














ABSTRACT

The seated inversion posture is reported as being useful in evaluating potential effects of
gravitational force on the upper body versus that of the lower body. The seated inversion posture
is useful in simulating the environments that astronauts are exposed to in microgravity conditions
as well as environments that humans may be exposed to during normal daily routines. Many
recreational and labor related inverted positions occur in the air, outer space. as well as on or
under water. Vigilance is required to complete activities of daily living, extra-curricular
activities as in avoidance of and escape from life threatening conditions. Vigilance encompasses
the functions of cognition. attention. alertness. and decision making skills that are required to
maintain upright posture and balance as well as required to ensure proper accuracy and
perception when solving problems. The purpose of this study was to understand the etfects of an
inverted posture on variables of vigilance. heart rate and blood pressure. Eight males completed
S sessions of assessment. Heart rate (HR), and blood pressure (BP). as well as vigilance tasks
and reaction time were assessed first in a seated upright posture, followed by the seated inverted
postures, and again a seated upright posture. Intraclass correlation coeftficients for Tower of
London (ToL), Selective Attention and Response Competition (SARC), anxiety, Heart Rate
(HR). Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) were excellent
(R>0.95). The inverted condition produced significant (p<0.0001) decrements in performance
on The Tower of London (ToL) tests and Selective Attention and Response Competition test.
Time to completion was significantly slower in (63.4% and 40.7%) the Tol. during the inverted
condition as compared to the pre and post upright assessments. Reaction time was slower

(10.4% and 11.7%) during the SARC tests during the inverted condition as compared to the pre
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Chapter 1

Introduction

1.1 INTRODUCTION

The human species has adapted to the upright posture that humans perform in daily
function. It is uncommon for humans to experience inverted postures. Extreme tilt or complete
inversion positions may be experienced with accidents such as overturned or submerged
helicopters. motor vehicles. or boats such as kayaks. Persons involved in such situations need the
opportunity to assess their situation and develop a plan of action. Escape and survival will
necessitate the interaction of force (physical) and vigilance (mental). The only two studies
investigating complete seated inversion postures demonstrated decreases in force, indicating
inversion-induced impairments to the neuromuscular system (Paddock & Behm 2009, Hearn et
al. 2009). These studies highlighted inversion-induced decrements to neuromuscular
performance but there are no studies examining inversion effects on mental processes. It has
been speculated that complete inversion effects vigilance and cognition due to increases in
intracranial, and orbital pressures as well as decreases in blood pressure and heart rate. No

studies to date have examined these speculations.

Vigilance or level of alertness is important in every function of daily life. Cessation of
alertness results in sleep or unconsciousness while increased alertness can result in sleep
deprivation or insomnia (Rosekind & Gregory, 2010). Variables of vigilance including
perception are adjusted with our heightened or weakened senses of sight, hearing, taste, smell,
and touch. The interaction of the physiological systems such as the vestibulo-ocular system

which helps the body balance. coordinate and communicate with the brain producing coordinated













Chapter 2

Review of Literature

2.0 ABSTRACT

Although it is uncommon for humans to perform daily functions while inverted. such
scenarios exist in sport (gymnastics), work (military pilots) and emergencies (overturned
vehicles and other craft). The only two studies investigating this posture have shown
impairments to muscle force and activation. There were also decreases in cardiovascular
measures such as Heart rate and blood pressure. which may signify an inhibitory etfect on the
sympathetic nervous system. It is unknown what effects inversion has on vigilance functions.
Related research investigating head down tilt and microgravity could provide insights. Some of
the mechanisms that might adversely affect performance could be related to changes in cerebral
blood regulation, vestibule-ocular reflexes, spatial orientation, parasympathetic / sympathetic

excitation, and afterent excitability of spinal motorneurons.

2.1 INTRODUCTION

Humans must adapt to many different environments during work and play. Many of these
environments pose potential health hazards or can impair performance. There has been
voluminous work published on the physiological effects of hypoxic. hyperbaric. hypobaric,
hypothermic. hyperthermic and other environments experienced by humans. Humans spend a
predominant portion of their waking hours in an upright position. In contrast very little research
has examined the effects of inversion on human physiology and performance. An inverted
position can be adopted during emergencies such as overturned vehicles and aircraft as well as

during work and sport (i.e. gymnastics) situations. The only two published studies examining the




effects of full inversion on humans (Paddock and Behm 2009, Hearn et al. 2009) reported

neuromuscular and cardiovascular changes that could impact safety and performance.

Paddock & Behm (2009) examined muscle activation and force in an inverted seated
position to observe the neuromuscular responses. Observations demonstrated a relationship
between the inverted seated position and decreases in maximal voluntary contraction (MVC) and
instantaneous strength. Similarly in experiments conducted by Hearn et al. (2009) the inverted
seated position resulted in significantly lower MV force. rate ot force development. and biceps
brachii EMG activity. The inverted seated position was also observed to produce significant
decreases in heart rate (HR). systolic blood pressure (SBP) and diastolic blood pressure (DBP) in
both experiments. Thus both studies observed decrements in neuromuscular function with an
inverted seated position. Both articles hypothesized that the neuromuscular changes may result
{from inversion induced changes in the svmpathetic nervous system as demonstrated by decreasces
in heart rate and blood pressure. However. there are no studies examining the etfects of
inversion on cognitive or vigilant functions. Impairments in cognitive and vigilant {unctions in
concert with neuromuscular deficits would dramatically impact an individual's ability to escape

from a threatening inverted situation such as overturned vehicles or helicopters.

As there are only two published studies that observe effects of inverted posture on
physiological functioning. other related postures such as head down tilt studies may provide
some understanding of probable inversion-induced physiological alterations. The purpose of this
literature review is to examine related literature related to vigilance and investigate observed

conditions that have demonstrated effects that alter vigilance.




