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Suspension of the body in the head-down posture (90° below
the horizontal) for traction and added resistance to exercise
has generated considerable interest in recent years. However,
recent investigators of inversion have cautioned individuals
- not to participate in such activities until further research
could be performed on the effects of exercise in the head-down
position.

The purpose of this investigation was to examine the acute
metabolic and hemodynamic responses of men at rest and during
exercise in the inverted posture (90° head-down tilt) versus the
supine and standing postures. The parameters investigated were
oxygen consumption(VOz), heart rate(HR), systolic blood pressure
(SBP), and diastolic blood pressure(DBP). Eleven male recreational
athletes underwent 6 sessions of postural change. The baseline
posture was sitting and the critical positions were supine, standing,
and inverted. The subjects were asked to remain in each of these

postures for three minutes. In the first 2 sessions, oxygen




consumption(V0,), was measured at rest and during 45° hip-flexion
respectively, The V02 in the inverted posture at rest was found
to be 1.7% greater than the V02 in the standing and the supine
postures. V02 in the inverted posture during exercise was 7% and
36.5% greater than in the supine and standing postures, respectively.

A statistical significance in HR at rest in the standing posture
versus the inverted and supine postures was observed. During
45° hip-flexion activity, the HR in the standing posture was found
to be significantly faster than the supine posture. The HR in the
inverted posture was significantly faster than the supine posture
as well.

At rest, there was no significant increase in SBP as related
to posture. During exercise, the SBP was significantly greater ...
at rest in each of the postures.

Both postural and exercise factors significantly affected the
DBP. The post-hoc analyses showed supine resting DBP was significantly
lower than in the other two resting postures. During exercise, the
standing BP was significantly greater than the supine and inverted
DBP.

These data demonstrate: A) 902 in the supine and inverted
postures is significantly greater than in the standing postures.
B) a statistically significant increase in HR occurs in the standing
posture as compared to the supine and inverted postures; however,
it does not appear to be clinically significant, Cj with the arms

maintained in the anatomical position for all postural changes,




the SBP was not significant1y affected by the change of posture,
but was significantly increased with exercise. D) and DBP in the
standing posture was statistically greater than in the other two
postures and DBP in the inverted posture was significantly elevated

above that found in the supine posture.
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Chapter I

Introduction

The American Medical Association (3) has estimated that 80% of all
people will suffer low back pain during their lifetime. They report that
the most widely accepted treatment for chronic low back pain syndrome
(LBPS) with neurological involvement is the laminectomy or surgical
removal of the nucleus pulposus (commonly known as the disc). During the
Tlate 1960's, Dr. Robert M., Martin, an orthopedic surgeon, reasoned that
most atraumatic LBPS originated from man's failure to counteract the
compressive forces of gravity and poor posture resulting in loss of the
normal curvature of the spine. He developed the Decompression
Mobilization Conditioning Program, a program based on the concept of
corrective exercises designed to simultaneously stress and mobilize the
joints of the body as they stretch soft-tissue structures (30,31). Dr.

™ and later the Gravity Osci11atorTM to

Martin invented inversion boots
counteract the compressive forces of gravity by allowing the patient to
assume a position of a -90° head-down tilt. Although originally designed
by Martin to be used only while performing certain inversion exercises,
many people use the equipment to hang "upside down" in a static manner.
Suspension of the body in the head-down position (900 below the
horizontal) for traction and added resistance to exercise has generated
considerable interest in recent years. The physiological effects of
static head- down tilt to 60° below the horizontal in non-exercising
subjects has been well documented (6, 10, 14). Definitive research has

been done by NASA investigators and others (25) concerned with human




motor performance and physical fitness under various gravitational
stresses. Probably the major deterrent in the past to investigations of
more stressful tilts than -600, i.e., between 60° and 90° head-down
positions, has been the lack of a suitable means to support the body
weight without undue mechanical stress on the legs or shoulders. The
development of a suitable inversion apparatus, such as inversion boots
which allow one to hang from the ankles, provides opportunities to extend
present knowledge of the human hemodynamic adaptations to conditions
involving combinations of postural and exercise stressors. Also, the
Martin inversion apparatus provides a method for determination of the
efficacy and contraindications for using such techniques 1in health
maintenance and clinical rehabilitation circumstances.

Recent investigations (22,27) have demonstrated significant
elevations in arterial blood pressure during passive inversion. LeMarr,
Golding, and Crehan (27) reported statistically significant elevations of
systolic and diastolic blood pressure during passive inversion with the
arms hanging in a dependent position above the head. They reasoned,
because exercise typically increases the blood pressure, exercise in the
inverted posture might increase the blood pressure even more. LeMarr and
his associates (27) recommended, therefore, that exercise in the inverted
posture be avoided until further research on exercise in the inverted
posture is completed. Sheppard (39) followed on LeMarr's cautions with a
suggestion that the increase of pressure in the.head could possibly lead
to a rupture of a "berry" aneurism or small blood vessel in the head that
has become weak due to some pathological condition. Ameliorating
Sheppard's concerns, somewhat, are other published findings (16)

demonstrating that normotensive man can withstand gravitational forces up




to and probably exceeding five times earth's gravitational load. Also,

Renfrew (37), in an editorial to the Physician and Sports Medicine,

questioned LeMarr's measurement technique for blood pressure, contending
that elevations observed in blood pressure taken with the arms hanging
beside the head instead of using the procedure recommended by the
American Heart Association was the reason for the elevated response.
This procedure recommends that the cuff of the sphygmomanometer be placed
over the appropriate artery (in this case the brachial) and the arm
maintained at the level of the heart (2).

Because of observed elevations in systolic and diastolic blood
pressure in 20 young adults during inversion, Klatz, Goldman, Pinchuk,
Nelson, and Tarr (22) speculated that inversion may be contraindicated in
certain patient populations. However, 1in a subsequently published

article in the Western Journal of Medicine, Goldman, Tarr, Pinchuk,

Kappler, Slick, and Nelson (13) revised their precautions and stated that
the possibility of cerebrovascular accident has been grossly exaggerated
by the media. They support their reasoning by reporting that up to the
time the article was written, not a single case of reported stroke or
cerebrovascular accident associated with all forms of inversion therapy
over 15 years had been reported. The investigators cited the previous
mentioned article on the physiology of negative acceleration (16)
illustrating that protection against brain hemorrage may be afforded by
the concomitant increase in cerebrospinal fluid. In addition, the
investigators stated that blood pressure in the inverted posture by no
means increased to the level reported by Carswell (8). Carswell reported

the blood pressure response to single bouts of exercise in extensive

weight training showed measurements of 450/310 mmHg.




Statement of the Problem

This study was undertaken to determine both the aerobic energy

requirements and hemodynamic responses for eleven normotensive young men

during rest and exercise in the supine, standing, and inverted postures.

The research design emplcyed also served to clarify the extent to which

blood pressure and heart rate responses to exercise during various

postures might be explained by the exercise factor, the inversion, or the

interaction of the two stressors.

Null Hypotheses

Specifically, the following null hypotheses were formulated:

Holz

Ho,:

Ho,:

Ho,:

There was no difference in the oxygen consumption of men at
rest in the inverted posture (hanging) versus the supine and
standing postures.

There was no difference in the oxygen consumption of men
performing 45° dynamic hip-flexion exercise at fixed rates in
the inverted posture (hanging) versus the supine and standing
postures.

There was no difference in heart rate and blood pressure
responses of men at rest in the inverted posture as compared
to the supine and standing postures.

When the exercise rates are controlled such that oxygen
consumption is held constant among postural conditions, there
is no difference in heart rate and blood pressure responses of
men performing 45° hip-flexion in the inverted posture

(hanging) versus the supine and standing postures.




Delimitations

The following delimitations were imposed by the investigator in

order to conduct the study using available facilities and equipment:

1.

Limitations

sample size was restricted to eleven young adult males
classified as recreational athletes; i.e., not members of
organized sport activities and routinely engaged in physical
activity levels of similar frequency, intensity, and duration.
responses to only three posture changes were evaluated
(supine, standing, and 90° head-down tilt). Inverted exercise
was established as the standard to elicit a VO2 by which to
match the supine and standing exercise. Therefore, it was
considered to be the criterion measure.

responses to only one exercise modality, i.e., hip-flexion to

45° in each posture were evaluated.

The following Timitations were accepted as inherent in the following

study.

1.

the experimental results were considered applicable to these
eleven persons.

responses observed in the supine, standing and inverted
postures do not necessarily reflect the responses that would

be observed in other angles of tilt.




Definitions and Symbols

_Eguigment

Oscillator: device used to invert the body gradually by altering
the center of gravity (Figure 1).
Inversion Boots: padded clamps placed around the ankle which hook a
bar on the oscillator to suspend the subject in the inverted
posture.

Oscillating Sphyamomanometer: instrument used to measure blood
pressure through measurement of the amplitude of the pressure
pulsations (oscillations) introduced into the cuff by the movement

of the arterial wall.

Physiological Measures

Heart Rate (HR): The frequency of contractions of the heart

(usually expressed in terms of beats per minute).

Blood Pressure (BP): The pressure of the blood in the arteries.

1. Systolic (SBP): Blood pressure when the heart muscle is
contracted.

2. Diastolic (DBP): Blood pressure when the heart muscle is
relaxed between beats (diastole).

3. Mean Arterial Pressure (MAP): The average pressure during a
cardiac cycle. MAP is the constant driving force of blood
through the arteries. The arterial waveform is not symmetrical
through the point of interest and therefore is not an arithmetic
mean. Rather, it is a geometric mean and takes into account

magnitude and time.




4.

Oxygen Consumption (VOZ): An indirect measurement of the amount
of heat given off by the body (usually expressed as
ml ° kg'1 ’ min"l).

Related Terms

Oscillation: While on the bed-style invertor (oscillator), the
act of moving from the upright to the inverted posture by
altering the center of gravity.

Baroreceptor: A sensory nerve ending that is stimulated by
changes in pressure, as those in the walls of the blood vessels.
Carotid Sinus: The dilated portion of the internal carotid
artery containing in its wall baroreceptors.

Cardiac Output (Q): The amount of blood pumped out of the heart
in one minute.

Stroke Volume (SV): The amount of blood pumped out of the heart

during one systole.

Basic Assumptions

The following assumptions were evident in this study:

1.

The hip-flexion movement simulates that movement typically
performed by individuals using inversion equipment as a mode
of exercise.

Subjects exercising in the inverted posture performed the same
amount of work by increasing the number of repetitions
performed in the standing and supine positions respectively.
The rope loops placed around the wrists did not impede blood
flow in any manner so as to alter the blood pressure

measurement.




Chapter II

Literature Review

Introduction

The aim of this section is to present a review of previous studies
on investigations of the hemodynamic and metabolic effects of orthostatic
stress. A comprehensive examination of all the physiological factors
influenced by orthostatic stress is beyond the scope of this review.
Therefore, only articles that report the acute hemodynamic and metabolic
effects of various degrees of tilt at rest and during exercise are cited.
Specifically, the parameters of systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MAP), heart rate (HR), and
oxygen consumpticn (002) were examined. The literature relating to the
metabolic and hemodynamic responses to body tilt has developed over the
past 84 years. This information has been gathered from investigations on
traumatic and pathogenic shock, orthostatic stress from aviation
technology, and most recently, the use of inversion apparatus for

therapeutic and recreational activities.

Blood Pressure Effects of Postural Change at Rest and During

Exercise

Systolic Blood Pressure

One of the earliest published investigations of orthostatic stress
was written by Hill (1898). The subjects were tilted in the supine
position to a -45% i1t on a tilt table similar to the one illustrated in

Figure 2. Blood pressure (BP) was measured using a sphygomanometer over

the brachial artery. The arm was maintained in the frontal plane




perpendicular to the long axis of the body throughout the testing. SBP

remained approximately the same on tilting from an erect to the -45°

head-down position. These readings were not taken during or immediately
following postural change, but after the subject was in an altered
position for an appreciable period of time.

Henderson and Haggard (1918) performed one of the first studies
specifically focused on investigation of the circulatory effects of the
head-down posture. The BP and HR were recorded in the erect, horizontal,
and -45° position of 10 healthy young men. Blood pressure was recorded
with the arm alongside the torso; time of measurement was not indicated.
There was a large variance in SBP between individuals in each posture;
however, no significant difference in BP was noted between the three
postures. The investigators remarked that an increase in filling
pressure apparently did not affect arterial pressure. Subject discomfort
due to the pressure on the shoulders from the tilt table was documented
which may have provided a source of measurement error.E11is (1921)
investigated the circulatory responses experienced by aviators. BP and
HR were measured immediately and five min after tilting from the standing
and supine posture to the -45% head-down position. Arm position was not
noted, but appears to have been alongside the body since he used brachial
artery catheterization for BP measurement. Maximum hemodynamic response
occurred during the first three min of each new posture, according to
preliminary studies. El1lis reported no BP changes varied significantly.
Systolic BP decreased in many cases when the subjects were tilted from
supine to -45°% or from standing to the -45° head-down tilt. In half of

the subjects, SBP increased when the position changed. In the other half




of the subjects, SBP increased, decreased or remained the same. Ellis

concluded that BP response was subject to individual variation.

The BP response to standing from the recumbent position was
investigated by Wald, Guernsey, and Scott (1937). This was the first
investigation of this type that used an automated sphygmomanometer. Upon
standing the SBP decreased, but then returned to resting levels after one
min and stabilized. These authors concluded that the SBP adjustments to
tilting is rapid and that circulatory equilibration should be completed
within one min. Although these investigators reported no source of
measurement error, one source may be vascular capillary compression
caused by taking more than one reading per min.

To differentiate pathological tachycardia from tachycardia resulting
from excitement, Green, Iglaner, and McGuire (1948) studied arterial
blood pressure responses to -45° head-down tilt (excursion +20° to -450).
The +20° tilt, i.e., with head 20° above supine, appears to have been
chosen because the investigators judged that it presented the most
efficient position for the subject to mount the tilt table. Two hundred
subjects received brachial or radial artery catheterizations prior to
tilting. The arm was supported on an arm board and abducted to a
position 90° from the trunk. Blood pressure was taken during and
immediately after tilting (8 to 18 sec.). A mean elevation of 19 mmHg in
SBP was observed during the tilt to -45°,  The amount of rise in SBP
appeared somewhat linear in relationship to the degree of excursion of
tilt. The authors reported that when the tilt table was stopped at -450,
the blood pressure gradually decreased for 8-18 sec until it was Jjust

slightly higher than readings obtained in the erect posture.




Wilkins, Bradley, and Friedland (1950) investigated the acute

circulatory effects of the head-down position (-75)° in 42 male and
female subjects convalesing from minor illnesses in a hospital. The

% head-down tilt for 2 to 30 min, the

subjects were placed in a -75
duration being dependent on their individual tolerances of the position.
Arterial blood pressure was measured using a Hamilton manometer connected
to a catheter placed in the brachial or femoral artery. A possible
source of measurement error in this investigation was that on tilting
quickly head-downwards, there was an immediate sensation of tumbling
heels-over-head. Many of the subjects tensed their muscles and grabbed
for the sides of the tilt table. It has been well documented that muscle
contraction in the arms tend to increase blood pressure (Carswell, 1983).
Nevertheless, these investigators reported an immediate increase 1in
brachial arterial SBP, followed by a brief, but stable plateau for two or
three pulse beats when tilted to -75° which was followed by a decrease in
BP which stabilized after 5-15 sec. The femoral artery SBP always
decreased upon tilting to the -75° position. Femoral artery SBP
increased upon resumption of the +75° posture while there was little or
no change in the brachial arterial SBP.

Sancetta's (1957) work on the acute hemodynamic effects of -35°
head- down body tilt was intended to extend the previously mentioned
jnvestigation by Green and associates (1948) on hydrostatic responses to
head-down tilt. He examined central venous pressure, brachial artery
pressure, and cardiac output. Brachial artery catheterization was
performed via the antecubital fossa. Ten subjects were tilted from
supine to -35% and maintained there for 15 min at which time SBP was

significantly elevated. No mention was made of other SBP measurements
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taken prior to the 15 min interval; therefore, it was not known how much
fluctuation occurred over the 15 min. It should be noted that Sancetta
did not mention environmental controls during this investigation. It may
be Tikely that the patients were allowed to talk during the testing
period. Lynch, Long, Thomas, Malinow, and Katcher (1981) reported that
talking may significantly elevate SBP. Thus, failure to keep subjects
quietly isolated could prove to be a source of measurement error in this
investigation.

Central venous pressure (CVP) and arterial BP changes associated
with -5° tilt were observed by Nixon, Murray, Bryant, Johnson, Mitchell,
Holland, Sanchez, Vergne-Marine and Glomgvist (1979). To simulate
weightlessness, these investigators placed subjects in the -5° position
for 24 hours. The SBP was measured via brachial artery catheterization
and found to decrease from 103%6 in the supine posture to 10056 in the
-5% tilt. The response was not clinically significant.

