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EFFECTS OF TRAINING ON BONE METABOLISM IN YOUNG ATHLETES

ANTTI M.J. MERO, KEIJO HÄKKINEN, HEIKKI KYRÖLÄINEN, ANTTI A. MERO
Biology of Physical Activity, Faculty of Sport and Health Sciences, University of Jyväskylä, Jyväskylä, Finland  

ABStrAct
Purpose. this study investigated the effects of two types of training on the bone formation marker of osteocalcin and the 
bone resorption marker of tartrate-resistant acid phosphatase isoenzyme 5b (trAP5b) in young track and field boys and 
girls.
Methods. the 14-year-old group (10 boys, 10 girls) performed first time an intensive and supervised 8-week plyometric 
training. In the 17-year-old group (13 athletic boys, 6 control boys, 12 athletic girls, 6 control girls), the normal many-sided 
track and field training lasted 6 months.
Results. Significant increases were noticed in osteocalcin (p < 0.01) both in younger boys and girls. the 20-m sprint 
performance improved in girls (p < 0.01) and the countermovement jump height increased in boys (p < 0.001). Significant 
increases in 17-year-old boys and girls were observed after training in osteocalcin (p < 0.01), osteocalcin/trAP5b ratio 
(p < 0.01 and p < 0.001), and the standing 5-jump (p < 0.05 and p < 0.01). Serum trAP5b decreased both in boys (p < 0.05) 
and in girls (p < 0.01). the boys also improved the standing 5-jump (p < 0.01) and the 12-minute running test results (p < 0.05). 
In the combined group of all subjects, the correlation coefficient between trAP5b and age was significant (r = –0.63, p < 0.001, 
n = 57).
Conclusions. In practice, it is important to add plyometrics and other strength training in the training plans of young athletes, 
regardless of their events, to increase their bone metabolism and muscle strength.
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Introduction

Bone mass is considered as the net product of 2 
metabolic processes: formation and resorption. these 
enable the skeleton to carry out its principal functions 
of mechanical support to the body [1]. Many factors, 
such as genetics, nutrition, various hormones, and 
physical activity, affect or regulate bone metabolism. 
Several blood and urinary molecules have been iden-
tified as markers of bone metabolic activity. conse-
quently, they provide estimations of the rates and di-
rection of the biological activities governing bone 
turnover. According to the literature [2], there are 4 
serum bone formation markers (osteocalcin, bone al-
kaline phosphatase, carboxyterminal propeptide of 
type 1 procollagen, and aminoterminal propeptide of 
type 1 procollagen), as well as 6 bone resorption markers 
(in serum: tartrate-resistant acid phosphatase isoen-

zyme 5b [trAP5b] and carboxyterminal cross-linked 
telopeptide of type 1 procollagen; in serum and urine: 
pyridinoline and deoxypyridinoline; in urine: carboxy-
terminal cross-linking telopeptide of type 1 collagen 
and aminoterminal cross-linking telopeptide of type 1 
collagen).

osteocalcin is a protein synthesized by osteoblasts, 
odontoblasts, and hypertrophic chondrocytes, and the 
role of osteocalcin could be transferred from a simple 
marker of bone formation to hormone-like regulators 
of energy metabolism. there is a lot of evidence for 
the utility of osteocalcin as a bone formation marker 
(e.g. [3]). It was shown that bone mineral density and 
osteocalcin were higher in decathletes than in the con-
trols [4]. on the other hand, there is good evidence that 
osteocalcin plays an important role in energy metabo-
lism. therefore, any change in osteocalcin related to 
exercise may potentially be considered as adaptation 
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to increased energy requirements in athletes (e.g. [5]). 
Puberty influences bone growth when accumulation 
of skeletal mass occurs through linear growth and 
an increase in bone density with rising testosterone 
concentration (e.g. [6, 7]). In young adolescent ath-
letes, a brief period of training has positive effects on 
bone formation markers [8]. trAP5b is an enzyme 
and belongs to the family of 5 known members of 
ubiquitous acid phosphatases [9]. All the cells of the 
macrophage lineage, including osteoclasts, express high 
amounts of trAP5b [10]. osteoclasts secrete trAP5b 
into the bloodstream, and serum concentration and 
activity of this enzyme are considered to be a poten-
tially useful marker of bone resorption [9]. concerning 
bone resorption in childhood and adolescence, there 
are limited results on trAP5b [8].

