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Abstract
Summary Older women participating in Better Bones and
Balance™ (BBB) had similar bone mass at the hip compared
to a sample of low active/sedentary controls. However, both
groups had higher than expected hip BMD, despite higher
risk for osteoporosis among BBB participants.
Introduction BBB is a community-based fall and fracture
risk reduction program shown to reduce bone loss at the hip
in older women under controlled laboratory conditions.
Whether bone benefits are derived from BBB as delivered
in the community setting is unknown. The purpose of this
study is to evaluate the relationship between community-
based BBB participation and parameters of skeletal health
in postmenopausal women.
Methods Women were recruited from BBB classes (n=69)
and compared to low active/sedentary controls (n=46); total
sample aged 69 + 7.7 years. Bone mineral density (BMD) of
the hip and spine was measured using DXA; hip bone
structure [cross-sectional area, cross-sectional moment of
inertia] at the narrow neck and intertrochanter were derived
using hip structural analysis software. Diet, physical activity,
and health history were assessed by questionnaires. Group
differences in bone outcomes were determined using
ANCOVA controlling for age and body mass.
Results While controls were heavier and exhibited greater
total body BMD compared to BBB participants (p<0.05),
there were no differences between groups in hip or spine
BMD or bone structural outcomes (p>0.05) despite BBB
participants reporting more frequent prior diagnoses of or
risk factors for osteoporosis compared to controls. Both

controls and BBB participants had higher than average
T-scores at the hip (p<0.05) when compared to an age-
matched cohort from NHANES.
Conclusions These data suggest that participation in BBB
may not result in direct benefits to bone. However long-term
participation may be associated with other positive outcomes.

Keywords Bone health . Community-based exercise . Older
women

Introduction

Osteoporosis is a disease characterized by alterations in bone
mass and bone architecture leading to skeletal fragility and
subsequently, bone fractures [1]. Hip fractures are the most
costly as they contribute to 72% of the estimated 20 billion
dollar annual cost associated with all osteoporotic fractures
[2]. These costs are only expected to rise in the coming
decades as incidence of osteoporosis is expected to double by
the year 2050 [2]. Consequently, strategies to attenuate bone
loss and prevent osteoporosis and subsequent hip fractures
among older adults will prove essential in reducing the public
health impact associated with the aging profile of America.

Many factors influence skeletal health and consequently
one's risk of fracture. Some factors are outside the locus of
one's control, such as age and genetics, still others are
modifiable lifestyle factors that can slow or prevent disease
onset. Exercise is an elective lifestyle option that has the
potential to increase and/or maintain bone density of the hip
and contribute to favorable alterations in the structural
properties of bone, thereby reducing the risk of hip fracture.
While exercise interventions of varying modalities have
been successful in attenuating bone loss among older adults
[3–9], the public health impact from such programs is not
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realized unless a program can be successfully translated
from the research setting into the community. This is
especially important as the beneficial effects of exercise on
bone mineral density (BMD) are lost once the exercise has
been terminated [10, 11]. Therefore, it is crucial to offer
exercise programs that are not only effective, but enjoyable,
convenient, and can be sustained for many years. Better
Bones and Balance™ (BBB) is a community-based
exercise program designed for older adults to reduce the
risk of hip fractures through the enhancement of bone
health and reduction of fall risk factors. The BBB program
has been ongoing since 1995 and incorporates lower body
resistance training with weighted vests, impact and balance
exercises, and is delivered as three 50-min sessions per
week and taught by community fitness instructors. Specif-
ically, the program emphasizes five “key” weight-bearing
exercises: stepping onto (and off) benches, forward and side
lunges, squats, heel drops, and/or jumps. As recently as
2008, stomping has been included in the protocol based on
new evidence that this exercise may have osteogenic
potential [12]. A minimum of 30 repetitions of each exercise
are performed during each class session. Prior evidence
suggests that the BBB program is associated with improved
strength, power, and balance after 9 months of participation
under controlled laboratory conditions, and maintenance in
hip areal bone mineral density (aBMD) after 5 years of
participation [13, 14]. Since the last published report [14],
BBB has been successfully translated into the community
setting and has grown in size and popularity with over 300
local participants in the two neighboring counties from
where the program was initiated and many more throughout
Oregon. Further, new instructors are becoming trained every
year and more classes are emerging throughout the USA,
thereby increasing the need for evidence as to the effective-
ness of the program in the community setting.