Systolic BP was measured during a plethysmographic study on forearm
and finger blood flow responses to passive tilt by Mengesha and Bell
(1979). They observed SBP in various head-up and head-down tilts. Five
baseline BP measurements were taken in the recumbent position over a
10-15 min period prior to postural change. The subject was then tilted
passively to the required position and the measurement of BP started
20-60 sec after the position was assumed. The subject rested in the
supine posture for 5-10 min after each tilt. SBP was measured for 10-20
min in the various tilts. The postures examined are +30°, -300, +60°,
-600, and +90°, respectively. In the head-up tilts, SBP decreased

significantly in a somewhat linear fashion (ranging from 113-116 mmHg at
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+30°; 102-112 mmHg at +60°; and 98-112 mmHg at +90°). An increase in SBP
was observed in head-down tilts in most subjects, but overall the means
were not significantly different from baseline supine values. These
changes in BP were attributed to the shifting of the blood to the thorax
and head in the head-down position and pooling of blood in the Tegs in
the head-up position.

Katkov, Chestutkin, Lapteva, Yakovleva, Mekhailon, Zybin, and Utkin
(1980) examined central and cerebral hemodynamics and metabolism in
healthy men in response to -20% head-down tilt. Up to nine catheters
besides the brachial artery catheter for brachial arterial pressure were
utilized. It is obvious that the use of so many catheters may have
itself induced experimental bias influencing BP response in this
investigation. Nevertheless, the authors reported that SBP did not
significantly change during the tilt.

Recent use of gravity inversion devices prompted Klatz, Goldman,
Pinchuk, Nelson, and Tarr (1983) to investigate the effects of inversion
on systemic BP, pulse rate, central retinal arterial pressure, and
intraocular pressure. The investigators subjected 20 healthy
participants to a 3-minute inactive period of -90° head-down tilt
(complete inversion). Blood pressure was measured by sphygmomanometer
with the arm in the coronal plane alongside the body. Both arms were
allowed to hang passively beside the head when no measurement was being
taken. These investigators reported an increase in SBP measured within 3
min of tilting (from 11922.63 to 15724.22 mmHg) which remained relatively
constant over 3 min. SBP returned to near pre-tilt values immediately

upon resumption of the seated posture. They warned that the increased
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flow of the blood headward and the resultant increase in SBP and DBP may
increase cerebral arterial pressure to dangerous Tlevels. A
recommendation of caution was issued by the authors aimed at fitness
practicioners who prescribe inversion boots. Of greatest concern to the
authors was that segment of the population suffering hypertension,
cardiovascular disease, and stroke.

In a follow-up investigation, Goldman, Tarr, Pinchuk, and Kappler
(1985) investigated the blood pressure effects of oscillating the body
from upright to the fully inverted posture and back again. Each full
cycle Tasted at Teast 6 sec. Arterial blood pressure was measured after
5, 10, and 15 min of oscillation. Measurements were taken with the arm
supported Taterally at the heart level and the body completely inverted.
SBP decreased upon inversion. Upright preinversion SBP was found to be
123f1.6 mmHg. After 5 min of oscillation, it decreased significantly to
121¥1.2. The 10 min measurement revealed a SBP of 120%1.0 mmHg and the
15 min measurement was 118f1.0 mmHg. These authors suggested that the
elevated BPs during static tilting may have resulted from the anxiety
attendant with dinversion. The ability to avoid a prolonged (static)
inverted posture and the ability to control the degree and duration of
inversion resulted in a relatively anxiety-free situation. In both this

article and a letter written by these authors in the Western Journal of

Medicine (1985), Klatz and associates modified their opinion of the
safety of gravity inversion for healthy participants stating it was a
safe activity for healthy individuals.

In a similar study, LeMarr, Golding and Crehan (1983) evaluated

cardiorespiratory responses of 50 healthy young subjects who were tilted
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from the erect posture to -90° head-down position using a gravity
oscillating device. Brachialblood pressure was measured with the arm in
the anatomical position in the standing posture and alongside the head
when inverted. Measurements were taken each min for 3 min per postural
exposure. During inversion, SBP increased significantly and remained so
until subjects were returned to the upright posture.

In an editorial on LeMarr's findings, Renfrew (1985) pointed out a
likely source of measurement error in LeMarr's methodology. He stated,
"The American Heart Association recommends that blood pressure be taken
at heart level over the appropriate artery...I question whether a normal
blood pressure can be assessed under these circumstances [those described
by LeMarr and associates]." Golding replied that more discussion in the
report should have centered on this procedure. He added that the arm
position, in this study, should represent the blood pressure in the head
and neck region.

An investigation by Kunkle, Hernandez, Johnson, and Baunann (1962)
does not appear to support Golding's viewpoint. Kunkle, et al. wanted
to find out if cranial vessels adapted to changes in blood pressure in
the head-down position. Photoelectric devices placed on the skin
quantitatively showed that some type of adaptive response occurred, but
it did not idindicate how it happened. Three reasonable hypotheses
existed. The adaptive response could arise either from the stretch of
veins or arteries or both. Changes in the size of large vessels in the
face or scalp were not readily measurable, but fluctuations in the small
vessels of the bulbar conjunctiva (located lateral to the medial canthus)

were clearly visible under appropriate magnification and provided a
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suitable area for examination. The investigators used a binocular
dissecting microscope in four subjects supine and then tilted them to
-50° head-down. Through one ocular of this instrument photographs were
made using a 35 mm camera with Tri-X film. In each tilt the veins were
found to enlarge moderately; however, the arteries constricted slightly.
This response was sustained for 2 to 3 min suggesting that, in the
inverted posture, head vessels respond protectively to increased
intravascular pressure by increasing arteriole constriction in the
external carotid branches.

Pelative to to Renfrew's (1985) criticism of LeMarr's methodology,
the American Heart Association (1980) recommended a correction factor for
BP values when the distal end of the cuff is not at heart Tevel. They
estimate that 1.8 mmHg should be added to the measurement for every inch
the blood pressure cuff was positioned above the heart Tlevel.
Conversely, the value of 1.8 must be subtracted from the reading for
every inch below the heart level. The mean standing SBP in LeMarr and
associates (1985) investigation was 113 mmHg. The SBP after the first
min of inversion was found to be 139 mmHg. If this correction factor was
applied to LeMarr's study, it would be conservatively estimated the blood
pressure measurement was taken approximately 30 cm (12 inches) below the
heart level. The adjusted SBP would be 118 mmHg. At the 2nd and 3rd
min, SBP was even less significant (114 and 113 mmHg, respectively).
Using these corrected values, the data of LeMarr and associates (1985)
can be suggested as agreeing with previous investigations reporting no
significant difference in SBP during head-down tilting. Although the

American Heart Association recommended this correction factor, the
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adjustment appears to have been implied for the sitting and standing
postures only.

A follow-up investigation by LeMarr, Golding, and Adler (1985)
included an assessment of the effects of inversion on intraocular
pressure and arterial blood pressure. Once again, these investigators
reported significantly elevated SBP using the same arm position as in
their previous study. They recommended that further investigations be
done to examine arterial blood pressure response to tilting with the arm
maintained in one position relative to the body in all postural
exposures.

The BP effect of complete inversion in uncontrolled hypertensive
subjects was investigated by Klatz, Goldman, Pinchuk, and Tarr (1985).
Brachial arterial blood pressure changes were measured in these subjects
over 3 min. The right arm was supported laterally at heart level for all
measurements. Significant elevations were reported in mean SBP from 142
to 180 mmHg during inversion. Recommendations were made against
prescribing gravity inversion boots to persons with uncontrolled

hypertension.

Diastolic Blood Pressure

The Titerature on DBP response to orthostatic stress was somewhat
inconclusive. The earliest published report that was found on DBP was
that published by E1lis (1921). The DBP generally increased from supine
to -45° head-down, but the response was highly variable among subjects.

In Green and associates' (1948) investigation to find a clinical

method to differentiate pathological tachycardia from tachycardia
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associated with excitement, the DBP was reported to have increased 16
mmHg. after tilt from +20° head-up to -45° head-down. However, after 20
sec, the DBP had returned to a level just slightly higher than in the
starting position. The investigators attributed the increase in BP to
the change in the hydrostatic force in the large arteries arising from
the aortic arch. Throughout the excursion of the tilt, the arm was
secured to an armboard perpendicular to the body. This enabled the arm
to be maintained in a position in which the force of gravity on the
column of blood within the arteries of the arm remained constant. The
subsequent decrease in DBP was due to stimulation of the regulatory
mechanism of the baroreceptors in the carotid sinus.

Wilkins and co-workers (1950) investigation on the acute circulatory
effects of the head-down position in normal man revealed a dramatic drop
in femoral artery DBP and less pronounced rise or no change in brachial
artery DBP on tilting to -90°, A gradual slight decline in DBP in both
arteries was reported to have occurred after a few heart beats. A
possible source of measurement error may be the position of the catheter
sites in relationship to the manometer during the tilt.

Sancetta (1957) attempted to verify the findings of previous studies
that an initial increase in brachial BP with head-down tiltina is due to
hydrostatics followed by baroceptor responses in the carotid sinus to
counteract the increase in BP, Tilting to -35° produced an increase in
the brachial DBP in all 10 subjects. Measurements were taken before and
15 min after tilting.

The investigation by Mengesha and Bell (1979) is one of the few
studies that recorded various head-up tilts and head-down tilts. DBP

showed little or no change in the head-up positions, but it increased
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significantly in the head-down positions (from 72 to 79 mmHg at -30° and
72-84 mmHg at —600). Blood pressure was measured using a
sphygmomanometer and the arm was believed to be maintained next to the
trunk on an armboard. Measurement was recorded 20-60 sec after tilting.
The methods described by Klatz and associates (1983) in their
jnvestigation on the effects of static inversion on systemic blood
pressure required that the subjects grip a cross bar and then 1lift the
legs over their heads to attach gravity boots to the bar to hang upside
down. Diastolic BP was measured 45 sec and three min after initiation of
the head-down tilt. DBP increased on inversion from 76%1.81 to 93%1.93
mmHg in the first 45 sec. After three min the DBP decreased
insignificantly to 90%2.11 mmHg. As previously mentioned, the arm was
allowed to hang beside the head until the measurement was taken by
investigator who held the right arm laterally at heart level. When the
arms are hanging beside the head there is an increased hydrostatic venous
pressure causing marked distension and pooling of the blood.
Simultaneously, a marked increase in capillary pressure caused by the
gravitational force of the blood produces increased filtraticn of fluid
out of the capillaries into the interstitial space. The combined effects
of venous pooling and increased capillary filtration may significantly
increase peripheral resistance in the arms resulting in an increased DBP.
LeMarr and associates (1983) investigated the cardiorespiratory
responses to inversion and revealed that DBP significantly increased
initially and remained so during inversion. As previously mentioned, the
inconsistency of measuring the blood pressure with the arm beside the

trunk and then the head (approximately 30 cm below the heart) may account




for this elevation as well as increased peripheral resistance due to

inversion.

Oscillating inversion techniques were developed by Robert Martin, MD
as a modality in his Decompression Mobilization Conditioning Program
(DMT) (1985). Active oscillation is used frequently as an alternative to
static inversion. It is performed by swinging the hands overhead to
alter the center of gravity to move the occillator. As the hands move
superiorly, the body is tilted to the head-down position. Goldman and
associates (1985) felt it was prudent to determine the arterial blood
pressure responses to this modality. Diastolic BP decreased upon
assumption of static inversion after 5, 10, and 15 min of oscillation.
They concluded that oscillating inversion did not produce any clinically
significant change in DBP. The DBP response to passive oscillation may
be different from active oscillation because of arm movement. During
active oscillation, as in the forementioned article, the arms move
repetitively from beside the torso to beside the head. The volume flow

changes associated with this movement may significantly affect the DBP.

The Heart Rate Effects of Postural Change With and Without Exercise

The original investigation on the effects of postural change on
heart rate (HR) is purported to have been done by Y. Henderson and H. W.
Haggard (1918). Measurements were taken in the erect, horizontal, and

-45° head- down position using a tilting ballistocardiograph. They

reported that HR decreased approximately 9.5 bt ° min"1 immediately upon
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tilting the body -45%,  An increase above baseline was observed when the
body was tilted toward the head-up position.

Investigation of pulse rate response of men to passive postural
changes that might be experienced by aviators was performed by M. M,
E114s (1921). From the horizontal and the standing position, the subject
was inverted to -45°. Measurements were taken immediately and after 5
min of tilting. He reported that preliminary tests in preliminary
studies, HR leveled within the first 3 min of assuming the new postural
position. As in the previous study, heart rate increased in the head-up
position and decreased in the head-down position. Ninety percent of the
50 healthy young subjects' HR's decreased immediately on inversion.
After 5 min, HR was still depressed in 86% of the subjects. The HR was
15 bt ° min'1 less initially in the standing versus the head-down
posture; however, there was only 1 bt ° m1'n'1 difference after 5 min.

Asmussen, Christensen and Nielsen (1940) investigated circulatory
regulation mechanisms using one male subject with 60° head-up and
head-down tilts. Since they found HR was reduced in the head-down
position, they suggested baroreceptors in the carotid arteries of the
neck had a higher pressure during head-down tilts, thus stimulating the
baroreceptor reflex mechanism to reduce HR. Occulsion of blood flow to
the lower extremities was performed prior to 60° head-up and head-down
tilts to test the concept of a pressure - -governed carotid sinus. The
reduction of HR in the inverted position and increase of HR in the
upright position was significantly less remarkable with the blood flowed
restricted. They concluded that controlling the amount of blood

available to the major vessels from the Tower extremity can alter the
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effect of tilting.

As noted in the previous section, H. S. Green and associates (1948)
studied arterial blood pressure responses to -45% ti1t. This testing was
performed to develop a rapid method to differentiate tachycardia due to
disease or drugs from tachycardia secondary to excitement. Heart rates,
measured by electrocardiography, were obtained in one hundred subjects
during tilting. Slowing of the heart rate invariably occurred during the
65° excursion from +20° to -45°. In the majority of the cases, slowing
was abrupt and resulted in bradycardia for a few beats which gradually
subsided. The HR became relatively stable in every case within
approximately 15 min. An acute increase in HR occcurred following the
drop in arterial BP associated with the.65° excursion from -45° to +20°.
In all instances the rate was essentially the same as the original rate
about 10 sec after the end of the tilt.

The effects of rapid movment (1 to 3 sec.) from the horizontal and
erect to the 75° head-down tilt was examined by Wilkins, Bradley, and
Friedland (1950). Forty-two subjects received catheters in the brachial
and femoral arteries and the internal jugular vein. The arm remained
alongside the body. Acute shoulder pain from the pressure of the
shoulders bearing down on the shoulder braces of the tilt tables was
reported. The affect on the individuals was so great that respiratory
measurements were unable to be recorded. Increase HR with pain is well

-1 reduction in HR was realized.

documented; however, a 32-46 bt ° min
Apparently the stimulus of the baroreceptors overruled the pain stimuli
in regard to heart rate regulation.

Lawrence Lamb and James Roman (1961) from the School of Aerospace




Medicine, investigated the effect of rapidly changing from a positive G

force tilt was accomplished. The HR then readjusted to a level most
often just below the baseline HR. In all subjects the HR increased as
the body was tilted back to the head-up position near or above the
baseline values.

0. G. Gazenko and associates (1980) investigated central circulation
and metabolism of 7 healthy men at rest, +70° and -30° tilt, and while
performing arm exercise in the -30° head-down position. They observed an

increase in HR upon assuming static +70° posture from 64 bt ° m1'n'1

(supine) to 90 bt ° min'l. Tilting the subjects rapidly to -30° from

+70° produced an immediate decrease in HR to approximately 59 bt ° min'l.
After one hour, the HR had increased to approximately 62 bt ° min'1 (near
pretest values). The investigators reported HR rose linearly with oxygen
consumption during the use of arm crank ergometry at 100 kg ° min'1 for
7 minutes.

The autonomic control of the immediate heart rate response to lying
down was inspected by F. Bellavere and D. J. Ewing (1982). Two groups of
subjects were analyzed in 18 younger (23-26 years) and 10 older (48-67
years) normal subjects. HR was measured by electrocardiography.
Immediate shortening of the R-R interval occurred when the act of lying
down was initiated and in the second phase of this dinvestigation, 6
subjects performed at standing to lying maneuver and then isometric
handgripping (1 sec duration) in the standing, sitting, and supine
postures. After muscular exercise, the R-R interval returns to the

resting level after 10-15 beats and thereafter remains relatively

constant. During the standing to lying maneuver, there is an additional
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lengthening of the R-R interval and a plateau occurs gradually.

