with a significant decrease in quality of life (chronic pain,

deformity, decreased activity and self-esteem) (Watts, 2001), and an increased risk of

fracture (Lindsay et at., 2001) and mortality (Kado et at., 2000). Although hip fractures

are less prevalent (300,000/year) than spine fractures, the risks are as high (Watts, 2001).

A quarter of hip fracture patients over the age of 50 will die in the year that follows their

fracture (NOF.org). Forty-four million people (80% women, 20% men) in the U.S. have

or are at risk of developing osteoporosis and therefore it is not surprising that the costs

associated with osteoporotic fractures are more than $14 billion annually (NiB, 2001).

Osteoporosis and related fractures are a major health concern in this country.

Fractures are the result of both low bone mass and falls. In fact, falls account for

90% of hip and 50% of vertebral fractures (NIB, 2001). Accordingly, strategies for
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preventing osteoporosis-related fractures need to include maintaining adequate peak bone

mass during childhood, decreasing bone loss in adulthood, and decreasing fall risk in the

elderly (Nm, 2001). Individuals who enter adulthood with high peak bone mass may

lose bone in old age but still be above the critical fracture threshold. Young individuals

with adequate nutrition, body weight, weight bearing exercise, and normal reproductive

hormones will likely achieve a higher peak bone mass than those whose lifestyle does not

promote exercise and nutrition. In adulthood, a reduction of bone loss, particularly in the

years following menopause, is important for fracture prevention. Methods of bone loss

reduction include hormone replacement therapy (HRT), alternative drug therapies,

adequate nutrition, and exercise (Kohrt et al., 1995). Endogenous estrogen is a key anti-

resorptive agent for bone cells in girls and premenopausal women. After menopause,

taking hormone replacement medications can help offset the bone loss that occurs with a

decreased or complete cessation of endogenous estrogen. Despite its documented effects

on maintenance of bone density (Bjarnason et al., 2002) and thus, decreasing fracture risk

(Torgerson and Bell-Syer, 2001), HRT has recently been shown to pose risks to women

(WFII, 2002). In addition, the effect of HRT on fall risk parameters such as physical

function (Uusi-Rasi et al., 2003) or balance (Ekblad et al., 2000) in postmenopausal

women is not established. Exercise, on the other hand, is unique in that it has the

potential to both decrease bone loss and reduce the risk of falling in postmenopausal

women. For example, in a meta-analysis of 34 treatment effects from randomized

controlled exercise studies on pre and postmenopausal women spanning 30 years (1966-

1996), the exercise programs resulted in bone loss reversal of 1% per year in exercisers



compared with controls (Wolff et cii., 1999). The Wolff et al. (1999) meta-analysis

contained studies with weight bearing exercise, weight training exercise, and combination

exercise programs. Specifically, after one year of high-intensity strength training,

postmenopausal women maintained or increased bone mineral density (BMD) of the hip

and spine, while nonexercising controls decreased (Nelson et al., 1994). After five years,

postmenopausal women in a weighted vest resistance plus jumping exercise program

maintained hip BMD while hip BMD decreased in controls (Snow et al., 2000). Risk of

falling decreased significantly in postmenopausal women after 12 months of an aerobic,

resistance, balance and coordination program (Lord et cii., 1995), and after nine months

of weighted vest exercise (Shaw and Snow, 1998).

Bone response or adaptation to a stimulus requires that bone cells respond to

specific mechanical signals. The mechanical signals, such as exercise, must follow

Turner's fundamental rules for bone adaptation (Turner, 1998). First, the stimulus must

be dynamic and provide a minimum effective strain. Second, there is a level of

diminishing returns, as increased duration of loading does not yield proportional

increases in bone. Third, bone cells are "error-driven" and will accommodate to routine

loading. Thus, bone cells need a novel loading stimulus in order to respond with an

increased rate of remodeling and new bone formation. In turn, osteogenic exercise

should be forceful, fast, and variable (Vuori, 2001).

Loading the bones in exercise occurs through bone deformation via gravitational

impact or muscle forces. Weight-bearing exercises can load the bones through impact,

while resistance exercises load the bones primarily by muscle contractile forces. The
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goal of many exercise intervention studies has been to determine whether changes in

BMID are specific to the site loaded, and to elucidate the best exercise modes for

increasing hip BMD and spine BMD. Postmenopausal women can improve hip BIMD

with impact loading exercise (Cheng et al., 2002), a combination of impact loading and

lower body resistance (Snow et aL, 2000), and strength training exercise (Kerr et aL,

1996). In Kohrt et al. (1997) the authors report that after 11 months, femoral neck BMD

increased in postmenopausal women doing activities with ground reaction forces

(rurming or stairs), but women doing activities with joint reaction forces (rowing and

resistance training) had no change at the same site. Thus, in postmenopausal women

weight-bearing exercises may be needed for stimulating bone remodeling and formation

in the hip. In contrast, activities such as resistance training and rowing may maintain or

increase bone mass in the spine. Strength training exercise programs have been shown to

maintain and improve spine BJvID in postmenopausal women (Nelson et aL, 1994; Pruitt

et aL, 1992). A meta-analysis of 24 studies on resistance training and BMID in women,

found that the exercisers had a decrease in lumbar spine BMD of 0.19% over the

intervention periods compared to a 1.45% decrease in the controls (Kelley et aL, 2001).

After a training period, rowing athletes have significantly higher spine BMD than

controls, but BMD at all other locations was not different between athletes and controls

(Cohen et al., 1995; Morris et al., 1999). In a recent study of college rowers, the

experienced rowers who generated greater forces at the spine had higher spine BMID than

the novice rowers whose force production was lower (LaRiviere et al., 2003). Taken
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together, these data indicate that, in order to stimulate a response at the spine, the exercise

must specifically "load" the vertebrae.

Studies in athletes have provided preliminary evidence that the non-weight-

bearing environment of the water is below the minimum effective strain for bone

formation, and that there may be a subsequent reduced overall bone mass in water

athletes, despite similar levels of muscle mass and strength, to land athletes (Andreoli et

at., 2001; Taaffe et at., 1995). Determining the exact cause of lower bone mass in water

athletes is difficult. The athletes may self-select into non-weight-bearing sports due to a

genetic predisposition for low bone mass and thus increased buoyancy and performance

in water sports. In addition, spending the primary bone building years in a water sport as

opposed to weight-bearing activities may have resulted in lower peak bone mass in these

athletes. In support of this, college swimmers were found to have lower B.MD at the

femoral neck compared to controls (Taaffe et at., 1995). In contrast, compared with

controls, the greater trochanter, whole body, and lumbar spine BMD of the college

swimmers was not different than controls (Taaffe et at., 1995), possibly indicating that

the increased muscle forces on the skeletal system in swimming counteracted the

decreased gravitational impact. Older male swimmers have greater radial and vertebral

BMD than controls, but this same effect was not seen in older female swimmers (Orwoll

et at., 1989). Results from animal studies also demonstrate that swim trained rats have

greater bone density, improved bone mechanical properties, and increased biochemical

markers of bone turnover compared to control rats (Hart et at., 2001; Hoshi etal., 1998;

Swissa-Sivan et at., 1990). These results indicate that while ground reaction forces in the
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water may not be significant enough to elicit a bone response in the hip, the increased

muscle action caused by moving through the water may be enough to elicit a bone

response in the upper body and spine.

Water exercise, with its resistive environment that mimics weight training, may

provide an osteogenic stimulus at the spine, but the reports of the effect of water exercise

on spine BMD are mixed. In 1994, Tsukahara et al. (Tsukahara et al., 1994) reported that

postmenopausal Japanese women who participated in water exercise had a small but

significant increase in spine BIVID over the one-year study period compared to a decrease

in the spine BMD of controls. However, subjects in the exercise group were recruited

from existing exercise classes, there was no reporting of outside physical activities or

HRT, and the statistics used were inappropriate, thus, we cannot assume that the

differences in BMD were due to the water exercise class alone. Bravo et al. (1997)

reported that 12 months of weight-bearing water exercise including jumping resulted in

no changes in hip BMD and a significant decrease in spine BMID. In that study, the lack

of a control group prevents appropriate evaluation of the exercise effects on bone loss, it

is possible that when compared to non-exercising postmenopausal women, the water

program may have reduced the rate of bone loss in exercisers.

Results from water exercise programs demonstrate improved functional

parameters related to fall risk such as muscle strength and endurance, flexibility,

cardiorespiratory endurance, balance, and agility (Gunter et al., 2000; Williams et al.,

1997; Bravo et al., 1997; Sanders et al., 1997; Simmons and Hansen, 1996; Suomi and

Koceja, 2000). Researchers in Japan recently reported that after 12 weeks of shallow
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water exercise (70 mm, three times per week), postmenopausal Japanese women had

significantly increased their cardiorespiratory fitness, muscle strength, and agility

compared to an aged-matched control group (Takeshima et al., 2002). In addition,

shallow water exercise elicits cardiovascular and metabolic responses that meet the

American College of Sports Medicine guidelines for exercise prescription (DtAcquisto et

al., 2001). These factors together support water exercise as an effective exercise method

to increase fitness and reduce fall risk.

The goal of this study was to test a shallow water exercise protocol that is

hypothesized to maintain BMD at the spine in postmenopausal women and improve

functional parameters associated with fall risk. The water exercise protocol was designed

to optimize the hypothesized results of the study, while still modeling a "typical" shallow

water exercise program. The exercise intervention period of 12 months was based upon

the bone remodeling cycle length of 3-6 months (Baron, 1996) and previous studies,

which indicate that in order to see any significant changes in BMD, intervention periods

of 9-18 months are optimal (Bassey et cii., 1998; Snow et al., 2000; Winters and Snow,

2000). In particular, Bassey et al. (1998) found that, although the BMD of

premenopausal women increased after 5 months of exercise training, in postmenopausal

women, no difference from the control group was found after 12-18 months of exercise,

indicating that bone adaptation to exercise may take longer in older women.

Postmenopausal women are challenged to find exercise activities that are safe,

rewarding, and beneficial to overall health. These women are drawn to water exercise

programs for many psychological and physical reasons, including the supportive



environment that provides freedom of movement, which may have been lost on land.

The water provides an environment for postmenopausal women to maintain

cardiovascular health, muscle fitness, and flexibility; however, the benefits to bone health

are poorly understood.

Research Questions and Hypotheses

Research Question #1 - Does 12 months of shallow water exercise maintain bone

mineral density in postmenopausal women?

Hypothesis 1 - Shallow water exercise will decrease the rate of spine bone loss in

postmenopausal women compared to matched controls, whereas the rate of hip bone loss

will be unchanged compared to matched controls.

Research Question #2 - Does 12 months of shallow water exercise improve balance and

functional parameters of fall risk in postmenopausal women?

Hypothesis 2 - Shallow water exercise will improve balance and functional

parameters of fall risk in postmenopausal women compared to matched controls.

Summary of Methods

Subjects - Postmenopausal (>5 years post) women were recruited from Corvallis, OR,

Albany, OR, and the surrounding areas. One hundred and seventy six women responded

to local newspaper announcements, posted flyers (flyer sample, Appendix D), referrals

from physicians, and contact through an existing Oregon State University (OSU) Bone

Research Laboratory database. After initial screening, 80 women underwent baseline
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testing, and self-selected into exercise (n=36) or cOntrol (n=44) groups. The OSU

Institutional Review Board approved the study (Appendix B) and all subjects signed a

written informed consent document (Appendix C) prior to testing.

Measurements - Dependent and potential confounding measures were assessed at

baseline and at 12 months. All subjects completed the OSU Bone Research Lab Health

History Questionnaire (Appendix E), which was used to assess age, medical history,

current health status, current and past reproductive status, medication use, smoking

behavior, and alcohol consumption, and the PAR-Q Questionnaire (Chisholm, 1978). All

measured data were collected on a data collection sheet (Appendix F).

Anthropometric Variables - Body weight was measured in kilograms (kg) to the

nearest 0.1 kg using a digital scale and height was measured in centimeters (cm) to the

nearest 0.5 cm using a wall-mounted stadiometer while the subjects were without shoes.

Body mass index (BMI) was calculated as body weight (kg) divided by height squared

(meters). Whole body dual energy x-ray absorptiometry (DXA) was used to determine

whole body and regional body composition (lean and fat mass) and preliminary results

are presented in Chapter Three.

Bone Mineral Density - Bone mineral density (BMD, g/cm2) of the left proximal

femur (femoral neck, greater trochanter, and total hip), and anterior-posterior (AlP) and

lateral lumbar spine were determined by DXA (Hologic QDR-4500/A Elite, Waltham,

MA). AP spine and hip BMD are reported in Chapter Two. Lateral areal and volumetric

spine BMD are reported in Chapter Three. Lateral spine scans allow for measurement of

vertebral body BMD without the posterior vertebral elements and influence of the
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degenerative calcification of the intervertebral discs and aorta (Cherney et al., 2002).

This suggests that the lateral spine scans may be better than the AlP spine scans at

detecting low bone mass because of increased sensitivity to changes in trabecular bone

(Finkeistein ci' aL, 1994). Often in the lateral view the pelvis overlaps L4, and/or part of

L2 is out of the region of interest due to spine curvature. Therefore, only L3 was used in

analyses of lateral areal or volumetric BMD. In support of this, one study found that the

third lumbar vertebrae BIvID had a higher correlation to radiographic bone atrophy

grading than L2 and L4 (Yuan et al., 1998). Despite these advantages, in older adults,

lateral lumbar spine scans are more difficult to obtain due to spine curvature in some

subjects that is beyond the measurement limits of the DXA machine. In the final groups

(32 controls and 27 exercisers) there are no lateral spine data for four controls and six

exercisers. In order to compare BMD results at the spine, anterior-posterior (AP) spine

BMD data are also reported in Chapter Three for women who have lateral spine data.

Therefore, data for 28 controls and 21 exercisers are reported in Chapter Three for all

lumbar spine BMD analyses and this smaller group is a representative sample of the

larger group (Table 2). The same individual conducted all scans and analyses. The OSU

B one Research Lab in-house coefficients of variation (CV) for BMID are 1.0-1.5%.

Physical Function - Balance was assessed using an Accu-Sway force platform

(Advanced Mechanical Technology, Inc., Watertown, MA) measuring total body sway

distance (cm). The Quick Step test (Orthopedic Biomechanics Laboratory, Beth Israel

Deaconess Medical Center, Harvard Medical School, Boston, MA) was used to measure

reaction time (seconds;sec) and lateral stepping velocity (cmlsec). Clinical assessments
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of mobility, the Tandem Gait and the Timed Up & Go were performed.

Cardiorespiratory endurance (steps) was assessed via a step-in-place test in which the

subjects high stepped in-place as many times as possible in two minutes. Arm endurance

(repetitions) was assessed via an arm curl test in which the subjects performed a seated

one-arm curl with a 5-pound dumbbell as many times as possible in 30 seconds.

Flexibility (inches) was assessed via a sit & reach test, in which subjects sit in a chair

with one leg extended and the other bent and reach both arms forward toward the

extended leg. Leg power (watts) was assessed using a seated leg press (Nottingham

Power Rig, Nottingham, UK).

Nutrition and Physical Activity Assessments - Daily intake of calcium (mg) and

vitamin D (IU) from food and supplements was assessed using the 2000 Block Brief Food

Questionnaire (Block et al., 1990) (Appendix G). Physical activity level (PASE units)

was assessed through the self-report Physical Activity Scale for the Elderly (PASE)

(Washburn et at., 1993) (Appendix H).

Intervention Period - Women in the exercise group participated in shallow water

exercise for 45 minutes 3 times weekly for 12 months at three different pool locations in

the greater Corvallis area. A total of 48 weeks of exercise classes were held allowing for

holiday breaks. The participants were progressed safely and quickly by week eight to a

program that, on average, consisted of a 5-minute warm-up, 20 minutes of general muscle

and cardiorespiratory endurance exercises, 15 minutes of specific muscle fitness and

stability training, and a 5 minute warm-down including flexibility exercises (exercises
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list, Appendix I; lesson plan samples, Appendix J). Exercise intensity was programmed

and monitored by using the Borg Rating of Perceived Exertion (RPE) Scale (Borg, 1998)

(Appendix K). At their baseline testing session, women in the control group were asked

to continue current activity levels throughout the 12-month study period. Each subject

was contacted every 4 months via telephone to gather information regarding changes in

medication, diet, activity level, or health (Appendix L).