The purpose of this study was to evaluate whether
measures of hip and spine aBMD and hip structural
parameters differ between postmenopausal women who
participate in community-based BBB programs and women
who do not participate in the BBB program. Given the
program's emphasis on lower extremity strengthening and
fall risk, we hypothesized that BBB participation would be
associated with higher hip aBMD and more favorable hip
structure compared to controls and there would be no
difference between groups at the spine.

Methods

Participants

Postmenopausal women (n=69) participating in a BBB
program for at least 1 year were recruited from all BBB

classes offered in Oregon's Linn and Benton counties and
invited to participate in the study. Community-based BBB
classes are offered 3 days per week for 50 min and focus on
lower extremity strength, mobility, bone loading and
balance. Exercises include squats, multi-direction lunges,
stepping, stomps, and jumps [15]. Control participants (n=
46), matched by age to the BBB sample, were recruited via
fliers in Linn and Benton counties, and from the Oregon
State University (OSU) Center for Healthy Aging Research
LIFE registry, a database of older adults who have
expressed interest in research participation. Groups were
age matched by recruiting equal proportions of BBB and
control participants from each of the following age
categories: <59, 60–79, 80+.

Prior to enrollment in the study, all participants com-
pleted a screening questionnaire via phone interview or in
person. Participants were eligible for the study if they were
at least 5 years postmenopausal, had no history of hormone
replacement therapy within the previous 5 years, or bone
altering medications within the previous 10 years. Partic-
ipants also needed to demonstrate sufficient functional
ability to perform tasks of daily living and no significant
cognitive impairment. Cognitive impairment was defined as
scoring less than 24 on the Mini-Mental State Examination
[16, 17] while “sufficient functional ability” was defined as
scoring less than 16 out of 24 on the composite physical
function scale [18]. In addition, we recruited control
participants who were classified as low active or inactive;
defined as performing less than 60 min a week of moderate
to vigorous physical activity and no resistance training for
the previous 12 months [19]. Due to the minimal impact of
walking and stretching on bone, control participants were
still considered eligible for study participation even if time
spent engaging in these light activities exceeded the
60 min/week activity criterion.

This study was approved by the OSU Institutional
Review Board and all participants gave written informed
consent before participating in this study. All measurements
were performed at the OSU Bone Research Laboratory.

Procedures

Demographic information

A health history questionnaire was used to collect demo-
graphic information such as age, menopause status,
medication use, and health co-morbidities. Participants
were also asked about prior diagnosis of osteoporosis, and
risk factors for osteoporosis. Height (centimeters) was
measured directly using a fixed, wall mounted stadiometer
and body mass (kilogram) was measured using a digital
scale. Height and body mass were used to calculate body
mass index (BMI; kilogram per square meter).
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Physical activity

In order to control for the influence of physical activity
outside of BBB classes among BBB participants, and to
verify activity levels among controls, all participants filled
out the Aerobics Center longitudinal physical activity
questionnaire (ACLPAQ) [20]. This instrument quantifies
individuals' regular levels of moderate to vigorous physical
activity (MET × hours per week) during the previous
3 months. The Compendium of Physical Activities [21] was
used to assign the respective MET values for all reported
physical activities. This questionnaire has been shown to be
both valid and reliable for adult populations, ages 20–
80 years [22]. In order to evaluate whether physical activity
outside of BBB participation was similar between groups,
time spent in BBB was omitted from the calculation of
MET × hours per week. In addition, the bone-specific
physical activity questionnaire (BPAQ) was used to
determine past and current physical activity patterns that
may specifically influence the skeleton [23]. Scores on the
BPAQ are derived using algorithms that weight activities
associated with larger skeletal loads higher than activities
eliciting lower skeletal loads. Time spent in BBB was also
omitted from this calculation. Finally, BBB participants
also completed a BBB participation history questionnaire
assessing their duration of involvement in BBB as well as
their current (previous 12 months) level of participation and
fidelity to the program (average days per week, performance
of key components such as jumps, use of weighted vest, etc.).

