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Abstract:  

On earth so-called mechanical body overload, causing tissue strain, tissue damage and fatigue, is 

considered to be a major cause of physical complaints including neck and lower back pain. Mechanical 

strain related to body posture has been shown to play a significant role in ongoing, widespread pain and 

fatigue (patients prefer to lie down while limiting standing and sitting). Understandably, the link to gravity’s 

vertical vector is quickly made.  

The authors felt it would be an interesting question to ask, “What would happen to pain and ongoing 

fatigue when in orbit, in a micro-gravity environment, lacking the earth’s dominating vertical vector?”  

Surprisingly, results show that in micro-gravity both pain and fatigue are found occurring frequently. Data 

obtained from a literature review regarding both complaints in microgravity provides evidence for a change 

of perspective. This review’s focus, confined to type-1 and type-2 muscle fiber type, highlighted a shift in 

muscle physiology specific to astronauts when in a microgravity environment. A similar shift in muscle fiber 

physiology among chronic low back patients and patients suffering from chronic fatigue syndrome exists on 

earth.  

It is proposed that biomechanics, as commonly implemented and interpreted based on levers, might be 

better informed by including a concept based on biotensegrity. This could be used to propose novel 

therapeutic approaches to address both local, regional and widespread pain as well as ongoing fatigue. 

Key words: Back pain; biotensegrity; chronic fatigue syndrome; chronic pain; fibromyalgia; microgravity; 

muscle fiber types. 

INTRODUCTION 

Research informs us that in Western societies, musculo-skeletal disorders constitute a costly medical 

condition [1] [2]. In 2019 the World Health Organization identified low back pain as being the single 

leading cause of disability globally [3]. 

In more recent years a plethora of fascia research [4] has revealed the dense innervation of the 

thoracolumbar fascia replete with free nerve endings including nociceptive afferents. An identified essential 

role of the fascia is the sharing and translating of forces generated by the muscle fibers, this process is 

known as “mechano-transduction” [5]. It seems reasonable to assume that physiological changes in type-1 

and Type-2 muscle fibers would lead to morphological change as described in fascia research [6]. The 

frequency of low back pain in a general adult population has a point prevalence of approximately 12%, with 

a one-year prevalence of 38%, and a lifetime prevalence of approximately 40% [7]. In 90% of the patients, 

the etiology of the pain remains obscure [4]. Despite the continuation of research and therapeutic 

interventions, the incidence of low back pain and the associated costs, financial and economical, on society 

continue to rise [8].  

A significant percentage of people affected with pain become chronic [8]. Chronic pain is associated with 

modification from type-1 to type-2 muscle cells [9] [10] [11]. This modification is related to the efficiency 

of function [12], which on a local level has been described for type-1 muscle fibers [13]. Consequences for 
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the use of the body as a whole must ensue [14] including physiological adaptations to the nervous system 

[15].  

In chronic conditions such as widespread pain and / or fatigue a diagnosis as fibromyalgia syndrome (FMS) 

or chronic fatigue syndrome (CFS) [16] [17] [18] can be used when specific criteria are met [19]. 

 

Since parallels exist between terrestrial patients and astronauts in orbit experiencing pain and fatigue, the 

key role of gravity can be brought into question [20]. In addition, an interesting observation concerns the 

growth of bones in microgravity. Bone growth is equivalent to bone growth on earth regarding length, but 

not regarding girth. Regarding girth, bone growth is reduced. In microgravity, it has been demonstrated that 

bones lose material due to reduced ‘stress ’on the body as a whole [21].  

A noticeable inhibition of osteogenesis has been observed in astronauts by the third week in orbit [22]. 

Space flights of more than six months cause such a large reduction of the load-bearing capacity of bone that 

LeBlanc et al suggest that a higher frequency of fractures can be expected to occur in an astronaut’s life in 

older age [23]. After a safe return to earth, the incidence of fractures due to osteoporosis remains high [24]. 

