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Kato, Takeru, Toru Terashima, Takenori Yamashita, Yasu-
hiko Hatanaka, Akiko Honda, and Yoshihisa Umemura. Effect of
low-repetition jump training on bone mineral density in young
women. J Appl Physiol 100: 839–843, 2006. First published Novem-
ber 3, 2005; doi:10.1152/japplphysiol.00666.2005.—The hypothesis
of the present study was that low-repetition and high-impact training
of 10 maximum vertical jumps/day, 3 times/wk would be effective for
improving bone mineral density (BMD) in ordinary young women.
Thirty-six female college students, with mean age, height, and weight
of 20.7 � 0.7 yr, 158.9 � 4.6 cm, and 50.4 � 5.5 kg, respectively,
were randomly divided into two groups: jump training and a control
group. After the 6 mo of maximum vertical jumping exercise inter-
vention, BMD in the femoral neck region significantly increased in the
jump group from the baseline (0.984 � 0.081 vs. 1.010 � 0.080
mg/cm2; P � 0.01), although there was no significant change in the
control group (0.985 � 0.0143 vs. 0.974 � 0.134 mg/cm2). And also
lumbar spine (L2–4) BMD significantly increased in the jump training
group from the baseline (0.991 � 0.115 vs. 1.015 � 0.113 mg/cm2;
P � 0.01), whereas no significant change was observed in the control
group (1.007 � 0.113 vs. 1.013 � 0.110 mg/cm2). No significant
interactions were observed at other measurement sites, Ward’s trian-
gle, greater trochanter, and total hip BMD. Calcium intakes and
accelometry-determined physical daily activity showed no significant
difference between the two groups. From the results of the present
study, low-repetition and high-impact jumps enhanced BMD at the
specific bone sites in young women who had almost reached the age
of peak bone mass.
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PHYSICAL ACTIVITY MAY PLAY an important role in maximizing
bone mass during childhood and may have long-lasting bene-
fits on bone health. Because peak bone mass is thought to be
attained by the end of the third decade, the early adult years
may be the final opportunity for its augmentation (13). Skeletal
unloading, such as long bed rest, immobilization, and micro-
gravity environment, lead to bone loss, whereas the positive
effects of physical exercise on bone mass is generally acknowl-
edged. It has been shown that dynamic loading is more effec-
tive for increasing bone mineral density (BMD) than static
loading (15). Furthermore, the strain rate is more important
than the number of loading trials (22).

Prepubescent children (7.5–8.2 yr) who have not yet
reached their peak bone mass have shown significant develop-
ment in lumbar spine bone mass by 100 two-footed drop
landings off of a 61-cm-high box 3 times/wk compared with a

randomized control group (6). Bassey and Ramsdale (1) found
a significant increase in femoral BMD after 6 mo of 50 jumps
daily among premenopausal young women (29.8–32.0 yr).
These exercise programs, however, required a relatively large
number of jumps in the range of 300–350 jumps/wk. Jo-
hannsen and coworkers (11) have found greater increases in
total and leg bone mineral content (BMC) by relatively fewer
jumps from a 45-cm-high box, 25 jumps/day, 5 times/wk, total
of 125 jumps/wk in a randomized, controlled trial conducted
with children (3–18 yr). Also, Snow et al. (24) reported, after
5 yr of resistance training with weighted vest and an average
51.7 jumps/day, 3 times/wk, for a total of 155 jumps/wk from
a 20.3-cm-high step, improved femoral neck BMD compared
with a control group in postmenopausal woman (64.1–69.9 yr).

Evidence from more invasive interventions in animals sug-
gested that a quite brief exposure to strain is enough (9, 10, 15,
26–28). Rubin and Lanyon (23) presented results showing that a
passive stimulus of 36 and 1,800 cycles/day was equally effective
in turkeys. A smaller number of strains, as few as 5 jumps/day
(26), imposed by active stimuli as jumps, improved the strength of
regional bones in immature rats, although the training required
only a short time. The hypothesis of the present study was that
low-repetition high-impact jump training, 10 jumps/day and 3
times/wk, would be effective for improving BMD in ordinary
young women reaching the age of peak bone mass.