Nutrient intake

Several nutrients are known to have a substantial influence
on bone metabolism, most notably calcium and vitamin D.
The 2005 Block Full-length Food Frequency Questionnaire
(NutritionQuest, Berkeley, CA) was used to assess typical
nutrient intake over the previous 12 months. Data reported
include total energy (kilocalories), protein (grams per
kilogram body weight), calcium (milligrams), and vitamin
D (international units) from food and supplemental sources.

This instrument is a self-report questionnaire and has been
validated against multiple diet record methods [24].

Areal bone mineral density, body composition, and hip
structure

Areal bone mineral density (aBMD, grams per sqaure
centimeter) of the proximal femur (total hip, femoral neck,
and greater trochanter) and anterior posterior lumbar spine
were assessed using dual energy x-ray absorptiometry
(DXA) (QDR-4500A Elite, Waltham, MA). Whole body
scans were also conducted in order to derive information on
body composition including whole body lean mass and
body fat percentage. Hip structural analysis (HSA) was
performed on hip DXA scans to evaluate cross-sectional
area (CSA, square centimeter), cross-sectional moment of
inertia (CSMI, centimeter to the fourth power) and section
modulus (Z, cubic centimeter) at the intertrochanteric (IT)
and narrow neck (NN) regions of the proximal femur. The
HSA program utilizes two-dimensional data from DXA
scans to estimate three-dimensional structural measures and
can provide additional information about skeletal strength
beyond that given by measurements of mass alone. In-
house operator precision presented as the coefficient of
variation for hip aBMDwas calculated at 0.7% and
precision from spine aBMD was 0.9% in this sample of
older adults while precision for hip structure parameters
ranged from 1.9% (NN CSA) to 4.6% (NN CSMI).

Data analysis

All data were analyzed using Predicted Analytics Software
version 17 (SPSS Inc, Chicago, IL). Group differences on
descriptive variables were calculated by independent t tests.
Stepwise regression was applied to determine covariates (e.g.,
age, body weight, lean body mass, BPAQ scores, total
calcium, total vitamin D, BMI) for aBMD at each bone site
(femoral neck, intertrochanter, total hip, lumbar spine)
(Table 1). Age and body weight were significant predictors of
aBMD at the total hip, intertrochanter, and lumbar spine

Table 1 Covariate stepwise regression model summaries for aBMD parameters

Model R R2 Adjusted R2 Standard error of the estimate F df1 df2 Significant F

Total hip aBMD 0.610a 0.373 0.361 0.085259 32.967 1 111 0.000

Intertrochanter aBMD 0.552a 0.304 0.298 0.075756 49.031 1 112 0.000

Lumbar spine aBMD 0.561a 0.314 0.302 0.119162 24.774 1 108 0.000

Femoral neck aBMD 0.508b 0.258 0.252 0.084993 38.998 1 112 0.000

a Predictors: (constant), age, weight (kilogram); excluded variables: BMI, total calcium (milligrams), total vitamin D (international unit), BPAQ
score, whole body lean mass (kilogram)
b Predictors: (constant), whole body lean mass (kilogram); excluded variables: age, BMI, weight (kilogram), total calcium (milligram), total
vitamin D (international unit), BPAQ score
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(p<0.001 for each model); total body lean mass was the only
significant predictor of femoral neck aBMD (p<0.001). The
covariates for structural parameters differed in that, lean mass,
and height were predictive of femoral neck structural
parameters (p<0.001) and lean mass only was predictive of
intertrochanteric structural parameters (p<0.001); these varia-
bles were included as covariates when examining the influence
of BBB participation on bone structural measures. Analysis of
covariance (ANCOVA) was used to determine bone differ-
ences between groups adjusting for age and body weight at the
total hip, intertrochanter, and spine; and whole body lean mass
only at the femoral neck. Type III sum of square analysis was
used in the ANCOVA to account for the unequal sample size
among groups. One sample t tests were used to compare group
hip and spine T-scores to National Health and Nutrition
Examination Survey (NHANES) reference values. Signifi-
cance for all analyses was set at an alpha level of 0.05.

