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Abstract:
The establishment of differences in certain morphological characteristics and aerobic energy supply ability 

among three age categories of Croatian male teenage tennis players was the aim of this cross-sectional study. 
The sample consisted of 60 players classified into three categories by age: U12 (n=20; 12.1±0.4 years), U14 
(n=20; 14.0±0.6 years) and U16 (n=20; 15.9±0.4 years). Nine morphological body measures were taken: body 
height; body mass; skinfolds of the back, upper arm, chest, abdomen, thigh, lower leg and suprailiocristal. 
Also, six variables of cardiopulmonary function were obtained using spirometry and spiroergometry testing. 
Basic statistical parameters were calculated and ANOVA was applied using Tukey’s post-hoc method. 
Statistically significant differences were obtained in the variable maximum treadmill speed (p<.01) and 
maximum treadmill speed at the anaerobic threshold (p<.01). Aerobic levels of the Croatian U12, U14 and 
U16 tennis players were in line with the requirements of high-performance tennis. The results indicated that 
the conducted physical conditioning and tennis-specific training programmes had a positive effect on the 
development of aerobic energy capacity indicators in the examined young tennis players. However, due to 
the age of subjects, the effect of dynamic processes of growth and maturation on the obtained results in the 
aerobic capacity test cannot be overlooked. 
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Introduction
Growing interest in top-level sports achieve-

ments inspired a series of scientific research into 
tennis as well. It mostly regards research of prin-
ciples, structure and requirements of the sport, 
then anthropological dimensions of tennis players 
of various ages, quality and play style, as well as 
various performance factors. Fitness characteristics 
of younger-aged tennis players is an interesting 
research area due to a turbulent period in lives 
of these children and teenagers, characterized by 
an extremely dynamic motor and psychosocial 
development and maturation. These rapid changes 
are reasons why young athletes’ general physical 
and mental status in a formative stage, as well as 
particular sport-relevant characteristics, must be 
observed. Careful monitoring and detailed analyses, 
that is, a minute diagnostics of actual states, starting 
from the initial, when a boy or a teenager enters into 
any selection or sports training programme, through 
various kinds of transitive states up to the final,

desired fitness states, are crucial in modern sports 
training technology. The purpose of the diagnostic 
procedures is to provide a timely insight into abili-
ties in which the observed tennis player is below 
his/her peers in order to pay special attention to 
the development of particular, required, dimen-
sions in the following cycles of sports prepara-
tion. Therefore, quality diagnostics of the status of 
abilities, characteristics and motor skills signifi-
cantly contributes to both tennis development and 
sport achievements (Reid & Schneiker, 2008). 
Optimal diagnostic procedures are, on the one 
hand, an issue of numerous research studies and 
an indispensable component of everyday sports 
practice on the other. Top-level sports achievements 
are results of well-oriented training programmes 
based on the actual states of tennis-specific and 
relevant abilities, characteristics and motor skills 
of athletes. Therefore morphological, physiological, 
biochemical, biomechanical, motor, social and 
psychological indicators must be continually mo-
nitored and interpreted through comprehensive 
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analyses and training programmes (Milanović & 
Heimer, 1997). It is of paramount importance for 
prepubertal children since aerobic capacity in child 
tennis players considerably exceeds their anaerobic 
capacity and tolerance to high dosages of anaerobic 
training or competition stimuli (Crespo & Miley, 
1998; Girard, Chevalier, Leveque, Micallef & 
Millet., 2006; Banzer, Thiel, Rosenhagen & Vogt, 
2007; Issurin, 2008).

Each tennis player is unique as regards his/her 
specific physical features, fitness profile, social 
skills, intellectual capacities and personality traits. 
To design an optimal sports training programme 
for a particular athlete, we must understand his/her 
individual weak and strong sides. A lack of timely 
insight into an individual physical fitness profile 
and possible application of inappropriate training 
contents and loads, i.e. training stimuli, as well as 
training methods are the most common causes of 
the states of either undertraining or overtraining in 
young tennis players. These states can further lead 
to a premature drop-out from competitive tennis in 
childhood or early adolescence (Crespo & Miley, 
1998). 

Younger age categories of tennis players are in 
their formative, highly dynamic years of growth 
and maturation. The basic purpose of the current 
cross-sectional study was to establish quantitative 
differences between male tennis players aged 12, 14 
and 16 years in their physical fitness as expressed 
in the variables of their morphological characteris-
tics and in parameters assessing their aerobic car-
diopulmonary capacity. 

Methods

Sample of subjects
The sample included young male tennis players 

with training experience of at least two years who 
were positioned on the Croatian Tennis Federation 
ranking list. Only the athletes meeting these criteria 
were included in the study. 