In this study, atropine, a sympathetic blocker, was used to alter
the HR response of eight healthy, young subjects. It abolished the
initial shortening of the R-R interval associated with the act of lying
down. It was concluded that the immediate part of the HR response to
lying down (during the first 10 beats) is under vagal control and the
latter is predominantly under sympathetic control. This conclusion
concurs with Asmussen and co-workers (1940) observation of the
baroreceptor response to increased blood flow suggesting HR and BP
responses are inversely correlated and linear in relationship to degree

of tilt.

Mechanisms of initial heart rate response to postural change were
investigated by Borst, Wieling, VanBrederode, Hond, deRijk, and Donning
(1982). Comparison was made between HR changes induced by free standing,
and contraction of abdominal muscles and +70° tilt. The investigators
concluded that immediate HR rise upon standing is associated with
skeletal muscle contraction. A second rise in HR (from about 5-12 sec)
and rapid decrease (between 12 and 20 sec) are associated with the fall,
recovery, and overshoot of arterial blood pressure in the carotid sinus
resulting from standing up. A gradual rise in HR was observed in +70°
head-up tilt; however, contraction of the abdominal muscles with head-up
tilt produced HR changes similar to that observed with standing.

The muscular effort of standing, it was said, probably activated

both the exercise reflex and baroreceptor reflexes. The exercise reflex

inhibits and the baroreceptor reflex enhances parasympathetic outflow to




25

the heart. It must be realized, however, that baroreflex slowing of the
heart is nullified during muscle contraction. This may be of significant
interest in examination of HR and BP responses to -90° head-down tilt.

Klatz, Goldman, Pinchuk, Nelson, and Tarr (1983), studying the
effects of gravity inversion procedures, reported a rise in pulse rate
while in the inverted position. The heart rate was still elevated one
min after resuming the upright posture. This appears to contradict
previous investigations involving head-down tilt. However, the method
used to invert the subjects was by having the subject 1ift the feet above
the head using hip flexion and hooking a bar with Gravity Boots.R These
boots have a hook allowing the subject to hang freely in the -90°
position. The increased HR may be resultant of strong isotonic
contractions of the hip flexors to hook the boots onto the stationary bar
and emotional arousal from the unfamiliar concept of inversion.

LeMarr, Golding, and Adler (1984) used a gravity oscillating device
to slowly and passively invert subjects to a free hanging position. HR
was measured in the standing position, immediately and after each min of
inversion for three min, then immediately and after one min upon
reassuming the upright posture. HR response was in agreement with
previous studies using the tilt table suggesting the greater the tilt,
the greater will be the slowing of th e HR. HR decreased from
approximately 84 bt ° m1‘n'1 to approximately 68 bt ° min"1 and remained
stable throughout the inversion period. The HR increased to above
baseline values post-tilt, but leveled within one min as reported to
occur by Wald, Guernsey, and Scott (1937). The reduction in HR was

attributed to normal baroreceptor response to increased pressure in the
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carotid sinus.

The effects of oscillating inversion on systemic blood pressure,
intraocular pressure, and central retinal arterial presssure investigated
by Goldman, Tarr, Anchuk, and Kappler (1985) included measurement of HR
during oscillation between the upright and -90° inverted positions.
Radial pulse rate was obtained after 5, 10, and 15 min of oscillation and
measurements were taken in the inverted position. Mean HR prior to

inversion was 69°1.8 bt ° min'l. At 5, 10, and 15 min, the HR was

66+1.9, 6571.8 and 64%1.9 bt * min~!, respectively. The decreases in HR
from 1initial to five min and from 5 to 10 min were statistically
significant. The difference between 10 and 15 min measurement times were
not statistically significant. These investigations concluded that this
response is reflex mediated due to increased venous return.

The recent investigation by Klatz, Goldman, Pinchuk, and Tarr (1985)
on the effects of static -90° gravity inversion on hypertensive subjects,
revealed significant increases in HR. HR increased from 80+4 bt ° m1‘n"1
in the preinversion "seated" posture to 106+6.5 bt ° m1'n'1 in the
inverted posture. These investigators cited previous studies
demonstrating that the baroreceptor reflexes prevent a rise in arterial
blood pressure which may include a reduction in HR and total peripheral
resistance. Investigations on tilts greater than -45° reveal a decrease
in HR is consistently observed in both normal and tachycardic subjects.
Klatz and associates suggested the reason for the increase in HR in tilts
of this magnitude was due to another mechanism other than increased

venous return and cited anxiety and psychological adjustment to inversion

procedures even more than with a tilt table. It is interesting to note
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that these investigations are the only ones to use the gravity inversion
boots hooked on a bar. The subjects are required to 1ift their feet to
the bar over their head to hook the bar. This requires a substantial
amount of isotonic hip flexion by the subject. The work, combined with
the psychological factors and additional preload may be responsible for

the significantly high heart rate.

The Oxygen Consumption Effects of Postural Change at Rest and During

Exercise

Previous investigations on the oxygen consumption (VOZ) effects of
postural change have predominantly been performed to examine pulmonary
responses to aerospace flight.

McMichael (1937) investigated postural changes in cardiac output and
respiration in man. 902 was measured when subjects were moved from the
supine to an upright position on a mattress fixed to a board. A
reduction in VOZ was observed shortly after the subjects were moved to
the upright position. Upon resumption of the supine posture, a transient
increase in V0, was noted.

Sancetta (1956) desired to study the VOZ effects of a sustained -35°
tilt. Baseline measurements were obtained in the supine posture. Each
was then tilted on a motor-driven fluoroscopy table to -35%.  Measurement
was repeated after 15 min in this position. Control measurements were
done in duplicate and required to vary less than 10% from each other to
be accepted as valid. No significant difference in V02 was observed.

Loeppky and Luft (1975) investigated the effects of changes in




posture on oxygen transfer at the mouth and pulmonary capillary membrane
to observe concomitant subtle changes in ventiliation at rest. Thus, it
was the objective of these investigators to examine the time course of
VOZ changes with passive postural change. Six subjects were tilted from
supine to +60°. Measurements were performed before, during, and after
passive tilt, and on return to recumbancy after 10 min in the erect
posture. Tilting to the +60° posture resulted in an immediate rise in
VOZ. A decrease in 902 was observed after 30 sec in the upright posture
and showed marked fluctuations. Ten min after the recumbent position was
resumed, \702 decreased momentarily below baseline. However, at 35 sec.,
it began to rapidly increase and returned near baseline after 90 sec.

Meatlon and Farhi (1979) examined'\'lo2 changes in head-up tilts to
+90° from supine on five healthy laboratory employees. Measurements on
any one subject were measured at tilt angles varying from 0° to +90° in
15° increments. A1l measurements were preceeded and followed by
measurements at baseline supine. 002 did not vary as long as the tilt
angle remained low but increased between +75% and +90°. At this point
there was a significant increase in 002. These investigators attributed
this increase on the autonomic nervous system response involving
increased excretion of epinephrine.

0. G. Gazenko and associates (1980) examined VOZ response in 7
healthy male subjects during postural exposures and arm exercise (100 kg
min'l) for seven min in the head-down posture. Baseline VOZ was measured
in the supine posture. No significant change was observed from passively
tilting the subjects to the +70° tilt and then to the -30° tilt.

However, VOZ increased significantly when arm exercise was performed. It




was noted that 902 increased linearly with increases in HR and somewhat

linearly with increased metabolic acidosis and hyperventilation.
Summary

This section was a presentation of a review of previous
investigations on the hemodynamic and metabolic effects of orthostatic
stress. The parameters of SBP, DBP, MAP, HR, and 902 were examined.
Early investigations on the hemodynamic and metabolic effects of postural
change were performed to examine what occurs during syncope and aerospace
flight. Recent investigations have been performed for space shuttle
missions and to examine the possible detrimental effects of dinversion
when used for recreational or therapeutic purposes. The results obtained
by these investigators are quite dependent on the method of tilting the
individual to the posture to be examined (i.e., active versus passive
tilting, use of motor driven tilt-table versus ankle boots versus ankle
boots and oscillator). Brachial arterial blood pressure varied according
to arm position during postural exposure as well. Generally speaking,
SBP increased with tilts to the head-down posture when the site of
measurement was anatomically above the heart 1level. Brachial SBP
decreases somewhat linearly with tilts in the head-up posture when the
measurement is performed superiorly to heart level. DBP varied somewhat
in its response to head-up and head-down tilts. Little to no change in
DBP occurred when the body was tilted to the head-up posture. However,
the majority of the investigations revealed significant increases in DBP
during head-down tilts. Heart rate (HR) responded somewhat in a linear
fashion with the degree of tilt in most of the investigations. HR

increased with head-up tilts and decreased with head-down tilts. Most




investigators attributed the change to be associated with the pressor
receptors in the carotid sinus. Finally, oxygen consumption (VOZ)

responses to passive tilting were inconsistent.Reasons for the changes in

00? were varied; however, there appears to be some agreement between

investigators that increases in the V02 during head-down tilt may be
attributed to stimulation of autonomic nervous system responses and

muscle contraction to compensate for the discomfort of inversion.




CHAPTER III

Manuscript

The prevalence of low back pain is widespread, affecting 80% of all
people (1). The National Center for Health Statistic's National Hospital
Survey reports that 149,000 people in the United States underwent
diskectomies (surgical removal of the disk) in one recent year (1). One
alternative treatment for low back pain used in recent vears is inversion
therapy (i.e., total inversion of the body to -90° head-down tilt).
Advocates claim that decompression of the spine provides relief to the
low back pain sufferer (12). To accomplish spinal decompression using
inversion, "gravity boots" have been designed. The boots are actually
ankle cuffs that hook onto a bar, allowing the subject to mount a frame
and be tilted into the head-down posture actively or passively while

being suspended by the ankles (Figure 1).

[Place Figure 1 about here.]

Questions were raised in 1983 about the cardiovascular safety of
inversion therapy. Two groups of researchers (7,9) reported significant
increases in brachial arterial blood pressure over a 3 min bout of static
-90° head-down tilt. Health professionals were cautioned against
recommending inversion as a practical mode of back pain treatment or for

recreational exercise until further research could be performed on the

effects of exercise in the inverted posture. Therefore, the purpose of
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the present investigation was to further delineate the effect of
inversion at rest and inversion coupled with exercise upon metabolic and

hemodynamic responses.

METHODS

Subjects. Eleven male volunteers were included in this study. The
mean age was 21.1 + 1.3 yr. Descriptive data are presented in Table 1.
Preliminary screening of prospective participants ensured that each
subject was "apparently" healthy and possessed a fitness level adequate
for performance of the exercise tasks and postural stress. Furthermore,
this screening served to provide a homogenous sample in terms of physical
training, percent body fat, familiarity to inversion techniques,
tolerance to orthostatic stress, and it also provided opportunity to
minimize subject anxiety and learning effects which might contribute to

extraneous variability in the dependent measures.

[Place Table 1 about here]

Experimental Conditions and Design. The subject participated in six
experimental sessions on a gravity oscillator(Gravity Guidance, Inc.
Model 1121). During testing, ambient temperature was maintained between
22.5 - 26.5°C. Subjects were asked to refrain from vigorcus activity on
the days of their sessions and the serial testing was done at the same
time of day. Subjects proceeded through an order of sesions as listed in
Table 2. The order of exposure to postural conditions was counter
balanced(i.e., inverted versus supine) for the hemodynamic sessions. The

sessions were separated by at least 36 hours.
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[Place Table 2 about here]

The duration of each postural trial within each testing session was
3 minutes. To ensure that the arms would be kept in the same anatomical
position (alongside the torso) throughout the testing, a non-constricting
rope loop was placed around each wrist and secured to the oscillator.
The subject was instrucfed not to ense his arm muscles in order to
maintain the position, but rather to let them hang limp from the ropes.
A1l metabolic and hemodynamic measuremnents were taken in the supine,
standing, and inverted postures. Hemodynamic measurements were also
taken in the seated posture during the.equ11ibration periods which were
interposed between trials(Figure 2). Each subject was seated upon the
oscillator as depicted in Figure la for 15 minutes prior to the first
postural exposure. Subsequent equilibration periods of 5-8 minutes
occurred after the second and third postural exposures. In the sessions
where exercise was coupled with postural stress, a metronome was used to
pace hip-flexion activity to 45°(hip-flexion measured by goniometry).
Discontinuous exercise was performed over the first thirty seconds of
each minute in each posture by repeatedly flexing the hips to 45°. For
the metabolic analysis, the number of hip-flexions was held to 7 in all
postures. This was done to enable the investigator to control the joint
angle and reduce substitution by other muscle groups. The number of
repetitions was adjusted to equate the workload in the least demanding to

the most demanding for the hemodynamic sessions. No exercise was

performed during the remaining thirty seconds of each minute.
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Metabolic Measurements. The metabolic analysis was performed

during each subject's first two sessions. Oxygen consumption(VOz)
measurements were performed during the last minute of each postural
exposure. There were two reasons for performing the metabolic
measurements in trials that were separate from those in which the
hemodynamic measurements were taken:

1. It was desired not to have to account for the weight and awkwardness
of the mouthpiece, head harness, and hoses of the gas analysis
system during the hemodynamic investigation.

2. It was also desired to adjust the workload for the two least

demanding postural plus exercise trials (by increasing hip-flexion
repetitions) to "rule out" the metabolic response to varying work

during the hemodynamic investigation.

To measure VOZ, the investigator fitted the individual with an
appropriate mouthpiece and head harness. Minute ventilation
volume(expired air, VE) was determined wusing a Hewlett-Packard
Pneumotach(Model A-7303A). Oxygen content of the dry expired air was
determined using a Rapid Response Applied Electrochemistry Oxygen
Analyzer (Model CDE-3AAA). Oxygen and carbon dioxide content of the
expired gas and the volume of air ventilated was recorded the third
minute of each postural exposure.

Hemodynamic Measurements. Hemodynamic responses were assessed in

the last four sessions. Data from the metabolic investigation provided
the means for equating the VOZ requirement for each subject's three
exercise plus posture combination. It was determined that 45° hip

flexion in the inverted posture consumed 7% and 36.5% more oxygen than in
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the supine and standing postures, respectfully. Therefore, the number of
repetitions in the supine posture was increased by one, while the number
was increased by three in the standing posture. Heart rate and blood
pressure was measured after three minutes in both the non-exercise and
exercise trials.

Heart rate was measured electrocardiographically and indirect
systolic and diastolic pressure was assessed over the left arm using a

™ Adult/Pediatric Vital Signs Monitor(Model 845XT) from Critikon,

DINAMAP
Inc. Measurement was performed non-invasively using the oscillometric
technique as has been previously described(14).

Resul£s. » Statistical analysis of the hemodynamic
measures in equilibration was performed to ensure the body had readjusted
to the sitting posture. A repeated measures analysis of variance
procedure resulted in F-values for HR, SBP, and DBP of 6.50, 3.38, and
4.59, respectively, none of which revealed any statistically significant
difference(p> .05) between the equilibration periods in any of the
parameters examined. The actual levels of significance were .57, .52,
.39, and .71, respectively.

Since all subjects proceeded through sessions one through six in the
same order, it was suspected that an ordering effect might have occurred.
To analyze the data to make sure this did not occur, the investigators
totaled the third minute responses for each of the hemodynamic parameters
according to the order in which each session occurred(Table 2). The
statistical analysis was designed so as to examine the effects of mode
(exercise versus non-exercise), ordering (the progression of various
tilts), and the interaction of mode and order. The repeated measuresa

ANOVA resulted in F-values for HR, SBP, and DBP equal to 3.67, 4.85, and




36

1.96, respectively.

After the analysis on the equilibration and ordering effects was
completed , the analysis on the effects of posture was performed. The
following is a description of the statistical analysis of each of the
parameters as related to exercise and non-exercise in the supine,
standing, and inverted postures.

For the variable of oxygen consumption(VOz), the repeated measures
ANOVA revealed no significant effect relative to body position(F=3.6;df=
2,10;p>.05). However, a significant difference was observed between rest
and exercise in the various positions(F = 20.93; df = 1,10, p<.05).
Examination of rest versus exercise in Figure 3 illustrates the

significant increase in (VOZ) during exercise.
[ Place Figure 3 about here]

For the variable of heart rate, a repeated measures ANOVA procedure
was employed to analyze the third minute heart rate responses to posture,
mode, and the interaction of posture and mode. Heart rate response to
rest and exercise during postural exposure are graphically illustrated in
Figure 4. Body position was found to significantly affect heart rate
during each minute of postural exposure(F=7.79;df=2,10;p{.05). The Tukey
Studentized (HSD) Range Test revealed that the posture-related variation
in HR was attributable to significantly highef vaues 1in the standing
posture(X = 89.6 and 90.5 beats per minute for rest and exercise,

respectively). No significant difference in HR was found in relation to

rest and exercise; however, this may be attributed to a 30 second rest
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period prior to the measurement of the HR response.

