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NEW APPROACHES TO THE ORGANIZATION OF LOCOMOTOR TRAINING DURING | 1) Gheck for updates ‘
LONG-TERM SPACEFLIGHT

Nataliya Yu. Lysova™, Olga A. Savenko, Oleg V. Kotov

Institute of Biomedical Problems of the Russian Academy of Sciences, Moscow, Russia

Introduction. In Russia, locomotor training is the key approach to mitigating the negative effects of weightlessness. Locomotor training is performed accord-
ing to strictly defined protocols, without individualization and periodization of the training process.

Objective. To study the effect of periodization of locomotor training on the performance of crewmembers during long-term space missions.

Materials and methods. The study involved 12 cosmonauts, who were divided into two groups. The first group (BD, n = 6) included the participants who
performed locomotor training in strict accordance with the standard on-board documentation system. The second group (ID, n = 6) included the participants
who performed training using individual protocols and periodization of the training process. The assessment of physical performance was carried out accord-
ing to the results of a regular stepwise locomotive test prior to a spaceflight (SF) mission and three times during SF. The test evaluated the achieved speeds at
the most intensive stages of testing, the distance traveled during the test, and heart beats per distance (pulse value performance). Statistical processing was
carried out in Statistica 10; nonparametric methods of descriptive statistics were used.

Results. In the second part of SF, cosmonauts in the ID group reached higher speeds at the stages of medium and fast running and covered a greater dis-
tance by 18.5-20.7% (p < 0.05) and 5-12% (p < 0.05) compared with the BD group and with the baseline testing, respectively. The beats per distance in the
ID group was lower throughout the SF compared to both the baseline values and the BD group in the 2nd and 3rd flight testing sessions.

Conclusions. In the conditions of SF, locomotor training programs based on periodization and individualization demonstrate a greater preventive effective-
ness compared to standard on-board training.
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HOBBbIE NOAXOAbl K OPTAHU3ALM JIOKOMOTOPHbIX TPEHUPOBOK B AJIMTEJIbHbIX
KOCMUWYECKWX MOJIETAX

H.HO. Ibicosa™, O.A. CaseHko, O.B. Kotos
VIHCTUTYT MeaunKo-6ronorn4eckmx npobnem Poccumnckon akagemmn Hayk, Mockea, Poccus

BBepeHue. OCHOBHbIM CPEACTBOM POCCUCKON CUCTEMbI MPOMDUNAKTUKI HEFaTUBHOIO BAINSIHUS HEBECOMOCTH SIBAISIKOTCS JIOKOMOTOPHbIE TPEHUPOBKMW, Bbl-
NOSIHSIIOLLLMECS MO CTPOro 3afaHHbIM NPOTOKONaM, 6e3 MHANBNAYaNbHOMO NOAX0AA Y NEPUOAM3aLMM TREHNPOBOYHOMO NpoLiecca.

