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ABSTRACT

Background: Dynamic change of the pulmonary oxygen uptake is one of the core parameters determining the
bodies’ adaptability to the varying physical load. It is equally important in both everyday life and sports. Regardless
of the importance, this physiological mechanism is understudied, especially in younger population. Therefore, the
aim of this study was to examine oxygen uptake kinetics at the onset and offset of exercise in terms of basketball
training and maturity level in adolescent boys.

Methods: Our subjects were 28 basketball-trained (BT) and 22 actively untrained (UT) boys (average age:
11.83 + 0.43 years). Subjects performed 6-minute-long constant speed walking tests on a treadmill and a static re-
covery afterwards with a 1-year interval between the sessions to determine oxygen uptake, heart rate, and muscle
oxygenation time constants and other parameters. Maturity level was determined by the maturity offset.

Results: Basketball-trained group showed faster oxygen uptake kinetics (1% session: 13.10 + 2.68 s and
15.02 £ 2.96 s in basketballers and control-group boys, respectively; 2™ session: 12.02 &+ 2.86 s and 14.07 + 4.18 s)
during both testing sessions, while heart rate kinetics were faster in basketballers only during the 1% session
(28.15 £ 10.59 s compared to 37.18 + 15.23 s). Maturity level in both groups correlated with some of the kinetics

parameters during the 2™ session.

Conclusion: Young basketballers possess a faster on-transient oxygen uptake kinetics compared to their un-
trained peers because of the improved oxygen delivery and utilisation. A possible maturational threshold regarding
pulmonary oxygen uptake kinetics in adolescents should be investigated in the future.
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1. INTRODUCTION

port improves health and well-being (Bize

et al., 2007), therefore leisure-time physical

activity is widely spread in all population
groups. Basketball is one of the most popular sports
in the world (Ziv & Lidor, 2009), and because of the
fun and game-based nature, it is a frequent choice
among children (FIBA, 2023). High level of both
aerobic and anaerobic capacity seems essential
for elite basketball players, and participation in
basketball training improves these abilities (Ben
Abdelkrim et al., 2010). Aerobic fitness (AF) may
be defined as the ability to deliver oxygen to the
working muscles and to utilise it there for energy
production (Armstrong et al., 2011). Peak oxygen

uptake (VOzpeak) is most commonly known as a
criterion measure of AF (Welsman & Armstrong,
2019). On the other hand, in many sports and in
everyday life VOzpeak i§ rarely achieved, hence
transient VO, ‘kinetics (VO,) may be at least as
important as VO,peak in defining the individual
AF profile (Fawkner & Armstrong, 2003). It has
been shown that faster V02 kinetics can delay
fatigue (Glaister, 2005) by a faster replenishment of
phosphocreatine level inside the muscles between
the bouts of high-intensity activity (Latzel et al.,
2018).

Extensive data on \702 is available in adult
population, although there is still little consensus
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on this topic in youth, especially in terms of how it
is affected by age, maturity, and training status (Mc-
Narry, 2019). Obert et al. (2000) reported no signif-
icant difference in the Phase II of VOZ. However, in
another study a significant difference was observed
between trained and untrained adolescent football
players when appropriate mode of exercise was
applied (Marwood et al., 2010). Dynamics of \'/O2
can be affected by both oxygen delivery and oxygen
utilisation mechanisms (Tschakovsky & Hughson,
1999), and the near-infrared spectroscopy (NIRS)
allows to noninvasively measure the balance be-
tween these two processes by detecting changes in
deoxyhemoglobin (HHDb) in the working muscle.
Data on how V02 is affected by age and matu-
rity is also contradictory. On one side, Phase II time
constant (t) was found to be similar in paediatric
and adult populations (Hebestreit et al., 1998). After
further studies, it was suggested that the Phase II re-
sponse to exercise is fully mature in early childhood
and remains unchanged until adulthood (Fawkner
& Armstrong, 2004b). On the other hand, other au-
thors reported Phase II 7 to be significantly faster in
children compared to adults, mainly because of the
enhanced oxidative metabolism in youth (Fawkner
et al., 2002; Leclair et al., 2013). Hence, additional
data is needed to bring more clarity to this topic.
To our knowledge, \702 of young basketball
players at the onset and offset of exercise was never
reported before. In addition, only two earlier stud-
ies evaluated not only the effect of age but also the
effect of maturity status on \'/O2 in children (Don-
caster et al., 2018; Mcnarry et al., 2012). Since im-
proved pulmonary oxygen uptake kinetics has the
potential to delay fatigue, it is crucial to extend our
knowledge regarding the timing, tempo, and train-
ability of this physiological parameter. Given these
and the aforementioned reasons, the purpose of
this study was to examine oxygen uptake kinetics
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at the onset and offset of exercise in young basket-
ball-trained boys in comparison with their sedentary
peers. Based on earlier studies, we hypothesise that
young male basketballers would show faster on-tran-
sient V02 and off-transient HHb compared to their
untrained peers. Secondly, we believe that the pa-
rameters of pulmonary oxygen uptake kinetics would
correlate with the maturity level of young boys.

