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did not differ between the two sexes.
There were no significant correlations between COP 

(minimum VE/VO2) and any measured cardiorespiratory 
parameter. Nevertheless, the ml/kg/min values of VO2 at 
the COP time point (VO2COP) were significantly correlat-
ed with VO2max when expressed in ml/kg/min (r =0.564, 
p =0.004) as well as with VO2 (ml/kg/min) at the anaero-
bic threshold (VO2AT) (r =0.579, p =0.003).

Discussion
Volleyball is a sport that incorporates both aerobic 

and anaerobic components. Sufficient cardiorespiratory 
fitness is necessary for long-duration matches. The aero-
bic performance in sport endurance events depends on 
three significant components: VO2max, VT, and work 
economy. VO2max corresponds to the maximal oxygen 
consumption that can be measured during an incremental 
exercise test. Previous studies in soccer and volleyball 
players have shown a significant relationship between 
VO2max and distance covered during a match10. Addi-
tionally, Haritonidis et al showed that VO2max in elite 
male volleyball players presents significant variation 
from 47.0 ml/kg/min up to 51.5 ml/kg/min during the 
annual training season, concluding that the physiologi-
cal demands of the game in combination to the training 
plan for increased performance according to the targeted 
goals, specify the level of aerobic capacity during the 
sports season10. 

There is limited information about the effect of ex-

ercise training on cardiorespiratory adaptation in elite 
adolescent volleyball players. Aerobic capacity in young 
athletes is mainly dependent on the load of training. Faiz-
rakhmanov et al, showed that the growth of skills among 
young volleyball players is largely due to the increase in 
the level of special endurance11. An effective system of 
control and development of individual endurance plays 
an important role in this regard. Such a system for young 
volleyball players has only partially been developed; the 
specifics of its application in age groups of 13-18 years 
are not sufficiently defined and specified11. Distinctive 
endurance of young volleyball players is characterized 
by a complex of major unique physical qualities and 
functional capabilities that are necessary for perform-
ing technical and tactical actions in the process of train-
ing and competitions with high efficiency and economy. 
Complex assessment of the individual endurance con-
sists of indicators of jumping, speed, and game endur-
ance4,12. From a general perspective, studies have shown 
that a player’s best performance is approximately eight to 
twelve years after the theoretical specialization age (16 
years old or later) and even later for setters and liberos. 
The so-called “ten-year rule” is not followed when it is 
taken as a reference from the theoretical starting age in 
volleyball (nine to twelve years old). It seems that long 
specialized training after general individual training is 
necessary. The acquisition of training and competitive 
experience during a minimum of 10 to 12 years is neces-
sary to achieve peak performance, in addition to the ideal 

Table 2: Cardiopulmonary exercise data 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

HRAT (beats/min) 168.08 ± 15.96 161.45 ± 15.94 173.69 ± 14.22 0.059
HRmax 191.71 ± 6.66 192.36 ± 7.15 191.15 ± 6.47 0.668
Time to exhaustion (min:sec) 12:07 ± 01:14 13:09 ± 00:56 11:14 ± 00:35 0.001
sBPmax (mmHg) 153.33 ± 10.80 157.73 ± 10.34 149.62 ± 10.10 0.065
dBPmax (mmHg) 63.33 ± 9.05 65.00 ± 8.06 61.92 ± 9.90 0.419
VO2max (ml/kg/min) 50.07 ± 7.68 56.32 ± 6.36 44.78 ± 3.65 0.001
VO2max (ml/min) 3108.71 ± 595.37 3606.73 ± 464.03 2687.31 ± 283.23 0.001
VO2max predicted (%) 113.11 ± 12.78 121.42 ± 11.04 106.08 ± 9.72 0.002
VO2AT (ml/kg/min) 34.44 ± 7.92 34.81 ± 10.13 34.13 ± 5.87 0.840
VO2AT (ml/min) 2104.21 ± 434.27 2204.18 ± 504.26 2019.62 ± 364.21 0.310
VelocityAT (km/hr) 6.29 ± 0.70 6.21 ± 0.87 6.35 ± 0.54 0.624
RERmax 1.20 ± 0.08 1.19 ± 0.07 1.21 ± 0.09 0.525
RERAT 0.97 ± 0.02 0.98 ± 0.02 0.97 ± 0.02 0.867
COP (VE/VO2) 20.15 ± 2.11 19.81 ± 1.29 20.44 ± 2.63 0.480
VO2COP (ml/kg/min) 24.05 ± 11.04 27.32 ± 12.84 21.29 ± 8.84 0.189
VelocityCOP (km/hr) 3.61 ± 0.83 3.41 ± 0.89 3.78 ± 0.76 0.289
HRCOP (beats/min) 132.71 ± 16.77 121.73 ± 9.77 142.00 ± 15.97 0.001
Values are expressed as mean ± standard deviation. n: number, HRAT: heart rate at the anaerobic threshold, HRmax: maximal heart rate, sBPmax: 
maximal systolic blood pressure, dBPmax: maximal diastolic blood pressure, VO2max: maximal oxygen uptake, VO2AT: oxygen uptake at the 
anaerobic threshold, VelocityAT: velocity at the anaerobic threshold, RERmax: maximal respiratory exchange ratio, RERAT: respiratory exchange 
ratio at the anaerobic threshold, COP: cardiorespiratory optimal point, VO2COP: oxygen uptake at the cardiorespiratory optimal point, Veloci-
tyCOP: velocity at the cardiorespiratory optimal point, HRCOP: heart rate at the cardiorespiratory optimal point.