Statistical Analyses - Descriptive statistics were run on baseline and change values for

all subjects. Differences in baseline scores between groups were evaluated using

unpaired t-tests. Bone density, body composition, and physical function changes are

reported as change scores (follow-up score minus baseline score) and were analyzed with

an analysis of covariance (ANCOVA) as a global test for between-group differences in

change scores (post-pre). For BMD analyses, covariates were baseline body weight and

BIVID, whereas covariates used for the physical function analyses were baseline body

weight and age. For secondary analyses of dependent measures, one-sample t-tests were

conducted to evaluate whether percent change scores [(post_pre/pre)* 100] for each

dependent variable were significantly different from zero. Based upon an expected

difference in spine BMD change of 2% between the water exercise and control groups, a

power analysis identified 35 subjects needed per group. Analyses were performed using

the SPSS 11.0 for Windows statistical software (SPSS, Inc., Chicago, IL) and a0.05

was set as the two-tailed significance criterion. All values are expressed as mean ±

standard deviation (SD), except where indicated.
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ABSTRACT

Exercise may be the most effective strategy to reduce osteoporotic fractures in older

adults because of its potential to reduce both bone loss and fall risk. It is unclear whether

water exercise is an effective strategy to reduce fracture risk in postmenopausal women.

PURPOSE: To examine the effects of a 12-month shallow water exercise program on

bone mineral density (BMD) and physical function in postmenopausal women.

METHODS: We recruited 59 women (5 years past menopause; 27 exercisers and 32

controls) and evaluated subject characteristics (weight and age), BMD (spine, total hip,

femoral neck) by dual energy x-ray absorptiometry, and physical function (leg power,

arm endurance, cardiorespiratory fitness, flexibility) at baseline and 12 months. The

exercise group participated in a 45-minute shallow water exercise class 3 times per week

for 12 months, while the control group was asked to maintain initial activity levels.

RESULTS: Using AINCOVA (covariates: initial BMID and weight), BMID difference

scores at the spine, total hip, and femoral neck were similar between exercisers and

controls after the 12-month intervention (p=O. 14-0.31). However, one-sample t-tests

revealed that over the 12 months, femoral neck BMD decreased 1.7% in controls

(p<O.Ol) but did not change in exercisers (p=O,98). Using ANCOVA to evaluate

difference scores in physical function (covariates: initial weight and age), exercisers

exhibited greater cardiorespiratory fitness after 12 months of water exercise than controls

(p=O.O3), but leg power, arm endurance, and flexibility were not different between

groups. One-sample t-tests revealed that exercisers increased leg power

16



(+14. l%,pO.Ol), flexibility (+1 1 .4%,p<O.Ol), and mobility (+13.4% to l7.4%,p<O.Ol),

while values for controls did not change (i.e. were not different from zero). One-sample

t-tests also demonstrated that balance decreased 16.1% in controls (pO.O3), but did not

change in exercisers (-4%, p=O.47). CONCLUSION: Our results provide preliminaiy

evidence that shallow water exercise maintains femoral neck BMD in postmenopausal

women. Furthermore, we conclude that shallow water exercise is an effective means of

maintaining and improving physical function as women age.

Key Words: osteoporosis, fall risk, water aerobics, physical fitness
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INTRODUCTION

Osteoporosis is a disease characterized by low bone mass and increased

susceptibility to fractures. Women are at an increased risk for osteoporosis due to low

peak bone mass and accelerated bone loss after endogenous estrogen is depleted with

menopause. Ostëoporotic fractures are the result of both low bone mass and falls, and in

fact, falls account for 90% of hip and 50% of vertebral fractures (28). Osteoporotic

fractures are associated with a significant decrease in quality of life (chronic pain,

deformity, decreased activity and self-esteem) (47), and an increased risk of fracture (24)

and mortality (20). Costs associated with osteoporotic fractures are more than $14 billion

annually and are expected to rise with the graying of America (28).

The primary strategies for preventing osteoporosis-related fractures include

increasing bone mass during childhood, decreasing bone loss in adulthood, and reducing

the risk of falling in the elderly (28). Methods of slowing bone loss in adults include

drug therapies, adequate nutrition, and exercise (23). Exercise is unique in that it has the

potential to both decrease bone loss and reduce the risk of falling in postmenopausal

women. For example, in postmenopausal women, 11 months of exercises that involved

ground-reaction forces (jogging, walking, stairs) or joint-reaction forces (resistance

training and rowing) resulted in increases in bone mineral density (BMD) at the hip and

spine (22), and 9 months of exercise using weighted vests as resistance reduced fall risk
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(36). In addition, over five years, postmenopausal women in the weighted vest program

maintained hip BMD while hip BMD decreased in controls (39).

While weight-bearing exercises are needed for stimulating bone remodeling in the

hip, activities such as resistance training and rowing may maintain or increase bone mass

in the spine. Strength training exercise programs that include upper body exercise have

been shown to maintain and improve spine BMD in postmenopausal women (27, 31).

Furthermore, in younger women, rowing exercise improves spine BIVID but not BMID at

non-loaded sites such as the hip (9, 26). These data indicate that non-weighting exercise

that specifically loads the vertebrae may improve spine BMD.

Studies in athletes have provided preliminary evidence that the non-weight-

bearing environment of the water does little to promote osteogenesis, particularly at the

hip. Swimmers have reduced overall bone mass compared with land athletes despite

similar levels of muscle mass and strength (1, 14, 16, 42). Furthermore, swimmers have

similar or lower bone density than matched controls. Specifically, after adjusting for

body weight, swimmers had lower hip and whole body BMD and similar spine BMD

compared to controls (42). On average, swimmers spend 20-25 hours per week in a

weightless environment and, not surprisingly, the results indicate that ground reaction

forces in the water are not significant enough to elicit a bone response in the hip. The

fact that the swimmers had similar spine BIVID to controls could indicate that joint

reaction forces caused by muscle action may be enough to elicit a bone response in the

spine that offsets the non-weight bearing horizontal activity. In fact, Orwoll et al. (29)

found that male swimmers, aged 40-85 yrs, had greater bone density in the radial and
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vertebral sites than that of nonexercising controls. This result supports the idea that in the

water, site-specific overloads may be osteogenic. However, in the same study, the

researchers report that bone density in female swimmers, ages 40-85, was not

significantly different than nonexercising controls (29).

In contrast to competitive or recreational swimming, shallow water exercise is

executed in an upright position, and thus, although it is 50-75% less weight bearing than

land exercise (35), it does contain a weight-bearing component. Water is 800 times

denser than air (13), which equates to a resistive environment in water that is 12-15 times

greater than air (35). This means that shallow water exercise can promote overloads to

the muscles of the upper body and trunk similar to swimming, strength training, and

rowing. Therefore, shallow water exercise may provide sufficient stimulus at the spine to

elicit a bone response, particularly in individuals who have low initial bone mass.

The few reports of the effect of water exercise on BMID in postmenopausal

women provide mixed results. Tsukahara et al. (45) reported that postmenopausal

Japanese women who participated in water exercise had a small increase in spine B1\'ID

over the 1-year study period compared to a decrease in the spine BMID of controls, but

significance was not reported. Outside physical activity and hormone replacement

therapy use was not reported for any of the groups in this study. These limitations,

coupled with inappropriate statistics, question the conclusion that the differences in BIVID

were due to the water exercise class alone. Bravo et al. (7) reported that 12-months of

weight-bearing water exercise including jumping resulted in no changes in hip BMD and

a significant decrease in spine BMD. In that study, the lack of a control group prevents
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appropriate evaluation of the exercise effects on bone loss. It is possible that when

compared to non-exercising postmenopausal women, the water program may have

reduced the rate of bone loss in exercisers.

While these few reports on the effects of water exercise on bone are mixed, there

is more solid evidence that water exercise programs improve physical function related to

fall risk (17, 50), such as increasing muscle strength and endurance, flexibility,

cardiorespiratory endurance, balance, and agility (7, 34, 37, 41).

While women are attracted to water exercise for physical and psychological

reasons, there is no conclusive evidence that shallow water exercise is an effective

strategy for reducing bone loss in older women. Our primary aim was to examine

whether 12-months of shallow water exercise maintains bone mineral density in

postmenopausal women. We hypothesized that shallow water exercise would decrease

spine bone loss in postmenopausal women, whereas hip bone loss would be unchanged.

Our secondary aim was to provide further evidence that shallow water exercise improves

physical function variables important in reducing falling in postmenopausal women. We

hypothesized that shallow water exercise would improve physical function variables

known to be related to fall risk.



METHODS

Subjects

Postmenopausal (>5 years post) women were recruited from Corvallis, OR,

Albany, OR, and the surrounding areas. One hundred and seventy six women responded

to local newspaper announcements, posted flyers, referrals from physicians, and contact

through an existing Oregon State University (OSU) Bone Research Laboratory database.

The potential subjects were screened by telephone and of the 176 respondents

interviewed, 67 did not meet inclusionary criteria and 19 were not interested. Subjects

were excluded for the following reasons: 22 on Fosarnax, 18 were less than 5 years past

menopause, 14 were currently participating in a water exercise class, 6 were currently

participating in an exercise class specific to reducing osteoporosis, 2 had BMI >40 kg/rn2

2 had physical contraindications, 2 had just initiated Evista or Miacalcin, and 1 planned

to move out of the area. Thus, after initial screening, 80 women underwent baseline

testing, and self-selected into exercise (n=36) or control (n=44) groups. The OSU

Institutional Review Board approved the study and all subjects signed a written informed

consent document prior to testing.

During the 12-month study period, 5 controls and 5 exercisers left the study for

one of the following reasons: disinterest in continuing to be a subject, medical conditions

unrelated to the study, and personal time constraints. There were 70 subjects (39

controls, 31 exercisers) who completed the 12-month study period and follow-up testing

(89% and 86% retention in the control and exercise groups, respectively). Of these
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subjects, 7 controls and 4 exercisers were additionally excluded due to the following

reasons: 3 controls for initiating Fosamax use during the study period, 1 control and 1

exerciser for long-term prednisone use during the study period, 3 controls and 2

exercisers for incomplete follow-up data, and 1 exerciser for lupus. Thus, results are

presented on 32 controls and 27 exercisers and baseline characteristics between groups

were similar except the exercisers were heavier (Table 1).

Measurements

Dependent and potential confounding measures were assessed at baseline and at

12 months. All subjects completed the OSU Bone Research Lab Health History

Questionnaire, which was used to assess age, medical history, current health status,

current and past reproductive status, medication use, smoking behavior, and alcohol

consumption. In addition, all subjects completed the PAR-Q Questionnaire to determine

readiness to participate in functional testing and for exercise subjects, to determine

readiness for the exercise intervention. The PAR-Q is a brief validated pre-exercise or

pre-testing screening tool (8), and all enrolled subjects passed the PAR-Q.

Anthropometric Variables Body weight was measured in kilograms (kg) to the

nearest 0.1 kg using a digital scale and height was measured in centimeters (cm) to the

nearest 0.5 cm using a wall-mounted stadiometer while the subjects were without shoes.
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Bone Mineral Density. Bone mineral density (BMD, g/cm2) of the left proximal femur

(femoral neck, greater trochanter, and total hip), and AP lumbar spine were determined

by DXA (Hologic QDR-4500/A Elite, Waltham, MA). The same individual conducted

all scans and analyses. The OSU Bone Research Lab in-house coefficients of variation

(CV) forBMD are 1.0-1.5%.

Physical Function

Balance - Balance was assessed using an Accu-Sway force platform (Advanced

Mechanical Technology, Inc., Watertown, MA) measuring total body sway distance (cm)

in 20 seconds while standing in a semi-tandem foot position. Total sway distance is

defined as the total standard deviation around the average center of pressure measured in

both the medial-lateral and anterior-posterior directions. The sway distance in each

direction was averaged for each leg separately to come up with an average total sway for

each leg. The results reported are the sum of the right leg and the left leg forward

assessments. A larger sway distance represents a decrease in balance; hence, larger

numbers on total sway are represented graphically as worse balance (negative direction).

In our lab a small reliability study was done on older men and women. The reliabilities

and coefficients of variation for the right and left leg semi-tandem stance sway measures

were 0.61 to 0.80 and 3.4 to 13.9%, respectively.

Reaction Time and Step Velocity - The Quick Step test (Orthopedic Biomechanics

Laboratory, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston,

MA) was used to measure reaction time (seconds; sec) and lateral stepping velocity
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(cmlsec). Subjects responded to a visual stimulus and stepped quickly to the side while

the instrument and tester measured time and distance of stepping. Of 5 completed trials

per leg, the fastest and slowest trial (reaction plus movement time) for each subject was

thrown out and the reported values are the average of the remaining right and left leg

scores combined. The test-retest reliability for reaction time and stepping velocity in

both right and left legs in a similar population ranges from 0.69 to 0.85 (49).

Mobility - Clinical assessments of mobility, the Tandem Gait and the Timed Up & Go,

were performed. In the Tandem Gait test, subjects walked heel-to-toe as fast as possible

for 10 feet. In the Timed Up & Go test, subjects rose from a seated position, traveled as

quickly as possible 3 meters around a marker, and then returned to a seated position in

the same chair. In both mobility tests, the better of two good trials (two or fewer

mistakes) was recorded to the nearest 0.1 sec and any assistance from testers or mobility

aids (walker, cane, etc.) was noted. A spotter and spotting belt were provided to ensure

subject safety during the test. In older adults, the test-retest reliability for the Timed Up

& Go and the Tandem Gait has been reported at 0.90 (33) and 0.78 (17) respectively.

Fitness Measures - Cardiorespiratory endurance (steps) was assessed via a step-in-place

test in which the subjects high stepped in-place as many times as possible in two minutes.

Each full step (right and left legs) was counted as one repetition or step. Arm endurance

(repetitions) was assessed via an arm curl test in which the subjects performed a seated

one-arm curl with a 5-pound dumbbell as many times as possible in 30 seconds.

Flexibility (inches) was assessed via a sit & reach test, in which subjects sit in a chair

with one leg extended and the other bent and reach both arms forward toward the
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extended leg. Reaching as far as the toes is a score of zero, while positive scores indicate

reaching past the toes and negative scores indicate not reaching the toes. Scores are

recorded to the nearest V2 inch. To eliminate the possibility of zero scores in the data set

for analyses, the scores were transformed by setting the toes (the zero score) at 15 inches.

This created positive scores for all subjects and assured accurate analyses of this variable.

The previous three assessments are part of the validated Fullerton Functional Fitness Test

for Older Adults and previously reported test-retest reliability is 0.89, 0.80, and 0.96 for

the step in place, arm curl, and chair sit and reach tests, respectively (33). Leg power

(watts) was assessed using a seated leg press (Nottingham Power Rig, Nottingham, UK).

The test was performed on one leg at a time (alternating) and the subjects were asked by

testers to press as hard and as fast as they could. Nine trials were recorded for each leg

and the average of the one best trial on each leg was used for analyses. The test-retest

reliability for this leg power measure in older adults is 0.86 and 0.92 for the right and left

legs respectively (17).

Nutrition and Physical Activity Assessments Daily intake of calcium (mg) and

vitamin D (TU) from food and supplements was assessed using the 2000 Block Brief Food

Questionnaire, a self-administered food questionnaire that determines eating patterns and

intakes and has been validated with multiple diet record methods (5). Physical activity

level (PASE units) was assessed through the self-report Physical Activity Scale for the

Elderly (PASE). Exercisers were instructed to complete the assessment without the
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exercise intervention included. In older people this assessment tool has been shown to be

reliable and has been validated with health and physiologic measures (46).

Intervention Period

The Exercise Group Women in the exercise group participated in shallow water

exercise for 45 minutes 3 times weekly for 12 months at three different pool locations in

the greater Corvallis area. A total of 48 weeks of exercise classes were held allowing for

holiday breaks. The shallow water exercise space in all three pools was between 3.5 and

4.5 feet deep and each pool was maintained at a temperature of 87 degrees. Lesson plans

were developed for each exercise class session by the study coordinator and thus,

continuity between the classes was well maintained. In addition, the study coordinator

extensively trained all water exercise instructors prior to the intervention program starting

with periodic in-service sessions to ensure the consistency of instruction and exercises

between the three classes. There were no significant differences in the mean change

scores for all outcome variables between the three exercise pool locations (analysis of

variance; p>0. 05).

