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Abstract

There have been few studies examining the short-term effect of
high-impact activities on bone metabolism measured by bone
serum marker concentrations. The purpose of this study was to
examine the effect of short-term high-impact jump activity on
bone turnover in female college-aged non-athletes. Twenty six
healthy females were randomly assigned to a control or jump
group. The subjects jumped 5 days per week for 2 weeks. The
participants completed 10 jumps per session. A general health
questionnaire and a bone-specific physical activity assessment
instrument (BPAQ) were completed. BPAQ scores were calcu-
lated based on the past history of exercise. Blood draws were
taken in both groups before and after the two-week experimental
period. The vertical ground reaction force (VGRF) of all jumps
and jump height were measured for each subject daily and the
osteogenic index (OI) was measured. Concentrations of serum
osteocalcin (OC), Bone Specific Alkaline Phosphatase (BAP),
C-Terminal Telopeptides of Type I Collagen (CTX) and plasma
Tartrate-Resistant Acid Phosphatase (TRAP5b) were assessed
pre and post jump protocol to measure bone formation and
resoprtion respectively. A significant interaction (time x group)
was found in TRAPSb, and BAP values (p < 0.05). There was a
significant decrease in CTX and BAP values in the jump group
(p < 0.05) after the two week jump protocol. No significant
interactions or changes were observed in OC values for either
the jump or the control group. Two weeks of jump activity
consisting of 10 jumps/day for 5 days/week with a weekly os-
teogenic index of 52.6 significantly decreased markers of bone
resorption (TRAPSb and CTX) and bone formation (BAP) in
young female non-athletes.

Key words: Jump exercise, vertical ground reaction force, bone
serum markers, randomized controlled study.

Introduction

The benefit of mechanical loading or exercise on bone
mass and strength has been identified in both human
(Kohrt et al. 2004) and animals models (Iwamoto et al.,
1999; Umemura et al., 2008). Jumping activities are par-
ticularly osteogenic to bone since they result in high mag-
nitude loads and high loading rates (Lanyon and Rubin,
1984). Jumping protocols are especially effective in chil-
dren prior to the onset of puberty (Hind and Burrows,
2007) as well as post puberty (Eliakim et al., 1997; Jo-
hannsen et al., 2003; Kannus et al., 1995). In addition,
low-repetition, high-impact jumps enhanced bone mineral
density (BMD) by 2.6% at the femoral neck in female
college students following a 6 month exercise program
(Kato et al., 2006). Significant increases in femoral neck

BMD after 5 months of jump training have even been
reported in premenopausal women (Bassey et al., 1998;
Burshell et al., 2010).

Bone serum markers are a measurement that may
quantify the effectiveness of a jump protocol for bone
adaptation at early time points. Previous studies have
measured changes in bone mass, strength, or size by dis-
section (for animal), magnetic resonance imaging (MRI),
peripheral quantitative computed tomography (pQCT),
and dual energy X-ray absorptiometry (DEXA) (Bassey et
al., 1998; Fuchs and Snow, 2002; Fuchs et al., 2001; Jo-
hannsen et al., 2003; Umemura et al., 1995; 2002b; 2008).
However, the limitation of these methods is the length of
time needed between measurements to accurately quantify
any changes in bone mass. On the other hand, bone serum
markers can measure the dynamic status of the bone and
examine systematic changes rather than changes of a
specific bone site (Syed and Khan 2002).