2. METHODS

Subjects

A total of 87 young age boys volunteered to
participate in our study. Thirty-seven of them
skipped the 2™ testing session and were excluded,
therefore we analysed the data of 50 (age during the
first session: 11.83 + 0.429) subjects who attended
both sessions. They were separated into two groups:
basketball-trained (BT) and control group (CQ),
and there were 28 boys in BT group and 22 boys in
CG. More descriptive and anthropometric data can
be found in Table 1.

BT subjects were recruited from two local bas-
ketball schools. CG in our study consisted of 22
boys from a nearby public school. BT boys were
attending practice sessions three or more times/
week, while CG subjects were attending physical
education classes and no more than two leisure time
practice sessions of any kind per week.

All subjects from both groups were healthy and
had no chronic diseases. They had doctors’ approv-
als to participate in high-intensity training activities.
Subjects and their parents/guardians were given a
written explanation of our survey and afterwards
only those who volunteered and had their parents’/
guardians’ permission were allowed to participate.
Written consents were signed by boys and their par-
ents/guardians before starting any tests.



Eligijus Macinskas, Loreta Stasiulé, Kestutis Puzas, Arvydas Stasiulis
PULMONARY OXYGEN UPTAKE KINETICS ASSESSMENT IN BASKETBALL-TRAINED BOYS DURING EARLY ADOLESCENCE

Table 1. Descriptive Basketball-trained boys

and anthropomet- Control group boys (n = 22)

ric characteristics of (n=28)

basketball-trained and gnd testing 15t testing gnd testing ses-

untrained boys during 1% testing session . . .

both testing sessions session session sion
Characteristics mean SD mean | SD | mean | SD | mean SD
Age (years) 11.84 038 | 12.88%| 0.40 | 11.81 | 0.49 | 12.88* 0.56
Height (cm) 1584 *| 6.5 165.7#%| 73 | 1543 | 7.6 | 162.4* 9.1
Weight (kg) 44.09 744 | 5031*%|9.57 | 43.68 | 7.97 | 48.96* 8.76
BMI (kg/m?) 17.48 1.96 | 18.18#| 2.28 | 1823 | 2.19 | 18.50 2.34
FFM (kg) 38.79 541 | 4437*%|7.17 | 36.72 | 5.57 | 41.74* 6.72
Fat percentage (%) | 11.6 * 4.5 11.3 4.2 154 | 4.8 13.5 5.2
APHYV (years) 13.61 0.38 13.56 | 0.49 | 13.79 | 0.39 | 13.79 0.56
Offset (years) -1.73 | 046 |-0.65%]0.54 | -1.98 | 0.59 | -0.92%| 0.77
PAT (h/week) 8.07 * 2.19 8.84* | 240 | 4.01 1.62 4.05 1.83

Notes: * — significant difference between-groups on certain testing sessions (p < 0.05)

, * — significant difference

within-groups between testing sessions (p < 0.05). BMI — body mass index; FFM — fat-free mass; APHV — age at
peak-height velocity;, PAT — high-intensity physical activity time; SD — standard deviation.

Study design

Subjects from both groups participated in two
testing sessions with one year in between. The tests
were conducted in spring because it is the end-sea-
son of children basketball leagues and young players
are usually at their peak form at this time of the year.

Anthropometric measurements were collected
at the beginning of each session. Vertical stadiome-
ter (Leicester HM-250P, Marsden, Rotherham, UK)
was used to measure standing height and sitting
height. Weight, body-mass index (BMI), fat-free
mass (FFM), and fat percentage were measured
automatically using a leg-to-leg body composition
analyser (TBF-3004, Tanita, Tokyo, Japan).

A written informed consent was obtained from
all participants and their parents or guardians be-
fore conducting the tests. The study was approved
by the Lithuanian National Committee for Bioeth-
ics (date: 30/05/2018; No. BE-2-28) and adhered to
the guidelines of the declaration of Helsinki.

6 km/h walking test

Subjects performed two identical 6-min-
utes-long constant speed walking tests on a tread-
mill (Lode, Lode BV Medical Technology, Gronin-
gen, the Netherlands). This test was selected due to
its similarity to everyday life in terms of walking
speed and distance. Secondly, our young subjects
were easily mastering the test procedure enabling
us for a more seamless examination. First phase
of each test was a 3 min slow walk at the constant
3 km/h speed and 1% incline to get used to the pro-
cedure and the treadmill. Afterwards, subjects dis-
mounted the treadmill belt and had 1 min of rest.
Average value of each cardiorespiratory parameter
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during the last 30 s of rest were used as baseline val-
ues. During 1 min of rest, the speed and the inclina-
tion of the treadmill belt were increased to 6 km/h
and 4% incline. After stepping on a treadmill belt
again, subjects continued walking for 6 min. Tread-
mill automatically stopped after 6 min and partici-
pants had to lay down calmly on a bunk bed placed
nearby for additional 5 min while their recovery pa-
rameters were being recorded. Two identical walk-
ing tests were separated by a 1-hour passive break.

Data recording

Portable gas analyser (Oxycon™ Mobile, Jae-
ger Inc., Hoechberg, Germany) was used to contin-
uously record oxygen consumption of the subjects.
\702 change was recorded and saved on a breath-
by-breath basis. Gas analyser was calibrated before
each measurement using a gas mixture of known
concentration and the procedures provided by the
manufacturer.

