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¢A “pushup” is defined here as a “pressure
relief producing readings below 30
mmHg”.

Pressure and Temperature Patterns
under the Ischial Tuberosities®

ABSTRACT

A study was conducted to investigate the pressure relief patterns
under the ischial tuberosities in a group of 12 paraplegic subjects. A
small electrical pressure transducer was taped over each ischial
tuberosity, and each subject had a thermistor taped near one tuber-
osity.

The subjects were instrumented in the morning and allowed to go
about their normal activities for the day sitting on a 4-inch foam
cushion. The subjects sat at pressures > 150, > 90, and > 30
mmHg for 17.6 percent, 53.5 percent, and 91.8 percent of the time,
respectively. The subjects sat on the average for 10.1 min without
doing a pushup with a duration > 1 sec and sat on the average for
29.6 min without doing a pushup with a duration > 5 sec. Two of the
subjects sat for periods > 60 min for > 75 percent of the time
(ignoring pushups < 5 sec) and > 65 percent of the time ignoring
pushups < 1 sec. The average time between pushups® was within the
generally accepted limits to prevent ulcers—10—30 minutes. A few of
the subjects had occasional long periods of uninterrupted pressure
greater than what is thought to be required to produce ulcers—and
did not develop them.

INTRODUCTION

Many studies have investigated the pressure-time relationship
that causes decubitus ulcer development in animals (1-4). Kosiak (3)
has shown that tissue pressures of 70 mmHg for 2 hours will cause
pathological changes in the muscle tissue of rats, and an applied
pressure of 60 mmHg for 1 hour will cause microscopic changes in
the tissue of dogs. On the other hand, he also showed that pressures
of 35 mmHg for up to 4 hours did not cause any problems in rats.

A study by Mooney et al. (5) of the pressures under the ischial
tuberosities of individuals sitting on various seat cushions found
pressures that ranged between 51 and 86 mmHg for normals, and
from 83 to 152 mmHg for patients with spinal cord injuries. Souther
et al. (6) in a similar study in normals showed the sitting pressure
with various cushions to range between 41.7 and 69.1 mmHg.

The above physiological studies suggest the need to periodically
relieve the tissue pressures that would remain for extended times
above 36 mmHg. Kosiak (2) has stated that paraplegic patients can
remain ulcer-free by relieving the pressure under the ischial tuberos-
ities several times per hour. Griffith (7) suggests that sitting paraple-
gic patients should relieve their pressure under the ischial tuberos-
ities every half-hour, and every 2 hours they should lie down for 15
minutes. (In our institution, we suggest pressure relief of approxi-
mately 5 seconds every 15 minutes.)
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The purpose of this study was to investigate the
pressure relief patterns in a group of paraplegic sub-
jects who had not exhibited any significant problems
with ulcers as they went about their normal daily ac-
tivities. The type of experiment that involves applying
controlled pressures for various time periods, as de-
scribed above, cannot be performed on human sub-
jects; however, this investigation allowed information
to be obtained about the pressure-time patterns mea-
sured for one day that did not produce ulcers.

The temperature was also recorded because of the
many studies that suggest the importance of tissue
temperature, both as a causative factor in the genera-
tion of ulcers and as a response of the tissue to injury
(8,9).

METHODS

Twelve paraplegic subjects, including males and fe-
males, were studied. Their physical characteristics,
date of injury, level of injury, and spasticity state are
shown in Table 1. All subjects had strong triceps and
could do pushups for at least 5 seconds. No subject
used a device and none of them had any special meth-
ods to remind themselves to do a pushup.

Four of the 12 subjects had in the past developed a
decubitus ulcer, but no subject had had more than one.

The pressure was determined by taping a small {1
mm thick by 5 mm in diameter) Entran Model ESP—
200 pressure transducer under each ischial tuberosity.
The transducers were calibrated in a small pressure
chamber with a mercury manometer for reference.
The zero pressure reference point (no external force on
skin) was determined as the average of the pressure
observed during a pushup at the start and at the end of
the experiment.

A Yellow Springs Model 427 thermistor was placed
near the pressure transducer on each patient’s right
buttock.

During the application of the pressure transducers,
the subjects were lying on their sides with their hips
and knees flexed {similar to a sitting position). Each
subject’s transducers were connected to a small four-
channel Medilog Model 4—24 tape recorder® capable
of recording for 24 hours. The transducers, applied in
the morning and removed in the late afternoon or
evening, left the subjects free to go about their normal
daily activities. The average recording time was 7
hours. All subjects used a 4-inch foam cushion during
the study.

