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1.0 Literature review

1.1 Introduction

In Canada, ocean based oil rig workers must successfully complete an escape maneuver
from a simulated overturned helicopter in water, before they can start their employment
(Newfoundland offshore petroleum board. 2008). To escape out of an inverted helicopter in
water requires optimal functioning of the neuromuscular system. In the inverted seated position,
the worker has to reorient himself quickly, coordinate his actions to remove the seat harness and
push the window or door of the helicopter to escape out as quickly as possible. Along with the
stress of the inverted seated position, there is an additional stress of the wave motion produced
by the currents in the ocean. In the ocean. the waves and currents result in marked movement or
oscillations of the vessels. Since the workers are harnessed to the seats of the helicopter, they

estibular

also experience the same oscillatory wave motions as the submerged helicopter. The

and central nervous

stems are placed under great stress with the combination of the body in an

inverted position as well as experiencing oscillatory wave motions. These factors will also
induce stress on the neuromuscular system, and may result in movement impairments, due to
diminished muscular performance.

An inverted body position may produce alterations in the expected neuromuscular,
cardiovascular and physiologic functions seen in the upright position. The effects of inversion

have not been explored extensively in the scientific literature. Only four studies have been

published igating the i sion-induced and i changes. In an
inverted body position there is a decrease in force output and muscle activation in both upper

(Hearn et al. 2008) and lower limbs (Paddock and Behm 2009), which suggests changes in



neuromuscular functioning. Neary et al. (2011a, b) found significant decreases in heart rate and

cardiac output with an inverted seated position vs. upright seated and supine position.

The mechanisms during inversion that may modify human neuromuscular and

cardiovascular responses may include hy ic pressure, h d:
pressure, i ial pressure, i icori bdominal pressure
and respiratory functions. However these factors have not been investigated.
Unpredictable wave motion introd an envil of inty and instability. The

interaction of inversion and wave motion has not been previously investigated. As these factors
have the potential for fatalities, it would be important to investigate the cumulative effects of
these stressors because in real life situations these factors happen simultaneously. It is not known

if there are summative or plateau effects associated with these two factors.

ion on Physiological Functioning

1.2 Potential Effects of In:
1.2.1 Cardiovascular system
1.2.1.1 Hemodynamic regulation

The central (heart) and peripheral circulation dynamics can be altered during an inverted
body position. Inverted body position results in decreased heart rate and systolic and diastolic

Paddock and Behm 2009). But there are no studies explaining

blood pressure (Hearn et al. 2009;

the effiect of changes in peripheral blood flow pressure on cardiovascular and neuromuscular

le could be tested by

on. The perfusion pressure at the mus

systems, in an inverted body pos
determining the distance of the muscle from the heart, The perfusion pressure in the hand

decreases by 35mmHg upon raising the arm, leading to an increase in mean arterial pressure and




reduction in force output (Wright et al 1996). When the arm is lowered below the heart, the
normal perfusion pressure at the hand was attained with an increase in the muscle force

production (Wright et al 1996). With positive pressure of up to S0mmHg applied to the lower

limbs during exercise, there is reduced muscle performance due to decreased muscle perfusion
and oxygen saturation (Sundberg and Kaijser 1992). These studies indicate that force output

decreases when muscle perfusion pressure decreases. Due to reduced pressure perfusion, there

may be an increase in the muscle activation to maintain the force.

Increased integrated EMG has been seen with leg elevation (Hobbs and McCloskey
1987). Force production of active fibers at a given level of activation falls with decreasing
muscle perfusion pressure, thus may require an increase in the muscle activity to maintain the
force or to maintain balance. But there are no studies that directly support that the reduction in
force production is due to reduced perfusion pressure. Reduced perfusion pressure may also

induce muscle ischemia and perhaps it is the ischemia that reduces muscle force.

Local ischemia at the muscular level may result in decreased synthesis of adenosine
triphosphate (ATP) (Lanza et al. 2006). The ATP synthesis requires oxygen, and oxygen
saturation decreases with reduced perfusion pressure. However the reduced ATP synthesis is due

¢ ischemia

to the decreased ATP demand during ischemia (Lanza et al. 2006). Less ATP duri
may be related to decrease in the force production, since muscle force production controls the
rate of ATP synthesis. Also the force time integral is decreased with ischemic contractions,

indicating more pronounced muscle fatigue (Lanza et al. 2006).

