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ABSTRACT
Purpose: The purpose of this study was to determine the

effect of a 12-month jumping exercise intervention on bone
mineral density (BMD) and biomarkers of bone turnover, N-
telopeptide (NTX), and alkaline phosphatase (ALK PHOS) in a
group of postmenopausal women. Subjects: Fifty-three post-
menopausal women (50 to 65 years) were recruited to partici-
pate and randomized into an exercise (EX) and a non-exercise
control (CON) group. Methods: Exercisers performed pro-
gressive atypical, multidimensional jumping on the floor and
from aerobic steps (4 inch and 6 inch) a minimum of 2 days per
week at 25 to 200 jumps per session. Bone mineral density of
the femoral neck, total hip, and lumbar spine was measured at
baseline and 12 months using dual x-ray absorptiometry
(DXA). Urinary NTX and serum ALK PHOS concentrations were
assayed at baseline, 6 months, and 12 months. A mixed model
(group X time) multivariate analysis of variance (MANOVA) pro-
cedure was performed for each set of dependent variables
BMD (3) and biomarkers (2). Results: Forty-nine subjects com-
pleted the study, EX (N=23) and CON (N=26). Neither MANOVA
showed a significant interaction between group and time.
Conclusion: Participants in the jumping intervention in our
study did not show improvement in BMD or biomarkers rela-
tive to nonparticipants.
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exercise, prevention

INTRODUCTION
Each year more than 250,000 Americans, 1 in 3 women,

fracture their hips.1,2 The risk of hip fracture approximately
doubles for every one standard deviation reduction in bone
mineral density (BMD), and loss of BMD doubles for every 10
years after menopause.3,4 An increase in femoral neck BMD
can directly reduce the risk for hip fractures that are normally
associated with low femoral neck BMD.5 Many different types
of exercise intervention programs have been studied for their
effect on BMD in postmenopausal women, including walking,
strength training, and combinations of the two.6-14 While walk-
ing has long been promoted as an exercise intervention

designed to improve BMD, its benefits are not well supported
with empirical evidence. Swezey6 demonstrated that while
weight-bearing exercise such as walking and jogging have
some positive effect on bone mass, site-specific resistive exer-
cise might have a more consistent effect. Other investiga-
tors15-17 noted no significant increase in spinal BMD in women
after a walking program, and concluded that walking did not
provide the progressive increase in skeletal loading required
for increases in BMD.

Specific exercise parameters have been described to pre-
vent bone loss, with the appropriate mode, frequency, inten-
sity, and duration of physical activity increasing BMD up to
50%.18 Kohrt and colleagues19 compared the effect of 2 differ-
ent exercise interventions: ground reaction forces (GRF) such
as walking, jogging, and stairs; and joint reaction forces (JRF)
such as weight lifting and rowing in postmenopausal women
between 60 and 74 years of age. Both exercise groups
showed significant and similar increases in BMD of the whole
body (2.0 ± 0.8%) and lumbar spine (1.8 ± 0.7%), whereas sig-
nificant improvements were noted for GRF exercises in the
femoral neck (3.5 ± 0.8%). Bassey and Ramsdale20 described
increased femoral BMD in premenopausal women with inter-
mittent high-impact exercise, but not low-impact exercise.
Heinonen et al21 found increased BMD at the femoral neck
(1.6%) with high impact exercise performed 3 times per week
in premenopausal women (35-45 y), while Welsh and
Rutherford22 reported increased BMD at the greater
trochanter in postmenopausal women and older men (50 to
73 y) following 12 months of high impact exercise
(2.2 ± 0.9%). Bassey and colleagues23 compared a vertical
jumping exercise regimen and BMD response in pre- and
postmenopausal women. Premenopausal women showed a
significant increase (2.8%) in femoral BMD after 12 months of
performing 50 jumps, 6 days a week, whereas the post-
menopausal women showed no change through 18 months
of jumping when HRT was controlled.23

A common element in these studies is production of an
error strain. Error strain describes dynamic, atypical loading
through weight bearing, or impact with the ground, that pro-
duces architectural changes in bone.24,25 Dynamic loading is
important for both prevention and treatment of osteoporosis
and bone development.4-6,18 Low intensity, low impact exer-
cise prescriptions may achieve decreases in bone loss relative
to higher intensity exercise.26 Other studies indicate exercise
must be high impact to prevent bone loss, but not necessari-
ly high intensity.20-23 Intensity is related to the amount of phys-
ical exertion compared with impact, which implies quantity of
ground reaction forces.