2.2 VIGILANCE

Vigilance has been identified and defined in scientific literature since the late 18007s.
William James, American philosopher and psychologist identified the concepts of vigilance and
attention. He recognized that attention is centrally focused however may be affected or inhibited
by peripheral diversions. Head (1923) identified vigilance as “the extent to which the activities
of a particular portion of the central nervous system exhibit at any moment signs of integration
and purposive adaptation.” The definition of vigilance has evolved over the decades to include
response time, accuracy, and decision making (Chern Pin-Chua et al.. 2012). Cohen (1993)
interpreted attention as a multifaceted feature of the brain incorporating sections of the brain

responsible for the integration of sensory information, cognitive processing and movement.

Vigilance testing and knowledge of factors, which impair vigilance. are crucial to
industries such as air traffic control. inspection and quality control, automated navigation,
military. border surveillance, and lifeguards. Measurement of vigilance in the research setting
generally includes the correct identification or consistent identification of a stimulus. Davies &
Parasuraman (1981). defined commission errors as those committed when a stimulus has been
incorrectly reported and omission errors are those which involve the failure to identity a
stimulus. Vigilance measurement also includes assessment of reaction time. or the amount of
time required to observe and identify a stimulus. process and discriminate the stimulus and
facilitate or make a decision regarding the appropriate reaction (Davies & Tunes, 1970). Ballard
(1996) described three categories of factors that affect vigilance performance. Task parameters.
environmental or situational factors and subject characteristics may all influence vigilance
performance in humans. Button (2003). suggested that common tasks of vigilance require multi-

tasking often occurring in conjunction with elements of physiological stress. Physiological



stresses were also suggested to disturb state of arousal, motivation. capability to allow and

process presenting stimuli as well as the ability to anticipate a stimulus.

In 1950. Norman Mackworth published his findings regarding the interruption of
vigilance through extended visual search. His curiosity was motivated by discoveries during
World War II indicating near misses or misses of important events near the end of shift by radar
and sonar operators. From these findings Mackworth described the Inhibition Theory. This
theory described as “a decrement in vigilance...an extinction of the conditioned response when
that response is no longer reinforced.”™ The inhibition theory speculates that an operator's
reaction to events or stimulus may decline over time, while the number of responses may remain

relatively stable.

The expectancy theory, first presented by Baker (1959) suggests that observer’s
expectations concerning signal events frequently vary from actuality, and this incongruity
represents the reaction outcomes acquired in vigilance research. The theory includes that
observers modify their level of reactions grounded on their perceived signal occurrence and past

experience with that task.

Hebb (1955) presented his arousal theory based upon the work of prior researchers
Yerkes and Dodson (1908). Hebb suggests that an operator’s vigilance is dependent on their
level of arousal. and that reductions in presentation are an outcome of reduced stimulation from a
less stimulating environment in which the vigilance task presents. Frankhaeuser ctal.. (1971)
contend this arousal theory does not represent the amplified stress levels observed with vigilance
tasks. Research proposes that vigilance is connected with high levels of catecholamines

(Frankenhaeuser et al., 1971). These catecholamine’s are released by the endocrine system’s
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response to stress. Catecholamines are highest at the onset of vigilance tasks. in anticipation of
their occurrence. In response to criticism regarding the arousal theory, the resource theory
evolved (Kahneman. 1973: Moray. 1967: &. Norman & Bobrow. 1975). This theory suggests
that an operator’s vigilance is reliant on the mental capabilities or resources that can be recruited
to complete the task. Parasruaman et al. (1987) suggested that decreased measures of vigilance

resulted from the inability for demand of mental resources to be met during vigilant tasks.

Broadbent (1958) suggested that information that enters the brain experiences filtering as
it is processed to the higher centers. Later theories evolved from the filter premise suggested that
information entering the brain is first filtered for unwanted information and secondly for
meaning. This double filter theory postulated that if the meaning of the information was solid

enough it would rise to the conscious (Triesman, 1964). In 1976, this double filter theory

evolved to one of semantic pertinence (Norman & Bobrow. 1975). This theory of pertinence
vielded that information processed to the brain was filtered for semantics and pertinence of the
semantics. This idea of pertinence further determined the importance of the information

processed thereby stimulating the acceptance or ignorance of 1t.

The arousal. resource, filtering, and pertinence theories all lead to the development of the
limited capacity theory (Norman & Bobrow. 1975). The investigators recommend that humans
are only able to absorb and process restricted volumes of information and stimuli.  The many
theories and their evolution suggest that vigilance is dependent upon the volume of information
required by the tasks. as well as any interfering information or stimuli that may be present.
Different environments (i.e. instability, darkness) and postures (inversion) may interfere with the

absorption and processing of information and stimuli. thereby limiting vigilance capacity.




Seated inversion elicited a number of physiological responses to the neuromuscular and
cardiovascular systems that may be related to changes in sympathetic responses (Paddock &
Behm 2009, Hearn et al. (2009) Since inversion may alter central and peripheral nervous system
functioning, it is conceivable that sensory or motor components of vigilance could also be
adversely affected. This possibility has never been directly investigated. As there are only two
studies investigating inversion effects other related studies may provide insights. For example.
increases in intracranial pressure resulting from the effects of gravity with an inverted position

may alter the central and peripheral nervous system responses.