Studies using endurance training consisting of
walking, running, aerobic dance and stair climbing have
measured bone serum markers in both males and females
(Adami et al., 2008; Eliakim et al. 1997). An increase in
bone formation markers and a decrease in bone resorption
markers were found in adolescent males (Eliakim et al.,
1997). In pre-menopausal women following 4 weeks of
exercise, an increase in bone formation and no change in
bone resorption markers were reported (Adami et al.
2008). Bone formation increased significantly accompa-
nied by an increase in resorption after the first 8 weeks in
male and female army recruits (Evans et al., 2008). After
16 weeks of training (marching, running, jumping), no
additional increases in bone formation were reported and
bone resorption returned to baseline levels. Previous stud-
ies utilizing bone serum markers to determine the effec-
tiveness of jump or resistance exercise protocols have
reported increased bone formation markers following a 12
week protocol (resistance training) (Lester et al., 2009)
and an 8 week jump protocol (Erickson and Vukovich,
2010) with no changes in bone resorption. Short term
exercise to exhaustion in males (high impact and endur-
ance protocols) resulted in increased bone resorption
markers (Rantalainen et al. 2009; Scott et al., 2010; 2011).

The development of exercise protocols focused on
bone mass improvement necessitates a measurement to
determine the effectiveness of these protocols. The os-
teogenix index (OI) (Turner and Robling 2003) incorpo-
rates the magnitude of loading and frequency of loading
into an equation yielding a quantity to compare osteo-
genic effectiveness between protocols. Three studies to
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date reported the osteogenic index (OI) of their protocols
(Erickson and Vukovich, 2010; Lester et al., 2009; Ranta-
lainen et al. 2011) with two studies of young males and
females reporting increased bone formation markers but
no changes in markers of bone resorption after 8 weeks of
training. These studies did not find a correlation between
the magnitude of OI and the changes in bone formation
markers (Erickson and Vukovich 2010; Lester et al.,
2009). However, acute exhaustive exercise protocols
report increased bone resorption markers (Rantalainen et
al., 2009; Scott et al., 2010; 2011) and a correlation be-
tween bone formation and OI was reported following an
acute (1 session) exhaustive jumping protocol in young
males (Rantalainen et al., 2009). However, we are un-
aware of any jump studies looking at a short-term proto-
col (2 weeks) on bone serum markers. Therefore, the
purpose of this study was to examine the effect of short-
term (2 weeks) high-impact jump activity on bone me-
tabolism in female college-aged non-athletes. Determin-
ing the effectiveness of dynamic loading protocols early
may help to efficiently design exercise programs to im-
prove bone strength.

Methods

Participants

Twenty six non-athletic females (19-24 years of age)
participated in the study. Participants were randomly
assigned to either the control group (n = 13) or the jump
group (n = 13). Exclusion criteria included: currently
exercising more than 3 days a week, a history of bone
disorders (e.g., osteoporosis), abnormal menstruation,
eating disorders, pregnancy, smoking, or a lower extrem-
ity injury within six months of the study. Participants
who were taking oral contraceptives were included in the
study. The distribution of OC users among the partici-
pants was 3 out of 13 in the control group and 5 out of 13
in the jump group. All participants completed a health
history questionnaire and gave written consent prior to
participation. The Human Subjects Institutional Review
Board at Temple University approved the protocol prior
to enrollment.

Experimental design

The research design consisted of a pre-test post-test ran-
domized group design. The independent variables were
group (jumping versus control) and time (pre-test, post-
test). The dependent variables were measures of bone
formation including serum levels of osteocalcin (OC) and
bone specific alkaline phosphatase (BAP) and measures
of bone resorption including tartrate-resistant acid phos-
phatase (TRAP5b) and C-terminal telopeptides of type I
collagen (CTX). Vertical ground reaction force (VGRF)
was measured and defined as the maximum Z-axis load
on the force plate during a 5 second reading of the jump
activity.

Procedures

Anthropometric assessment

Participant height (centimeters) was attained from the
questionnaire and weight was recorded (kilograms) by

using a Kistler Force Plate sampled at 1000 Hz (Kistler
Instrumentation Corp., Winterhur, Switzerland).

Questionnaire

The General Health questionnaire was used to check if the
participant met the criteria to participate in the study. The
BPAQ, a bone-specific physical activity assessment in-
strument (Weeks and Beck, 2008), was used. The partici-
pants were asked to fill out the chart with their physical
activity history from birth to present time. This chart was
also used to ensure the participants did not meet the ex-
clusion criteria.