Chest-placed heart rate monitor (Polar S810,
Polar Electro Oy, Kempele, Finland) continuous-
ly recorded HR of subjects. HR was presented and
saved parallelly to VO2 data in the software provid-
ed by the manufacturer of the gas analyser.

Local HHb was recorded using three NIRS
devices (Moxy, Fortiori Design LLC, Hutchinson,
MN, USA). The devices were attached to the Gas-
trocnemius Medialis (GM), Gastrocnemius Latera-
lis (GL), and Vastus Lateralis (VL) muscles of the
right leg of the participants. Sensors on the GM and
GL were placed on the thickest part of the muscles’
belly, approximately at the point which correspond-
ed to the 1/3 of the distance between the Medial
and Lateral (respectively) Femoral Condyle and
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Calcaneus. In the case of VL, the sensor was placed
on the belly of the muscle, approximately in the
middle between the Lateral Epicondyle and Great-
er Trochanter of the Femur. Nontransparent elastic
bands were applied over the devices to block extra-
neous light that may corrupt the measurement, as in
the previous studies (Leclair et al., 2013; Marwood
et al., 2011). HHb data of 26 BT boys and 19 CG
boys were used for the calculations since the data of
the other subjects were not correctly recorded.

Data analysis

\'/O2 breath-by-breath data and parallel HR data
were linearly interpolated second-by-second. When
analysing the \'/O2 measurements, first 15 s after the
onset and the offset of exercise (representing Phase I,
or the cardiodynamic phase) were excluded from fur-
ther analysis (Marwood et al., 2010, 2011). HHb mea-
surements were collected every 2 s. These measure-
ments were interpolated to get a second-by-second
data. Data of VOZ, HR, and HHb from two identical
walking sessions were time-aligned and the average
of the two were used for further calculations to de-
crease the influence of abnormal data registration.

VOZ, HR, and HHb kinetic response at the onset
and at the offset of a steady-state exercise was then
analysed using two mono-exponential equations:
X?)I Xp T A —e®© ™ and X =X, —A(l -
e =) "where X, is VO,, HR, or HHDb at any giv-
en time point, X is the baseline VO,, HR, or HHb
level recorded as average of the last 30 s before the
exercise transition, A is the amplitude of VOZ, HR,
or HHb change from the baseline level to the pla-
teau, t is time, TD is time delay, and t is the time
constant or time required to achieve 63% of steady-
state amplitude value. VO2 kinetic response to the
onset and offset of exercise was modelled from 15 s
to 300 s, while the respective HR and HHb kinetics
were modelled from 0 s to 300 s.

A and t parameters of VOZ, HR and 1 parameter
of HHb modelling at the onset and offset of exercise
were saved for further analysis.
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Biological maturation evaluation

A mathematical equation published earlier
(Mirwald et al., 2002) was used to calculate maturi-
ty offset (OS). Age at peak height velocity (APHV)
is considered to mark the peak growth period in ad-
olescents. Depending on morphological body char-
acteristics, Mirwald’s equation helps to calculate
APHV. OS of our participants was found by sub-
tracting their APHV from their chronological age.
Therefore, lower OS result means lower maturity
level reached.

Statistical analysis

Normality of data distribution was checked us-
ing the Shapiro—Wilk test. Levene’s test was used to
check homogeneity of variances between groups. A
95% confidence interval was set in all statistical cal-
culations. The ¢ test for paired samples was used to
calculate within-group differences between testing
sessions. Between-group differences on certain test-
ing sessions were calculated using ANOVA. Influ-
ence of basketball training to different parameters
was calculated using a repeated measures ANOVA.
IBM SPSS 26 (IBM Statistics for MacOS, 2019,
Version 26.0, IBM Corp., Armonk, NY, USA) soft-
ware was used for all statistical calculations.

3. RESULTS

BT boys had significantly more high-intensi-
ty physical activity time (PAT) during the period
around 1% (p < 0.001) and 2™ (p < 0.001) testing
sessions. Both groups were statistically similar
during both sessions in terms of age and maturity
evaluation. Mean values and standard deviations
of the abovementioned parameters are presented in
Table 1 together with other morphological charac-
teristics of the subjects.
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Figure 1. Comparison of

. Onset kinetics Offset kinetics
VO2 and HR Kinetics at A B 60
the onset (part A) and 50
offset (part B) of a steady- 50 #
state exercise transition 40 40
»
& 30 : 30
20 20
0 0
w02 w02 THR w02 w02 THR
1st session 2nd session 1st session 2nd session

DBasketball-trained  mControl group

OBasketball-trained @ Control group

Note: * — significant difference between groups on certain testing session (p < 0.05); #— significant change within
groups between different sessions (p < 0.05).

On-transient IVO2 and THR values are shown
in part A of Figure 1. Faster VO, kinetics were ob-
served in BT group during both testing sessions
compared to untrained (UT) boys (1% session:
13.10 £2.68 s and 15.02 +2.96 s, p = 0.02; 2™ ses-
sion: 12.02 £2.86 s and 14.07 £ 4.18 s, p = 0.045).
In addition, during the 1% session BT boys showed
significantly smaller THR values (28.15 + 10.59 s,
compared to 37.18 £ 15.23 s, p=0.017). During the
21 gession, THR was similar between BT and con-
trol groups (28.71 £ 14.24 s and 36.09 + 15.47 s,
p =0.086).