1.2.1.2 Cardiovascular Heart rate and blood pressure




The central and peripheral circulations are regulated by the central nervous system. The

control centers in the medulla obl are for the hemod:

(Mitchel and Victor 1996). These centers receive input from various receptors throughout the

body and higher centers. These centers control the hemodynamics by regulating the activity of
the sympathetic and parasympathetic system. The afferents from the receptors (e.g.
baroreceptors, chemoreceptors) and input from the higher centers (e.g. hypothalamus) activate
the medulla centers. Depending on the stimulus, the medullary control centers cause alterations
in efferent sympathetic and parasympathetic activity, which in return results in changes in
cardiovascular system activity, such as heart rate and blood pressure. There will also be decrease

in the blood flow in the lower limb, due to gravity. The reduction in the blood flow results in

decreased muscle performance (Hepple 2002).

nd diastolic blood pressure decreases with an inverted body posture

Heart rate and systolic
(Hearn et al. 2008; Paddock and Behm 2009). These changes could be due to the alterations in
the activity of central or peripheral mechanisms of the body or an interaction of both. Peripheral
mechanisms may include changes in hydrostatic pressure, vasoconstriction, and change in the
peripheral vascular resistance. The central factors playing a role in fluctuations of the heart rate

and blood pressure in the inverted position could be symapathetic and parasympathetic nervous

system and centers. The blood flow resi: decreases with -30
degree whole body head down tilt which is attributed to the reduction of the sympathetic tone or
activity (Bosone et al. 2004). The decrease in the sympathetic activity causes a decrease in the
heart rate (Schneider and Chandler 1973), blood pressure (Bosone et al. 2004) and total
peripheral resistance (Goodman and Lesage 2002). However, Butler et al. (1991) found an

increase in the total peripheral resistance with head down tilt position. The aforementioned



studies suggest with few exceptions, that there is a decrease in the sympathetic activity with head

down tilt position. Decreased symp ic activity may be ible for the decrease in the
heart rate and blood pressure. There is a reactive increase of the cardiac output with the decrease
in heart rate with 6 degrees of head down tilt. (Yao 1999). Stroke volume also decreases in the

. 1991). Cardiac output is equal to the product of stroke

head down tilt position (Butler e
volume and heart rate. The last two mentioned studies suggest that, there should be a substantial
increase in the heart rate in order to increase the cardiac output with decreasing stroke volume
This conflicts with the result of previous inversion studies which reported heart rate decreases in
the inverted seated position (Hearn et al. 2008, Paddock and Behm 2009, Neary et al. 2011a,b).

Furthermore Neary et al. (2011a,b) reported inversion-induced cardiac output decreases. This

may suggest that the i hani; and the ic system functioning in the
inverted seated position do not work in the same fashion as in the whole body head down tilt to 6
degrees. There is no correlation between the sensitivity of both cardiac and sympathetic efferent

functioning in baroreflex control of arterial pressure (Dutoit et al. 2010). Whereas Neary et al.

output, there are no studies examining variations in stroke volume

(2011a,b) examined cardi

s the Neary results were only published a s, more peer-

during the inverted body position.

reviewed published papers investigating such as the hi
between ular and symp would be of interest. Changes in
the iovas could be iated with peripheral reflex mechanisms such as the

action of baroreceptors.
1.2.1.3 Baroreceptors

Baroreceptors play a lead role in the acute regulation of the blood pressure with postural
change (Berne and Levy 2001). They are more responsive to constantly changing pressure than