Results

Participants

Invitations to participate in the study were extended to all
current BBB participants in Oregon's Linn and Benton
counties (approximately 300) via informational sessions
held during scheduled class sessions or through announce-
ments made by class instructors. Participants were asked to
sign up or contact the researcher only if they felt they met
the specified inclusion criteria. Consequently, 110 partic-
ipants had screening interviews conducted and of those,
65% (n=72) were eligible to participate and had appoint-
ments scheduled. Of those scheduled, two women were
excluded due to hormone use within the previous 5 years

which was not disclosed in their screening interviews. One
additional participant was excluded after she failed to
complete the questionnaires. Complete data were available
on 69 BBB participants. The average duration of BBB
participation was 5.7±4.3 years with 91.3% of participants
attending greater than ten out of a possible 12 classes a
month, and 95.7% attending classes year round.

Approximately 250 potential control participants were
contacted directly from the research database and invited to
participate; others contacted us as a result of fliers or word of
mouth. Of those, 47 interested participants met our inclusion
criteria and were enrolled in the study. One participant failed
to complete her questionnaires and was therefore excluded,
leaving 46 control participants who completed the study.

Descriptive characteristics and nutrient intakes of the
two groups are presented in Tables 2 and 3, respectively.
Analyses of data from the physical activity questionnaires
showed there were no differences in past or lifetime total
BPAQ scores between groups after removing the influence
of BBB participation. BBB participants did report higher
current BPAQ scores outside of BBB compared to controls
(2.35±4.7 for BBB vs. 0.65±0.95 for controls; p<0.05;
Table 2). However to put this difference in practical
perspective, adding the activity done during BBB back
into to the BPAQ score changed the current BPAQ mean
value from 2.35 to 24.97 among BBB participants.
Consequently, the small magnitude of initial differences in
BPAQ scores between groups are likely meaningless.
Unfortunately, as the BPAQ is a relatively new instrument,
it is not yet known if the differences in bone loading that
we observed between groups would be considered a
physiological threshold for bone adaptation. Examining
data from the ACLPAQ showed there were no differences
in general physical activity performed outside of BBB

Table 2 Descriptive variables;
means (SD)

All physical activity measures
were calculated excluding the
influence of BBB

BPAQ bone-specific physical
activity questionnaire,
ALPAQ Aerobics Center longi-
tudinal physical activity
questionnaire (measure of
general physical activity)

Variable BBB (n=69) Control (n=46) p value

Age 70.1(7.8) 68.1 (7.6) ns

Years post menopause 18.9 (8.8) 17.4 (9.9) ns

Height (cm) 161.7 (7.2) 162.9 (5.6) ns

Body mass (kg) 68.1 (10.9) 75.0 (16.3) <0.01

BMI (kg/m2) 26.1 (4.3) 28.2 (5.7) <0.05

Body fat (%) 34.7 (5.8) 37.8 (6.4) <0.01

Fat mass index (kg/m2) 9.3 (2.8) 11.1 (3.1) <0.01

Whole body lean mass (kg) 42.6 (5.2) 44.3 (6.8) ns

Lean body mass (%) 62.9 (5.6) 59.9 (6.0) <0.01

Physical Fitness (steps in 2 min) 111.5 (21.8) 96.5 (24.9) <0.001

ALPAQ scores (MET × h/week) 46.7 (53.2) 33.0 (26.6) ns

BPAQ current 2.35 (4.7) 0.65 (.95) <0.05

BPAQ past 39.0 (36.7) 37.7 (40.6) ns

BPAQ total 20.6 (24.5) 19.2 (20.4) ns
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between groups (Table 2). While our control participants
were defined as inactive or participating in light activity (no
moderate to vigorous physical activity), both control and
BBB participants reported regular walking, housework, and
gardening. Results from whole body bone scans revealed
that BBB participants had more optimal body composition
compared to controls; specifically, they had lower percent
body fat, lower body weight, and a higher proportion of
lean body mass than controls (p<0.01; Table 2).

