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Abstract. Introduction. The results of many years of research have established the negative influence of 

space flight factors on the functional state of the musculoskeletal of astronauts, including the torso muscles. 

Therefore, there is a need to develop efficient methods for their restoration and strengthening. Objective – 

to develop a method of robot-assisted mechanotherapy on the Centaur complex for post-flight rehabilitation 

of the astronauts’ musculoskeletal system. Methods. The study involved 7 male astronauts and the control 

group (healthy men). The study of the torso muscles’ force was carried out on the Centaur complex 

(diagnosis and training of the autochthonous torso muscles). Results. Taking into account the data of 

theoretical analysis and diagnosis of the force parameters of the torso muscles of astronauts and male 

volunteers, a method of robot-assisted mechanotherapy on the Centaur complex for the post-flight 

rehabilitation of the musculoskeletal system was developed. The technique consists in rotating the patient 

around their own axis with preset parameters to strengthen various muscle groups of the torso and differs 

depending on the diagnosed parameters of muscle balance. Conclusion. The developed technique is aimed 

at optimizing the balance of the autochthonous torso muscles, eliminating the deficit and restoring the force 

parameters of the muscles, centralizing movement and load along the main anatomical axes. 

Keywords: astronauts, post-flight rehabilitation, musculoskeletal system, torso muscles, robot-assisted 

mechanotherapy.  
 

Introduction. The work of astronauts on 

orbit is considered as an extremely complicated 

activity associated with substantial physical loads 

against the background of constant influence of 

specific spaceflight (SF) factors, such as zero gra-

vity, overloading, radiation, vibration and physi-

cal inactivity. All of it lead to substantial morpho-

logical and functional changes, which should be 

considered as adaptive. Microgravity in SF condi-

tions affects almost all functional systems of a 

human body [1-4]. Musculoskeletal system 

(MSS) is the most vulnerable. Zero gravity or 

microgravity, excluding physiological axial 

loading on MSS and joints as a basis of amor-

tization in case of vertical movement in space, 

shift of the center of gravity and disturbance of 

adequate muscle stimulus and balance of calcium 

and other microelements cause significant chan-

ges in the function of support and movement 

organs of astronauts. A decrease in muscle tone 

leads to a reduced muscle mass, a redistribution 

of the volume of circulating blood and body 

fluids, demineralization of bone tissue, which, in 

turn, leads to impaired posture, displacement of 

internal organs and other negative changes [5-6]. 

It was established that at earlier stage of 

readaptation after support unloading, lumbar 

enlargement reduction is not compensated, the 

volume of white and gray matter remains reduced, 

which is accompanied by a decrease in the 

average sizes of motor neurons [7]. 

The lack of influence of body weight in 

microgravity entails a cascade of disorders, 

primarily related to the axial loading on the 

supporting skeleton, joints and muscular system. 

The absence of gravitational stimuli blocks anti-

gravitational reactions from the musculoskeletal 

system. The idea of a chain of pathological 

disorders, first expressed as a hypothesis based on 

theoretical assumptions, was subsequently 

confirmed during flights and post-flight reactions. 

A decrease in afferent impulses in microgravity 

forms a violation of the responses of all 

physiological functions. An analysis of the 

features of the readaptation process in astronauts, 

as well as observations made during prolonged 

inactivity, indicate changes in general reactivity, 

regulation of autonomic and motor functions. The 

imperfection of reverse afferentation can be 

explained by violations of coordination of 

movements in statics and dynamics after the end 

of space flights [8]. 

Lack of compression effects on the 

musculoskeletal system alters exposure on the 
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external vascular tone and blood circulation. 

Functional muscle stiffness in microgravitation is 

a triggering mechanism that reduces anti-gravity 

muscle tone, their resistance and their working 

response. Microgravity reduces the tone of the 

muscles that ensure the vertical position of the 

body and the extensor muscles with the 

development of atrophic/atonic processes, which, 

in turn, reduces the resistance of the vascular wall 

with the development of dilation effects [9]. 

Metabolism disturbance in bone and muscle 

structure are also the consequence of reduced load 

on MSS. Moreover, protein catabolism 

intensifies, calcium deficit in muscle tissue, as 

well as endocrine status imbalance occur [8]. 

It has been shown that chronic decrease of 

motor activity causes large-scale changes in the 

transcriptome (several thousand mRNAs), as well 

as in the skeletal muscle proteome. These changes 

are primarily associated with the activation of the 

inflammatory response and the extracellular 

matrix restructuring, as well as with a decrease in 

the expression of genes encoding various 

mitochondrial enzymes [10]. 

Reduced tissue respiration and oxidative 

phosphorylation with the development of a dis-

proportion of demand and energy consumption 

indicates the possibility of increased O2 

consumption and oxygenation deficiency [11]. 