Llenb. /13y4eHne BANSHUS Neproamn3aLmmn TOKOMOTOPHbIX TPEHNPOBOK Ha PabOTOCMOCOOHOCTL YNIEHOB SKUMNaXKen ANNTENbHBIX KOCMUYECKUX MUCCUIA.
Matepuansl u meToabl. B nccnenoBaHum NnpuHanm ydacTtve 12 kocMoHaBTOB. KOCMOHaBTbI bl pasfeneHsl Ha Age rpynnbl: rpynna b (n = 6), y4acTHUKK
KOTOPOW BbINOHANN JIOKOMOTOPHbIE TPEHVUPOBKM B CTPOrOM COOTBETCTBUM CO CTaHAaPTHOW cnucTemor 6opToBon AokyMmeHTauuy; rpynna L (n = 6), B koTo-
POV BbINOHSANMCH TPREHVMPOBKYM C UCMOb30BaHMEM UHAMBUAYaNbHBIX MPOTOKOOB U Neproamn3aLein ToeHnpoBoYHoro npotecca. OueHka hrandeckon pa-
60TOCNOCOBHOCTN MPOBOAMNAck A0 KocMudeckoro noneTa (KIM) n 3 pasa B Kl no peaynsratam WTaTHOro CTyneH4aToro TOKOMOTOPHOro Tecta. OueHnsanm
OOCTUIHYTbIE CKOPOCTU Ha Hanmbonee MHTEHCUBHbBIX CTYMEHsX TECTUPOBaHWSA, NMPOMAEHHOE 3a TECT PacCTOsHWE, NMyNbCOBYID CTOMMOCTb TECTUPOBAHUS.
CTaTuctuyeckas obpaboTka nposeaeHa B nporpamme StatisticalO, ncnonb3oBany HenapamMeTpuieckne MeTobl ONcaTeNibHoM CTaTUCTUKN.
Pe3ynbratbl. Bbi10 NokasaHo, 4To Bo BToport YacTu KN kocMoHaBTb! rpynnbl M gocTurany 66nblumnMx CKOPOCTEN Ha CTyNeHsxX cpeaHero v 6uicTporo bera,
a Takxe npeogonesann 6onbluee paccTosHne Ha 18,5-20,7% (p < 0,05) n 5-12% (p < 0,05) no cpaBHeHWo ¢ rpynnor B n ¢ OHOBLIM TECTUPOBaAHMEM
COOTBETCTBEHHO. MNynbcoBasi CTOMMOCTb Harpy3ku B rpynne VI 6bina Huxe Ha npoTskeHun Bcero KI no cpaBHEHUIO ¢ (hOHOBBIMY 3HAYEHUSIMU N HIDKE
no cpasHeHwto ¢ rpynnon B Bo 2-i 1 3-1 noneTHoM ceccum.

BbiBoAbl. /Icnonb3oBaHve nepuoamsaumnm 1 nHavBMayansHoro nogxoda B ycnosusx Kl obnagaet 6onbliein NpohunakTnieckon athdeKTBHOCTHIO
MO CPaBHEHWIO CO CTaHAAPTHbIMY 6OPTOBLIMU TPEHUPOBKAMU.

KntoyeBble crnoBa: KOCMUYECKMIA MONeT; NpodunakTKa HeraTuBHOroO BIVSIHUA HEBECOMOCTY; (hradndeckas paboToCnocoBHOCTL; JIOKOMOTOPHbIE TPEHM-
POBKW; Nepnoamaaums; HANBMAYabHbIA NOAXOA,
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INTRODUCTION

One of the main medical support systems for long-term
spaceflights is that for mitigating the negative effects of
weightlessness. Such a system is designed to maintain
the physical performance of members of long-term space
expeditions and to alleviate the symptoms of the micro-
gravity adaptation syndrome through a range of measures
to reduce negative effects or promote the restoration of
altered functions [1].

In long-term SF, physical training aimed at maintaining
the physical performance and basic physical qualities of
crewmembers is of particular importance. In the Russian
prevention system, physical training is conventionally di-
vided into three stages:

(1) the adaptation to microgravity stage lasts approxi-
mately 30 days; at this initial stage, physical training is
performed at 50% of the recommended load, followed by
its gradual increase to the recommended level;

(2) the stabilization stage, lasting 110-130 days de-
pending on the duration of the flight, assumes physical
training according to the standard scheme; the load at
this stage does not change significantly;

(3) the final stage, starting 30 days before boarding,
assumes physical training with increased locomotor load;
in addition, training with negative pressure on the lower
body is applied [1, 2].

It should be noted that SF conditions, onboard of the
ISS in particular, limit the performance of physical train-
ing to the equipment available on board. These include a
treadmill as the main means, a bicycle ergometer, a power
loader, an Advanced Resistive Exercise Device (ARED)
strength simulator of the American segment of the ISS,
and resistance bands. In our study, only locomotor train-
ing modes will be considered, taking into account the pe-
riodization of physical activity.