There were no differences between groups in calcium or
vitamin D from dietary sources although BBB participants
reported significantly higher intakes of supplemental
calcium and vitamin D leading to significantly higher total
intakes of these nutrients (p<0.05). To evaluate a potential
bias in nutrient values due to possible under-recording of
food intake, reported energy intake was evaluated against
estimated basal metabolic rate using the Mifflin equation
[25]. Individuals whose energy intake to estimated BMR
ratio was less than 1.30 were considered to be under-
reporters [26]. Sixty-one percent of our participants
reported energy intakes below this threshold, while 29.5%
of the participants reported energy intakes below their
estimated BMR. The proportion of under-reporters was
similar between groups. It is possible that such prevalent
under-reporting may have influenced our calcium and
vitamin D results. However, even with under-reporting,
both groups reported total calcium intakes above the
Recommended Daily Allowance of 1,200 mg/day, and
therefore likely have adequate calcium intakes. Further,
covariate regression analyses indicated these variables were
not predictive of bone measures in our sample of older
women. BBB participants also reported higher protein
intakes when expressed relative to total body weight.
However, both groups consumed close to the RDA for
protein, and with the prevalence of under-reporting, it is
probable that both groups had adequate protein status.

Bone mass and structure

Regression analyses indicated that body weight (kilogram),
body height (centimeter), age and lean mass (kilogram) were

significantly (though differently) predictive of bone variables
and were thus included as covariates for analyses to determine
the influence of BBB participation on bone measures
(Table 1). Total calcium intake (milligrams per day), total
Vitamin D intake (international units per day), BPAQ scores,
and BMI were not predictive of aBMD or bone structure at
any measured site and were thus not included as covariates.

The adjusted group means for aBMD are presented in
Fig. 1. There were no differences between groups in total
spine, total hip, greater trochanter, or femoral neck aBMD.
There were no group differences in any of the adjusted hip
structural parameters between groups (Table 4).

DXA results can also be expressed in T-scores, a unit
that is the World Health Organization's criterion for
diagnosis of osteoporosis (T-score<−2.5). The T-score
compares an individual's bone health to a reference of a
young healthy adult [1]. Thus in order to gain a better
understanding of how well our sample represented older
women in general, we compared total hip T-scores from the

Table 3 Energy and nutrient
intakes, means (SD)

Values unadjusted for
under-reporting

Variable BBB (n=69) Control (n=46) p value

Dietary energy intake (kcal/day) 1,467 (501) 1,422 (433) ns

Dietary protein intake (g/kg bodyweight) 0.91 (0.34) 0.76 (0.31) <0.05

Total vitamin D from diet and supplements (IU/day) 613 (234) 504 (266) <0.05

Vitamin D from diet only (IU/day) 149 (104) 132 (101) ns

Vitamin D from supplements only (IU/day) 464 (214) 372 (246) ns

Total calcium from diet and supplements (mg/day) 1,693 (568) 1,355 (630) <0.01

Calcium from diet only (mg/day) 768 (352) 727 (326) ns

Calcium from supplements only (mg/day) 907 (440) 629 (521) <0.05

Fig. 1 Areal bone mineral density of the total hip, femoral neck,
intertrochanter, and lumbar spine in BBB participants and controls.
Data presented as means and standard errors. Total hip, intertro-
chanter, and lumbar spine values adjusted for age and weight. Femoral
neck values adjusted for whole body lean mass. There were no
differences between groups on any bone variables (p>0.05)

Osteoporos Int



BBB and controls participants to NHANES data [27, 28].
Although there were no differences between controls and
BBB participants in hip aBMD at any measured site or total
hip T-score (−1.055±0.086 for BBB vs. −0.862±0.105 for
controls, p>0.05), both BBB and control participants
between the ages of 60–80 years had higher (more positive)
hip T-scores when compared to normative data (p<0.05;
Fig. 2). Only two participants (both BBB) from our sample
were classified as osteoporotic at the hip. At the spine,
despite no difference in aBMD, controls had significantly
higher lumbar spine T-scores compared to BBB participants
(−0.591±1.3 for control vs. −1.2±1.2 for BBB, p<0.05)
and compared to national reference values (−1.3, p<0.05)
[29]. There were no differences between BBB participants'
spine T-scores and those from the NHANES reference
group (p>0.05). Two controls and eight BBB participants
were classified as osteoporotic at the lumbar spine.