In the first week of classes, the format of the shallow water exercise classes

consisted of a 12-minute warm-up, 9 minutes of general muscle and cardiorespiratory

endurance exercises, 5 minutes of muscle endurance and stability exercises, and a 6-

minute warm-down. The participants were progressed safely and quickly by week eight

to a program that, on average, consisted of a 5-minute warm-up, 20 minutes of general

muscle and cardiorespiratory endurance exercises, 15 minutes of specific muscle fitness
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and stability training, and a 5 minute warm-down including flexibility exercises. The

warm-up period included walking, jogging, range of motion exercises, and light

stretching. The general muscle/cardiorespiratory endurance portion of the class was

designed with typical shallow water exercise choreography (jumping jacks, tuck jumps,

jogging, rocks, leg curls, cross-country skis) where continuous movement throughout was

encouraged. One and two footed jumps and heel drops were included in the program to

increase loading to the musculoskeletal system. Muscle fitness exercises were primarily

upper body exercises designed to increase muscle endurance and strength of the upper

body and trunk. Stability exercises included abdominal and back endurance exercises,

fall recovery exercises, and balance training. The warm-down period was a combination

of general range of motion exercises, stretching, and relaxation. This water exercise

program was developed, in part, based upon previous work in older adults and water

exercise (35), and land-based exercise for osteoporosis prevention (39). Exercise

intensity was included in the lesson plans and monitored by using Borg's CR10 Rating of

Perceived Exertion (RIPE) Scale (6). This scale has been shown to be a consistent

indicator of exercise intensity in shallow water exercise in older women (18). Exercise

subjects were continuously observed for safety and asked to provide written feedback

about changes in their medications, diet, or function every four months. Social

gatherings were conducted every two months to assist in developing a social support

network through the class. Compliance to the 12-month exercise intervention was high

(mean 93%, range = 69-100%).
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The Control Group At their baseline testing session, women in the control group were

asked to continue current activity levels throughout the 12-month study period. Each

subject was contacted every four months via telephone to gather information regarding

changes in medication, diet, activity level, or health.

Statistical Analyses

Descriptive statistics were run on baseline and change values for all subjects.

Dependent measures were examined to determine whether they met the assumptions of

normality, linearity, homogeneity of variance, and homogeneity of the regression slopes

for the covariates. Differences in baseline scores between groups were evaluated using

unpaired t-tests. Relationships between dependent variables and potential confounding

variables were examined using Pearson-product moment correlation coefficients. Bone

density, body composition, and physical function changes are reported as change scores

(follow-up score minus baseline score) and were analyzed with an analysis of covariance

(ANCOVA) as a global test for between-group differences in change scores (post-pre).

Covariates were determined as those measures that were significantly different between

groups at baseline or measures with significant relationships to the dependent variable.

For BMD analyses, covariates were baseline body weight and BMID, whereas covariates

used for the physical function analyses were baseline body weight and age. For

secondary analyses of dependent measures, one-sample t-tests were conducted to

evaluate whether percent change scores [(postpre/pre)* 100] for each dependent variable

were significantly different from zero. Based upon an expected difference in spine BIVIID
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change of 2% between the water exercise and control groups, a power analysis identified

35 subjects needed per group. Analyses were performed using the SPSS 11.0 for

Windows statistical software (SPSS, Inc., Chicago, IL) and a0.05 was set as the two-

tailed significance criterion. All values are expressed as mean ± standard deviation (SD),

except where indicated.



Table 1. Descriptive Characteristics of Subjects at Baseline and 12 Months.
PASE score is the summary score from the Physical Activity Scale for the Elderly (46).

*Exercisers> controls, p<O.00l (unpaired I-test)

Characteristic

EXERCISE (n=27)
Baseline 12 Months

Mean±SD Mean±SD

CONTROL
Baseline
Mean±SD

(n32,)
12 Months
Mean±SD

Age, years 67.1 ±9.3 68.1 ±9.3 67.0 ± 10.7 68.0 ± 10.6
Past menopause, years 20.7 ± 10,4 21.7 ± 10.3 17.9 ± 10.4 18.9 ± 10.4
Height, cm 162.4±4.5 162.4±4.3 162.2 ± 6.0 162.0 ± 6.0
Weight, kg 77.8 ± j37* 76.8 ± 13.9* 66.0 ± 8.3 65.1 ±8.7
Calcium intake, mg/day 1556.5 ± 556.4 1565.5 ± 536.2 1626.7 ± 555.1 1595.8 ± 538.3
Vitamin D intake, lU/day 480.8 ± 264.0 478.2 ± 249.7 497.1 ± 232.5 528.4 ± 216.5
PASE score, units 150.0±77.9 155.1 ± 92.0 166.1 ± 74.8 134.8 ± 67.7
HRT use, # (%) 12 (44) 10 (37) 19 (59) 13 (41)



RESULTS

In analysis of covariance, adjusting for baseline BMD and body weight, BIN/ID 12-

month difference scores at all sites were similar between exercisers and controls (Table

2). In follow-up one-sample t-tests, the 1 .7% decrease in controls at the femoral neck

was significantly different from zero, whereas the percent change in exercisers was not

significantly different from zero (Figure 1). In ANCOVA of the physical function

scores, only the difference in cardiorespiratory endurance (# of steps in place) was

significantly different between groups (p=O.03; Table 2). Specifically, exercisers

increased steps in place by 7%, whereas controls decreased by 3%, a difference of 10%

over the 12 months. In follow-up one-sample t-tests, exercisers maintained balance

(p=O.z17) over the 12-month study period, while balance in the control subjects decreased

by 16% (p=O.O3) (Figure 2). One sample t-tests also revealed that exercisers increased leg

power (p=O.Ol2), flexibility (p=O.001), and mobility (Timed Up & Go, p<O.00l; Tandem

Gait, p=O.002), while controls did not change (p=O. 15-0.40) (Figure 2). Both groups

increased performance on arm curls but exercisers improved twice as much as controls

(Figure 2). The changes in reaction time and stepping velocity were -5% and 10%,

respectively, for the exercisers (p=O.O9 for both). In contrast, the changes controls for

reaction time and stepping velocity were 3% (pO.26) and 13% (p=O.O3), respectively.
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Table 2. Bone Mineral Density and Physical Function in Exercisers and Controls at Baseline and 12 Months. Baseline
values for bone mineral density (BMD) were similar between groups (unpaired t-tests, p>O.OS). Change scores for BMD and physical
fi.inction between groups were evaluated by ANCOVA. Covariates for BMD were baseline weight and BMD, and for physical function
were baseline weight and age.

*Change in exercisers > change in controls, p=O.O3

Variable

BMD (g/cm2)

EXERCISE (n27)
Baseline 12 Months Change
Mean±SD Mean±SD Mean±SD

CONTROL (n=32)
Baseline 12 Months Change
Mean±SD Mean±SD Mean±SD

Spine -AP 0.980 ± 0.145 0.985 ± 0.149 0.005 ± 0.025 0.979 ± 0.173 0.974 ± 0.174 -0.005 ± 0.029

Hip -Total 0.903 ± 0.123 0.900±0,123 -0.003 ± 0.013 0.846 ± 0.141 0.839 ± 0.132 -0.007 ± 0.023
-Femoral neck 0.756±0.124 0.752±0.119 -0.003 ±0.054 0.706 ± 0.134 0.693 ± 0.128 -0.013 ± 0.022
-Greater trochanter 0.704 ± 0.109 0.700 ± 0.109 -0.004 ± 0.015 0.653 ± 0.135 0.648 ± 0.132 -0.005 ± 0.025

Physical Function
Reaction time, sec 0.54 ± 0.18 0.50 ± 0.14 -0.04 ± 0.10 0.53 ± 0.16 0.50 ± 0.14 -0.03 ± 0.09
Step velocity, cm/sec 86.9 ± 26.0 91.2 ± 24.8 4.3 ±21.6 91.0 ±27.3 97.1 ±21.2 6.1 ± 19.4
Total sway distance, cm 0.34 ± 0.12 0.34 ± 0.14 0.00 ± 0.10 0.31 ± 0.13 0.35 ± 0.15 0.04 ± 0.14
Timed Up & Go, sec 7.76 ± 2.92 6.74 ± 2.95 -1.01 ± 1.27 6.89 ± 1.94 6.46 ± 1.90 -0.42 ± 1.23
Tandem gait, sec 14.87 ± 5.98 11.72 ±4.64 -3.15 ± 4.15 15.38 ± 9.05 12.96 ± 6.93 -2.42 ± 8.58
2-mm Step in place, steps 84.2 ± 18.6 89.1 ±21.9 4.9 ± 16.2* 82.4±21.7 79.0±21.4 3.4 ± 12,8*
Seated leg press, watts 120.0 ± 32.9 133.8 ± 36.8 13.8 ± 22.4 117.8 ± 38.9 117.7 ± 35.0 -0.1 ± 18.9
30-sec Arm curl, reps 15.8 ± 5.6 20.7 ± 5.9 4.9 ± 5.2 16.3 ±5.3 19.1 ±5.8 2.8 ± 3.9
Chair sit and reach, inches past toes 1.2 ± 3.2 2.8 ± 2.5 1.6 ± 1.9 2.2 ± 3,8 2.7 ± 4.2 0.5 ±2.3
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**

AP Spine Total Hip Femoral Neck Greater Trochanter

**p<0.o1 by one-sample t-test; data are presented as means ± SD.

Figure 1. Percent Changes in BMD in Exercisers and Controls after the 12-Month Shallow Water Exercise Intervention
In follow-up (within group) analyses using one-sample t-tests, controls significantly decreased femoral neck BMD, while
exercisers demonstrated no significant change.
BMJJ changes for exercisers were 0.5 ± 2.7% for AP Spine, -0.3 ± 1.4% for Total Hip, 0.0 ± 8.0% for Femoral Neck, and -0.5± 2.2% for the
Greater Trochanter. BIVID changes for controls were -0.5 ± 3.0% for AlP Spine, -0.7 ± 2.8% for Total Hip, -1.7 ± 3.2% for Femoral Neck, and -
0.6 ± 4.0% for the Greater Trochanter.
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*p<O05, **p<OOl, ***p<OOOl by one-sample t-test; data are presented as means ± SD.

Figure 2. Percent Changes in Physical Function in Exercisers and Controls after the 12-Month Shallow Water Exercise
Intervention.
In follow-up (within group) analyses using one sample t-tests, exercisers maintained balance and increased perfonnance on leg
power, arm curls, flexibility, and gait (Up & Go, Tandem Gait), while controls decreased balance and increased only in arm curls.
Changes for exercisers were -4.0 ± 28.4% for Balance, 14.1 ± 27.0% for Leg Power, 41.3 ± 48.0% for Arm Curls, 11.4 ± 15.6% for Flexibility,
12.9 ± 14.3% for the Timed Up & Go, and 17.4 ± 26.2% for the Tandem Gait. Changes for controls were -16.1 ± 40.1% forBalance, 3.1 ±
20.4% for Leg Power, 21,2 ± 28.5% for Arm Curls, 4.2 ± 16.2% for Flexibility, 4.5 ± 18.7% for the Timed Up & Go, and 8.2 ± 37.3% for the
Tandem Gait.



DISCUSSION

Our primary aim was to determine whether 12 months of shallow water exercise

would maintain spine BMD in postmenopausal women, but have no effect on hip BMD.

We report that after 12 months of shallow water exercise there was no difference in spine

or hip BMD between exercisers and controls. However, when we evaluated within group

changes, femoral neck BMID was maintained in the exercise group but decreased in the

control group. Specifically, the control group exhibited a 1.7% decline in femoral neck

BMD during the year, which resulted in a significant reduction in the mean control group

T-score of-U. 12 units (p<O.Ol). This may be clinically important since each 3% decrease

in femoral neck BMD results in a 20% higher fracture risk (10). There were no

significant changes from zero at any other bone site and no significant differences

between the mean BMD change scores of the two groups. Thus, our hypothesis that

shallow water exercise would decrease spine bone loss and not affect hip BMD was not

supported.

Our secondary aim was to examine shallow water exercise as an effective means

of maintaining and improving physical function variables related to falling in

postmenopausal women. We report that women participating in the shallow water

exercise program increased cardiorespiratory fitness significantly compared to the control

group. Furthermore, when analyzed within groups, the exercisers maintained balance

over the 12-month study period, whereas controls decreased by 16%. In addition,

exercisers improved mobility (Timed Up & Go and the Tandem Gait), leg power, and
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flexibility, while the controls exhibited no significant changes on these same physical

function variables. Both groups increased arm strength but exercisers improved 20%

more than controls. The between group findings support our hypothesis that the exercise

intervention program improves cardiorespiratory fitness, while the within group results

demonstrate that shallow water exercise will help postmenopausal women maintain or

increase physical function variables related to fall risk.

This study has several strengths. First, the shallow water exercise program was

standardized for all groups and carefully reviewed by the study coordinator throughout

the year. This assured consistency across instructors and subjects. In addition, attrition

was low in both groups (14% for exercisers and 11% for controls) and compliance was

extremely high in the exercise group (93%). After-class socials were well attended and

the exercisers reported feelings of social support through participating in the class.

Anecdotal evidence through written testimonials by the exercise subjects indicates that

self-reported psychological and functional well being improved during the study period.

There are limitations to the study worth noting. First, subjects self-selected into

groups and thus, subjects were not randomized into exercise and control groups. Those

who selected the control group rather than the exercise group most often did so because

they had either no desire to exercise in the water or could not attend one of the pre-set

exercise class days and/or times for 12-months. Second, five months into the

intervention periods results from the Women's Health Initiative (48) flooded the media

resulting in changes in hormone replacement therapy (HRT). As a result, six exercisers

and nine controls either stopped or reduced their HRT within the subsequent two months.
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In addition; two replaced their HRT with Fosamax after enrolling in the study and thus,

were excluded from the analyses. Despite these challenges to the study design, the

groups were not different at baseline or follow-up with regard to HRT use (p=O.26 and

0.78, respectively). To further test for the influence of HRT changes on the outcomes of

the study, an ANCOVA was performed with the 15 women who stopped or reduced their

HRT excluded from the analyses. The follow-up ANCOVA on BMD with the 15 women

excluded was not different from the initial analyses where they were included, and thus,

the women were kept in the final analyses. We suspect that the overall influence on bone

density was minimal because bone-remodeling cycles are 3-6 months in duration (2) and

many of the women changed their hormone levels gradually. Lastly, we had low sample

sizes and this reduced statistical power (range for BJVID=0.05 to 0.31; range for

function=0.05 to 0.59). This, in part, explains the lack of statistical significance by

ANCOVA for BMD where the expected effect size was small.

We expected that forces from shallow water exercise would be high enough to

elicit a significant bone response at the spine in postmenopausal women. Two previous

reports of 12-month shallow water exercise interventions provide contrasting results.

Tsukahara et al. (45) reported a slight increase in lumbar spine in water exercisers

compared to a decrease in controls (significance not reported), and Bravo et al. (7)

reported a decrease of 1% in spine BIVID in water exercisers (p<O.001; no control group).

In their study, Bravo and colleagues (7) conducted a pilot study (prior to the intervention)

to compare the lumbar spine compressive forces during walking on land and during

jumping in shallow water. The authors report that the forces at the spine were 15-25%
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higher during pool jumping than land walking. In addition, Dowzer et al. (15) compared

the compression of the spine (an indication of force production indirectly measured as

spinal shrinkage) during shallow water, deep water, and treadmill running. The

researchers found that deep water running produced less spine compressive forces than

both shallow water and treadmill running, but found that the forces from shallow water

and treadmill running were similar. Therefore, during shallow water running or jumping,

typical class movements, compressive forces at the spine may be greater than walking

and similar to running on land. In addition to spine compressive forces, shallow water

exercise, with continuous arm movement through the water's resistance, encourages

upper body muscle overloads. Back muscle endurance is also emphasized in shallow

water exercise classes because exercisers are continually stabilizing the trunk against the

currents and eddys that are created in the moving water. The combination of the

compressive and muscle overloads on the spine during shallow water exercise led to our

hypothesis that shallow water exercise would maintain BMID at the spine. In fact, in our

study, the AP spine BMD increased by 0.5% in the exercisers and decreased by 0.5% in

the controls, a 1% difference between groups. Although these changes were not

significantly different from each other or zero (p0.34 and 0.33, respectively), they do

suggest that larger subject numbers coupled with a longer intervention period would

likely result in statistical significance.

Supporting the role of the trunk muscle contraction in building spine BMD,

researchers in Japan found that over 4 years the changes in trunk muscle strength was

positively related to the changes in BMD at the spine (19). In fact, a stronger back can
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reduce fracture risk at the spine. In a 1 0-year prospective study, women who participated

in regular back exercises for two years had stronger back muscles and reduced their risk

for compression fractures 8 years later compared to controls (38). Although our study

did not specifically measure trunk muscle strength, women in our exercise group

increased the number of arm curls in 30 seconds by 41% over the study period. This is

an important finding because it has been shown that grip and biceps strength are

independent predictors of spine BMID in younger women (40), and grip strength is

correlated with spine BMID in postmenopausal women (4). Bravo et al. (7) also reported

that bicep curls increased by 18% after 12-months of shallow water exercise. In another

study of postmenopausal women, investigators reported that changes in limb muscle

strength were greater than the changes in the back strength after a 12-week shallow water

exercise program (43). Therefore, moving the arms and legs through the water in a

shallow water exercise class is enough overload to elicit a muscle response in the limbs,

which then may play a role in any related skeletal response to the exercise. Interestingly,

the control subjects in our study also increased arm curls over the study period (2 1%) and

this finding may be attributed to the test learning effect that can occur in a test-retest

study.