the purpose of the present study was to investigate 
effects of 2 training periods on osteocalcin and trAP5b 
in 2 different experiments: in 14- and in 17-year-old 
athletics boys and girls. In addition, the testosterone/
cortisol ratio, which can be informative about the gen-
eral anabolic-catabolic condition of the body, was meas-
ured (e.g. [11]). We hypothesized that the osteocalcin/
trAP5b ratio would describe the anabolic-catabolic 
ratio in bone tissue and these 2 ratios would have 
a strong relationship with each other.

Material and methods

Participants

the present study was comprised of 2 separate sub-
studies. the subjects in study 1 were young track and 
field boys (n = 10; age: 14.0 ± 0.9 years; height: 1.70 
± 0.11 m; body mass: 55.8 ± 11.1 kg; fat: 8.4 ± 3.6%) 
and girls (n = 10; age: 14.1 ± 1.0 years; height: 1.64 ± 
0.09 m; body mass: 52.6 ± 9.7 kg; fat: 15.2 ± 3.2%). 
this was the 14-year-old group. In study 2, the experi-
mental group also consisted of young track and field 
boys (n = 13; age: 16.9 ± 1.5 years; height: 1.81 ± 
0.08 m; body mass: 66.2 ± 8.5 kg; fat: 11.3 ± 1.8%) 
and girls (n = 12; age: 16.6 ± 0.8 years; height: 1.69 ± 
0.03 m; body mass: 58.7 ± 5.9 kg; fat: 24.4 ± 2.7%). 
this was the 17-year-old group. the control group 
consisted of 12 high school boys (n = 6; age: 17.5 ± 1.0 
years; height: 1.79 ± 0.05 m; body mass: 74.6 ± 9.3 kg; 
fat: 17.3 ± 3.1%) and girls (n = 6; age: 17.8 ± 0.8 years; 
height: 1.66 ± 0.08 m; body mass: 57.8 ± 10.8 kg; 
fat: 27.1 ± 3.8%). the body fat was measured by using 
the 4-skinfold method [12]. All the participants and 
their parents (if the participant was under 18 years of 
age) were aware of the protocol, benefits, and possible 

risks of the study. they were also advised of their rights 
to withdraw from the study at any time.

Experimental protocol and training

In accordance with the present scientific literature 
and practical coaching findings, we decided to choose 
2 age groups. In the younger age group, it will be in-
teresting to see how adding much plyometrics to the 
training plan affects bone metabolism. In the older 
age group, the overall training amounts are much big-
ger and a question is how bone metabolism probably 
changes.

In study 1, the participants performed a plyomet-
ric training, which lasted 8 weeks, in April and May, 
with 2 efficient plyometric training sessions of 20–30 
minutes a week. they were placed in other 4 track and 
field training sessions a week, and the plyometric 
training period was divided into four 2-week periods. 
At the beginning of the training, the plyometric train-
ing volume was high (200–250 contacts per session), 
with low intensity. then, the volume decreased (50–
150 contacts), while the intensity increased. the exer-
cises used were as follows: standing 3-, 5-, 10-jumps 
with double leg contacts and alternative contacts 
(bounding, stepping, and hopping). during the last 
4 weeks, the intensity was increased by using double 
leg hurdle jumps, double leg drop jumps, and step-
ping and hopping forwards with 2–4-stride speed. 
the biomechanics of these exercises has been ana-
lysed in detail earlier [13]. Before the study period, 
the technique of the exercises was taught to the par-
ticipants by their 2 coaches, who also supervised all 
the plyometric training sessions. the coaches kept dia-
ries of all the training sessions during the study weeks. 
the other training sessions included sprinting, tech-
nique of field events, aerobic running, and stretching 
exercises. the general nutrition recommendations in 
Finland were given before the study, but no food dia-
ries were recorded. All the study performance and 
laboratory measurements were conducted before and 
after the 8-week period.

