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Aim. The paper aims to increase physical working capacity through intensive muscle training
in normobaric hypoxia. Materials and methods. The training programs included 15 cycles of
a 3-hour stay of volunteers in a normobaric hypoxic chamber, where they performed physical
activity on an exercise bike and a treadmill. The power was set at 70-100 W with a duration of
120-140 min with several breaks. Participants of the main group (14 males aged 19-23 years)
were subjected to training under low (up to 16—17 %) oxygen concentration conditions in the gas
environment. In the control group (10 people of the same age), hypoxic conditions were simulated.
Physical working capacity was controlled by the Ruffier test and bicycle ergometer test to anaerobic
threshold, as well as the breath-holding test. Results. Essential increase of physical working capa-
city was established only in the main group, and positive tendencies in all functional tests remained
in remote supervision. Conclusion. Consequently, the method based on a rational combination of
physical and normobaric hypoxic training can be considered as an effective and safe means

of increasing the physical working capacity of a person engaged in intensive muscle training.
Keywords: physical working capacity, combined physical and normobaric hypoxic training.

Introduction. Increasing a person's physical
endurance is one of the key characteristics of
physical working capacity [8, 20]. Therefore,
special exercises and training of various muscle
groups are used, including the use of such simu-
lators as bicycle ergometers, treadmills, etc.
However, only physical training cannot provide
the required level of endurance in persons whose
professional (sports) activity is associated with
physical loads of extreme intensity [2, 7, 11]. It is
necessary to include additional means and meth-
ods aimed at acute physical fatigue reduction,
restoring functional abilities, the central nervous
system, physiological systems of “emergency
energy supply” (blood circulation, external respi-
ration, blood gas transport) [5-7, 17].

Another direction in solving this problem is
the search and implementation of safe drug-free
ways of improving functional abilities that allow
to optimize the performance of oxygen transport
during exhaustive exercise. Such means and
methods can be considered as a specific “physio-
logical training” of the body [4, 14].

Literature review. The following drug free
ways of the so-called “physiological training” are
used by athletes and persons involved in inten-

sive physical training: hyperbaric oxygenation
[12, 18]; effects of high and low temperatures [4,
14]; combined effects of physical factors of dif-
ferent modalities (infrared and steam heat, con-
trast shower, vibration massage of the spine and
feet, color therapy, aromatherapy) [9]; pulsed
electric current [17]; respiratory (barotherapy)
training — hypobaric and normobaric hypoxia,
normobaric and hyperbaric oxygen therapy
[1, 5, 7], argon-hypoxic training [15] etc.

A promising direction in the development of
physiological training for people involved in in-
tensive muscle activity is the use of physical
training in a hypoxic environment, which accele-
rates the formation of adaptive changes in the body
and provides a rapid increase in physical endu-
rance. In the modern literature on hypoxia medi-
cine, there are numerous data on the high effi-
ciency of training in mid-mountain conditions, as
well as of combined physical and hypobaric
training [2, 7]. These works show a significant
increase in physical endurance and hypoxic resis-
tance of a person with a well-structured training.

However, technical, organizational, and eco-
nomic reasons significantly limit the use of hy-
poxic training. Despite the fact that there is a much
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less technically complex method of creating con-
ditions for reduced partial oxygen pressure, until
recently this method was not actually used in
combination with physical training. The main
reason for this is the peculiarities of technical
devices, namely hypoxicators, that are most often
used for creating normobaric conditions [1, 10,
11]. The disadvantages of hypoxicators include
the following: “mask” breathing, limited move-
ment, low productivity of the hypoxic breathing
mixture, etc. An alternative way to create normo-
baric hypoxia is to use normobaric hypoxic
chambers (NHC), in which a person can stay
throughout the entire time (including around
the clock) and perform physical activities of
various nature [6, 16].

In other words, there was a technical oppor-
tunity to implement combined hypoxic and
physical training under normal gas pressure.

The paper aims to increase physical working
capacity through intensive muscle training in
normobaric hypoxia.

Materials and methods. The study involved
24 male volunteers (aged 19-23 years) who had
no medical contraindications for performing
the simulated activity. All volunteers had no
bad habits (alcoholism, smoking), were of
the normostenic somatotype (body mass index
2226 kg/m?®), regularly engaged in physical
education classes (running, cycling, strength
training, sports games) but were not elite athletes.

