
International Journal of Research Publication and Reviews, Vol 3, no 9, pp 821-825, September 2022  
 

International Journal of Research Publication and Reviews 

 

Journal homepage: www.ijrpr.com  ISSN 2582-7421 

 

 

Effect of Long-Term Spaceflight on Postural Equilibrium Control 

Dr Debopriya Ghosh1, Paul Anderson2, Dr Gregor A3 

Department of Physiology, University College of Medical Sciences. Delhi, India. 
2Department of Biomedical Engineering, Virginia Commonwealth University, USA 
3Department of Chemical and Life Science Engineering, Virginia Commonwealth University, USA 

ABSTRACT 

Vestibular aetiology of postural ataxia after brief spaceflight is supported by studies. Astronauts' balance control systems do not utilise the otolith-mediated spatial 

reference given by the terrestrial gravitational force vector right after travel. In-flight centrifuges could serve as a useful countermeasure. 

KEYWORDS: Vestibular Apparatus, Motor Control, Neuroscience, Space travel, Weightlessness.  

INTRODUCTION 

In order to optimise coordinated body motions and posture management in the gravitational field of the earth, human sensory-motor systems have 

developed. In order to assess the biomechanical state of the body (spatial orientation), the central nervous system (CNS) has evolved neurosensory and 

neu- romotor systems that generate, select, and execute motor signals to rectify biomechanical state problems [1-3]. The sensory information integration 

mechanisms utilised to determine spatial orientation are modified by neurosensory systems in response to the abrupt loss of graviceptor (otolith) input 

during spaceflight [4,5]. Additionally, neuromotor systems adapt their repertoire of motor command methods and synergies for movement control in 

response to the abrupt removal of the static gravitational biomechanical pressure [6]. Unfortunately, these in-flight sensory-motor modifications are not 

suitable for the gravitational environment on Earth and instead enhance neuronal control of movement in microgravity. Immediately upon return to Earth, 

a disturbance in postural balance regulation is one of the operationally significant consequences of this maladaptation [7]. Systems for controlling posture 

on land are created to preserve biomechanical stability throughout daily activities. Early on, the central nervous system (CNS) learns to manage the body's 

centre of mass steadily both in peaceful posture and while anticipating or reacting to postural disturbances brought on by voluntary movements or outside 

disturbances. The CNS employs inputs from the ocular, vestibular, proprioceptive, and somatosensory receptors to achieve this in order to determine the 

body's present biomechanical condition [1]. In order to establish the body's spatial orientation and relative stability, this state input is combined with 

internal models of the kinematics and dynamics of the body [2]. Additionally, depending on these conclusions, the CNS chooses and orders the best 

motor control methods and synergies to bring the body back to the intended state of equilibrium [3, 8]. Sense-based feedback is essential for controlling 

posture. Nor- mally, the CNS continually and unconsciously evaluates the discrepancies between the planned biomechanical condition produced by higher 

level brain regions and the actual biomechanical state perceived by the available sensory feedback systems. Closed loop control neural networks may 

modify the motor outputs to make up for slight variations (errors). Nevertheless, an open loop control mode could be activated if the faults are significant. 

The CNS choose a stereotyped response from its remembered repertoire based on prior experience as well as the size, direction, and rate of change of the 

erroneous state vector. The set of motor commands stored in this response memory is subsequently executed, causing predefined muscles to contract at 

specified times without taking into account the accompanying sensory data. The CNS quickly begins continuous monitoring of the present biomechanical 

situation after this open loop instruction volley.  

CONTROLLING POSTURE ALSO DEPENDS ON BIOMECHANICS AND MOTOR FUNCTION. 

The kinematic and dynamic responses to a specific set of motor instructions will vary depending on changes in body mass distribution, intersegmental 

orientation, muscle strength, muscle tone, or reflex activity. The continual CNS adjustment of motor outputs during calm stance often makes up for mild 

motor performance and biomechanical impairments. However, after abrupt perturbations, the effectiveness of the subsequent motor command volleys in 

regaining postural equilibrium heavily depends on motor function and biomechanics. Spaceflight eliminates gravity's ordinarily constant, all-pervasive, 