2.3 RELATED RESEARCH

2.3.1 TILT STUDIES

Tilt tables are used in the medical, rehabilitation. and research environments. Tilt tables
are available to provide variations to the standard upright, seated and supine postures that
human’s exhibit daily. Experiments and treatment associated with the condition of head up tilt
commonly examine causes of unexplained fainting (syncope). The tilt table in these experiments
permits researcher to observe and compare vascular hemodynamics and heart rate variability
during changes in posture from supine to upright (Holmegard, et al., 2012). Perry (2010) reports
that tilt testing is the definitive examination for the disorders of orthostatic hypotension and
vasovagal syncope. Tilt testing permits researchers to observe a neutrally-mediated reflex in a
tixed environment. Lacoviello et al.. (2010) concluded that decreased sensitivity of the
baroreceptors during head up tilt is valuable in its ability to predict the reoccurrence of syncope
in patients. Several studies have shown that cerebral oxyhemoglobin concentrations decrease

while in head up tilt position (Kurihara et al. 2003). On the other hand similar experiments have
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body has adapted to on earth. Microgravity and simulated microgravity (HDT) induce
deconditioning of the human physiological systems. Microgravity induces a fluid shift toward
the upper body. This increase in fluid to the upper body results from fluctuations in the
hvdrostatic pressure gradient. These fluctuations vield distinguishing indicators of facial edema.

nasal congestion and headache (Thornton et al.. 1987).

The first cardiovascular alterations were observed by Bondar ct al. (1991). A 30%
increase in cerebral blood flow velocity was measured during parabolic {light using a
transcranial Doppler (TCD) technique. The negative effects experienced by the cardiovascular
system due to microgravity are decreases in blood circulation, interstitial fluid volumes, arterial
blood diastolic pressure, ventricular stroke volume. and decreases in estimated lett ventricle mass
(Heldt, 2002). Antonutto & di Prampero (200) suggest that deconditioning of the cardiovascular
system can also reset the carotid baroreceptors. These negative effects manifest themselves
mostly upon re-entry into earth or return to upright position after bed rest in the simulated
environment.

Peterson et al. (2002) specitied that tilt table reproduction of microgravity distresses the
cardiovascular system with shifts trom upright to supine necessitating acute circulatory
compensatory mechanisms with quick commencement of simulation. The reduction in heart rate
and escalation in the stroke volume of the left ventricle was also observed by L.innarsson et al.
(1996). Carotid baroreceptors primarily and to a smaller degree the cardiopulmonary volume
receptors fuel the compensatory response. The surge of stroke volume 1s activated by the Frank-
Starling mechanism, and the venous return is enlarged due to the transfer of blood to the upper

body from the lower body. resulting from pooling during hypergravity.
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The Skylab 4 flight of 1973 spent 84 days in space and precautions were made to attempt
to prevent cardiovascular deconditioning. A shift in body (cephalad) tluids from the head to the
thorax, overwhemlming the crucial vasculature of the cardiovascular svstem volume sensors to
perceive overload. The cardiovascular neuroendocrine system was forced to adapt and make
modifications to decrease total peripheral resistance. heart rate and cardiac intropism and to
decrease circulatory volume due to the increase in water excretion of the kidney. The kidney is
informed by the altered circulating hormones and the decrease of sympathetic tone of its

arterioles that neural adaptation is needed.

Shibasaki et al. (2003) tested the eftects of aerobic exercise training during microgravity
conditions on thermoregulatory responses. Decreased plasma and blood volume and aerobic
capacity are connected with impaired thermoregulatory responses observed during exercise and
passive heating after head down body tilt exposure. Results indicate that dynamic exercise
during short periods of HDT bed rest preserves thermoregulatory responses. Head down tilt bed
rest, peak oxygen uptake and plasma and blood volumes were not different relevant to pre-head

down tilt bed rest values.

Exposure to simulated microgravity testing the magnitude of reduction in plasma volume
and work capacity depended on the initial level of aerobic fitness. and peak oxygen uptake. This
testing demonstrated a larger reduction in VO2 peak that unfit subjects thereby associated with

larger reductions in plasma and blood volume (Convertino. 1998).

Convertino (1998) suggested that in contrast to the values of Shivasaki et al. (2003)
reductions in plasma volume and blood volume were observed under simulated microgravity

conditions. Although testing two different responses. the responses are related in that they
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observe the same mechanisms for modification. Convertino (1998) suggests that the magnitude
of physical deconditioning induced by exposure to microgravity without measures of

countermeasures was influenced by the initial titness of the subjects tested.

In microgravity the cerebrum will not contend with the force of gravity pulling blood
away from the head. During simulated microgravity, investigations into the effects of postural
changes on cerebral oxygenation yielded that oxyhemoglobin and the Tissue Oxvgenation Index
decreased in postural change from supine to head up tilt (Kurihara, Kikukawa, & Kobayashi,
2003). The Tissue Oxygenation Index is a novel monitoring indicator derived by near-infrared
spectroscopy. implemented by Matcher et al.. (1995). Suzuki et al., (199) & Kurihara et al.
(2003) and other investigators or cerebral function. Masden et al. (1998) produced similar results
to that found by Kurihara et al.. in that insignificant amounts of change were observed in cortical
oxygenation. Increases in heart rate and blood pressure were observed similar to that seen by
Smith and Port (1991). Hence, microgravity research indicates that the human physiological

responses to low gravity tend to be sufficient to overcome alterations in cerebral blood flow.

Countermeasures to help delay and or prevent the onset of microgravity deconditioning.
consist of on board physical exercise of cycloergonometric and or treadmill exercise for at least 2
hours per day. the utilisation of special elasticised suits. providing passive stress to the
antigravity muscles of the legs and torso. lower body negative pressure devices and or the
ingestion of water and salt tablets just before the shuttles re-entry and landing (Antonito. and Di

Prampero. 2003).
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2.4 POSSIBLE MECHANISMS FOR ALTERATIONS IN VIGILANCE
2.4.1 CEREBRAL FUNCTION

Normal upright posture of humans dictates the downward flow of blood from the heart
into the extremities. Transter from the supine position to upright position commonly induces
orthostatic hypotension or a sudden decrease in blood pressure. The complete inversion of the
body in seated position negates the normal gravitational pull of blood to the extremities
redirecting it to the upper torso and head region as they are closest to the ground in this position.

How does this influx of blood to the head and brain affect the functioning of the brain?