We were surprised that exercisers maintained hip BMD over the 1-year period

and suggest two possible explanations for this finding. First, the increased joint reaction

forces produced by moving the legs through the highly resistive environment may

provide an osteogenic stimulus at the hip. The increased leg power in our study and leg

strength in the Takeshima et al. (43) study supports the idea that joint reaction forces in
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the water are sufficient to produce stronger muscles and possibly skeletal improvements

in postmenopausal women. Second, our exercise program consisted of jumping onto the

pool bottom (over 1,000 foot strikes per class session), which may have contributed to

higher forces at the hip joint. The pilot study by Bravo et al. (7) reports that spine

compressive forces are higher with shallow water jumping than walking on land and

Dowzer et al. (15) reported that spine compression was the same with shallow water

running and treadmill running. Since the forces that elicit a spine response start at the

feet and are transferred up through the hip joint, then it is likely that in shallow water

exercise, the hip is experiencing greater loads than is the spine and than walking on land.

The combination of the joint reaction forces at the hip from the resistive medium of water

and the ground reaction forces transferred to the hip during jumping in shallow water

may explain the results in both our study and those of Bravo et al. (7). In the current

study, the within group analyses revealed that exercisers maintained femoral neck BIVID

while the controls decreased. This finding provides support to the work of Bravo and

colleagues (7), where femoral neck BMD was maintained over a 12-month shallow water

exercise program. Since the changes in hip BMD were not significantly different than

the changes in the control group in our study, and Bravo et al. (7) did not have a control

group, using shallow water exercise as a method of osteoporotic hip fracture prevention

warrants further research.

It has been shown that improvements in BIVID will be greatest in those women

with lower initial BMD values (52). In order to show a potential treatment effect of

exercise, recruiting women with low bone mass may be most effective. In the Bravo et
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al. study, subjects were all diagnosed with low bone mass or osteopenia (T-score -1.0).

By contrast, our subjects (exercisers and controls) as a whole were not osteopenic (T-

score range 0.3 to 0.8) at the hip or spine. Despite this difference, our exercisers

experienced a 0.5% non-significant increase in AP spine BMD, whereas in the Bravo et

al. study the exercisers had a 1% significant decrease after 12-months.

The improvement in physical function in water exercisers in this study supports

the results of other shallow water exercise studies (7, 37, 41, 43, 44). Shallow water

exercise elicits cardiorespiratory responses in older women that meet the American

College of Sports Medicine guidelines for improving cardiorespiratory fitness (11), thus

the improvements in cardiorespiratory endurance in our study and others are not

surprising (7, 43). The relationship between cardiorespiratory fitness and BMD is

unclear. Pocock et al. (30) found that predicted VO2max was an independent predictor of

hip and spine BMID in postmenopausal women, but another study found no relationship

(4).

In order to reduce the risk of falling, factors such as mobility, balance, reaction

time, muscle strength and endurance, and flexibility have all been identified as important

(12, 17, 25). In our laboratory, the Timed Up & Go has been found to discriminate

between fallers and nonfallers and is associated with lower extremity strength and power

(17). Further, performance on the tandem walk test is an independent predictor of fall-

related hip fractures in postmenopausal women (12). Exercisers in our study improved

mobility, demonstrated by increases in the Timed Up & Go and Tandem Gait tests, and

power in the lower extremities. In addition to the improved mobility, women in our
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study improved flexibility and maintained balance, supporting the results of previous

studies (7, 37, 41, 43, 44). Elderly that are at a high risk of falling exhibit greater sway

than those who are at a lower risk (50). The total sway distance in our control subjects

increased, increasing their risk of falling at the same time. However, body sway did not

change in the exercise group, demonstrating that shallow water exercise maintained

balance. The exercisers reduced reaction time by 5% and increased stepping velocity by

10%, although not significantly (p=O.O9 for both). We are unable to explain why the

control group significantly increased stepping velocity by 13% (p=O.03). It is possible

that the controls improved their stepping speed, that test-retest learning occurred, or that

measurement error was introduced.

Reducing osteoporotic fracture risk is the main outcome of many land-based

exercise studies. In postmenopausal women the effects of a land-based jumping and

resistance training program on reducing fall risk are apparent after 9 months (36), but

significant effects on BMD may take up to 5 years (39). In addition, Bassey et al. (3)

found that, although the BMD of premenopausal women increased after 5 months of

exercise training, in postmenopausal women, no difference from the control group was

found after 12-18 months of exercise, indicating that bone adaptation to exercise may

take longer in older women. These studies are supported by a resistance training study,

which showed that neither low intensity nor high intensity resistance training had an

effect on BIVID after one year in postmenopausal women with adequate initial bone

density (32). In contrast, Nelson et al. (27) found that after a 1-year program of high

intensity resistance training, postmenopausal women increased BMD by 0.9% at the
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femoral neck and 1.0% at the spine, while controls decreased by 2.5% and 1.8%

respectively. The exercisers in this study also increased muscle strength and balance,

while control subjects decreased in both. The effect of a 1-year combined high-impact,

strength and endurance training program on BIVID and function in early postmenopausal

women with low bone density was recently reported (21). The exercise group increased

spine BMD by 1.3% while the controls decreased by 1.2%, however no difference in the

hip was reported. In addition, strength increased by 11-39% in the exercise group, while

controls stayed the same. VO2max increased by 11% in exercisers but decreased by 4%

in controls. The physical function results from this study are similar to the results of our

study in the water. Bone density results from land-based exercise intervention studies are

mixed and also difficult to compare (3, 21, 27, 32, 36, 39, 51). The varying exercise

regimens, subject profiles, and confounding factors make direct comparison of studies

difficult, however, it is clear that longer exercise interventions may be needed to

document changes in BMD in postmenopausal women.

Discovering a variety of exercise programs to reduce fall risk and slow bone loss

is imperative for promoting increased participation in exercise in this country. The

shallow water exercise program in our study was designed to decrease the risk of

osteoporotic fracture by slowing bone loss and reducing fall risk. We provide

preliminary evidence that a traditional shallow water exercise program sufficiently

overloads the musculoskeletal and cardiorespiratory systems, and thus aids in reducing

the risk of osteoporotic fracture.
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CONCLUSION

Lateral Spine Results

Lateral spine analyses are presented on the subjects with complete spine data (AP

and lateral scans). This group of2l exercisers and 28 controls is representative of the

larger sample (Table 3). These data were not presented in the primary results paper

(Chapter 2) so that the sample sizes, hence subjects, are consistent in the representation of

the main study outcomes. In analysis of covariance, adjusting for baseline BMD and

body weight, spine BIvID 12-month difference scores were similar between exercisers

and controls (Table 4). In follow-up one-sample t-tests, the percent changes in spine

BMD were not significantly different from zero in the exercise group or the control group

(Figure 3).

The AP spine result on this smaller sample is not significantly different from the

AP spine results in the larger group (Table 2 and Figure 1). The exercisers increased

BJVIID in the AP spine projection by 0.5%, while the controls decreased BMD in the AP

spine by 0.5%. While not statistically significant, this result provides preliminary

evidence that water exercise may have an effect on spine BMD. This finding supports

work done in rats, whereby swim trained rats have increased bone density in the

swimming limbs compared to control rats (Hart et al., 2001). In addition, Dook Ct al.

(1997) found that swimming perimenopausal athletes had higher whole body and limb

regional bone density than controls. These investigators also found that the swimmers

differed from runners and hockey players only in regional leg BMD; whole body and
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regional arm BMID were similar, indicating a site-specific effect of moving through the

water horizontally (Dook et al., 1997).

We were surprised at the lateral and volumetric spine results. Exercisers decreased

lateral and volumetric L3 spine BIVID by 3.5% and 3.1% (ns), respectively, despite a

small nonsignificant increase in AP spine BMD. Control subjects exhibited no change in

lateral L3 BMD, but decreased by 0.5% (ns) in volumetric L3 BMID. Large variances in

scores can explain the lack of statistical significance for the exercise group values.

Lateral spine scans have advantages over AP spine scans. Lateral spine scans allow for

measurement of vertebral body BMD without the posterior vertebra! elements and

influence of the degenerative calcification of the intervertebral discs and aorta (Cherney

et al., 2002). This suggests that the lateral spine scans may be better than the AP spine

scans at detecting low bone mass because of increased sensitivity to changes in trabecular

bone (Finkeistein et at., 1994). Bone remodeling cycles will result in a transient decrease

in bone mineral density as osteoclasts resorb bone to make room for osteoblasts to fill the

"holes" and mature new bone to form (McDermott, 1998). Trabecular bone may be more

sensitive to transient bone remodeling changes in bone mineral density, and we suggest

this as a possible explanation for the lateral and volumetric spine BMD results.

Remodeling cycles are 3-6 months in duration (Baron, 1996), therefore, it is possible that

the decrease in BMD in these spine variables is due to a remodeling cycle in the

resorption phase. Longer follow-up of the subject population is needed to determine if

this is the case. In addition, we cannot discount the possibility that the results are due to

measurement error.



Table 3. Descriptive Characteristics of Subjects With Spine BMD Data at Baseline and After 12 Months.
PASE score is the summary score from the Physical Activity Scale for the Elderly (\Vashburn et al., 1993)

*Exercisers > controls, p<0.00i (unpaired t-test)

Characteristic

EXERCISE (n21)
Baseline 12 Months

Mean±SD Mean±SD

CONTROL (n=28)
Baseline 12 Months
Mean±SD Mean±SD

Age, years 65.9 ± 8.0 66.9 ± 8.0 66.4 ± 10.5 67.4 ± 10.4

Past menopause, years 21.1 ± 11.2 22.0 ± 11.2 17.8 ± 10.6 18.8 ± 10.6
Height, cm 162,1 ±4.1 162.1 ±3.8 162.8 ± 5.7 162.8 ± 5.6

Weight, kg 79.0 ± 12.3* 78.6 ± 12.5* 66.3 ± 8.6 65.2 ± 9.1
Calcium intake, mg/day 1520.5 ±599.1 1499.5 ± 550.5 1632.2 ± 566.7 1634.0 ± 502.9

Vitamin D intake, lU/day 487.9 ± 272.8 470.2 ± 241.3 504.5 ± 232.2 522.1±229.7
PASE score, units 141.7 ± 63.8 151.6 ± 68.0 162.8 ± 74.5 130.9 ± 60.5
HRT use, # (%) 10 (48) 8(38) 15 (54) 9(32)



Table 4. Spine Outcome Variables of Subjects at Baseline and Follow-Up. Change scores for spine bone mineral density (BMD)
between groups were not different between exercisers and controls (evaluated by ANCOVA; covariates were baseline weight and BMD)

Variable

BMD (g/cm2)
Spine -AP

-Lateral (L3)
-Volumetric (L3), g/cm3

EXERCISE (n=21)
Baseline Follow-Up Change
Mean±SD Mean±SD Mean±SD

0.961 ± 0.145 0.967 ± 0.154 0.006 ± 0.024
0.724 ± 0.119 0.681 ± 0.091 -0.030 ± 0.074
0.208 ± 0,029 0.197 ± 0.021 -0.008 ± 0.021

CONTROL (n=28)
Baseline Follow-Up Change
Mean±SD Mean±SD Mean±SD

0.962 ± 0.164 0.956 ± 0.159 -0.007 ± 0.029
0.737 ± 0.147 0.732 ± 0.145 -0.004 ± 0.071
0.210 ± 0.046 0.207 ± 0.043 -0.003 ± 0.022
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Figure 3. Percent Changes in Spine BMD in Exercisers and Controls after the 12-Month Shallow Water Exercise Intervention
In follow-up (within group) analyses using one-sample t-tests, changes in exercisers and controls were not statistically different from
zero.
BMD changes for exercisers were 0.5 ± 2.7% for AP Spine, -3.5 ± 10.7% for Lateral L3 Spine, -3.1 ± 10.9% for Volumetric L3 Spine. BMD
changes for controls were -0.6 ± 3.0% for AP Spine, 0.0 ± 9.6% for Lateral L3 Spine, -0.5 ± 10.5% for Volumetric L3 Spine.

Exercise Group
(n=21)

Control Group
(n=28)

Volumetric L3 SpineAP Spine Lateral L3 Spine
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Conclusions

The shallow water exercise program in our study was designed to decrease the

risk of osteoporotic fracture by slowing bone loss and reducing fall risk. We report that

exercisers maintained femoral neck BMD, while non-water exercising controls decreased

BIvIID at the same site. This finding lends support to previous findings that the hip region

responds to muscle forces (Kelley et at., 2001; Kerr et at., 1996; Nelson et at., 1994) as

well as impact forces (Kohrt et at., 1997). Although not statistically significant, the

exercisers increased AP spine BMID, while controls decreased. This 1% difference in

spine BMID is an important factor in reducing risk of spine fracture, as 70% of bone

strength comes from bone mineral density (NIH, 2001).

The shallow water exercise intervention improved risk factors for falling and

hence, lowered the exercisers risk of osteoporotic fracture. Exercisers improved their

cardiorespiratory fitness by 7%, while the control group decreased by 3%. Exercisers

had improvements in arm strength that were twice that of the improvements in the control

group. Women in the exercise group improved risk factors for falling, such as, mobility,

and leg power. In addition, exercisers maintained balance compared to a significant

decrease in balance in controls, and increased flexibility.

In addition to BMID and physical function, anthropometric data was collected and

used to detect and control for differences in the subject groups. The water exercisers

were heavier at the start of the exercise program and remained throughout the study. As

part of being heavier, water exercisers also had a greater BMI, fat mass, and lean mass at

baseline and 12 months compared to controls (paired t-test, p<O.Ol for all). Percent
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changes in weight and body composition were evaluated secondary to the primary study

outcomes by one-sample t-tests. Exercisers and controls had significant decreases in total

body lean mass, -2.4% and 1.7% respectively (P<O.001 for both), over the course of the

year. This contributed to a significant decrease in total weight (-1.5%, p<O.Ol) and BMJ

(-1.3%, p=O.O2) in the control subjects. In the exercise subjects, the decrease in lean

mass was offset by a nonsignificant 1.3% increase in body fat (pO.28), and thus, total

weight was not significantly different after 12 months (p=O.O9). In regional body

composition analysis, exercisers had 2.2% increase in arms lean mass (pO.O2), and

control subjects increased both lean (2.4%, p<O.Ol) and fat (2.2%, p=O.OS) mass in the

legs. Lean body mass has been shown to be a better predictor of total body BMD and

bone mineral content than fat mass in postmenopausal women (Chen et al., 1997).

Heavier women tend to self-select into water exercise classes due to the supporting effect

of water's buoyancy. The relationships between body masses and BMD in

postmenopausal women participating in water exercise are unclear. Investigation into

whole body and regional anthropometric measures is warranted to elucidate how the

relationships between BMID and body masses may be changed in a shallow water

exercise environment.

In addition to the study's primary outcomes, the women participating in the

shallow water exercise classes reported positive anecdotal changes due to the

intervention. Meeting other women to exercise and socialize with was a motivation for

the women to continue regular exercise participation. Many women reported cessation of

chronic pain and a decrease in pain and joint medications as a result of the shallow water
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exercise classes. Increased energy, better general health, and an easier time with daily

tasks were common comments by the exercise subjects. Lastly, women reported feeling

more "sprite" and "nimble", and having a general improvement in mood. These

comments support previous work that has found a decrease in depression and anxiety

with water exercise classes (Watanabe et al., 2000; Weiss and Jamieson, 1989; Wininger,

2002).

Further study into shallow water exercise as a strategy to reduce osteoporotic

fracture is warranted and larger, randomized studies are needed. In addition, a study of

forces on the hip and spine during specific shallow water movements may assist in

tailoring the exercise programs for optimal bone health. This study provides preliminary

evidence that traditional shallow water exercise programs, if performed with adequate

consistency, will provide sufficient overload to the musculoskeletal and cardiorespiratory

systems to aid in reducing risk of osteoporotic fracture.
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Background Literature Review

Osteoporosis

Osteoporosis is a disease characterized by low bone mass, reduced bone strength

and therefore, an increased susceptibility to fracture. Low bone mass accounts for 70%

of bone strength (NIH, 2001), and is an important determinant of osteoporotic fracture

risk. Osteoporosis is defined as bone density that is 2.5 standard deviations below the

mean for young adult white women (NIH, 2001). Site-specific bone densitometry can

predict 50-60% of the variability in bone strength at the site measured (Eckstein et al.,

2002), supporting bone density as a measurement tool for osteoporotic fracture risk.