Training protocol

After random assignment to groups, the jump group par-
ticipated in one jumping session five days per week for
two weeks. The jumping session consisted of ten two-
legged drop jumps (DJ) (Noyes et al., 2005)(Figure 1). A
drop jump from a box followed by a maximal effort verti-
cal jump has been reported to have higher VGRF values
than other styles (McKay et al., 2005). A 3.0 times body
weight in the VGRF at landing was reported to be a suffi-
cient bone stimulus for young adults (Bassey et al., 1998;
Fuchs et al., 2001) and in the current protocol, jumps with
VGREF values below 3.0 were excluded and repeated to
maximize the mechanical stimuli. The ground reaction
forces were measured for all jumps. The Vertec, a device
to measure vertical jump height, was used to maximize
voluntary effort by instructing the jumper to touch the
highest marker possible on each jump. A recent study has
shown that focusing on the rungs of a Vertec as an exter-
nal focus enhanced jump height (Wulf and Dufek, 2009).
In this study, each jump was performed with a 30-second
rest interval between jumps based on rat studies that re-
ported that intervals between loading cycles could en-
hance the anabolic effects on bone (Robling et al., 2001)
and specifically a 30-second interval between individual
loading cycles had more anabolic effects on bone in rats
than a 3-second interval (Umemura et al., 2002b). Partici-
pants in the control group did not perform the jumping
protocol.

Jump intensity measurements

VGREF of each jump was recorded using a Kistler Force
Plate (Kistler Instrumentation Corp., Winterhur, Switzer-
land) at a sampling rate of 1000 Hz. The participant was
instructed to land on the force plate when performing
jump activities. The recorded VGRF was used to exclude
jumps with values lower than 3.0 times body weight. The
coefficient of variation (CV) was calculated for repeat-
ability. The jumps were very repeatable between days
with a between-day CV (variability between days for each
subject) of 3.8% for the 1*' landing and 5.9% for the 2™
landing. The osteogenic index (OI) was used to evaluate
the osteogenic potential of the jumping protocol (Turner
and Robling, 2003). The average weekly OI for each
participant was calculated using their average maximum
peak vertical ground reaction (10 jumps/session; 5
days/week). The weekly osteogenic index (OI) was calcu-
lated based on the equation from Turner and Robling
(2003).
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Figure 1. Images of the plyometric jump used in the training protocol. Participants began on a 40cm box, dropped
to the forceplate and jumped as high as possible (using the Vertec measuring device) and landing on the forceplate.
Representative force plate tracing illustrating the magnitudes of the two landings.

Ol (1 session/day) = [(peak vertical ground reaction force) x In
(jumps +1)] x 5 [1]

Bone serum markers

Antecubital vein blood draws of 7 ml were performed
pre-test and post-test to determine bone formation mark-
ers (osteocalcin (OC) and bone specific alkaline phos-
phatase (BAP)) and bone resorption markers (tartrate-
resistant acid phosphatase (TRAPSb) and C-terminal
telopeptides of type I collagen (CTX)). The blood col-
lected in a vacutainer tube was kept on an ice bath imme-
diately after the blood draw, and the whole blood was
centrifuged at 1,600 revolutions per minutes for 20 min at
4°C within 2 hours of the blood draw. The plasma was
then divided and transferred into five 2 mL cryovials
(Fisher Scientific International, Inc., Hampton, NH) and
stored at -80°C. Post-test blood samples were taken 48
hours after the last jumping session to avoid any effect of
the last jump session. All samples were taken at the same
time of day for each participant (pre-post) but all partici-
pants did not have blood drawn at the same time of day as
a group (0800 h — 1400 h). The participants were not
instructed to fast prior to the blood draw.