The recruited male tennis players and their 
parents or legal guardians were fully informed of 
all experimental procedures before they gave their 
written informed consent. The study design, in 
accord with the Helsinki Declaration, was approved 
by the Ethics Committee of the Faculty of Kinesio-
logy, University of Zagreb.

The sample consisted of sixty young Croa-
tian male tennis players, twenty tennis players 
per age group: U12—Mean±SD=12.1±0.4 years, 
U14—14.0±0.6 years, and U16—15.9±0.4 years. 
All the subjects participated in standard laboratory 
diagnostic procedures determining their morpholo-
gical characteristics and assessing motor and 
physiology functioning abilities. The testing was 
performed at the Sports Diagnostics Centre of the 
Zagreb’s Faculty of Kinesiology. 

Variables 
Laboratory testing was conducted during morn-

ing hours (8–12 a.m.). Measurement procedure per 
athlete lasted about two hours. According to the 
protocol used, first the morphology measurement 
was conducted followed by spirometry and spiro-
ergometry testing procedures. 

All morphological measurements were collected 
according to the standards and instructions of 
the International Biological Program (Weiner & 
Lourie, 1969). Nine morphological body measures 
were taken: body height (BH) and body mass (BM); 
as well as skinfolds of the back, upper arm, chest, 
abdomen, thigh, lower leg and suprailiocristal. 
Body composition (percentage of lean body mass 
and body fat), body mass index (BMI; kg/m2) and 
somatotype components (according to Carter and 
Heath, 1992) were calculated from the obtained 
anthropometric measures. Body composition of 
athletes was assessed through the method of skin-
fold measurements (Mišigoj-Duraković, 1996) 
and by using the equation for the assessment of 
body density (BD). The value of body density was 
inserted into the equation (Siri, 1956) for the esti-
mation of body fat percentage (% of body fat = 
(495/BD – 450).

Description of spyroergometric protocol 
on the treadmill

The measurement procedures were conducted 
at the Sports Diagnostic Centre, University of Za-
greb, Faculty of Kinesiology. Variables estimating 
aerobic energy capacity were obtained with the 
standardized test protocol. All parameters were 
analysed after the progressive load running tread-
mill test (Cosmed, Quark b2, Italy). 

Each subject was first familiarized with the 
goals and protocol of the all-out treadmill testing. 
Afterwards he put on a size-tailored face-mask, and 
a band for heart rate telemetric monitoring was fixed 
on his chest (Polar Electro OY CE 0537, Finland). 
The utilized measuring instruments (Cosmed, Quark 
b² “breath by breath” spiroergometer, treadmill 
Technogym – Runrace Competition HC1200, and 
telemetric heart rate monitor – Polar Electro OY CE 
0537) provided a direct, on-line monitoring and ana-
lysis of ventilation and metabolic parameters. High 
reliability of the measured data was also ensured 
by the constant microclimate conditions inside the 
laboratory. Also, prior to each subject measuring, 
the turbine was calibrated using 3-L pump, whereas 
the same was done for the analyser using the gas 
mixture of the accurate concentration (16.1% O2, 
5.2% CO2 and NO2 residue).

After the phase of 1-minute rest, the test started 
with a 2-minute walking at speed of 3 km/h. After 
that, the treadmill speed was increased by 1 km/h 
every minute. The treadmill inclination of 1.5% 
remained constant. The subjects walked during 
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first four load stages (up to 6 km/h), then started 
to run (speed of 7 km/h and above). When the 
test was completed with a volitional cessation, 
the maximum speed was established by the last 
load level the subject had managed to run through 
for half a minute. During the recovery phase the 
subject continued to walk at 5 km/h speed while 
the spiroergometric parameters were monitored. 
The test is regularly performed as an all-out one, 
if there are no contraindications or limiting factors. 
However, subjects occasionally do not demonstrate 
their plateau under the maximal loads, that is, their 
oxygen uptake stabilization. Instead, oxygen con-
sumption rises until the final exertion level, which 
opens space for a doubt whether the subject has 
exerted to his/her maximum or not. Therefore, to 
determine if the actual maximal values had been 
achieved in the test, the following criteria were 
also applied (Green & Dawson, 1996; Brisswalter, 
Legros, & Durand, 1996): 
1) 	 VO2 increment reached its plateau (the incre-

ment bellow 2 mL/kg/min or <5%) while load 
was still being increased 

2) 	 Heart rate ranged within up to 10 bpm, or 5% 
regarding the age-relative HR maximum 

3) 	 RQ (respiratory quotient) >1.10 or >1.15
4) 	 VE/VO2 (respiratory equivalent) >30
5) 	 Blood lactic acid concentration >8 mmol/L.