Discussion

This study found that older women participating in Better
Bones and Balance did not exhibit enhanced hip or lumbar
spine bone mass, or hip structural parameters compared to
age-matched minimally active controls. However, when
compared to NHANES data, both BBB and control groups
had higher total hip bone mass (as expressed in T-scores)
than national age-matched norms. Only control participants
exhibited higher spine bone mass (expressed in T-scores)
compared to NHANES data. Considering that the BBB
protocol emphasizes lower body resistance training without
employing exercises specifically targeting the spine, we
would not expect an effect on spine bone mass from this
program. However, that the BBB participants did show
higher total hip bone mass compared to normative data,
without the concomitant trend seen in the spine, may suggest
a potential influence of the BBB program on hip bone mass
among older women. Previous reports on the BBB program
showed improvements in strength, balance, and power after
9 months participation with no differences in hip aBMD
between the intervention group and controls [13]. However,
after 5 years participation, program participants had main-
tained hip aBMD compared to controls who lost bone [14].
Results of the current study show no differences in hip bone
measures compared to controls, although both groups had
higher than expected hip bone mass.

Studies investigating the effects of physical activity on
skeletal outcomes in older women have shown mixed
results. For example, many studies have documented
improvements or maintenance of hip aBMD in response
to multi-component exercise programs [3, 4, 14, 30–33].
Similarities between these effective studies include duration
of at least 48 weeks, exercise frequency of at least three
times a week, and multiple modes of training including
both impact and resistance exercises. However, others have
failed to see group differences in hip aBMD in response to
similar exercise protocols. For example, Villareal (2003)
found no change in hip aBMD in response to 9 months of

Fig. 2 Comparison of BBB and control group hip T-scores to
NHANES reference values. Asterisk denotes both BBB and control
groups exhibiting higher T-scores compared to NHANES values for
ages 60–79 years

Table 4 Adjusted hip structural parameters; means (SE)

Variable BBB (n=69) Control (n=46) p value

Narrow neck CSA (cm2)a 2.683 (0.038) 2.673 (0.46) 0.561

Narrow neck CSMI (cm4) a 2.629 (0.074) 2.604 (0.090) 0.836

Narrow neck Z (cm3) a 1.36 (0.03) 1.36 (0.04) 0.864

Intertrochanteric CSA (cm2) b 3.932 (0.065) 4.128 (0.080) 0.063

Intertrochanteric CSMI (cm4) b 9.606 (0.206) 9.992 (0.252) 0.245

Intertrochanteric Z (cm3) b 3.20 (0.07) 3.27 (0.81) 0.527

NN narrow neck, IT intertrochanteric, CSA cross-sectional area, CSMI cross-sectional moment of inertia, Z section modulus
a values adjusted for whole body lean mass (kilogram) and height (centimeter)
b values adjusted for whole body lean mass (kilogram)
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resistance, balance, and aerobic training in elderly women
taking HRT [34]. This is also the case for Liu-Ambrose et
al. (2004) who found no changes in bone mass after
6 months of resistance and agility training in community
dwelling osteopenic women [8]. Like the original report on
BBB [13] where differences in bone were not observed
after 9 months, it is possible that these studies may have
been too short in duration to elicit changes in bone mass.
Our sample of women, both controls and BBB participants,
have healthier than typical bone mass at the total hip when
compared to national age-matched norms, although there
were no differences in hip aBMD between groups. It is
likely that our stringent inclusion criteria resulted in a
healthy cohort selection bias so that our sample of controls
was not representative of the general population. Our data
corroborate this, as only 24% of controls reported prior
diagnosis of, or risk factors for, osteoporosis whereas 46%
of BBB participants indicated prior enhanced osteoporosis
risk, (assessed via bone scans, n=18) or other known risk
factors (n=5). Therefore, it is encouraging that BBB
participants, over 40% of whom entered the program due
to concern over their bone health also had better than
average hip bone mass when compared to NHANES data.
Further, there were no differences in total hip or spine
aBMD compared to the control group, who reported fewer
risk factors for osteoporosis. Thus, it is possible that
participation in BBB may contribute to this higher than
expected bone mass among a cohort of women, who
generally speaking, were at risk of or suffering from
osteoporosis when they began participating in BBB classes.
A randomized controlled trial, prospectively evaluating BBB
is needed to reduce any such source of recruitment bias.

