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ABSTRACT

Research background and hypothesis. Jumping ability correlates well with different bone values. The skeletal
benefits of high-impact weight-bearing exercise have been shown to be greater when training is started prior to
menarche. We hypothesized that significant differences would be apparent in the relationships between bone values
and jumping height in favor of the girls’ prior menarche compared to post-menarcheal group.

Research aim. The aim of the study was to investigate the relationships between jumping height and bone
mineral density (BMD) in pre-menarcheal and post-menarcheal physically active girls.

Research methods. In total, 113 adolescent girls from different competitive extramural athletic programs
participated in this study. Femoral neck and lumbar spine BMD were measured. The heights of vertical jumps (i. e.
countermovement jump (CMJ) and rebound jumps for 15 (RJ 15 s) and 30 (RJ 30 s) seconds) were obtained.

Research results. After adjusting for major confounders (i. e. age, height, and body mass), the height of rebound
jumps correlated only with femoral neck BMD and only in pre-menarcheal group (r = 0.37-0.46; p < 0.05). No
correlations were found between BMD variables and jumping height in post-menarcheal girls. The height of CMJ
did not correlate with measured BMD variables in the studied groups.

Discussion and conclusions. Early puberty is an opportune period to increase bone adaptation to mechanical
loading due to the velocity of bone growth and endocrine changes at this time. We suggest that powerful repetitive
vertical jumping may be more beneficial to bone health compared to single jumping activities in physically active

girls prior to menarche rather than after it.
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INTRODUCTION

egular high-impact weight-bearing physical
Ractivity (such as ball games, racket sports,

gymnastics, dance, running, or jumping
exercises) during growth may play an importantrole
in maximizing bone mineral mass gain which may
reduce the incidence of fractures in children and
adolescents as well as in the elderly (Misra, 2008;
Rizzoli et al., 2010). Early puberty is a period for
increased bone adaptation to mechanical loading
due to the velocity of bone growth and endocrine
changes at this time (Hind, Burrows, 2007). The

two critical years for accumulating more than 25%
of adult bone in girls correspond to the ages 11.5—
13.5 (MacKelvie et al., 2002). The skeletal benefits
of exercise have been shown to be greater when
training is started prior to menarche (Heinonen et
al., 2000). Of different exercise modalities, high-
impact activity, for example, jumping, seems to
be especially osteogenic (MacKelvie et al., 2002).
Several studies have reported high-impact jumping
exercise interventions to be an effective bone
stimulus in females at pre-puberty, adolescence
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or young adulthood (MacKelvie et al.,, 2003;
Kato et al., 2006; Gunter et al., 2008). Jumping
ability seems to correlate well with different bone
values: different vertical jumps have been used to
evaluate jumping ability in young athletes (Kellis
et al., 1999). In our previous study (Gruodyte et al.,
2009) we attempted to investigate the relationships
between bone mineral values and jumping ability
in pubertal girls in relation to the different loading
patterns of their selected sports. The main finding
of the study was that jumping height correlated
with bone variables in girls who experienced
continuous high-impact physical activity, such as
sport games and rhythmic gymnastics (Gruodyté
et al., 2009). However, little is known about the
possible relationships between maximal vertical
jumping height and bone parameters in adolescent
female athletes with regard to the menarche.

The aim of the current study was to evaluate the
relationships of BMD at femoral neck and lumbar
spine with jumping height of single maximal jump
and repetitive rebound jumps for 15 and 30 seconds
in physically active girls in relation to menarche.
Would the significant differences be apparent in
pre- and post-menarcheal groups in regard to the
relationships between bone values and jumping
height? We hypothesized that it should be — in
favor of the girls’ prior menarche compared to
post-menarcheal group.

RESEARCH METHODS

In total, 113 healthy 13—15-year-old physically
active girls participated in this cross-sectional
study. The girls were recruited from national
sport associations and local clubs in Estonia. The
volunteers participated in the selected competitive
extramural athletic programs (such as gymnastics,
volleyball, basketball, badminton, track and field
sprint) at least for two years. The study subjects
were divided in pre-menarcheal (n = 36) and
post-menarcheal (n = 77) groups. A full written
description of the nature of the study was provided
both to the girls and their parents before obtaining
their informed written consent. The study was
approved by the Medical Ethics Committee of the
University of Tartu (Estonia).

