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Objective To assess the effects of backrest inclination of a wheelchair on buttock pressures in spinal cord injured
(SCI) patients and normal subjects.

Method The participants were 22 healthy subjects and 22 SCI patients. Buttock pressures of the participants were
measured by a Tekscan® pressure sensing mat and software while they were sitting in a reclining wheelchair.
Buttock pressures were recorded for 90°, 100°, 110°, 120° and 130° seat-to-back angles at the ischial tuberosity (IT)
and sacrococcygeal (SC) areas. Recordings were made at each angle over four seconds at a sampling rate of 10 Hz.
Results The side-to-side buttock pressure differences in the IT area for the SCI patients was significantly greater
than for the normal subjects. There was no significant difference between the SCI patients and the normal subjects
in the buttock pressure change pattern of the IT area. Significant increases in pressure on the SC area were
found as backrest inclination angle was changed to 90°, 100° and 110° in the normal subjects, but no significant
differences were found in the SCI patients.

Conclusion Most of the SCI patients have freeform posture in wheelchairs, and this leads to an uneven
distribution of buttock pressure. In the SCI patients, the peak pressure in the IT area reduced as the backrest angle
was increased, but peak pressure at the SC area remained relatively unchanged. To reduce buttock pressure and
prevent pressure ulcers and enhance ulcer healing, it can be helpful for tetraplegic patients, to have wheelchair

seat-to-back angles above 120°.
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INTRODUCTION

Pressure ulcers occur if pressure is concentrated over
a bony protrusion when someone remains in the same
position for many hours. They are one of the serious
complications, which may occur in people with chronic
diseases such as patients with a spinal cord injury
or a brain disease, and they result in an increased
numbers of days in hospital for treatment and delays in
rehabilitation. They are also a major cause of death due
to a deterioration in cardio-respiratory function and
septicemia."”
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Pressure ulcers are known to occur in 25% to 85% of SCI
patients and to occur easily and frequently in the ischial
tuberosity (IT) and sacrococcygeal (SC) areas, especially
in case of SCI patients who remain seated for much of
the time.*” It is known that at least one pressure ulcer
occurs in 30% of SCI patients within several years after
injury, that pressure ulcers occur in 60% of patients with
complete tetraplegia and 50% of patients with complete
paraplegia, and that they lead to a rise in morbidity and
mortality.”

Pressure ulcers are considered to be an important
complication which extends the period of hospitalization
for many patients, increases medical costs, and make
positive rehabilitation difficult. Considerable time and
costs are reported to be spent on curing pressure ulcers.
In England two billion pounds every year are needed for
the medical expenses associated with pressure ulcers,
and in America the costs range from an average of 15,000
dollars to over 30,000 dollars for each pressure ulcer

s 56,10,11
site.

Accordingly, efforts to understand the cause
and pathogenesis of pressure ulcers are very important.

A pressure ulcer is thought to be due to the interruption
of blood flow by external pressure, which results in
necrosis of tissue.'”” The causes are a mixture of internal
and external factors. Several factors such as external
pressure and shear stress, temperature, humidity,
hygiene, nutrition, a deterioration in sensory and
motor function, and posture can contribute in various
combinations with each other."

A systematic analysis of the factors which could be used
effectively to prevent pressure ulcers suggests pressure
and posture because both can controlled by wheelchair
design, correcting posture and the use of assistive devices
like special cushions.

When someone adopts a sitting posture in a wheelchair
without movement, the skin, subcutaneous tissue, fat,
and muscles are pressed together, thereby leading to
soft tissue changes between regions of bony protrusions
like the IT and SC areas and the supporting surface. The
physical load is concentrated in the contact area of bone
and soft tissue.'* When the pressure, which is added
to the buttock-interface side, becomes high enough to
exceed the average capillary pressure, the capillaries
collapse. If this situation continues for several hours,
then segmental ischemia occurs, and this leads to the
development of a pressure ulcer."” Following a spinal cord
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injury, muscles are contracted and other soft tissues are
lost. Consequently, the buttock-interface area is reduced,
and the pressure dispersion effect of subcutaneous
tissue is thereby decreased.'”'” Pressure is defined as the
force applied per unit area, which means that pressure
increases if the contact area is reduced. Gutierrez et al."
and Aissaoui et al."” reported that the buttock-interface
area of SCI patients is about almost 50% smaller than in
normal subjects, and buttock pressure is therefore about
doubled in SCI patients of the same weight as normal
subjects.

