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Methods
Participants

The study group comprised 11 adolescent male (mean 
age 15.18 ± 0.75 years old) and 13 female (mean age 
14.77 ± 0.44 years old) volleyball players. The partici-
pants were a part of the Greek national adolescent volley-
ball team that originated from Northern Greece. The sub-
jects had no cardiovascular, orthopedic, or other medical 
problems, and no athlete was excluded. The participants 
were asked not to change their sleeping, eating, or drink-
ing habits during the study. Nevertheless, all subjects had 
to avoid drinking any caffeinated and alcoholic bever-
ages or using any ergogenic aids for at least two days be-
fore the experimental procedures. All measurements took 
place in the middle of the competitive season. The pro-
tocol of the study is in agreement with the principles of 
the Declarations of Helsinki (1964), and it was approved 
by the Ethics Committee of the School of Physical Edu-
cation & Sport Science of Aristotle University of Thes-
saloniki. Before data collection, the participants were 
informed of the requirements of the study and provided 
written informed consent.

Maximal exercise test
Each volleyball player underwent a graded maximal 

stress test on a motorized treadmill [h/p/cosmos pulsar, 
Nussdorf-Traunstein, Germany] in order to obtain VO2 
max, VT, and maximal heart rate (HRmax). Bruce’s ex-
ercise protocol was performed. Each athlete was exer-
cised until exhaustion in a properly climatized room (23 
oC air temperature, 50 % relative humidity). Breath-by-
breath ventilation and gas exchange were continuously 
analyzed via an automated pulmonary/metabolic gas 
exchange system (Oxycon Pro-Jaeger, Wurzburg, Ger-
many) during the exercise with the data averaged to five 
seconds for analysis. The following criteria were used 
to document that VO2max was achieved: i) a lack of in-
crease in VO2 upon an increase in work rate, ii) respira-
tory exchange ratio >1.10, and iii) an HRmax higher than 
85 % of the age-predicted value (HRmax =220 - age). 

VO2max was recorded as the highest oxygen consump-
tion value in the final 30 seconds of the test. The VT was 
determined according to the V-slope method as the point 
at which an abrupt increase of ventilation (VE) was ob-
served, and a sustained increment in VE/VO2 ratio oc-
curred. Moreover, the velocity and the VO2 at the VT 
point were also detected. HR responses were monitored 
continuously during the maximal stress test.

Determining the COP
The COP was obtained by identifying the lowest VE/

VO2 ratio at any given minute of the CPX test, being, 
thus, a non-dimensional parameter. Additionally, the VO2 
and the running velocity in the treadmill protocol at COP 
were recorded.

Statistical analysis
All values are expressed as mean ± standard deviation 

(SD). The normality of the sample distribution was ascer-
tained with the Shapiro-Wilk test, and independent sam-
ples t-test was utilized to determine differences between 
male and female volleyball players. Correlation analysis 
was performed according to Pearson’s since there was a 
normal distribution in the samples. The statistical analy-
sis was performed with IBM SPSS Statistics for Win-
dows, Version 25.0. (IBM Corp., Armonk, NY, USA). 
Significance for all tests was set a priori at p <0.05.

Results
The anthropometric data and the training characteris-

tics of the young players did not differ significantly be-
tween the two sexes except the resting values of systolic 
blood pressure (Table 1). The results of the maximal CPX 
on the treadmill are presented in Table 2. There was a ten-
dency for higher maximal systolic blood pressure (sBP-
max) by approximately eight mmHg in males compared 
to females while the HR at the VT tended to be higher 
in females by approximately 12 beats/min compared to 
males, but these findings were not statistically significant 
(p =0.065 and p =0.059, respectively). The COP values 

Table 1: Physical and training characteristics of the 11 adolescent male and 13 female volleyball players who underwent 
maximal exercise treadmill test.

Total
(n =24)

Males
(n =11)

Females
(n =13) p

Age (years) 14.95 ± 0.62 15.18 ± 0.75 14.77 ± 0.44 0.108
Height (cm) 172.75 ± 5.67 174.36 ± 6.55 171.38 ± 4.65 0.207
Weight (cm) 62.08 ± 7.18 64.45 ± 8.80 60.07 ± 4.99 0.140
BSA (m2) 1.73 ± 0.12 1.78 ± 0.14 1.70 ± 0.08 0.144
Years of training 4.41 ± 1.24 3.33 ± 1.53 4.78 ± 0.97 0.078
Training sessions/wk 5.50 ± 0.74 5.55 ± 0.89 5.46 ± 0.66 0.777
Training mins/wk 115.50 ± 21.81 108.75 ± 20.83 120.00 ± 22.16 0.270
HRrest (beats/min) 71.83 ± 10.62 72.55 ± 13.66 71.23 ± 7.75 0.770
sBPrest (mmHg) 114.58 ± 7.77 119.09 ± 7.35 110.77 ± 10.17 0.034
dBPrest (mmHg) 70.42 ± 4.40 71.36 ± 5.05 69.62 ± 3.80 0.344

Values are expressed as mean ± standard deviation. n: number, BSA: body surface area, HRrest: heart rate at rest, sBPrest: systolic blood pressure 
at rest, dBPrest: diastolic blood pressure at rest.