Periodization is the cyclical ordering of training work-
outs in accordance with the principles of volume and
intensity specificity in order to achieve maximal perfor-
mance during the most important stages of physical train-
ing. In relation to a space station, the stages of a manned
expedition that place the greatest demands on the physi-
cal performance of a cosmonaut are extravehicular ac-
tivities and return to Earth. Periodization of physical train-
ing is essential to managing physical performance by
reducing the risk of fatigue and the decrease of fitness.
Periodization includes long-term (macro- and mesocy-
cles) and short-term (microcycles) planning of physical
training [3]. Cyclical changes in the volume, intensity, and
types of exercises in training cycles avoids the effect of
overtraining, while contributing to achieving peak levels of
physical performance at the appropriate stages of SF [4].

Currently, locomotor training is carried out accord-
ing to on-board documentation using the BD-2 treadmill
equipment in four-day microcycles. Each day of this mic-
rocycle is aimed at maintaining a certain physical quality,
i.e., day 1 — speed, day 2 — strength, day 3 —endur-
ance, and day 4 — active recovery. On day 4, cosmo-
nauts either do not exercise at all or perform low-intensity
workouts at their discretion [5, 6]. Longer periodization in
meso- and macrocycles is rarely carried out, as a result of

which this approach contradicts modern ideas about the
organization of the training process [7].

In this article, we set out to investigate the effect of
periodization of locomotor training on the performance of
crewmembers during long-term space missions.

MATERIALS AND METHODS

The study involved 12 cosmonauts participating in long-

term space expeditions (average age 42 + 5 years). The

participants were divided into two groups, depending on
the selected approach to performing locomotor training
during SF:

e BD group (on-board documentation) (n = 6), in which
participants performed training sessions in strict ac-
cordance with the standard system defined by on-board
documentation. This implied training using four-day mi-
crocycles without periodization of the training process,
i.e., with constant load, except for the first month of SF;

e |D group (individual training) (n = 6), in which participants
performed locomotor training using individual protocols
developed by experts specializing in the prevention of
hypogravity disorders and ensuring the periodization of
the training process.

In the individual protocols of the ID group, an interval
training method was used. The intensity of the intervals
used was 70-80% of the maximum heart rate (HR) re-
corded in the MO-3 test (medical examination 3) [1] during
preflight testing. In the ID group, the spaceflight itself was
a macrocycle, conditionally divided into 5-6 mesocycles
lasting 4-5 weeks, depending on the tasks and duration
of the flight. In this group, a pyramidal approach to perio-
dization was used, assuming a reduction in the volume
and an increase in the intensity of the load [8, 9, 10]. In
addition, in the ID group, in the middle of SF (2-3 meso-
cycles), a planned decrease in the intensity of physical
activity and unloading microcycles were used during the
transition to a new mesocycle.

Physical performance was assessed on the basis of
the standard MO-3 medical test. This test was performed
in the passive mode of operation of the treadmill (i.e., the
treadmill was moved by the force of the cosmonaut’s
legs). The test had a strict time structure: 3 min of walk-
ing, 2 min of slow running, 2 min of medium running, 1
minute of fast running, and 3 min of walking; the speeds in
this test were selected by the crewmembers subjectively
according to their state of health.

Locomotor training, as well as MO-3 testing, were
performed on a BD-2 treadmill (Institute of Biomedical
Problems of the RAS, Russia). Prior to SF, testing was
performed on a full analog of the BD-2 treadmill, but with-
out a vibration isolation system and a training loading suit.
Heart rate was recorded using a Polar heart rate monitor
(Polar Electro Oy, Finland).

The research comprised the following stages:

e the preflight stage, during which all cosmonauts partici-
pating in the study completed an MO-3 test 60-30 days
before SF (baseline testing);

e the flight stage, during which the cosmonauts per-
formed tests in accordance with the specified flight
days, i.e., flight session 7 — 40-50 days of SF; flight
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session 2 — 80-100 day of SF; flight session 3 — 130-

150 day of SF.

The test results were analyzed by the groups described
above in terms of the parameters described below.

The distance traveled in the test was analyzed, as well
as the maximum speeds of locomotion at the most intense
stages: moderate and fast running. The moderate running
stage (the 3rd pre-maximum load stage in the MO-3 test)
was performed at a speed that cosmonauts defined per-
sonally as of medium intensity. In our study, the average
speed of locomotion at this stage was 8 km/h. The fast-
running stage (the 4th stage in the MO-3 test) was per-
formed with maximum intensity; in our study, the average
speed of locomotion at this stage was 9.5 km/h.

