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This study examined the influence of cardiorespiratory fithess (CRF) on mean
heart rate (HR), systolic blood pressure (SBP), and diastolic blood pressure (DBP)
responses to slow head-down tilting. Twenty-four young, healthy volunteers were
tilted randomly from the horizontal plane to —30, —60, and —90 degrees with
lower limbs extended or flexed. A multivariate analysis of variance between three
independent variables (level of CRF, tilt angle, and lower limb position) and three
dependent variables (mean HR, SBP, and DBP) was performed on the cardiovas-
cular changes from an initial horizontal baseline value (absolute change) and
from a horizontal value that immediately preceded tilting angles (relative change).
The results for significant absolute cardiovascular changes indicated a CRF
influence on HR increase (F = 6.42, p < .05), a tilt-angle influence on SBP increase
(F = 9.56, p < .001), and DBP increase (F = 6.49, p < .01) and an interaction
influence between CRF level and limb position for DBP (F = 5.83, p < .05).
Significant relative cardiovascular change was noted for tilt-angle influence on
HR (F = 9.04, p < .001). We conclude, therefore, that physical therapists should
consider the CRF of individuals and the tilt angle to be used before they conduct
slow head-down tilting for therapy.
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Health and fitness enthusiasts of all
ages and at various levels of cardiores-
piratory fitness (CRF) literally are flip-
ping head-over-heels with various head-
down tilting appliances. As a result of
this therapy for the prevention and man-
agement of certain musculoskeletal dis-
orders of the low back and because of
the concurrent pursuit of aerospace ex-
plorations, a keen interest exists in the
cardiovascular responses to change
when the resting, physiologic, upright
posture is disturbed.'-

Hydrostatic pressures strongly influ-
ence the circulatory system, thus, pro-
ducing a tendency for the blood to pool
in the dependent regions, whether the
head is up or down.® The hydrostatic
influence of gravity on the circulation
represents a primary alteration of intra-
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vascular pressures to cause a patterned
parasympathetic depression response in
the head-down position (negative G)
and a sympathetic pressor response in
the erect position (positive G).'-*¢ Con-
sequently, the heart rate (HR) slows dur-
ing head-down tilting because when
blood is redistributed to the upper por-
tions of the body, the baroreceptors are
stimulated to cause vagal stimulation,
which augments cardioinhibitory re-
sponses.' In addition, a decrease in sym-
pathetic vasoconstriction activity causes
a reflex vasodilatation of the peripheral
vascular bed.'* Even though no reports
have cited serious cardiovascular com-
plications, concern for public safety has
led to the creation of precautions and
contraindications to be followed during
head-down tilting.**’

Barnard® and Scheuer and Tipton®
have suggested and observed that cardi-
orespiratory endurance training causes
the heart to become less sensitive to
sympathetic stimulation. We, therefore,
may anticipate different cardiovascular
responses during head-down tilting in
trained versus untrained individuals.
Lamb and Roman tested 110 individ-
uals (age range, 20 to 45 years; health
status and sex unreported) for their ex-
ercise tolerance (ie, physical fitness) on

a treadmill and for HR and cardiac
rhythm responses to a 45-degree head-
down tilt (from a head-up position) for
one minute.® Their findings indicated
that exercise tolerance was not a signif-
icant factor in altering the level of
vagotonic rebound (indicated by a
reduction in mean HR) induced by
head-down tilting. Stegemann et al as-
sessed the blood pressure (BP) and HR
changes in 25 endurance-trained ath-
letes and 25 nonathletes (mean age, 22
years) who were in the supine position. '
They changed the transmural pressure
in the carotid artery using, around the
head, a sealed pressure chamber that
had its inside chamber pressure altered
from —60 mm Hg to +60 mm Hg. Their
findings indicated that, as carotid trans-
mural pressure increased, the untrained
subjects showed greater and steeper re-
ductions in BP and HR than the trained
subjects. Other more recent head-down
tilting investigations, however, leave un-
resolved the question of whether one’s
fitness level can influence the nature and
degree of cardiovascular responsiveness
to head-down tilting, because the fitness
levels of the young, healthy volunteers
in these studies were unreported.*’

The purpose of our experimental
study, therefore, was to determine
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whether the level of CRF significantly
influences the cardiovascular responses
to head-down tilting. Specifically, we
examined mean changes in HR, systolic
blood pressure (SBP), and diastolic
blood pressure (DBP) according to high-
and low-CRF groups. Our experimental
hypothesis was that, at comparable an-
gles and lower limb positions during
slow head-down tilting, the mean HR,
SBP, and DBP responses would be less
for subjects with a high level of fitness
than for subjects with a low level of
fitness.

METHOD
Subjects

Twenty-four volunteers (12 men and
12 women), who were recruited from a
college campus community and who
had no experience with head-down tilt-
ing, gave their informed consent to par-
ticipate in this study. After screening,
they were determined to be at low risk
for cardiovascular disease, to be without
lower extremity joint problems, to show
no signs of overt obesity, and to be
taking no medications. A symptom-lim-
ited maximal graded exercise test on a
bicycle ergometer'' was used to deter-
mine a high-CRF group (n = 10) and a
low-CRF group (n = 14) (Tab. 1). The
high fitness group scored “good” or bet-
ter on an estimate for maximum oxygen
uptake,'? and the low-fitness group
scored “average” or below on this same
estimate.