The data were played back at 60 times real time
using a Medilog high-speed playback unit with the
internal output low-pass filter in the .5-Hz position. As
a result, the measured time response in original ex-
perimental time units (real time) showed a time con-
stant of .45 seconds. This implies, for example, that a
sudden drop in actual pressure from 50 mmHg to zero
would show a recorded pressure value dropping to
about 18.5 mmHg in .45 sec and to.5 mmHg in .9 sec.

The output from the playback unit was converted to
digital form and analyzed using a DEC LSI—11 digital
computer.

The data were analyzed by developing histograms
of the uninterrupted time periods during which the
pressure remained above various pressure levels. This
was done so that the distribution of pushups during
the recording time could be determined——if all the
pushups occurred at one time of the day, their effect

“This tape recorder is made for ambulatory recording and can be
belt-worn. The two pressure transducers and one thermistor uti-
lized three of the recorder’s four channels.

TABLE 1
Date Vertebral

Age Ht. Wt. of History of level Time since Spastic {S)

Subjects (years) {cm) (kg) injury Ischial Ulcer of injury injury (mo) Flaccid (F)
M.V. 50 178 64 1178 — T, 16 F
J.S. 34 175 84 5/63 + Ts 180 S
J.L. 42 196 84 6/78 T, 12 S
M.L. 20 185 75 7175 - Ty 45 S
E.K. 20 170 54 7176 + L, 36 F
B.K. 21 175 61 5/76 C, 35 S
S.H. 27 168 68 12176 - T 30 S
L.H. 25 160 64 1176 & T, 31 S
G.K. 27 175 77 8/75 T, 33 S
R.B. 29 183 68 7177 T4 23 S
D.M. 25 183 73 8/78 Ts 12 S
S.H. 28 170 67 7177 T, 25 F

*Anterior spinal artery syndrome
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FIGURE 1.

A sample pressure record indicating the
pressure levels chosen to generate the
pressure-time histograms. 7150, T90, and
T30 indicate the time periods in which the
pressure is above 150 mmHg, 90 mmHg,
and 30 mmHg, respectively. T, is the time
period in which the pressure is below 30
mmHg. T30L is the time period in which
the pressure is above 30 mmHg (neglect-
ing the short-duration fall in pressure be-
low 30 mmHg of < 1 sec or < 5sec, asin-

( ----- dicated by time T,).

@To%

would not be the same as if the same number were
distributed evenly throughout the day.

Figure 1 shows an example of a pressure record
which indicates the points used in analyzing the data.
The labels T160, T90 and T30 represent the time per-
jods in which the pressure remains > 150 mmHg, > 90
mmHg, and > 30 mmHg, respectively. An array oftime
period values was obtained for each of the pressure
levels by the computer. The label T, represents the
time the pressure is below 30 mmHg, i.e., the duration
of a pushup. {A hysteresis of 5 mmHg was built into the
computer program to prevent the data from oscillating
in and out of a pressure region if it was near reference
level.) A pushup was defined as a pressure relief below
30 mmHg. Pushups were counted for each of three
different time periods: any time duration, > 1 second,
or > b seconds. If the pushup time was less than the
selected duration, as indicated by T, in Figure 1, arelief
of the pressure was not recorded and the sitting-time
period continued to increase in duration. This is indi-
cated in Figure 1 by the time interval T30L, which is
longer than T30 because the short drop in pressure
(shown as T,) below 30 mmHg is ignored.

Pressure channel 1 was over the right ischial tuber-
osity and channel 2 over the left.

RESULTS

Figure 2 shows a typical pressure and temperature
record of one subject. When the equipment is initially
put on in the morning, the temperature recorded is
low. The temperature channel shows a climb, to near
body temperature (Fig. 2) after approximately 2 hours.
The temperature frequently falls as a result of a push-
up or transfer and then regains its former level or rate
of rise.

The time and temperature scales were expanded in
Figure 3to show the changes resulting from a pushup:

Time

the record indicates that the fall in temperature resuit-
ing from a pushup occurs after the subject sits down.
This was frequently seen in most subjects. A possible
explanation is offered in the "“Discussion.”

The pressure records show many oscillations which
appear as noise in the slow time scale and are appar-
ently due to body movement. An example of one of the
most noisy pressure records is shown in Figure 4; but
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FIGURE 2.
A typical pressure and temperature record from one subject re-
corded for 12 hours. (Subject S.H., Exp. date 8/1/79).
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even in this case, if the time scale is expanded as
shown in Figure 5, it is clear that a pushup which is
indicated by a flat zero pressure region can be distin-
guished from short oscillations due to body move-
ment.