Intervertebral disks show a higher risk of herniation [25]. A combination of effects leads to spinal 

degeneration [26]. It has been proposed that gravity does not substantially influence the actions carried out 

by the smooth muscle tissue [27] or striated cardiac muscle [28]. Mulder [27] suggests that strictly 

distinguishing between ‘movement ’muscles and ‘postural ’muscles is not possible and not advisable. 

During flights, some countermeasures concerning osseofascial pain and fatigue are intensively used as a 

preventative measure [29] [30].  

A global view of muscle 

Global muscular atrophy results due to the absence of imposed load in microgravity, even after short space 

flights [31]. A reduction of up to 37% in muscle mass has been observed after only one week [32]. Reported 

muscle loss values range from 11 to 24% after only five days [31]. Atrophy begins in extensor muscles and 

after six months it appears in flexor muscles [33]. Atrophy, and the general medical condition of astronauts 

is, to a certain extent, related to the intensity of appropriate physical activities / exercise during flight rather 

than to the total time spent in space [34]. Crewmembers in most space flights experience a body weight drop 

of 1.2 up to 6.0 kilograms. In some, however, an increase (1.0 up to 4.5 kilograms) has been observed [35]. 

In flights between five and seven days, structural and metabolic modifications in the nerve / muscle 

excitation contraction link were noticed. Antonutto suggests that microgravity causes a fundamental change 

in motor control [36].  

Impacts on type-1 and type-2 muscle fibers  

 

 

 

Figure 1. (Figure 1 left, © [53]. Figure 1 right, © [54]). 

The microgravity’s Neutral Body Position, a gravity-free attitude in microgravity. The astronaut’s skeletal 
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system is more akin to that of a fish in that it expands the body in all directions, less counteracted by the cabin 

air pressure than by water pressure. 

Newer categorizations of muscle fibers have recently been described to include type-I, type-IC, type-2C, 

type-2AC, type-2A, type-M and type-2X, however they are generally classified as being either slow-twitch 

type-1 or fast-twitch type-2 muscle fibers [37] [38]. Type-1 fibers react more rapidly than type-2, due to 

their smaller motor neurons, yet they contract more slowly [39]. Type-1 fibers work within an aerobic 

environment and function mainly during slow movements where they do not suffer oxygen depletion. 

Hence, they are coined ‘posture ’controlling muscles [40] [11] [41]. 

The lack of gravity on the eyeball leads to morphological changes and neural dynamics required to estimate 

one’s position in the surrounding space [42]. After long-duration space flights, visual impairment, eye globe 

deformations [43] [44] and optic disc oedema have been noted [45]. 

Lack of graviceptive cues has its consequences [46], especially for the positioning of the eyes in the skull 

[47], and additional consequences such as decelerating the functions of the upper limbs [48]. Gaze control 

[49] and its coordination with vestibular-cervical reflexes [50] will have an influence on body form and its 

functions [51]. 

Microgravity’s neutral body form – referred to as “Neutral Body Position” (NBP) - is depicted in Figure 1. 

NBP resembles the underwater body form. This has specific influences on the body’s functioning and can 

lead to a ‘postural deficiency syndrome ’[52]. 

In microgravity, human length increases six to eight centimeters. Astronauts are taller than the tallest 

measurements taken on earth in the morning. The spinal column is lengthened mainly by the diminished 

lumbar and cervical lordosis, but also by the increase of the inter-vertebral spaces. Interestingly, these 

findings are taken into account when designing cockpits [53]. Redistribution of blood leads to remarkable 

changes in the overall body form. For example, the commonly called ‘puffy face ’involving the swelling of 

the head as compared to earth conditions and ‘bird legs’ involving the diminishing of the volume of the 

lower limbs [55].  

Astronauts use the same kinematic synergy for the hip, knee, and ankle articulations when bending forward 

from an ‘upright ’position in microgravity [56]. The forward / backward movement of their center of mass 

proves to be restricted to a minimum in microgravity. Nevertheless, electromyography, suggests that another 

muscular specific body segment / inertia strategy is used. In 2000 Vernazza-Martin et al. [57] informed us 

that the central nervous system uses a top-down regulating strategy to minimize the forward / backward and 

lateral center of mass displacements, using an internal, embodied system, independent of information from 

otoliths or other body graviceptors. This may influence muscle fiber selection and functions towards type-2 

muscle cells, with the possibility of creating a double recursive loop described in 2011 by Rapoport as the 

Klein Bottle Logic [58].  