[ Place Figure 4 about here]

The inclusion of exercise significantly elevated SBP (F = 45.65;df =
1,10;p<.05). The Tukey procedure revealed that the mean exercise SBP was
128.4 which was significantly greater than the non-exercise mean SBP of

118.8(Figure 5). [ Place Figure 5 about here]

Both postural and exercise factors significantly affected the
diastolic blood pressure, (i.e., F = 18.3 and 8.1; p<.05). Subsequent
post-hoc analysis showed that supine resting DBP was significantly lower
than for the other two resting postures ( Tukey procedure, p<.05) (Figure
6). The analysis revealed a significant increase in DBP in the standing

posture.

[Place Figure 6 about here]
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DISCUSSION

The concept of using inversion to decompress the spine has gained
rapid success in recent years which is indicated by manufacturer's claims
that over 1 million inversion systems have been sold. However, one must
consider the indication, contraindications, and side effects encountered
when prescribing any therapeutic modality. It was the purpose of this
investigation to determine hemodynamic and/or metabolic responses
associated with inversion of the body at rest and with exercise.

The first objective of this study was to determine if there was any
difference in the amount of oxygen consumed at rest and during exercise
in the inverted posture (hanging) versus the supine and standing
postures. Under non-exercising conditions, no significant difference was
found between VOZ at rest in the inverted posture or the standing
posture. This finding disagrees with those observed by McMichael(13) and

Loeppky and Luft(11) in demonstrating VOZ decreased when tilted to the

upright posture. The VO? during passive -90° head-down tilt was only

1.7% greater than in the standing and supine postures, respectively.
During exercise, VOZ in the inverted posture was 7% and 36.5% greater
than in the supine and standing postures, respectively.

The second objective of this study was to determine if there were
any differences in heart rate and blood pressure responses attributable
to exercise, posture or the combination of these two stressors. The
observed heart rate response to passive inversion (rest) disagrees with
the results of Klatz and associates (8,9) and showing that responses in
the inverted posture were usually higher than in other positions when the
baseline posture was sitting (Figure 4). Klatz and associates contend

that emotional and psychologic factors could have contributed to the




observed increases in HR which they observed, thus implicating a
sympathetic nervous system response not caused by the postural shifts.

Katkov and associates (7) reported heart rate increased with increased

shifting of blood toward the head with -20° head-down tilt for 3 hours.

The sympathetic response (anxiety, vestibular stimulation, etc.),
appeared to dampen the anticipated decrease in heart rate associated with
increased baroreceptor stimulation (increase in pressure in the carotid
sinus which causes activation of the cardioinhibitor center -
parasympathetic). This response appeared to occur more readily when
sitting was the baseline posture. Other investigators, such as LeMarr
and associates (10), reported reductions in HR when the individual was
shifted from the supine to the head-down posture.

The heart rate response to exercise in various postures appears to
follow the pattern for the resting conditions, but the heart rates for
the supine and inverted exercise was faster which again may illustrate
diminished barorecptor stmiulation.(Figure 4). These results coincide
with the findings of Gazenko and associates (3); they evaluated the
postural effects of central circulation and metabolism in man during arm
exercise in the -30° head-down posture. In these subjects, heart rate
increased significantly over values observed in the -30° posture without
exercise. They 1interpreted that the sympathetic nervous system
stimulation coupled with the increased workload required to perform
inverted hip-flexion exercise may interact to dampen the baroreceptor
responses, thus resulting in an increased heart rate.

The statistical analysis of the BP responses to postural stress

revealed in the current study no interaction between mode (non-exercise
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vs exercise) and posture (Figure 5). This indicated that for SBP and
DBP, the responses were the same except that the BP values during
exercise were greater than those at rest. This appears to be consistent
with the normal blood pressure response to exercise resulting from
increased cardiac output and decreased peripheral resistance caused by
vasodilation of the microcirculation.

Blood pressure effects of inversion have been somewhat uncertain,
based on the findings reported in the previous Tliterature (10). A
possible reason for this is inconsistency of arm position. LeMarr and
associates (10) measured blood pressure with the arms hanging in a
gravity-dependent position beside the head during inversion. However,
the baseline (sitting) BP measurement was taken with the arm beside the
torso. Klatz and associates (20) also allowed the arms to hang beside
the head during inversion until BP measurement time. At that point, the
arm was abducted from the body. Significant increases in SBP and DBP
were also observed.

In the present investigation, both arms were maintained in the
anatomical position by using nonconstricting rope loops around each
wrist. Since the arm position and BP cuff were placed such that the
measurement locus of the brachial artery was at heart level, the blood
volume changes would also affect the results of the measurement. It is
reasonable to assume that the height of a column of blood (brachial
artery) will have a significant effect on the pressure being exerted upon
it. Therefore, when the arms are hanging beside the head in the inverted

posture, the column height 1is much greater than when the arms are

positioned beside the torso in the sitting, standing, or supine postures.
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This investigator has not found any previous investigations on the
circulatory effects of -90° head-down tilt in which the arms were
maintained in the same position throughout the testing. This
investigation provides data which support those findings in earlier
investigations where SBP had not significantly increased in the head-down
posture or had initially increased and subsequently decreased within a 3
min period (4,5). Rate-pressure product (DP) can be used as an index of
myocardial oxygen demand. LeMarr's (10) investigation of BP responses to
inversion with the arms hanging beside the head revealed a 3 min inverted
DP of 92 which is greater than found in this investigation (x = 79.36).

Measurement of brachial diastolic BP in the inverted posture with
the arms hanging beside the head would naturally yield higher value if
the arms were beside the torso due to the pooling of blood in the arms.
In an editorial on LeMarr's findings, R.A. Renfrew (15) pointed out a
1ikely source of measurement error in LeMarr's methodology. He stated,
"The American Heart Association recommends that blood pressure be taken
at least level over the appropriate artery... I question whether a normal
blood pressure can be assesed under these circumstances (those described
by LeMarr and Associates)." Golding replied that the arm position, in
LaMarr's study, should represent the blood pressure in the head and neck
region. However, other published findings (6) illustrate that protection
from brain hemorrhage may be afforded by the concomittant increase in
cerebrospinal fluid. It was also pointed out that the skull provides a

closed cage which restricts the continual effusion of blood into the

blood vessels of the head. One plausible reason for the feeling of




42

pressure and fullness in the head and face is that there are no valves to
the veins superior to the heart 1level. Therefore, in the inverted
posture, the blood must return to the heart by skeletal muscle
contraction and systolic pressure.

Finally, LaMarr (10) and Sheppard (16) recommended that exercise in
the inverted posture be avoided until further research is completed.
This investigation illustrates that 45° hip-flexion activity by no means
increased blood pressure to the level reported by Carswell (2). Carswell
reported the blood pressure response in extensive weight training showed
measurements of 450/310 mmHg. Further investigations on the blood

pressure response to various exercise in the head-down posture and

inversion of subjects suffering hypertension is recommended.
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Table 1. Subject Characteristics .

Age 21.1 +.39
Height 177.2 +.93
Weight(kg) 72.7 1.7
Body Fat(%) 10.7 1,27

Symbols are mean(x) and standard error of the mean(SEM).
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Table 2. Schema for Various Sessions of Postural Exposure
and the Type of Parameters Examined During Each Session.

Condition Physiological 1 2 3 4 5 6
Session Parameters
Examined Time 15 min 3 min 5-8 min 3 min 5-8 min 3 min

EQ SUN  EQ STN EQ IN
EQ SUE  EQ STE EQ IE
EQ SUN  EQ STN EQ IN
EQ SUN  EQ IN EQ
EQ SUE EQ EQ
EQ SUE  EQ EQ

Metabolic

Hemodynamic

45° Hip-flexion Exercise
Sitting Rest

Supine Nonexercise

Supine 45° Hip-flexion Exercise

Standing Nonexercise
Inverted Nonexercise
Standing 45° Hip-flexion Exercise

Inverted 45° Hip-flexion Exercise
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Figure 1. Photograph of subject on the
gravity oscillator in the inverted
posture.
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Figure 2. Photographs of subjects in the sitting and supine
postures on the gravity oscillator.
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Figure 3. Photographs of subjects in the standing and inverted
posture on the gravity oscillator.
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FIGURE 3: Graph depicting oxygen consumption (VO, )
at rest and exercise in each posture (supine,
standing, and inverted) after 3 minutes duration.

SUN = Supine Non-Exercise SUE = Supine Exercise
STN = Stand Non-Exercise STE = Stand Exercise
IN = Inverted Non-Exercise IE = Inverted Exercise
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100

(bt-min-1)

SUN STN IN SUE STE IE

EXERCISE

NON-EXERCISE

heart rate (bt min-} at rest and
posture (supine, standing. and

inverted) after 3 minutes duration.

Figure 4: Graph depicting
exercise in each

SUN = Supine Non-Exercise SUE = Supine Exercise
STN = Stand Non-Exercise STE = Stand Exercise
IN = Inverted Non-Exercise IE = Inverted Exercise
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Systolic Blood
Pressure (SBP)
(mm Hg)

SUN STN IN SUE STE IE
v v
NON-EXERCISE EXERCISE

FIGURE 5: Graph depicting systolic blood pressure (SBP)
at rest and exercise in each posture (supine,
standing, and inverted) after 3 minutes duration.

SUN = Supine Non-Exercise SUE = Supine Exercise
STN = Stand Non-Exercise STE = Stand Exercise
IN = Inverted Non-Exercise IE = Inverted Exercise
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SUN STN IN SUE STE IE

—_———— ———

NON-EXERCISE EXERCISE

FIGURE 6: Graph depicting diastolic blood pressure (DBP) at
rest and exercise in each posture (supine, standing,
and inverted) after 3 minutes duration.

SUN = Supine Non-Exercise SUE = Supine Exercise
STN = Stand Non-Exercise STE = Stand Exercise
IN = Inverted Non-Exercise IE = Inverted Exercise

Diastolic Blood
Pressure (DBP)
(mm Hg)
1




Chapter 1V
Summary and Recommendations for

Future Research

Summar

The prevalence of low back pain is widespread, affecting 80% of all
people (American Medical Association, 1984). The Mational Center for
Health Statistic's National Hospital Discharge Survey reports that
149,000 people 1in the United States underwent diskectomies (surgical
removal of the disk) in one recent year (American Medical Association,
1984). One alternative treatment for low back pain used in recent years
is inversion therapy (i.e., total inversion of the body to -90° head-down
tilt). Advocates claim that the decompression of the spine provides
relief to the Tow back pain sufferer. To accomplish spinal decompression
using 1inversion, gravity boots have been designed. The boots are
actually ankle cuffs that hook onto a bar, allowing the subject to mount
a frame and be tilted into the head-down posture.

Two groups of researchers (21,26) raised questions about the safety
of inversion when they reported significant increases in brachial
arterial blood pressure over a three minute bout of static -90° head-down
tilt. Health professionals were cautioned against recommending inversion
as a practical mode of treatment for therapeutic purposes or as exercise
for recreational purposes until further research was performed to

evaluate the potential for acute detrimental effects on the

cardiovascular system.

55
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Recently, Goldman et al. (13) reported a significant lowering of BP
when oscillating the body from upright to the fully inverted posture over
periods of 5, 10, and 15 min. Although static inversion has been shown
to precipitate a significant increase in BP, oscillating inversion
appears to lower BP significantly. Based on previous physiological
investigations, the present study was undertaken to further deliniate the
effects of inversion at rest and coupled with exercise upon metabolic and
hemodynamic parameters.

Eleven adult male subjects of similar physical fitness Tlevels
volunteered and gave consent. Submaximal exercise testing (85% predicted
heart rate maximum) was performed using bicycle ergometry to evaluate the
level of fitness of each participant. Each subject was oriented to the
equipment and was allowed to become comfortable with the technique of
inversion.

The study consisted of three sessions of passive tilting and three
sessions of exercise plus postural stress. Discontinuous exercise was
performed over 30 sec in each posture by flexing the hips to 45° at a
rate of 25 cycles ° min'l. Within each session, periods of 5 min rest in
the sitting posture were interspersed between the performance of each
postural or postural plus exercise condition to allow for proper
equilibration before each stress was imposed.

Metabolic measurements were also performed during the first two
sessions. Oxygen consumption (VOZ) was chosen as the parameter to
estimate the energy expenditure during the postural and postural plus
exercise stress. Measurement of ﬁoz was performed during the third

minute of each postural exposure. The last four sessions were designed

to investigate the hemodynamic responses to postural and postural plus
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exercise stress. The number of hip flexions performed were 7, 8, and 10
for the inverted, supine, and standing postures, respectively. This
investigation included measurement of heart rate and brachial arterial
SBP, DBP, and MAP. The four sessions of postural stress enabled the
investigator to determine whether or not an ordering effect occurred
while progressing from one postural condition to successive conditions.
The statistical analyses revealed no ordered effect occurred for any of
the dependent measures.

The first objective of this study was to determine if there were any
differences in oxygen consumption at rest, during exercise in the
inverted posture, the supine, and the standing postures. The VOZ in the
inverted posture at rest was found to be 1.7% greater than that for the
standing posture and for the supine posture. These findings disagree
with those observed by McMichael (1937) and Loeppky and Luft (1975)
demonstrating VOZ decreased as man assumed the upright posture.
Additionally, a strongly significant increase in VOZ during exercise in
the head-down posture was observed and this finding was consistent with
the investigation by Gazenko and associates (1980). Oxygen
Consumption(VOz) in the inverted posture was 7% and 36.5% greater hean in
the supine and standing postures, respectively.

The second objective of this study was to determine if there were
any differences in heart rate (HR) and blood pressure (SBP, DBP, MAP)
responses of men at rest or during exercise in the inverted posture as
compared to the supine and standing postures. The heart rate was
measured immediately after 30 sec of exercise of each minute.of postural
exposure while BP was measured during the last 10 sec of each 3 min

trial.




In the first minute of the exercise and non-exercise postural
exposures, the highest heart rate was observed in the standing posture.
No interaction was found between posture and mode (exercise vs
non-exercise). The heart rate responses followed the same pattern, the
values were Jjust greater during exercise. The statistical analyses
revealed that the heart rate in the standing posture was significantly
greater than the heart rate in the supine posture. In the second minute,
heart rate in standing posture remained significantly higher than in the
supine posture. During the third minute, heart rate in the standing

posture and heart rate in the inverted posture during rest and exercise

were again greater than in the supine posture with no remarkable change

from that of the second minute.

The heart rate response to passive inversion (non-exercise) appears
to disagree with the results of previous investigations by Klatz and
associates (1983, 1985) which demonstrated that heart rate during
inversion was usually higher than in other positions when the baseline
posture was sitting. Klatz and associates contended that emotional and
psychologic factors could have contributed to the observed increases in
heart rate which indicate a nervous system response. Katkov and
associates (1979) found changes 1in ventricular systolic pressure
consistent with increased shifting of the blood toward the head with -20°
head-down tilt for 3 hours. These changes included decreased 1left
ventricular pressures and increased heart rate. The sympathetic response
associated with the emotional involvement of tilting appeared to
counteract the anticipated decrease in heart rate associated with
increased carotid pressure. This investigation is consistent with other

investigators, such as Lemarr and associates (1983), reported reductions




in heart rate when the individual was transferred from the supine to the
head-down posture.

. The heart rate response to exercise in various postures was similar
to the heart rates in the non-exercise postural exposures (Figure 4).
The results of this dinvestigation coincided with those of Gazenko and
associates (1980), who evaluated central circulatinn and metabolism of

man during arm exercise in the head-down position. Seven individuals

performed arm exercise in the -30° posture without exercise. The

previously mentioned sympathetic response coupled with the increased
metabolic requirement to perform inverted hip-flexion exercise may
diminish the baroreceptor sensitivity, thus resulting in an increased
heart rate.

Blood pressure responses to exercise and non-exercise postural
exposures (upright, supine or inverted) were similar. No significant
variation in SBP was observed between the supine, standing, or inverted
posture. The inclusion of  exercise significantly elevated
SBP(F=45,65;df1,10;p<.05). The Tukey procedure revealed that the mean
SBP of 128.4 was significantly higher than the non-exercise SBP of 118.8
mmHg. However, the DBP and MAP analyses revealed significant differences
due to posture. DBP in the standing posture was significantly greater
than in the supine. The analysis of variance for the main effect of
posture on MAP was found to be strongly significant (p<.001);
specifically, MAP standing was greater than MAP in the inverted and
supine postures.