Design

The design of this study was split-plot,
or mixed, with one between-group fac-
tor (fitness level) and two within-group
factors (tilt angle and position of the
lower limbs).

Materials

Exercise stress was provided with a
Monark Model 850 bicycle ergometer.*
Percent of body fat estimates were de-
rived from skinfold measurements
taken with a caliper by Lange.t Auscul-
tatory blood pressure measurements
were made using an S/D-600™ Series
Digital Sphygmomanometer with auto-
matic deflation and a standard cuff.i

* Monark—Crescent AB, Varberg, Sweden.

+ Cambridge Scientific Industries, PO Box 265,
Cambridge, MD 21613.

1 G&W Applied Science Laboratories, 335 Bear
Hill Rd, Waltham, MA 02154,
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TABLE 1
Group Descriptive Statistics According to Levels of Cardiorespiratory Fitness
High Low
Fitn?ass Fitness Between-Group
Characteristic (n =10 (n=14) Difference
X s X s t

Age (yr) 27.6 54 25.4 73 0.83
Height (cm) 164.7 114 172.4 11.8 1.60
Weight (kg) 57.5 124 68.9 16.1 1.92
Body fat (%) 16.3 44 17.7 6.0 0.64
Maximum MET? estimate 11.4 0.9 9.5 1.0 473
Bicycle ergometer peak work

load (kpm/min) 1005.0 2455 10179 2833 0.12
Maximum heart rate (bpm) 184.0 5.9 191.2 10.9 1.98
Maximum systolic blood pres-

sure (mm Hg) 206.0 23.4 203.8 17.8 0.26
Maximum diastolic blood pres-

sure (mm Hg) 79.5 10.6 78.1 16.8 0.24
Three-minute recovery heart rate

(bpm) 122.9 10.1 140.4 159 3.17°

?One MET equals the average oxygen cost at rest per kilogram of body weight, which is

approximately 3.5 ml O,-kg™'-min~".
® Significant at the .01 level.

Heart rates were sampled using a single-
channel Model ABEM ABBY Hardwire
portable cardiac monitor,§ which was
coupled to a chart recorder (Model 515-
029 A&M||). An electric Revolv-O-Trac
tilt table# was modified to be used for
head-down tilting with the Gravity
Gym** and G-Bootstt inversion appli-
ances. All testing was conducted in
physical therapy laboratory facilities at
Marquette University. Environmental
factors of temperature and relative hu-
midity, assessed with a sling psychro-
meter,}} were constant between differ-
ent testing dates.

Procedure

Orientation-screening. The subjects
participated in an orientation-screening
session approximately one week before
the head-down tilting test and bicycle
ergometer stress trials. Informed con-
sent was obtained after detailed expla-
nation, using pictures and direct visual
access to the testing equipment, of
the procedures to be performed. We

§ Abbott Medical Electronics, 8330 Broadway,
PO Box 12696, Houston, TX 77017.

|| Mennen Greatbatch Electronics Inc, 10123
Main St, Clarence, NY 14031.

# La Gem Corp, 12650 W Lisbon Ave, Milwau-
kee, WI 53005.

** Gravity Dynamics Corp, 9460 Wilshire Blvd,
Suite 820, Beverly Hills, CA 90212.

11 Exer-Tec Inc, 993 N Industrial Park Dr, Orem,
UT 84057.

$1 Taylor Instrument Consumer Products Div,
Sybron Corp, Arden, NC 28704.

screened the subjects to select those who
were naive about head-down tilting,
without medications, at least two hours
postabsorptive (including alcohol and
coffee consumption and cigarette smok-
ing), and at a low risk for cardiovascular
disease.

To document the influence of posi-
tion change on resting orthostasis, we
determined each subject’s baseline car-
diovascular status by using their electro-
cardiogram (ECG-lead II) and BP (sys-
tolic and diastolic, left arm) responses
while they were in the following posi-
tions: standing, sitting for one minute,
and supine for one minute. We then
positioned the subjects sitting on the
upright electric tilt table with their lower
limbs initially in either a randomly se-
lected flexed (Gravity Gym) or extended
(G-Boots) position. They were then low-
ered to the horizontal position, which
was maintained for one minute. Next,
we put them in a full, 90-degree head-
down tilt position, (Fig. 1) which was
maintained for one minute and followed
by a two-minute recovery phase in the
horizontal position. Before the next 90-
degree head-down tilt, the lower limbs
were positioned in the second of the two
positions (flexed or extended). Tilting
then proceeded for one minute (Fig. 2),
followed by another two-minute hori-
zontal recovery phase. All tilting and
returning from tilt were paced electri-
cally at 3.6°/sec. The ECG was moni-
tored continuously with a sample strip
taken every 30 seconds, and BP was
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