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In brief: The effects of gravity inversion os-
cillation procedures on systemic blood pres-
sure (BP), pulse rate, intraoccular pressure,
and central retinal arterial pressure were stud-
ied. Twenty healthy men oscillated between
the upright and inverted state from 80 to 150
times during a 15-minute period. Measure-
ments were made in the completely inverted
stage of a cycle at 5; 10, and 15 minutes.
Systemic BP fell throughout the 15-minute
oscillation period. Both systolic and diastolic
pressure were significantly reduced in each
measurement period. Pulse rate also de-
creased on inversion and throughout the os-
cillation period. Intraocular pressure rose ini-
tially, then fell slightly, but was still elevated
above preinversion values. The authors con-
clude that full inversion using an oscillation
procedure presents no risk to normotensive
healthy subjects.

ravity inversion refers to the prac-
tice of hanging suspended in the

position. More appropriately called
static gravity inversion, this procedure uses
boots that clamp around the ankle joint and
permit an individual to hang from a horizontal
bar. Since its development in the late 1960s,
static gravity inversion has been used for many
unlikely applications, including weight lifting
while in the inverted position.> However,
early reports of periorbital petechiae,> head-
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fully inverted (— 90° head-down)-

Figure 1. The decreases in systolic and diastolic systemic BP and puise
rate may result from the calm and relaxation that osciliation affords.

aches, and a sensation of head pressure
prompted several studies on the effects on
blood pressure (BP), intraocular pressure, and
central retinal arterial pressures.*® These stud-
1es reported increases in all of these pressures.
The mechanism underlying the increase in sys-
temic BP seems to be a CNS response to the
anxiety associated with inversion procedures®
and not solely a result of an increased cardiac
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In inversion
oscillation a
person is
placed on a
counterweighted
tilt board that
rotates freely in
a circular plane.

oscillating inversion continued

preload caused by venous return.>7-1¢

The fully inverted state can also be accom-
plished using oscillation inversion techniques.
In oscillation inversion a person is placed on
a counterweighted tilt board that rotates freely
in a circular plane. Figure 1 illustrates the op-
eration of a gravity oscillator. The subject con-
trols the rate of rotation with small movements
of the legs and back. Oscillation procedures
were developed to minimize the discomfort
that can be experienced with static inversion
and to provide dynamic force on the skeleton.
Since the subject has control of the inversion
procedure, and since the length of time in the
fully inverted state is determined by the pa-
tient’s tolerance, there is less of the anxiety
and/or sensation of prolonged cranial conges-
tion that is common during static inversion.

Static inversion procedures were initially
very popular. 24!t Lately, the newer oscillation
procedures have become increasingly wide-
spread. Because static inversion increases BP,
intraocular pressure, and central retinal pres-
sure and because the increases in BP are
thought to be related to anxiety, this study
measures these pressures during gravity oscil-
lation procedures.

Methods

Twenty healthy men (average age 25 years,
weight 179 1b, and height 5 ft 10 in.) volun-
teered to be subjects. None had any history of
hypertension or glaucoma. The subjects were
briefly trained to operate gravity oscillation
equipment. Their systemic BP, pulse rate, in-
traocular pressure, and central retinal arterial
pressure were measured in the upright seated
position. The subjects were then allowed to
oscillate for 15 minutes. Each full cycle (from
upright to.fully inverted and back to upright)
was at least six seconds. Thus, each subject was
fully inverted 80 to 150 times during the 15
minutes. At 5, 10, and 15 minutes the systemic
BP, pulse rate, intraocular pressure, and central
retinal arterial pressure were measured while
the subject was inverted.

Pulse rates were taken from the radial pulse
of the right wrist. A Propper sphygmomanom-
eter and a Littmann cardiology stethoscope
were used to measure BP with the right arm
supported laterally at heart level for all mea-
surements. Intraocular pressure was measured

using a MacKay-Marg Model 12 applanation
tonometer. Ophthalmodynamometry wag
used to measure central retinal arterial pres.
sure.'? In this technique the instrument probe
of the tonometer was placed on the sclera of
the anesthetized eye (one to two drops of 0.5%
proparacaine HCI) just adjacent to the limbus.
The arteries were visualized using a direct
ophthalmoscope at the optic disk. The pressure
was recorded at first pulsation of the arteries,
The pressure on the globe was then continually
increased until pulsation ceased. The first pul-
sation was recorded as the diastolic pressure,
and the latter was the systolic pressure.

Means and standard errors were calculated
for the following variables: systemic systolic
and diastolic BPs, pulse rate, central retinal
systolic and arterial pressures, and intraocular
pressure. Statistical significance was deter-
mined using a Student’s t-test suitable for
paired data with p <<.05 (two-tailed test) con-
sidered significant.!?