Depending on various parameters, a partial adaptation of behavior is possible [59] related to brain 

connections [60]. Gender and cultural differences also play a role related to the adaptation to specific space 

environment [61]. Moving a hand to produce a horizontal ‘figure 8 ’is disturbed during parabolic flights 

when compared to normogravity. When catching a thrown object in microgravity, the brain mistakenly 

anticipates the effect of gravitation [62]. Clément explained in 2007 that an object is expected to arrive 

‘lower ’than it actually does and that astronauts look reflexively ‘down ’if an object ‘drops ’from their hands 

[63].  

Next to Space Motion Sickness, back pain and fatigue are the two most frequent complaints of astronauts 

during flights [64]. After the fourth day of flight, most processes return to what astronauts describe as 

‘functional normality’, mainly because of substitution of vestibular data by neck receptor data [65]. Back 

pain is one of the most frequently occurring medical problems during space flight having been reported by 

68% of astronauts [66] [67]. Seventy-two percent of shuttle crew members experienced one or other forms 

of back pain. 28% of complaints were moderate to ‘severe’ [68]. Duration of pain varied from 14% to 100% 

of flight time, increasing the potential to seriously jeopardize a crewmember’s performance when in orbit.  

The intensity of the pain was measured using a 10-cm visual analogue scale [69] between 2:00 and 3:00 PM 

daily [70]. Being in orbit influences astronauts ’circadian rhythms [71] and decision-making [72]. When in 
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orbit, fatigue is related to sleep complaints, due to the disappearance of normal parameters such as day 

length, normally related to sunlight [73] [74]. The autonomic system also adapts its reactivity [75], 

influencing both sleep patterns [76] and fatigue [77]. Local fatigue has been measured and is in relation to 

grip strength [78]. 

PARALLEL DYSFUNCTIONS ON EARTH AND IN MICROGRAVITY 

As in space so on earth [79], a shift from type-1 to type-2 fibers is established in adult patients suffering 

from chronic low back pain [80], fatigue [81], chronic fatigue syndrome (CFS) [82], fibromyalgia syndrome 

(FMS) [83] [84]. 

Material qualities of biological materials are characterized by non-linear stress / strain curves (nlSSC). In 

biological tissue, as in Figure 2, reshaping starts at a point known as the yield point. Increased load is 

needed to further strain / deform the tissue. At even higher loads, biological material tears apart, causing 

sprains or fractures. 

 

Figure 2. Stress / strain curves of brittle (orange) materials are characterized by a straight line. 

Following a certain amount of strain, the material breaks. Biological materials (green) are characterized by a 

non-linear stress / strain curve. The graph also shows the ratio between required energy, the surface 

underneath both lines respectively, to achieve a specific strain (reshaping) for both kinds of material. Only at 

the end of the curve the biological material shows some rigidity, requiring relatively much more energy to 

undergo further reshaping. If used accurately, biological material may produce / undergo a lot of reshaping at 

the expense of a small amount of energy. The yield point divides the non-linear stress / strain curve into a left-

hand and a right-hand part. 

According to the 1965 dual gate theory of pain espoused by Melzack and Wall [85] when we move or 

function in a rash way, our biological material becomes strained. It has been further proposed that this is due 

to our neurological system, in turn having consequences for the system as a whole [86]. Larger motor units, 

connected to type-2 muscle cells, using fewer synapses, will then be put into action. It has been reported that 

the body feels as if it is stiffening and is thought of as being anisotropic [87]. The left-hand side of the 

nlSSC is used when functioning in a ‘run on idle’ modus, being properly poised, functioning in a skilled 

way. When this left-hand part of the curve becomes dominant using multi-synaptic nerve fibers and energy 

efficient T1 muscle cells, we judge our functioning as being efficient; we feel relaxed and energetic. 

Table 1 gives an overview of the different aspects of both parts of the nlSSC. 