There remains controversy on what constitutes the best
form of exercise to improve bone mineral density and
decrease bone turnover in postmenopausal women. The pur-
pose, therefore, of this study of postmenopausal women was
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to determine the effect of a progressive atypical, multidirec-
tional jumping intervention program on BMD on bone
turnover as measured by bone biomarkers.

METHODS
Subjects

Over 250 women from a Southwestern metropolitan com-
munity responded to advertisements through area interest
groups, posted notices, and physician referral. Women were
invited to participate in the study if the following criteria were
determined by a phone screening to be present: (1) no co-
morbidity, such as diagnosed diabetes, coronary heart dis-
ease, peripheral vascular disease, pulmonary or orthopedic
dysfunctions that preclude jumping; (2) not currently taking
alendronate (Fosamax®), tamoxifen, calcitonin (Miacalcin®),
raloxifene (Avista®), glucocorticoids, residronate (Actonel®);
(3) no current involvement in regular aerobic and/or weight
training exercise; (4) no reported history of osteoporotic frac-
ture; (5) body mass index (BMI) between 21-31 kg/m2; and (6)
on hormone replacement therapy (HRT) if more than 5 years
postmenopausal. There were 59 women who fulfilled the
screening criteria and had BMD measured. They were accept-
ed into the study if the BMD T-score was >-1.5 SD at hip and
lumbar spine and if their primary care physician cleared them
to exercise. Fifty-three postmenopausal women were select-
ed and randomly assigned to one of two groups, an experi-
mental intervention group (N=25) and a control group
(N=28).

Measurements
Bone mineral density of the femoral neck (Neck), total hip

(Total), and lumbar spine (LS) was assessed at months 0 and
12 for all participants. Urine and blood concentrations of the
biomarkers of bone turnover were assessed at month 0, 6, and
12. The BMD and biomarker testing were performed in the
mornings at the General Clinical Research Center (GCRC) in
the Audie Murphy Veterans Administration Hospital.

Osteoporosis is defined by BMD measurement as a T-score
less than 2.5 SD below the normal mean for a young, healthy
adult.28 Dual x-ray absorptiometry (DXA) of the lumbar spine
and hip represents the ‘gold standard’ for diagnosing osteo-
porosis and predicting related fracture risk.29 All BMD mea-
surements were obtained by the same technician with the
pencil beam DXA bone densitometer, QDR 1500 series
(Hologic, Inc,Waltham, Mass).The scan mode was adjusted for
trunk thickness. Neck, total, and lumbar spine (L1-L4) BMD
were all measured. All measurements were obtained and ana-
lyzed using standard protocols provided by the manufactur-
er. The short-term in vivo precision of the BMD was
determined on 27 subjects performed in duplicate on the
same day. The precision of the lumbar spine was 0.009
gm/cm2 (CV = 1.0%). The precision of the total hip was 0.007
gm/cm2 (CV = 0.87%). The precision of the manufacturer’s
spine phantom was 0.0017gm/cm2 (CV = 0.17%).

Urine N-telopeptide (NTX) and serum bone specific alka-
line phosphatase (ALK PHOS) reflect bone turnover. These
markers represent a more sensitive indicator of bone resorp-
tion than DXA and can indicate bone turnover as early as 3
months from the beginning of a pharmaceutical interven-

tion.30-32 A trained technician collected urine (second void of
the day) and blood (nonfasting) samples on 3 separate occa-
sions, and these samples were processed by the GCRC.
Urinary cross-linked N-telopeptide of type I collagen (NTX)
was measured by ELISA (Osteomark®, Ostex International,
Seattle, WA). The intra-assay coefficients of variation for NTX
were 5.5%, and inter-assay coefficients of variation for NTX
were 7.8%. Desired values of NTX that reflect low bone
turnover are < 38 nM BCE/mM creatinine. Serum bone spe-
cific alkaline phosphatase was measured by radioimmunoas-
say (Ostase Assay Procedure; Beckman Coulter, Fullerton,
Calif ). A study of bone specific ALK PHOS showed mean val-
ues 8.7 ± 2.9 ug/L (N=228) in premenopausal women and
13.2 ± 4.7 ug/L (N=529) in postmenopausal women.