Height and body mass were measured to the
nearest 0.1 cm and 0.05 kg respectively, using
the Martin’s metal anthropometer and medical
scales (A&D Instruments Ltd, UK). Body mass
index (BMI) (kg/m?) was calculated using height

and body mass data. A simple questionnaire was
used to obtain the information about the onset of
the training and weekly hours of participating in
weight-bearing physical activities. The girls were
also asked if they had experienced menarche. If
positive, they were asked to recall the age when
menarche occurred. Gynecological age (years) was
calculated subtracting the athlete’s self-reported
age at menarche from her chronological age (Barkai
et al., 2007).

Bone mineral density (g/cm?) at lumbar spine
(L2-L4) and femoral neck were measured using
dual-energy X-ray absorptiometry (DXA; DPX-
1Q, Lunar Corporation, Madison, WI, USA).
Participants were scanned in light clothing while
lying flat on their backs with arms at their sides.
DXA measurements and results were evaluated by
the same examiner. Coefficients of variations for
BMD measurements were less than 2%.

The maximal height of two-foot hands-on-the-
hips vertical jumps was measured using contact
mat (Newtest OY, Finland) which was connected to
a digital recorder that calculated the flight height.
The girls have performed three jumping tests in
the following order: (1) a countermovement jump
(CMJ) from a standing position with a preliminary
countermovement; (2) the rebound jump, with
continuous countermovement jumps for 15
seconds (RJ 15 s); and (3) the rebound jump for 30
seconds (RJ 30 s) (Kellis et al., 1999). In CMJ, the
best result out of three attempts was recorded. The
girls were instructed and then verbally encouraged
to jump as high and as rapidly as they could. The
hands remained on waist throughout all jumping
tests to avoid upper extremities contribution to
the jump height (Kellis et al., 1999). Each subject
performed RJ 15 s test immediately after CMJ
test; and RJ 30 s test after a sufficient rest period
(i. e. after another subject had performed CMJ and
RJ 15 s tests).

Statistical analysis was carried out using SPSS
15.0 package for Windows. Standard statistical
methods were used to calculate means and
standard deviations (£ SD). A one-way analysis
of variance (ANOVA) was used to establish
the differences between the groups. Pearson’s
correlation coefficients were computed to identify
relationships between jumping performance and
BMD variables. Partial correlation analysis was
used to examine this relationship after controlling
for major confounders (i. e. age, body height, and
body mass). A significance level of 0.05 was used.
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RESEARCH RESULTS

The physical and performance characteristics
of the study subjects are presented in Table 1. The
significant differences between the two groups
were found in age, height, body mass, BMI,
amount of the weekly hours of training, and BMD
variables. The results of jumping tests did not differ
significantly between the groups of pre-menarcheal
and post-menarcheal girls (Table 1).

The significant correlations (r = 0.33-0.48;
p < 0.05) were revealed between BMD variables
and rebound jumps in pre-menarcheal girls
(Table 2). After the adjustments for age, height,
and body mass were performed, the significant
relationships of rebound jumps were found only
with BMD at femoral neck in pre-menarcheal girls
only. The relationships between BMD variables
and CMJ were not significant (p > 0.05). No
significant associations between measured BMD
variables and jumping test results were found in
post-menarcheal group of physically active girls.

DISCUSSION
Although there have been numerous
interventions, implementing jumping exercise

to augment bone health, there is a dearth of data
quantifying the relationships between jumping
height and bone values. The results of present cross-
sectional investigation demonstrated that BMD
at femoral neck and lumbar spine significantly
correlated with rebound jumps for 15 and 30
seconds in physically active girls only from the
pre-menarcheal group. The relationships remained
significant between BMD at femoral neck and
rebound jumps after controlling for age, height,
and body mass, suggesting that BMD at femoral
neck is more sensitive to the mechanical loading
and weight-bearing physical activity than lumbar
spine, and it was observed in pre-menarcheal
but not in post-menarcheal girls. This could be
explained by the fact that skeletal response to the
weight-bearing exercise is site-specific. Numerous