With respect to bone structural parameters, we found no
differences between BBB participants and controls. While
there are fewer data examining the effects of exercise on
bone structure in older women, there are a few worth
mentioning that suggest exercise may influence bone
structure more readily than bone mass. Both Liu-Ambrose
et al. (2003) and Uusi-Rasi et al. (2003) observed favorable
changes in bone structure of the tibia and/or radius with no
changes in bone mass, as measured by peripheral quanti-
tative computed tomography (pQCT) following 9 or
12 months of weight-bearing activity (respectively) [8,
35]. Although pQCT does not measure the clinically
relevant hip site, altered geometric parameters of the tibia
have been associated with prior hip fracture and appear to
predict fracture risk independent of BMD [36, 37].
Therefore it appears that exercise has the capacity to alter
the distribution of bone without concomitant changes in
bone mass, and that structural changes may occur in
response to exercise prior to changes in mass thereby
influencing fracture risk. While BBB shares many charac-
teristics of the effective interventions mentioned above, we

found no differences in hip structure or mass between BBB
participants and controls in this cross-sectional study.

There are limitations in making comparisons between
our study and those cited above as the methods of assessing
structural parameters differed. We employed hip structural
analysis which utilizes two-dimensional data from DXA
scans to estimate three-dimensional structural parameters
and these studies used pQCT. A recent meta-analysis by
Nikander et al. (2010) suggest that exercise has a positive,
though modest effect on bone strength and structure in
older women [38]. Further, they cite that these effects
appear to be dependent on long-term participation and
maintaining sufficient exercise intensity [38]. The BBB
participants in our study had been attending classes
consistently for an average of 5.7 years and data on a
subset of participants regarding exercise intensity suggests
that even long-term participants achieve moderate to high
ground reaction forces during impact activities, and sustain
heart rates over 55% of their predicted maximum for a
majority of class sessions [39]. However, despite long-term
participation and moderate to high exercise intensity, we
did not observe differences in hip structural parameters
between BBB and control participants in this current study.

A key difference between BBB and most reported
programs designed to reduce fracture risk, is that BBB is
delivered in a community setting. Further, though instruc-
tors are trained by researchers in annual workshops,
delivery is left to the community-based instructors. The
strict protocol typically adhered to in the laboratory setting
likely differs from how programs are delivered when
translated to the community setting. Shaw et al. (1998)
reported that in the laboratory setting, BBB participants
began wearing vests during month 4 of the 9-month
intervention and wore them consistently to the end;
systematically increasing vest weight over time. Among
our participants, the fidelity to vest wearing was not as
strong as observed in the laboratory setting. Specifically,
only 19% of study participants faithfully wear their
weighted vests every class period, while as many as
40.6% of participants report never wearing a weighted vest
during class. Additionally, approximately 30% of the BBB
participants in this study report that they never perform the
jumps; rather they substitute alternative activities such as
heel drops, or avoid the impact all together. We recently
examined the vertical ground reaction forces (GRF)
associated with the key BBB exercises and found the
forces elicited by the heel drops, steps, and stomps were
lower than those elicited by jumping (mean GRF for jumps
=2.14±0.28 BW, one leg values) [39]. Therefore, it is
possible that without the added resistance supplied by the
vests, and with many participants not engaging in the
activities eliciting the highest forces, participants may not
be achieving adequate overload to stimulate skeletal
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adaptation, This may account for the lack of skeletal
differences between groups and discordance between our
study and the report by Snow et al. (2000). In light of our
findings, future training of BBB instructors emphasizing
program fidelity and proper technique may lead to more
favorable bone results associated with this program.