The cerebrovascular system supplies the brain with blood tlow required for normal brain
function. The oxygen requirements of the brain surpass all other organs except the heart.
Receiving approximately 20% of cardiac output. the brain consumes 20% of the body's oxygen
(Diringer, M., 2008). The research suggests that interruption in cerebral blood flow (CBF)
results in cerebral dystunction and ultimately unconsciousness when disruption of CBF is
prolonged. Diringer. (2008) also suggests that permanent brain damage is imminent with four to

six minutes of complete disruption of blood flow.

Hypoxia or decreased tissue oxygenation due to changes in the delivery and utilization of
oxygen to the cells are directly affected by CBF (Price, S.. & Wilson. ... 2003). Iypoxia is
commonly imposed with changes in atmospheric pressures (mountain climbers. deep sea divers),
carbon monoxide poisoning (fire entrapment, unsafe working conditions), in cases of severe
anemia, or in situations in which there is failure to oxygenate the blood (Porth, 2002). Decreased
oxygenation of brain tissues produces a depressant effect on the brain and its function. Chronic

hypoxia has shown that neurons are capable of substantial anaerobic metabolism, vet produces
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effects of euphoria, listlessness, drowsiness, and impaired problem solving (Porth, 2002). An
inverted position may have to contend with the opposite effect of increased blood flow and
pressure. Rabbits exposed to head down tilt variations of 45 and 75° demonstrated changes in
cerebral blood flow and somatosensoryv-evoked potentials (Asai et al. 2002). No significant
changes in one hour were observed in relation to the parictal cortex at 45° of Head Down Tilt
(HDT). However. at the end of one hour of HDT at 75" cerebral blood flow progressively

decreased, while no changes were observed yet again in the somatosensory-evoked potentials.

Bonder et al. (1995) and Kawai et al. (1993), experimented with e velocities of cerebral ‘
blood flow under conditions of parabolic flight and/or HDT. and found that cerebral blood flow
increases over time in both conditions. According to Kawai et al. (1996) HDT elevates the
oxygenation of the brain tissue and cerebral blood flow. but Satake et al. (1994) experimented
implementing a single photon emission computer tomography analysis that depicted the basal
ganglia and cerebellum as the recipients of the increased cerebral blood tlow in contrast to that of
the cerebral hemispheres. Differences in experimental protocol of measurement. times and

duration of HDT have been linked to the discrepancies in results.

The eftects of 10" (acute) HDT on cerebral auto regulation was investigated. applying the
Valsalva maneuver inducing sympathetic withdrawal, thereby facilitating transfer function gain
between arterial blood pressure and cerebral blood flow (Cooke. Perllegrini. & Kovalenko,
2003). The transfer function gain quantifies the relationship of change in the arterial blood
pressure as a function of the change in cerebral blood flow or vice versa. Cooke et al. (2003)
hypothesized that HDT (another maneuver resulting in sympathetic withdrawal) will increase the
transfer function gain between arterial pressure and cerebral blood flow velocities. defining the

effects of acute HDT on cerebral autoregulation.
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—————————————

Cerebral autoregulation was preserved in the presence of decreased sympathetic neural
activity. These results were previously seen by Cooke & Dowlyn (2000) and Tenaka et al.
(1999). They continued to define the transfer of {luid location to the upper body, as one of the
factors responsible for the sympathetic withdrawal in addition to that of the loading of the
baroreceptors. A correlation is observed between the arterial pressure overshoot after the release
of strain from the Valsalva maneuver to the magnitude of sympathetic trattic that preceded it.
Similar results were tound by Cooke (2003). and Smith et al. (1996). The suggestion that
inversion induces a sympathetic inhibition may be similarly related as the increased cephalic
blood pooling and pressure can lead to an inhibitory rebound effect decreasing sympathetic
stimulation. [t was detailed that baroreceptor activation and the inhibition of the sympathetic
nerve activity were corrclated to the arterial pressure oscillations observed by Pagani et al.
(1997) and Wallin & Nerhed (1982). These articles justity Cooke’s overshoot results which

demonstrated that HDT decreased systolic blood pressure overshoot increasing the cardiovagal

baroreflex gain. Autonomic neural modulations of dynamic cerebral autoregulation were
suggested to influence mild physiological manipulation of autonomic activity with acute HDT,
Yet. manipulation of cerebral autoregulation had no effect on the cerebral vasculature’s ability to
regulate constant blood flow. More study is needed in the interactions between the effects of
HDT on other modulators of the cerebral autoregulation. Kitano et al. (2005) investigated local
blood flow regulation during orthostatic maneuvers, tfinding that the vascular responses in the
limbs due to the cardiopulmonary and arterial baroreflexes can be strongly induced by
gravitational effects. It was also inferred that during head up tilt, peripheral vascular responscs
in the lower limbs are augmented, presumably by local mechanisms specifically induced in the

dependent limbs. Inducing increased blood flow to the upper body and head through complete
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agreed with Halswanter’s(1996) qualification and technique procedures to produce results from

three dimensions.

The angular vestibule ocular reflex is activated when the head is rotated. generating
counter rotation of the eves in the orbit (Yakushin et al. 2003). From a gcometric point of view
the angular vestibule-ocular reflex is manipulated to stabilize retinal images during three
dimension head rotations (Halswanter et al. 1996). Studies on both humans and animals reflect

that the gain of the angular vestibule-ocular reflex may not accurately compensate for head

rotations in dark environments. Yakushin also details that the angular vestibulo-ocular reflex can

be adjusted by increasing or decreasing the gain, in order to be more precise.