The first (aerobic) and the second (anaerobic) 
ventilatory thresholds were determined using 
V-slope method (higher increments of VCO2 than 
VO2); also VE/VO2 and VE/VCO2 changes were 
tracked according to Walsh and Davis (1990). The 

maximum oxygen uptake in VO2max test during any 
30-second interval was marked as the peak VO2 
(VO2max).	  
The conducted spirometry and spiroergometry pro-
vided the following variables:
1.	 vmax (km/h) − treadmill maximum speed
2.	 vant (km/h) − treadmill speed at the anaerobic 

threshold 
3.	 HRmax (bpm) − maximum heart rate 
4.	 HRant (bpm) – heart rate at the anaerobic 

threshold 
5.	 VO2max rel (ml/kg/min) – relative oxygen uptake 
6.	 VO2rel ant (ml/kg/min) – relative oxygen uptake 

at the anaerobic threshold

Statistical analysis
Basic statistical parameters of the variables were 

computed using descriptive statistical procedures: 
mean (Mean), standard deviation (SD), the mini-
mum (Min) and maximum (Max) value. Univariate 
analysis of variance (ANOVA) was employed (using 
Tukey’s post-hoc method) to establish significance 
of differences among the three independent groups 
of tennis players in means on every variable of basic 
morphological characteristics and fitness level of 
aerobic energy supplying ability. Significance was 
set at p<.05. Statistical analyses were carried out 
using Statistica 11.0 for Windows (StatSoft Inc., 
Tulsa, USA).

Results 
The average body height was 157.79±0.43 cm, 

170.43±9.86 cm, and 178.86±7.79 cm of U12, U14 

Table 1. Central and dispersive parameters of the variables and significance tests of the differences between U12, U14 and U16 
tennis players in morphological (1−3) and physiological (4−9) characteristics

Variables N U12 (n=20)
Mean± SD
Min-max

U14 (n=20)
Mean± SD
Min-max

U16 (n=20)
Mean± SD
Min-max

p

Body height (cm) 20 157.79±0.43
145.00-182.10

170.43±9.86
152.20-190.10

178.86±7.79
159.50-195.20

$, €, £

Body mass (kg) 20 45.07±7.68
31.00-59.50

56.56±10.22
39.70-69.00

66.85±7.38
52.00-79.00

$, €, £

% body fat 20 17.27±6.18
8.00-26.30

14.39±3.76
8.10-20.70

13.71±3.33
5.50-19.00

ns

vmax (km/h) 20 14.88±1.06
14.00-18.00

16.45±1.00
15.00-19.00

17.85±0.71
17.00-19.50

$, €, £

vant (km/h) 20 11.33±0.94
9.80-13.50

12.45±0.91
11.00-14.80

13.41±0.82
11.00-14.50

$, €, £

HRmax (beat/min) 20 200.45±7.27
184.00-214.00

197.15±8.96
186.00-217.00

198.30±8.30
180.00-212.00

ns

HRant (beat/min) 20 181.80±8.75
162.00-199.00

177.65±12.55
161.00-203.00

176.90±9.03
155.00-194.00

ns

VO2max rel (ml/kg/min) 20 57.15±5.24
46.60-69.00

57.80±5.65
46.70-70.13

59.99±5.47
48.30-68.60

ns

VO2rel ant (ml/kg/min) 20 47.85±4.17
39.90-54.10

48.37±5.80
37.50-62.32

50.07±4.93
41.80-60.40

ns

Note: vmax − treadmill maximum speed; vant − treadmill speed at the anaerobic threshold; HRmax − maximum heart rate; HRant − heart rate at the 
anaerobic threshold; VO2 max rel − relative oxygen uptake; VO2rel ant – relative oxygen uptake at the anaerobic threshold. Values are means±standard 
deviation(SD) and min−max; U12 – tennis players under 12 years; U14 – tennis players 12−14 years, U16 – tennis players 14−16 years; ANOVA: $ − 
significant U12:U14, p<.01, € − significant U12:U16, p<.01; £ − significant U14:U16, p<.01; ns – not significant.
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and U16 players, respectively. The differences 
in body height were significant (p<.01). If the 
significant differences (p<.01) in body mass are also 
taken into account (45.07±7.68 kg, 56.56±10.22 kg, 
66.85±7.38 kg for U12, U14, and U16, respectively), 
than a conclusion may be drawn that these results 
indicate the investigated subjects were, both chrono-
logically and biologically, in the period of intensive 
growth and maturation (Figures 1 and 2). Also, the 
differences in body fat percentage were noticed, but 
they were not significant. 