Procedures 
The University’s Institutional Review Board approved the

study. An orientation session was held where the purpose,
procedures, requirements, and benefits/risks were described
to each participant, who then signed a consent form. From
similar studies we concluded that by thorough screening,
using proper warm-up, exercise techniques, and cool-down,
postmenopausal women could participate in a jumping exer-
cise program with little risk of injury.21-23

All participants in the exercise group received one pair of
cross training type shoes. A certified instructor was hired to
ensure proper exercise protocol, and was supervised by a
licensed physical therapist. Both groups received calcium sup-
plementation33 of 800 mg per day and verified receipt through
a sign out log and verbal acknowledgement of regular compli-
ance. Oral consumption of estrogen was recorded at intake,
but the investigators did not closely monitor compliance.

The intervention included 3 jumping sessions per week for
12 months, 2 with an instructor and 1 without supervision.
For ease of scheduling, 5 different classes were scheduled 3
days per week; participants were able to select any 2 class ses-
sions to attend. The exercise impact was slowly increased
over the 12-month period by increasing the jump height from
tile flooring (weeks 1-24) to a 4-inch step (weeks 25-41) to a
4-inch step with a 2-inch riser (6 inch step; weeks 42-56). The
steps employed are commonly found in step aerobics classes.
Exercise intensity was slowly increased by the addition of
jump repetitions from a minimum of 25 to a maximum of 200
per session over 12 months. A unilateral jump was counted as
one jump, whereas a bilateral jump was one-half jump. Jumps
were performed while following the exercise instructor; how-
ever, subjects were not required to jump simultaneously with
the instructor. A jump was performed in various directions to
simulate error strain (ie, forward/backward, right/left, and in
diagonals). Gradual increases in exercise impact and intensi-
ty were used to generate a progressive overload to prevent
injury as participants became better skilled at the jumping
activity. All exercise classes were performed to slow aerobics
music. For safety, participants could be near a stable surface
to lightly hold, if needed, and there were no combined bend-
ing and trunk rotation motions. In addition to jumping, the
women were instructed in a 5 to10 minute warm-up and
cool-down period that consisted of walking, stretching, upper
extremity band exercises, and wall pushups.
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The instructor counted jumps during each exercise session
and participants recorded the total on an exercise log. The
exercise log was submitted weekly. Each participant was
required to keep a journal of all physical activities performed
other than the specific jumping protocol. In addition, each
participant recorded the number of jumps performed each
week at home. Control subjects also completed a journal of
physical activities and turned these in at 6 and 12 months.

Statistical Analyses
Based on Welsh and Rutherford’s22 studies of BMD and

high impact aerobics in postmenopausal women, we expect-
ed a medium to high effect size. With a medium effect size,
alpha of 0.05 and a power of 0.80, we estimated 20 partici-
pants per group would be needed to detect changes in out-
come parameters.

Statistical analyses were performed using SPSS version 11.5
statistical program.34 Independent t-tests were used to com-
pare groups at the initiation of the study to ensure similarity in
demographics and anthropometric measures.35,36 Risk factors
were compared using a chi square test. Mixed-model multi-
variate analysis of variance (MANOVA) procedures were per-
formed to assess the effect of group and time on the
dependent variables. One MANOVA included the 3 BMD mea-
sures (neck, total, and LS) as dependent variables. The other
MANOVA included the 2-bone turnover markers (NTX and ALK
PHOS) as dependent variables. Compliance was measured by
recording the percentage of exercise classes attended and
comparisons between variables were evaluated.

RESULTS
Subject Characteristics  

Forty-nine out of 53 persons completed the study. The
baseline characteristics of the subjects who completed the
study are shown in Table 1. The subjects in the exercise
(N=23) and control (N=26) groups did not differ significantly
in age, height, weight, body mass index, menopausal years,
years on hormone replacement therapy, and risk factors
(smoking status, alcohol, coffee, and cola consumption). Our
study population included 69.4% Caucasians, 26.5% Hispanic,
and 4.1% other (Asian and Indian) who were comparably dis-
tributed between the exercise and control groups.

Bone Mineral Density 
Mean (± SEM) BMD values for baseline and 12 months are

shown in Table 2 for EX and CON groups. The MANOVA for BMD

(gm/cm2) showed a significant time effect but no significant
interaction between group and time. Consequently, the jump-
ing intervention did not result in increases in BMD that were
significantly better than those realized by the control group.