Table 2 shows the average percent time the subjects
sat with pressures > 30 mmHg, > 90 mmHg, and
> 150 mmHg. The average periods between pushups
of various durations are shown in Table 3. A histogram
of the average percent of the total experimental time
spent sitting for various time periods without a push-
up is shown in Figure 6. The data are shown ignoring
pushups < 1 sec and < 5 sec.

There were some individuals whose sitting time was
considerably longer than the mean time between
pushups. One subject with a negative ulcer history sat
for periods > 60 min for 99.8 percent of the time (if we
ignore pushups of duration < 5 sec), and 65.4 percent
of the time (ignoring pushups of duration < 1 sec).
Another subject, who has been paraplegic for 15 years
and who had one ulcer 5 years ago, sat for periods
> 60 min for 78.1 percent of the time (ignoring push-
ups of duration < 5 sec), and 67.1 percent of the time
{ignoring pushups of duration < 1 sec). A comparison
of the histograms showing pressure relief for the > 30
mm and > 90 mm pressure level is shown in Figure 7.
Two of the subjects sat for periods of between 10 and
30 min for > 50 percent of the total experimental time
with readings above the 90 mmHg pressure level.
Table 4 shows the percent time subjects spent with
sitting periods > 30 min (ignoring pushups of duration
< 1 sec and < 5 sec).
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TABLE 2

The average percent time subjects sat with pressures > 150, > 90,
> 30 mmHg

Pressure
mmHg %Time + S.D.
> 150 17.6 = 19.0
> 90 53.5 + 34.8
> 30 91.8 = 10.7
TABLE 3

Average time between pushups of various durations

Duration of Period between
pushups (Sec) pushups = S.D. (Min)
Any 7.1+ 4.3
> 10.1 + 6.4
>5 29.6 = 275
TABLE 4

% time spent with sitting periods > 30 minutes

Ignoring pushup

with a
duration of % Time
“““ < 1 sec. 26.3 = 27
< 5 sec. 49.9 + 33
DISCUSSION

On the average, these subjects sat for periods longer
than recommended by the medical personnel in our
institution, which is a pushup of approximately 5 sec-
onds every 15 minutes. The average time interval was
approximately 30 minutes, which is the value Griffith
(7) says should not be exceeded without a shift in
position or lying down. It should be remembered,
therefore, that for half of the time the subjects sat, with
pressure unrelieved according to the data, for periods
longer than the time Griffith recommends. None of the
subjects had developed an ulcer 6 months after the
experiment. It is interesting to note that if a b-sec

FIGURE 3.

An expanded time and temperature scale
is used here to show a portion of the
same record shown in Figure 2, so that
the temporal relationship of the tempera-
ture change to the pressure change can be
seen. {The short spikes at the start of the
temperature record are calibration
signals.}
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Figure 4 is an example of one of the most “'noisy” records of the pressure and tempera-
ture obtained. In Figure 5, a section of the same "“noisy’’ record is shown using an ex-
panded time scale. In Figure 5 a pushup can be identified by the presence of a flat bottom
near zero and by the duration of the pressure relief: these indications separate the record
of the pushup from the pressure oscillation due to movement.
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A histogram of the percent of the total experimental time spent
with various periods at pressures > 30 mmHg (ignoring pushups
of duration < 1 sec and < 5 sec).

A histogram of the percent time spent with various periods at
pressures > 30 mmHg and >90 mmHg (ignoring pushups <1
sec).
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pushup is considered necessary in order to allow
blood flow to supply oxygen and to remove the meta-
bolites, then on the average during 32 percent of the
total experimental time subjects sat “unrelieved” for
periods > 60 min.

There appeared to be no significant difference in
pushup behavior between subjects who had positive
and those who had negative ulcer histories. One sub-
ject with negative ulcer history sat for essentially the
entire recording period of over 7 hours without doing a
pushup of a 5-sec duration—and did not develop an
ulcer. However, three of the four subjects with positive
ulcer history had a less-than-average time between
pushups with > 5 sec duration. Also, two of these four
subjects were below the mean in time spent with
pressures > 90 mmHg.

The average values obtained in this study are of
general interest because this information has not been
available before. The results, however, should not be
extended to the general paraplegic population be-
cause only 12 subjects were studied, and only 1 day for
each subject. Of more scientific interest are the indi-
vidual subjects who had long uninterrupted sitting
periods, because we need to compare their results
with the results obtained from animal experi-
ments (1-4).