The number of heart beats per the distance traveled
(pulse value performance') was used as an integral indica-
tor of performance. This indicator was calculated as the
ratio of the total heart rate per test to the distance traveled.

>HR
=55 (1)
PV — beats per distance traveled (hereinafter pulse value
performance);
> HR — heart rate during the test (beats per min);
S — distance traveled during the test (m).

It should be noted that the magnitude of axial load dur-
ing SF testing was significantly lower than that on Earth
(60-70% of body weight). However, this parameter was
not integrated into the pulse value formula, since its ef-
fect on the heart rate response is apparently nonlinear.
Given the absence of statistically significant differences
between the groups according to this parameter (Fig. 1),
the groups are to be compared with each other.

In addition, we calculated the pulse debt as the differ-
ence between the sum of heart beats during a 5-min re-
covery period and the resting heart rate before the onset
of testing.

Statistical processing was carried out in the Statistica10
software; nonparametric methods of descriptive statistics
were used. When comparing indicators within the group,
the Wilcoxon t-test with the Benjamini-Yekutieli procedure
was used [11]; when comparing between the groups, the
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Mann-Whitney U-test was used. The median Me, inter-
quartile range, and percentage of changes relative to the
baseline were calculated. For a more complete descrip-
tion of the research cohort, outliers and extreme values
are additionally presented. The former are the values that
are highly different from those in the cohort; extremes are
the border values in the cohort.

RESULTS

In order to determine the volume and intensity of the load in
the BD and ID groups, we considered the average distanc-
es traveled during each workout and the distances traveled
in the passive mode of operation of the treadmill. The num-
ber of training sessions for the cosmonauts of both groups
was almost identical; thus, the average distance traveled
per training session may indicate the amount of work per-
formed.

Throughout SF, we did not detect any differences be-
tween the groups in terms of the average distance traveled
during training (Fig. 2).

The average distance traveled during training in the ID
group was 3326 m in the first month of SP, having in-
creased by 6.6% (to 3547 m) by the second month of SP.
During the third month of SP, this indicator decreased by
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Fig. 1. Axial load in groups when performing the MO-3 test
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Fig. 2. Total distance per workout
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Note: data presented as the median (Me) of the values of the lower and upper quartiles Q [25-75%]; p — statistical significance level.

' Translator’s note: In the Russian system, the indicator of heart beats per distance is referred to as “pulse value performance”. These terms are used interchangeably

throughout the text.
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Fig. 3. Distance traveled in the passive mode of operation of the treadmill

Note: data presented as the median (Me) of the values of the lower and upper quartiles Q [25%-75%]; p — statistical significance level.

5.8%, i.e., to 3341 m, compared to the second month of
SP. During the fourth month of SP, in order to achieve the
undulation of the training load, the distance traveled in-
creased by 4.3% compared to the previous month, which
corresponded to 3484 m. During the fifth month of SP,
this indicator decreased by 7% to 3241 m, being signifi-
cantly different from that in the fourth month (p < 0.05).
In the sixth month of SF, the average distance traveled in
training was 3261 m, being also significantly different from
that in the fourth month (p < 0.05) (Fig. 2).

In the BD group, in the first month of SF, the average
distance per workout was 3018 m. In the second month
of SF, this indicator increased by 5.1% and amounted to
3172 m. Further (in the third, fourth, and fifth months of
SF), the changes in distance traveled were less than 1%.
During the sixth month of SF, this indicator decreased
by 3.8% compared to the fifth month and amounted to
3055 m.