The previous literature has been mixed with regard to the effects of
inversion on blood pressure. Related to differences in BP may be the

position of the arm during the postural trial and measurement of the
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blood pressure. LeMarr and associates (1983) allowed the arms to hang
beside the head during inversion in their investigation of the
cardiorespiratory responses to inversion; thus, BP was measured with the
arm in this position. They observed significant increases in SBP and DBP
with inversion; however, the baseline standing BP measurement was taken
with the arm beside the torso. Klatz and associates (1983) also allowed
the arms to hang beside the head during inversion until the time of BP
measurement. At that point, the arm was abducted from the body.
Significant increases in SBP and DBP were also observed.

In the investigation reported herein, the arms were maintained in
the anatomical position by using nonconstricting rope loops around each
wrist. Since the BP cuff was placed at or anatomically inferior to the
heart level, any blood volume changes induced by the inversion procedure
would also affect the results of the measurement. It is reasonable to
assume that the height of a column of blood (brachial artery) will have a
significant effect on the pressure being exerted upon it. Therefore,
when the arms are hanging beside the head in the inverted posture, the
height of the column of blood is much greater than the height of the
column in the sitting, standing, or supine postures with the arm resting
beside the torso.

This investigator has not found any previous investigations on the
circulatory effects of -90° head-down tilt in which the arms were
maintained in the same position throughout the testing. This
investigation provides data which support those findings in earlier
investigations wherein SBP had not significantly increased in the
head-down posture or had initially increased and subsequently decreased

within a 3 minute period (9,14,15,41).
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Based on these results, it is concluded that VOZ during passive -90°
head-down tilt is approximately 1.7% greater than in the standing and
supine postures, respectively. During exercise, VO2 is Tlowest in

standing and higher in standing and highest in -90° inversion.

Implications for Practitioners

This research has implications for the practitioners in that
the hemodynamic responses to passive and active inversion do not
necessarily indicate that it is an unsafe activity. However, this
extends to only measurements of heart rate and brachial arterial blood

pressure in 19-23 year old male recreational athletes.

Recommendations for Future Research

The results of this investigation when viewed in context of the
results reported by other researchers involving body inversion at rest
and exercise (Chapter II) indicate a variety of important issues which
remain unresolved. If a follow-up study is to be wutilized to
substantiate the findings reported herein, I offer two recommendations:
a) examine the responses over a longer exercise period, and b) restrict
involvement of ancillary muscle groups during hip-flexion exercise using
mechanical constraints or educational session on the desired movement.
The increased time may allow the hemodynamic parémeters to "steady-state"
to the demand of the work. It appeared that while some individuals
predominantly depended upon strong contractions of the iliopsoas muscles

to perform inverted hip-flexion activity (keeping the back straight),

others utilized the rectus abdominus to a large extent and flexed the
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trunk. Teaching this movement to minimize the iliopsoas involvement may

give a more accurate description the metabolic and hemodynamic

requirements of this activity by standardizing this movement.

This study leaves many questions unresolved about the metabolic and
hemodynamic responses to rest and exercise in the head-down tilt. There
is still 1little known about the blood volume changes associated with
head-down tilt. Further research in this area will enhance
interpretation of the findings reported herein through description of the
impact that autoregulation and other peripheral responses play on the
function of the heart in various postures. Continued study of the
complete head-down posture is also needed in the following areas:

1. Determination of brachial arterial blood pressure responses when the
arm is maintained in various positions and the body is tilted from
upright to the inverted postures. This may provide a means to
predict the changes in blood pressure when an individual shifts from
one posture to another.

2. Determination of carotid sinus pressure during exercise and
non-exercise in the -90° head-down posture may provide more precise
suggestions as to the effects on intra-cranial pressure. Carotid
sinus pressure (measured invasively) would be a clonse representation
of intra-cranial pressure.

3. Determination of cardiac output in the head-down posture with and
without exercise may provide additional information concerning the
response of the heart to the increased pressure associated with the

rush of blood to the upper torso.
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Determination of peak aortic blood flow acceleration, i.e.,
measurement of left ventricular performance might provide additional
information on the changes and effect of preload volume in various

postures.
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Appendix A
Methodology

Introduction

The purpose of this investigation was to measure the hemodynamic and
metabolic responses to postural change with and without exercise. Oxygen
consumption (902), heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure (DBP), and mean arterial pressure (MAP) were the
physiological parameters selected evaluated.

This appendix describes the methods and procedures employed in the
investigation. Sections are included concerning the topics of subject
screening and selection, informed consent information, preliminary
testing and orientation, experimental conditions and design, and

statistical analysis.

Subject Screening and Selection

Thirteen male recreational athletes volunteered for inclusion in
this study. Of these, eleven were selected. The age of these eleven
subjects averaged 21.18 + 1.33 yrs. Descriptive data are presented in
Table 1. Preliminary screening and testing of the prospective subjects
was performed to:

a. ensure that each subject was apparently healthy and possessed a
fitness level adequate for performance of the exercise tasks and
postural stress. This was accomplished by excluding any subject
possessing symptoms of postural change intolerance (i.e., vertigo,

headache, extreme sinus congestion, pain, etc.).
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b. provide a homogenous sample in terms of habitual training,
percent body fat, familiarity to inversion techniques, and
tolerance to orthostatic stress.

c. minimize subject anxiety and 1learning effects which might
contribute to extraneous variability in the dependent measures.

2. The criteria for selection of subjects are outlined below. Each
subject:

a. was classified as a recreational athlete, i.e., non-team member,
non-competitively trained athlete, etc.

b. had not recently begun a fitness or sports training program.

c. had a body fat content of less than 20%.

d. had no symptoms of exertional intolerance with exercise.

Initial data collection, including an interview for health and physical
activity habits, a health history, as well as measurement of resting HR,
SBP, DBP, and MAP provided the basis for subject selection.

Human Subjects Review and Informed Consent

Permission to corduct this study was obtained from the Human
Subjects Committee of the Health, Physical Education, and Recreation
Department, and the Chairman of the Institutional Human Subjects Review
Board of Virginia Polytechnic Institute and State University. Informed

consent was secured from each subject prior to his participation in the

study. (See Appendix C for forms.)

Initial Testing and Orientation

Anthropometric measurements including height, weight, and skinfold
for determination of percent body (skinfold calipers) were part of the
initial testing for those qualifying at the screening visit to the
laboratory (Table 4). Percent fat was assessed by the method of Jackson

and Pollock (18).

o
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Cardiovascular fitness was assessed using a graded submaximal exercise
test using bicycle ergometry in which the electrocardiogram (ECG) and BP
were repeatedly measured. The endpoint for this exercise test was
approximately 85% of the age-adjusted predicted maximal heart rate.
Termination for this test was determined by the criteria set forth by the
American College of Sports Medicine (1).

Following initial testing, if there was no evidence of
contraindications to further participation, the subjects were given an
orientation to the experiment. Each performed a brief inversion of 1-2
min on the gravity oscillator (depicted in Figure 1) and became fully
familiarized with the procedures of the.study. Those experiencing severe
sinus congestion, dizziness, or any other unusual distress were excluded

from further participation.

Experimental Conditions and Design

The subjects participated in six experimental sessions on a gravity
oscillator. A1l sessions were performed in the Laboratory for Exercise,
Sport and Work Physiology at Virginia Polytechnic Institute and State
University. The ambient temperature was maintained between 22.5 -
26.5°C. The subjects were asked to refrain from vigorous activity on the
days of their sessions and to report to the laboratory at the same time
of day for each of the sessions. Subjects proceeded through sessions 1-6
as listed in Table 2. Sessions 2-6 were order counter balanced for the

group. Sessions were separated by at least 36 hours.
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The duration of each postural trial was 3 min in each session. A1l
metabolic and hemodynamic measurements were taken in the supine,
standing, and inverted postures and hemodynamic measurements were taken
in the seated posture during equilibration. Data was recorded on the
test sheet (Table 3). In the sessions where exercise was coupled with
postural stress, a metronome was used to pace trunk-flexion activity to

45° (hip-flexion was measured by goniometry).




Table 3
TEST SHEET
Name: Age:
Ht: Wt: Skinfolds: Chest:
Ambient Temp: Abdomen:
Wet Bulb: Thigh:
pBar: Percent Fat:

Trial No.:
. Measured
VE FEO2 FECO2 HR SBP DPB MAP V02

EQ

1

Supine 2

3

EQ

1

Standing 2

3

1

Inverted 2

3

1

Supine 2

3

1

Standing 2

3

1

Inverted 2

3

S —




Table 4. Subject Characteristics .
Subject Age Height (cm) Weight (kg) Body Fat (%)
1 21 175.0 65.8 7.0
2 21 180.5 71.5 16.5
3 19 175.0 79.5 13.4
4 22 182.8 76.7 12.3
5 22 176.0 71.5 9.8
6 19 177.5 76.7 8.0
7 23 173.0 68.2 12.2
8 21 176.0 62.2 4.2
9 23 181.7 71.0 16.5
10 21 175.3 78.5 12.5
11 21 176.0 66.8 5.1
- 21.2 177.2 72.7 10.7
+SEM + .39 + .93 1.7 +1.,27

Symbols (x, +*SEM) are mean and standard error.
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Discontinuous exercise was performed in each posture by flexing the hips
to 45° over 30 sec. Within each session, 5 min rest intervals in the
sitting posture were interspersed between the performance of each
postural or postural plus exercise condition, to allow for cardiovascular

equilibration before each stress was imposed.

Metabolic Investigation

The metabolic investigation was performed during the first two
sessions. Oxygen consumption (VOZ) was chosen as the parameter to
estimate the energy expenditure during postural and postural plus
exercise stress.

Procedure for Measurement of Oxygen Consumption

There were two reasons for performing the metabolic measurements in
trials that were separate from those in which the hemodynamic
measurements were taken:

1. It was desired not to have to account for the weight and awkwardness
of the mouthpiece, head harness, and hoses of the gas analysis system
during the hemodynamic investigation.

2. It was also desired to adjust the workload of the two least demanding
postural plus exercise trials (by increasing hip-flexion repetitions)
to equate the most demanding stressor. This was done in order to
"rule out" the metabolic response to varying work during the
hemodynamic investigation.

The calculations were performed as follows:

The inverted hip-flexion activity required the greatest oxygen

"1 - min"l. The hip-flexion in

consumption which equalled 10.18 ml ° kg

the supine posture was the next most demanding metabolically with an V02
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of 9.48 ml ° kg = ° min . Standing hip-flexion required only
6.47 ml1 ° kg’1 : min'l. The supine hip-flexion activity was accepted as
demanding 93% of the inverted posture [(9.48/10.18*100]. Therefore, the.
number of repetitions in the supine posture should have been increased by
.07% or .5 repetitions. For practicality, the number of repetitions were
increased by 1 repetition ° min'l. In the same manner, the standing
hip-flexion activity was found to be [(6.47/10.18)*100] or 64% of the
inverted posture. Therefore, 3 additional repetitions in the standing
posture were required to equate the VOZ of the inverted posture.
Therefore, to equate the amount of work performed, the number of hip
flexions performed were 7, 8, 10 for the inverted, supine, and standing
postures respectively. Each subject was advised of the number of
repetitions to be performed and the repetitions were called out in
cadence by the investigator.

Oxygen uptake (VOZ) was measured in the following manner:

1. Each subject was properly fitted into the inversion boots and
instructed to sit upon the gravity oscillator as illustrated in
Figure la. The investigator then adjusted the oscillator to
accommodate for the subject's height and weight to assure proper
balance and weight distribution on the inversion apparatus.

2. After carefully explaining the test to the subject, the
investigator fitted the individual with an appropriate mouthpiece
and head harness. A nose clip was placed on the individual's
nose and the mouthpiece was placed within the mouth.

3. The respiratory hose attached to the mouthpiece was connected to
a Hewlett-Packard Pneumotach (Model A-7303A) for the
determination of the min ventilation volume (expired air, VE)‘

4, The expired air was collected in a 4 1liter plexigas mixing

chamber.
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These gases within the chamber were continually monitored for percent

oxygen and carbon dioxide during each min of the experimental sessions.

The respiratory hose leading from the mouthpiece to the gas trap was kept

to a minimum and was always less than 1 meter in length.

5. The oxygen content of the dry expired air was determined using a
Rapid Response Applied Electrochemistry Oxygen Analyzer (Model
CDE-3AAA) after first passing the gas through a dessicating
column. The analyzers were calibrated prior to and during each
test with standard gases verified through Haldane analysis.

6. The investigator assisted each subject into the posture to be
examined. In the passive postural trials, the subject was asked
to breathe at the most comfortable rate. During the exercise
trials, it was requested that the subjects exhale during the
contraction phase of each hip- flexion cycle to prevent Valsalva
effects. The hip-flexion cadence during the exercise trial was
maintained by using a metronome calibrated to 30 clicks ° min'l.

Exercise was performed during the first 30 sec of each min for 3
consecutive minute. The last 30 seconds of each minute, the
subject rested during measurement of the parameters.

7. The oxygen and carbon dioxide content of expired gas and the
volume of air ventilated was recorded the third minute of each
postural exposure. (Tables 5-6)

8. Oxygen uptake was recorded during the last minute of the postural
exposure.

Hemodynamic Investigation

The last four experimental sessions served to provide the basis for

assessment of the hemodynamic responses. This investigation included
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measurement of HR and brachial arterial BP which required the use of an

electrocardiograph and automated blood pressure cuff. A description of

measurement techniques and protocol for HR and BP are outlined below.

Procedure for Measurement of Heart Rate

Heart rate was measured using a Hewlett-Packard ECG recorder with a

CL5 lead. The rate was calculated by measurement of R to R wave

intervals,

1.

Once the individual was properly seated on the oscillator, the
investigator prepped the skin and attached diaphoretic silver
chloride electrodes to each shoulder in the space between the
anterior deltoid and the clavicle and a third electrode to the
anterior mid-axillary region and the fifth intercostal space.

The left arm electrode served as the electrical ground.

. An electrocardiographic tracing was recorded at the beginning of

each session. The dindividual was then allowed to rest in the
sitting position on the oscillator for 15 min before the baseline

(time zero) measurement was recorded.

. Subsequent recordings were made during the last 5 sec of exercise

(25-30 sec) for every min of each 3 min trial (supine, standing,
and inverted) as well as for the last 5 sec of each min (55-60

sec). Tables 7-10.

. The ECG tracings were made after 4:50 min of rest in the

equilibration periods to ensure that heart rates had returned to

baseline level.

. The electrocardiograph was calibrated in accordance with the

manufacturer's directions.

Procedure for Measurement of Systemic Arterial Blood Pressure

Systemic arterial blood pressure (SBP, DBP, and MAP) was measured
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using a DINAMAP T Adult/Pediatric Vital Signs Monitor (Model 845XT) from
Critikon, Inc. (see Appendix D). This monitor automatically measures HR,
SBP, DBP, and MAP noninvasively using the oscillometric technique, as
previously described (36). The Dinamap 845XT has been shown to have a
high correlation between its measurements and intra-arterial measurements
of blood pressure (29, 36). The calibration and operation of the

pInAMAP ™™

was performed in accordance with the standards described in
detail in the abbreviated operating manual which is presented as Appendix
D. Preparation and measurement protocol was performed in the following
manner:

1. Each subject was seated on the gravity oscillator as pictured in
Figure la.

2. The DINAMAP pressure cuff was positioned over the left arm in
accordance with the standards of the American Heart Association
(2) and the DINAMAP 845XT operating manual (Appendix D). The
brachial artery was located, marked, and the cuff bladder
centered over the artery.

3. To ensure that the arm would be kept in the same position
throughout the testing, a non-constricting rope loop was placed
around each hand and the rope secured to the oscillator. The
subject was instructed not to tense his arm muscles in order to
maintain this position, but rather to let them hang 1imp from the
ropes (Figure 1).

4, The BP monitor was manually activated for spontaneous measurement
on command. The cuff would inflate to approximately 170 mmHg.
If the artery was not occluded at that point, it would inflate

again until a significant amount of pressure was applied to
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occlude the artery. If cuff inflation was greater than 275 mmHg
(nominal), the overpressure switch would automatically deflate
the cuff. After the artery was occluded, the cuff would deflate
in average increments of approximately 8 mmHg. Rate of cuff
deflation was dependent upon initial inflation pressure and the
HR. Each measurement required approximately 40 sec.

5. The cuff was inflated 4:20 min after the equilibration period and
2:20 min of each postural event and measurements were recorded on
the test sheet (Table 3). The SBP, DBP, and MAP data are

presented in Tables 13-27.