Physical and performance Pre-menarcheal girls Post-menarcheal girls Table 1. Mean (+ SD) ‘ph‘ysical and
characteristics (n =36) =77 performance characteristics of the
study subjects
Age, years 13.6+0.9 14.4+£0.9*%*
Height, cm 163.1+7.7 167.7 +6.7*
Body mass, kg 49.7+17.7 57.8 £ 8.6%*
BMI, kg/m? 18.6 2.2 20.5 £ 2.5%*
Gynecological age, years - 1.9+1.0
Years of training 46+23 45+20
Training duration, h/w 73+42 5.4 +£2.4% )
Note. BMI — body mass index;
Femoral neck BMD, g/cm? 1.004 =0.132 1.091 £0.109** BMD - bone mineral density;
- CMJ - countermovement jump;
Lumbar spine BMD, g/cm? 1.021 £0.117 1.151 £0.110%* RJ 15 s — the rebound jump for 15
seconds; RJ 30 s — the rebound jump
CMJ, cm 27.6£3.5 26.2£4.1 for 30 seconds. Significant differences
RJ 155, cm 232+34 224+34 between the groups are indicated with
asterix: * —p <0.01; ** —p <0.001.
RJ 30s,cm 223+3.5 21.6+34
. Pre-menarcheal girls Post-menarcheal girls Table 2. A Pearson’s. correlatio‘n f(?r
BMD variables (n = 36) (n="77) BMD variables and jumping height in
pre-menarcheal and post-menarcheal
Femoral neck BMD, g/cm? girls. Partial correlation analysis
(controlled for age, height, and body
CMJ, cm 0.04 (0.02) 0.13 (0.20) mass) is presented in brackets
RJ 15 s,cm 0.48%* (0.46**) 0.12 (0.22)
RJ 30 s, cm 0.43%*(0.37%) 0.08 (0.22) Note. BMD — bone mineral density;
Lumbar spine BMD, g/cm? CMIJ — countermovement jump; RJ 15
’ s — rebound jump for 15 seconds;
CM]J, cm 0.13(0.21) 0.09 (0.15) RJ 30 s—rebound jump for 30 seconds.
Significant differences between the
RJ15's, cm 0.33*%(0.32) 0.11 (0.19) groups indicated with asterix: * —p <0.05;
ok
RJ30's, cm 0.34* (0.29) 0.14 (0.24) p=00L.
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physical activity intervention trials, aiming to
increase BMD, report the most significant effects
at the femoral neck, because they include different
jumping exercises that generate impact forces
through the lower limbs, hence creating a greater
loading at the hip than at the spine (Hind, Burrows,
2007). On the other hand, exercise seems to be more
beneficial for additional bone mineral acquisition
before menarche (i. e. during the growth spurt)
rather than after it, which may be due to the increase
of estrogen and free, biologically active insulin-like
growth factor-1 (IGF-1) levels occuring between
the ages 11.5-13.5, corresponding to the timing of
menarche and peak bone mineral accrual velocity
(MacKelvie et al., 2002). The results of a 9-month
exercise intervention study by A. Heinonen et al.
(2000) indicated that mechanical loading exercise
intervention had significantly greater impact on
bone mineral content (BMC) increase at lumbar
spine and femoral neck in exercising premenarcheal
girls compared to exercising postmenarcheal girls
or controls. Despite the fact that increase in bone
mineral in the growing girls may be attributable
to growth itself, A. Heinonen et al. (2000) study
reported significant additional bone gain after
the intervention in premenarcheal girls only. In
contrast, H. S. Barkai and colleagues (2007),
in a study of 13-18-year-old girls participating
in structured weight-bearing sports, found the
strongest associations of the amount of weight-
bearing exercise with BMD at the spine, hip, and
total body in postmenarcheal group. Nevertheless,
these results must be interpreted cautiously, since
almost a third of the study population reported
having no structured sports participation before
menarche (Barkai et al., 2007). Menstrual history
is a strong predictor of bone mineral density:
delayed menarche may cause lower peak bone
mass attainment or may be a marker for other
possible influences on stress fracture risk such as
low body fat, low body weight, future menstrual
disturbance, or excessive training (Pepper, Saint-
Phard, 2007). In contrast to the regular weight-
bearing physical activity, excessive training may
have a negative impact on bone health. Girls and
women participating in sports very intensively,
and especially in those that emphasize a low body
weight (such as gymnastics, running, or ballet) are
more likely than other active women to expose
themselves to the detrimental condition named
the female athlete triad (i. e. disordered eating,

menstrual dysfunction, and low bone density)
(Manore et al., 2007).