Tartrate-resistant acid phosphatase (TRAP5b): Se-
rum concentrations of TRAPSb (U/I) were assessed in
duplicate using the MicroVue TRAPSb enzyme immuno-
assay (QUIDEL Corporation, San Diego, CA), according
to manufacturer guidelines. The intra-assay CV was 2.2 %
and the inter-assay CV was 3.0 %.

C-Terminal Telopeptides of Type [ Collagen
(CTX): Serum concentrations of c-terminal telopeptides of
type I collagen (ng/mL), a bone serum marker used to
determine bone resorption, were measured using the Se-
rum CrossLaps ELISA (Immunodiagnostic Systems,
Fountain Hills, AZ), according to manufacturer guide-
lines. The intra-assay CV was 1-8% and the inter-assay

CV was 3-6%.

Osteocalcin (OC): Plasma concentrations of osteo-
calcin (ng/mL) were determined using the MicroVue
Osteocalcin enzyme immunoassay (QUIDEL Corporation,
San Diego, CA), according to manufacturer guidelines.
The intra-assay CV was 4.8-10 % and the inter-assay CV
was 4.8-9.8%.

Bone Specific Alkaline Phosphatase (BAP): Se-
rum concentrations of bone specific alkaline phosphatase
(U/L), a bone serum marker used to determine bone for-
mation, were measured using the MicroVue BAP immu-
noenzymetric assay (Quidel Corporation, San Diego,
CA), according to manufacturer guidelines. The intra-
assay CV was 4-6% and the inter-assay CV was 5-8%.

Data analysis

All statistical procedures were completed using the statis-
tical package for Social Sciences (SPSS, version 18.0,
SPSS Inc, Chicago, IL.). Descriptive statistics were calcu-
lated for group characteristics and reported as means +
standard deviations (SD) and differences between the
groups were determined using an unpaired t-test. Two-
way repeated measures ANOVA [2 groups (jump and
control) X 2 times (pre-test and post-test)] was computed
to determine interactions between the jump and control
groups for the dependent variables (osteocalcin, BAP,
Trap5b, CTX,). An unpaired t-test was used to determine
in the changed (pre to post) for each group differed (an
analysis that supports the interaction). An unpaired T-test
was also used to determine any differences at baseline.
To determine time changes (pre to post) within groups,
paired t-tests were performed. A level of p < 0.05 was
considered significant. Sample size estimation was calcu-
lated using G-Power 3.1.0; based on the mean differences
and standard deviation of a paired t-test for CTX and
TRAPSb, a power of 0.8 would be obtained with a sam-
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ple size ranging from 7-20.
Results

Anthropometric measurements

Descriptive statistics indicated that the variables of age,
height, weight, exercise per week, and BPAQ score had
no significant difference (p = 0.2463-0.8920) between
groups (Table 1).

Bone serum markers
Serum concentrations of TRAPSD at baseline were (mean
+ SD: control, 2.64 = 0.74 U-T"; jump, 2.69 + 0.76 U-T™")
and post training protocol (control, 2.92 = 0.97 U/I; jump,
2.55 + 0.73 U-T"). There was no significant difference
detected in the baseline values between the jump and
control group using a t-test (p = 0.9086). A two-way re-
peated measures ANOVA revealed significant interac-
tions (time x group) in TRAP5b values (p = 0.0202) (Fig-
ure 2A). A t-test of the differences (post-pre) between
groups was also significant (p = 0.0101). A paired t-test
indicated that the decrease in TRAPS5D in the jump group
did not reach significance (p = 0.0551) and no significant
change in the control group (p = 0.1239) (Figure 3A).
Serum concentrations of CTX at baseline were
(mean £ SD: control, 0.17 £ 0.06 ng~mL'1; jump, 0.24 +
0.11 ng'mL™") and post training protocol (control, .17 =+
0.13 ng'mL"; jump, .15 £ 0.12 ng'mL™"). There was no
significant difference detected in the baseline values be-
tween the jump and control group using a t-test (p =
0.0870). A two-way repeated measure ANOVA revealed

no interactions (time x group) with a significance level of
(p= 0.0885) (Figure 2B). However, a t-test of the differ-
ences (post-pre) between groups was significant (p =
0.0442). A paired t-test indicated a significant decrease in
CTX in the jump group (p = 0.0032) and no significant
change in the control group (p = 0.9495) (Figure 3B).