Statistical Analysis of Dependent Measures

In order to analyze the data, it was first necessary to determine if
any part of the experimental procedure altered the results of this inves-
tigation. Two potential problems existed in the design. First, it was
necessary that the hemodynamic parameters were allowed enough time to
equilibrate in the sitting posture before any measurement of data under
the forementioned conditions would be considered valid. Therefore, each
subject was seated upon the oscillator as depicted in Figure la for 15
min prior to the first postural exposure. Subsequent equilibration
periods of 5-8 min occurred after the sec and third postural exposures.
Measurement of the hemodynamic parameters at the end of each
equilibration period was performed to ensure thé body had readjusted to
the sitting posture. The GLM model statement for equilibration measures
used was: model HR SBP DBP MAP = sequence trial sequence * trial. This
enabled the dinvestigator to estimate whether or not there was a

statistically significant difference in equilibration measures for each
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parameter examined after each postural exposure. The repeated measures
ANOVA resulted in F values for HR, SBP, DBP, and MAP of 6.50, 3.38, 4.59,
and 2.57, vrespectively, none of which revealed any statistically
significant difference (p>.05) between the equilibration periods in any
of the parameters examined. The actual levels of significance for each
parameter were .57, .52, .39, and .71, respectively.

Second, since all subjects proceeded through sessions one through
six in the same order, it was suspected that an ordering effect might
have occurred. To analyze the data to make sure this did not occur, the
investigators totaled the third min responses for each of the hemodynamic
parameters according to the order in which each session occurred (Table
?2). The GLM model statement used was: model HR SBP DBP MAP = MODE ORDER
MODE*QRDER. This particular model examined the effects of mode (exercise
versus nonexercise), ordering (the progression of various tilts), and the
interaction of mode and order. Thé repeated measures ANOVA test resulted
in F-values for HR, SBP, DBP, and MAP equal to 3.67, 4.85, 1.96 and 1.50
respectively of which none were significant below the .05 level. The
actual level of significance for each parameter was .68, .34, .58, and
.86 for HR, SBP, DBP, AND MAP respectively (Tables 24-50).

After the analysis on the equilibration and ordering effects was
completed, the analysis on the effects of posture was performed. The
following is a description of the statistical analysis of each of the
parameters as related to exercise and non-exercise in the supine,

standing, and inverted postures..
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Oxygen Consumption

Oxygen Consumption (VOZ) was analyzed using the repeated measures
ANOVA and the .05 Tukey's Studentized Range (HSD) Test to determine
significant differences between exercise and nonexercise positioning. A
significan difference was observed between rest and exercise in the
various positions(F=20.93;df=1,10p .05). No significant effect relative
to body position(F=3.60;df = 2,10; p .05) was observed. Examination of
rest versus exercise in Figure 3 illustrates the significant increase in

WOZ during exercise.

Heart Rate

To analyze the third minute heart rate responses to posture, mode,
and the interaction of posture and mode, a repeated measures analysis of
variance procedure was employed. Heart rate response to rest and
exercise during postural exposure are graphically illustrated in Figure
4, The third min HR response to NE postural exposure was found to be
significantly different(F = 7.79;df = 2,20; p<.05). The Tukey procedure
-1)

revealed that the NE standing posture (X = 89 beats ° min than the NE

supine postural exposure (x = 61 beats ° min'l)and inverted postural
-1)

exposure(x = 61 bts * min

The repeated measures analysis of varience was also employed to
examine heart rates of the third min of E postural stress. The third
min HR responses revealed the standing E heart rate was significantly
faster than the supine position(Tukey procedure, p<£.05) (F = 7.79;df =
2,20;p .05) in regard to posture during the 45° hip-flexion activity.

The test resulted in an F-value of 7.79.
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Blood Pressure

The statistical analysis of the arterial systolic (SBP), diastolic
(DBP), and mean arterial pressure (MAP) was performed using the GLM
analysis of variance procedure to determine significant differences in BP
due to postural changes. The Tukey Studentized (HSD) Range Test was
employed to discriminate significant postural changes. The GLM model
statement used was: Model SBP DBP MAP = SUBJECT POSITION MODE
POSITION * MODE. The test resulted in an F-value for SBP equal to 1.73
for position which was not significant below the 0.05 level (actual Tevel
of significance was p = .1978). This test further indicated that
differences in mode (NE versus 45° hip-flexion activity) were

.0001). The mean E and NE SBP was 128.42

significantly different (p
and 118.83 mmHg, respectively. However, the interaction between posture
and mode (NE and E) did not significantly affect SBP (the actual Tlevel of

significance was p .4853).

The test revealed an F-value for the analysis of DBP as it relates
to position equal to 5.96 which was significant at the 0.05 level. The
actual level of significance was found to be p< .0001. A significant
difference was also indicated between E and NE with an F-test equal to
8.02 (the actual level of significance was .0055. The mean values for E
and NE were 74.96 and 70.88 mmHg respectively. The interaction between
posture and mode (static tilting vs 45° hip-flexion exercise) was not
significant in regard to DBP at the 0.05 level (the actual Tlevel of

significance was p= .2974).
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The Tukey analysis for DBP resulted in Q-values which were
significant at the 0.05 level (Q= 3.358), for each posture. This
indicated that the DBP in the standing posture (at rest and exercise) was
significantly higher than in the inverted and supine postures.
Furthermore, the DBP in the inverted posture was significantly elevated
above that found in the supine posture.

Mean arterial pressure was analyzed and resulted in an F-value equal
to 13.21. This indicated a significance difference in MAP at the 0.05
Jevel of confidence for position (actual level of confidence was p=
.0001). A significant difference between NE and E during each postural
exposure was indicated with an F-value equal to 17.36 (the actual level
of significance was p= .0001). However, no significant interaction
between posture and mode (NE vs E) was found. The F-value was .38 and
actual level of significance p= .6848.

The Tukey procedure for MAP revealed a significant Q value equal to
3.358. This revealed that the MAP was found to be significantly higher
in the standing posture than in the inverted and supine postures.
Furthermore, the test indicated the MAP in the inverted posture was

greater, although nonsignificantly, than in the supine posture.




83

Appendix B
DATA TABLES

Table 5. Third minute oxygen consumption (VO,) (m]‘kg']'min'])
response in subjects exposed to sup@ne, standing and
inverted postures at rest and during 45° hip-flexion

activity.
SUN STN IN SUE STE IE
X 4.3 4.3 4.6 9.5 6.5 10.1
SE t.2 t2 ta Is i3 ts
X = Mean ,
SEM = Standard rror of the Mean
SUN = Supine Non-Exercise
STN = Standing Non-exercise
IN = Inverted Non-exercise
SUE = Supine Exercise
STE = Standing Exercise
IE = Inverted Exercise
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Table 6. Oxygen Consumption (V0,) (ml ° kg'1 . min"l) for subjects exposed
to supine, standing, aﬁd inverted postures, under passive
conditions. - Session I

Time(min) in SUN Time(min) in STN Time(min) in IN

Subject 1 2 3 1 2 3 1 2 3
1 5.94 4.46 4.39 4.62 4.21 4,61 5.52 5.00 4.20
2 5.69 9.24 4,62 5.46 4.24 5.62 - 6.16 6.12
3 3.86 2.90 3.30 4.36 3.28 3.66 4.71 4.56 4.27
4 5.18 5.00 5.02 4.88 5.28 5.47 6.39 7.18 6.38
5 4,64 3,38 3.33 3.55 3.09 3.51 3.71 3.85 3.86
6 5.88 4.66 3.74 4.55 4,20 4.13 7.60 5.95 5.46
7 5.77 4,10 3.85 4.40 3.26 4.20 5.15 5.52 4.67
8 4.64 3.80 4.14 5.15 4.33 3.98 4.37 4.48 4.56
9 7.56 5.77 4,91 4.81 4,43 4,36 6.90 5.29 2.26
10 3.62 4.39 4,11 3.18 4.10 4.03 4.66 4.26 3.37
11 5.12 3.60 5.65 3.38 3.34 3.02 5.97 4.98 4.01
12 6.94 5.65 4.27 5.70 4.44 4,82 8.36 6.63 5.88
X 5.4 4.8 4.3 4.5 4.0 4.2 5.7 5.3 4.5
ssMm .3 s I T lTo o ta T3l
X = Mean
SEM = Standard Error
SUN = Supine Non-exercise
STN = Standing Non-exercise

IN

H

Inverted Non-exercise
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Table 7. Oxygen Consumption (VO0,) (ml kg'1 min”l) for subjects
exposed to supine, staﬁding and inverted postures under
conditions of trunk flexion exercise. - Session II
Time(min) in SUE Time(min) in STE Time(min) in IE
Subject 1 2 3 1 2 3 1 2 3
1 8.60 8.98 9.52 6.28 6.08 5.82 6.84 7.25 7.03
2 8.49 .87 9.50 7.10 6.33 5.74 9.37 11.73 13.21
3 6.50 7.46 8.44 5.05 4.72 5.87 7.62 9.99 13.95
4 7.18 9,08 11.34 6.77 6.92 7.46 8.69 10.06 13.70
5 8.31 9.14 11.08 5.21 4.97 4.76 8.00 8.41 8.48
6 7.8 7.83 8.30 5.48 7.71 7.33 6.28 7.20 6.11
7 7.03 7.90 9.17 6.10 6.40 6.92 6.55 7.84 6.94
8 7.32 8.17 10.34 7.07 6.75 7.10 6.84 7.78 10.79
9 11.17 11.59 12.40 6.16 6.23 6.05 9.04 10.17 11.45
10 6.64 6.69 6.70 5.02 .19 6.36 6.48 7.21 9.27
11 5.77 5.7 7.40 5.97 7.35 6.22 7.89 5.74 9.45
12 10.14 8.32 9.61 8.25 8.02 7.97 11.37 10.98 11.81
X 7.9 8.2 9.5 6.2 6.4 6.5 7.9 8.7 10.2
stm f st 5 t3 t3 Pt ts t8
X = Mean
SEM = Standard Error
SUE = Supine Exercise
STE = Standing Exercise
IE = Inverted Exercise
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Table 8. Third minute heart rate (bt ° min-l) response of subjects exposgd
to supine, standing and inverted postures at rest and during 45
hip-flexion activity.

SUN STN IN SUE STE IE
X 61.2 89.1 61.4 75.5 88.5 84.5
SEM 9.9 +12.7 +4.9 3.4 4,2 3.6
X = Mean
SEM = Standard Error
SUN = Supine Non-Exercise
STE = Standing Non-Exercise
IN = Inverted Non-Exercise
SUE = Supine Exercise
STE = Standing Exercise

IE

Inverted Non-Exercise
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Table 9. Heart Rate (bt min'l) for subjects exposed to supine, standing, and inverted postures
under passive conditions. Session III

Time(sec) in SUN Time(sec) in STN Time(sec) in IN
Subject EQ 60 120 180 EQ 60 120 180 EQ 60 120 180
1 78 77 48 50 83 100 105 97 79 45 48 47
2 83 59 71 65 87 100 103 103 88 81 79 79
3 78 79 77 65 77 91 83 91 69 57 71 68
4 54 70 71 68 65 82 91 86 67 69 68 59
5 83 64 71 69 88 103 97 102 86 67 63 60
6 100 58 71 71 88 100 97 100 91 57 68 55
7 71 68 54 60 70 83 78 79 71 75 73 65
8 94 67 71 63 92 120 120 115 88 63 67 64
9 91 65 65 83 86 71 71 83 81 68 65 71
10 77 64 65 57 67 88 81 86 68 58 57 60
11 73 66 59 57 79 83 98 94 81 51 63 63

L8

x 80.2 67.0 66.0 64.4 80.2 92.8 92.8 94.2 79.0 62.9 65.6 62.8
SEM + 3.76 +1.96 * 2.64 +2.63 +2,71 +4,10 + 4,22 + 3,18 * 2.68 + 3,17 + 2.48 + 2.59

X = Mean

SEM= Standard Error

EQ = Equilibration
SUN = Supine Non-exercise
STN = Standing Non-exercise
IN = Inverted Non-exercise

|



Table 10. Heart Rate (bt ° min'l) for subjects exposed to supine, inverted, and standing postures

under passive conditions. Session IV

Time(sec) in SUN Time(sec) in IN Time(sec) in STN
Subject EQ 60 1 EQ 60 120 180 EQ 60 120~ 180
1 58 41 41 40 75 41 41 41 44 68 68 77
2 94 70 73 54 81 68 81 73 88 115 94 111
3 91 61 52 71 81 60 60 75 83 100 90 83
4 60 59 60 56 60 56 63 60 57 70 67 70
5 77 71 68 68 77 77 83 54 71 88 83 83
6 71 58 58 56 68 60 56 56 79 97 97 94
7 48 53 50 48 65 61 60 52 53 51 48 61
8 107 60 51 56 94 65 62 67 83 97 86 97
9 79 79 61 75 83 68 63 70 83 86 75 94
10 79 70 67 65 75 75 70 68 79 94 97 94
11 49 45 45 45 54 47 44 47 54 64 77 68
x 74 61 57 58 74 63 62 61 70 85 80 85

SEM + 65.72 +3.46 + 3,03 +3.34 +3.44 +3.,28 +3.90 +3.37 +4.66 + 5.73 + 4,68 + 4,50

X = Mean
SB= Standard Error
EQ = Equilibration
SUN = Supine Non-exercise
STN = Standing Non-exercise
IN = Inverted Non-exercise
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Table 13.
subjects exposed t8
rest and during 45

SUN STN

X 117.5 117

SE $3.1 +3.2

X = Mean

SEM = Standard Error

SUN = Supine Non-Exercise

STE = Standing Non-Exercise

IN = Inverted Non-Exercise

SUE = Supine Exercise

STE = Standing Exercise

IE

Inverted Non-Exercise

Third minute systolic blood pressure (mmHg) responses in
supine, standing and inverted postures at
hip-flexion activity.
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Table 14, Systolic Blood Pressure (mmHg) for subjects exposed to supine,
standing, and inverted postures under passive conditions. -
Session III

: SUN STN IN
Subject EQ 3 EQ 3 EQ 3
1 111 106 104 107 106 109

120 134 135 135 144 127

r

3 114 113 118 99 102 115
4 133 121 123 108 120 128
5 112 108 121 116 127 126
6 118 118 116 119 - 119
7 103 113 106 101 108 111
8 118 120 130 123 - 121
9 128 136 138 139 112 137
10 124 127 117 120 124 131
11 118 119 117 120 118 117
X 118 120 120 117 106 133
SEM s I2.9 332 3.9 I3 2.6

X = Mean

SEM = Standard Error

EQ = Equilibration
SUN = Supine Non-exercise
STN = Standing Non-exercise

IN

Inverted Non-exercise




Table 15. Systolic Blood Pressure (mmHg) for subjects
exposed to supine, inverted, and standing
postures under passive conditions. -

Session IV
SUN IN STN
Subject EQ 3 EQ 3 EQ 3
1 103 95 107 106 103 104
2 110 113 122 114 118 112
3 124 134 129 140 129 -
4 120 120 121 140 121 109
5 106 107 116 118 119 119
6 107 110 101 112 120 116
7 127 105 123 117 112 120
8 135 128 137 134 128 129
9 126 118 122 122 124 127
10 119 110 121 111 121 122
' 11 148 122 128 125 135 122
X 121 115 121 122 121 117
SEM a1 %333 oo 336 f2.6 2.5
X = Mean
SEM = Standard Error
EQ = Equilibration
SUN = Supine Non-exercise
IN = Inverted Non-exercise
STN = Standing Non-exercise
o




Table 16. Systolic Blood Pressure (mmHg) of subjects
exposed to supine, standing, and inverted
postures under conditions of trunk flexion
exercise. - Session V

SUE STE IE

Subject EQ 3 EQ 3 EQ 3

1 100 109 106 98 103 115
2 127 136 125 134 139 136
3 117 143 129 148 116 122
4 134 143 130 125 125 140
5 122 117 127 124 126 129
6 132 131 133 127 128 125
7 113 121 114 115 105 115
8 - 139 121 135 110 138
9 141 133 151 152 130 130
10 114 122 130 118 114 122
11 138 132 132 123 124 138
X 123 130 127 127 120 128

SEM 3.8 2.2 %35 fas I3 o8
X = Mean
SEM = Standard Error
EQ = Equilibrium

SUE = Supine Exercise

STE = Standing Exercise
TE = Inverted Exercise
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Table 17. Systolic Blood Pressure (mmHg) for subjects
exposed to supine, inverted, and standing
postures under conditions of trunk flexion

exercise. - Session VI
SUE IE STE
Subject EQ 3 EQ 3 EQ 3
1 103 112 104 116 107 110
2 126 134 134 147 141 135
3 111 125 121 140 133 141
4 115 148 134 130 134 121
5 141 121 132 135 129 134
6 116 120 135 121 125 132
7 117 121 114 130 117 123
126 117 118 128 119 126
9 143 152 130 137 140 143
10 134 127 130 125 126 126
11 121 127 123 123 119 114
X 123 128 125 130 126 128
SEM 3.8 3.8 3o s Iz I3a
X = Mean
SEM = Standard Error
EQ = Equilibration
SUE = Supine Exercise
IE = Inverted Exercise
STE = Standing Exercise
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Table 18. Third minute diastolic blood pressure (SBP) (mmHg) response of

subjects exposed t8 supine, standing and inverted postures at
rest and during 45° hip-flexion activity.