In 1985, Drummond et al.” suggested the criteria for the
occurrence of pressure ulcers. Pressure ulcer occurred
when 30% or more of body weight was distributed over
the IT area on either side, or when 11% or more was
distributed over the SC area. These weight distributions
appeared to occur frequently in spinal scoliosis or pelvic
torticollis.

Also, in 2004, Gutierrez et al.'® had subjects sit on a
wooden table and in wheelchair and showed that SCI
patients displayed a more asymmetric buttock pressure
and smaller contact area than normal subjects. An
asymmetric sitting posture adds more pressure to IT
area in one side, and therefore leads to the increasing
possibility of a pressure ulcer occurring.

Accordingly, in order to reduce the occurrence of
pressure ulcers, attempts should be made to help SCI
patients in wheelchairs to control posture so that buttock
pressure is reduced. Research studies have been done
to assess the potential benefits of postural management
and specially designed cushions to relieve buttock
pressure. Other research studies have been also done
to measure buttock pressure change by time flow in SCI

patients and during wheelchair moving.”*"™*

However,
no research has been reported on changing buttock
pressure by varying the backrest angle of wheelchair or
on the most appropriate backrest angle. Accordingly,
this study aimed to investigate the effect of the backrest
angle of a wheelchair on the unequal distribution of
buttock pressure shown by SCI patients and to do this
by measuring and comparing buttock pressures in SCI
patients and normal subjects at different backrest angles.
A further aim was to offer basic reference data on the
ideal angle when using a reclining wheelchair.

The research hypotheses are (1) that the differences
between left and right side buttock pressures will be
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greater in SCI patients than in normal subjects due
to reduced postural control in SCI patients and their
tendency to incline either to the left or right side when
sitting in a wheelchair, and (2) that the pattern of buttock
pressures according to changes in backrest angles in SCI
patients will be different from that in normal subjects.

MATERIALS AND METHODS

Subjects

The participants were 22 healthy adult men and 22
male patients with spinal cord injury. The SCI patients
were inpatients of the ward for spinal cord injury at the
National Rehabilitation Center and all used wheelchairs.

Methods

Subjects were seated in a neutral position in a
wheelchair with a variable backrest angle. The same
wheelchair was used for all subjects. A 44x46 cm pressure
mat with 1,558 sensors (Tekscan Inc., South Boston, USA)
was positioned on a hard sheet, which had been placed
on the bottom of the wheelchair. Backward backrest
angles were varied at 10° intervals between 90° and 130°,
and buttock pressures measured five times at each angle.
For each measurement, buttock pressure data were
collected for four seconds at a sampling rate of 10 Hz and
were analyzed using Tekscan software after being stored
in computer. The buttock was divided into IT and SC

LE OPTIONS GRAPHS MWINDOWS CALIBRATION PRI
mmHg Playback Window 1
i 165

Ischial tuberosity area |«

1 of 40
D051 .F5X

Fig. 1. Buttock pressure distribution in IT-SC areas as
displayed on monitor.

areas, and the peak pressure values at the peak pressure
points in each area were measured and analyzed (Fig. 1).
The IT areas were defined as the 7x7 cm regions centered
on the left and right side peak pressure points, which
were measured at each backrest angle. The SC area was
defined as the 7x14 cm region, which was bordered by
the two IT areas. The average pressure in each region was
measured.

To evaluate postural differences, the peak pressures
in the left side IT area were compared with those in the
right side. The changing pattern in buttock pressure
depending on backrest angle was examined in terms of
the peak pressure and the average pressure in the IT and
SC areas. For the IT area, the larger of the peak pressures
for the left and right sides was used as the peak pressure
for the whole area on the basis that this value had greater
clinical significance. Finally, the pressure difference
between the IT and SC areas (IT-SC) was the value of the
SC area peak pressure deducted from the higher of the
two (left and right) IT peak pressures.