In study 2, each athlete trained in accordance with 
their own training plan and kept a diary on the train-
ing and other physical activities. the training volume 
ranged from 5 to 10 training sessions a week, including 
sprinting, long distance running, jumping, throwing, 
weightlifting, etc., depending on the track and field 
event. Also the training volume, intensity, and frequen-
cy varied between different track and field events in 
terms of technique training and physical training. the 
control group participants kept a physical activity diary 
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concerning their sports activities. they wrote down 
a rough description of what sports they participated 
in and how much time they spent for these activities 
during a 1-week period. Most of the control group had 
some sports background, but none of them actively 
exercised or participated in any sports activities. the 
control boys occasionally went to the gym or ball games. 
the control girls mostly enjoyed cycling or walking. All 
training diaries of the athletes were analysed to clas-
sify the exercises applied and the training volume.

the measurements for the experimental group were 
performed before and after the 6-month training pe-
riod (october-April). these measurements took place 
during weekend track and field training camps in 
the Sports Institute. the control group was also eval-
uated twice (before and after the study period).

Performance tests

Study 1 included 2 performance tests: a 20-m sprint 
test with a flying start and a countermovement jump 
(cMJ). In study 2, the tests were as follows: a 20-m 
sprint with a f lying start, a standing 5-jump, and 
a 12-minute running test [14]. the 20-m sprint test 
has been shown to be highly reproducible in track 
and field sprinters, with 2 successive efforts having 
a correlation coefficient (r) of 0.99 and a coefficient of 
variation (cV) of 1.2% [15]. the correlation coeffi-
cient between 2 maximal cMJ trials has been shown 
to be 0.95, and cV ranged between 4% and 5% [16]. 
the standing 5-jump has not been validated as far as 
we know, but it is very often used among track and field 
athletes in Europe and also in young athletes. the 
relation of the cooper test to maximal oxygen uptake 
(Vo2max) has been shown to be strong (r = 0.90) [14].

on the first testing day, the warm-up consisted of 
7–10-minute jogging, stretching exercises, and 3–5 
times 30-m acceleration runs. the sprint test consisted 
of a 30-m maximal acceleration run followed by maxi-
mal sprinting over 20 m. time was measured with 
photoelectric cells attached to the wall during the 
last 20 m. Each subject performed this test 2–3 times 
with a 5–6-minute recovery. the jumping test was dif-
ferent in the 2 studies and was carried out after the 
sprint test. In study 1, jumping performance was meas-
ured by using cMJ on the contact mat, with hands 
on the hips, with a timer connected to the mat to calcu-
late the rise of the centre of gravity by using the flight 
time [17]. In study 2, the maximal standing 5-jump 
test was performed and the subjects were allowed 
1–2 familiarization attempts beforehand. the test in-
cluded first 1 hop from the standing position, then con-

tinuing 3 steps, and finally 1 jump ending to the long 
jump pit. totally, 3–4 attempts were done with a re-
covery of 5–6 minutes. continuous verbal encourage-
ment was given during all tests.

the second testing day involved an endurance test 
(cooper test), consisting of 12-minute running on an in-
door 200-m track. the covered distance was recorded.

Blood collection and analysis

on the first testing day, blood samples (5 ml) were 
drawn from the antecubital vein after 10–12 hours of 
fasting in all subjects. Serum samples were kept frozen 
at –80°c until assayed. testosterone, cortisol, and 
osteocalcin were analysed with the Immulite® 2000 
system (Siemens Medical Solutions diagnostics, USA). 
the sensitivity of the assay was 0.5 nmol/l for serum 
testosterone, 5.5 nmol/l for cortisol, and 0.4 ng/ml for 
osteocalcin. Between-day precision (cV) was 8.3% 
for testosterone, 6.1% for cortisol, and 3.4% for osteo-
calcin. Intra-assay precision (cV) was 5.7% for tes-
tosterone, 4.6% for cortisol, and 6.3% for osteocalcin.