MATERIALS AND METHODS

Subjects and groups. One hundred twenty-eight female college
students with experience in weighted food records were asked to take
part in this study, and 48 students volunteered to participate. The
subjects completed the questionnaire containing information about
menstrual cycle, pregnancy, past and current physical activity, smok-
ing habit, as well as background information, including history of
bone diseases, medication use, and bone fracture. The entry criteria
for subjects were eumenorrheic, nonpregnant, no oral medication,
nonsmoker, no regular high-impact training, with no medical or
surgical problems likely to affect bone metabolism or providing
contraindications to exercise. Six subjects were excluded because they
had regularly engaged in high-impact sports such as volleyball,
basketball, and tennis in the last 5 yr.

Forty-two subjects were randomly divided into two groups, jump
training or a control group. In compliance with the university’s
Institutional Review Board policy, the purpose and all experimental
procedures were explained, and written, informed consent was then
obtained from each subject. The study was approved by the local
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health research review board. The subjects were permitted to with-
draw at any time for any reason. Bone measurements were conducted
at initial baseline and final completion of the 6-mo exercise program.
Because the training consisted of only 30 jumps/wk, the subjects in
jump groups were carefully instructed to jump regularly and with the
maximum voluntary effort, unless otherwise excluded from the jump-
ing group. Three jumpers were then excluded from the exercise group
because they had not done enough jump training (9, 19, and 22 days
in 6 mo). In the control group, two subjects did not take the calcium
supplements regularly (0 and 65 days in 6 mo), although their calcium
intakes were well below the sufficient level, and one subject lost
interest in this study. Thirty-six healthy female college students
completed the study and were analyzed as subjects in this experiment.
Their mean age, height, and weight were 20.7 � 0.7 yr, 158.9 � 4.6
cm and 50.4 � 5.5 kg, respectively.

BMD and deoxypyridinoline measurements. Bone mineral density
(g/cm2) was assessed, using dual-energy X-ray absorptiometry
(ALOKA, DCS-3000), in the lumbar spine (L2–4, anterior-posterior
view) and the right proximal femur. The femoral neck, Ward’s
triangle, and greater trochanter of the proximal femur were selected
for analysis according to the manufacturer’s software. The same
radiographer made the initial and final dual-energy X-ray absorpti-
ometry measurements, and the groups (jumping or control) were
blinded. The coefficient of variation of the BMD measurement had an
in-house precision error of 1.0% based on the adult scans. We did not
estimate the coefficient of variation of the BMD measurement because
of the increased X-ray exposure to the young subjects (20–23 yr). The
dual-energy X-ray absorptiometry machine was calibrated daily by
using a phantom calibration procedure, and there was no significant
drift during the study.

Deoxypyridinoline (DPD) is primarily located in bone collagen, and
urinary DPD has been used as one of the standard bone resorption
markers. Urine samples were collected between 9:30 and 11:30 AM on
both initial and final BMD measurement days and were frozen at �60°
until assayed in a subsample of 20 volunteers (10 jumpers and 10
controls) who were able to attend the urine sample collection. The DPD
was measured with ELISA (SRL), and the subject groups were blinded
for the analysis. Urine DPD values were corrected for changes in urine
concentration by expressing them per millimole of creatinine.

Dietary calcium and supplementation. Subjects completed 3-day
weighted food records at baseline for providing a calcium supplemen-
tation to adjust the daily requirements, and also just before the
completion of the exercise intervention period. These records were
completed over 3 days: 2 weekdays and 1 weekend day. The diets
were analyzed by software (Eiyokun Ver. 3.0, Kenpakusha) that is
based on a standard food database. Calcium carbonate supplements
were given to 34 subjects (17 jumpers and 17 controls) as 300-mg
tablets and taken with meals to bring intakes over 650 mg/day of
elemental calcium, which exceeds the requirements for the recom-
mended calcium allowances in Japanese adult women of this age (13).