All volunteers were randomly divided into
groups, 10 people each (main — MG, control —
CG), which are comparable in terms of signifi-

cant anamnestic, anthropometric and functional
characteristics.

Training programs included 15 cycles of
a 3-hour stay of the subjects in the NHC [16]
(Fig. 1), where they performed physical activity
on an exercise bike and a treadmill. The power was
set at 70-100 W with a duration of 120-140 min
with several breaks. Subjects from the main group
had a reduced (up to 1617 %) concentration of
oxygen. The NHC also had rest rooms and sani-
tary blocks.

For the control group, the conditions of hy-
poxia were simulated: clean atmospheric air was
supplied to the chambers.

Medical control of the functional state of
volunteers was carried out by using visual obser-
vation; survey of complaints; heart rate, blood
pressure and blood oxygen saturation measure-
ments performed with the Microlux diagnostic
system (Russia).

In their free time, volunteers carried out their
usual daily activities (work, study). Other physical
exercises (except for morning exercises) were
excluded. After the end of the training cycle,
the volunteers returned to their normal activities
and movement regime.

The physical working capacity of the sub-
jects was evaluated by using well-known func-
tional tests [8, 21]: the Ruffier test (30 squats per
45 s) with the calculation of the Ruffier index
the and bicycle ergometer test to anaerobic
threshold (AT, W). In addition, the breath-
holding test (Stange's test) was used [21].

The bicycle ergometer test with a stepwise

\

Fig. 1. Normobaric hypoxic chamber interior
(Association of Developers and Producers of Monitoring Systems, St. Petersburg)
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load was carried out using the Cardiovit CS-200
system (Schiller, Switzerland): the power of
the first “stage” was set at 50 W, the “step” was
25 W, the duration of each “step” was 1 min, ex-
cept for a step with a power of 100 W, the dura-
tion of which was 2 min. The load was removed
after the subject reached AT, which was deter-
mined by the gas exchange parameters [21].
The power of the “step” was fixed, when AT was
reached.

The abovementioned functional tests were
carried out three times: in the initial state (24 days
before the training cycle) — 1st stage; in 1-3 days
(2nd stage) and then after about 3 weeks (stage 3)
after the completion of training in the NHC.

The results were processed using the meth-
ods of variation statistics, as well as the “Excel”
and “STATISTICA” programs. Mean values (M)
and standard deviations () were calculated and
shown in the table. The significance of diffe-
rences in paired parameters in related and unre-
lated samples was determined, respectively, by
the Wilcoxon T-test and the Mann — Whitney
U-test. Differences were considered significant at
p <0.05.

Human studies were conducted in accor-
dance with the ethical requirements of the 1975
Declaration of Helsinki (and its revisions in 1983
and 2013). The research has been validated by
an independent ethics committee.

Results. An analysis of the results showed
(Table 1) that all subjects had relatively high va-
lues of physical working capacity and resistance

to anoxia. This fact made it possible to prescribe
hypoxic training in the main mode without pre-
liminary “stepwise” adaptation, as recommended
in individuals with initially low hypoxic resis-
tance [1].

There were no differences between the groups
at baseline for all criteria (p > 0.05), which was
a consequence of the correct distribution of sub-
jects in the comparison groups.

The initial high level of functional reserves
allowed the subjects to complete the planned in-
tensive physical and hypoxic training. Moni-
toring of the functional state during training ses-
sions showed that the compensatory reactions in
the MG was greater than those in the control
group. Nevertheless, none of them was recorded
unacceptable hypoxic conditions during the entire
training period.

A repeated functional examination after
the end of the training cycles demonstrated that
significant changes occurred only in the MG,
where combined physical and hypoxic training
was used.