Table 1. Anthropometric data and BPAC for participants in
jump group and control group. No significant differences
were found between the Jump and Control group for any
measure based on t-test. Data are means (SD).

Jump Control

(n=13) (n=13)
Age (yr) 20.8 (1.1) 20.4 (1.4)
Height (m) 1.65 (.06) 1.63 (.07)
Weight (kg) 63.9 (8.1) 65.3 (12.8)
Exercise/Week 2.3(1.3) 2.7(1.4)
Oral contraceptive use (n) 5 3
BPAQ (Pre) 34.9 (32.9) 21.2 (22.9)

Serum concentrations of OC at baseline were
(mean =+ SD: control, 10.9 + 2.9 ng'mL""; jump, 9.6 + 1.6
ng'-mL") and post training protocol (control, 10.0 £ 2.5
ng-mL"; jump, 10.7 = 3.4 ng'mL™"). There was no signifi-
cant difference detected in the baseline values between
the jump and control group using a t-test (p = 0.3299). A
two-way repeated measure ANOVA revealed no interac-
tions (time x group) with a significance level of (p =
0.6221) (Figure 2C). A t-test of the differences (post-pre)
between groups was not significant (p = 0.3110). A paired
t-test indicated no significant changes in the jump group
(p = 0.4246) or the control group (p = 0.5682) (Figure 3C).
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Figure 2. Pre-test and Post-test bone serum marker concentration in jump group and control group. Two-way repeated
measures ANOVA was computed to determine a (time x group) interaction for each marker. Significance does not indicate an
increase or decrease in the magnitude of the markers just that control and jump groups responded differently. Unpaired t-
tests were used to detect differences in the change between the differences post-pre between the control and jump groups a
similar analysis to the interaction term. A. Serum Trap5b levels (U/I) B. Serum CTX levels (ng'rmL™) C. Serum Osteocalcin
levels (ng-mL'l) D. Serum BAP levels (U/L) Means + SEM " Significant interaction (time x group) p < 0.05 # Significant difference (post —

pre) between groups.
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Figure 3. Differences (Post-Pre) in Bone Serum Marker Concentrations within the jump group and control group. Paired
t-test were used to determine changes from pre to post within groups. A. Serum TrapSb levels (U/I) B. Serum CTX levels
(ng-mL’l) C. Serum Osteocalcin levels (ng-mL'l) D. Serum BAP levels (U/L) Means + SEM " Significant difference (p < 0.05).

Serum concentrations of BAP at baseline were
(mean % SD: control, 1.53 + 0.87 U-I''; jump, 2.82 + 1.73
U-I'") and post training protocol (control, 2.25 + 1.67 U-T’
' jump, 1.33 £ 1.02 U-T""). The difference detected in the
baseline values between the jump and control group using
a t-test did not reach significance (p = 0.0526). A two-
way repeated measures ANOVA revealed significant
interactions (time x group) in BAP values (p =0.0286)
(Figure 2D). A t-test of the differences (post-pre) between
groups was also significant (p = 0.0286). A paired t-test
indicated a significant decrease in BAP in the jump group
(p = 0.0333) and no significant change in the control
group (p = 0.2665) (Figure 3D).

Vertical ground reaction forces and osteogenic index
The average magnitude of the vertical ground reaction
force (VGRF) for the 1% landing was 4.13 + 0.72 times
BW and for the 2™ landing was 3.88 + 0.079 times BW.
The average weekly osteogenic index (OI) for the jump
group was 52.6 + 8.7.