Off-transient kinetics are presented in part B
of Figure 1. The only between-groups difference

was found during the first testing session where
BT group’s THR was significantly shorter than
the UT boys (38.10 + 6.98 s and 43.44 + 11.05 s,
p = 0.042). On the other hand, we observed an im-
proved THR kinetics in UT boys during the 2™ ses-
sion (p < 0.001), hence THR results were similar
between BT and UT subjects during the 2™ testing
session (35.49+6.73 sand 37.47+9.53s,p=0.393).
Off-transient kinetics were similar between groups
regarding 17\702 (1 session: 35.81 + 6.03 s and
35.33+£6.995s,p=0.796; 2" session: 33.55+4.71 s
and 35.02 + 7.63 s, p = 0.4006).

Additional VOZ, HR, and HHD kinetics param-
eters are presented in Table 2.

Table 2. Data of pulmo-

; Basketball-trained boys Untrained boys

nary, cardiac, and muscle

metabolism Kinetics at 1° testing session | 2" testing session | 1** testing session | 2" testing session

the onset and offset of a -

steady-state exercise 2:15 :‘tc:)iigl;ys mean SD mean SD | mean | SD mean SD
AHR (1/min) | 41.66* | 9.11 | 37.16%* | 7.65 | 50.84 | 9.42 46.86* | 12.52
HR_ (%) 66.41% | 492 | 65.67% | 584 | 73.79 | 7.08 | 72.09 | 7.10
AVO2 (ml) 855.68 | 157.54 |1,000.12#| 148.17 | 887.10 | 130.49 | 983.42% |149.30
VO, (%) 55.21% | 7.03 | 51.31%* | 6.62 | 59.86 | 5.62 | 60.01 | 8.08
TGM (s) 9.48 2.69 9.61 242 | 10.56 | 4.53 11.04 4.93
TGL (s) 12.76 | 4.42 12.19 3.84 | 1220 | 4.77 12.68 7.48
TVL (s) 18.68 | 7.35 19.70 | 10.51 | 23.24 | 8.61 25.71 11.31
Offset of
physical
activity
AHR (1/min) | 54.41* | 9.70 | 54.58* | 7.52 | 65.13 | 7.76 63.80 | 11.04
A\'/O2 (ml) 933.93 | 172.44 {1,054.21#|167.97| 976.75 | 165.95 | 1,033.51#| 174.19
TGM (s) 4438 | 13.11 44.64 | 16.12 | 4894 | 1529 | 47.71 14.62
TGL (s) 4290 | 9.66 4575 | 15.76 | 46.32 | 16.57 | 47.17 | 12.42
TVL (s) 49.40 | 13.78 | 52.05 | 13.62 | 56.99 | 16.33 | 56.78 | 15.29

Notes: * — significant difference between-groups on certain testing sessions (p < 0.05); *— significant difference
within-groups between different sessions (p < 0.05); *— significant factor (group) influence to between-sessions
change (p < 0.05). AHR — heart rate amplitude of change; HR - heart rate value reached in percentages com-

pared to peak; AVO — oxygen uptake amplitude of change; VO

— oxygen uptake value in percentages compared

to peak; tGM — HHb time constant in Gastrocnemius Medialis muvcle,' tGL — HHb time constant in Gastrocnemius
Lateralis; ©VL — HHb time constant in Vastus Lateralis.
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Correlation between oxygen uptake kinetics
and subjects’ maturity level is shown in Table 3.
A significant THR (p = 0.030) and tGL (p = 0.004)
correlation at the onset of exercise and TVO,

(p = 0.002) at the offset of exercise during the 2™
session was observed in CG boys. In BT boys, the
only significant correlation was observed in TGM
during the offset of the 2" year session.

Ei;:eilﬁzgﬁt:s:&fs Basketball-trained boys Untrained boys
parameters with maturity Onset Offset Onset Offset
I 2m 1¢ 2n 1¢ 2nd 1¢ 2nd
THR (s) 0.195 | —-0.024 | 0.325 | 0.364 | 0.328 | 0.463* | 0.146 | 0.118
tV02 (s) | —0.113 | 0.008 | 0.225 | 0.292 | 0.178 | 0.041 | 0.349 | 0.625*
TGM (s) 0.053 | -0.027 | -0.218 |-0.411* | 0.345 | -0.166 | —0.005 | 0.137
TGL (s) —0.085 | 0.108 | 0.151 | 0.160 | 0.198 |0.596**| —0.081 | —0.072
TVL (s) —0.158 | —-0.144 | —0.020 | —0.076 | —0.118 | 0.123 | —0.464 | —0.008

Notes: * — significant difference between-groups on certain testing sessions (p < 0.05); *— significant difference
within-groups between different sessions (p < 0.05); *— significant factor (group) influence to between-sessions
change (p < 0.05). tHR — heart rate time constant; rVOZ— pulmonary oxygen uptake time constant;, tGM— HHb
time constant in Gastrocnemius Medialis muscle; tGL— HHb time constant in Gastrocnemius Lateralis; tVL— HHb

time constant in Vastus Lateralis.