Earth-vertical spatial reference, which is detected by the otolith organs and other cortical graviceptors. This results in a discrepancy between the 

anticipated and actual sensory afference caused by bodily motions. Space motion sickness (SMS) [9], perceptual illusions, and poor coordination can all 

be caused by this incongruence. If the discrepancy persists, it could also stimulate central adaptive processes that lead to new internal representations of 

the reafferent signals anticipated from efferent motor orders. The misinterpretation [4] or ignoring [5] of gravity-mediated otolith inputs has been used in 

the past to characterise the new internal models. In the end, this adaptation causes the CNS to stop looking for gravity inputs to utilise in determining 

spatial orientation. While this could help to reduce SMS and is likely to improve central neuronal control of coordinated body movements while there is 

no gravity, it also seems to considerably impair control of coordinated body movements right after returning to Earth [10]. Disruption of postural stability 
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control has been shown to be one of the postflight impacts of in-flight neurosensory adaptation to microgravity [6, 7, 11–21] in both astronauts and 

cosmonauts. The CNS's neuromotor components are similarly impacted by the prolonged absence of gravity. For instance, when gravity is lost, the 

following things happen: (1) weight unloading, which results in disturbances in muscle disuse; (2) elimination of tonic antigravity muscle activation; (3) 

reduction of support reactions; and (4) changes in biomechanics, which are, for instance, characterised by altered relationships between the mass of a 

body segment and the force needed to move it [16]. The features and processes of postflight postural ataxia have previously been studied by researchers 

from the Russian and American space programmes. In one class of experiments, the ability of crew members to keep a steady upright position during 

calm stance with standard and modified sensory feedback was studied. Astronauts had to stand on slender rails with their eyes open or closed under the 

first such paradigm employed in the American programme [12–14, 22, 23]. Results from this paradigm showed significant postflight performance declines 

during the eyes-closed tests, with the first postflight test showing the largest degree of the ataxia. Recovery seems to be influenced by mission duration. 

Similar findings were found early on in the Russian programme using stabilogram recordings of three different standing positions: (1) silent standing 

with eyes open and closed; (2) sharpened Romberg posture; and (3) standing with the head inclined either forward or backward [24–26]. More complicated 

paradigms have been used in later investigations of postural stability in calm posture before and after flight. For instance, von Baumgarten et al. [27] 

asked crew members to stand on an Earth-fixed stabilometer beneath a tilting room with their eyes open, their eyes closed, conflicting visual- vestibular 

input while the room was tilted with a sine wave, and altered somatosensory input while the subject was standing on foam rubber placed on top of the 

stabilometer. They discovered reduced postural stability for up to 5 days after landing on Earth, as well as an increased dependence on visual cues for 

posture control immediately following spaceflight. 

Another category of postural studies looked at crew members' capacities to return to stable upright posture after being disturbed by outside forces. In the 

U.S. program, external postural perturba- tions were provided most frequently by moving the sup- port surface upon which the subject stood. For instance, 

Anderson et al. [11] translated the support surface abruptly and gradually. They discovered that the segmental biomechanical responses were heightened, 

the soleus muscle's first electromyographic (EMG) response had a longer latency, and it took more time to reach a new equilibrium position during 

spaceflight than it did previously. Using abrupt step-wise pitch rotations of the support surface, Kenyon and Young [14] discovered that the late (long 

loop) EMG response had a larger amplitude after flight than it had before. Researchers have regularly employed postural perturbations at the chest rather 

than the base of support to explore ataxia following flight in the Russian space programme. For instance, Grigoriev and Yegorov [28] investigated the 

three key members of the long-duration MIR-Quant expedition's postflight posture control. They discovered that, as compared to preflight values, less 

force was needed to disrupt posture on the sixth day after flight, and that both the time it took to recover from the perturbation and the amount of muscle 

activation after the perturbation both increased. Other long-duration trips, short-duration missions, and microgravity simulation trials also resulted in 

similar modifications, which were also observed in larger groups of participants [6, 15, 26, 29]. These experiments led the authors to the conclusion that 

support unloading was crucial in the development of postural ataxia after short-term (up to 30 days) exposure to both real and simulated microgravity. 

This was explained by a decrease in afferent influx from the support regions, which led to a loss in the tone of the muscles that resist gravity (extensors), 

as well as by a hypersensitivity of the spinal reflex mechanisms. They proposed that peripheral diseases, such as muscle hypotrophy, changes in 

neuromuscular transfer functions, and changes in muscle membrane characteristics, were also significant for longer-term hypogravity exposures. 