Predictors of low bone mass in postmenopausal women include: being female, increased

age, estrogen deficiency, being caucasian, having a low weight, having a family history

of osteoporosis, smoking, having a history of fracture, late menarche, early menopause,

and low endogenous estrogen. Forty-four million people (80% women, 20% men) in the

U.S. have or are at risk of developing osteoporosis (NIH, 2001) and the majority of these

individuals are women. Low bone mass is a problem in women due to a lower peak bone

mass in youth and accelerated bone loss after menopause. As life spans continue to

increase, women can expect to spend at least 30 years in the postmenopausal, estrogen-

depleted state. In order to have 30 healthy years, women are urged to adopt strategies to

reduce bone loss and falling, and thereby reducing fractures.
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Etiology of Osteoporotic Fracture

There are well over one million osteoporotic fractures annually in the U.S.,

primarily occurring in the spine at a rate of approximately 750,000/year (Watts, 2001).

Vertebral fractures are associated with a significant decrease in quality of life (chronic

pain, deformity, decreased activity and self-esteem) (Watts, 2001), and an increased risk

of fracture (Lindsay et al., 2001) and mortality (Kado et aL, 2000). Although hip

fractures are less prevalent (300,000/year) than spine fractures, the risks are as high

(Watts, 2001). A quarter of hip fracture patients over the age of 50 will die in the year

that follows their fracture (NOF.org). Osteoporosis and related fractures are a major

health concern in this country as the costs associated with osteoporotic fractures are more

than $14 billion annually (NIH, 2001) and rising with the aging of the population.

Fractures are the result of both low bone mass and falls. In fact, Aibrand et al.

(Aibrand et al., 2003) found seven independent predictors of osteoporotic fractures: age,

falling history, grip strength, maternal falling history, decreased physical activity, hip

bone mineral density (BMD), and fracture history. Falls - Falls account for 90% of hip

and 50% of vertebral fractures (NIH, 2001) and falls and fractures are increased by age-

related changes in muscle and bone (Carter et aL, 2001). Accordingly, strategies for

preventing osteoporosis-related fractures need to include maintaining adequate peak bone

mass during childhood, decreasing bone loss in adulthood, and decreasing fall risk in the

elderly. Peak Bone Mass - A higher peak bone mass in childhood will protect against

fractures later in life. Young individuals with adequate nutrition, body weight, weight

bearing exercise, and normal reproductive hormones will likely achieve a higher peak
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bone mass. Bone Loss - In adulthood, a reduction of bone loss, particularly in the years

following menopause, is important for fracture prevention. After peak bone mass is

achieved, women can expect 0.5% bone loss per year until menopause when bone loss

increases to 1-2% per year (Watts, 2001). On average, between the ages of 40-70, a

woman will lose 20% of her bone mass (Watts, 2001). Methods of bone loss reduction

include hormone replacement therapy (HIRT), alternative drug therapies, adequate

nutrition, and exercise (Kohrt et at., 1995). Estrogen andAlternatives - Endogenous

estrogen is a key anti-resorptive agent for bone cells in girls and premenopausal women.

After menopause, taking hormone replacement medications can help offset the bone loss

that occurs with a decreased or complete cessation of endogenous estrogen. Despite its

documented effects on maintenance of bone density (Bjarnason et at., 2002) and thus,

decreasing fracture risk (Torgerson and Bell-Syer, 2001), FlIRT has recently been shown

to pose risks to women (WHI, 2002). In addition, the effect of HRT on fall risk

parameters such as, physical function (Uusi-Rasi et at., 2003) or balance (Ekblad et at.,

2000) in postmenopausal women is not established. Alternatives to estrogen include a

number of pharmacologic treatments including bisphosphonates (etidronate or Didronel

and alendronate or Fosamax), selective estrogen-receptor modulators (SERMs; tamoxifen

and raloxifene or Evista), natural plant phytoestrogens, salmon calcitonin, and calcium

and vitamin D supplementation (Hallworth, 1998). Alendronate (Fosamax) use has risen

substantially in recent years, particularly in the past year after the risks of HRT use were

reported (WHI, 2002). Uusi-Rasi et al. (Uusi-Rasi et at., 2003), found that in early

postmenopausal women, alendronate had a positive effect on BMD at the hip and spine,
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but had no effect on physical performance. In the same study, a jumping exercise

program induced 'thickening of the bone cortex, as well as improving physical

performance (Uusi-Rasi et at., 2003). Calcium intake is related to BMD in women

(Teegarden et at., 1998), however the role of vitamin D is unclear. Recently, it has been

reported that women who supplemented with calcium and vitamin D had a 49% lower

risk of falling than women who took calcium only (Bishchoffet at., 2003). Exercise -

Exercise is unique in that it has the potential to both decrease bone loss and reduce the

risk of falling in postmenopausal women. For example, in a meta-analysis of 34

treatment effects from randomized controlled exercise studies on pre and postmenopausal

women spanning 30 years (1966-1996), the exercise programs resulted in bone loss

reversal of 1% per year in exercisers compared with controls (Wolff ci at., 1999). The

Wolff et al. (1999) meta-analysis contained studies with weight bearing exercise, weight

training exercise, and combination exercise programs. Specifically, after one year of

high-intensity strength training, postmenopausal women maintained or increased bone

mineral density (BIVIID) of the hip and spine, while nonexercising controls decreased

(Nelson etal., 1994). After five years, postmenopausal women in a weighted vest

resistance plus jumping exercise program maintained hip BIVID while hip BMID

decreased in controls (Snow etal., 2000). Risk of falling decreased significantly in

postmenopausal women after 12 months of an aerobic, resistance, balance and

coordination program (Lord et al., 1995), and after nine months of weighted vest exercise

(Shaw and Snow, 1998). Lastly, in support, the Nurse's Health Study (2002) found that

hip fracture risk decreased by 6% for every three MET (metabolic equivalent) increase in



physical activity per week (about 1 hour per week) (Feskanich et aL, 2002). Active

women had a 55% lower risk of hip fracture than sedentary women and hip fracture risk

decreased linearly with increasing activity levels (Feskanich et at., 2002).

Mechanical Signals for Bone Development

Bone response or adaptation to a stimulus requires that bone cells respond to

specific mechanical signals. The mechanical signals, such as exercise, must follow

Turner's fundamental rules for bone adaptation (Turner, 1998). First, the stimulus must

be dynamic and provide a minimum effective strain. Second, there is a level of

diminishing returns, as increased duration of loading does not yield proportional

increases in bone. Third, bone cells are "error-driven" and will accommodate to routine

loading. Thus, bone cells need a novel loading stimulus in order to respond with an

increased rate of remodeling and new bone formation. Further, short periods of exercise

with 4-8 hours of resting between were found to be more osteogenic than a single session

of sustained exercise (Burr et aL, 2002). In turn, osteogenic exercise should be forceful,

fast, and variable (Vuori, 2001).

An exercise intervention period of 12 months was chosen based upon the bone

remodeling cycle length of 3-6 months (Baron, 1996) and previous studies, which

indicate that in order to see any significant changes in BMID, intervention periods of 9-18

months are optimal (Bassey et at., 1998; Snow et at., 2000; Winters and Snow, 2000). In

particular, Bassey et al. (Bassey et at., 1998) found that, although the BMD of

premenopausal women increased after 5 months of exercise training, in postmenopausal
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women, no difference from the control group was found after 12-18 months of exercise,

indicating that bone adaptation to exercise may take longer in older women.

Land Exercise Studies and Bone

Loading the bones in exercise occurs through bone deformation via gravitational

impact or muscle forces. Weight-bearing exercises can provide impact bone loading,

while resistance exercises load the bones primarily by muscle contractile forces. The

goal of many exercise intervention studies has been to determine whether changes in

BIVID are specific to the site loaded, and to elucidate the best exercise mode for

increasing hip BMD and the best exercise mode for increasing spine BMD. Impact

Loading and BMD - Postmenopausal women can improve hip BMD with impact loading

exercise (Cheng et at., 2002), a combination of impact loading and lower body resistance

(Snow et at., 2000), and strength training exercise (Kerr et aL, 1996). In Kohrt et al.

(Kohrt ci at., 1997) the authors report that after 11 months, femoral neck BIVID increased

in postmenopausal women doing activities with ground reaction forces (running or

stairs), but women doing activities with joint reaction forces (rowing and resistance

training) had no change at the same site. Thus, in postmenopausal women weight-

bearing exercises may be needed for stimulating bone remodeling and formation in the

hip. Muscle Loading and BMD - Activities such as resistance training and rowing may

maintain or increase bone mass in the spine. Strength training exercise programs have

been shown to maintain and improve spine BMD in postmenopausal women (Nelson et

at., 1994; Pruitt et at., 1992). A meta-analysis of 24 studies on resistance training and
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BMD in women, found that the exercisers had a decrease in lumbar spine BMD of 0.19%

over the intervention periods compared to a 1.45% deërease in the controls (Kelley et at.,

2001). After a training period, rowing athletes have significantly higher spine BMD than

controls but BIVID at all other locations was not different between athletes and controls

(Cohen et at., 1995; Morris et at., 1999). In a recent study of college rowers, experienced

rowers who generated greater forces at the spine had higher spine BIvIID than the novice

rowers whose force production was lower (LaRiviere et at., 2003). Taken together, these

data indicate that, in order to stimulate a response at the spine, the exercise must

specifically "load" the vertebrae.

Swimming and Bone

Studies in athletes have provided preliminary evidence that the non-weight-

bearing environment of the water is below the minimum effective strain for bone

formation, and that there may be a subsequent reduced overall bone mass in water

athletes, despite similar levels of muscle mass and strength, to land athletes.(Andreoli ci

at., 2001; Taaffe et at., 1995) Determining the exact cause of lower bone mass in water

athletes is difficult. The athletes may self-select into non-weight-bearing sports due to a

genetic predisposition for low bone mass and thus increased buoyancy and performance

in water sports. In addition, spending the primary bone building years in a water sport as

opposed to weight-bearing activities may have resulted in lower peak bone mass in these

athletes. In support of this, college swimmers were found to have lower BMD at the

femoral neck compared to controls (Taaffe et at., 1995). In contrast, compared with
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controls, the greater trochanter, whole body, and lumbar spine BMID of the college

swimmers was not different than controls (Taaffe et cii., 1995), possibly indicating that

the increased muscle forces on the skeletal system in swimming counteracted the

decreased gravitational impact. Older male swimmers have greater radial and vertebral

BIvff than controls, but this same effect was not seen in older female swimmers (Orwoll

et cii., 1989). Results from animal studies also demonstrate that swim trained rats have

greater bone density, improved bone mechanical properties, and increased biochemical

markers of bone turnover compared to control rats (Hart et aL, 2001; Hoshi et al., 1998;

Swissa-Sivan et cii., 1990). These results indicate that while ground reaction forces in the

water may not be significant enough to elicit a bone response in the hip, the increased

muscle action caused by moving through the water may be enough to elicit a bone

response in the upper body and spine.

Shallow Water Exercise and Bone

Water exercise, with its resistive environment that mimics weight training, may

provide an osteogenic stimulus at the spine, but the reports of the effect of water exercise

on spine BMD are mixed. In 1994, Tsukahara et al. (Tsukahara et cii., 1994) reported that

postmenopausal Japanese women who participated in water exercise had a small but

significant increase in spine BMID over the one-year study period compared to a decrease

in the spine BMD of controls. However, subjects in the exercise group were recruited

from existing exercise classes, there was no reporting of outside physical activities or

HRT, and the statistics used were inappropriate, thus, we cannot assume that the
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differences in BIvJ1D were due to the water exercise class alone. Bravo et al. (Bravo etal.,

1997) reported that 12 months of weight-bearing water exercise including jumping

resulted in no changes in hip BMID and a significant decrease in spine BIVIID. In that

study, the lack of a control group prevents appropriate evaluation of the exercise effects

on bone loss. It is possible that when compared to non-exercising postmenopausal

women, the water program may have reduced the rate of bone loss in exercisers.

Exercise to Reduce the Risk of Falling

Risk Factors for Falling - The clinical risk factors for falling include a history of

falls, low physical function (slow gait speed and decreased quadriceps strength), impaired

cognition, impaired vision, and the presence of environmental hazards (NIH, 2001). The

intrinsic factors that are related to the individual's functional characteristics can be

modified through exercise interventions. In a published review of nine randomized

controlled studies, exercise interventions increased functional parameters related to

falling, but the effect on actual falls was not clear (Carter etal., 2001).

Land Exercise - Risk of falling decreased significantly in postmenopausal women after

12 months of an aerobic, resistance, balance and coordination program (Lord et al.,

1995), and after nine months of weighted vest exercise (Shaw et al., 1998). One-year,

high-intensity strength training programs resulted in muscle mass and strength gains

(Maddalozzo and Snow, 2000, Nelson et al., 1994; Pruitt etal., 1995; Rhodes etal.,

2000), and balance gains in postmenopausal women (Nelson etal., 1994). While not
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directly measuring falls, greater muscle strength and balance have been associated with

non-fallers in the elderly (Lord et aL, 1991).

Water Exercise - Results from water exercise programs demonstrate improved functional

parameters related to fall risk, such as muscle strength and endurance, flexibility,

cardiorespiratory endurance, balance, and agility (Gunter et al., 2000; Williams et aL,

1997; Bravo etal., 1997; Sanders etal., 1997; Simmons and Hansen, 1996; Suomi and

Koceja, 2000). Researchers in Japan recently reported that after 12 weeks of shallow

water exercise (70 mm, three times per week), postmenopausal Japanese women had

significantly increased their cardiorespiratory fitness, muscle strength, and agility

compared to an aged-matched control group (Takeshima etal., 2002). In addition,

shallow water exercise elicits cardiovascular and metabolic responses that meet the

American College of Sports Medicine guidelines for exercise prescription (D'Acquisto et

al., 2001). These factors together support water exercise as an effective exercise method

to increase fitness and reduce fall risk.
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.AnthonyW' .x
Institutional Re ew Board Chair

pe: 1749 file

OREGON STATE UNIVERSITY

INSTITUTIONAL REVIEW BOARD
312 Kerr Administration Building . Corvallis, Oregon . 97331-2140

E-MAIL: lRfl@prelpnstate.edu - P1-lONE: (54!) 737-3437 FAX. (54fl 737-3093

REPORT OF REVIEW

TO: Christine Snow,
Exercise and Sport Science

RE: Water Exercise Effects on Bone Density and Fall Risk in Osteoporotic Women (Student
Researcher: Tanya R. Littrell)

Protocol No. 1749

The referenced project was reviewed under the guidelines of Oregon State University's Institutional
Review Board (IRB). The IRB has approved the application. This ipproval will expire on 11/20/2003.
This continuation request was reviewed at the Full Board level. A copy of this information will be
provided to the full IRB committee.
stamped informed consent document. Make copies of this original as needed.

Any proposed change to the approved protocol, informed consent form(s), or testing instrument(s)
must be submitted using the MODIFICATION REQUEST Fon. Allow sufficient time for review
and approval by the committee before any changes are implemented. Immediate action may be
taken where necessary to eliminate apparent hazards to subjects, hut this modification to the
approved project must be reported immediately to the J1RB.

In the event that a human participant in this study experiences an outcome that is not expected and
routine and that results in bodily injury and/or psychological, emotional, or physical harm or
stress, it must be reported to the IRB Coordinator within three days of the occurrence using the
ADVERSE Evr FORM.

If a complaint from a participant is received, you will be contacted for further information.
Please go to the [RB web site at:

http:!/osu.orst.edu/research/RegulatoiyCompliancelHumanSubjects.html to aecess the
MODIFICATION REQUEST Fonst and the ADVERSE EvEIcr FORM as needed.

Before the expiration date noted above, a Status Report Will be sent to either close or renew this project.
It is imperative that the Status Report is completed and submitted by the due date indicated or the project
must be suspended to be compliant with federal policies.

If you have any questions, please contact the [RB Coordinator at 1RB(iioregonstate.edu or by phone at
(541) 737-3437.

Date: November 21, 2002
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Informed Consent
OSU IRB Approval Date:

Approva] Expiration Date: ij JO.3

Title: Water Exercise Effects on Bone Density and Fall Risk in Osteoporotic Women

Investigators: Christine M. Snow, Ph.D., Professor, 737-6788
Tanya R. Littrell, Ph.D. Student, 737-5935 or 737-3094

Purpose: The most common osteoporotic fractures occur in the spine at a rate of
approximately 750,000 per year. The risk of spine fractures in older adults increases
with age and women are at a greater risk of fracture than men. There is a great need to
determine how to prevent vertebral fractures, and the best program should affect both
low bone mass and risk of falling, predictors of spine fracture. The purpose of this
yearlong study is to compare the changes in bone density and risk of falling in
osteoporotic women participating in a 12-month water exercise program, with changes
in osteoporotic women who maintain their current levels of activity.