14



to constant sustained pressure. Baroreceptors are stretch receptors, which respond to the stretch
of the vessel due to increased arterial pressure at the carotid sinuses and aortic arch (Berne and
Levy 2001). Small increases in central venous pressure reduce the sensitivity of baroreflex
control of sympathetic activity in healthy humans (Charkoudian et al. 2004). Carotid
baroreceptor-induced changes in arterial blood pressure are primarily mediated by alterations in
vascular conductance and reflex-induced changes in the cardiac output are the result of carotid
baroreceptor mediated changes in heart rate (Fadel 2008). Therefore the capacity of the carotid
baroreceptors to regulate arterial blood pressure depends critically upon its ability to alter the
tone of the vessels (Fadel 2008). Although the sensitivity of both the cardiac and the sympathetic
efferents function in the baroreflex control of the arterial pressure they are not correlated in
healthy men, though in women the sensitivity of both cardiac and sympathetic efferents were

found to be related (Dutoit et al. 2010). Balance between the cardiac output and the

of

mediated i ignifi to the normal

the arterial pressure in humans, as dynamic inputs from the cardiac output and stroke volume
ifects the baroreflex control of muscle sympathetic nerve activity in healthy normotensive
humans (Charkoudian et al. 2005). According to the study performed by Wallin (2007), muscle
sympathetic nerve activity and increased levels of the cardiac output share an inverse
relationship. Fast changes in arterial pressure at the carotid sinus effectively changes the
sympathetic outflow to the muscles and thus contributes to the compensatory blood pressure
responses whereas static blood pressure control probably depends more on the baroreceptor

control over the effector organs (Bath et al. 1981).

During an inverted body position. the central venous pressure may increase with pooling of

blood in the upper extremity due to the effect of gravity, which may cause a reduction in the



baroreceptor activity. The are still not known. The mentioned studies suggest the

role of the b in lating the | d ics in relation to the posture of’

the human body, but it is still ambiguous how the baroreceptors will react to the inverted body
position. The decrease in sympathetic activity during head down tilt position (Bosone 2004),
may be related to the stimulation of the baroreceptors. This is plausible because cephalic pooling
of blood and its subsequent increase in hydrostatic pressure with inversion would provide a

strong stimulus to the baroreceptors.

Vasomotor sympathetic activity via the baroreflex also maintains arterial pressure during

orthostasis. (Fu et al. 2006). Orthostatic tolerance is impaired during whole body head down tilt

position. This may be due to the decrease in the tone of venous capacitance vessels (Butler et al.
1991). While attaining upright posture from a recumbent position, sympathetic activity increases.

During sustained orth is (45 minutes) the iction initiated by p

di ic nerves is mail d by ongoing sympathetic activation (Fu et al. 2006). Sympath

t (rapid change in the whole body head up tilt and head

activity is not seen in the push pull ef
down tilt position) (Sheriff et al. 2010). The influence of sympathetic activity in orthostatic

tolerance when standing upright from supine position is certain, But knowledge about the effect
of sympathetic activity on orthostatic tolerance while attaining the upright seated position from

completely inverted seated position is still sparse.

. marked changes in cardiovascular system have also been seen in

In relation to ortho:

Trendelenburg position. The Trendelenburg position is a whole body head down tilt position at

15-20 degree tilt used during pelviscopie surgeries (Suh etal. 2010). The effect of the

not

ition on systemic and pulmonary hemodynamics in eritically ill patien

Trendelenburg por
wenerally appreciated (Sibbald et al. 1979). Preload of both right and left ventricles of heart, and

16



cardiac output increases whereas sympathetic vascular resistance decreases in this position

(Sibbald et al. 1979). The effect could be mediated by baroreceptors stimulation, which will

inhibit tone of resistance vessels. ding to Ostrow et al. (1994) the
Trendelenburg position does not influence hemodynamic parameters such as cardiac output and
blood pressure in normovolemic or normotensive patients. However few studies performed on

li results. The

the effect of Trendelenburg position on cardiovascular system show

findings from the afc studies on Ti 2 position could provide valuable
information in studying the effect of an inverted body position on the functioning of the

tem.

cardiovascular

static pre

‘The hydrostatic pressure in the upright position is controlled by various mechanisms,

iction reflexes (Henriksen 1991), which in

such as spinal and i P

(urn stimulates the baroreceptors. Vasoarteriolar reflexes produce vasoconstriction in the

cutaneous circulation in upright body posture (Vissing et al. 1997). There are other mechanisms
that control pressure dynamics in the upright position, but all the mechanisms controlling the
hydrostatic pressure during inverted body position are not known. Do the same mechanisms act

with inversion as in the upright position? Very little research has been conducted to study the

effect of variations in hydrostatic pressure on the neuromuscular system in the human body.