In addition to hormone investigation, serum trAP5b 
was analysed from the same blood sample. the ELISA 
method (MicroVue trAP5b Assay; Quidel corp., San 
diego, USA) was used. For trAP5b, the sensitivity of 
the assay equalled 0.2 U/l and the between-day pre-
cision (cV) was 2.0–3.0%. Intra-assay precision (cV) 
for trAP5b was under 12% [18].

Statistical analysis

Statistical analysis was performed with the SPSS 
Statistics 17.0 software. the results are presented as 
mean ± standard deviation. Normal distributions were 
checked with the Shapiro-Wilk test. differences be-
tween groups were calculated with paired and un-
paired t-tests. Pearson’s correlation analysis was used 
to find out correlation coefficients. Statistical signifi-
cance of the results was accepted at p < 0.05.

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the declara-
tion of Helsinki, and has been approved by the Ethical 
committee of the University of Jyväskylä.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study and their parents (if the 
participant was under 18 years of age).
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Results

training

the training volume is presented in tables 1 and 2. 
the control group in study 2 performed physical ac-
tivity (gymnastics, cycling, ball games, and walking), 
3 hours a week on average.

Blood variables and physical performance  
in study 1

In younger boys and girls, significant increases were 
noticed in the concentrations of osteocalcin (p < 0.01), 
testosterone (p: from < 0.05 to 0.01), and cortisol 
(p < 0.01) during the 8-week period (table 3). the 20-m 
sprint performance improved in girls (p < 0.01) and 
cMJ improved in boys (p < 0.001). Gender differences 
were found in all other variables except serum osteo-
calcin and cortisol.

Blood variables and physical performance  
in study 2

In older boys and girls, significant increases after 
6 months of training were noticed in osteocalcin (p < 
0.01), osteocalcin/trAP5b ratio (p: from < 0.01 to 
0.001), and standing 5-jump (p: from < 0.05 to 0.01) 
(table 4), whereas serum trAP5b decreased both in 
boys (p < 0.05) and in girls (p < 0.01). Boys improved 
their results in 20-m sprint (p < 0.05), standing 5-jump 
(p < 0.01), and cooper test run (p < 0.05). Girls im-
proved significantly only their standing 5-jump per-
formance (p < 0.05).

table 3. Mean (± SD) values of the primary variables in boys and girls before and after the 8-week training period  
in study 1

Variable
Boys Girls

Before After Before After

osteocalcin (ng/ml) 27.3 ± 18.9** 44.2 ± 23.5 19.1 ± 9.1** 31.4 ± 14.0
Serum trAP5b (U/l) 17.0 ± 6.4 17.4 ± 6.1† 11.0 ± 5.0 10.9 ± 4.8
osteocalcin/trAP5b 2.0 ± 1.8* 2.9 ± 2.0 1.9 ± 0.8* 2.6 ± 0.8
testosterone (nmol/l) 11.3 ± 5.7** 15.3 ± 7.4†† 0.8 ± 0.7* 1.1 ± 0.6
cortisol (nmol/l) 451 ± 82** 561 ± 98 397 ± 70** 519 ± 121
testosterone/cortisol (× 10–2) 2.7 ± 1.5 2.9 ± 1.5†† 0.2 ± 0.2 0.2 ± 0.1
20-m sprint time (s) 2.44 ± 0.16 2.43 ± 0.17† 2.62 ± 0.10** 2.58 ± 0.14
cMJ (cm) 36.1 ± 4.8*** 38.8 ± 5.4† 31.6 ± 2.8 32.8 ± 2.8

trAP5b – tartrate-resistant acid phosphatase isoenzyme 5b, cMJ – countermovement jump
difference between the status before and after: * p < 0.05, ** p < 0.01, *** p < 0.001
difference between boys and girls in mean values of the status before and after: † p < 0.05, †† p < 0.001

table 1. training volume during the 8-week training 
period in study 1 (means)

Item total Per week

training hours (n) 48 6
total training sessions (n) 32 4
Event-specific sessions (n) 16 2
Strength sessions (n) 8 1
Endurance sessions (n) 8 1
Plyometric sessions (n) 16 2
Period 1 (contacts, n) 900 112
Period 2 (contacts, n) 600 75
Period 3 (contacts, n) 450 56
Period 4 (contacts, n) 250 31