I have been invited to participate in this study because I have beeii a recent Bone
Research Laboratory (BRL) subject, I am currently a participant in the BRL falls study,
I have been referred by my physician, or I have been recruited from the
Corvallis/Albany community.

Testing Procedures: I will undergo the following procedures twice, at time 0 and 12
months. Bone density scans, questionnaires, and the fitness tests will be conducted in a
single session (1-1 '/2 hours), and the blood and urine samples will be collected in
another session (30 minutes). To reduce any risk of falling during physical testing, I will
be assisted by a trained "spotter" at all times.

Bone Mineral Density Assessment: Three x-ray scans will be conducted
using a technique that gives an accurate measure of bone density with a very
low exposure to radiation. Bone mass of my spine and left hip will be
measured to assess bone changes and a whole body scan will be used to assess
my body composition (fat and lean mass).

Bone Metabolism: An assessment of bone resorption (loss) and bone
formation will be conducted by collecting blood and urine. I will arrive at the
laboratory in the morning without having consumed anything but water for
the previous 12 hours. No more than 1 OmI (2 teaspoons) of blood will be
drawn from a forearm vein in a single laboratory visit. After each blood
draw, I will be given a compression bandage and instructions to rest, as
needed, and to avoid carrying heavy objects on the shoulder or arm that the
blood was drawn from for a period of 24 hours. I will bring a urine sample
from the first morning void in the provided collection cup to my second
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appointment at baseline and 12-months. I will refrigerate the urine sample
until transport to the Bone Research Laboratory.

Physical Activity and Nutrition: I will fill out a physical activity
questionnaire (15 mm) that will be used to assess my activity level and a
nutrition questionnaire (35 mm) that will be used to assess my eating patterns
and nutrient intakes.

Leg Power Assessment: The strength of my legs will be measured with a
seated leg press machine, where I will be asked to push with one leg at a time
on a push pedal.

Balance: I will be asked to stand on a stationary platform, with one foot in

front of the other, while computer sensors under the platform measure how

much I sway.

Reaction and Movement Time: I will stand in a relaxed position in front of a
light signal. When the light turns red I will step to the side as quickly as
possible. The test will be repeated 5 times on each leg.

Mobility: I will be asked to walk heel to toe as quickly as possible for 10 feet,
and to stand up and walk 3 meters then return to my seat as quickly as
possible.

Fitness Measures: I will be asked to complete a 2 minute step-in-place test, a
30 second arm curl test, and a chair sit & reach test to assess my overall
cardiovascular, muscle endurance, and flexibility levels.

OSU IRB Approval Date:
Approva' Expiradon Date;

Year-Long Procedures:

If I am in the water exercise group: I will attend shallow water exercise classes,
3 times per week, 45 minutes per class, for one-year. The shallow water exercise
classes will be conducted in chest deep shallow water and consist of a 7 minute
warm-up, 15-20 minutes of general muscie/cardiorespiratory endurance exercises,
10-15 minutes of specific muscle fitness and stability training, and an 8 minute
warm-down including flexibility exercises. The warm-up period will consist of
walking, jogging, range of motion exercises, and light stretching. The general
muscle/cardiorespiratory endurance portion of the class will consist of typical
water exercise choreography (jumping jacks, tuck jumps, jogging, rocks, leg
curls, cross-country skis) where continuous movement throughout the exercise
period will be encouraged. Muscle fitness exercises will consist of upper body

2
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exercises designed to increase muscle endurance and strength of the upper body

and trunk. Stability exercises will consist of abdominal and back endurance
exercises, fall recovery exercises, and balance training. The warm-down period
will consist of general range of motion exercises, stretching, and relaxation. I will
also provide information (by informing the instructor) about falls that I may have

within the one-year period.

If I am in the control group: I will maintain my current level of activity for the

one-year period. I will maintain a monthly falls diary to provide information (via
postcard and telephone) about falls that I may have within the one-year period.

Risks and Benefits: Measurement of bone mineral density will provide an accurate
assessment of my bone mass. Evaluation is diagnostic and questions regarding my bone
mineral density report should be directed to my physician. It has been explained to me
that an additional benefit of participating in this study is to help identify an exercise
program that may reduce the risk of fractures.

I understand that the risks involved in performing these tests are minimal. I may
experience some minor muscle soreness, but this should clear up completely in a day or
two. X-ray exposure from bone scans is extremely low. The amount of radiation that I
will receive in the three scans is less than the amount of radiation I would be exposed to

in a chest x-ray or a flight across the country. I understand that I may experience some
discomfort while my blood is being drawn, and that this procedure could result -in a
small amount of bleeding, bruising, and slight soreness at the site of needle insertion.

My blood will be drawn by a trained phiebotomist, who will apply a bandage to my arm
to prevent bleeding or bruising as a result of the blood draw.

The investigators will minimize these risks by providing safe activity areas, adequate
equipment, and capable instruction. If you have a condition that might affect or be affected
by participation in this study, please infonn the investigators as soon as possible. I
understand that the University does not provide a research subject with compensation or
medical treatment in the event that the subject is injured as a result of participation in the

research project.

Confidentiality
OSU I Approval Date: 4J
Approval Expiration Date: jJ43__

I understand that my confidentiality will be maintained to the extent permitted by law. I

have been informed that the results of this study may be published in scientific
literature, and that these data will not reveal my name.

3
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OSU IRB Approval Date: 117)62-
Approval Expiration Date: tf iJ3

Participation and Questions

I understand that participation is voluntary and that I may stop doing a test or exercise if
it is uncomfortable or may withdraw at any time without penalty. I may contact the
researchers Dr. Christine Snow at 541-737-6788, 106 Women's Building, Oregon State
University or Tanya Littrell at 541-737-5935, 13 Women's Building, Oregon State
University if I have any questions or concerns regarding the study. Any questions that I
may have regarding my rights as a research subject should be directed to the IRB
Coordinator, OSU Research Office, 541-737-3437.

My signature below indicates that I have read and that I understand the procedures
described above and give my informed and voluntary consent to participate in this
study. I understand that I will receive a signed copy of this form.

Subject Signature Date

Investigator1s Signature Date

4
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dB

F1 Bone Research
Laboratory is recruiting

postmenopausal women from
[is and Albany areas

OSU Bone OS!) Bone OSU Bonc OSU Bone OS!) Bone
Density Study Density Study Density Study Density Study Density Study

Tanya i'anya Tanya Tanya Tanya

737-3094 737-3094 737-3094 737-3094 737-3094

Oregon State University
Bone Research Laboratory

ater xercise an one Density Stu

the Corval

WHO: Women who are at least 5-years postmenopausal and are
not on HRT (hormone replacement therapy) OR have been on HRT
for at least 1 year. A control group and an exercise group will be
recruited.

%VHAT: Bone density and functional fitness tests at the start and end
of 1 year. Water exercise classes for 1 year (exercise group) OR maintain
normal activity for 1 year (control group). All tests and exercise programs
are a benefit to volunteering in the study.

WHERE: Testing will occur in the Bone Research Laboratory at
OSU. Exercise classes will be held at two Corvallis locations, OSU
Women's Building Mon/Wed/Fri 7:1O-7:55am and Stoneybrook
Village Tues/Thurs 2:OO-2:45pm & Sat 1O:OO-1O:45am, and one Albany
location, Mid-Willamette Family YMCA Mon/Wed/Fri 2:OO-2:45pm.

HOW: INTERESTED? Contact Tanya Littrell at 737-3094.

Funded by the John C.
Erkkila Foundation and
the Aquatic Exercise
Association.
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Street Address

OREGON STATE UNIVERSITY BONE RESEARCH LABORATORY
Health History Questionnaire

Last Name First Name Middle mt. Date of Birth

City, State, Zip

Present Symptoms: Have you had in the past 6 months? (Check if yes)
Chest pain Dizziness
Shortness of breath Fainting
Heart palpations Poor balance
Cough on exertion Poor vision
Coughing up blood Back pain
Painful, stiff or swollen joints

If you answered "yes" to any of the above, please elaborate:

90

Phone Number Email Address Occupation

Which describes your racial/ethnic identity? (Please check all that apply)

White, European American, Non Hispanic Asian, Asian American
North African or North African American Pacific Islander
Black, African American, Non Hispanic Hispanic or Latino American
Middle Eastern or Middle Eastern American American Indian or Alaskan Native
Other: Decline to Respond

Please list your present medications (include vitamins and minerals):

Past History: have you ever had? (Check if yes)
High blood pressure Back injury
Heart trouble Cancer
Disease of the arteries Stroke
Lung disease Broken bones
Orthopedic operations Thyroid disorder



Recent Procedures:
Have you had any nuclear medicine procedures or x-ray procedures involving a contrast agent in the
past week? YES NO If "yes", what?

91

Alcohol Consumption:
Do you drink alcohol? YES NO If "yes", How many drinks/week?

Smoking:
Do you now smoke? YES NO If "yes", what do you smoke?

How many per day? For how many years?

If you have quit, when did you quit? How many years did you smoke?

Vision:
Do you wear glasses? YES NO If "yes", what kind of glasses?



Appendix F: Data Collection Sheet
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Checklist for test completion:

AEAJErkkila Water Exercise & Bone Density Study

DXA and Functional Testing - DATA COLLECTION SHEET

Name: Date: Baseline or Post

Age: Height: (cm) Weight: (kg)

Yrs post: Yrs HRT: Hyst: full partial no

Medications today:

93

asK.: l)ate (.oinpleled Tester Initials
Informed Consent
Medical History Questionnaire
PAR-Q
Food Questionnaire
Physical Activity Questionnaire
DXA Scan - Hip
DXA Scan - Spine (AP/Lateral)
DXA Scan - Whole Body
Quick Step
Accu-Sway
Get Up and Go
Tandem Gait
Power Rig
Arm Curl
Step-in-Place
Chair Sit-n-Reach
Blood Draw
Urine Sample



Name:

DXA and Functional Testing - DATA COLLECTION SHEET

**See computer printouts

Foot Length (cm):

2

Date: Baseline or Post

94

QUICK STEP Tester

AtJSWAY Tester:

Stance width:

RIGHT
Delay Time (s)

Reaction Time (s)

Reaction +
Movement Time (s)

Step Width (cm)

Stance width:

LEFT
Delay Time (s)

Reaction Time (s)

Reaction +
Movement Time (s)

Step Width (cm)



tiioinl ir'

Seat Length(cm):

DNA and Functional Testing - DATA COLLECTION SHEET

Name: Date: Baseline or Post

3

'ester:

Left

I
atts)

2
(watts)....

Right

3
(watts)

4.5
(watt.)...........(wafls).

7
(Watts)

9
(wattS)

95

TEST
Trial I
(see)

Trial 2
(sec)

Coirnmnts (ase of ea?Le xaggera1ed inovenunts,
siumbles aid etc.)

Get Up and Go

Tandem Gait

POWER RIG Tester:



DXA and Functional Testing - DATA COLLECTION SHEET

1CT1ON4L FITNESS

4
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TEST
within Time

Number
Correct

Comments

Arm Curl Right or Left

Step-in-Place

TEST Trial 1 Trial 2 Comments
(inch) (inch)

Chair Sit-n-Reach Right or Left

Name: Date: Baseline or Post
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CD

MONTH MONTH

IVERY

CD

CD CD

CD CD C ) 2002 0
CD CD C )

CD CD

CD CD

CD CD

CD CD

CD CD

CD CD

pounds ft. in.o Male
o Fernalc

CD® CD CD®
If female, are you
pregnanC or
breast feeding?

CD®
CD®
CD®

CD ID

CD CD CD

C. No CD® CD CD @3

Please print your name in this box. 0 Yes
o Not female

CD® CD®
CD®
OlD
CD®

CD® CD®

RESPONDENT ID
NUMBER TODAYS DATE

D Jan DAY YEAR

D Feb
®®®®®E DMar t2000C

iOD DApr Dci 2001C®c?DcD iMay Dci
cDcD®cDcDQ® DJun Dci 2003 C
®®®®®ciXD DJuI ci 2004C

D® DAug ci 2005C
®ID®rT3®I® DSep ci 2006C

DOd ci2007C
®tDci®®®® DNov ci 2008C

ciciXTT DDec ci2009C

0

BRIEF FOOD:
QUESTIONNAIRE:

This form is about the foods you usually eat. SEX AGE WEIGHT HEIGHT
It will take about 15-25 minutes to complete.

Please answer each question as best you can.
Estimate if you aren't sure.

Use only a No. 2 pencil.

Fill in the circles completely, and erase
-compIetely if you make any changes.

This form is about your usual eating habits in the past year or so. This includes all meals or snacks, at home or
in a restaurant or carry-out. There are two kinds of questions for each food.

HOW OFTEN, on average, did you eat the food during the past year?
*Please DO NOT SKIP any foods Mark "Never" if you didnt eat it

HOW MUCH did you usually eat of the food?
Sometimes we ask how many you eat, such as 1 egg, 2 eggs, etc., ON THE DAYS YOU EAT IT.
*Sometimes we ask "how much" as A, B, C or D. LOOK AT THE ENCLOSED PICTURES For each food,
pick the picture (bowls or plates) that looks the most like the serving size you usually eat. (If you don't have
pictures: A=1/4 cup, B=1/2 cup, C=1 cup, D= 2 cups.)

EXAMPLE: This person drank apple juice twice a week, and had one glass each time. Once a week he ate a
"C-sized serving of rice (about 1 cup) .

HOW OFTEN IN THE PAST YEAR
HOW MUCH EACH TIME

A FEW 2-3 3-4 5-6

TYPE OF FOOD 4EVEP TIMES OIICE TIMES ONCE FWICf lIMES liMES SEE PORTION SIZE
per per per per per per per DAY PICTURES FOR A-B-C-D _

YEAR WEEK WEEK WEEK WEEK

How many0 0 0 0 0 glasSes
eachtime

How much0 0 0 0 0

=

A e '

PLEASE DO NOT WRITE IN THIS AREA

000000000U00000000000 4144
Block 2000-Brief ©2000 BOOS Phone (510)-704-8514 ww nutrilior,questcom _ .
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0 0 0
1 2 3 4

eactitime 0 0 0

Apple juice 0 0 0
Rice 0 0 0
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TYPE OF FOOD

HOW OFTEN IN THE PAST YEAR
HOW MUCH

SEE PORTION
PICTURES FOR

EACH TIME

NEVER

A FEW

TIMES
per

YEAR

ONCE

per

MONTh

23
TIMES

per
MONTH

ONCE

per
WEEK

TWICE
per

WEEK

34
TIMES

per
WEEK

56
TIMES

per
WEEK

EVERY
DAY

SIZE
A-B-C-D

How often do you eat each of the following foods all year round?

Eggs, including egg biscuits or Egg 0 0 0 0 0 How many

McMuffins (Not egg substitutes) 0 0 0 0 eacme ? ?
:g1st sausage including How many 0 0

Cooked cereals like oatmeal, cream of

Cold cereals like Corn Flakes
Cheerios, Special K, fiber cereals

o o o o o Which
bowl

o
e

o
c

o
o

Which cereal do you eat most often? MARK ONLY ONE: 0 Bran Buds, Raisin Bran, Fruit-n-Fiber, other fiber cereals

0 Product 19, Just Right, Total 0 Other cold cereal, like Corn Flakes, Cheerios, Special K

Cheese, sliced cheeseor cheese 0 0 0 0 0 How many 0 0 0 0
spread, including on sandwiches. slices 1 2 3 4

Yogurt (not frozen yogurt) 0 0 0 0 0 0 0 0 0 How much 0 0 0 0

How often do you eat each of the following fruits'

'Bananas 0 0 0 0 0 0 0 0 0 Howrnany
each5me

0 0
2

0
3

Apples or pears 0 0 0 0 0 0 0 0 0 How many
-

0
1/2

0
1

0
2

0
3

Oranges, tangerines, not including juice 0 0 0 0 0 0 0 0 0 How many 0 0 C C
Applesauce fruit cocktail or any
canned fruit

0 0 0 0 o 0 0 0 0 How much 0
A

0
B

0 0
Any other fruit, like grapes, melon,
strawberries, peaches, 0 0 0 0 0 0 0 0 0 How wuch 0

A
0
B

0
C

0
D

--a - _ PAGE2
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TYPE OF FOOD

HOW OFTEN IN THE PAST YEAR
HOW MUCH

SEE PORTION
PICTURES FOR

EACI-1 TIME

NEVER

AFEW
TIMES

per
YEAR

ONCE

per
MONTH

23
TIMES

per

MONTH

ONCE

per
WEEK

TWICE

per
WEEK

34
TIMES

per
WEEK

TIMES

per
WEEK

EVERY
DAY

SIZE
A-B-C-D

How often do you eat each of the following vegetables, Inc uding fresh,
frozen, canned or in stir fry, at home or in a restaurant?