SUN STN IN SUE STE IE
X 65 77.5 69.5 74 79.5 73
SEM +3.5 +3.5 +3.6 +2.8 +2.0 +2.3
X = Mean
SEm = Standard Error
SUN = Supine Non-Exercise
STE = Standing Non-Exercise
IN = Inverted Non-Exercise
SUE = Supine Exercise
STE = Standing Exercise

IE

Inverted Mon-Exercise




Table 19. Diastolic Blood Pressure (mmHg) for subjects
exposed to supine, standing, and inverted
postures under passive conditions. -
Session III

SUN STN IN

Subject EQ 3 EQ 3 EQ 3

1 69 59 72 83 76 62
2 85 83 95 91 94 72
3 54 51 51 52 63 47
4 77 81 77 67 79 73
5 72 58 68 74 70 79
6 68 58 70 5 - 61
7 56 54 56 66 58 63
8 85 71 87 95 - 75
9 86 75 83 97 74 97
10 83 70 74 85 76 70
11 82 67 76 78 84 65
X 74 66 74 78 73 69
SEM 35 %33 I3s B I I3
X = Mean
SEM = Standard Error
EQ = Equilibration
SUN = Supine Non-exercise
STN = Standing Non-exercise
IN = Inverted Non-exercise
;
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Table 20. Diastolic Blood Pressure (mmHg) for subjects
exposed to supine, inverted, and standing
postures under passive conditions. -

Session IV
SUN IN STN
Subject EQ 3 EQ 3 EQ 3
1 61 54 63 58 66 74
2 57 51 55 53 61 65
3 83 76 87 79 92 -
4 84 64 78 87 80 89
5 75 52 73 68 72 74
6 58 59 59 82 87 62
7 80 68 79 67 82 87
8 91 82 87 79 83 87
9 69 66 72 67 66 80
10 67 51 77 56 64 76
11 91 82 82 71 87 87
X 74 64 74 70 76 77
SEM 38 136 I3 I34 I3z Do
X = Mean
SEM = Standard Error
EQ = Equilibration
SUN = Supine Non-exercise
IN = Inverted Non-exercise
STN = Standing Non-exercise




Table 21. Diastolic Blood Pressure (mmHg) for subjects
exposed to supine, standing, and inverted
postures under conditions of trunk flexion

exercise. - Session V
SUE STE IE
Subject EQ 3 EQ 3 EQ 3
1 60 61 64 72 60 61
2 73 88 83 84 71 77
3 59 73 55 68 76 73
4 84 78 81 84 85 75
5 83 70 78 82 81 84
6 75 62 83 77 73 68
7 69 70 72 76 59 77
8 - 82 79 85 78 75
9 93 87 106 84 83 78
10 69 70 80 79 81 70
11 90 68 70 81 83 68
X 74 74 77 79 75 74
SEM 3.0 %23 %39 gy Lar D2
X = Mean
SEM = Standard Error
EQ = Equilibration
SUE = Supine Exercise
STE = Standing Exercise
IE = Inverted Exercise




Table 22. Diastolic Blood Pressure (mmHg) for subjects
exposed to supine, inverted, and standing
postures under passive conditions.

Session VI
SUE IE STE
Subject EQ 3 EQ 3 EQ 3
1 68 63 65 65 66 76
2 72 88 78 80 87 81
3 58 59 52 68 51 68
4 82 83 80 88 69 77
5 77 66 77 77 79 83
6 66 65 72 62 69 72
7 63 71 70 68 68 76
8 85 74 88 70 89 86
9 88 82 90 78 98 97
10 81 67 75 71 80 77
11 77 64 34 64 83 84
X 74 71 76 72 76 80
SEM 2.9 f29 I33 e o 2.4
X = Mean
SE = Standard Error
EQ = Equilibration
SUE = Supive Exercise
IE = Inverted Exercise
STE = Standing Exercise
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Table 23. Third mean arterial pressure (MAP) (mmHg) response of subjects

exposed to supine, standing and inverted postures at rest and

during 45° hip-flexion activity.

SUN STN IN SUE STE IE
X 83 93 87 89 97 92
SEM +3.2 +4.0 +3.3 2.9 2.5 2.3
x = Mean
SE = Standard Error
SUN = Supine Non-Exercise
STE = Standing Non-Exercise
IN = Inverted Non-Exercise
SUE = Supine Exercise
STE = Standing Exercise
IE = Inverted Non-Exercise




Table 24. Mean Arterial Pressure (mmHg) of subjects
exposed to supine, standing, and inverted
postures under passive conditions. -
Session III

SUN STN IN

Subject EQ 3 EQ 3 EQ 3

1 87 72 84 81 88 75
2 100 103 102 113 114 96
3 73 72 68 73 80 71
4 100 95 91 91 84 88
5 88 76 89 83 96 69
6 90 70 91 94 - 85
7 72 72 75 78 77 87
8 99 82 97 104 - 95
9 99 97 94 139 85 111
10 96 80 84 94 93 91
11 88 80 95 93 93 80
X 90 82 88 95 88 86
SEM 31 35 I Ie Iz I3
X = Mean
SEM = Standard Error
EQ = Equilibration
SUN = Supine Non-exercise
STN = Standing Non-exercise
IN = Inverted Non-exercise
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Table 25. Mean Arterial Pressure (mmHg) of subjects
exposed to supine, inverted, and standing
postures under passive conditions. -

Session IV
SUN IN STN
Subject EQ 3 EQ 3 EQ 3
1 80 74 82 80 79 82
2 107 103 102 %4 106 98
3 72 87 74 86 88 78
4 96 97 9 103 102 -
5 94 78 94 100 86 97
6 86 78 &3 86 . 87 93
7 79 75 78 80 79 79
8 87 84 94 79 89 99
9 102 92 101 100 95 99
10 96 78 81 83 81 96
11 92 77 93 76 78 96
X 90 84 89 88 88 92
SEM 332 D29 29 29 I2g 2.4
X = Mean
SEM = Standard Error
EQ = Equilibration
SUN = Supine Non-exercise
IN = Inverted Non-exercise
STN = Standing Non-exercise
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Table 26. Mean Arterial Pressure (mmHg) of subjects
exposed to supine, standing, and inverted
postures under conditions of trunk flexion
exercise. - Session V

SUE STE IE

Subject EQ 3 EQ 3 EQ 3

1 75 73 75 77 78 83
2 92 100 102 94 86 94
3 81 105 79 94 33 97
4 98 98 93 91 92 94
5 102 90 100 96 87 89
6 87 85 93 90 85 77
7 81 84 86 91 81 91
8 - 93 94 108 91 94
9 114 94 120 110 104 88
10 84 88 96 93 97 94
11 100 81 81 96 101 90
X 91 90 93 95 85 90
SEM 35 twe fa 27 I fis
X = Mean
SEM = Standard Error
EQ = Equilibration
SUE = Supine Exercise
STE = Standing Exercise

IE

Inverted Exercise
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Table 27. Mean Arterial Pressure (mmHg) of subjects
exposed to supine, inverted, and standing
postures under conditions of trunk flexion
exercise. - Session VI

SUE IE STE

Subject EQ 3 EQ 3 EQ 3

1 83 79 72 82 76 87
2 93 100 89 106 105 107
3 74 86 59 93 68 23
4 93 97 92 101 43 89
5 92 76 100 104 97 98
6 88 85 99 89 89 110
7 75 93 90 93 87 90
8 101 89 99 81 95 104
9 101 108 106 100 113 107
10 95 78 90 89 90 100
11 89 89 97 83 93 95
X 89 89 90 93 87 28
SEM 2.7 B ha o I faa
X = Mean
SE = Standard Error
EQ = Equilibration
SUE = Supine Exercise
IE = Inverted Exercise
STE = Standing Exercise
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Table 28. Summary ANOVA for Assurance of Equilibration Prior to

Exercise and Non-exercise Postural Change.

DEPENDENT VARIABLE:
SOURCE

IC

EQ(ID)

MODE(1ID)

DEPENDENT VARIABLE:
SOURCE

ID

EQ(ID)

MODE (ID)

DEPENDENT VARIABLE:
SOURCE

ID

EQ(ID)

MODE(ID)

DEPENDENT VARIABLE:
SOURCE

ID

EQ(ID)

MODE(ID)

HEART RATE
DF SS F VALUE
10 11938.68 26.64
22 903.5 0.92
33 6104.17 4.13

SYSTOLIC BLOOD PRESSURE

DF SS F VALUE
10 6479.3544 11.77
22 1159.66 0.96
33 4462.56 2.46

DIASTOLIC BLOOD PRESSURE

DF SS F VALUE
10 10430.11 19.89
22 1242.17 1.08
33 3974.78 2.30

MEAN ARTERIAL PRESSURE

DF SS F VALUE
10 10209.99 11.88
22 1517.14 0.80
33 2640.11 0.93

PR> F
0.0001
0.58
.0001

PR> F
0.0001
0.53

0.0011

PR> F
0.0001
0.3947
0.0023

PR> F
0.0001
0.7112

0.5802




Table 29.

DEPENDENT VARIABLE

SOURCE DF
ID 1
EX 1
ORDER 0

DEPENDENT VARIABLE:

SOURCE DF
ID 1
EX 1
ORDER 1

DEPENDENT VARIABLE:

SOURCE DF
1D 1
EX 1
ORDER 1

DEPENDENT VARIABLE

SOURCE DF
ID 1
EX 1

ORDER 1
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: Oxygen Consumption(voz)

SS F VALUE

3.62 0.37
900.86 91.73

0.0 .

HEART RATE(HR)

SS F VALUE
135.31 0.16
9135.36 10.69
138.27 .16

SYSTOLIC BLOOD PRESSURE (mmHg)

SS F VALUE
4369.75 4.90
7816.66 8.78
801.98 .90

: DIASTOLIC BLOOD PRESSURE(mmHg)

SS F VALUE
1513.84 2.61
1721.61 2.97

174.52 0.30

Summary ANOVA to "Rule Out" Ordering Effect

PR> F
0.6928
0.0022
0.6896

PRy F
0.0328
0.0052
0.3488

PR) F
0.1143
0.0928

0.5864
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Table 30. Summary ANOVA to "Rule OQut" Ordering Effect
in regard to Mean Arterial Pressure(MAP)

DEPENDENT VARIABLE: Mean Arterial Pressure(mmHg)

SOURCE  DF  SS F VALUE PR F
1D 1 446.43 0.67 0.42
EXERCISE 1  2552.05 3.80 0.06
ORDER 1 19.45 0.03 0.87

Table 31. Summary ANOVA for Position and Mode(Exercise/Nonexercise)

DEPENDENT VARIABLE: Oxygen Consumption(voz)

SOURCE DF sS F VALUE  F,

ID 21 47.88 2.98 19.46.
POSITION 2 29.02 3.60  6.93
MODE 1 337.24 20.93  9.33
POSITION * MODE 2 16.11 2.59  6.93

DEPENDENT VARIABLE: Heart Rate(HR)

SOURCE DF SS F VALUE Fov -
ID 21 3568.76 1.45 22.14
POSITION 2 . 6851.73 7.79 3.49
MODE 1 3054.73 3.47 4.35
POSITION * MODE 2 634.57 .72 3.49

DEPENDENT VARIABLE: Systolic Blood Pressure(SBP)

SOURCE DF S F VALUE PRZF
POSITION 2 225.15 1.75 0.18
MODE 1 2974.74 1.75 0.0001

POSITION * MODE 2 94.8] 0.73 0.49
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DEPENDENT VARIABLE: Diastolic Blood Pressure(DBP)

SOURCE DF SS F VALUE
ID 21 4059.97 5.96
POSITION 2 2497.60 16.34
MODE 1 550.76 8.09
POSITION * MODE 2 166.91 1.23

DEPENDENT VARIABLE: Mean Arterial Pressure(MAP)

SOURCE DF SS F VALUE
ID 21 5339.91 10.50
POSITION 2 1401.62 13.21
MODE 1 886.67 17.26

POSITION * MODE 2 39.02 0.38

PR> F
0.0001
0.0001
0.0055
0.2974

PRy F
0.0001
0.0001
0.0001
0.6848




Table 32. TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLES:
OXYGEN CONSUMPTION, HEART RATE, SYSTOLIC BLOOD
PRESSURE, DIASTOLIC BLOOD PRESSURE AND MEAN ARTERIAL
PRESSURE.
DEPENDENT MEASURE: CONDITION: STUDENTIZED RANGE., MEAN
Oxygen Consumption Mode 2.80
Exercise 8.7
Rest 4.4
Position 3.62
Supine 6.9
Standing 5.4
Inverted 14.8
Heart Rate Mode
Exercise 82.8
Rest 70.5
Position 3.41
Supine 68.4
Standing 88.8

Inverted 73.0
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DEPENDENT MEASURE: CONDITION:

Systolic Blood Pressure
Mode

Exercise
Rest
Position
Supine
Standing
Inverted
Diastolic Blood Pressure
Mode
Exercise
Rest
Position
Supine
Standing
Inverted
Mean Arterial Pressure
Mode
Exercise
Rest
Position
Supine
Standing

Inverted

STUDENTIZED RANGE(y MEAN

2.8 (min Significance =2.79)
128.42
118.83
3.35
123.25
122.25
128.25

2.8 (min §ignificance = 2.85)
75.5
70.6
3.36
69.5
78.5
71.25

2.80
92.47
86.84
3.36
86.0
95.0
89.5
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Appendix C
Informed Consent
and
Human Subjects Committee Approval
BUMAN PERFORMANCE LABORATORY

Division of Health, Physical Education and Recreation
Virginia Polytechnic Institute and State University

INFORMED CONSENT

I, » do hereby voluntarily agree and consent
to participate in a tasting program conducted by the personnel of the Human
Performance Laboratory of the Division of Health, Physical Educatfon and
Recreation of Virginia Polytechnic Institute and State University.

Title of Study: Acute Hemodynamic Effects of :ggf Inversion With Exercise
Using the Gravity Guider Systen?

The purposes of this experiment {nclude:

The pufpose of the study is to investigate the acute hemodynamic (blood
flow) efiects of body inversion with exercise.

I voluntarily agree to participate in this testing program. It is mv undexr-
standing that wy participation will imclude:

1) One graded exercise test which will be ¢5% of pPre:icted HR maxizur in
nature and will last approximately &-10 minutes.

2) Assumption of the supine, standing, and inverted pcsitions for three
minutes (2 trials).

3) Exercise (hip flexion from O to 45 ) in the supine, standing, and
inverted position for three minutes (for 2 trials).

4) Finger tip samples of blood will be obtained once during each position.

5) A mask will be worn so the experimenters can measure pPulmonary changes
during the test.

6) Each trial shall be separated by one week for a total of four weeks.




1 understand that participation in this experiment may produce certain dis-
comforts and risks. These discomforts and Tisks include:

1)
2)
J)
4)
5)

6)
7)
8)
9)
10)

Changes in heart rate and rhytham.

Extreme changes in blood pressure.

Fainting.

Very rare instances in heart attack during the graded exercise test.

Very rare cases of red sports (periorbital petechia) or -discolorizations around
the eyes or on the forehead which typically diminish when returned to the
upright position.

Stroke - in which there have been mo reported cases.

Infection.

Temporary ankle, knee or back pain.

Sinus congestion.

Abdominal soreness (from hip flexion exercise).

Certain perscnal benefits may be expected from participation in this experi-
mest. These include:

Determination of fitness level up to 85X of the age predicted heart rate maximum.

Measurement of hematocrit which is the volume percentage of red blood cells in

whole blood.

Measurement of hemoglobin wnicn is the oxygen-carrying pigment of the red blood

cells.

Appropriate alternative procedures that might be advantageous to You include:

None.




I understand that any data of a personal nature will be held confidenrial and
will be used for research purpeses only. I also understand that these daza
may only be used vhen not ideatifizble with ma.

I understand that I may abstain from participaticn in any part of the experizea
or withdraw from the experiment should I feel the activities might be injurious
to my health. The axperizentar =ay also terminate @y participation should he
feel the activizies ®ight be injurious to wy health.

I underscand thar 1t 4s 2y pearscual responsibility to advise the rasearchers
of any pPreexisting medical problem that uay affect my participatiocn or of
any medical problems that might arise in the course of this experiment and
that 0o medical treatment or coxpensation is available ¢ injury is suffered
&8 & result of this researck. 4 talepbone is available which would be used
20 call the local bospital for ezargency service.

I bave read the above statements and have had the opportunity to ask questioms.
I understand that the Tesearchers will, at any tize, azsver my inquiries
conceraing the procadures used ix this experiment. .

Scientific inquiry is iadispensable to the sdvancement of ovliedge. TYour
particlpation ia this experizesat Provides the investigator the opportunicy
to conduct asaniagful sciescific observations designed to make sigaificant
educaticnal cemtziburionm.