Statistical analysis

The Mann-Whitney U-test was used to compare
differences in age, weight, and BMI between normal
subjects and individuals with spinal cord injury. The
general linear model was used to compare changes in
postural differences, IT pressure, SC pressure, and IT-
SC pressure for each group according to the different
backrest angles. A repeated measures analysis of variance
(ANOVA) was used for the comparisons between normal
subjects and the SCI patients. Dunnett and Tukey tests
were used to adjust confidence levels in the post hoc
testing of the multiple comparisons at each back rest
angle. All statistical analyses were performed using SPSS
18.0 for Windows, and statistical significance was set at
p<0.05.

RESULTS

General characteristics of subjects

All participants were male. The average age, height,
weight and BMI for the normal subject group were 27.2
years, 171.9 cm, 67.3 kg and 22.7 kg/m?®, respectively.
The respective averages for the SCI patient group were
32.5 years, 168.8 cm, 60.9 kg and 21.4 kg/m”. None of the
differences between the two groups on these variables
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was statistically significant. Amongst the SCI patients,
there were 9 (40.9%) with complete injury, 13 (59.1%)
with incomplete injury, 10 (45.5%) with tetraplegia and
12 (54.5%) with paraplegia.

Comparison of postural deviation

For both the normal and SCI patient groups the size
of the left-and-right IT pressure differences did not
differ when the backrest angle was changed from 90° to
130°. However, when the normal and SCI patients were
compared in terms of the magnitude of the individual
differences between the left and right IT pressures, the
two groups differed significantly at every backrest angle,
with the SCI group showing the larger differences in
left-and-right IT pressures (Table 1). This suggests that
the postural deviation of SCI patients was significantly
greater than that of normal subjects at all angles.

An intra-individual multiple analysis revealed no
significant changes in left-and-right pressure differences
according to backrest angle in either the normal subjects
or the SCI patients.

A change in peak pressure of IT area

In normal subjects, when the backrest angle of
wheelchair was 90°, the average peak pressure of the IT
area was 266.7+188.6 mmHg. When the backrest angle
was increased in 10° increments up to 130°, the average
peak pressures were found to be 251.3£195.3 mmHg,
233.0+202.7 mmHg, 183.8+166.5 mmHg and 133.8+149.8
mmHg, respectively. When the wheelchair backrest angle
was 90° in SCI patients the average peak pressure of the IT
area was 344.3+188.6 mmHg and was 306.4+195.3 mmHg,

Table 1. Buttock Peak Pressure (mmHg) Differences
between Right and Left IT Areas according to Seat-to-
Back Angle in Normal Subjects and Spinal Cord Injured
Patients

Normal Patients
90° 11.6+23.5 103.2+£202.4*
100° 25.6+30.8 142.8+187.3*
110° 43.8+42.3 109.1+179.3
120° 40.8+37.3 110.8+141.5*
130° 25.6+24.8 117.24132.1*
Values are meantstandard deviation
*p<0.05
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299.2+202.7 mmHg, 236.7£166.5 mmHg, and 218.2+149.8
mmHg, respectively, as the angle was increased in 10°
steps up to 130°.

In both the normal subject and SCI patient group, the
peak IT pressure changed significantly as the backrest
angle altered from 90° to 130°. An intra-individual
multiple analysis of the results for the normal subjects
showed no significant change in IT pressures from the
90° to 110° seat-to-back angles. However the IT pressure
reduced after 120° seat-to-back angle significantly, and
there was significant reduction in IT pressures between
the 120° and 130° seat-to-back angles. In case of the SCI
patients, there was similarly no significant change in IT
pressures from the 90° to 110° seat-to-back angles seat-
to-back angle However, while the peak pressures reduced
after 120°, the difference in pressures between the
120° and 130° seat-to-back angles were not statistically
significant.

The interaction between IT pressures according to
backrest angle in the normal and SCI groups was 0.101
in the significant probability, which was modified in the
intra-individual effect verification without supposing
sphericity. Thus, the changing pattern in IT pressure
between two groups didn’t show significant difference.
However, the intra-individual effect analysis showed a
significant difference, indicating that the IT pressure in
SCI patients is higher than in normal subjects (Fig. 2).