Plyometric sessions were included either in event-specific 
sessions or in strength sessions. Each period lasted 2 weeks. 
All subjects did the same amount of supervised training.

table 2. training volume during the 6-month training 
period in study 2 (mean ± SD)

Item total Per week

training hours (n) 286 ± 44 12 ± 2
total training sessions (n) 177 ± 29 7 ± 2
Event-specific sessions (n) 87 ± 43 3 ± 1
Strength sessions (n) 26 ± 19 1 ± 1
Plyometric sessions (n) 61 ± 23 2 ± 1
contacts (n) 1850 ± 445 77 ± 21
Speed sessions (n) 34 ± 22 1 ± 1
Aerobic running (km) 890 ± 486 37 ± 19
off days (n) 42 ± 10 2 ± 1
Sick days (n) 11 ± 9 1 ± 1
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relationships between blood variables, age,  
gender, and performance

In athletic boys in study 2, the individual changes 
in osteocalcin during the 6-month training were cor-
related significantly with the number of training ses-
sions (r = 0.54, p < 0.05), and the changes in trAP5b 
were significantly correlated with the number of train-
ing hours (r = 0.52, p < 0.05). In the combined male 
and female athletic groups, the individual changes in 
standing 5-jump were correlated significantly with 
the changes in 20-m f lying sprint time (r = –0.68, 
p < 0.001). the changes in the cooper endurance run-
ning test were correlated significantly with the run-
ning kilometres (r = 0.62, p = 0.001).

In the combined group of all subjects from the 
2 studies, the correlation coefficient between trAP5b 
and age was high and strongly significant (r = –0.63, 
p < 0.001, n = 57). In addition, trAP5b and age associ-
ated highly in boys (r = –0.59, p < 0.001, n = 29) and 
girls (r = –0.77, p < 0.001, n = 28). No significant cor-
relations were found between osteocalcin, testosterone, 
and age.

Discussion

the present results showed that serum osteocal-
cin increased in pubertal 14-year-old boys (70%) and 
girls (64%) during the 8-week intensive training pe-
riod including increased plyometric jumping exercises. 
In turn, serum trAP5b showed no changes during 
training, but its basic level was 56% higher in boys 
compared with girls. Post-pubertal 17-year-old athletic 

table 4. Mean (± SD) values of the primary variables in boys and girls before and after the 6-month training period  
in study 2

Variable
Athletics boys Athletics girls control boys control girls

Before After Before After Before After Before After

osteocalcin (ng/ml) 15.3 ± 6.4** 23.2 ± 8.4†† 8.1 ± 3.7** 11.5 ± 5.3 6.1 ± 3.3 7.0 ± 3.5** 3.3 ± 1.7 4.6 ± 2.0
Serum trAP5b (U/l) 7.3 ± 4.3* 6.4 ± 3.5†† 3.9 ± 1.6** 3.3 ± 1.5 4.1 ± 2.3 4.3 ± 2.3** 1.8 ± 0.8 1.9 ± 0.7
osteocalcin/trAP5b 2.7 ± 1.5** 4.2 ± 2.1 2.2 ± 0.8*** 3.5 ± 1.1 1.5 ± 1.4 1.6 ± 1.5 1.8 ± 0.9 2.4 ± 2.0
testosterone (nmol/l) 16.7 ± 4.4 17.6 ± 4.3†† 1.2 ± 0.4 1.1 ± 0.3 17.8 ± 3.3 18.7 ± 4.1†† 1.2 ± 0.8 1.4 ± 0.9
cortisol (nmol/l) 521 ± 130 505 ± 140† 729 ± 160 726 ± 206 405 ± 73 501 ± 134 445 ± 120 516 ± 110
testosterone/cortisol 

(× 10–2)
3.2 ± 3.4 3.5 ± 3.1†† 0.2 ± 0.3 0.2 ± 0.2 4.4 ± 3.9 3.7 ± 2.9†† 0.3 ± 0.3 0.3 ± 0.4