In the spiroergometry test the average maximum 
treadmill speed ranged from 14.88 to 17.85 km/h. 
More precisely, the average was 14−18 km/h, 15−19 
km/h, and 17−19.5 km/h for the U12, U14 and U16 
subjects, respectively. The treadmill speed at the 
anaerobic threshold ranged in U12 from 9.8 to 13.5 
km/h, in U14 11−14.8 km/h, and in U16 from 11 to 
14.5 km/h. 

A significant improvement in the energy supply-
ing abilities was established, mostly in the variable 
treadmill maximum speed (vmax; Fig. 3), in which the 
average for the U12 players was 14.87 km/h, for the 

U14 players it was 16.40 km/h and for the players 
up to 16 years of age 17.85 km/h. Statistically 
significant differences were obtained among all the 
three age groups at the significance level of p<.01, 
meaning that the older age category subjects were 
able to sustain a higher treadmill speed. Similar 
results were obtained in the variable assessing 
speed at the anaerobic threshold (vant; Figure 4) 
with the following averages: 1.32 km/h, 12.45 km/h 
and 13.41 km/h for the U12, U14 and U16 players, 
respectively. Almost a linear progression of results 
was obvious, making all the differences (U12 vs 
U14, U14 vs U16 and U12 vs U16) statistically 
significant at the reliability level of 0.99 (p<.01). 
Based on the previous two variables it can be stated 
that functional fitness improved linearly in the in-
vestigated sample. 

The obtained maximum heart rate values were 
184−214 bpm for U12, 186−217 bpm for U14, and 
180−212 bpm for U16 tennis players. The average 
heart rate at the anaerobic threshold was 162−199 
bpm, 161−203 bpm and 155−194 bpm in the U12, 
U14 and U16 subjects, respectively. 

Figure 1. Differences in body height (cm) values between U12, 
U14 and U16 tennis players.

Figure 2. Differences in body mass (kg) values between U12, 
U14 and U16 tennis players.

Figure 3. Differences in the treadmill speed (Vmax; km/h) 
among U12, U14 and U16 tennis players.

Figure 4. Differences in the treadmill speed at the anaerobic 
threshold (Vant; km/h) among U12, U14 and U16 tennis 
players.
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In the variable maximum heart rate (HRmax; 
Figure 5) no significant differences were obtained 
between the results of three age categories of tennis 
players (mean U12=200.45 bpm, U14=197.15 bpm, 
U16=198.30 bpm). This finding can be related to and 
explained by the obtained differences in treadmill 
speed. Namely, the individually achieved highest 
treadmill speed values increased progressively with 
age categories, and so did exertion. Also, lower 
values of heart rate at the anaerobic threshold 
were registered in U14 and U16 (HRant; Mean U12 
181.80 bpm; U14 177.65 bpm, U16 176.90 bpm), 
indicating a somewhat better physiological level 
of fitness. However, the differences between age 
categories in this variable were not statistically 
significant (Figure 6).

Relative oxygen uptake (VO2max) in U12 
averaged 57.15 ml/kg/min with the VO2rel ant ranging 
between 39.90−54.10 ml/kg/min. In U14 the average 
of VO2max was 57.80 ml/kg/min with the VO2rel ant 
ranging between 37.50−62.32 ml/kg/min. In U16 
tennis players the average relative oxygen uptake 

was 59.99 ml/kg/min and the values of relative 
oxygen uptake at the anaerobic threshold ranged 
between 41.80 and 60.40 ml/kg/min. 

Figures 7 and 8 make it obvious that no signifi-
cant differences were registered in either relative 
oxygen uptake or in the relative oxygen uptake at 
the anaerobic threshold between tennis players aged 
12, 14 and 16 years.

Discussion and conclusions
The statistically significant differences in the 

variables of body height and body mass between 
the participants 12, 14 and 16 years of age indicate 
they are in the stage of extensive growth. When the 
results obtained in the current study are compared 
to the results of the age-matched non-selected 
general population (Mišigoj-Duraković, 2008), it 
can be seen that our subjects are taller (6 cm) and 
heavier (5 kg) on average. If lower values of sub-
cutaneous fatty tissue in tennis players than in the 
non-selected general population members 14 and 
16 years of age are considered, then it is feasible 

Figure 7. Differences in relative maximal oxygen uptake 
(VO2max rel; ml/kg/min) among U12, U14 and U16 tennis 
players.

Figure 8. Differences in relative oxygen uptake at the 
anaerobic threshold (VO2rel ant; ml/kg/min) among U12, 
U14 and U16 tennis players.