In this group, the average values of the Ruf-
fier index decreased by 11 % compared with
the initial level (p = 0.045) reflecting an increase
in the anaerobic physical endurance of the sub-
jects. The increase in AT was 4.7 % on average
(p1 = 0.040), which indicates an increase in
maximum aerobic performance (aerobic endu-
rance). Moreover, MG individuals showed a sig-
nificant increase in resistance to transient anoxia —
an average of 7 % compared with the initial state

Table 1
Physical working capacity in subjects of the main and control groups, M (o)
Group Survey stage
(number Indicator, relative units
of subjects) Ruffier Index (conventional units) | AT, W |  Breath-holding test, S
Stage 1
MG (n=14) 3.5(0.2) 190 (4) 128 (9)
CG (n=10) 3.4(0.3) 192 (5) 131 (10)
Stage 2
_ 3,1(0.2) 199 (4) 138 (9)
MG (n=14) pl = 0.045 pl =0.040 pl = 0.047
= 193 (3)
CG (n=10) 3.3(0.3) p = 0.049 130 (8)
Stage 3
_ 2.9(0.2) 201 (6) 144 (10)
MG (n=14) pl =0.031 pl =0.040 pl = 0.041
_ 3.2(0.3) 193 (3) 132 (8)
CG (n=10) p = 0.049 p =0.045 p = 0.049

Note. Significance of differences: p — between groups (Mann — Whitney U-test); pl — compared with

the 1st stage of observation (Wilcoxon T-test).
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(p = 0.047). The lack of statistically confirmed
differences between the groups at the 2nd stage
of observation, in our opinion, is primarily due to
the insufficient sample size. In addition, there is
a significant inertia in the formation of the ex-
pected effects of physical and hypoxic training
[8, 15].

The results of the final survey confirmed this
position. In individuals from MG, in the long-
term period after training, there was an improve-
ment in the evaluated physiological qualities,
which was confirmed statistically. As a result,
the overall decrease in the Ruffier index in
the main group averaged about 17 % compared
to the initial level (p =0.031); AT values increased
by 5.7 % on average (p = 0.040); the average time
of holding the breath (Stange's test) increased by
12.5 % (p = 0.041).

There were no statistically significant changes
in the control group, and significant intergroup
differences were recorded for all functional cri-
teria studied.

Discussion. Apparently, the high efficiency
of the method of combined physical and normo-
baric hypoxic training is explained by the syner-
gistic effect of these factors on the body [2, 7].
The combined effect of hypoxic hypoxia and
the so-called “load hypoxia” [11] “prescribes”
the body to include the available compensatory
resources, quickly “switch” to a new, physiologi-
cally more reliable level of functioning, in other
words, to expand its functional abilities.

As intimate mechanisms of cyclic hypoxic
effects are considered: the adaptive restructuring
of all components of the body's gas transport sys-
tem, specific metabolic and regulatory shifts
[1, 11, 13]. Changes in the circulatory system are
to improve regional blood circulation and micro-
circulation, optimize the diastolic function of
the heart, and reduce the hyperreactivity of the heart
and resistive vessels to external influences.
The consequence of hypoxic training is an in-
crease in the proportion of perfused and venti-
lated alveoli, bronchodilator and vasodilation
effects. The main mechanism of hypoxia com-
pensation from the blood system is an increase in
the erythropoietic activity of the blood-forming
organs, which leads to a significant increase in
the oxygen capacity of the circulating blood
[3, 19].

It is also important to emphasize that the pe-
culiarity of hypoxic training is the continuation of
the formation of structural and functional changes
in the body for a long time after the training,

which leads to the consolidation and prolongation
of their sanogenic and ergogenic effects [13, 15].
This fact should be taken into account when
planning the training process and predicting
the peak performance.

Conclusion. Thus, from the tested short-term
training options, physical and hypoxic training
turned out to be significantly more effective in
relation to an emergency increase in physical per-
formance (anaerobic and aerobic endurance), and
resistance to transient anoxia. The optimal tech-
nical option for the implementation of such
training is normobaric hypoxic complexes with
the area sufficient for both sports simulators and
ensuring the normal movement of trainees. Such
NHCs should provide an opportunity to select
the optimal hypoxic training mode, up to a 24-hour
stay of the trainees in hypoxic environments of
the required composition. At the same time, direct
monitoring of a person's functional state should
be simplified as much as possible. The data ob-
tained allow us to consider combined physical
and hypoxic training as a highly effective and
safe means of increasing the physical working
capacity of people whose activities are associated
with intensive muscle training.
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COYETAHHbIE PU3NHECKUE U TMINMOKCUYHECKWNE TPEHUPOBKW —
NEPCNEKTUBHbIN HEMEAUKAMEHTO3HbLIN METOA
NOBbILWWEHNA PUSUHECKOU PABOTOCIMNOCOBHOCTH