Findings infer that when the gain of the vertical angular vestibule ocular reflex was
altered with upright or side-down positions. maximal increasing changes occurred when the
animals were tested in the head orientation in which the gain was adapted, and the changes
decrcased continuously as the head was deviated trom this orientation. The gravity-dependent
gain modifications are similar to those vielded in earlier experiments ( Yakushin et al. 2000).
The quantity of gravity-dependent gain changes revealed following dual-state adaptation was
generally similar to those yielded following single-state adaptation. Gravity specific changes in
gain are therefore alterations in reaction to angular vestibulo-ocular retlex variation to the
direction of the head movement of the three dimensions. [t was concluded that orientation to
gravity was fundamental in the adaptation of the angular vestibule-ocular reflex. satisfying a

considerable position in term of the modified gains.

Telford et al. (1998) studied the interactions between the semicircular canals and the

otolith functions on the vestibulo-ocular reflex and its influence on fixation distance. To
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understand the control of natural head movements. the angular and the linear vestibule ocular
reflex components which produce the vestibule-ocular reflex are mediated by the semicircular
canals and the otoliths. This mediation compensates tor head movements while maintaining
binocular fixations on targets in space. The recording of binocular eye movements resulted in an
activated angular vestibule-ocular reflex during eccentric rotations with the head centered about
the angular vestibule-ocular reflex. The linear vestibule-ocular reflex component was derived
from the interaural or dorsoventral tangential accelerations. depending on whether the head was

facing up or right side down.

Kondrachuk (2003) observed eccentric rotations of the head, while facing nose out
(facing away from the axis of rotation) gave rise to both angular vestibule-ocular reflex and
linear vestibule-ocular reflex components of the ocular response in the same place and direction
(coplanar and synergistic). It was determined that response magnitudes increased with increased
vergence. The opposite test with nose facing in (facing the axis of rotation) again had both
angular vestibulo-ocular reflex and linear vestibule-ocular reflex components but directed
oppositely (Wearne, 1999). It scemed that the angular vestibule-ocular reflex dominated in
response when the fixation distance was far. The closer the fixation, the responses declined to
almost none. When the fixation distance continucd to approach even further. the linear vestibule
ocular reflex component was more predominant and the response phase inverted. A number of
researchers agree that the synergistic stimulation of the angular vestibule-ocular reflex and the
linear vestibule-ocular reflex are found to enhance ocular responses relative to the angular

vestibule ocular reflex alone (Aw. et al., 1996).

On the other hand all researchers tend to agree that the antagonistic coplanar canal-otolith
stimulation reduces the intensity of the response related to only the angular vestibule-ocular
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reflex (Angelaki. et al., 2002). The observed linearity of angular vestibulo-ocular reflex/linear
vestibulo-ocular reflex interactions in squirrel monkeys conflict with that of a similar study in
humans (Anastasopoulos et al. 1996). Methodological difterences primarily with the use of
humans have been attributed to the conflicting results. Larger stimulus and lack of direct
measurements of vergence may also produce differing results. Hence, the increase of the angular
vestibulo-ocular reflex can be undesirably affected by tilt altering the perception of verticality,
positioning of retinal images and control of head movements. all of which can negatively aftect

vigilance performance.

2.4.4 SPATIAL ORIENTATION

The perception of spatial vertical quantities and monitors the normal responses of the
vestibule ocular system. as one of the many functions associated with spatial orientation. Aubert
(1861) studied the human ability to adjust a luminescent line to a position of verticality with
considerable accuracy as long as the head and body were erect, thus hypothesizing the effects of
tilt. Aubert (1861) found that when the same subjects using the same experimental protocol
produced constant error with the addition of head tilt and concluded that body tilt influences the
perception of vertical. A number of experiments have been performed concerning the changes in
perception of vertical as a result of body tilt. Most of these studies however have been limited to
visual perception of verticality. An experiment on the eftect of body tilt on the tactual-
kinesthetic modality of perception of verticality versus the visual perception of verticality was
exhibited by Bauermeister et al. (1964). The early experiment systematically studied the effect of
body tilt on tactual-kinesthetic perception of verticality. This methodology assesses apparent

verticality using a tactual-kinesthetically adjusted object. Bauermeister et al. (1964) yielded that

22




as body tilt increases so does the perceived displacement of the object from actual vertical

position in body tilt positions up to 70

“Independent of whether one or two hands were used. increased body tilt led to changing
deviations of apparcnt from objective vertical which were a non-linear function of degree of tilt:
with body tilt increasing to approximately 70°, there were increasing displacements of apparent
from objective vertical opposite the direction of body tilt; with further increasing tilt up to 90",
this tendency was reversed.” (Bauermeister. Werner. & Wapner 1964). Additional effects
observed as changes in the amount of body tilt increased were observed with respect with the
hand used to demonstrate the perception. “Adjustments with the left hand were located to the
right ot the adjustments using both hands, and adjustments using the right hand were located to
the left of the adjustments with both hands.”™ Thus, body tilt alters the sensitivity of the spatial
vertical. Small angles of tilt, perceive the vertical as altered to the side away from the tilt. While

using larger angles, presents the vertical shit toward the side of tilt (Aubert, 1861).

Dai et al. (1991) provide insight into research regarding the programming of spatial
vertical, in reference to the force of gravity. The subjects all exhibited this programming to
retain spatial orientation in addition to the motor responses to vestibular, visual, and
somatosensory stimuli. Dai’s study (1991) also featured several techniques demonstrated by
other experimenters to assess the accuracy of estimating spatial vertical. These articles all set
their bodies vertical. when tilted with an accuracy of within 5°. The degree of initial tilt. the
duration. and the speed of return, all affect the accuracy of estimation, indicating the precision of
spatial vertical within the central nervous system as noted by Dai et al. (1991). Young (1984) as
reported by Dai and his colleagues studied the sensors of gravity and programming of spatial
vertical inferring that although the otoliths are the most important sensors of gravity, they are
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joined by the visual and somatosensory system mechanisms in the programming of spatial
vertical. Thus in summary. spatial orientation and the ability to recognize the degree of
verticality can also be adversely affected by tilt and hypothetically inversion. The nability to
correctly diagnose body position would attect the perception. proprioception and response to the