 Left-hand side of nlSSC Right-hand side of nlSSC 

Material quality isotropic anisotropic 

Size of motor units small large 

Muscle type type-1 type-2 

Nervous system multi-synaptic fewer synapses 

Function posture, form movement 

Actions slow fast 

Efficiency maximum efficiency less efficiency 

Table 1. Some physical, physiological and biological aspects related to both sides of the non-linear stress / strain 

curve. In real life, both extremes result in equilibrium. 
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The relationship between moving with our three-dimensional bodies in a three-dimensional space (either in 

normogravity or in microgravity) and our two-dimensional thinking mainly with our left hemisphere, even 

its relationship with our Western culture, has been a topic of much debate [88].  

 

Figure 3. The motor control system uses different, parallel data sets in relation to the organism’s surrounding 

and / or inner needs. Left, small-diameter type C fibers conduct afferent data over the slower tract. These 

fibers stimulate lateral spinothalamic tract neurons, which send collaterals into the brainstem’s reticular 

formation, project to the thalamus and hypothalamus, giving rise to the emotional components of pain and 

fatigue. Pain signals following this route are poorly localized. The faster right tract is using type A fibers over 

the lateral spinothalamic tract fibers, which travel to the thalamus on the contralateral side. From here third 

order fibers project to the cerebral cortex where they are somatotopically organized [90]. 

 

 Multi-synaptic Less synapses 

Conduction speed slow fast 

Quality multi-modal specific 

Information 
postural information  

(form / reshaping) 

phasic information  

(movement) 

Somatotopy diffuse marked 

Destination 
reticular formation, medial 

thalamic nuclei, limbic system 

via lateral thalamus  

towards cortex 

Function 
emotional, behavioral and 

arousal mechanism 

sensorial, cognitive and 

evaluative discrimination 

Table 2: Overview of both neurological subsystems, working in parallel. The multi-synaptical is the one more 

related to the ‘run on idle’ modus of the organism, the right one to (volitional) activities. The more the fast part 

of the system is used; we could say ‘employed’, the higher the costs on the muscular and on the cerebral part. 

 

On a lower level, the spinal cord, it is widely accepted that the left-hand part of the nlSSC relates more to 

multi-synaptic information (see Figure 3). The afferent part of the information is related to the postero-

lateral tract as described by Lissauer (1861 - 1891) [89], centrally projecting its axons carrying 

discriminative pain and temperature information. These sensory data enter the spinal column to ascend or 
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descend one or two spinal segments in this tract, before penetrating the grey matter of the dorsal horn where 

they synapse on second-order neurons. These data do not reach the brain cortex. The efferent part, the 

fusimotor system (small gamma motor neurons located in the brainstem and spinal cord) controls and 

modifies muscle spindle sensitivity to provide proprioceptive feedback concerning position and the form of 

limbs or parts of the body. This steering component is related to the body form as a whole and to steering 

slow reshaping preferably using type-1 muscle cells. The right part of the nlSSC uses fewer synapses. 

On the afferent side, the axons (fine, mostly non-myelinated slow fibers) cross the midline to join the 

spinothalamic tract. Their synapses connect to neurons located in the thalamus and they do reach the cortex. 

The efferent part, the extrafusal system from skeletal muscles (larger alpha motor neurons located in 

brainstem and spinal cord), initiates (voluntary) muscle contraction linked to (voluntary) movements and 

egomotion. 

Based on accepted neurophysiology and neuro-cognitive behavior the authors suggest the definitions set out 

in Table 2 with each afferent part of the steering mechanism having distinct properties related to different 

sub-functions of living organisms. 

DIFFERENT ENVIRONMENTS, SIMILAR COMPLICATIONS 

Selye, in 1936, introduced to the world the concept of ‘stress’. Selye overruled this term four years later, 

stating that he should have, more appropriately, used the term ‘strain’. Prolonged strain did lead to a ‘stress 

reaction ’with effects that could become stressors and thereby maintaining a vicious circle [91].  