20-m sprint (s) 2.31 ± 0.20* 2.26 ± 0.17†† 2.54 ± 0.13 2.52 ± 0.13
Standing 5-jump (m) 13.20 ± 0.96** 13.53 ± 1.06†† 11.11 ± 0.89* 11.36 ± 0.91
cooper run (m) 3173 ± 407* 3272 ± 134†† 2598 ± 202 2627 ± 211

trAP5b – tartrate-resistant acid phosphatase isoenzyme 5b
difference between the status before and after: * p < 0.05, ** p < 0.01, *** p < 0.001
difference between boys and girls in mean values of the status before and after: † p < 0.01, †† p < 0.001

boys and girls also presented large increases in osteo-
calcin during the 6 months (by 52% and 42%, respec-
tively). the levels were clearly higher than the non-
significant increases noted in the controls. trAP5b 
decreased both in athletic boys (12%) and girls (15%), 
but the controls exhibited no changes. the osteocal-
cin/trAP5b ratio increased in both age groups during 
the training periods.

training and physical performance

In younger athletic boys and girls, the training vol-
ume included 4 supervised sessions (6 hours) per week. 
It is an average amount in track and field training at 
that age in Finland. the intensive plyometric training 
was conducted twice per week. It was a large increase 
because earlier the participants had trained event-
specific jumping (long jump, triple jump, high jump) 
only 0–1 time per week. only minor injuries in knee 
and back were observed during their training. the 
performance in sprinting and jumping (cMJ) improved 
slightly as expected during the 8-week period.

the post-pubertal athletic groups trained with their 
own training plans during this study. the total vol-
ume of training was, on average, 7 training sessions per 
week (12 training hours), which is almost double com-
pared with the younger groups. the number of plyo-
metric jumping exercises sessions was 2 per week, as 
in the younger ones. Individual differences in their 
training modes were noticed as expected. the sprint-
ers, jumpers, and throwers had more variability in 
the content of their training sessions (e.g. stretching 
and mobility sessions, event technique) than the pre-
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sent endurance runners, who performed more kilo-
metres for running. It is also difficult to make any strong 
conclusions regarding the training volume of the pre-
sent Finnish young athletes because, as far as we know, 
there are no published scientific results on training 
volumes and contents in other countries. Anyway, 
sprinting speed, power production, and endurance 
running (cooper test) improved in both sexes, but in 
overall, boys improved their physical performance 
slightly more than girls did. In the combined male and 
female athletic group, the increase in the standing 
5-jump correlated with the decrease in the 20-m fly-
ing sprint time; on the other hand, the cooper endur-
ance running time was better when the running kilo-
metres increased. these correlative results suggest 
that training programming was successful in these 
athletes.

Bone formation and resorption

the present values of osteocalcin imply that bone 
formation metabolism was very active in both study 
groups. When comparing the mean values of athletic 
boys and girls, one can observe that the highest con-
tent of osteocalcin was at the age of 14 years. Boys 
presented a mean value of 36.9 ng/ml, which is 91% 
higher than that of 19.3 ng/ml at the age of 17 years. 
the respective values for girls were 25.3 ng/ml and 
9.8 ng/ml and the difference equalled 158%. the os-
teocalcin values were clearly lower in the controls 
(6.6 ng/ml and 4.0 ng/ml) compared with the present 
17-year-old athletic participants. the Finnish refer-
ence values vary from 2 to 22 ng/ml in all age groups 
[19]. It is generally known that the pace of bone mineral 
acquisition is similar to that of linear bone growth, with 
rapid gains in infancy, slower increases during child-
hood, and major gains during puberty (e.g. [20]). Ap-
proximately, half of the peak bone mass is gained dur-
ing the teenage years, making this a critical period for 
optimizing conditions for skeletal health. Peak bone 
mass is the maximum amount of bone a person has 
during the lifetime. It typically occurs in the early 20s 
in females and late 20s in males [21]. Peak bone mass 
is typically lower in females than in males. Unfortu-
nately, we did not measure bone mineral density, which 
is a way to determine bone mass. Largely, peak bone 
mass is predetermined by heritable factors. Family 
and twin studies suggest that 60–80% of the differ-
ences in peak bone mass between individuals can be 
attributed to genetics [22, 23]. the present results are 
in line with previous studies [8] indicating that osteo-
calcin increases during training. In athletics boys, the 

change in osteocalcin during the present 6 months was 
significantly and positively correlated with the num-
ber of training sessions. Bone strength increases more 
with training that includes high impact forces, such as 
sprinting, jumping, and weightlifting [24, 25]. con-
sequently, it can be concluded that bone formation me-
tabolism in young athletes is very active, especially 
during puberty, but also in the post-pubertal phase, 
giving rapid gains to peak bone mass.