LI you would like to receive the results of this {avestization, please iadicate
this choice by 2ackiog iz the appropriate sSpace provided belsw. 4 copy will
thea bde dist=ibuced to JOu as socn as the Tesults ace =acde available 57 the
iSvestigatsr., Thazk yeu for Jwgisg this izporiart comezdbuzionm.

I Teques: a copy 37 the resul:s of this scudy.

Daze Tize a.3./p.3.

Pazticizant Sigzature

wizzess
EPL Personsel
Projecs Direczor Taleghecne
APR Zuman Subjects Chais=az  Dr. Yon Sebecl: Teleprone
—— OO _O€bC.t

Jr. Charles Waring, Chairaan, Iastitusiona  Review 3oard for Research
~ovolving Humar Sublects. Phene .
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HUMAN PERFORMANCE LABORATORY

Division of Health, Physical Education and Recreation
Virginia Polytechnic Institute and State University

Pretest Screening for Exercise
During Various Postural Exposures

PART I. SELF-ADMINISTERED INTERVIEW

Name - Date:
Occupation
Age Sex
Campus Address
Home Address
Work Phone No. Home Phone No.
Family Physician City
MEDICAL HISTORY
1. 1Indicate nature of condition* for male members of immediate family.

Personal

Grandfather
MATERNAL
PATERNAL

Father

Brother(s)
Uncle(s)

* Coronary arthery disease, angina pectoris, coronary thrombosis, rheumatic
fever, cardiac enlargement, valvular heart disease, arrhythmia, other.

Have you ever experienced any of the following (please check the circum-
stances in which they occur):

chest pain — 8t Test ____  at exertion — cold weather __ emotion

chast pressure __ at rest —~—— &t exertion __ ) cold weather emotion
discomfort/pain 1n jaw at rest ____  at exertion —— cold weather _emotion
——disconfprt/pain in teeth at rest ____ at exertion ___ cold weather__ emotion
—— _discomfort/pain in throat — &t rest at exertion ____ cold veather_  emotion
—— disconmfort/pain 1in elbow at rest at exertion ____ cold weather__emotion
discomfort/pain in wrist —_ &t rest at exertion ___ cold weather_ emotion
palpitations/skipped beats ___Aat rest At exertion cold weather__emotion




3. Do you ever suffer motion sickness (please explain)?

4. Have you or do you suffer any eye, ear, nose, or throat condition that might
pPreclude your being tilted to the upside down position? .

S. Have you ever suffered spontaneous nosebleeds, hearing loss, or pain in the face,
head, ears, eyes, or throat?

6. Have you ever broken any bones(if yes, please explain)?

7. Do you suffer any back or joint problems(if yes, please explain)?

8. Please comment on any condition you might have that would prevent your participation
in this study involving exercise in various postural exposuras.
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PART II. SCREENING MEASUREMENTS

Name Date
STATION 1
Age
Sex
Height cn
Weight kg
Boay Composition
Male Female
Chest Triceos
Abdemen Supra-iliiac
Thigh Thigh
Total Total

comouted 3cav Fat

87cod Pressure

STATION II

Cemputed 2ocy Fat

arm

|




1. Do you smoke tobacco products?
If yes, complets the following.

2. What kind of tobacco products?

cigarectes [ ]
cigars {]
pipe [1]

3. Over a typical week how much would you smoke?

1-2 cigarettes a day [
3-5 cigaretzes a day {
6-9 cigarettes a day [
hall a pack (10) a day [
11-15 cigarectes a day [
16-19 cigarettes a day [
one pack (20) a day [
21-25 cigarettes a day [
26-29 cigarsctes a day [
one and a half pack a day [
32-35 cigaretses a dav [
36-39 cigarstzes a dar [
two packs a day [
[oTe than two packs a cay [
Specify amount:

yes [ J oo [ )

1-2 ‘eizars per day {
3-4 cigars per day {
5-6 cigars per day [
7-8 cigars per day [
8-10 cigars per day |
more than 10 per day |
speciiy amount:

ot S St el e s

S M e A e e e et et el Cd s

o~

. Tour Sraad of cigarecses:

7ouz Srand of cigars:

IZ rou smoke a pice, estimatae

tn
.

1/8 oz. per week {
1/4 oz. per week {
1/2 oz. per week [
3/% oz. per week [
one 0z. Per week (
20re than one 0z. s week [

specily asmount:

the oswnces of ssbacco smoked Per week.

[N Y P

Brand(s):
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Have you ever had an exercise or fitness evaluation? If yes, please
explain
Are you taking any medications on a regular basis? No Yes

If yes, please iist any and all medications you are taking (both prescriotion
and non-prescription drugs.)

Name of Medication Cosaae Sosas per Dav

ZERCISE/ACTIVITY HISTORY

are you currently involved in a regular exercise oragram (3 zays/week)?
-0 sou weguiarly walk or run one cr more =wilas sanTinuousiy? -
:F ses, averace aumcer oF miles you cover zer wcricut Sr 2ay: miles
what is ycur aversce time per mile? minutas:seccnas

Please cnecx the Toiicwing spcres/activities in wnicn you have par<icicatea

avyar =n - - 2 - -

Sver TnNe Zast o nontns. ?.",’.'é?'.:'...'/

aCTiviTy Czve/eak “Ain/Tav . 20T AoCEraTa iTagrous
pei R NEA

casketdal’

sizyeiing

¢zl istnenics

sancing

zn0cDing weea

30i¥ [without cars)
panchal’

mountain climping/

hiking
ricguetdali
swimming

tannis
~eight training
dther

stner

other




Principal lInvestigator(s) Thomas J. Ray Deparzsent HPER .
Project Tiele Acute Hemodynamic Effects of Body InversTon wi Xercise Usina the

Source of Support: Departaental lcnu:hm Sponsored Resesrch D Proposai No.

1. The criteria for "expedited review” by the Institutional Review 3oard for 8 project
iavolving the use of huaan subjects and with minimal risk® is sne or zore of the
following. Please initial A1l applicable conditions and provide a substantiating
statement of protocol.

8. Cellection of:

8) bair or nail clipping in a aon-disfiguring sanner;

b)  deciduous teeth;

€) permanent teech if patient care indicates aeed of extraction.
b. Collection of excrets and external secTetions: sweat, uncanulated salivs, placenta
Tesoved at delivery, smmiotic fluid obtained at tine of rupture of the membrane.

€. Recording of data froa sudbjects 18 years or older, using noninvasive procecdures
Toutinely empleyed in clinical practics. Exemption does not include exposure
to electromagnetic radiation outside the visible range.

d. Cellection of blood samples by venipuncsure (not exceeding 450 al/8 week period,
and no more than twice a week) from sudbiects 18 years or older, in good health
and not pregnant.

Colleciion of supra- and subgingival dental plaque and Calculus, provided the
precedure is no more invasive than routine scaling of the teesh.

f. Voice readings.
§. Noderate exsrcise by healthy valuncesrs.

h. Study of existizg data, documents, records, pathologica! specisens or diagostic
speciaens.
i. Research on drugs or devices fer vhich an invessigational sxempiion {5 not requirec.

00 @ do o

2]
.

1f the project iavolves huzan sudjects vho are exposed 3o "mors than :ningl risk” and
8Te nct covered by the criteria sbove (8 20 i), the IRS review 3usT iavolve She fu!l

IRS bosrd. Plesse check 1f the sesearch iavolves 0Te than aizissl riske* O and provide
8 substantiating stateaent of protocol.

3.  Muman subjects would Se olved in the rroposed aczivity as either:
Miaors and/or Qhildrene Fetuses b ortuses [, Pregranc Wower [, Prisoness cC.
Meataily Retarded [} Mentally Disabled [ ],

Note that if :hildren are invelved {n the research as Muman subjects, they aay have 22
PTovide consent as well as their Fazents.

Whether or net the project 3ay undergs "expedited review'’ or aust Ye Teviewed by the
£4l1 Instivutionai Review Bosrd, it is Recessary that the required :aformed songent
foras also be reviewed. These should be submitted with she preposal. However, if

there is insufficient time %o meet the sponsor’'s desdline, submiszal c1a be delayed up
T0 thirty days after submittal of the proposal without jeopardizirng the IR3 sertificazion
to the prospective speasor.

® Minisa: risk mesns that the risks of hars anticipated in the FTOposed resear:h are not
Jreater, considering the probadility and Bagnitude, than these ercountersd in daily life
or during performarce of routine physical or psychological exaninstions or tests.

“*Sublect at risk is an individusl who a8y de exposed to the possidility of injury as
consequence or participstion as a subjec: in any resesrch, develcpmens or related sctivigy
which departs from the spplication of those estadlished and sccepted sethods aecessary o
eet Nis needs, or which increases she ordinary risks of daily life, including the recognized
risks inherent in a chosen occupstion or field of science.

This is to certify that the Project identified sbeve will be carried out as approved by the
Human Subjec: Review Boaxd, and will neither be 30dified nor carried cut deyona the perioc
Qprwlw without expressyreview And, approval the Board.

,ﬁg ture: 5#!"-3.2!‘&1 uvu-owﬁu

The Human Subjects Review Board R8s Teviewed :he protocol & entified adove, as it involves
husan supiects, and heredv ApFroves the conduct of the ;ro o2 for TONths, at which :ime
the protaca. sust de Tesuom:tted for approva?,cs continue -

dignature: 3oard C:u;nann\ut.\.#;:« Reviewer Date

*Gravity Guider Syste
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CERTIFICATE
OF
APPROVAL FOR RESEARCE
INVOLVING EUMAN SUBJECTS

Division of HPER

The Human Subjects Committee of the Division of
Bealth, Physical Education and Recreation has reviewed

the research proposal of
Thghaéxs. Ray

entitled_Acute Hemodynamic Effects of Body Inversion with Exercise
_Using the Grayity Guider System

The menbers have judged the subjects participatirg
in the related experiment (not to be at risk) as a
result of their participation.

(If a risk proposal) Procedures have been adopted
to control the risks at acceptably low levels. The
potential scientific benefits Jjustify the level of risk
to be imposed.

Members of Divisioral
Euman Subjects Committee

— fChairman i Pate

- ! iy ~Pate
‘ /Date ‘

Date
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REQUEST FOR APPROVAL OF RESEARCH PROPOSAL
IN THE DIVISION OF HPER

Submitted to
Dr. Don Sebolt
Chairman, Division Human Subjects Committee and/or
Chairman, Institutional Review Board
by

Thomas J. Ray
Principal Investigator

TITLE: Acute Hemodynamic Effects of Body Inversion with Exercise Using the

Gravity Guider System
BACKGROUND/SCIENTIFIC JUSTIFICATION: Research on the acute hemodynamic effects
of body inversion with exercise has proven inconclusive. John D. LeMarr and

associates(1983) examined cardiovascular respomses to passive inversion. Sig-

nificant increases in systolic and diastolic blood pressure were observed.

Recommendation for further study on exercise in the head down position was

suggested. See attached research proposal entitled "Acute Hemodynamic Effects
of Body Inversion with Exercise Using the Gravity Guider System.
PURPOSE(S): The purpose of this investigation is to examine the acute hemodyn-

amic effects of exercise in the inverted position.

EXPERIMENTAL METHODS & PROCEDURES: The experimental methods and procedures shall

be performed as descrided in the attached research proposal.

STATEMENT DESCRIBING LEVEL OF RISK TO SUBJECTS: _Risks of any exercise test include:
1) changes in the rhytnm of the heart, 2) extreme changes in blood pressure,

3) fainting, and 4) very rare instances of heart attack. Risks of the inversion

of the body include: 1) changes in the rhythm of the heart, 2) extreme changes

in blood pressure, 3) very rare cases of red spcts(periorbital petechia) or

discolorizations around the eyes and on the forehead which diminished when

returned to upright position and 4) cerebrz) vascular iden - %)

there have been no reported cases. The only risk from the blood sampling pro-

cedure is infection.
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PROCEDURES TO MINIMIZE SUBJECT RISK (IF APPLICABLE): This study will use
only physically active volunteers (ages 18-28 years) who have been found to

tolerate inversion without complication® Research technicians include

American College of Sports Medicine (ACSM) Certified Exercise Test
Technologists. Heart rate and rhyths will be monitored electrocardiographi-

cally, continuously during and immediately post trial. Tests will terminate

due to any bf the ACSM termination criteria (ACSM, 1980). Blood tests will

be obtained with finger tip samples by the principal investigator. The

risks for this type sampling procedure are minimal when clinically aseptic
techniques are used. The principal investigator and other technicians
shall "spot" each subject durinpg movement to ensure abrupt actions do not
allow the subject to fall. Furthermore, the equipment is specifically

designed to be stable during exercise in the inverted position.

RISK/BENEFIT RATIO (1F RISK PROJECT): _ The benefits of testing will be to
provide the clinical community with information regarding the acute
hemcdynamic responses to exercise in the inverted position. Very recent
research published by LeMarr and co-workers (1983) and Klatz and co-workers
_(1983) investigated inversion of the body using the equipment addressed in
the attached research prospectus without complication.

* Tncse persons experiencing a systolic blood pressure of 175mm Hg. or greater
and’c~ 110mm Hg. diastolic on inversion shall be excluded from the test.
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INVED 1IGAIJUN INVOLVING HUMAN SUBJECTS

Principal Investigator(s) Thomas J. Ray DepartaentHealth, Phys. Educ. & Bécr.
Project Title Acute Hemodynamic Effects of Body Inversion w xercise Using the

Source of Support: Departsetal Research | ] Sponsored Research Propossl No. Gravity Guic

1.  The criteris for "expedited reviev” by the Iastitutional Review Board for a project
isvelving the use of uman subjects snd with xinimal risk® is one or more of the
following. Please initial 81l applicable conditions and provide a substantisting
statement of protocol.

8. Collection of: . .

8)  hair or mail clipping in & mon-disfiguring msanner;

d) deciduous testh; !

€) permanent teeth if patient care indicstes need of extractiom.

b. Collection of excrets and externsl secretionms: swest, uncanulsted salivs, placents
removed at delivery, amniotic fluid ebtained at time of fupture of the mesbrane.
€. Recording of dats from sudbjects 18 years er older, using monisvasive procedures
routinely employed in clinical prectice. Exemption does mot iaclude exposure
to electromagnetic radistion sutside the visidle Tange.

d. Collection of blood samples by venimmcrure (mot exceeding 450 ml/8 week peried,
and no moTe than twice & week) from subjects 18 years or older, ina good health
and not pregnant.

Collection of suprs- and subgingival dental plaque and calculus, provided the
procedure is no more imvasive than routine scaling of the teeth.

f. Voice resdings.

8. Moderste exercise by healthy volunteers.

B.  Study of existing dats, documents, records, pathological specisens or disgnostic
specimens .

i.  Research on drugs or devices for which an investigational exemption {s mot required.

1f the project involves human sudjects who are 4xposed to "wmore than minimal risk” and
are not covered by the criteris above (s to i), the IRD reviev must invelve the full

IRD board. Plesse check if the research involves more than minimal riske*® and provide
8 substastisting statement of protecol.

"OOOO0 O 00 O

3. HMuman subjects would be lved in the proposed activity as either:
Minors and/or Qhildren® | ] Fetuses ortuses [} Pregnant Nowen [, Prisonmers [J,
Mentally Retarded Mentally Disabled

Note that if children are involved in the research as humsn subjects, they msy have to
provide consent as well as their parents.

Whether or not the project msy undergo "expedited review” or must be reviewed by the
full Institutional Review Sosrd, it is mecessary that the required informed consent
forms also be reviewed. These should be submitted with the proposal. However, if

there is insufficient time to mest the sponsor's deadline, submittal can be delayed up
to thirty days after submittal of the propossl without jeopardizing the IRB certification
to the prospective sponsor.

® Minimal risk mesns that the risks of hara anticipsted in the proposed research are not
greater, considering the probadility and magnitude, than those encountersd in daily life
or during performance of routine physical or psychological examinstions or tests.

**Subiect at risk is an imdividual who may be exposed to the possidility of injury as a
consequence of participstion as a subject in any research, development or relsted activity
which departs from the spplication of those established and accepted methods necessary to
@eet his needs, or which increases the ordinary risks of daily life, including the recognized
risks {nherent in s chosen occupstion or field of science.

This is to certify that the project identified sbove will be carried out as approved by the
Human Subject Review Board, and will meither be modified nor carried out beyond the period
spprovad belgr fithout erpress reviev and spproval by the Board.

sture: Principel Investigat Te gRature: ta over/Date

The Human Subjects Reviev Board has reviewed the protecol identified adove, as it involves
human subjects, and hereby spproves the conduct of the project fer sonths, at which time
the protocol sust be resubmitted for approval to comtimue.

Signature: Board Chairsan/Authorized Reviewer Date

System
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