K.t0. 3axodsikuna’, A.B. Ky3bmur?, 10.A. Koganega'

"HayuoHanbHbil 20cydapcmeeHHbill yHUgepcumem ¢huaudeckoll Kynbmypbl, criopma

u 30opoebsi umeHu 1.®. flececacbma, 2. CaHkm-lemepbype, Poccus,
’Hay4Ho-KnuHuYecKul yeHmp criopmusHol MeduyuHs! u peabunumauyuu ®edepansHo20
meduko-buornoauydeckoz2o azeHmemea, 2. Mockea, Poccusi

Hens — noBbimeHne GU3NIESCKON PabOTOCIIOCOOHOCTH YEIIOBEKa MOCPEICTBOM HHTEHCHB-
HBIX MBIIICYHBIX TPEHHUPOBOK B YCIOBHAX HOpMOOAapHUYeCKOH THMOKCHU. MaTepHuajbl H MeTO-
abl. [IporpaMmbl TPEHHPOBOK BKJIIOYAIM 15 LMKIOB 3-4aCOBOTO HAXOXKIEHHUS HCIBITYEMBIX B
MOMEIIEHUH HOPMOOAPUUECKOT0 THIIOKCHUYECKOTO KOMILIEKCa, I/Ie OHU BBIMOJHSIN (pU3NUECcKUe
Harpy3KH Ha BEJIOTpeHaxxepe U OeroBoii Jopoxke. 3aaBaeMasi MOIHOCTh PU3UIECKON pabOThI —
70-100 BT, nmpogomkutensHOCcTh 120—140 MHH ¢ HECKOJBKUMH TepepbiBaMH. JIuIia 0CHOBHOM
rpymnsl (14 Myx4uH B Bo3pacte 19—23 yieT) BBIIOJIHSUIM TPEHUPOBKU B YCIIOBHUSX ITOHWKEHHOM
(mo 16—17 %) KOHIICHTpALIUU KUCIIOPO/Ia B Ta30BOM cpejie. Y J0OPOBOJIBIIEB KOHTPOJIBHOM rpyIi-
bl (10 4eroBex aHAJIOrMYHOIO BO3PACTa) YCJIOBHS TMIIOKCHM MMHUTHPOBAINCEH. DU3HUecKas pa-
60TOCIIOCOOHOCTh B JMHAMHMKE HAOJIONEHMS KOHTPOJIMpOBAJIach C MOMOIIBIO MpoOsl Pydne,
BEJIO3PTrOMETPHYECKON CTYIEHYATO BO3PACTAIOIIEH HArpy3KH ¢ JOCTHXEHHEM aHa’pOOHOrO I10-
pora, Ipo0 ¢ 3a7ep>KKoi AbIxaHus. Pe3yJbTaThl. YCTaHOBJIEHO, YTO CYIIECTBEHHOE MOBHIILICHNE
¢uzngeckoil paboOTOCTIOCOOHOCTH MMENI0 MECTO TOJBKO Y JIMI] OCHOBHOW TPYIIIBI, & IOJIOXKH-
TEeJNbHBIC TSHACHIINH B JHHAMHUKE MTOKa3aTeJIe BCeX MCIONIb3YeMBIX (YHKIMOHAIBHBIX MPOob co-
XPAaHWJIUCh W B OTHAJICHHOM Iepuoje HaOmoaeHui. 3akjiouyenne. MeToa, OCHOBaHHBIM Ha pa-
[IMOHAIEHOM COYETaHWU (PU3NIECKOW U HOPMOOAPUIECKOM THIIOKCUYIECKON TPEHUPOBOK, MOXKET
paccMaTpuBaThCs Kak 3 dekTHBHOE W 0€30IMacHOe CPEACTBO MOBBIMICHUS (HU3NIECKO padoTo-
CITOCOOHOCTH YEIOBEKA, 3aHMMAIOIIEr0Cs HHTEHCUBHOM MEIIIEYHOM JIE€ATEILHOCTEIO.

Knrouesvie cnoea: ¢pusuueckas pabomocnocoOHocms, KOMOUHUPOBAHHbIE @Qu3uuecKue u
HOpMObapuyeckue 2UnoKCU4ecKue mpeHuposKuU.
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