Healthy systems are characterized by chaotic behavior, producing more coherent interactions than less 

healthy ones [92]. Control of this chaotic behavior reduces the need for continuous recalculation [93]. When 

actually needed, this asks for fast and forceful reactions - using more T2 muscle fibers - entailing an even 

larger shift to the right-hand side of the nlSSC with even larger energy expenditure. When this way of 

functioning becomes a habit, the anticipation for daily activities will be primed by less ergonomically and 

energetically based procedures being ready for type-2 muscle cells. Wegner, summarizing Libet’s work, 

explained this non-habitual way of thinking as follows: a movement starts with qualities well before the 

mover is aware of the movement [94] [95]. 

 

Figure 4. When being ‘forced’, the organism will prepare the body and / or its parts and strains, requiring 

more energy. On earth, gravity dependent (G-D) and with little omni-directional counterforces (Figure 4 left), 

or while in orbit, microgravity dependent (mG-D), lacking the predominantly vertical gravitational effect 

(Figure 4 right), some physiological reactions stay the same. One mechanism, here coined as the motor control 

system (MCS) steers sensorial and motor components of the organism to allow the shift to the right-hand part 

of the nlSSC shift, a shift from type-1 to type-2 muscle cells. 

When all this ‘employment’ is only needed for merely a short period of time and followed by returning to 

‘run on idle’ modus, the recovery can begin. If, on the contrary, the process of straining takes too long, 

degradation will follow. Nevertheless, complaints of back pain, on-going widespread pain and fatigue seem 
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to occur when organisms do not function in a ‘run on idle’ modus but have shifted towards an ‘employment’ 

mode for short heavy physical load or for longstanding uninterrupted low load conditions, either on earth 

[96] or in microgravity. Antonutto’s 2003 observation [36] that microgravity causes a fundamental change 

in motor control can be considered as a meta-statement concerning other changes reported in this review 

[97].  

FROM BORELLI’S CLASSICAL BIOMECHANICS TOWARDS LEVIN’S BIOTENSEGRITY 

Since Giovanni Borelli’s time (1608 – 1679), movement is understood as a product of shortening of muscles 

when contracting and hence pulling bones that are viewed as levers. In his concept gravity plays a crucial 

role [98]. Borelli’s lever concept is used to treat patients [99] with acute and chronic conditions such as back 

pain, FM and CFS. These patients often find relief by lying down or slumping in chairs in an effort to seek 

support. Sitting or standing without support (i.e. counteracting gravity’s vertical vector) increases their 

complaints. Following Wolf’s law for the most part biological structures are just as materially strong as they 

need to be to perform their particular function because they do not need to be stronger [100]. In Borelli’s 

biomechanics, however, the idea of ‘levers’ leads to the miscalculation of forces at the fulcrum. 

Calculated mechanical forces at the fulcrum suggest biological material to be much stronger than it actually 

is, as Figure 5 demonstrates. 

 

In Figure 5 the supposition is that Borelli’s lever / fulcrum classical mechanics model does not take into 

account internal mechano-transductive forces depending on functions of the body as a whole and in various 

regions and tissues [104]. It is suggested that this concerns a 2D concept, whereas tensegrity concerns a 

more realistic 3D concept [105]. This comes down to the difference between pure classical mechanics 

versus biomechanics taking into account concepts of mechano-transduction forces in the body [106]. It not 

only concerns the pure calculus of assumed Borelli influenced mechanical forces but includes internal 

physiological forces of various interplaying interdependent tissues as well [107]. Understanding tensegrity 

could provide novel insights into former, rather mechanical, insights of the shifting balances between self-

destructing forces and self-reconstructing capabilities, in for example osseo-fascial regeneration processes 

after complicated fractures [101]. 

 

Figure 5. Diagram of a simple lever system showing that a 2 kg fish at the end of a 3 m rod would 

require a balancing force that would exceed the strength of the spinal muscles (reproduced with 

permission from © [101]). 

Biotensegrity, no need for levers or fulcrums 

The 1962 Caspar-Klug theory [108] proposed a synergy between virus structures and geodesic domes. 