Changes in peak pressures of the SC area
In normal subjects, when the backrest angle of the
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Fig. 2. Changes in the buttock peak pressure of the IT area
according to seat-to-back angle in normal subjects and spinal
cord injured patients.
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wheelchair was 90°, the average peak pressure of the SC
area was 109.8+152.0 mmHg. The average peak pressure
was found to be 207.2+173.0 mmHg, 246.8+179.6
mmHg, 268.0+194.3 mmHg, and 267.9+177.2 mmHg,
respectively, as backrest angle was increased in steps of
10°. When backrest angle of wheelchair was 90° for the
SCI patients, the average peak pressure of the SC area
was 335.6+£152.0 mmHg and was 381.6+173.0 mmHg,
382.2+179.6 mmHg, 388.1+194.3 mmHg, and 390.6+177.2
mmHg, respectively, as the backrest angle was increased.

As was the case for pressures in the IT area, the pressure
from 90° to 130° changed significantly in both groups. In
case of normal subjects, the peak pressure of the SC area
increased significantly between the 90° and 110° seat-
to-back angles to seat-to-back angle, but there were no
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Fig. 3. Changes in the buttock peak pressure of the SC area
according to seat-to-back angle in normal subjects and spinal
cord injured patients.
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other significant differences in pressure between the
remaining seat-to-back angles. The interaction between
pressures of SC area according to backrest angle in
groups with normal subjects and SCI patients was 0.046
in the significant probability, which was modified in the
intra-individual effect verification without supposing
sphericity. Thus, the changing pattern in pressure of SC
area between two groups showed significant difference.

The peak pressures of the SC area were also found to
be significantly higher in SCI patients than in normal
subjects (Fig. 3).

Difference in IT-SC pressures

There were no significant differences in IT-SC pressures
according to different backrest angles in either the
normal subject or the SCI patient groups. In the intra-
individual effect analysis, there were no significant
differences in the IT-SC pressures between the various
backrest angles in either normal subjects or the SCI
patents. However, in normal subjects, the peak pressure

Table 2. Buttock Peak Pressure (mmHg) Differences
between IT and SC Areas according to Seat-to-Back Angle
in Normal Subjects and Spinal Cord Injured Patients

Normal Patients
90° 162.8+61.2 91.3+184.7
100° 56.9+87.3 2.6+182.4
110° 8.1+68.2 -27+228
120° -65.1+63.8 -124.5+211.7
130° -121.3%£51.8 -118.4+238.4

Values are meanztstandard deviation
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Fig. 4. Patterns of change in average pressure for normal subjects and spinal cord injured patients. The pressure change pattern
of the disabled in gray box from 90° seat-to-back angle is similar to that of normal subjects from 105°.
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of the SC area increased from 120°, and in SCI patients,
the peak pressure of the SC area increased from 110°
(Table 2).

Comparison of the changing pattern between the
average pressure and the peak pressure in the buttocks

To analyze the changing pattern in pressure, the average
pressure was obtained in a 7x7 cm region of the IT area
and in a 7x14 cm region of the SC area, centering on the
peak pressure points. When the graphs of changes in
the average pressure of the SC and IT areas for normal
subjects and SCI patients are compared, the SC average
pressure gradually increases as the backrest angle is
inclined, while the IT average pressure gradually reduces.
The cross-over point for the average pressure in the two
regions for the normal subjects was at the seat-to-back
angle of 99.3°. However, for the SCI patients, the cross-
over was as the seat-to-back angle of 86.1°, a difference of
13.2°. The change in buttock pressure of the SCI patients
was similar to the pattern in normal subjects from 103.2°
(Fig. 4).

When the graphs of changes in the peak pressure of the
SC and IT areas for normal subjects and SCI patients
are compared, similarly the SC peak pressure gradually
increases as the backrest angle is inclined, while the IT
peak pressure gradually reduces. The cross-over in the
peak pressure of the two regions for the normal subjects
was at a seat-to-back angle of 107.6°. For the SCI patients,
the cross-over occurs at angle of 91.6°, showing difference
of 16° between the two groups. The change in buttock
pressure of SCI patients was similar to the pattern in
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normal subjects from 106° (Fig. 5).