Figure 5. Differences in maximum heart rate (HRmax; bpm) 
among U12, U14 and U16 tennis players.

Figure 6. Differences in heart rate at the anaerobic threshold 
(HRant; bpm) among U12, U14 and U16 tennis players.
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to say that the targeted tennis-specific training 
and physical conditioning had a positive effect on 
the muscular development and subcutaneous fatty 
tissue reduction. Consequently, active muscular 
mass has a greater contribution to the total body 
mass of young tennis players, which would also 
imply a greater contribution to higher levels of 
strength/power and, further, to a higher game-
play intensity as manifested in performance of 
some game elements: services, baseline shots, start 
acceleration and quick cuts. 

In the game of tennis the proportion of parti-
cular energy supply systems, i.e. aerobic and anae-
robic energy capacities, varies in relation to court 
surface characteristics (Kovacs, 2006; Barbaros 
Tudor, 2008), then in relation to individual tactics, 
game style, age category and gender of a player. 
The contribution of energy supplying systems in 
adult tennis players has been estimated as follows: 
70% anaerobic alactic (phosphagen), 20% anae-
robic lactic (glycolitic) system and 10% aerobic 
(cardiopulmonary) capacity (Crespo & Miley, 
1998). Based on the mentioned, tennis can be clas-
sified as a predominantly anaerobic sporting acti-
vity. However, a high level of aerobic fitness is also 
required in tennis, since it facilitates recovery of 
players between points, games and sets (during the 
so-called passive parts of a match), thus comprehen-
sively increasing fatigue tolerance (Davey, Thorpe, 
& Williams, 2002; Kovacs, 2006; Fernandez, 
Mendez-Villanueva, & Pluim, 2006). 

Since the number of ever younger tennis players 
involved in sports training and competition is grow-
ing, it is important to know what level of energy 
supply capacity fitness is indispensable, that is, which 
are age-related optimal referent values of functional 
fitness indicators. This implies an age-related con-
tribution of particular energy systems as well. For 
example, in children aged 12−14 years aerobic 
energy capacity is the most performance-relevant in 
tennis (Novak, Barbaros Tudor, & Matković, 2006), 
probably due to a lower play intensity (in younger-
aged children) and longer point duration, both of 
which make aerobic endurance the most important 
contributor to tennis performance, especially at 
the end of a match (Banzer, et al., 2007; Girard, et 
al., 2006). The here observed tennis players (U12, 
U14 and U16) are still in the period of growth, so 
their morphological characteristics as well as their 
energy supply (functional) capabilities are still 
developing. Therefore, the obtained progression 
of fitness indicators across age categories can be 
partially attributed to the biological determinants 
of growth and development, but they can also be 
regarded as the effects of the well programmed, 
managed and monitored tennis-specific training 
programmes and physical conditioning. 

Some authors, for example Crespo and Miley 
(1998), indicate that players aged up to 12 years win 

their matches primarily due to their better technical 
skills, whereas importance of aerobic fitness pro-
gresses from that age throughout the phase of pu-
berty until after the age of 16, when aerobic fitness 
should be developed to the level expected for high-
performance tennis players, thus becoming a very 
important performance factor. 

Therefore, when working with trainees of that 
age (12−16 years), tennis teachers and coaches 
should continually implement physical condition-
ing programmes of basic and versatile nature to 
adequately prepare their young athletes for more 
intensive training programmes aiming at the deve-
lopment of anaerobic capacities, explosive strength, 
power, and agility, within the frame of a more 
detailed tennis-specific and situational physical 
conditioning. 

The findings of the current study are similar 
to the findings of recent investigations on aerobic 
capacity of tennis players up to the age of 12 and 
14 years (Novak, et al., 2006; Petračić, Šentija, & 
Novak, 2007), hence it becomes obvious that almost 
identical results were obtained in particular fitness 
(functional) variables (for example, VO2max 57.49  
vs 56.50 ml/kg/min). Therefore, the inference can 
be drawn that the assessed functional fitness of our 
subjects is in conformity with their age and sport-
specific demands. 

However, the comparison with not so recent 
studies reveals that the young athletes U12 and 
U14 from the current study improved their aerobic 
capacity. This progress can probably be attributed 
to a larger sports training volume the present-day
generations of tennis players are subjected to than 
the generations of players ten years ago (Janković, 
Ružić, & Matković, 2004; Petračić, 2005). This 
corroborates the assumption that the implemented 
physical conditioning programmes, focused specifi-
cally on the development of aerobic and anaerobic 
energy systems, respected critical phases in the de-
velopment of aerobic endurance.