Fuller, who coined the term tensegrity, and Snelson, who first applied the mechanical principles to modern 

structures as an art form, have conceived ‘Tensegrity ’as a concept. All of these authors refer to Fuller’s 

original definition: “The word tensegrity is an invention: a contraction of tension and integrity”. It is 
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important to note that forces emerging in a tensegrity system are omni-directional [109]. The particularity of 

a tensegrity structure is based on the synergy between components of compression (e.g., struts or bones) and 

components of tension (e.g., tensile structures, muscles, fascia). Tensegrities and living tissues both display 

auxetic characteristics, expanding and contracting in multiple directions, i.e. they show a negative Poisson 

effect. This way, due to compression, expansion is possible, outward from the structure as a whole. During 

the early 1980s, Ingber described the fundamental design of cells: “Cells use tensegrity architecture to 

organize their cytoskeleton and stabilize their form” [5] [106]. Levin coined the term ‘Biotensegrity’, 

describing the living relationship between biomechanics and tensegrity [110] [111]. On earth, Levin 

wondered, “What pulls us up?” [112]. Others cite tensegrity as a mechanism involved in musculo-skeletal 

pain, a problem affecting mainly type-2 muscle fibers [86] [113] [114].  

From an evolutionary point of view, the neurological model for musculo-skeletal support, movement, and 

expression from archetypal forms in early organisms has been kept similar during evolution as described by 

Appleton [116]. Since life and its body plans started under water, the original structures had to counter the 

omni-directional pressure similar to the embryonic environment where the skeletal system is formed within 

the first eight weeks of embryology [115]. 

In Figure 6, Appleton [116] presents us with an example of Postural Release Imagery (PRI). Although 

Figure 6 is a two-dimensional (2D) image, it invites us to implement ‘depth’. This is needed to feel the 

difference between the upper and the lower image with our three-dimensional (3D) bodies and our 3D 

governed right hemisphere [88]. 

This change of concept has important consequences for medicine, movement and physical therapies. It 

facilitates a differing view to Borelli’s lever system [98], still used as the basic mechanical theory for 

therapists to explain body posture, movement and its disorders as well as to explain the approaches used in 

remediation [117] [118] [119].  

 

Figure 6. The musculo-skeletal system’s countering gravity and omni-directional forces. Take your time and 

try not only to ‘see’ the difference but also to ‘feel’ the difference between upper (land organism) and lower 

image (sea organism) (© John A. Appleton [116]). 

Linear thinking and 3-dimensionality 

Recently, evidence was found of biological material behaving in a 3D manner, behaving in an auxetic 

manner. Gatt et al. [120] demonstrated in 2015 that tendons, essential for positioning of the body in space as 

well as for energy storing when involved in abrupt movements, exhibit a negative Poisson's ratio. These 

tissues expressed auxetic qualities in some planes when stretched up to 2% along their length. This report is 

backed by in vivo and ex vivo experiments in humans’ as well as in sheep and pigs’ Achilles tendons. The 

same fundamentals underpin the search for materials to be used in lumbar disk prostheses, having a negative 

Poisson’s ratio and offering the 3D compression / expansion qualities as described by Baker in 2011 having 

auxetic properties [121]. 

According to Mcgilchrist, as we are thinking about our actions, our attention drifts to the right-hand part of 

the nlSSC, and to the left hemisphere [88]. This relates to the fact that the purpose of functioning is related 
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to the right-hand, straining part of the nlSSC, particularly when force and speed are involved. On the other 

hand, when actions are related to the left-hand part of the nlSSC, it regards slow reshaping and subtle 

movements. Actions seldom require continuous attention, unless they are prolonged and uninterrupted, or 

require very forceful intervention at which point discomfort emerges. As a consequence, it has been 

proposed that our movements are felt and rationally conceived as ‘lever-like ’(thus 2D), especially by 

(chronic) patients since moving has become difficult, demanding specific attention. When this way of 

functioning persists in time, it influences our believes and influences our way of thinking, a part of acquired 

‘bad habits ’[122].  