Biomarkers of bone turnover 
Mean (± SEM) biomarker values for the EX and CON groups

at baseline, 6 months, and 12 months are presented in Table 2.
The MANOVA showed a significant time effect but no signifi-
cant interactions between group and time. Planned polynomi-
al contrast testing showed that the time effect was quadratic in
nature for both ALK PHOS (F(2, 92)=24.08, p<0.000) and NTX
(F(2, 92)=18.03, p=0.000). Thus, while biomarkers decreased in
both groups, the decrease was not significantly greater in the
group participating in the jumping intervention.

Compliance  
Exploratory analyses were performed for the effect of com-

pliance with the exercise program. The exercise group was
subdivided into high and low compliance groups to investi-
gate possible effects on our dependent measures. Average
compliance was 82% for the whole exercise group at month 6
and 75% by month 12. A cut off of 68% was used as a natur-
al division between low and high compliance rates. The high
compliance group was defined as attending 68% or more of
the exercise sessions (N=15), and the low compliance group
attended less than 68% (N=7). No significant differences were
found; therefore, data were not presented.

DISCUSSION
In this study we examined the effects of an atypical, multi-

directional jumping intervention on BMD and bone turnover
in postmenopausal women. Although bone outcomes tend-
ed to improve overall, the jumping intervention did not result
in superior outcomes (whether indicated by BMD or biomark-
ers). We attribute these changes in part to calcium supple-
ment intake.

Bone Mineral Density and Biomarkers
Wolfe et al14 noted a 0.9% reversal of bone loss per year via

a meta-analysis of exercise training regimens, whereas oth-
ers19,22,37,38 have described greater increases in BMD (1.5% to
2.2%). A 12-month randomized investigation of exercise (aer-
obic, weight bearing, and weight lifting) in calcium-replete
postmenopausal women with (N=159) and without HRT
(N=161) demonstrated 1% to 2% improvements in BMD in
women (40-65 y) who exercised and took calcium and HRT
compared with those who did not.37 Snow et al38 showed that
postmenopausal women wearing weighted vests while
jumping (3 times per week, for 32 weeks per year, over 5 years)
achieved greater improvements at the femoral neck
(+1.5% ± 2.4%) than similar women in a control group 
(-4.4% ± 0.9%) when calcium and HRT were not controlled. In
contrast, our findings agree with Bassey and colleagues23 who
described no significant changes in BMD in postmenopausal
women on HRT who exercised for 18 months. Our largest
BMD increase in the exercise group was noted in the lumbar
spine (0.7 ± 0.4%). Since decreases in NTX of more than 30%
are considered clinically significant30-32 (Lab Corp, San Antonio,

Table 1. Summary of Demographics and Risk Factors for
Subjects Completing Study*
Demographics and risk factors Control  (n=26) Exercise  (n=23)

Age  (years) 56.6 ± 4.1 56.7 ± 3.2
Height  (cm) 161.7 ± 6.6 163.3 ± 4.4
Weight  (kg) 68.1 ± 10.5 69.0 ± 12.4
BMI  (kg/m2) 26.1± 3.9 25.9 ± 4.4
Post menopausal  (years) 9.7 ± 6.5 10.0 ± 6.5
Hormone Therapy  (years) 6.4 ± 6.1 5.1 ± 5.9
Smoking 2 (7.7) 2 (8.7)
Alcohol 13 (50.0) 11 (47.8)
Coffee 20 (76.9) 20 (87.0)
Cola 19 (73.1) 14 (60.9)
*Values are presented as mean ± SD or as N (%)
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Tex), we view favorably our finding that biomarkers of bone
turnover decreased more than 30% in both groups from ini-
tial intake to 6 months. A more progressive or intensive pro-
gram, or a longer program (eg, for 2 years) may have yielded
significant improvements in BMD and bone turnover in the
exercise group. In addition, better control of HRT, calcium
supplementation, and involvement in other outside activities
across our study population may have created improved out-
comes. Whether the jumping improves the BMD, bone
turnover, or the strength of related muscle groups39-43 in com-
bination with calcium supplementation is an area to be
explored further in postmenopausal women over an extend-
ed prospective period of time.

Exercise intensity and limitations of the study
Most of the women were able to perform the atypical

loading (jumping) in all directions without much difficulty.
Some, however, demonstrated minimal ability to vary their
jumps, and one woman fell but was not injured.