Avery consistent pattern in the temperature data is
the slow rise of temperature after the subject starts the
experiment. A fast drop in temperature associated
with a pushup was frequently observed as shown in
Figure 3. The temperature fall occurs after the pushup,
when the subject returns to the sitting position. Evapo-
rative cooling of the moist clothing, which falls away
from the skin during the actual pushup, is the most
likely cause of the drop in temperature.

Although a rise in temperature was observed with
some transfers to an apparently hot surface, such as a
car seat which was exposed to the sun during the
summer, no significant temperature rise associated
with a pushup was observed with any of the patients.
Brand (9) and others have reported a rise of tempera-
ture to be related to potential skin problems. Although
no temperature rise was seen in our subjects, the
duration of a pushup was in terms of seconds, where-
as other researchers have documented the maximum
temperature rise to occur in 2—4 min (12,13). Also,
most studies {12,13,14) that have applied controlled
pressures on the skin and observed temperature
changes have used higher pressures and/or a longer
duration of application than observed in this study.
The results of those studies generally showed an ini-
tial temperature rise. .

The investigation by Mahanty and Roemer ({12)

showed a temperature fall below the initial value after
approximately 5 min when using a low pressure (100
mmHg) or short time period {11 min). Goller et al: (13)
observed in some cases an initial fall in the tempera-
ture. In that study, the seat cushion insulated a large
region of the buttock which resulted in the skin tem-
perature approaching body temperature. This fact
would minimize the observation of a temperature rise
because it would not be expected for the skin tempera-
ture to go above body temperature.

The meaning of short oscillations

The fast, less-than-one-second oscillations seen in
our pressure records may be artifacts caused in part
by shearing forces and the uneven loading of the
diaphragm of the pressure transducer, or they may be
due to quick pressure reliefs. Since the physical mean-
ings of the recorded short pressure oscillations are not
known, and also because no study has shown that
quick pressure reliefs are of benefit in preventing ulcer
development, this analysis concentrated on pressure
reliefs longer than 1 sec, where we had most confi-
dence in the data.

The absolute value of the pressure measurements
are in error due to the difficulty in placing the trans-
ducer on the skin exactly over the ischial tuberosities
and because of the error inherent in the use of these
{or most other) transducers for soft-tissue pressure
measurements. With changes in hip angle and in the
stresses on the tissue due to sitting forces, the exact
skin region which is over the tuberosities changes—
which causes the transducers to move off the center.
An example of this problem may be seen in Figure 2,
where the left buttock pressure is higher (this, howev-
er, could have also been due to the subject leaning to
the left). From data obtained in a previous study over
the pressure range of interest, the estimated error is
believed to be about 15 percent, but a given measure-
ment could have more error {11}. Even though there is
error in determining the maximum pressure under
ischial tuberosities, a pushup to near zero pressure
could be reliably- determined in this study.

These data raised the following questions:

1. What is different about the physiology of some of
these subjects that allows them to sit for such long
periods of time without getting ulcers?

2. Have the subjects conditioned their tissues to
withstand the long sitting periods?

3. Are many repeated daily bouts of long-uninter-
rupted pressure needed to produce an ulcer?

4. Are the wrong parameters being measured?
(Friction (2) and shear (10) have been implicated as
factors in the generation of ulcers.)



11

This study did not investigate the role shear forces
play in the generation of ulcers. Bennett et al. (10) and
Dinsdale (2) have both suggested that shear plays an
important role in the generation of ulcers. The short
oscillations in the pressure record which were ignored
in this analysis may represent movement-induced
shearing of the tissue. Visual observations of pressure
records indicate that there was considerable differ-
ences between subjects in regard to such oscillations.
An investigation correlating these oscillations with
known shear forces is needed.

This data-recording and analysis method could
eventually be used to study patients with ulcer prob-
lems, to determine their actual pressure-relief pattern
and to counsel accordingly. Repeated daily measure-
ments should first be made, though, on patients who
have no problems, to compare them with patients who
repeatedly develop ulcers.

If it is assumed that the pressure-time patterns ob-
served in this study represent the typical behavior of
these paraplegic subjects, more studies will be needed
to explain how these subjects remain ulcer-free. It may
be that the pressure-time curve presented by Kosiak
(1) should be thought of as a probability curve, with
individuals varying considerably depending on the
physiological state or conditioning of their tissues.
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