Exercise program. The jump exercise group performed two-legged
maximum vertical jumps 10 times using an arm swing in counter-

movement style on 3 alternated days/wk. The maximum jumps were
performed barefoot at home on a relatively hard floor. The interval of
each jump was �8–12 s, so the exercise required less than 2 min.
Home record cards were supplied and collected each month.

Maximum vertical jump and ground reaction force. Maximum
vertical jump height was measured by a jump height measuring device
(Takei Scientific Instruments, Jump-MD) in both the pre- and postexer-
cise program. At both visits for measuring jump height, subjects jumped
vertically at least twice with maximum voluntary effort, and the best
performance was recorded. The subjects stood at the center of the circular
thin rubber mat (38 cm in diameter). The jumper attached the height-
measuring device to her waist. The jump height measuring device and the
circular mat were attached by a rope so that the traveling distance from
the standing position to the maximum height reached at waist level could
be measured. When the jumpers could not land stably within the circular
rubber mat, the jumpers had to perform another trial.

Peak ground reaction force (GRF) was measured by using the
AMTI force platform (Advanced Mechanical Technology, OR6-6,
46.4 � 50.8 cm) in a randomly selected subsample of volunteers (n �
12) in a jump group at posttesting. They were asked to jump vertically
with maximum effort, using countermovement style as they did
regularly during the jump exercise intervention period, and jumping
trials were conducted at least three times for each subject. The force
platform was used to record GRF with a 1,080-Hz sampling rate.
Values for the peak force on the vertical axis were then obtained from
the recordings at takeoff and landing.

Accelerometry-determined measures of physical activity. The sub-
jects were asked to attach the accelerometer motion sensor (Suzuken,
Lifecorder EX) at waist height for a whole week except while sleeping
or bathing. The physical activity measurements were done during
September to October, about halfway through the whole intervention
period. Movement count values, shown as steps, were stored every 2
min. The stored data on the accelerometer motion sensor were
downloaded by personal computer using a USB cable for analysis.

Statistics. Two-way ANOVA [2 times (initial and final) � 2 groups
(jump and control)] with repeated measures was used to determine
differences between and within the jump and control groups for depen-
dent variables. When ANOVA revealed significant interaction (time �
group), paired t-tests were performed to determine differences between
initial and final values in each group. Initial mean physiological charac-
teristic values and daily activity shown as steps were compared using
unpaired Student’s t-test. Statistical analysis was achieved through com-
puter programs available in the Statistical Package for the Social Sci-
ences, version 12.0J (SPSS). The statistically significant level was set at
0.05, and comparisons were two tailed.

RESULTS

Descriptive statistics indicated that the initial height, age,
and movement count were not significantly different between
the jump and control groups (Table 1). In the jump group,
compliance (82%) at jump training was averaged 2.5 times/wk.

Table 1. Physiological characteristics of the subjects, calcium intake, jump height, movement count, and DPD

Jump (n � 18) Control (n � 18)

Initial Final Initial Final

Age, yr 20.5�0.6 20.9�0.8
Height, cm 159.1�3.8 158.8�5.4
Weight,* kg 51.1�5.2 50.2�4.9 49.6�5.8 49.0�6.2
Calcium, mg 760.6�146.6 719.6�209.6 654.6�163.8 659.9�151.8
Vertical jump,* cm 38.1�5.5 41.5�7.3 39.6�6.2 40.8�7.4
Movement count, steps/day 6,746.4�2,034.2 6,881.7�1,546.6
DPD, nmol/mmol creatinine 5.8�1.5 5.4�1.8 5.4�1.5 5.6�0.9

(n � 10) (n � 10)

Values are means � SD. DPD, deoxypyridine. *Significant difference within groups (P � 0.05).
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