In order to assess the intensity of the load, the dis-
tance traveled in the passive mode of operation of the
treadmill was used. This mode is more stressful than the
active mode, since its implementation requires an addi-
tional force of 3.5 kgf [12]. Overall, the total training time
remained unchanged, and the distance traveled in the
passive mode of operation of the treadmill depended on
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Fig. 4. The distance traveled in the MO-3 test
Note: data presented as the median (Me) of the values of the lower and upper
quartiles Q [25-75%]; p — statistical significance level.

the speed and time of execution of this mode. Taking into
account the above, we believe that a change in the dis-
tance traveled in the passive mode of operation of the
treadmill during a workout may indicate a change in the in-
tensity of the load. Data on the average distance traveled
in the active mode of operation of the treadmill were not
considered, since this mode is less stressful and less in-
dicative in terms of intensity.

There were no significant differences between the
groups in terms of the average distance traveled in the
passive mode throughout SF (Fig. 3).

In the ID group, from the first to the third month of SF,
an increase in the distance traveled in the passive mode
was observed (Fig. 3). During months 1, 2, and 3 of SF, this
indicator was 787, 955, and 1024 m, respectively. During
the fourth month of SF, in accordance with the periodiza-
tion of the training process, the distance traveled in the
passive mode was reduced to 1004 m. In the fifth month
of SF, this indicator increased by 15.9% compared to the
fourth month to 1167 m; this indicator was also significant-
ly higher than that in all previous months of SP (p < 0.05).
During the sixth month of SF, the distance traveled in the
passive mode of operation of the treadmill increased by
17.7% relative to the fifth month and amounted to 1369 m.
This indicator was also significantly higher (p < 0.05) than
that in all previous months of the flight cycle (Fig. 3).

In the BD group, this indicator did not undergo such
significant changes throughout the SF. During months 1,
2, 3, 4, 5, and 6, this value was 1297, 1367 (+5.5%), 1418
(+3.7%), 1413 (-0.3%), 1494 (+5.7%), and 1497 m (+0.2%),
respectively.

The distance traveled before SF in the MO-3 test be-
tween the groups did not differ and amounted to 1144.5 m
in the ID group and 1095 m in the BD group (Fig. 4).

In the first flight session, the ID group experienced a
6.9% increase in the distance traveled (1202.5 m) com-
pared to the baseline. In the BD group, the distance
traveled decreased by 7.3% (1040 m) compared to the
preflight survey, while no significant differences were re-
corded between the groups. In the second flight session,
the ID group experienced a further increase in the distance
traveled (1234.5 m), which was significantly higher than in
the baseline test (p < 0.05). In the BD group, the distance
traveled practically did not change, while this indicator
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was significantly lower than in the ID group (p < 0.05) and
amounted to 1022 m. In the third flight session, there was
an increase in the distance traveled in both groups: 1281
m in the ID group, being significantly higher compared to
both the baseline values and the BD group (p < 0.05). In
the BD group, this indicator was 1126 m, which effectively
corresponded to the preflight value (Figure 4).

The speed of locomotion at the fast-running stage be-
fore SF in the ID and BD groups was 9.65 and 9.2 km/h,
respectively. However, no significant differences were re-
corded between the groups (Fig. 5). In the first flight ses-
sion, the ID group experienced an increase in this indica-
tor by 5.2% (10.15 km/h) compared to the baseline, while
the BD group showed a decrease in speed by 4.9% (8.7
km/h) compared to the baseline test.

In the second flight session, the ID group experienced
a further increase in speed at the fast-running stage to
10.45 km/h (p < 0.05), which was 8.3% higher relative to
the baseline value. In the BD group, this indicator was 8.9
km/h, while a significant difference in this indicator was
recorded between the groups (p < 0.05). In the third flight
session, the locomotion speed at the fast-running stage
in the ID group was 10.35 km/h, being significantly higher
than in the BD group, where this indicator was 8.95 km/h.

No significant differences between the groups were
recorded at the stage of moderate-intensity running dur-
ing the preflight testing (Fig. 6). At the same time, in the ID
group, the speed of locomotion was increasing from ses-
sion to session and comprised 8.2 km/h in the baseline
testing, 8.45 km/h in the first flight session, 8.63 km/h
in the second flight session, 8.78 km/h in the third flight
session. Significant changes compared to the baseline
(p < 0.05) were noted in the second and third flight ses-
sions.