Furthermore, they hypothesised that perturbations to the processes of reorganising motor patterns occurred during long-term spaceflights and that recovery 

time was significantly influenced by mission duration. Disturbances in post-flight postural balance have significant effects on the likelihood that 

emergency escape from the Shuttle right after landing would be successful. Although there seems to be a quick initial adaptation to the terrestrial 

environment, crew members' subjective accounts suggest that, at least in some circumstances, it would have been challenging to exit the vehicle as soon 

as the wheels stopped. The severity of the postflight ataxia would significantly worsen if the crew compartment were filled with smoke or made gloomy 

by broken lights, according to earlier research showing that the microgravity acclimated individual leans more largely on visual system inputs for posture 

regulation. Emergency escape would be difficult or impossible under these circumstances. If emergency escape is necessary on the runway after landing, 

the vehicle's 6-degree forward pitch position is likely to make the situation much more difficult. The apparent (visual) vertical within the vehicle may 

differ from the vertical outside the vehicle, and the visible vertical may differ from the gravitational (otolith) vertical as a result of the forward pitch. 

Additionally, the sensations of self-motion and/or surround-motion reported to be generated by head motions during entrance and just after flight [4, 30] 

might significantly worsen these egress issues. The de facto need that emergency escape be accomplished while donning a huge, unwieldy launch and 

entry suit and changes in effector characteristics like muscle tone and strength may also make things more difficult (LES). Numerous investigations on 

the causes and severity of postflight postural ataxia have been conducted. Each of these research' findings broadly agrees with the ideas being investigated 

in Detailed Supplementary Objective (DSO) 605. There is, however, a great deal of uncertainty regarding the extent to which non-vestibular variables 

may account for the observed postflight ataxia because to the limited population size and lack of supporting data in abnormal human patients. The 

fundamental issue that all prior research on posture control changes related to spaceflight have in common is the small number of people evaluated. It is 

impossible to interpret the outcomes of trials on two to f people conclusively, especially given the significant variations in demographic parameters, such 

as age, gender, flying experience, and mission duration, that may have an impact on the outcomes. Moreover, only when the impact of these demographic 

characteristics is understood can specialised countermeasures to the undesirable effects of in-flight sensory-motor adaptation be developed and/or 

evaluated. By (1) examining the components of neu- rosensory control of posture with a more sensitive posturography technique than previously used, 

(2) systematically evaluating the entire post-flight recovery process, (3) explicitly controlling for prior spaceflight experience, and (4) studying enough 

subjects to draw statistically significant conclusions, DSO 605 was created to build on the findings of previous studies of postflight postural ataxia. The 

main objectives of this study were to (1) describe the postural equilibrium control recovery process in crew members returning from Shuttle flights and 

(2) verify the dynamic posturography system as a dependent measure for upcoming vestibular and/or sensory-motor countermeasure evaluations. This 

investigation's long-term goal was to identify the fundamental causes of postflight postural ataxia in astronauts taking part in lengthy Orbiter spaceflight 

missions. It was anticipated that this information would produce revelations that would direct the creation of efficient defences against the impacts of 

sensory-motor adaptation to space travel. The following theories were examined: When gravitational otolith stimulation is lost during flight, along with 

corresponding reductions in the biomechanical restraints on body motion, the central nervous system (CNS) undergoes adaptive modifications that replace 

gravity-mediated otolith information in determining spatial orientation (partially) by giving visual spatial information more weight. As a result, postflight 
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vestibular regulation of posture will be less effective, and visual inputs will be more dependent on posture control as a result. Because of the persistence 

of in-flight sensory-motor adaptation, the efficiency of posture control during silent stance and in reaction to stability-threatening external shocks will be 

diminished early after spaceflight. Due to the longer time required for in-flight sensory-motor adaptation to microgravity, the severity and recovery time 

of this postflight postural ataxia will both grow with mission duration. As a result of repeated exposures to microgravity, a training effect develops, 

causing postflight postural ataxia to become less severe and to recover more quickly over time. Less severe ataxia will be present in astronauts with prior 

spaceflight experience compared to those taking their first jney. 

STUDIES ON POSTURAL EQUILIBRIUM CONTROL 

Researcher shows, Every individual showed a significant reduction in postural stability on landing day compared to their preflight assessments, which 

were typically above the 80th percentile scores for a normative population. F out of the ten had clinically abnormal scores, falling below the 5th percentile 

for the normative group. The first readaptation, which was subjectively reported by all individuals, was quantitatively supported in each of the f subjects 

who were evaluated twice on landing day. All participants achieved preflight stability levels by 8 days after the wheels stopped, despite significant 

variation in the time needed. Based on these findings, a double exponential process was used to describe postflight readaptation [7]. The Levenberg-

Marquardt nonlinear least squares method was used to fit normalised composite equilibrium score data to this model. The results of this exercise showed 

that (1) at wheels stop, the average returning crew member was below the threshold of clinical normality, (2) the initial rapid phase of readaptation had a 

time constant of about 2.7 hs and accounted for about 50% of the postural instability, and (3) the slower secondary phase of readaptation had a time 

constant of about 100 hs and also contributed to about 50% of the postural instability. 