DISCUSSION

In this study, postural difference, having more pressure
on one side of the left-and-right sides of the IT area,
was found to be significantly higher in SCI patients
than in normal subjects. This postural imbalance in SCI
patients could arise due to thoracic scoliosis caused by
weakness of the paraspinal muscles. Thoracic scoliosis is
known to become a serious risk as time passes following
a spinal cord injury.* Another possible explanation is
the imbalance is a functional problem due to the use
of general wheelchair by SCI, who tend to lean their
bodies to the left or right because of decreased sense of
balance. In 1992, Hobson and Tooms” performed simple
radiography at a 100° seat-to-back angle in a wheelchair
and found that the pelvic tilt of the coronal plane was 1.4°
for normal subjects and 3.2° for SCI patients, indicating
that the pelvis in SCI patients is inclined more to the
left side or to the right side. However, the result was
not statistically significant due to the small number of
subjects. On the other hand, the left-and-right difference
in buttock pressure found in the present study was
statistically significant. There is therefore support for the
conclusion that the pelvis in SCI patients is inclined to
one side, either to the left or to the right. To prevent the
deformity in the pelvis and spine and pressure ulcers on
the buttocks, which may result, there is a primary need to
use wheelchair suitable for the body size. There will be a
need to use the ancillary equipment available for helping
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Fig. 5. Paterns of change in peak pressure for normal subjects and spinal cord injured patients. The pressure change pattern of
the disabled group in gray box from 90° seat-to-back angle is similar to that of the normal group from 105°
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to stabilize the upper body and the customized cushion
available for reducing buttock pressure, which is inclined
to one side, and also a need for posture training. The
postural differences in normal subjects and SCI patients
did not change when the backrest angles of wheelchair
were altered. This supports the finding of Andersson et
al.”® that what lumbar lordosis increases with a rise in
backrest angle up to 100°.

With regard to the differences in a change of pressure
in the IT area between normal subjects and SCI patients
according to backrest angle of wheelchair, the pressure
in SCI patients was significantly higher. However, in
the SC area, there was a difference between the two
groups in the pattern of changes with different angles. In
normal subjects, the pressure was observed to increase
with each increase in angle. On the other hand, in case
of SCI patients, the pressure was nearly unchanged
as the angle increase. One explanation for this result
could be the posterior tilting of the pelvis, which occurs
in SCI patients. According to Hobson and Tooms,” in
wheelchair with a 100° seat-to-back angle the pelvis in
SCI patients tilted to the rear by about 15° more than
in normal subjects. In another study, it was shown that
a considerable amount of lumbar lordosis is lost in
changing from an upright posture to the sitting position,
and inclining a backrest backwards does not have much
effect on lumbar lordosis. The effect of increasing a
backrest angle is mainly registered at the hip joint.”
Hence, a change in backrest angle is thought likely to
be quite consistent with a change in pelvic tilt. When
the wheelchair backrest is leant backward, this leads to
posterior tilting in the pelvis. When this happens, the
pressure on the IT area will reduce, and the pressure
on the SC area will grow. If, as mentioned in above, the
pelvis in SCI patients is already tilted more to the rear
by 15°, the buttock pressure in SCI patients will be more
focused into SC area, and it will simulate the same effect
on them as if normal subjects are sitting on a wheelchair
with the backrest tilted backward by 15°.

However, this hypothesis could not be directly addressed
in the present study, which must rely on examining the
correlation between pressures in the IT and SC areas.

First, in case of normal subjects, the pressure in the
IT area was higher than in SC area at 90° seat-to-back
angle. With a rise in backrest angle, the pressure in the IT
area reduces, whereas the pressure of SC area increases.

At a seat-to-back angle of 107.6° which was displayed
graphically, the pressures in IT area and SC area are the
same; the difference in pressures of two areas becomes
0. After this, the pressure in the SC area becomes higher
than in the IT area. On the other hand, in case of SCI
patients, the point at which the difference in the IT- SC
pressures becomes 0 is seat-to-back angle of 91.6°. This
suggests that the buttock pressure patterns at 91.6° in SCI
patients and at 107.6° in normal subjects are equivalent,
and this could imply that the posterior tilting of the pelvis
in SCI patients is about 16° more than in normal subjects.
This difference is similar to that found by Hobson and
Tooms.” A fact, which backs up this implication, is that
the pattern of changes for normal subjects is similar in
the both the IT and SC areas and in IT- SC pressures for
backrest angles of from 105° to 130° in normal subjects
and in SCI patients for backrest angles of 90° to 120° in.
However, all of this needs to be confirmed statistically by
further research. Future studies should measure buttock
pressures with 80° to 180° seat-to-back angles and
incorporate radiographical measurements so that a more
correct analysis is possible.