external environment.
2.4.5 SYMPATHETIC AND PARASYMPATHETIC NERVOUS SYSTEMS

A number of researchers found decreased systemic sympathetic nervous activity during
acute head down bed tilt. Cooke et al. (2000) reported that this acute head down bed tilt had no
influence on the parasympathetic activity. Similar studies found that inhibition of the
sympathetic activity can decrease heart rate (Sunblad et al. 2000), decreasce arterial blood
pressure (Bosone et al. 2004: Goodman & LeSage, 2002), and decrease total peripheral
resistance (Goodman & LeSage, 2002). While contrasting information indicate daily orthostatic
challenges, alternating from sitting to standing position were associated with vagal withdrawal

and enhancement of the sympathetic nervous system (Shannon et al. 1987).

The hypothesis is that the regulation of blood pressure during orthostatic challenge and
heart rate variability in long term exercise trained subjects can be more successtully maintained.
Ueno & Moritani (2003) tested healthy men at rest and during 60° head up tilt. measuring their
clectrocardiogram (ECG) and blood pressure. suggested that the long term exercise trained
subjects demonstrate more efficient parasympathetic responsiveness of the augmented autonomic
cardiac modulation. In discussion of the results, the orthostatic stress method evaluates the
baroreflex sensitivity in which the sedentary subjects exhibited larger decreases in systolic blood

pressure compared to that of the long term exercise trained subjects. The decrease in systolic
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blood pressure was related to impairment of the baroreflex sensitivity. and/or the large increase
in the changing heart rate during the head up tilt in the long term exercise trained individuals.
Other studies have indicated that observed decrease in baroreflex sensitivity is associated with
increased risk of ventricular fibrillation and cardiac events. In comparison Davy et al. (1997)
found no changes in baroreflex sensitivity control of heart rate with exercise training, confirming

results of Seals & Chase (1989).
2.4.6 CARDIOVASCULAR ACTIVITY

Changes in posture as a result of tilt inducing acute orthostatic stress demonstrate
physiological differences between active and passive variations in tilt. Head up tilt and the
active squat-stand test helped Rickards & Newman (2003) determine the difference in the initial
cardiovascular responses to these modified postures. Results demonstrated the magnitude of'the
decrease in initial blood pressure is greater for the squat-stand test versus that seen in the Head
up tilt. Head up tilt positioned subjects at only a small deviation from upright at 90°. There were
no differences observed in the reflex compensatory response, therefore the squat-stand test
dominated the cardiovascular reflexes. To date. physiological differences of the squat-stand test
(SST) and the head up tilt (HUT) were established while systematic comparison of the initial
circulatory adjustments to our knowledge has not yet been observed. Results indicated
fundamentally different cardiovascular responses in the first thirty seconds of each test. This
may have occurred because the blood pressure and heart rate are elevated in the upright (SST) in
comparison to supine (HUT), in addition to the muscle pump activity in the lower body that
compresses leg veins. This compression increases venous driving pressure. forcing greater
volumes of blood from the periphery to the heart. increasing total peripheral resistance and

venous return, as also reported by Hanson et al. (1995), Lewis et al. (1980), and Rowell et al.
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(1986). Borst et al. (1992). Sprangers et al. (1991). Tanaka et al. (1996). all suggest in
accordance with the current results that the initial fall in arterial blood pressure upon standing is

due to the activation of the cardiopulmonary baroretlexes.

The rise in heart rate in the standing posture may not have been large enough to
counteract the decrease in total peripheral resistance. thereby producing an overall decrease in
mean arterial pressure. which has also been reported in similar studies by Tanaka et al. (1996).
Convertino et al. (1998) and Sprangers et al. (1991). While results from Ueno and Moritani
(2003) agree that increases occur in heart rate during head up tilt, and suggest that exercise
training may help to counteract the corresponding decrease in systolic blood pressure. Well
preserved sympathetic responsiveness in older individuals may aid in arterial blood pressure

regulation during passive exposure to induced orthostatic pressures (Vento et al.. 2002).

[lfamo et al. (2000) agree with the results of Ueno and Moritani (2003) in that higher
standard deviation of electrocardiogram R-R interval and coefficient and variation. in long term
exercise trained subjects. provides important information on the cardiac autonomic modulation
for older adults. Results from conflicting previous studies exhibited no alterations of the
baroreflex sensitivity control of the heart rate with exercise trained subjects (Davy et al., 1997;
Seals & Chase. 1989). These results indicate that physical activity does not alter the arterial
baroreflex sensitivity in voung adults (Reiling & Seals. 1988: Vromat ct al. 1988). and does not
decrease in older adults either (Spina et al. 1994). It is therefore unclear whether short term
exercise can attenuate the decrease of the baroreflex sensitivity and autonomic function (Spina et

al. 1994; Bowman et al. 1997).
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O’Leary et al. (2004) used transfer {unction analysis to observe the heart rate and
vascular reaction to spontaneous alteration in blood pressure from the relationships of systolic
blood pressure to heart rate. Using head up tilt, they found that heart rate significantly increased.
while no significant changes were observed in blood pressure or total peripheral resistance, and
the cerebrovascular resistance index decreased. The relations connecting mean arterial pressure
and total peripheral resistance enclose include examinations in conditions of relatively steady
state such as head up tilt. It is speculated that the changes in the mean arterial pressure generated
the alterations found in total peripheral resistance. also linking stroke volume and total peripheral
resistance. These theories confirm the connection of the vascular percentage of the arterial and
the cardiopulmonary baroreflexes. Decreases in central blood volume and cardiac filling
pressure are induced by the pooling of blood in the lower body due to head up tilt or lower body
negative pressure. These orthostatic stresses are known to stimulate increases in peripheral

vascular resistance, heart rate that help to maintain blood pressure, mediated by the baroreflex.