French fries, fried potatoes or hash How much 0 0 0 0

Q 0 0 0 0 0 0 Howmuch 0 0 0 0
Sweet potatoes, yams, or sweet potato
pie

0 0 0 0 0 0 0 0 0 How moch 0 0 0
c

0

Rice, or dishes made With rice 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
A B C 0

Baked beans, chili with beans, piritos,
any other dried beans

0 0 0 0 0 0 0 0 0 How much 0
A

0
B

0
C

0
0

Refried beans 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
A B C 0

Green beans or green peas 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
A B C 0

Broccoli 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
mixed vegetables 0 0 0 0 0 0 0 0 0 How much 0 0 0 0

Spinach or greens like collards 0 0 0 0 0 0 0 0 0 low much
Cole staw, cabbage 0 0 0 0 0 0 0 0 0 How much 0 0 0 0

A B C 0

Green salad 0 0 0 0 0 0 0 0 0 Howmvch 0 0 0 0
A B C 0

Raw tomatoes, including in salad 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
Catsup, salsa or chilepeppers 0 0 0 0 0 0 0 0 0 Hooy

Saiaddressingormayonnaise 0 0 0 0 0 0 0 0 0 Huwmaoy

cooked onions

0 0 0 0 0 0 0 0 0
How much

Vegetable soup, vegetable beet,
chicken vegetable, or tomato soup 0 0 0 0 0 0 0 0 0 Which

bowl
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PLEASE DO NOT WHITE IN THIS AREA -

4144 CCCOCOOOOOCOOOOCORCOQO
-

TYPE OF FOOD

HOW OFTEN IN THE PAST YEAR
HOW MUCH

SEE POR11ON
PICTURES FOR

EACH TIME

NEVER

AFEW
TIMES

per
YEAR

ONCE

per
MONTH

2-3

liMES
per

MONTH

ONCE

per
WEEK

TWICE
per

WEEK

3-4
TIMES

per
WEEK

5-6
TIMES
per

WEEK

EVERY
DAY

SIZE
A-B-C-D

MEATS

Do you ever eat chicken, meat or fish? C Yes C No IF NO, SKIP TO NEXT PAGE

Hamburgers, cheeseburgers, meat loaf,
at home or in a restaurant

Tacos, burritos, enchiladas, tamales

Beef steaks, roasts, pot roast, or in
frozen dinners or sandwiches
Pork, including chops, roasts,
or dinner ham

0 0 0 0 0
0

0
C

0

0

0
C

0

0
C

0

How much
meat

How much

How much

How much

lb.

0
A

C
A

C
A

4(4 lb.

0
B

0
B

0
B

1/2 lb.

0
C

C
C

0
c

3/4 lb.

0
B

C
0

C
0

When you eat
beef or pork, do you 0 Avoid eating the fat C Sometimes eat the fat 0 Often eat the fat C I don't eat meat

Mixed dishes with meat or chicken,
like stew, corned beef hash, chicken
& dumplings, or in frozen meals

Fried chicken, at home or in a restaurant

Chickenorturkeynotfflecsuchas

C

C

C

C

0

C

0

C

C

C

0

C

0

0

0

C

a

0

C

How much

Howmuch

0

0
0

0

C

0

0

0
0

0

0

When you eat chicken, do you C Avoid eating the skin C Sometimes eat the skin C Often eat the skin 0 N/A

Fried fish or fish sandwich, at home or
in a restaurant
Any other fish or shellfish not fried,
Including tuna
Hot dogs, or sausage like Polish, Italian
or Chonzo
Boloney, sliced ham, turkey lunch
meat, other lunch meat

0
C

C

0
C

C

0
C

C

C

C

C

0
C

C

0
C

C

0
C

C

C
-

C

C

C

C

C

How much

How much

Huw many

How many

C
A

0
A

C
1

C
1

C
e

C
B

C
2

0
2

C
c

C
C

C
3

C
3

C
o

0
0

C
4

C
4

- When you eat lunch meats, are they 0 Usual y low-fat C Sometimes C Rarely low-fat C N/A-
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PLEASE 00 NOT WRITE IN THIS AREA

4144 0O000000O000000O0IO000
HOW OFTEN IN THE PAST YEAR

AFEW 2-3 34 HOW MUCH EACH TIME
SIZETYPE OF FOOD NEVER liMES ONCE TIMES ONCE TWICE TIMES TIMES EVERY SEE PORTION

per per per per per per per DAY PICTURES FOR A-B-C-D
YEAR MONTH MONTH WEEK WEEK WEEK WEEK

Pasta, breads, spreads, snacks

Spaghetti, lasagna, or other pasta with
tomato sauce 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
Cheese dishes thout tomato sauce, 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
Pizza, including carry-out 0 0 0 0 0 0 0 0 0 Hoi many 0 0 0 0
Biscuits, muffins 0 0 0 0 0 0 0 0 0 0 0 0 0
Rolls, hamburger buns, English 0 0 0 0 0 0 0 0 0 Howmany 0 0 0 0
muffins, bagels each time 1/2 1 2 3

White bread or toast, including How many
French Italian or in sandwiches 0 0 0 0 0 0 0 0 0 slices

Dark bread Hke rye or whole wheat, 0 0 0 0 0 0 0 0 0 How many 0 C C C
Tortillas 000000000 Howrnany 0000

:00nb'P0tatoe5or 0 0 0 0 0 0 0 0
:0tato080r 0 0 0 0 0 0- 0 0 0 Howmany 0 C C 0

Peanuts or peanut butter 0 0 0 0 0 0 0 0 0 How many 0 0
Snacks like potato clups, corn chips, 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
Doughnuts, cake, pastry, pie 0 0 0 0 0 0 0 0 0 How many 0 0 C) 0
Cookies (Not Iowfat) 0 0 0 0 0 0 0 0 0 How many 0 0 0 0

1-2 3-5 6-7 8.

Ice cream, frozen yogurt, ice cream bars 0 0 0 0 0 0 0 0 0 How much 0 0 0 0
A B C 0

When you eat ice cream
or frozen yogurt, is it 0 Usual y low-fat 0 Sometimes 0 Rarely low-fat 0 N/A

Chocolate candy, candy bars 0 0 0 0 0 0 0 0 0 HoaTsanY
i m $, ie



103

TYPE OF BEVERAGE

HOW OFTEN IN THE PAST YEAR
EACH TIME

NEVER

A FEW

TIMES

per
YEAR

ONCE

per
MONTH

2-3

TIMES

per
MONTH

ONCE

per
WEEK

TWICE
per

WEEK

3-4
TIMES

per

WEEK

5-6
TIMES

per
WEEK

HOW MUCH

EVERI
SEE

DAY PICT URES
PORTION SIZE

FOR A-B-C-B

How often do you drink the following beverages'

Real orange or grapefruit juice, Welch's How many

grape juice, Minutemaid juices, Juicy 0 0 0 0 0 0 0 0 0 glasses each 0 0 0 0
Juice bme 1 2 3 4

: Hawaiian Punch, Sunny Delight, Hi-C,
Tang, or Ocean Spray 0 0 0 0 0 0 0 0 0 How many

glasseseach 0 0 0 0juices
time l 2 3 4

How many
Kool Aid, Capri Sun or Knudsen juices 0 0 0 0 0 0 0 0 0 glasses each 0 0 0 0

lime I 2 3 4

Instant breakfast milkshakes like 00000000 0 How many 0 0 0 0Carnation, diet shakes like Slimfast, or glasses or 2 3 4
: liquid supplements like Ensure cans

Glasses of milk (any kind) 0 0 0 0 0 0 0 0 0 How many
glasses

0
i

0
2

0 0
4

When you drink glasses of milk o Whole milk 0 Non-fat milk 0 I don't drink milk or soy milk
what kind do you usually drink? 0 Reduced fat 2% milk 0 Rice milk
MARK ONLY ONE: 0 Low-fat 1% milk 0 Soy milk

= Cream, Half-and-Half or non-dairy
creamer in coffee or tea 0 0 0 0 0 0 0 0 0 ota1TRon

those days
0

1

0
2

0
3-4

0
a.

Regular soft drinks, or bottled drinks
like Srrapple (Not diet drinks)

0 0 0 0 0 0 0 0 0 How many
bottles or

cans

0
I

0
2

0
3-4

0
3

Beer 0 0 0 0 0 0 0 0 0 Howmany
bottles or

cans

0
2

0
34

0
+

Wine or wine coolers 0 0 0 0 0 0 0 0 0 How many
glasses

0
1

0
2

0
3-4

0
5,

Liquor or mixed drinks 0 0 0 0 0 0 0 0 0 How many
drinks

0
1

0
2

0
3-4

0
5*

-B B B P,4GE6



During the past year, have you taken any vitamins or minerals regularly, at least once a month?

0 No, not regularly 0 Yes, fairly regularly

DID YOU TAKE FAIRLY REGULARLY?

If you took vitamin C or vitamin E:
How many milligrams of vitamin C did you usually take, on the days you took it?
0 100 0 250 0500 0750 0 1000 0 1500 0 2000 0 3000+ 0 don't know
How many Us of vitamin E did you usually take, on the days you took it?
0100 0200 0300 0400 0600 0800 0 1000 02000+ Odon'tknow

How often do you use fat or oil in cooking?
0 Less than once per week 0 A few times per week 0 Once a day 0 Twice a day 0 3+ per day

What kinds of fat or oil do you usually use in cooking? MARK ONLY ONE OR TWO
0 Don't know, or Pam 0 Butter/margarine blend 0 Lard, tatback, bacon fat
0 Stick margarine 0 Low-fat margarine 0 Crisco
0 Soft tub margarine 0 Corn oil, vegetable oil
0 Butter 0 Olive oil or canola oil

Did you ever drink more beer, wine or Iiqu..r than you do now? 0 Yes 0 No

Do you smoke cigarettes now? 0 Yes 0 No
IF YES, On the average about how many cigarettes a day do you smoke now?
01-5 06-14 015-24 025-34 035 or more

What is your ethnic group? (MARK ONE OR MORE)
0 Hispanic or Latino 0 Black or African American
0 White, not Hispanic 0 Asian

ank you I i h forf ill se take a mipute togô bac

PAGE 7

0 American Indian or Alaska Native
0 Native Hawaiian or Other Pacific Islander
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VITAMIN TYPE HOW OFTEN [ FOR HOW MANY YEARS?

DIDN'T

TAKE

AFEW
DAYS

per
.IONTH

1-3

DAYS

per
WEEK

4-6

DAYS

per
WEEK

EVERY
DAY

LESS
THAN
1 YR.

1

YEAR
2

YEARS

3-4
YEARS

5-9
YEARS

10+

YEARS

Multiple Vitamins. Did you take...
Regular Once-A-Day, Cent rum, or Thera type 0 0 0 0 0 0 0 0 0 0 0
Stress-tabs or B-Complex type 0 0 0 0 0 0 0 0 0 0 0
Antioxidant combination type 0 0 0 0 0 0 0 0 0 0 0

Single Vitamins (not part of multiple vitamins)
Vitamin A (not beta-carotene) 0 0 0 0 0 0 0 0 0 0 0
Beta-carotene 0 0 0 0 0 0 0 0 0 0 0
VitaminC 0 0 0 0 0 0 0 0 0 0 0
VitaminE 0 0 0 0 0 0 0 0 0 0 0
Folic acid, folate 0 0 0 0 0 0 0 0 0 0 0
Calcium or Turns, alone or combined with vit. D or

magnesium 0 0 0 0 0 0 0 0 0 0 0
Zinc 0 0 0 0 0 0 0 0 0 0 0
Iron 0 0 0 0 0 0 0 0 0 0 0
Selenium 0 0 0 0 0 0 0 0 0 0 0
Vitamin D, alone or combined with calcium 0 0 0 0 0 0 0 0 0 0 0

fiII anything.youniayhtve l, ..



FOOD QUESTIONNAIRE

Serving Size Choices
out The Food Questionnaire. You may either the dates or the bowls

B= 1/2Cupof Food C=1 CupofFoo D=2CupsotFood

1/4cup it;i
of food oftã

Keep this in front of you while you are filling use to he p
you choose your serving size.

Choose A, B, C or D: A = 1/4 Cup of Food d

© B ock D etary Data Systems Berke ey CA (510) 704-5514 http //www rrutr t onquest corn
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PHYSICAL ACTIVITY SCALE

FOR THE ELDERLY

(PASE)

NEW ENGLAND

NERI
RESEARCH
INSTITUTES

© 1991 New England Research Institutes, Inc.

107



LEISURE TIME ACTIVITY

1. Over the past 7 days, how often did you participate in sitting activities such as
reading, watching TV or doing handcrafts?

[0.] NEVER

4.

GO TO Q.#2

[0.] NEVER

4.

GO TO Q.#3

[1.] SELDOM [2.] SOMETIMES [3.] OFTEN

(1-2 DAYS) (3-4 DAYS) (5-7 DAYS)

4. 4. 4.

2. Over the past 7 days, how often did you take a walk outside your home or yard for
any reason? For example, for fun or exercise, walking to work, walking the dog, etc.?

[1.] SELDOM
(1-2 DAYS)

4,

[2.] SOMETIMES [3.] OFTEN

(3-4 DAYS) (5-7 DAYS)

4. 4.

2a. On average, how many hours per day did you spend walking?

[1.] LESS THAN 1 HOUR [2.] 1 BUT LESS THAN 2 HOURS

[3.] 2-4 HOURS [4.] MORE THAN 4 HOURS

108

la. What were these activities?

lb. On average, how many hours per day did you engage in these
sitting activities?

[1.] LESS THAN 1 HOUR [2.] 1 BUT LESS THAN 2 HOURS

[3.] 2-4 HOURS [4.] MORE THAN 4 HOURS



3. Over the past 7 days, how often did you engage in light sport or recreational
activities such as bowling, golf with a cart, shuffleboard, fishing from a boat or pier
or other similar activities?

[0.] NEVER

I
GO TO Q.#4

[0.] NEVER

I.
GO TO Q.#5

[1.] SELDOM [2.] SOMETIMES [3.] OFTEN

(1-2 DAYS) (3-4 DAYS) (5-7 DAYS)

4 4

4. Over the past 7 days, how often did you engage in moderate sport and recreational
activities such as doubles tennis, ballroom dancing, hunting, ice skating, golf without
a cart, softball or other similar activities?

[1.] SELDOM [2.] SOMETIMES [3.] OFTEN

(1-2 DAYS) (3-4 DAYS) (5-7 DAYS)

1 4

109

What were these activities?

On average, how many hours per day did you engage in these
light sport or recreational activities?

[L] LESS THAN 1 HOUR [2.] I BUT LESS THAN 2 HOURS

[3.] 2-4 HOURS [4.] MORE THAN 4 HOURS

What were these activities?

On average, how many hours per day did you engage in these
moderate sport and recreational activities?

[1.] LESS THAN 1 HOUR [2.] 1 BUT LESS THAN 2 HOURS

[3.] 2-4 HOURS [4.] MORE THAN 4 HOURS



5. Over the past 7 days, how often did you engage in strenuous sport and recreational
activities such as jogging, swimming. cycling, singles tennis, aerobic dance, skiing
(downhill or cross-country) or other similar activities?

[0.] NEVER

4
GO TO Q.#6

[0.] NEVER

4
GO TO Q.#7

[1.] SELDOM [2.] SOMETIMES [3.] OFTEN
(1-2 DAYS) (3-4 DAYS) (5-7 DAYS)

4,
4,

6. Over the past 7 days, how often did you do any exercises specifically to increase
muscle strength and endurance, such as lifting weights or pushups, etc.?

[1.] SELDOM [2.] SOMETIMES [3.] OFTEN
(1-2 DAYS) (3-4 DAYS) (5-7 DAYS)

4. 4, 4,

110

5a. What were these activities?

Sb. On average, how many hours per day did you engage in these
strenuous sport and recreational activities?

[1.] LESS THAN 1 HOUR [2.] 1 BUT LESS THAN 2 HOURS

[3.] 2-4 HOURS [I MORETHAN4HOURS

What were these activities?

On average, how many hours per day did you engage in exercises
to increase muscle strength and endurance?

[1.] LESS THAN 1 HOUR [2.] 1 BUT LESS THAN2HOURS

[3.] 2-4 HOURS [4.] MORE THAN 4 HOURS



HOUSEHOLD ACTIVITY

During the past 7 days, have you done any light housework, such as dusting or
washing dishes?