Though no significant difference was obtained, 
we would like to highlight somewhat better aerobic
capacity values in tennis players 14–16 years of 
age as manifested in a higher level of oxygen con-
sumption at the anaerobic threshold. The statis-
tically significant differences among the measured 
parameters were obtained in two variables: maxi-
mum treadmill speed (p<0.01) and treadmill speed 
at the anaerobic threshold (p<.01). The comparison 
of those findings with the findings from previous 
research studies (Reid & Schneiker, 2008; Novak, 
et al., 2006; Petračić, et al., 2007) reveals that 
our subjects achieved somewhat higher values of 
maximum running speed and running speed at the 
anaerobic threshold. Thus, because our subjects 
were better fitted to sustain higher loads, we can 
presume that more attention had been paid to 
quality of physical conditioning during the previous 
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perennial training process of the investigated 
sample of tennis players (12, 14 and 16 years of 
age) and that the focus had been on the functional 
capacity developmental programmes. 

When the current study findings are juxtaposed 
to the results of adult elite tennis players, it becomes 
obvious that older tennis players of junior and senior 
age category have a larger muscle mass and that is 
why they can generate stronger services and baseline 
shots. This regularly results in a comprehensive 
acceleration of game-play (Morante, 2006; Kovacs, 
2006; Fernandez, et al., 2006; Weber, 2007) with the 
average point play duration of 4−10 s (Pluim, 2006), 
or 3−15 s (Kovacs, 2006), and consequently to a more 
intensive anaerobic load during play. Despite the 
mentioned, a high level of aerobic fitness is still very 
important in high-performance adult tennis players. 
Namely, aerobic capacity is expected to ensure not 
only proper recovery and injury prevention, but it 
should also foster performance consistency during 
a long-lasting competition period. Commonly, the 
maximal oxygen consumption is investigated as 
an indicator of functional fitness. In adult high-
performance tennis competitors it usually ranges 
between 44−60 ml/kg/min, with most studies 
indicating values over 50 and even 55 ml/kg/min 
(Kovacs, 2006; Green, Crews, & Bosak, 2003; 
Bergeron, et al., 1991; Christmass, Richmond, & 
Cable, 1994; Bergeron, Armstrong, & Maresh, 
1995). Such values of oxygen consumption classify 
senior tennis players among aerobically very well 
prepared athletes (Green, et al., 2003). 

In this respect we can assert that functional 
fitness of our tennis players U12, U14 and U16 is 
in line with the requirements of high-performance 
tennis. Although it has been established that the 
greatest biological increase in values of maximum 
oxygen consumption in young MEN occurs between 
14 and 15 years of age (Reid & Schneiker, 2008; 
Crespo & Miley, 1998; Malina & Bouchard, 1991; 
Issurin, 2008), with its continual progression up to 
adult age, it must be stressed that no significant dif-
ference was obtained in the current study between 
the subjects 14 and 16 years of age in the values of 
maximum oxygen consumption. The mentioned can 
be explained through oxygen uptake results of the 
U12 and U14 tennis players which differed signi-
ficantly from the results of general population peers 
(Malina & Bouchard, 1991; Medved, Matković, 
Mišigoj-Duraković & Pavičić, 1989; Prebeg, 2002; 
Živičnjak, 1994).

The findings of the current study suggest a final 
consideration regarding an optimal level of func-
tional fitness, particularly aerobic capacity as a key 
factor of aerobic endurance of the population of the 
Croatian tennis players aged 12–16 years. Apparent-
ly, physical conditioning of the observed sample of 

young tennis players, and especially the development 
of their aerobic fitness, was properly conducted. 
So, an assertion is viable that all the preconditions 
have been created to expose those tennis players to 
more demanding sports preparation programmes 
in the next phases of their sports development. In 
these programmes other important components 
of integral fitness should be addressed as well to 
enhance play and competition performance in ju-
nior and mature adult/senior age category. 

The present study analysed the differences 
in basic morphological characteristics and in the 
parameters assessing aerobic energy capacity 
between tennis players 12, 14 and 16 years of age. 
The significant differences were established in the 
variables treadmill maximum speed and treadmill 
speed at the anaerobic threshold during the pro-
gressive load test. No statistically significant dif-
ferences were established in other variables. It is 
feasible to presume that training stimuli of physical 
conditioning and of technical-tactical training, as 
well as tennis competitions had positive effects on 
the development of energy supply physiological 
systems in the investigated teenagers playing 
tennis. Yet, the influence of biological motor and 
psycho-social maturation must not be exclu-ded 
from the consideration, since it probably rein-
forced transformation effects of training program-
mes, competitions and recovery measures applied 
to players of that age. Intensive growth and develop-
ment at this age causes increases of body height and 
body mass in 16-year olds, and those increments in 
body height and body mass are still significant in 
adolescent men as opposed to the same parameters 
in younger age boys in whom these values are 
almost insignificant. Since these morphological 
measurements are used to compute relative oxygen 
consumption, it might be presumed that they also 
affected the obtained differences in the objectively 
assessed levels of aerobic energy capacity. 