Serum trAP5b concentrations were higher in the 
younger age group. this confirms earlier results indi-
cating that in the normal growing phase in children, 
there are high resorption values [8]. In our study, the 
trAP5b values were somewhat higher than those ob-
served in 20–44-year-old women and men (mean val-
ues: 2.9 and 4.0 U/l, respectively) [26]. the relation-
ship between trAP5b and age was also confirmed 
with strong significant negative correlation coefficients 
both in the combined group of all subjects (n = 57) 
and separately in boys and girls. In the 17-year-old 
athletes, the trAP5b values decreased during train-
ing but it was surprising that the controls showed no 
changes. In any case, all values were quite low and the 
osteocalcin/trAP5b ratio increased in both training 
age groups. only a few subjects presented decreases in 
the ratio and they were all endurance runners. this 
finding was not uncommon, since studies (e.g. [27]) 
have shown that high-class long distance runners have 
low bone mineral density, which increases the risk of 
bone-related injuries. Long lasting endurance perfor-
mances tend to elevate bone resorption markers and 
decrease bone formation markers, thus preventing 
osteoblasts from forming new bone tissue [27]. this 
was not a problem for most of the subjects in the pre-
sent study as osteocalcin increased and trAP5b de-
creased significantly during the 6-month period. It sug-
gests that quite intensive training in these age phases 
possibly affects bone metabolism.

testosterone/cortisol ratio

In the present younger age group, the serum testos-
terone levels strongly increased during the 8 weeks, 
which is quite normal in pubertal boys and girls. Many 
individuals even showed values that were at the levels 
of adults (men: 10–38 nmol/l, women: 0.4–2.0 nmol/l 
[28]). this process is affected by both growing and 
training. Unfortunately, we did not have a control group. 
Also, the cortisol levels increased, which indicates 
that training was quite intensive towards the sum-
mer competition season. However, the testosterone/
cortisol ratio suggests that the participants were well 
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within the values in good anabolic/catabolic ratio 
[11]. the 17-year-old boys and girls were probably in 
the post-pubertal phase because, for instance, they 
all exhibited testosterone levels within the adult val-
ues. the cortisol values were higher in the athletic girls 
than in the athletic boys. this may be partly explained 
by an overall stress. cortisol concentration is affected 
by both physical stress and mental stress (e.g. [11]). 
Perhaps the increase in cortisol in the girls was related 
to high mental stress they may have experienced, e.g. 
owing to important exams in the high school or some 
other factors in their lives. the testosterone/cortisol 
ratio was at the same level before and after the inter-
vention, indicating that the participants in all groups 
were within normal values. When comparing the os-
teocalcin/trAP5b ratio and testosterone/cortisol ratio 
between the 2 age groups, slight increases in the ratios 
could be observed. It suggests that the anabolic con-
dition might have improved, although the training vol-
ume was much larger in the older group. testosterone 
concentration did not correlate significantly with os-
teocalcin, which could imply that these anabolic me-
tabolites may operate separately in the human body.

Conclusions

the present study, which used osteocalcin and 
trAP5b as bone formation and resorption markers, 
showed that bone turnover was anabolic after both 
training periods. trAP5b decreases at the age of 14–17 
years, which may suggest that bone turnover slows 
down. In practice, it is important to add plyometrics 
and other strength training to the training plans of 
young athletes, regardless of their events, to increase 
their bone metabolism and muscle strength. We did 
not collect food diaries, but we must remember, as Ama-
to et al. [29] pointed out, that nutrition and physical 
activity interact with each other and they both affect 
bone metabolism.
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