A ten-year experience of observing the state 

of astronauts generalized complicated shifts that 

occur in the macro- and microelement base. 

Microgravity inevitably followed by adaptive 

clinical-biochemical, hormonal and metabolic 

processes of MSS relate to bone and muscle 

tissue. If there is no gravitational stimulus, a 

disturbance of macro- and microelement balance 

with the leaching of sodium, water, potassium, 

chlorine, and iron ions occurs. At the same time, 

negative nitrogen balance develops, which, 

together with the loss of water, leads to a decrease 

in body weight due to the loss of fluid, muscle 

mass, and mineral composition with the 

development of new correlations of chemical 

elements in biological environments [12]. 

The studies conducted on aging muscles 

demonstrated reduced synthesis of the main 

contractile proteins – heavy chains of myosin, 

which correlates with a decrease in muscle force, 

the content of insulin-like growth factor, 

dehydroepiandrosterone sulfate, and free 

testosterone. In turn, reduced protein synthesis in 

muscles can be explained by their decreased 

sensitivity to insulin and amino acids [13]. 

Therefore, results of long-term study proved 

negative effect of SF factors on the functional 

state of MSS of astronauts, including the torso 

muscles. Therefore, there is a need to develop 

effective methods for their restoration and 

strengthening. Mechanotherapy on robot-assisted 

biomechanical complexes, such as the Centaur 

complex, which are successfully implemented in 

restorative and sports medicine, may be used as 

one of these methods [14-17]. 

Objective – to develop a method of robot-

assisted mechanotherapy on the Centaur complex 

for post-flight rehabilitation of the astronauts’ 

MSS. 

Methods and organization. The study took 

place in the North-Caucasian Federal Research-

Clinical Center. The study involved 7 male 

astronauts (Me [Q1; Q3]), age – 55 [52; 57] years, 

height – 176 [172; 178] cm, weight – 89 [82; 102] 

kg and the control group (CG) – healthy men, 

coaches of different sports. All the participants 

gave an informed consent in accordance with the 

Declaration of Helsinki developed by the World 

Medical Association, as well as permission for 

personal data processing. The study was approved 

by the local Ethics Committee for biomedical 

research examination of the North-Caucasian 

Federal Research-Clinical Center (protocols No. 

2 dated 26.01.2021, No. 2 dated 14.05.2024). 

The study of the torso muscles was carried 

out on the Centaur complex (diagnosis and 

training of the autochthonous torso muscles) 

(BFMS, Germany) (fig.). 

Statistical data processing was performed in 

the Statistica 13.0 software. We calculated 

standard indicators of descriptive statistics 

(median, first and third quartiles). Distribution 

normality was identified with the Shapiro-Wilk 

test. Comparison of the indices was done using 

the non-parametric Mann-Whitney test. 

Results and discussion. A comparison of 

force of the autochthonous muscles of the torso in 

astronauts and CG showed that the total index of 

the maximum force of the torso muscles applied 

to maintain body position when changing the 

adjusted rotational angles during testing, as well 

as the indices of the maximum force applied to 

maintain body position when the training comp-

lex is tilted to the left and right, is statistically 

substantially higher in astronauts than that in CG. 

Consequently, the astronauts put the highest 

possible effort to maintain their body position 

during rotation, compared to CG, apparently due 

to their greater weight. They had less relative 
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force applied. It should also be noted that the 

study was conducted in conditions of gravity. In 

general, it is possible to indicate higher force 

indicators and better coordination of the 

autochthonous deep-lying muscles of the 

astronauts’ torso, which may be due to the 

adaptation of their work in conditions of gravity 

and zero gravity. 
 

 
Fig. Study of the functional state of the musculoskeletal system of an astronaut on the Centaur 

complex 
 

Table 

Indicators of the muscular force applied to maintain body position when changing the adjusted 

rotational angles during the dynamometric testing on the Centaur complex for astronauts and CG, 

Me [Q1; Q3] 
Indices Astronauts (n=7) CG (n=54) P<  

MMF, Nm 241 [240; 247] 167.3 [137.9; 214.2] 0.03 

RMF, % 100 [94.9; 100] 218.53 [179.19; 309.61] - 

MMFL, Nm 226 [217.2; 240] 159.8 [132.6; 206.8] 0.05 

RMFL, % 89 [88; 100] 100 [100; 100] - 

MMFR, Nm 240 [224.4; 242] 160.7 [132.6; 206.8] 0.04 

RMFR, % 94.9 [90.9; 100] 100 [99.9; 100] - 

Imbalance, Nm 4.1 [0; 8.2] 0 [0; 0.75] - 

Note: CG – control group; MMF – maximum muscle force; RMF – relative muscle force; MMFL – 

maximum muscle force applied to maintain body position when the training complex is tilted to the 

left during testing; RMMFL – relative muscle force applied to maintain body position when the training 

complex is tilted to the left during testing; MMFR – maximum muscle force applied to maintain body 

position when the training complex is tilted to the right during testing; RMMFR – relative muscle force 

applied to maintain body position when the training complex is tilted to the right during testing; 

Imbalance – differences between the parameters of maximum muscle force on the right and on the left 

applied to maintain body position when the training complex is tilted during testing. 
 