Differences were not observed in the vascular resistance of either the arm or the leg
during lower body negative pressure (Kitano, 2005). Jacobsen et al. (1992) & Vissing et al.
(1989 both reported similar findings, while Essandoh et al. (1986) reported a decreasc in blood
flow, though much smaller in the calf than the arm during lower body negative pressure. Similar
results from Victor & Leimback, and later Rea & Wallin indicate that muscle svmpathetic
nervous system activity in the legs does increase through lower ody negative pressure. As no
conflicting information has been found, cardiopulmonary and arterial baroreflex unloading
during lower body negative pressure leads to similar magnitudes of vasoconstriction in the upper

and lower limbs.

27




2.4.7 SOLEUS H-REFLEX

Assessments of vigilance include the perception of the environment. processing of the
information and subsequent motor actions in response to the environmental cues. Consequently.
tluctuations in spinal excitability due to variations in posture could affect vigilant performance.
The Hoffman reflex (H-reflex) provides an indication of the atferent excitability of the
motoneuron (Trimble and Enoka 1991). Head down body tilt has been demonstrated to aftect
many of the bodys responses, Knikou and Rymer (2003) and Aiello et al. investigating the
modulation pattern of the soleus H-reflex in response to imposed static and dynamic changes in
body angle. referenced to the vertical plane. They found facilitation of the H-retlex with head
down body tilt of 20 degrees and 50 degrees. Dynamic tilting of the body also resulted in H
reflex facilitation, indicating ftacilitation of motoneurons in the soleus muscle independent of
altering angular body orientation of movement direction. Knikou and Rymer (2003) also showed
the influence of natural stimulation on the vestibular system. In contrast Paquet and Hu-Chan
(1999) and Chan and Kearney (1982) investigated the same responses under similar protocols
finding decreased excitability in the human H-reflex during dynamic head and body tilts. In
further contrast, Trimble (1998) found in altering from supine to vertical body positions. no
significant differences were observed. Thus with conflicting results. it is difficult to determine
whether inversion would result in an inhibition or a facilitation ot atferent excitability of the

motorneuron.

2.5 CONCLUSION

To date only two studies have observed the condition of complete seated inversion.

These studies have confirmed inversion-induced adaptations to neuromuscular and
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Each subject completed S sessions after the orientation session. The first 2 sessions were
reliability measurements of heart rate (HR). and blood pressure (BP). as well as vigilance tasks
and reaction time. The latter 3 sessions had the subjects sit upright to obtain baseline (resting)
heart rate and blood pressure measures for 10 minutes, followed by the commencement of the
vigilance test under upright conditions. Next under conditions of seated inversion, the vigilance
test would occur, followed by a return to an upright position. and completion of the vigilance
test. Although the same vigilance test was administered throughout the upright (pre- and post-
inversion intervention) and inverted conditions, the different sections of the test could be
evaluated and analyzed for each position. After each vigilance test was completed the participant
remained in the chair for an additional 5 minutes to ensure the participant had regained pre-test

heart rate and blood pressure. |
3.2 APPARATUS

A Polar T31 chest strap was secured around the chest of each subject. connected to a
Polar s810 (Polar Electro. Finland) receiver watch that was attached to the inversion chair.
Subjects were then seated in specially constructed inversion chair (Technical Services: Memorial
University of Newfoundland Technical Services), which could tilt subjects at 45" intervals,
ranging from completely upright, to completely imnverted. Once seated in the chair in the upright
position subjects were secured into the chair using a 5-point harness system similar to that used
in a race car or helicopter. Once secured, a padded attachment was added over the quadriceps to
which a desktop holding a laptop computer was placed (Toshiba Satellite A40 System Unit,
Toshiba Corporation. China). This laptop administered the tasks of vigilance, using the
Psychmate Psychology Software Tools (Psychology Software Tools, Pittsburgh PA), as well as
Supertab 4.0 Stimulus Presentation Software (Cedrus Corporation, San Pedro CA). After the
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Chapter 5
5.1 DISCUSSION

The most important tindings in the present study were inversion-induced decreased
cognition. vigilance, reaction time, heart rate, blood pressure, and anxiety. This is the first study
to examine cognition and vigilant responses to inversion. The only two other published studies
investigating inversion demonstrated inversion-induced impairments to muscle force and
activation (Paddock & Behm 2009, Hearn et al. 2009). They also found decreased heart rate and
blood pressure responses. They used the cardiovascular results as evidence of a sympathetic
nervous system inhibition that negatively impacted neuromuscular functioning. It 1s not known 1f

similar sympathetic inhibition may have contributed to the present findings.

Although there is no research available regarding the eftects of the seated mverted
condition on cognition and vigilance, there is related literature regarding possible mechanisms
using tilt and simulated nicrogravity environments. The present study showed a decreased mean
score on assessment as well as an increase in mean execution time and total time to complete the
test in the inverted condition for the ToL. Decreased number of correct responses and reaction
tine were recorded in the SARC assessment during the inverted condition. While no significant
changes were observed during the ANT test. a trend was detected amongst the alerting and
orientation behaviours. The observed inhibition of function during the inverted component of
the ToL Test demonstrated a decrease in problem solving ability and executive function. Logan
et al. (2003) explained that cxecutive control includes processes involved in synchronizing

habits, skills, accurate performance, decision making, and planning. These are skills that require
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deliberate conscious control. Decreased reaction time and accuracy were evident with inversion

as represented by SARC test impairments.