Several women in each group were not on HRT (N=6 exer-
cise; N=4 control), although mean HRT years were similar
between groups. Dietary intake and calcium compliance
were other factors that were not well controlled. Fifty three
percent of the exercise group and 44% of the control group
consumed calcium prior to the start of the study. The amount
of intake prior to the study varied from none to more than
1000 mg/day. We distributed the calcium supplements prior
to the study, and the participants were instructed to begin
taking these supplements on the same date at the initiation
of the exercise program. This may have affected our results,
since most of the biomarker changes occurred in the first 6
months with fewer changes noticed in the second 6-month
period. Calcium supplementation can improve BMD and bio-
marker turnover by 1% to 2% and could therefore be attenu-
ating differences in our groups.28-33

The majority of the control group performed walking exer-
cises (N= 20) at least 3 days per week, while the rest per-
formed no exercises. One reported stair climbing and
another ‘rowing’ and ‘hiking.’ Differences in physical activity
levels may have had a direct effect on outcomes of BMD and
biomarker turnover. Therefore, the control group improve-
ments may have been due to the effects of calcium supple-
mentation and walking activities.

Compliance, adherence, or self efficacy44-47 was another

issue of importance. During the first 24 weeks, compliance
was high at over 80%. Over the course of the intervention,
overall compliance declined to 75% which is comparable to
others (69-85%).22,23 We measured compliance as the number
of classes attended and did not include the home log infor-
mation since each subject appeared to be counting jumps
differently. Therefore, the overall intensity of jumping may be
higher than we have reported.

While all subjects were screened carefully prior to initiation
in this study, minor ‘painful conditions’ were noted in 2 of the
exercise participants. The primary complaints were ankle and
knee joint pain and initial muscle discomfort. We had 2 sub-
jects drop out of the exercise study from both the control and
exercise group because of time commitments or a move, yet
only one woman dropped out because of the inability to
jump secondary to previous knee problems not reported dur-
ing initial intake. Persons should be carefully screened prior
to participation in such a program, and monitored closely
during the intervention.

Finally, our sample size may not have had sufficient power
to detect effect of the jumping intervention. Future studies
also should involve larger samples to allow for examination of
key, prespecified variables such as compliance and ethnicity.

CONCLUSIONS
An atypical, multidirectional jumping intervention remains

controversial, but may be beneficial for select post-
menopausal women to maintain BMD and decrease biomark-
er turnover in combination with calcium supplementation.
Maintaining bone health through weight bearing activities is
important to achieve long-term benefits and lessen the
potential effects of osteoporosis in postmenopausal women.
The ease of performing this program at home may improve
long-term compliance; however, careful screening for pre-
existing injury and close monitoring of jumping intervention
to ensure proper form to prevent injury is essential.
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Table 2. Descriptive Statist.ics (Mean±SEM) and MANOVA Comparison of 5 Dependent Variables by Group and Time

Dependent Variable Time Control (n=26) Exercise (n=23) Combined (n=49) MANOVA
Source F p

Neck BMD (gm/cm2) baseline 0.79±0.02 0.73±0.01 0.76±0.01 Group (G) 2.099 0.114
12-month 0.78±0.02 0.73±0.01 0.76±0.01 Time (T) 3.272 0.030

Total BMD (gm/cm2) baseline 0.92±0.02 0.88±0.02 0.90±0.01 G X T 0.799 0.501
12-month 0.92±0.02 0.89±0.02 0.91±0.01

LS BMD (gm/cm2) baseline 1.03±0.02 1.01±0.02 1.02±0.02
12-month 1.04±0.02 1.02±0.02 1.03±0.02

NTX (nM BCE/mM) baseline 19.82±1.72 20.60±3.29 20.19±1.78 Group (G) 0.716 0.337
6-month 13.38±0.99 14.86±1.51 14.07±0.88 Time (T) 11.358 <0.001
12-month 12.30±0.83 12.90±0.94 12.58±0.62 G X T 1.484 0.224

ALK PHOS (ug/L) baseline 40.73±6.72 38.17±4.29 39.53±4.06
6-month 27.23±3.57 22.04±2.24 24.80±2.17
12-month 22.68±3.33 26.17±3.47 24.35±2.39 
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Sciences Center at San Antonio. Mission Pharmaco, San
Antonio, Texas, provided calcium supplementation.
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