This fitness to sustain high workloads and 
ability to recover quickly may also contribute to 
self-confidence and psychological stability of tennis 
players, which eventually enhances their perfor-
mance and sports achievements (Crespo, Reid, & 
Quinn, 2006).

The current findings suggest optimal level of 
morphological characteristics and functional ca-
pacities, especially of the aerobic energy supply 
capacity in the observed Croatian tennis players 
12 to 16 years of age. Active muscular mass has 
ever greater contributions to total body mass. The 
achieved level of aerobic fitness should satisfy 
energy requirements imposed by prolonged training 
sessions and matches, as well as ensure effective 
restoration of depleted anaerobic energy resources. 



Barbaros Tudor, P., et al.: MORPHOLOGICAL AND PHYSIOLOGICAL PROFILE... Kinesiology 47(2015)1:82-90

89

References 

Banzer, W., Thiel, C., Rosenhagen, A., & Vogt, L. (2008). Tennis ranking related to exercise capacity. British Journal 
of Sports Medicine, 42, 152-154.

Barbaros Tudor, P. (2008). Fiziološko opterećenje tenisača prilikom susreta na različitim podlogama. [Physiological 
loads of tennis players induced by playing on different court surfaces. In Croatian.] (Unpublished doctoral 
dissertation, University of Zagreb). Zagreb: Faculty of Kinesiology, University of Zagreb. 

Bergeron, M.F., Armstrong, L.E., & Maresh, C.M. (1995). Fluid and electrolyte losses during tennis in the heat. Clinics 
in Sports Medicine, 14, 23-32.

Bergeron, M.F., Masesh, C.M., Kramer, W.J., Abraham, A., Conroy, B., & Gabaree, C. (1991). Tennis: A physiological 
profile during match play. International Journal of Sports Medicine, 12(5), 474-479.

Brisswalter, J., Legros, P., & Durand, M. (1996). Running economy, preferred step length correlated to body dimensions 
in elite middle distance runners. Journal of Sports Medicine and Physical Fitness, 36, 7-15. 

Carter, J.E.L., & Heath, B.A. (1992). Somatotyping – Development and applications. Cambridge: Cambridge University 
Press.

Christmass, M.A., Richmond, S.E., & Cable, N.T. (1994). A metabolic characterization of single tennis. In Science 
and Racket Sports (1st ed.; pp. 3-9). London: E&FN Spon. 

Crespo, M., & Miley, D. (1998). Advanced coaches manual. International Tennis Federation. Champaign, IL: Human 
Kinetics. 

Crespo, M., Reid, M., & Quinn, A. (2006). Tennis psychology: 200+ practical drills and the latest research. International 
Tennis Federation. 

Davey, P.R., Thorpe, R.D., & Williams, C. (2002). Fatigue decreases skilled performance. Journal of Sport Sciences, 
20, 311-318.

Fernandez, J., Mendez-Villanueva, A., & Pluim, B. (2006). Intensity of tennis match play. British Journal of Sports 
Medicine, 40(5), 387-391.

Girard, O., Chevalier, R., Leveque, F., Micallef, J.P. & Millet, G.P. (2006). Specific incremental field test for aerobic 
fitness in tennis. British Journal of Sports Medicine, 40(5), 791-796.

Green, M., Crews, T.R., & Bosak, A.M. (2003). A comparison of respiratory compensation thresholds of anaerobic 
competitors, aerobic competitors and untrained subjects. European Journal of Applied Physiology, 90, 608-613.

Green, S., & Dawson, B.T. (1996). Methodological effects on the VO2-power regression and the accumulated O2 deficit. 
Medicine and Science in Sports and Exercise, 28(3), 392-397.

Issurin, V. (2008). Block periodization. Muskegon, MI: Ultimate Athlete Concepts.
Janković, G., Ružić, L., & Matković, B. (2004). Aerobic capacity of tennis players 10-12 years old. Croatian Sports 

Medicine Journal, 19(1-2), 5-9.
Kovacs, M.S. (2006). Applied physiology of tennis performance. British Journal of Sports Medicine, 40(5), 381-386.
Malina, R.M., & Bouchard, C. (1991). Growth, maturation and physical activity. Champaign, IL: Human Kinetics. 
Medved, R., Matković, B., Mišigoj-Duraković, M., & Pavičić, L. (1989). Some physiological-functional indicators in 

children and young men from 8 to 18 years of age. Croatian Sports Medicine Journal, 21(1-2), 5-9.
Milanović, D., & Heimer, S. (1997). Dijagnostika treniranosti sportaša. [Diagnostics of preparedness. In Croatian.] In 

D. Milanović & S. Heimer (Eds.), Proceedings of International Symposium. “Diagnostics in Sports“ (pp. 3-6). 
Zagreb: Faculty of Physical Education. 