Most of the studies are based on animal models. Heinemann et al. (1987) performed a study on

rat muscles to examine the effect of increased hydrostatic pressure on acetylcholine receptors. It

was seen that an increased hydrostatic pressure resulted in pulsing acetylcholine receptor release



in tumn reducing its effect on muscle firing rate. Geeves and Ranatunga (1987) performed a
study to understand the effect of increased hydrostatic pressure on the isometric tension of a

psoas single muscle fiber of the rabbit. Increased pressure was maintained for 10-20 seconds,

which resulted in a 15% reduction in the isometric active tension, when the fiber was maximally
calcium activated. It was hypothesized that for such a linear relationship, the decrease in force
produced per cross bridge was responsible. A later investigation by Fortune et al. (1989) found

that the decrease in i active tension is ined by amount of products of ATPase

reaction. Ranatunga and Geeves (1991) carried out further investigations to analyse the
difference in twitch and tetanic response to increased hydrostatic pressure. Isometric contractions

d in the extensor digitorom longus muscle of the rat, in response to different

were analyz
hydrostatic pressures. Extensor digitorum longus muscle is comprised of fast twitch fibers
(Ranatunga and Geeves , 1991). With increased hydrostatic pressure the peak tension, the time to

peak and the time to half relaxation of a twitch tension were found to increase. Though in fused

tetanus, the increased hydrostatic pressure resulted in decreased tension, half time of tension ri;
aud increase in half time of relaxation. This suggests that tension potentiation is a combined

result of the increase in tension rate and decrease in rate of tension relaxation which could be due

to the effect of hydrostatic pressure on the involved in contraction (E-C)
coupling (Ranatunga and Geeves, 1991). The E-C coupling reaction may result in increased
calcium release associated with the action potential. However, submaximal contractions or
contractions at lower calcium levels resulted in increased tension, whereas maximal contractions
or contractions at higher calcium levels resulted in decreased tension under the influence of

increased hydrostatic pressure (Fortune et al. 1994). Thus increased hydrostatic pressure may

affect calcium release and sequestration resulting in variations of twitch tension. The increased



twitch tension due to the result of increased hydrostatic pressure is a result of increased release of
calcium (Vawda et al. 1996). Thus we may say that high hydrostatic pressure may result in an
increase in the release of calcium with increased twitch tension. The aforementioned studies

indicate that impairment of MVCs may also be related to increased hydrostatic pressure.

But according to the result of Paddock and Behm (2009) the force production and muscle
activation decreases in the lower limbs during inverted seated position. Thus there may be more
factors affecting the neuromuscular system, which can overshadow the effect of hydrostatic
pressure. In an inverted body position the hydrostatic pressure will be less in lower limbs and
may be increased in the upper limbs (with more perfusion pressure) due to pooling of the blood
in upper extremity as an effect of gravity. Therefore in lower limbs, the opposite effect of the
increased hydrostatic pressure could be seen as the hydrostatic pressure will be less than normal.

This suggests that the alteration in force production should not be similar in both upper and

lower limbs, and there should be increase in the force production at lower limbs because of
decreased hydrostatic pressure. There is no evidence for this response and no investigations have

been performed so far relating to this subject.

1.2.3 Intraocular pressure

The Trendelenburg position results in an increase in intraocular pressure (Awad et al.
2009). Intraocular pressure increases with head down tilt position (Linder et al. 1988). A 3-fold
increase in intraocular pressure is seen in the gravity inversion position (-90 degrees) with
respect to intraocular pressure in upright body position (Linder et al. 1988). The elevation of

intraocular pressure results in reduction of visual neurophysiologic functioning (Linder et al.
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1988) and may result in poor visual feedback. During constant isometric contractions, decrease
in the visual feedback results in increased force error, and can reduce force variability due to
altered activation of primary agonist muscles (Baweja et al. 2009). Thus, this suggests that an
increase in intraocular pressure during inverted body position may reduce muscle performance
due to deficient visual feedback. Auto-regulatory processes attempt to maintain the blood flow

sion pressure (Schmidl et al. 2010).

constant to the eye, despite the increase in the ocular perfi
T'he head down tilt position mimics, to a degree, the inverted body position, thus physiological

changes seen in this position could be related to changes seen in the inverted body position.