Despite the lack of group differences in bone parameters,
there were observable positive differences between BBB
participants and controls in that BBB participants exhibited
more favorable body composition. Specifically, the BBB
participants had lower BMI, lower percent body fat, and
higher percentage of lean mass, although the total lean mass
did not differ between groups. That our BBB participants
were lighter and leaner, but did not have lower hip bone
mass than controls, may also indicate the potential positive
influence of BBB on bone health as higher body weight is
typically associated with greater aBMD [40]. In addition,
fat mass index (FMI) scores were significantly lower in
BBB participants compared to controls. FMI; a measure of
weight attributed to body fat normalized to body height
(kilogram fat per square meter) is a gender-specific measure
of fat that is not confounded by lean tissue and therefore
has a higher correlation with cardiovascular disease risk
than does BMI [41]. BBB participants have also been found
to have superior cardiorespiratory fitness, as measured by
the 2-min step test, compared to controls [39]. Thus, it is
possible that BBB participation may be associated with
reduction in risk for cardiovascular disease. Furthermore,
this sample of BBB participants was found to have
enhanced strength, balance, and balance confidence com-
pared to controls [42], factors associated with reduced risk
for falls. This is important as over 95% of all hip fractures
occur as a result of a fall and therefore it has been suggested
that falling and not osteoporosis is the strongest risk factor
for fracture [43].

There are several limitations that must be considered
when interpreting our findings. Due to an attempt to control
for multiple confounding factors, our stringent exclusion
criteria likely resulted in selection bias so that we were
comparing our BBB participants, a group who generally
enroll in BBB due to concern with both health, to a control
group with better than average skeletal health. We
attempted to account for this in part by making compar-
isons between both our BBB and control samples to
NHANES data. However, despite the stringent exclusion
criteria, we unfortunately failed to match groups based on
body size. This discrepancy may have altered our results
and potentially accounted for the higher than expected bone
mass of our controls. However, we did attempt to control
for these differences by including body weight as a
covariate in the bone analyses. An additional limitation
was that we were unable to recruit enough participants for
our control group to match the number of participants in the

BBB group. Likely, this was also a result of our exclusion
criteria, as only 18% of women invited to participate in the
study met our eligibility criteria. In particular, the exclusion of
physically active individuals posed a specific challenge as we
were recruiting from a community where many older adults
regularly engage in exercise. Further, the cross-sectional
design of this study does not allow for causal inferences
about the influence of the BBB program on skeletal health.

There are several strengths to this study as well. There is
a dearth of data evaluating the influence of true community-
based programs for older adults specifically designed to
influence fracture risk by targeting skeletal health as well as
fall risk factors associated with strength and balance. If a
program cannot be disseminated and sustained without
researcher involvement, the benefits will not be broad
enough to impact the public health. Similarly, if a program
is not systematically evaluated after translation to the
community, its effectiveness in a real world setting remains
unknown. Though cross-sectional—this study provides
much needed information to facilities, instructors, and
participants, all of whom must make decisions whether to
deliver or participate in one program over another.
Furthermore, we have detailed the consistency of the
program from its original format upon translation into the
community setting and have also identified program
components associated with lower fidelity (i.e., jumps and
vest wearing). This not only helps to explain differences we
may observe in actual versus expected results, but allows
for enhanced instructor training and an opportunity to re-
evaluate. An additional finding from this study worth
noting was the long-term involvement in the program by
BBB participants. Long-term sustainability of exercise is
not the norm among U.S. adults, and older adults are the
least active subset of the U.S. population [44]. Many BBB
participants have been faithfully and actively engaging in
this exercise program for up to 15 years. We believe this
highlights the unique and highly enjoyable nature of the
BBB program. This is particularly important as benefits to
bone and muscle that are achieved through exercise are lost
once exercise has ceased [10, 11]. Therefore a program that
fosters continued participation will likely be paramount in
maintaining health among older adults. Finally, we evalu-
ated bone structure in addition to bone mass in this study.
As exercise may have the ability to influence structure
without changing bone mass it is critical to assess bone
structure to fully understand the potential influence of bone
loading protocols on bone's overall strength [8, 35].

In conclusion, BBB participants did not exhibit differ-
ences in bone mass or structure compared to age-matched
sedentary controls. However, both BBB and controls had
significantly better hip T-scores, the metric used to diagnose
osteoporosis, compared to national normative values.
Further, BBB participants had favorable differences in
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body composition compared to controls; results that suggest
BBB may confer health benefits that extend beyond
improving fall and fracture risk.
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