In the BD group, the moderate-running speed of loco-
motion throughout SF was reduced relative to the base-
line by 4.7-8.7%, namely 7.55 km/h in the first flight ses-
sion, 7.15 km/h in the second flight session, 7.55 km/h in
the third flight session against the baseline values of 7.93
km/h. In addition, in the third flight session, the speed in
the BD group was significantly lower compared to the ID

group (Fig. 6).
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Fig. 6. Locomotion speed at the stage of moderate running in the MO-3 test
Note: data presented as the median (Me) of the values of the lower and upper
quartiles Q [25-75%]; p — statistical significance level.
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The indicator of beats per distance (pulse value per-
formance) in the preflight testing did not differ significantly
between the groups. In the ID and BD groups, this indica-
tor before SF was 1.48 and 1.54 beats/min/m, respec-
tively (Fig. 7).

During SF, the ID group showed a significant de-
crease in the pulse value parameter in all flight ses-
sions, compared to the baseline. Thus, its values were
1.35 beats/min/m (-8.8%) in the first flight session, 1.28
beats/min/m (-13.2%) in the second flight session, and
1.31 beats/min/m (-11.3%) in the third flight session.
In the BD group, this indicator tended to decrease, al-
though never reaching the level of significance in any
flight sessions and comprised 1.44 beats/min/m in the
first flight session (-6.7%), 1.48 beats/min/m in the sec-
ond flight session (-4.2%), and 1.43 beats/min/m in the
third flight session (-7.1%). In addition, in the second and
third flight sessions, the beats per distance parameter in
the ID group was significantly lower compared to the BD
group (Fig. 7).

In terms of pulse debt, we found no statistically signifi-
cant differences between or within the groups.

Il BD group Il 1D group O Outlier A Extremum

p=0.043

p = 0.041

Speed at the fast-running stage, km/h
© o T8
1 1 1 1
- °
1]
o
- R

Baseline 1st flight

session

2 flight
session

3 flight
session

Figure prepared by the authors using their own data

Fig. 5. Locomotion speed at the fast-running stage in the MO-3 test
Note: Data presented as the median (Me) of the values of the lower and upper
quartiles of Q [256-75%)]; p — statistical significance level.
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Fig. 7. Beats per distance (pulse value performance) in the MO-3 test
Note: data presented as the median (Me) of the values of the lower and upper
quartiles Q [25-75%]; p — statistical significance level.
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DISCUSSION

Prolonged exposure to SF conditions leads to a de-
crease in the level of physical performance [13]. Physical
training can mitigate the negative effects of SF factors,
which makes both the equipment and organization of the
training process, including its periodization, highly impor-
tant. Experts of the Russian prevention system proposed
the use of periodization of physical activity under condi-
tions of prolonged SF, based on the principle of undula-
tion [14]. In addition, the developers of this system noted
the need for an individual approach, taking into account
the selective attitude of crewmembers to the recom-
mended means and methods of physical training [14]. It
should be noted that our study considered only treadmill
training; however, the use of other preventive measures
also had an effect on the level of physical performance
of crewmembers. At the same time, the results of training
achieved using a bicycle ergometer and a strength sim-
ulator was similar in both groups. These workouts were
performed every other day, while treadmill training was
performed daily and, accordingly, had a greater effect on
the physical performance of the crewmembers.

In our study, the BD group showed a decrease in the
studied indicators (distance traveled, speed of locomotion
at the stages of fast and moderate running) in the first flight
session, despite the reduced axial load, thus indicating a
decrease in physical performance. Subsequently, during
the flight, these indicators demonstrated a slight increase,
except for the speed at the moderate-intensity running
stage, which indicated some recovery in performance.
In the ID group, the distance traveled and the speed of
locomotion increased in the first flight session compared
to the baseline. The results obtained in the BD group are
consistent with those reported by other researchers on
a decreased performance of crewmembers during early
flight stages, which gradually normalized at later stages.
This observation was explained the implementation of
preventive measures [15].