Discussion with recommendations for further research 

Discussions on the nature and influence of gravity on movement are not new. In 1875 Darwin described 

how climbing plants changed their form while growing. Darwin called the process ‘circumnutation ’and was 

of the opinion that its driving forces were unrelated to gravity. Many years later, research on board 

spacecrafts has provided evidence to support Darwin’s sharp observations and thesis [123].  

The authors of this article hope it can be understood in a meaningful way as to support the long over-due 

shift from a linear to a non-linear concept and model, from a 2D to a 3D body perspective and from a body 

of parts towards a more comprehensive whole-body approach [124].  

A change in quality, rather than a change in quantity of movement seems then to be indispensable. The 

focus of this research paper specifically concerned the influence of gravity as one vector to be considered in 

the etiology and pathophysiology of low back pain and fatigue in micro and normo-gravity environments.  

Researchers should also consider investigating additional possible influencing factors such as consequences 

of DNA deterioration / regeneration due to, for instance, radiation or circadian rhythm. Following our 

findings, the authors would like to propose a policy directed at influencing the habitual afferent neuro-

muscular data, at least in a subgroup of patients with dysfunctional strategies [125] [126]. When patients 

with chronic back pain, FM and / or CFS have a need to change their habits, their skills and / or their poise, 

specific cues are required to ‘prime ’their right hemisphere [127].  

As research suggests we are not hard-wired to make a deliberate shift to the left-hand part of the nlSSC, 

specific cues will be needed if we wish to be congruent with Libet’s fundamental findings [91]. Being 

‘autopoietic ’living organisms, cues needed to fundamentally change one’s habits (at least at the beginning 

of the rehabilitation program) must come from the outside of the body [128], that is, from the guiding hands 

of a skilled therapist before the patient can make use of them on their own [58] [124].  

Touch training and manual therapies outlined by Kellgren were used to influence the movement patterns and 

velocities of patients for the better [129]. In touch training an outsider gently provides the specific cue (i.e. 

feedback) to the organism as a whole to help it return to surmount the physiological cut [58], one example is 

the technique allegedly developed by Matthias Alexander [130]. Further research is needed to implement 

recent knowledge regarding correction of vision and of posture to minimize mechanical strain in the body 

[131] [132]. Regarding microgravity conditions, the authors recommend additional research to underpin the 

concept of biotensegrity to measure whether astronauts do not only lengthen, but also widen and ‘deepen ’

when in space. Research departments having expertise in biomechanics and embryology could perform 

bespoke dissections as have been done since 2015 at Dundee University, department of anatomy and human 

identification in Scotland [133]. Following the first historic dissection with a focus on the model of 

biotensegrity, research has been directed to investigate principles of a biotensegrity model, including 

investigations into the accuracy of articulating cartilage acting as a shock absorber [133]. In addition, we 

suggest that investigating mental stress as a contributing factor for pain and fatigue in astronauts would be 

an excellent topic for future research. 

CONCLUSION  

On earth, and in microgravity, organisms, subject to the 2
nd

 law of thermodynamics, minimize their energy 

expenditure. The ‘final ’human body plan is to achieve an upright posture. This suggests that humans are 

hard-wired to function upright when in a gravitational field. The author’s aim was to investigate if an 

alternative model for explaining human movement, as opposed to the classical Borelli levers and fulcrum 

system, could help to explain why the same physical complaints occur on earth and in a microgravity 
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environment such as in orbit. We hope this review of space related literature will lead to a paradigm shift 

away from levers and fulcrums to a movement towards a new proposed model of living tensegrity. In an 

effort to provide effective therapeutic interventions to the growing population of individuals in industrialized 

societies suffering from back pain, chronic widespread pain and on-going fatigue, we suggest novel 

strategies should be developed and implemented [134], using specific cues influencing the way patients 

move, and not exclusively prescribing and adjusting the amount of movements. Results could be compared 

with the habitual results as mentioned in the guidelines.  

How to move then becomes the primary target of the rehabilitation strategy, rather than how much to move. 

Quality precedes quantity; efficiency precedes strength. The authors stress that such a program should be 

performed with a strict engagement, that it has to be coded, and that the patient’s context should offer the 

possibilities needed in such a way that the patient has the option to implement the changes in their daily life 

[135]. 
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