[1.] NO [2.] YES

During the past 7 days, have you done any heavy housework or chores, such as
vacuuming, scrubbing floors, washing windows, or carrying wood?

[1.] NO [2.] YES

During the past 7 days, did you engage in any of the following activities?

Please answer YES or NO for each item.

Home repairs like painting,
wailpapering, electrical
work, etc.

Lawn work or yard care,
including snow or leaf
removal, wood chopping, etc.

Outdoor gardening

Caring for an other person,
such as children, dependent
spouse, or an other adult

111

YES

1 2

1 2

1 2

1 2



WORK-RELATED ACTIVITY

10. During the past 7 days, did you work for pay or as a volunteer?

[1.] NO [2.] YES

112

lOa, How many hours per week did you work for pay
and/or as a volunteer?

HOURS

lOb, Which of the following categories best describes
the amount of physical activity required on your job
and/or volunteer work?

Mainly sitting with slight arm movements.
[Examples: office worker, watchmaker, seated
assembly line worker, bus driver, etc.]

Sitting or standing with some walking.
[Examples: cashier, general office worker,
light tool and machinery worker.]

Walking, with some handling of materials
generally weighing less than 50 pounds.
[Examples: mailman, waiter/waitress, construction
worker, heavy tool and machinery worker.]

Walking and heavy manual work often requiring
handling of materials weighing over 50 pounds.
[Examples: lumberjack, stone mason, farm or
general laborer.]



Appendix I: Exercise List
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Water Study - Core Exercises

Walking-forward, backward, side, no arms, with arms
Jogging-forward, backward, side, in-place, straddle, straddle out & back in, heel, box,
intensity intervals (speed, levers, arms), quick feet/tires
Jogging arms-no arms, paddling arms, arms out (surface area), back paddling arms,
resistive/opposite to movement arms, double paddling arms on one side/switch (canoeing)
Cross-Country-stationary, travelling, slow/large, small/fast
Jacks-stationary & traveling
Kicks-front, side, back, straight, pendulum, karate, lunge & kick
Jumps-straight, frog, tucks, heel drops, skier
Hops & Lunge Steps-side, front, traveling
Rocking Horse-stationary & traveling
Traveling Gallops
Chest Press & Back Pulls-horizontal
Bicep & Tricep
Straight Arm Presses-forward, back, side up, side down, diagonal
Stationary canoe paddling arms-forward, backward
Wall Legs-lifts all directions, circles, figure eight's
Wall Arms-figure 8's, back pulls (thumbs up), paddling back (thumbs down)
Wall Pushups-elbows down, elbows out, front face one arm elbow out, side face one arm
elbow down
Golf Swings, Tennis Swings, Baseball Swings-both sides

- Twists-washing machine hops, stationary isolation, frill rotation
Abdominals-transverse abdominal pulls, forward fall recovery traveling, pelvic tilts, oblique
isolations
Overhead Reaches-all directions, "Rainbow" reaches (4directions)
Dynamic Freeze and Balance-two legs, one leg, arms in water, arms out
Fall Recovery-both sides, front, back
Static Balance-one leg (arms in, arms up, other leg on ankle or knee, instructor weaving, '/2

class weaving)
Pelvic Rocks-front/back, side/side, circle, figure 8's
Stretches- anterior shoulder stretch, posterior shoulder stretch, overhead tricep, wall calves,
wall hamstrings, wall quadriceps, standing quadriceps, frill rotation hip flexor, lunging
calves, lunging hip flexor/quad, front kicks and hold, back round out
Relaxation-soft full rotation twists, deep breathing, shoulder lifts & drop, focus for day
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Daily objective

Today the goal is to introduce you to the participants and vice versa. In addition, review basic
information about the program and have fun practicing some of the core concepts and core exercises in
the water.

Reminders:

Remind participants that we are still recruiting for the study. If they have friends, neighbors, anyone who
may qualify, have them call Tanya 737-3094.

Education:

Please cover points I, II, & III on the Program Overview handout. Be sure to allow participants time
to ask questions. (10 minutes)
Core concepts: you will be going over posture and stability today. Review, demonstrate, and
practice these points as part of the warm-up in the water.
Core exercises: review and allow participants to practice key movements within the water.

*during warm-up facilitate introductions, reviewing and practicing the core concepts of posture &
stability.

AEAIErkkila Water Exercise and Bone Density Study

Lesson Plan
Week 1: March 4/5 (MonlTues)

116

WORKOUT

Exercise Movement Focus Time/Reps Intensity

Warm- Up
Walking forward Posture 2mm 2-3
Walking side steps Range of motion lmn 2-3
Walking backward Foot placement 1mm 2-3
Jogging in place Warming 2niin 2-3
Jogging forward Pool depth orient 2mm 3

Jogging backward Dynamic stabilization 2mm 3

Jogging forward Intensity increase 2mm 3

12 miri total

Cardio-Condifioning
Walking forward - no arms Core stability I mm 3

Walking forward - arm pulls Range and force (arms/legs) 1 mm 3-4
Walking side steps - no arms Legs pressing/core 1 mm 3-4
Walking side steps - arm presses Arms/legs press together I mm 3-4
Jogging in place Range/posture 30 sec 4



Jogging heels up
Jogging forward (circle) - no arms
Jogging forward (circle) - arm pulls
Jogging backward -. no arms
Jogging backward - arm presses
Rocking horse in place - no arms
Rocking horse in place - arm pulls

Targeted Muscle Endurance
Transverse abdominal pulls

Function Exercises
S culling review

Warm-Down/Stretch/Relax
Walking around pool
Wall stretches - calves
Wall stretches - Hamstrings
Wall stretches - Back/push aways
Full rotation twists
Deep breathing & focus

Beginning introduction = 10 mm
Total workout time = 31:30 mm
Ending questions = 4:30 mm

Bicep curl arms
Dynamic posture
Range/intensity
Dynamic posture
Intensity, press arms
Form, core stabilizers
Coordination of arms/legs

Core stabilization

Stability

Warm down
Flexibility
Flexibility
Flexibility/chest endurance
Relaxation
Relaxation

2

3Osec 4
30sec 4
3Osec 4
30sec 4
30sec 4
I min(:3Osw) 4
1 mm (:3Osw) 4
9 mm total

3 sets/S 3

2 mm total

3mm 3

3 mm total

2mm 2-3
30 sec (:lSsw)3
30 sec (:l5sw)3
30sec 3

1mm 2
1mm 1

5:30 mm total



Reminders:
None today

Education:
Core concepts: please review as needed during class.
Core exercises: we will be rotang core exercises.

Warm-Up

Walking forward - social time
Side steps
Cross-country in place rebound
Lunge & kick, hamstring stretch
Wall calf stretch
Wall quad/hip stretch - face away from wall
Easy jogging with swimming arms

Cardio-Conditioning
Jogging in place

Side steps with hop, side across pool (sw)
Cross-country rebound
Cross-country rebound - box
Straddle jogging in place
Straddle jogging - circle around self (Sw)
Traveling gallops across the pool
Jogging in place - arms plunging down
Jogging in place - arms push/pull front, alt
Jogging forward - arms push/pull front, alt
Jogging in place tricep press back arms
Jogging backward - tricep press back arms
Rocking horse - straight arm press
Rocking horse - no arms
Pendulum kicks side to side - in place
Pendulum kicks side to side - circle around self

AEA/Erkkila Water Exercise and Bone Density Study

Daily objective

Instructor choice....

WORKOUT

Posture & foot placement
Big steps, warming
Slow, big range

6-8 on each leg, hold last up
Warm-up stretch
One toe back on wall, lower
Front crawl & backstroke

1mm 2

30 sec 2-3

30 sec 2-3

1:30mm 3

30sec(:l5sw) 2
30 sec (:l5sw) 2
30 sec 2-3

5:00 mm total
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Lesson Plan
Week 26: Sept 2/3 (Mon/Tues)

Exercise Movement Focus Time/Reps Intensity

Big legs and arms, warming 1 mm 3-4

Step side then hop feet together 1 mm 4-5

Strong legs press together 30 sec 5

Strong core 1 mm 5-6

HIGH knees, whole foot down 30 sec 6

Turning fast around, strong abs 30 sec 6-7

Strong press together, big steps 1 mm 6

Big arm presses 30 sec 6

Strong pressing water front 30 sec 6

Strong arms, high knees 30 sec 6-7

Elbows up & back, press strong 30 sec 6

Arms oppose movement 30 sec 6-7

Big range, strong core 30 sec 6

Circle around self 30 sec 6

Arms opposite to legs 30 sec 6

Strong limbs and core muscles 30 sec 6



Targeted Muscle Endurance
Wall arms - figure 8's
Wall legs - front to back swings
Oblique isolation crunches
Transverse ab pulls

Function Exercises
One foot hop to two feet - backward
Heel drops

Dynamic freeze & balance on balls of feet

Warm-Down/Stretch/Relax
Easy jogging with overhead tricep stretch
Wall stretches - calves
Wall stretches - Hamstrings
Wall stretches - Quadriceps
Neck stretches side, diagonal, front
Full rotation twists - soft
Deep breathing & focus

Beginning introduction =1:00 mm

Total workout time = 43:00 mm
Ending questions 1:00 mm

Arm strong through water 1 sef/15 (sw) 6

Strong presses through 1 set/iS (sw) 6

Side hip & rib come together 1 set/i 5 (Sw) 6

Walking around pool on last set 3 sets/i 5 6

8:30 mm total

2
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Split jumps in place - alternating Tall posture 30 sec 6-7

Split jumps forward - alt. legs Strong core 30 sec 6-7

Spit jumps backward - alt. legs Strong core, press back leg back30 sec 6-7

Jacks in place - neutral Powerful press to tuck center 30 sec 6

Jacks in place - rebound Strong arms, legs 30 sec 6

Jacks in place - alt. 2 neutral, 2 rebound, repeat Introduce faster level changes 1 mm 6

Straddle quick feet tire jogging - in place Fast small feet 30 sec 6-7

Straddle quick feet tire jog circle around self Strong abs, whole foot on bottom 30 sec 6-7

Straight leg kicks front - in place Opposite hand press toward toe 30 sec 6

Straight leg kicks front - forward Strong core through water 30 sec 6

Straight leg kicks back - in place Squeeze gluteals, straight back 30 sec 6

Cross country in place neutral Tuck through center 1 mm 6

Cross country in place neutral - intervals (4 sets) 30 sec on, 15 sec off 7

20:00 mm total

Strong two foot landing i0eachleg 5

Skeletal load lset/55 4

Jog, FREEZE, balance 1 mm (iS sec holds)
5:00 mm total

Cool-down 1mm 3

Flexibility 30sec(:i5sw) 3
Flexibility 30sec(:l5sw) 3
Flexibility 30sec(:l5sw) 3
Flexibility 30sec 2-3

Relaxation 30sec 2

Relaxation 30sec i
4:00 mm total



AEAIErkkiIa Water Exercise and Bone Density Study

Reminders:
None today

Education:
Core concepts: please review as needed during class.
Core exercises: we will be rotang core exercises.

Daily objective

Instructor choice....

WORKOUT

Exercise

Warm-Up
Walking forward - social time
Jqging around the pool
Heel curl jogging in place
Straight kicks front in place
Wall calf stretch
Wall hamstring stretch
Quadricep stretch

Jacks neutral - in place

Movement Focus

Posture & foot placement
Knees high, slow, warming
Heels high in back, slow
Flex foot in front
Press heel down
Lean forward
Hold ankle from behind
Big reaches with legs

I

TimelReps Intensity

1mm 2

30sec 3

30sec 3

30sec 3

30 sec (:l5sw) 2-3
1 mm (:3Osw) 2-3
30sec(:l5sw) 2-3
30sec 3

5:00 mm total

30 sec 4-5
3Osec 5

30 sec 5-6

30sec 6

30sec 6

30sec 6

30 sec 5-6

30sec 6
3Osec 6

30sec 6

1mm 7
30sec 6-7

2mm 8

lmin(:3Osw) 6

30 sec 6-7

30 sec 6-7
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Lesson Plan
Week 52: March 17/18 (Mon/Tues)

Cardio-Conditioning
Jogging in place - arms punching overhead High knees
Jogging in place - punch arms down at sides Reach down, bend at side
Jogging in place 4 overhead punches, 4 underwater punches at side, alternate
Jogging forward around the pool Front peddling arms
Jogging backward around the pool Back peddling arms
Jogging sideways across the pool Sidestroke arms
Jacks neutral in place Strong tuck press in center
Jacks neutral sideways Strong core
Straight jumps in place Arms reaching up
Straight jumps around the pool No arms, strong core
Karate kicks - alt 2 front 2 side, 2 back Big kicks
Cross country neutral in place Strong press through center
Cross country neutral or buoyant (no feet on bottom), intervals, 30 sec on, 30 sec off
Rocking horse in place - chest press/back pull Wide, strong arm press/pull
Rocking horse forward - chest press/back pull Press strong to front
Rocking horse backward- chest press/back pull Press strong to back



Washing machine twists - in place Strong arms, core muscles 30 sec 6-7

Washing machine twists - sideways Strong core 30 sec 6-7

Heel curl jogging in place - intervals No arms - repeat 3 times 3 mm 7,8,9

Cross-country rebound in place Big moves, strong press through 30 sec 6-7

Cross-country scissors in place Small and fast, squeeze gluts 30 sec 7

Cross country neutral in place Big moves, reach legs out 30 sec 6-7

Cross-country - alternate 4 rebound, 4 scissors, 4 neutral, repeat - in place 1 mm 7

Jogging in place - 2 intervals, high knees, running arms, I mm on, 30 sec off 3 mm 7-8
20:00 mm total

Targeted Muscle Endurance
Standing bicep curls - lunge legs
Standing tricep presses - lunge legs
Standing canoe paddle arms - lunge legs
Backward fall recoveries
Transverse ab pulls - walking around
Ab crunches

Function Exercises
Hop to two feet sideways big hops
Heel drops

Static balance 2 sets each foot

Power forward, relax back
Power back, relax forward
Forward & backward
Knees high on chest
Pull in abs
Pull hip and rib together

Land both feet, heels down
Skeletal load
Ball of one foot, arms up

2

2sets/15 8

2sets/15 8

2 sets/20 (sw) 7-8

1 set/25 7

1 setJ25 7

1 setI35 7

10:00 mm total

30sec 7

1 setJ8O 7

2 sets/20 sec 6-7

4:00 mm total

30 sec 2-3

30sec(:l5sw) 3
3Osec(:l5sw) 3
30sec(:l5sw) 3
30sec(:lSsw) 3
1 mm 2-3

l5sec 2

l5sec 1

4:00 mm total
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Warm-Down/Stretch/Relax
Wall - forward push up, push back round out back - slow stretch
Wall - one arm bicep/chest stretch, arm against wall, rotate body away to stretch
Wall stretches - calves Flexibility
Wall stretches Hamstrings Flexibility
Wall stretches - Quadriceps Flexibility
Neck stretches - side, diagonal, front Flexibility
Full rotation twists - soft Relaxation
Deep breathing & focus Relaxation

Beginning introduction =1:00 mm

Total workout fime = 43:00 mm

Ending questhns = 1:00 mm



Appendix K: Rating of Perceived Exertion Chart



OSU Bone Research Laboratory

RATING of PERCEIVED EXERTION

Ratinq of How It Feels Score

NOTHING 0

VERY WEAK I

WEAK 2

MODERATE 3

4
SOMEWHAT STRONG 5

6

VERY STRONG 7
8
9

VERY, VERY STRONG 10

Source: Borg, GA, (1982), Psychophysical Bases of Perceived Exertion. Medicine &
Science in Sports & Exercise, 14:377.

123



Appendix L: Follow-Up Form
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Oregon State University
AEA/Erkkila Water Exercise & Bone Density Study

FOLLOW-UP FORM

Name Subject #

Date completed Completed by (if OSU stall)

It is important that throughout the study the researchers know if there are any changes in your diet,
physical activity, medications, and health status. Please answer the following questions as completely as
possible. REFER TO THE T[ME PERIOD SiNCE THE LAST UPDATE (last month or two).

Please indicate CHANGES in any of the following categories since the last update:

MEDICATIONS - changes? NO YES If yes, please list:

DIET - changes? NO YES If yes, please list:

ACTIVITY LEVEL changes? NO YES If yes, please explain:

IIEALTII!PIIYSICAL - .,ositive or negative changes? NO YES If yes, please
explain:

HOSPITALIZATIONS/DOCTOR VISITS? NO YES If yes, please explain:
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Did you have a FALL in the last month or two? NO YES + How Many?

If yes, you will be contacted by an OSU staff for more information.
(OSU staff, use Falls Surveillance Questionnaire)