The MO-3 test can be represented as an analog of
the Cooper test [16], where performance is assessed
by the distance traveled. The step-by-step structure of
this test makes it possible to identify the most significant
stages in testing, i.e., moderate and fast running, indicat-
ing the maximum achievable power in testing. Testing in
the passive mode requires an additional 3.5 kgf of effort
from crewmembers to maintain the speed of the BD-2
treadmill [12], which is significantly complicated in SF
conditions due to developing muscular atony and atro-
phy [17]. It should be noted that during SF, the use of the
passive mode is also complicated by the specific fea-
tures of the biomechanics of movement on the treadmill,
which is operated by a vibration isolation system, as well
as by the use of a training loading suit. Prior to SF, when
performing testing, cosmonauts place their hands on
special handrails located in front of them at the shoulder
level, thereby facilitating pushing the treadmill belt back.
In SF conditions, the use of these handrails is impos-
sible due to the presence of a passive vibration isolation
system. The additional hand support from the front shifts
the center of mass of the treadmill belt forward, moving

beyond the center of mass of the vibration isolation sys-
tem. This significantly increases the pitch and leads to
a downward tilt of the front of the belt, while the back
of the belt rises and rests against the frame. In order to
avoid this effect, cosmonauts use a training loading suit
as a support, which requires additional body tilt to cre-
ate a force pushing the belt back, while the step length
is significantly reduced.

The observed changes in the beats per distance pa-
rameter (pulse value) during SF in our study are consistent
with the results obtained by Moore et al. [15]. A gradual
decrease in this indicator during SF indicated an increase
in physical performance, with the changes being more
pronounced in the ID group. The noted decrease in physi-
cal performance during the first month of SF may be due
to various factors [18], including a decrease in plasma vol-
ume [19], a decrease in left ventricular mass [20, 21], and
muscular atrophy [22, 23]. Significantly lower pulse value
indicators in the ID group, starting from the second flight
session, may indicate the efficiency of periodization of the
training process in maintaining muscle strength and per-
formance in SF conditions.

In other space agencies, the periodization of physical
training is carried out in limited volumes. At the National
Aeronautics and Space Administration (NASA), treadmill
training involves a gradual increase in axial load from
60% to 80%; training protocols are created individually
for each crewmember, or the astronaut performs train-
ing at his discretion. The ARED strength simulator uses
a training periodization that includes two three-month
macrocycles. Each macrocycle consists of four meso-
cycles of three weekly microcycles. The microcycle con-
sists of six workouts performed with heavy (4 sets, 6
repetitions), light (4 sets, 12 repetitions), and medium (4
sets, 8 repetitions) loads sequentially, using three train-
ing protocols. In the mesocycle, workouts vary such
that each protocol uses a hard, light, and medium day.
In each microcycle, there is a gradual increase in the
weight of the load by 5% from the repeated maximum.
In the second three-month macrocycle, the weight of the
load increases based on the values obtained in the last
weeks of the first macrocycle [24].

In the European Space Agency, the entire flight pe-
riod is conditionally divided into three stages, similar to the
Russian prevention system. These include the initial (the
first 20 days of SF), the main (about 130-150 days), and
the final (15-30 days before landing) stages. At the initial
stage of the flight, the load on the treadmill and bicycle er-
gometer is low and gradually increases at the discretion of
the crew. On a strength simulator, the load is 50-60% of
the repeated maximum. At the main stage, the load is in-
creased gradually on all the tools used. At the final stage,
the load is maintained at a high level, while the propor-
tion of workouts performed on a strength simulator and
a treadmill increases, and the number of workouts on a
bicycle ergometer decreases [25].

Thus, in all the considered systems of prevention of
the negative effects of weightlessness, the periodiza-
tion of the training process is not implemented at its full-
est. The main approach is to gradually increase the load
(speed, axial load, weight of the load); however, none of
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the considered systems takes into account differences
between the adaptation phases, as well as the time differ-
ence between recovery and adaptation during the training
process.

CONCLUSION

In our study, the use of locomotive training, taking into ac-
count the principles of periodization and individualization,
allowed the crewmembers to perform testing with a greater
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