4. DISCUSSION

This study examined \'/O2 profile at the onset
and offset of a steady-state physical exercise in
young boys in the context of basketball training
and maturity level. The main finding of this study
was that BT boys had significantly faster on-tran-
sient \702 during both testing sessions. On the oth-
er hand, no significant off-transient VO, difference
was observed. HHb kinetics were similar between
BT and CG subjects in all examined muscles during
the onset and the offset of exercise.

BT boys displayed faster on-transient TV02
during 1*" and 2™ testing sessions compared to CG
subjects by 14.7% and 17.1%, respectively. The re-
sults of our study contradict that of Obert et al. (2000)
since they recorded no difference in V02 Phase Il ©
between trained and untrained children. Converse-
ly, one later study recorded ~25% faster pulmonary
oxygen uptake kinetics in male adolescent soccer
players compared to their untrained peers (Marwood
et al., 2010). The dichotomy between trained mus-
cles and muscles that were predominantly exercised
during the research tests may explain the results of
the 1* study, since most of the subjects were swim-
mers and the tests were performed on a cycle ergom-
eter. The faster attainment of a \'/O2 Phase II steady
state may be explained by oxygen delivery and/or
oxygen utilisation (Leclair et al., 2013).

Basketball is considered a high intensity inter-
mittent sport (HIIT) (Sekine et al., 2019). Recently,
HIIT was shown to be a superior training method

in terms of improving aerobic fitness (Gist et al.,
2014). First, aerobic training induces an increase in
the stroke volume which translates to the improved
cardiac output (Rowland, 2005). In addition, the
process of angiogenesis or capillary densification is
accelerated due to physical stimulus, in our case —
basketball training (Bloor, 2005). Finally, volume of
the circulating blood in the cardiorespiratory system
also increases, even after applying only a moderate
intensity training programme (Montero et al., 2015).
Taken these factors together, more blood saturated
with oxygen can flow throughout the muscles im-
proving oxygen delivery. Inside the muscle, HIIT
was shown to be a very effective method of increas-
ing mitochondrial density, which in turn allows to
soak in and use oxygen in a more effective way, thus
increasing oxygen utilisation (MacInnis et al., 2016).

On-transient THR in BT boys was significantly
faster during the 1% session and tended to be faster,
only not significantly, during the 2" session. More-
over, THHb was similar between subject groups
in all three tested muscles. All these results are in
line with earlier findings (Marwood et al., 2010).
The HHb signal reflects a balance between O2 de-
livery and O2 utilisation in the muscle (Ferreira et
al., 2005). An increased THR in young basketbal-
lers shows an increased O2 delivery, while similar
THHD results in both groups suggest that O2 utili-
sation was also elevated in trained boys. Based on
earlier studies with adults and children, we can only
speculate that training induced positive changes in
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02 delivery and the utilisation because of the im-
provements in arterial flow, enzyme activity, mito-
chondrial density, and Type I fibre activity (Eriks-
son et al., 1973; Krustrup et al., 2004; Marwood
et al., 2010). However, further studies with similar
population groups are required to address these pos-
sible causal factors.

Only two earlier studies compared off-transient
kinetics of trained and untrained adolescents. Mar-
wood et al. (2011) reported that trained young ath-
letes matched their untrained peers in TV02 and tHR,
whereas the former showed faster tHHb results. On
the other hand, McNarry et al. (2012) found signifi-
cantly different 1\702 values but similar THR and
tHHb recovery kinetics values. These results only
partly correspond to ours since we recorded similar
IVO2 and tHHb kinetics during both testing sessions
between subject groups. Factors including but not
limited to training volume, gender, and exercise in-
tensity may have a role in such dichotomy between
the results (Mcnarry et al., 2012). Specifically, ac-
tive subjects in Marwood et al.’s study were older
adolescent males (15 £+ 0.8 years vs. 11.84 + 0.38
years in our study) with around 50% more physical
activity per week than in our subjects (13 hours vs.
8 hours). McNarry et al. included only girls in their
study while we only tested boys.

Subjects of Marwood et al.’s (2011) study were
adolescent boys, while McNarry et al. (2012) in-
vestigated adolescent girls. Gender was shown to
have an impact on-transient pulmonary oxygen ki-
netics in children (Fawkner & Armstrong, 2004a),
thus it is possible that the recovery kinetics may
also be affected. Furthermore, the training volume
was 6 h/wk., 12 h/wk., and 8 h/wk. in the two earli-
er studies and our study, respectively; however, the
hypothesis that higher training volume can improve
pulmonary oxygen kinetics is yet to be elucidated.
Lastly, the intensity of a steady state exercise before
the recovery phase was different in all three studies.
Marwood et al. (2011) used a moderate intensity
exercise (80% of the workload which elicited the
gas exchange threshold (GET)) and McNarry et al.
(2012) applied heavy intensity exercise (40% differ-
ence between the GET and VOzpeak). Since other
studies observed no significant difference in Phase
II time constant in children and adolescents between
different intensity domains (Lambrick et al., 2013;
McNarry et al., 2015; Obert et al., 2000), we used a
constant speed exercise for all the subjects.