As a result of diagnosing the initial level of 

the torso muscle force, we have identified the 

program of post-flight rehabilitation of MMS of 

astronauts: 

1) Enhancing and increasing the force of the 

upper and lower limbs’ muscle groups, 

optimizing the balance of force of the muscles of 

the right and left half of the body. 

2) Maintaining force of the torso muscles. 

In order to maintain force of the torso mus-

cles and optimize their balance we have develo-

ped a specialized method with the Centaur complex. 

The method of restoring the functional state 

of the autochthonous stabilizing spine muscles 

includes application of the Centaur complex in the 

“Rotation in space” mode: the patient rotates 
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around their own axis with adjusted parameters to 

strengthen various torso muscle groups. This 

technique differs in the diagnosis of muscle 

imbalance in different parts of the spine. 

Program for muscle imbalance in the thoracic 

spine: 

1. Inactivity of the muscle group on the left: 

- rotation angle (tilt) – adjusted 

individually, taking into account the diagnosis 

protocol, in the range of 0 to 90°; 
- number of sets – 5; 

- number of repetitions for one set – 

adjusted individually, depending on a number of 

preset tilt angles in a set (the diagnosis protocol); 

- movement time – 5 s; 

- tilt duration – 5-6 s; 

- number of pauses – 4; 
- pause duration – 7 s. 

2. Physical inactivity of the muscle groups on 

the right: 

- rotation angle (tilt) – adjusted 

individually, taking into account the diagnosis 

protocol, in the range of 0 to -90°;  

- number of sets – 5; 

- number of repetitions for one set – 

adjusted individually, depending on a number of 

preset tilt angles in a set (the diagnosis protocol); 

- movement time – 5 s; 

- tilt duration – 5-6 s; 

- number of pauses – 4;  

- pause duration – 7 s. 

Program for muscle imbalance in the lumbar 

spine: 

1. Physical inactivity of the muscle group on 

the left: 

- rotation angle (tilt) – adjusted 

individually, taking into account the diagnosis 

protocol, in the range of 90 to 179°;  

- number of sets – 5; 

- number of repetitions for one set – 

adjusted individually, depending on a number of 

preset tilt angles in a set (the diagnosis protocol); 

- movement time – 5 s; 

- tilt duration – 5-6 s; 

- number of pauses – 4;  

- pause duration – 7 s. 

2. Physical inactivity of the muscle groups on 

the right: 

- rotation angle (tilt) – adjusted 

individually, taking into account the diagnosis 

protocol, in the range of -90 to -180°;  

- number of sets – 5; 

- number of repetitions for one set – 

adjusted individually, depending on a number of 

preset tilt angles in a set (the diagnosis protocol); 

- movement time – 5 s; 

- tilt duration – 5-6 s; 

- number of pauses – 4;  

- pause duration – 7 s. 

The physiological mechanism of action is to 

optimize the balance of the autochthonous torso 

muscles, to eliminate the deficit of the supporting 

muscles. The musculoskeletal feeling is 

optimized, the force parameters of the torso 

muscles are restored, movement and load are 

centralized along the main anatomical axes.  

Expected effects of the application. 

Improving the function of the musculoskeletal 

system by restoring the muscular balance of the 

torso and improving neuromuscular coordination. 

Acceleration of neuromuscular system recovery.  

Indications: post-SF condition, degenerative 

diseases of the spine, functional back pain, 

weakness and imbalance of the back muscles, the 

need to increase the functional capabilities of 

MMS, insufficient level of development of 

separate muscle groups.  

Contraindications to the method’s appli-

cation: acute injuries, diseases accompanied by 

acute pain syndrome, fever. 

Conclusion. Taking into account on the data 

from theoretical analysis and diagnosis of force 

indicators of the torso muscles of astronauts and 

male volunteers, we have developed the method 

of robot-assisted mechanotherapy on the Centaur 

complex for post-flight rehabilitation of the MSS 

of astronauts.  

The technique of restoring the functional 

state of the autochthonous stabilizing spine 

muscles is implemented using the Centaur 

complex in the “Rotation in space” mode: rotation 

of the patient around their own axis with adjusted 

parameters to strengthen various muscle groups 

of the torso. This technique differs depending on 

the preset parameters of muscle balance in 

different parts of the spine. 
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