Mišigoj-Duraković, M. (2008). Kinantropologija. [Kinanthropology. In Croatian.] Zagreb: Faculty of Kinesiology.
Mišigoj-Duraković, M. (1996). Morfološka antropometrija u sportu. [Morphological anthropometry in sport. In 

Croatian.] Zagreb: Faculty of Physical Education, University of Zagreb. 
Morante, S. (2006). Training recommendations based on match characteristics of professional singles tennis. Medicine 

and Science in Tennis, 11(3), 10-12.
Novak, D., Barbaros Tudor, P., & Matković, B. (2006). Relations between functional capabilities and competitive 

performance of tennis player 12 to 14 years old. Croatian Sports Medicine Journal, 21(1), 26-31.
Novak, D., Šentija, D., Vučetić, V., Čanaki, M., & Barbaros Tudor, P. (2005). Progression of morphological, motor and 

functional characteristics of an elite tennis player from age 13 to 16. In D. Milanović & F. Prot (Eds.), Proceedings 
Book of 4th International Scientific Conference «Science and Profession − Challenge for the Future», Opatija 
(pp. 592-595). Zagreb: Faculty of Kinesiology, University of Zagreb.

Petračić, T. (2005). Funkcionalne sposobnosti tenisačica i tenisača 12-14 godina. [Functional capabilities of male and 
female tennis players 12 to 14 years old. In Croatian.] (Unpublished graduation thesis, University of Zagreb). 
Zagreb: Faculty of Kinesiology, University of Zagreb. 

Petračić, T., Šentija, D., & Novak, D. (2007). Functional capabilities of tennis players U14. In I. Jukić, D. Milanović & 
S. Šimek (Eds.), Proceedings Book of 5th International Conference on Physical Conditioning, 2007 (pp. 304-
307). Zagreb: Faculty of Kinesiology, University of Zagreb; Croatian Strength and Conditioning Association. 

Pluim, B. (2004). Physiological demands of the game. From break point to advantage: A practical guide to optimal 
tennis health and performance (pp. 17-23). Vista, CA: USRSA. 



Kinesiology 47(2015)1:82-90Barbaros Tudor, P., et al.: MORPHOLOGICAL AND PHYSIOLOGICAL PROFILE...

90

Prebeg, Ž. (2002). Growth of school children in Croatia in the last decade of the second millennium. Liječnički vjesnik, 
124(1-2), 3-9. 

Reid, M., & Schneiker, K. (2008). Strength and conditioning in tennis: Current research and practice. Journal of 
Science and Medicine in Sport, 11(3), 248-256.

Siri, W.E. (1956). The gross composition of the body (pp. 239-280). New York: Acad Press.
Walsh, S.D., & Davis, J.A. (1990). Noninvasive lactate threshold detection using the modified V-slope method with 

non-breath-by-breath data. Medicine and Science in Sports and Exercise, 22, S56. 
Weber, K. (2007). Significance of running speed in high quality performance. An integrated approach to coaching 

advanced players. In 15th ITF Worldwide Coaches Conference, Asuncion, Paraguay (pp. 1-4). International 
Tennis Federation.

Weiner, J.S., & Lourie, J.A. (1969). Human biology: A guide to field methods. Oxford, UK: Blackwell Science. 
Živičnjak, M. (1994). Dinamika promjena antropometrijskih karakteristika i ventilacijske funkcije pluća dječaka i 

djevojčica u dobi od 11.5 do 14.5 godina. [Dynamics of changes in anthropometric characteristics and pulmonary 
functions of boys and girl aged 11.5 to 14.5 years. In Croatian.] (Unpublished doctoral dissertation, University 
of Zagreb). Zagreb: Faculty of Physical Education, University of Zagreb.

Submitted: October 9, 2014
Accepted: May 6, 2015

Correspondence to:
Prof. Petar Barbaros Tudor, Ph.D.
Faculty of Kinesiology, University of Zagreb
Horvaćanski zavoj 15
10000 Zagreb, Croatia
Phone: +385 91 3097978
E-mail: petar.barbaros.tudor@kif.hr