We found some oxygen uptake kinetics pa-
rameters to be correlated with maturity level in our
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young subjects. The interesting thing is that signif-
icant correlations were only apparent during the 2™
testing session in both groups. We could speculate
that only during then, when the children were almost
13 years old, maturational changes have started to
make significant effect. Hence, there is a possibility
of a maturational threshold that unlocks important
changes in the adolescents’ aerobic system which
consequently leads to alterations in oxygen uptake
kinetics (Armstrong & Van Mechelen, 2017). Yet,
more rigorous studies with larger sample size and
longer follow-up are needed to get a better un-
derstanding about the nature, timing, and scale of
changes in the pulmonary system of adolescents.

The findings of our study add to the positive
image of basketball as a way to improve the overall
fitness level and, consequently, everyday well-be-
ing. In addition, our data augments the still scarce
knowledge in the field and highlights some possible
directions for future studies.

Few things should be taken into account when
considering our data. First, our subjects were males
only from one city of Lithuania, therefore the
study’s population was very homogenous in terms
of socioeconomic, racial, environmental, and other
factors. In addition, we only had 50 subjects, there-
fore there is a likely possibility for high influence of
inter-individual variations to final results. Further-
more, we were not controlling the training process
of our BT group and we had boys from two basket-
ball schools, thus training methods could be differ-
ent. Finally, our control group subjects were not ful-
ly sedentary and had some amount of leisure-time
physical activity. Slight variations in results could
happen if testing fully sedentary children.

5. CONCLUSION

In conclusion, young basketball-trained boys
showed a faster on-transient oxygen uptake ki-
netics time constant compared to their untrained
peers because of the improved oxygen delivery and
utilisation.

Acknowledgements
Funding: none

REFERENCES

Armstrong, N., Tomkinson, G. R., & Ekelund, U. (2011).
Aerobic fitness and its relationship to sport, exercise
training and habitual physical activity during youth. Brit-
ish Journal of Sports Medicine, 45(11), 849—858. https://
doi.org/10.1136/bjsports-2011-090200



https://doi.org/10.1136/bjsports-2011-090200
https://doi.org/10.1136/bjsports-2011-090200

Eligijus Macinskas, Loreta Stasiulé, Kestutis Puzas, Arvydas Stasiulis
PULMONARY OXYGEN UPTAKE KINETICS ASSESSMENT IN BASKETBALL-TRAINED BOYS DURING EARLY ADOLESCENCE

Armstrong, N., & Van Mechelen, W. (2017). Oxford text-
book of children’s sport and exercise medicine. Oxford
University Press.

Ben Abdelkrim, N., Castagna, C., Jabri, 1., Battikh, T., El
Fazaa, S., & El Ati, J. (2010). Activity profile and physi-
ological requirements of junior elite basketball players in
relation to aerobic-anaerobic fitness. Journal of Strength
and Conditioning Research, 24(9), 2330-2342. https://
doi.org/10.1519/JSC.0b013e3181e381cl

Bize, R., Johnson, J. A., & Plotnikoff, R. C. (2007). Phys-
ical activity level and health-related quality of life in the
general adult population: A systematic review. Preven-
tive Medicine, 45(6), 401-415. https://doi.org/10.1016/].
ypmed.2007.07.017

Bloor, C. M. (2005). Angiogenesis during exercise
and training. Angiogenesis, 8(3), 263-271. https:/doi.
org/10.1007/s10456-005-9013-x

Doncaster, G., Iga, J., & Unnithan, V. (2018). Assessing
differences in cardiorespiratory fitness with respect to
maturity status in highly trained youth soccer players.
Pediatric Exercise Science, 30(2), 216-228. https://doi.
org/10.1123/pes.2017-0185

Eriksson, B. O., Gollnick, P. D., & Saltin, B. (1973). Mus-
cle metabolism and enzyme activities after training in boys
11-13 years old. Acta Physiologica Scandinavica, 87(4),
485-497. https://doi.org/10.1111/j.1748-1716.1973.
tb05415.x

Fawkner, S. G., & Armstrong, N. (2003). Oxygen uptake
kinetic response to exercise in children. Sports Medi-
cine, 33(9), 651-669. https://doi.org/10.2165/00007256-
200333090-00002

Fawkner, S. G., & Armstrong, N. (2004a). Sex differenc-
es in the oxygen uptake kinetic response to heavy-inten-
sity exercise in prepubertal children. European Journal
of Applied Physiology, 93(1-2), 210-216. https:/doi.
org/10.1007/s00421-004-1201-7

Fawkner, S. G., & Armstrong, N. (2004b). Longitudinal
changes in the kinetic response to heavy-intensity exercise
in children. Journal of Applied Physiology, 97(2), 460—
466. https://doi.org/10.1152/japplphysiol.00784.2003
Fawkner, S. G., Armstrong, N., Potter, C. R., & Wels-
man, J. R. (2002). Oxygen uptake kinetics in children
and adults after the onset of moderate-intensity exercise.
Journal of Sports Sciences, 20(4), 319-326. https://doi.
org/10.1080/026404102753576099