Discussion

An intensity of 3 times body weight for all jumps was
maintained for the 2 week, 10 jumps/day (50 jumps/week)
protocol. Bone resorption measured by TRAPSb and CTX
resulted in variable outcomes. The change in TRAPS5b
was significantly different from the change in control but
was not statistically significantly lower post jump inter-
vention than pre (p = 0.0551). Whereas the CTX values
were significantly lower post jumping compared to pre
jumping however the change was not significantly differ-
ent from the changes in control (interaction term). There
was no significant change in bone formation measured by
serum osteocalcin levels but a significant decrease in BAP

levels. Bone structure benefits both from an increase in
bone formation (osteoblast activity) and a decrease in
bone resorption (osteoclast activity) following loading
(Lee et al., 2003).

The magnitude and frequency of the jump training
in this study was well controlled. Loading magnitude has
been identified as an indicator of the osteogenic potential
of an exercise protocol compared to the time or duration
spent in an exercise activity (Turner and Robling, 2003).
A 3.0 times body weight in the vertical ground reaction
force (VGRF) at landing was reported to be a sufficient
bone stimulus to induce the improvement in bone mineral
density in young adults (Bassey et al., 1998, Fuchs et al.,
2001). McKay et al. (2005) reported that a drop jump (DJ)
and a counter movement jump (CMJ) following a drop
jump (DJ) from a box elicited higher VGRF magnitudes
than other jump styles, such as jumping jacks, alternating
feet, and side to side jumps. All jumps during the protocol
were greater than 3.0 times BW on either the first or sec-
ond landing.

Evidence supports the efficacy of low-repetition
high-impact jump exercises in enhancing bone mineral
density (BMD) at the femoral neck in young women
(Bassey et al., 1998; Kato et al., 2006) and also in im-
proving the mechanical strength of bone in rats ( Honda et
al., 2003; Umemura et al., 1997). Studies suggest that 10
jumps/day with maximal effort is an effective protocol to
stimulate a positive response in bone and there was mini-
mal additional effect with increased number of repetitions
(> 40) since the mechanosensitivity of the bone to loading
tends to fade as loading repetition is increased (Turner
and Robling, 2003; Nagasawa et al., 2008). The attenu-
ated sensitivity, however, can recover after 30 seconds of
rest between jumps (Umemura et al., 2002b). The fre-
quency of exercises per week is another important factor
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that can maximize the effectiveness of jump exercises on
bone adaptation. Umemura et al. (2008) performed a
study comparing the following exercise frequencies; one
session per week (W1), three sessions per week (W3),
five sessions per week (W5), and seven sessions per week
(W7). They reported that the effect was significantly
higher in the W7 group than the W1 and W3 groups, but
the difference was not significantly different between the
W5 and W7 groups. Five sessions per week and 30 sec-
ond rest periods between jumps were used in the current
study based on these results.

Any loading stimuli needs to exceed a certain
threshold to induce an adaptive response to the bone
(Schriefer et al., 2005a; 2005b). To exceed the threshold,
the participants’ maximum voluntary effort for the jump
protocol was required throughout the 2-week protocol.
The osteogenic index (OI), a measurement incorporating
the magnitude and frequency the jumps, attempts to quan-
tify the osteogenic effects of an exercise program. The
average weekly Ol in the current study of 52.6 was higher
than other exercise studies that had maximum weekly
OI’s of 36.9 (Lester et al., 2009) and 34.0 (Erickson and
Vukovich, 2010) but lower than the OI of a protocol to
exhaustion (OI — 110) (if calculated using the Turner and
Robling formula an OI of 43 results) (Rantalainen et al.,
2009). However, all the studies did not calculate the os-
teogenic index (OI) similar to the formulae in Turner and
Robling (2003) and therefore comparisons are difficult.