Resuits

Both systolic and diastolic BP decreased on
inversion. Systolic pressure fell from 123 + 1.6
(upright) to 121 = 1.2 mm Hg (inverted po-
sition, measured at five minutes). Diastolic
pressure fell from 81 == 0.7 to 80 &= 0.6 mm Hg.
BP in the inverted position was significantly

" lower at each successive recording (table 1).

Average pulse rate before inversion was
69 #= 1.8 beats-min-'. At five minutes inverted
it was 66 =+ 1.9 beats'min-!. At ten minutes
pulse was 65 + 1.8, and at 15 minutes it was
64 = 1.9 beats-min-!. The decreases from ini-
tial to five minutes and from five to ten min-
utes were statistically significant. The decrease
seen between the 10- and 15-minute measure-
ment times was not statistically significant (ta-
ble 1).

Both systolicand diastolic central retinal pres-
sure increased on inversion (table 2). At the
five-minute measurement point the systolic
pressure had risen from 54 + 3.1 to 91 # 3.2
mm Hg, and the diastolic pressure rose from
32+ 2.8 to 50+ 3.2 mm Hg. No statistically
significant changes occurred during the 15-
minute oscillation period.

Intraocular pressure increased on inversion.
Average intraocular pressure was 17 == 0.3 mm
Hg in the upright position and 33+ 0.8 mm
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Hg after five minutes of oscillating inversion.

The pressure dropped from to 32 += 0.7 mm
Hg at 10 minutes and 31 =0.7 mm Hg at 15
minutes. These decreases in intraocular pres-
sure observed were small but statistically sig-
nificant (table 2).

Discussion

Studies in both normotensive*¢ and
hypertensive’ subjects using static inversion
showed increases in BP, pulse rate, intraocular
pressure, and central retinal arterial pressure.
Analysis of these increases,*® however, sug-
gested that the elevated BPs resulted from cen-
trally mediated neural events, probably the
anxiety attendant with inversion. The exten-
sive literature from carefully controlled tilt ta-
ble experiments verifies this hypothesis: Tilt-
ing does not cause an increase in BP because
the increase in venous return observed in tilted
subjects is offset by a reflex-mediated decrease
in heart rate.®*'“!¢ Thus, in the static inversion
studies, the rise in both heart rate and BP sug-
gests some process other than the increase in
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cardiac preload caused by inversion.®

In this study the subjects reported a calm,
relaxed feeling of well-being while operating
the oscillation equipment. Their ability to con-
trol the degree and duration of inversion and
avold a prolonged (static) inversion posture
resulted in a relatively anxiety-free situation.
The decreases in systemic BPs and pulse rates
observed presumably reflect this feeling of
tranquility. The fact that BP continued to fall
throughout the 15-minute inversion period is
especially significant because it suggests that
the procedure can relax subjects even beyond
resting levels.

The increases in intraocular pressure and
central retinal arterial pressure reported here,
as in previous studies on static inversion, are
hydrostatic effects.+® That is, in the inverted
position, the column of blood between the
heart and head will cause an increase in pres-
sure in the vessels of the head. Venous disten-
sion will allow accumulation of blood in the
extracranial vessels. Increase in intraocular
pressure presumably occurs as a result of an

continued
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oscillating inversion continued

increased resistance to aqueous outflow from
an elevation of episcleral venous pressure sim-
ilar to that seen when a person changes from
a sitting to a supine position.'”'? It is well doc-
umented that the increase in cerebral (intra-
cranial) BP is balanced by increased interstitial

See related article
on page 85.

hydrostatic pressure.>8!420 Even in the vessels
of the eye, however, the increased BP is bal-
-anced by increases in intraocular pressure.?!
Further, the risk of stroke expressed in pre-
vious studies appears to be exaggerated. There
have been no reports of stroke, cerebrovascular
accident, or any serious injury with properly
functioning gravity inversion equipment. Pro-
tection against brain hemorrhage may be af-
forded by the concomitant increase in cere-
brospinal fluid (CSF) and the “closed box”
system of the skull.2? One may be at greater
risk of stroke during strenuous weight training
or severe anxiety in the upright posture, which

would not provide those protective CSF ele-
vations. The unexpected finding in the present
study of a progressive decrease in intraocular
pressure as the oscillation period continued is
most interesting and invites further study. It
may reflect the decrease in systemic BP.

In conclusion, oscillating inversion proce-
dures, unlike static inversion, decrease both
systolic and diastolic systemic BP and pulse
rate. These decreases may result from the re-
laxed and calm emotional state that oscillation
procedures afford. We conclude that full in-
version using an oscillation procedure presents
no risk to normal subjects.
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