1.2.4 Respiratory system
Respiratory system may also experience increased work load in inverted body position.

With inversion, the inspiratory muscles may have to produce more force to push the diaphragm

against gravity. Also there may be an increase in intrathoracic or intra-abdominal pressure which

may result in increased stress on the thoracic cage and diaphragm. This stress may result in early

fatigue of the respiratory muscles, and may leave the person breathless. Also there may be
variation in the gaseous exchange at the alveolar level. With head down body tilt, the
sympathetic activity decreases (Bosone 2004). The sympathetic system is responsible for
bronchodilatation (Van der Velden and Hulsmann 1999). Thus a decrease in sympathetic activity

may result in increased secretion in the lungs via bronchial glands. Constriction of bronchial

which results in alterations in the coupling of

muscles restricts the oxygen supply to the mu:

and oxygen uptake in contracting muscle, which by determining the

phosphocreatine hydrolysi

A

rate of inorganic phosphate (Pi) accumulation may affect calcium release (Hepple 2002



decrease in oxygen supply to the muscle also results in a reduction in the levels of creatine
phosphate (Brechue et al 1995). During submaximal contractions there is a parallel decline and
maintenance of force with not only fluctuations of blood flow but also due to alterations in
oxygen supply (Hepple 2002). Thus any decrease in the efficiency of the respiratory system may
result in decrease oxygen saturation, which may directly affect the muscle activation and muscle

optimal force production especially with prolonged contractions which have a greater reliance or

susceptibility to oxygen deficits

fect of wave motion on human body

As discussed earlier, in oceans, the waves and currents result in marked movement or

oscillations of the vessels. When a helicopter is submerged in the ocean it also experiences

oscillatory movements and since the workers are harnessed to the seats of the helicopter, they
also experience the same oscillatory wave motions as the submerged helicopter. This wave
motion may affect motor task performance by altering neuromuscular mechanisms. There are no
studies performed so far to suggest how wave motion under such circumstances affects motor

abilities in humans.

1 Instability

Unpredictable wave motions as found on marine vessels lead to uncertainty, affecting the
neuromuscular and cardiovascular responses for the individuals experiencing this wave motion.
With wave motion, the trunk and the abdominal muscles may have a significant role while
performing tasks using upper and lower limbs in the inverted seated position. as the muscles
have to maintain the stability of the body. The EMG activity of the contralateral trunk and

21



abdominal muscles increase when isometric contractions of bicep brachii are performed in the
inverted seated position (Hearn et al. 2008), though minimal EMG activity in trunk muscles and
abdominal muscles was seen when the contralateral biceps brachii was relaxed. Such activity of
the trunk and abdominal muscles could be the result of the instability while performing any task.
The stability of the spine is increased by the co-activation of the spine flexor and extensor

muscles (Arokoski et al. 2001). Instability decreases force, as more work is performed by the

body’s stabilizing muscles to maintain joint stability. When instability was introduced to the

wrist joint, muscle force and activity decreased (Kornecki et al. 2001). When using an unstable

pendulum like device for pushing movements Kornecki and Zschorlich (1994) observed 20-40%

force output decrement. Resistance training promotes strength gain (Behm and Sale 1994)
however under unstable conditions the ability to exert force is reduced (Anderson and Behm

2004). Significant decreases were found in velocity, squat depth, and maximum concentric and

entric power upon performing squats on unstable surfaces (Drinkwater et al. 2007). There is

usually a decrease in force production in conjunction with the increased limb muscle activation,

switching over from muscle mobilizing to stabilizing functions (Anderson and

which sugg
Behm 2004). Behm et al. (2002) found that force production by leg extension, plantar flexion

and isometric chest press decreased on physioball (unstable surface) whereas no significant

able condition for limb and chest muscle activation

difference was found between stable and un;

during isometric chest press. The aforementioned studies suggest that under unstable conditions

muscle force is not isolated to the prescribed motor task rather it divides into stabilizing and
motor task, thus resulting in decreased external force production. The body may also act by

stiffening the muscles around a joint to limit movement for more stability. This may also limit

force production as the body will produce a greater proportion of isometric force than concentric.
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