In the present study, bone resorption, measured by
TRAPS5b and CTX, was affected by the protocol. In the
jump group, TRAPS5D values were decreased by 5.0% (p =
0.0551) (did not reach significance) and CTX by 35% (p
< 0.05). The decreased resorption may indicate a response
prior to an increase in bone formation markers that has
been reported following longer training protocols (8
weeks) (Erickson and Vukovich, 2010; Lester et al.,
2009). TRAPSb is one of the first enzymes to be in-
creased during osteoclast activity and has been associated
with the number of osteoclasts (Rissanen et al., 2009).
Whereas CTX, a measure of cross-link fragments in the
serum, occurs later in the resorption cycle and may better
represent osteoclast activity compared to TRAPS5b (Ris-
sanen et al., 2009). This larger decrease in CTX compared
to TRAPSb may suggest there is a decrease in osteoclast
activity rather than apoptosis of osteoclasts following the
2 week protocol. However, increased bone resorption
markers, specifically CTX resulted from exhaustive jump
(Rantalainen et al., 2009) and treadmill (Scott et al., 2011)
protocols. One limitation of using CTX as an outcome
measure for this study was the lack of fasting prior to
blood draws and the variability in time of day for the
blood draws. CTX values may decrease up to 50% fol-
lowing feeding and our change in CTX was 35%, in addi-
tion, the interaction term from the two-way ANOVA was
not significant potentially in part due to the lack of control
of nutritional status pre blood draw. This limitation may
have also affected the other bone markers however; the
impact would be less than that on the CTX levels. Future
studies need to confirm if increased bone resorption fol-
lows most loading protocols or is associated only with
exhaustive protocols.

The decrease in bone formation markers was not
consistent following the jump protocol; a decrease in OC
(2.2%) was not significant but the decrease in BAP (53%)
was significant. Bone formation seems to be suppressed
similar to bone resorption potentially indicative of a re-
versal phase in preparation for an increase in bone forma-
tion. Longer durations of training may result in sup-
pressed bone resorption and increased bone formation that
has been reported in animal exercise models (Nagasawa et
al., 2008; Umemura et al., 2002a).

These data give an insight into the bone marker re-
sponse to very short training protocols, the data suggest at
early time points in a training protocol bone formation
and bone resorption are both suppressed. However, more
time intervals are needed to determine the time course of
the bone serum markers, the increase in bone resorption
markers following acute exercise needs to be integrated
with the decreases in bone resorption markers following
non-exhaustive training protocols. The time course for
any increases in bone formation markers also needs to be
established.

There were no significant changes in bone forma-
tion markers as indicated by OC value. Recent studies
suggest that serum OC was affected not only by os-
teoblast activity, but also by the energy status of the body
(Wolf, 2008) specifically OC is affected by glucose me-
tabolism (Motyl et al., 2010). Even though the jump pro-
tocol was well controlled, participants’ eating habits were
not controlled nor observed, and there is a possibility that
participants’ diet before and during the intervention pe-
riod affected the OC values.

The association between oral contraceptive use and
bone health is still controversial. Oral contraceptives may
have positive effects such as increased bone mass in
young premenopausal women (Massaro et al., 2010; Wei
et al., 2011), negative effects such as increased condylar
resorption (Gunson et al., 2009) or no effect on bone mass
(Vestergaard et al., 2008). There were 5 subjects (38.5%)
in the jump group and 3 subjects (23.1%) in the control
group who were using oral contraceptives and the effect
of oral contraceptive on bone metabolism after high-
impact exercise needs further investigation.

Conclusion

In conclusion, the results of the present study indicate that
2 weeks of jump activity consisting of 10 jumps/day for 5
days/week significantly decreased bone resorption meas-
ured by TRAPSb and CTX bone serum markers in young
female non-athletes. On the other hand, bone formation
measured by serum osteocalcin levels did not change
significantly from the jumps but significant decreases
were found in BAP levels.
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Key points

e Minimal research on bone serum markers and their
response to high impact exercise in young females

e Minimal research quantifying the Osteogenic Index
and the response of bone serum markers

e Significant reduction in bone resorption marker fol-
lowing a 2 week jump protocol.
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