There is no direct research demonstrating the effects of HDT on vigilance. Research
assessing the effects of HDT on the physiological function of the brain indicates that there is an
increase in blood pooling in the upper body and brain that is suggested to impose facial edema,
nasal congestion, making the position uncomfortable. It also disrupts the hemodynamics of the
brain compromising tissue integrity and function to affected areas of the brain (Hargens et al.,
1983). It has also been suggested that HDT increases intracranial pressurce. Research suggests
that HDT imposes anxiety. restlessness, a pounding vascular headache, nasal congestion that
may force mouth breathing. progressive dyspnea, loss of cooperation, overt hostility, and
struggles to regain the upright condition. It is recommended that the normal brain is compacted

and compromised during HDT (Diringer, 2008).

Increased blood volume to the cephalic area can affect baroreceptors in the carotid artery.
The recorded mncrease in blood flow in the cephalic region results in increased intracranial
pressure due to fluctuations in the hydrostatic pressure gradient. Increased activity ol
baroreceptors in the arteries has been associated with decreased heart rate. as observed in the
present study. The decreases in systolic and diastolic blood pressures observed in this research
also could be related to the activation of the baroreceptors. It is suggested that when the
baroreceptor reflex 1s stimulated due to an increase in pressure. the baroreceptors in turn
communicate with the central nervous system. with feedback signals sent to the autonomic
nervous system to reduce arterial pressure (Cooke. ¢t al., 2003). Pertinent rescarch suggests that

this reduction n arterial pressure is the net effect of vasodilation of the veins and arterioles
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throughout the peripheral nervous system. as well as decreased heart rate and stroke volume

contraction intensity.

Paddock & Behm (2009) and Hearn et al. (2009) proposed an inversion-induced
decreased sympathetic response based on decreased heart rate and blood pressure responses.
Similar cardiovascular responses were confirmed in the present study. which again suggests an
attenuation of the sympathetic response. Research exposing humans to HDT has also reported
general inhibition of the sympathetic nervous system, resulting from an increase in intracranial
arterial pressure. This increase in arterial pressure has been linked to the hydrostatic pressure
gradient measured between heart and brain. Therefore, the inhibition of the sympathetic response
has been linked to changes in the pulsatility and resistance indices as well as the increase in
intracranial arterial pressure (Sing & Stock. 2006). It has been speculated that the reduction of
sympathetic tone encompasses the cerebral as well as the peripheral vascular bed. 1t is proposed
that decreased sympathetic activation may decrease the excitation of the entire system.

negatively affecting cerebral processing time and neuromuscular response times (Kandel, 2000).

Increased intracracial pressure, increased orbital pressure. as well as decreased vestibulo-
ocular, and sympathetic responses could have all contributed to the decreases in cognition scores.
Research conducted in patients with cryptococcal meningitis and acquired immunodeficiency
disorder provides insight that high intracranial pressure leads to impaired cerebral circulation,
loss of visual acuity, impairment of cognitive function and cranial nerve abnormalities (Graybill
et at., 2000). Examination of patients exposed to sudden increases in orbital pressure due to
trauma generally experience decreased tissue perfusion which leads to loss of visual acuity,
decreased color vision, and defects in the visual field. The increase of the angular vestibulo-

ocular reflex can be undesirably affected by tilt fluctuating the perception of verticality.
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positioning of retinal images and control of head movements, all of which can negatively affect

vigilance performance (Korinth, 2002).

A strong trend was established for decreased orientation and altering in the ANT. No
previous studies implementing the ANT in the inverted condition. HDT. or microgravity were
available to support or disprove these findings. It has been suggested that as a limitation to the

study more data collection could have made the results more significant.

The present study vielded that anticipation of and actual experience of the inverted
condition solicited increased self-reported anxiety in participants. The evoked anxiety
demonstrated a decrease in intensity as exposure to the condition increased. Eysenck (1967).
suggested that neurotic individuals may experience increased arousal resulting from activation of
the limbic system. The Cognitive theory of anxiety suggests most individuals experience a
transfer in focus due to anxiety leading to unrelated cognitive processing including personal
concerns and worrying. It is proposed that this transfer in focus is associated with poor
performance on demanding attention and vigilant tasks (Dolcos & McCarthy. 2006). Evsenck et

al. (2007) later advocated that anxiety affects exccutive function.

The literature recommends that vigilance is facilitated by many areas of the brain
(Parasuraman et al., 1987) and many subtypes of vigilance require reinforcement from more
specific areas. Vigilance is a crucial factor of human performance in various work and
recreational environments. Such tasks naturally involve the complete inversion of the body into
an upside down position. This position is also unnaturally achieved in dangerous and unnatural

situations. This research has demonstrated the possible effects of inversion on tasks of vigilance
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Chapter 6

Summary

A decrease in vigilance was observed in the inverted compared to upright posture. Data
collected in the Tol.. SARC, and ANT demonstrated decrements in vigilant measures during the
inverted posture compared to the upright posture. Decreases in heart rate and blood pressure
during the inverted posture agreed with data from previous studies suggesting inhibition of the

sympathetic nervous system during the inverted posture.

Several mechanisms are suggested that impair vigilant performance during the inverted
condition. Disruption to brain hemodynamics resulting in increased intracranial pressure and the
activation ot baroreceptors in response to these changes, have been implicated as potential causes
of inhibition to the sympathetic response. The suggested increase in intracranial pressure.
intraorbital pressure, as well as decreased vestibulo-ocular responses have also been referred to
as potential causes for declining vigilant performance. Anxiety and transfer of focus during the
prior to and during the inverted condition have also been speculated to cause changes in attention

and ability to focus.

This research has demonstrated the effects of the inverted posture on tasks of vigilance.
Humans require vigilance in day to day, minute to minute function. Occupational health
standards governing positions which require precise vigilant function set policies and regulations
to promote optimal conditions for employees to maintain high levels of vigilance. It is diftficult
however to govern the capacity of vigilance in those subjected to overturned automobiles,
aircraft, marine craft and trains. It is important to understand the impacts these inverted

environments could impose on individuals trapped within them.
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