Ferreira, L. F., Townsend, D. K., Lutjemeier, B. J., Bar-
stow, T. J., Lutje-Meier, B. J., & Barstow, T. J. (2005).
Muscle capillary blood flow kinetics estimated from pul-
monary O2 uptake and near-infrared spectroscopy. Jour-
nal of Applied Physiology, 98(5), 1820—-1828. https://doi.
org/10.1152/japplphysiol.00907.2004

FIBA. (2023, December 9). Statistics of a worldwide bas-
ketball participation. https://www.fiba.basketball/fmms
Gist, N. H., Fedewa, M., Dishman, R. K., & Cureton,
K. J. (2014). Sprint interval training effects on aerobic
capacity: A systematic review and meta-analysis. Sports
Medicine, 44(2), 269-279. https://doi.org/10.1007/
s40279-013-0115-0

53

Glaister, M. (2005). Multiple sprint work: Physiological
responses, mechanisms of fatigue and the influence of
aerobic fitness. Sports Medicine, 35(9), 757-777. https://
doi.org/10.2165/00007256-200535090-00003
Hebestreit, H., Kriemler, S., Hughson, R. L., & Bar-Or,
A. 0. (1998). Kinetics of oxygen uptake at the onset of
exercise in boys and men. European Journal of Applied
Physiology, 85(5), 1833—1841. https://doi.org/10.1152/
jappl.1998.85.5.1833

Krustrup, P., Hellsten, Y., & Bangsbo, J. (2004). Intense
interval training enhances human skeletal muscle oxygen
uptake in the initial phase of dynamic exercise at high
but not at low intensities. Journal of Physiology, 559(1),
335-345. https://doi.org/10.1113/jphysiol.2004.062232
Lambrick, D., Faulkner, J., Westrupp, N., & McNarry, M.
(2013). The influence of body weight on the pulmonary
oxygen uptake kinetics in pre-pubertal children during
moderate- and heavy intensity treadmill exercise. Euro-
pean Journal of Applied Physiology, 113(8), 1947-1955.
https://doi.org/10.1007/s00421-013-2625-8

Latzel, R., Hoos, O., Stier, S., Kaufmann, S., Fresz, V.,
Reim, D., & Beneke, R. (2018). Energetic profile of the
basketball exercise simulation test in junior elite play-
ers. International Journal of Sports Physiology and
Performance, 13(6), 810-815. https://doi.org/10.1123/

ijspp.2017-0174
Leclair, E., Berthoin, S., Borel, B., Thevenet, D., Carter,

H., Baquet, G., & Mucci, P. (2013). Faster pulmonary ox-
ygen uptake kinetics in children vs adults due to enhance-
ments in oxygen delivery and extraction. Scandinavian
Journal of Medicine and Science in Sports, 23(6), 705—
712. https://doi.org/10.1111/1.1600-0838.2012.01446.x
Maclnnis, M. J., Zacharewicz, E., Martin, B. J., Haikalis,
M. E., Skelly, L. E., Tarnopolsky, M. A., Murphy, R. M.,
& Gibala, M. J. (2016). Superior mitochondrial adapta-
tions in human skeletal muscle after interval compared
to continuous single-leg cycling matched for total work.
Journal of Physiology, 595(9), 2955-2968. https://doi.
org/10.1113/JP272570

Marwood, S., Roche, D., Garrard, M., & Unnithan, V. B.
(2011). Pulmonary oxygen uptake and muscle deoxygen-
ation kinetics during recovery in trained and untrained
male adolescents. European Journal of Applied Phys-
iology, 111(11), 2775-2784. https://doi.org/10.1007/
s00421-011-1901-8

Marwood, S., Roche, D., Rowland, T., Garrard, M., &
Unnithan, V. B. (2010). Faster pulmonary oxygen uptake
kinetics in trained versus untrained male adolescents.
Medicine and Science in Sports and Exercise, 42(1), 127—
134, https://doi.org/10.1249/MSS.0b013e3181af20d0
McNarry, M. A. (2019). Oxygen uptake kinetics in
youth: Characteristics, interpretation, and application.
Pediatric Exercise Science, 31(2), 175-183. https://doi.
org/10.1123/pes.2018-0177

McNarry, M. A., Farr, C., Middlebrooke, A., Welford,
D., Breese, B., Armstrong, N., & Barker, A. R. (2015).
Aerobic function and muscle deoxygenation dynamics
during ramp exercise in children. Medicine and Science