Maximum vertical jump performed from the
standing position with a countermovement (CMJ)
as well as rebound jumps for 15 (RJ 15 s) and 30
(RJ 30 s) seconds reflect well jumping abilities in
young athletes (Kellis et al., 1999). In turn, jumping
height may be influenced by different factors, such
as muscle fibre type composition, lean body mass,
muscular strength, age, anthropometric parameters
and/or angle of the legs bent in knee joints at the
take off (Jiiriméde et al., 2008). It is well known that
the power of jumping is higher in subjects rich in
fast-twitch muscle fibers than in subjects with high
percentage of slow-twitch muscle fibers (Bosco
et al., 1986). B. Buehring et al. (2010) found that
jump power is higher in younger (20-30 years of
age) comparing to older (60+) populations. Their
study also found that jump height and power were
positively correlated with percent lean mass at
the hip. Many of these factors were not taken into
account in our study. Nevertheless, the present
investigation provides some significant insights in
the area of bone mineral density relationships with
the jumping height in adolescent female athletes
with regard to menarche. It is interesting to note,
that in the present study CMIJ did not correlate
with measured BMD variables in the studied girls.
Similar trends were revealed in our previous study
of pubertal girls with different physical activity
patterns (Gruodyté et al., 2009). Another study
has also demonstrated that single vertical jumping
height was notamong the signicant predictors of legs
BMD in prepubertal children (Jiirimée et al., 2008).
Accordingly, these results suggest that continuous
high-impact activities are more important to bone
health compared to single jumping activities in
physically active premenarcheal girls.

CONCLUSIONS AND
PERSPECTIVES

In conclusion we may suggest that powerful
repetitive vertical jumping may be more beneficial
to bone health in physically active girls prior
to menarche rather than after it. Significant
associations after adjusting for age, height, and
body mass were found between BMD at femoral
neck and rebound jumps for 15 and 30 seconds
in pre-menarcheal, but not in post-menarcheal
physically active girls.
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SPORTUOJANCIU MERGAICIU KAULU MINERALINIO TANKIO
IR SUOLIU AUKSCIO SASAJOS MENARCHES POZIURIU
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Lietuvos kiino kultiiros akademija’, Kaunas, Lietuva
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SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Soklumo ypatybés ir kauly sveikatos rodikliai yra tarpusavyje susije. Teigiamas
reguliarios mechaninés griau¢iy apkrovos poveikis yra didesnis, kai sportuoti pradedama iki prasidedant menarchei.
Tyrimu tikrinama hipotezé, kad sasajos tarp Soklumo ir kauly sveikatos rodikliy labiau pasireiskia tarp sportuojanciy

mergaiciy, dar nepatyrusiy menarches.

Tikslas: nustatyti pubertetinio amziaus fiziSkai aktyviy mergaiciy kauly mineralinio tankio (KMT) ir Soklumo

rodikliy sasajy priklausomuma nuo menarches.
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Metodai. Buvo tiriama 113 sveiky 13—15 m. amziaus mergaiciy, reguliariai lankiusiy gimnastikos, badmintono,
rankinio, krepS$inio, lengvosios atletikos (trumpuyjy nuotoliy bégimo) ir lygumy slidinéjimo pratybas. Atsizvelgiant {
tai, ar mergaités jau buvo patyrusios pirmasias ménesines, buvo sudarytos dvi grupés: iki ir po menarchés (n = 36 ir
77 atitinkamai). Nustatytas Slaunikaulio kaklelio ir juosmeninés stuburo dalies KMT. ISmatuoti tiriamyjy Soklumo
(maksimalaus vertikalaus Suolio, 15 ir 30 sekundziy trukmés maksimaliy vertikaliy Suoliy serijos (cm)) rodikliai.

Rezultatai. Atmetus pagrindiniy KMT lemianciy veiksniy (t. y. amziaus, figio ir kiino masés) poveik], statistiSkai
reikSmingi koreliaciniai ry$iai nustatyti tik tarp slaunikaulio kaklelio KMT ir Suoliy aukscio 15 bei 30 sekundziy
trukmés maksimaliy vertikaliy Suoliy serijy metu tarp fiziSkai aktyviy mergaiciy, nepatyrusiy menarchés (r = 0,37—
0,46; p <0,05). Tarp KMT ir Soklumo rodikliy menarchg patyrusiuyju grupéje, tarp KMT ir maksimalaus vertikalaus
Suolio aukscio abiejose grupése nustatyti statistiskai nereikSmingi koreliaciniai rysiai (p > 0,05).

Aptarimas ir iSvados. I8analizavus tyrimo rezultatus galima teigti, kad mechaniné griau¢iy apkrova (pvz., 15 ir
30 sekundziy trukmés maksimaliy vertikaliy Suoliy serijos) gali teigiamiau veikti reguliariai sportuojanciy paaugliuy
mergai¢iy kauly masg iki prasidedant menarchei nei po jos

RaktaZodziai: kauly sveikata, vertikalts Suoliai, paauglysteé.
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