STRATEGIES FOR HEAD-TRUNK COORDINATION AFTER SPACEFLIGHT 

To learn more about the mechanisms underlying post-flight postural ataxia, it was examined whether adopted strategies intended to reduce head 

movements have an impact on post-flight postural biomechanics. Before taking off, subjects were subjected to three consecutive abrupt support surface 

translations in the posterior direction. To determine the centre of pressure and sway trajectories in the sagittal plane, ground reaction forces and segmental 

body movements were measured and employed [33]. On R+0 compared to preflight, sway responses to translational perturbations were heightened. The 

learning associated with repeated sequential perturbations vanished in some people after flight, and the centre of force and hip sway trajectories were 

usually more labile, or under- damped, on R+0 than before flight. On R+0, some participants' head motions were significantly decreased compared to 

preflight, while other subjects' head movements were accentuated. When compared to preflight, it was commonly seen that hip sway was higher while 

shoulder sway and/or head movement in space were lower. Although seldom witnessed before flight, Nashner's [35] proposed strap down and stable 

platform head trunk coordination strategies were often observed after flight. Preflight patterns returned by R+4 or R+8 days, and the biomechanical 

alterations appeared to follow recovery trajectories comparable to those observed in the sensory test performance measures. We come to the conclusion 

that postflight postural instabilities were partially induced by new restrictions on biomechanical movement brought about by the CNS implementing 

methods intended to reduce head movement. Studies shows that, tests of sensory organisation show a substantial difference between people with prior 

spaceflight experience and those without when the performances of the rookie and veteran groups are compared. On every test of sensory organisation, 

preflight performances between these groups were statistically identical [7]. These findings show that experienced space travellers were more adept at 

utilising vestibular data right after landing than novices. Experienced astronauts may have been somewhat dual-adapted and able to switch from one set 

of internal models to another more easily since they had previously transitioned between unit gravity and microgravity. No differences between rookies 

and veterans were seen on tests 1 through 4, which supports  claim that altered vestibular system input processing is the primary mechanism causing 

postflight postural ataxia. 

CONCLUSION 

The vestibular aetiology of postural ataxia after brief spaceflight is supported by studies. We investigated the vestibular system's function in balance 

regulation in astronauts during calm stance both before and after spaceflight using the computerised dynamic posturography approach developed by 

Nashner et al. [39]. Unmistakably,  findings show that balance control is impaired in all astronauts as soon as they land from space. The worst-affected 

crew members who later returned to duty fared similarly to individuals with vestibular deficiency who had undergone this battery of tests. We come to 

the conclusion that the astronauts' balance control systems do not utilise the otolith-mediated spatial reference given by the terrestrial gravitational force 

vector right after travel. Studies suggest that intermittent intervals of exposure to artificial gravity may serve as a useful in-flight countermeasure because 

the postflight ataxia appears to be predominantly driven by CNS adaptation to the altered vestibular inputs induced by absence of gravitational stimulation. 

We specifically suggest that in-flight centrifugation will allow crew members to maintain their sensory-motor adapted states from the terrestrial 

environment while concurrently establishing microgravity adapted states. The shift from microgravity to unit gravity should be relatively smooth for the 

dual-adapted astronaut. We have started a ground-based initiative to create prescriptions for short arm centrifuges that will maximise adaptability to 

different gravitational conditions. The outcomes of these trials are anticipated to directly influence the in-flight assessment of the suggested centrifuge 

countermeasure. Because  computerised dynamic posturography system was able to (1) quantify the postflight postural ataxia reported by crew members 

and observed by flight surgeons and scientists, (2) track the recovery of preflight normal balance control, (3) distinguish between novice and experienced 

subjects, and (4) provide normative and clinical data- bases for comparison, and because  study successfully characterised postflight balance control 

recovery in a significant cross-section, Results of 28 astronauts' motor control tests from 14 different Shuttle missions, each lasting 4 to 10 days, were 

examined. 
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