https://doi.org/10.1519/JSC.0b013e3181e381c1
https://doi.org/10.1519/JSC.0b013e3181e381c1
https://doi.org/10.1016/j.ypmed.2007.07.017
https://doi.org/10.1016/j.ypmed.2007.07.017
https://doi.org/10.1007/s10456-005-9013-x
https://doi.org/10.1007/s10456-005-9013-x
https://doi.org/10.1123/pes.2017-0185
https://doi.org/10.1123/pes.2017-0185
https://doi.org/10.1111/j.1748-1716.1973.tb05415.x
https://doi.org/10.1111/j.1748-1716.1973.tb05415.x
https://doi.org/10.2165/00007256-200333090-00002
https://doi.org/10.2165/00007256-200333090-00002
https://doi.org/10.1007/s00421-004-1201-7
https://doi.org/10.1007/s00421-004-1201-7
https://doi.org/10.1152/japplphysiol.00784.2003
https://doi.org/10.1080/026404102753576099
https://doi.org/10.1080/026404102753576099
https://doi.org/10.1152/japplphysiol.00907.2004
https://doi.org/10.1152/japplphysiol.00907.2004
https://www.fiba.basketball/fmms
https://doi.org/10.1007/s40279-013-0115-0
https://doi.org/10.1007/s40279-013-0115-0
https://doi.org/10.2165/00007256-200535090-00003
https://doi.org/10.2165/00007256-200535090-00003
https://doi.org/10.1152/jappl.1998.85.5.1833
https://doi.org/10.1152/jappl.1998.85.5.1833
https://doi.org/10.1113/jphysiol.2004.062232
https://doi.org/10.1007/s00421-013-2625-8
https://doi.org/10.1123/ijspp.2017-0174
https://doi.org/10.1123/ijspp.2017-0174
https://doi.org/10.1111/j.1600-0838.2012.01446.x
https://doi.org/10.1113/JP272570
https://doi.org/10.1113/JP272570
https://doi.org/10.1007/s00421-011-1901-8
https://doi.org/10.1007/s00421-011-1901-8
https://doi.org/10.1249/MSS.0b013e3181af20d0
https://doi.org/10.1123/pes.2018-0177
https://doi.org/10.1123/pes.2018-0177

Eligijus Macinskas, Loreta Stasiulé, Kestutis Puzas, Arvydas Stasiulis
PULMONARY OXYGEN UPTAKE KINETICS ASSESSMENT IN BASKETBALL-TRAINED BOYS DURING EARLY ADOLESCENCE

in Sports and Exercise, 47(9), 1877-1884. https://doi.
org/10.1249/MSS.0000000000000609

Mcnarry, M. A., Welsman, J. R., & Jones, A. M. (2012).
Influence of training status and maturity on pulmonary
O, uptake recovery kinetics following cycle and upper
body exercise in girls. Pediatric Exercise Science, 24(2),
246-261. https://doi.org/10.1123/pes.24.2.246

Mirwald, R. L., Baxter-Jones, A. D., Bailey, D. A.,
& Beunen, G. P. (2002). An assessment of maturity
from anthropometric measurements. Medicine & Sci-
ence in Sports & Exercise, 34(4), 689—-694. https://doi.
org/10.1097/00005768-200204000-00020

Montero, D., Cathomen, A., Jacobs, R. A., Flick, D., de
Leur, J., Keiser, S., Bonne, T., Kirk, N., Lundby, A. K.,
& Lundby, C. (2015). Haematological rather than skele-
tal muscle adaptations contribute to the increase in peak
oxygen uptake induced by moderate endurance training.
Journal of Physiology, 593(20), 4677-4688. https://doi.
org/10.1113/JP270250

Obert, P., Cleuziou, C., Candau, R., Courteix, D., Le-
coq, A. M., & Guenon, P. (2000). The slow component
of O, uptake kinetics during high-intensity exercise in
trained and untrained prepubertal children. Internation-
al Journal of Sports Medicine, 21(1), 31-36. https://doi.
org/10.1055/s-2000-8856

Rowland, T. (2005). Children s exercise physiology (2nd
ed.). Human Kinetics.

Sekine, Y., Hoshikawa, S., & Hirose, N. (2019). Lon-
gitudinal age-related morphological and physiological
changes in adolescent male basketball players. Journal
of Sports Science and Medicine, 18(4), 751-757.
Tschakovsky, M. E., & Hughson, R. L. (1999). Interac-
tion of factors determining oxygen uptake at the onset
of exercise. Journal of Applied Physiology, 86(4), 1101—
1113. https://doi.org/10.1152/jappl.1999.86.4.1101
Welsman, J., & Armstrong, N. (2019). Interpreting aer-
obic fitness in youth: The fallacy of ratio scaling. Pe-
diatric Exercise Science, 31(2), 184-190. https://doi.
org/10.1123/pes.2018-0141

Ziv, G., & Lidor, R. (2009). Physical attributes, phys-
iological characteristics, on-court performances and
nutritional strategies of female and male basketball
players. Sports Medicine, 39(7), 547-568. https://doi.
org/10.2165/00007256-200939070-00003

Received on March 9, 2025
Accepted on June 30, 2025

54


https://doi.org/10.1249/MSS.0000000000000609
https://doi.org/10.1249/MSS.0000000000000609
https://doi.org/10.1123/pes.24.2.246
https://doi.org/10.1097/00005768-200204000-00020
https://doi.org/10.1097/00005768-200204000-00020
https://doi.org/10.1113/JP270250
https://doi.org/10.1113/JP270250
https://doi.org/10.1055/s-2000-8856
https://doi.org/10.1055/s-2000-8856
https://doi.org/10.1152/jappl.1999.86.4.1101
https://doi.org/10.1123/pes.2018-0141
https://doi.org/10.1123/pes.2018-0141
https://doi.org/10.2165/00007256-200939070-00003
https://doi.org/10.2165/00007256-200939070-00003