There are several possible explanations for the posterior
tilting which occurs in SCI patients. Firstly, there is the
weakness of the paraspinal muscles. Lancourt et al.”*
asserted that kyphosis occurs following spinal cord injury
due to weakness of the extension area in the spine, which
is supported mainly by the spinal extensor, unlike the
flexion area of the spine, which is supported mainly by a
ligament; this leads to posterior tilting of the pelvis and
consequently increases risk of pressure ulcers. According
to Gardocki et al.”’

pelvis occurs as a result of reduction in spinal lordosis.

in 2002, posterior tilting in the

The lumbar kyphosis caused by the weakness of the
paraspinal muscle can therefore be seen as the primary
cause of posterior tilting in the pelvis of SCI patients.
However, in contrast to the conclusions of Lancourt et
al.,* the study by Hobson and Tooms® SCI patients
showed no lumbar kyphosis, but rather a slight lordosis
when compared with normal subjects. Lancourt et al.*
measured canal curvature in the whole thoracolumbar
region and had no control group, whereas Hobson and
Tooms* and Gardocki et al.”
region. Additional research is therefore needed before

targeted only the lumbar

accepting the conclusion that weakness of paraspinal
muscle causes lumbar degenerative kyphosis, thereby

WWWw.e-arm.org
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leading to posterior tilting of the pelvis.

Secondly, there is a possibility of the buttocks gliding
forwards due to muscular weakness. To prevent this, a
patient should sit as close as possible to the rear of the
wheelchair seat and use the foot support. Even so, it is
possible that slipping forward will occur with different
backrest angles. Thirdly, posterior tilting could arise due
to shortening of the hamstring muscles. In SCI patients,
contractures occur at a number of joints, and shortening
of the hamstring muscles in a common occurrence.”
When the hamstring muscles shorten, the degree of
pelvic flexion becomes limited, and the result of this will
be a posterior slope in the pelvis.”

The buttocks are the areas where wheelchair users
usually develop pressure ulcers. When the buttocks are
divided into IT and SC areas, research suggests that more
ulcers occur in the IT area (about 43%) than in the SC
area (about 33%). However, some research has found that
pressure ulcers are more common in the SC area.”**”
* In the present study, there was no significant increase
in peak pressure for the SC area as the backrest was
tilted , and the pressure in the IT area reduced beyond
an angle of 120°. In the study by Shields and Cook® a
significant change in the buttock pressure was reported
to occur when the seat-to-back angle was changed by 10°.
According to Henderson et al.,** a change of 35° in seat-
to-back angle cannot be expected to cause a significant
reduction in pressure. Only when there is a change of
65° in seat-to-back angle will a substantial reduction
in pressure occur. Nevertheless, increasing the seat-to-
back angle is recommended as a temporary means of
preventing buttock pressure exceeding the threshold
value for the occurrence of pressure ulcers. In these two
studies the peak pressure interms of what was added to
the whole buttock area. In the present study, pressure
was measured in the two buttock areas where ulcers
commonly develop so that the results are sensitive. In the
end, tilting the wheelchair backrest backwards by over
30° to prevent pressure ulcers will have no effect in the SC
area, but it will prevent or reduce pressure ulcers in the
IT area. However, patients with paraplegia need to propel
their wheelchairs, and this is not easy to do with a 120°
seat-to-back angle. Furthermore, if a patient uses a 90°
or 100° seat-to-back angle when propelling a wheelchair
and a 120° angle when resting, there will be an increase
in shear forces and the combination of these sources of
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sheer stress could increase the overall risk of pressure
ulcers.”

This study has several limitations. Firstly, the wheelchair
used in the study was not modified to take into account
individual differences. For example, the width, height,
and armrest of the wheelchair used were not adapted to
suit the body shape of each subject, and this may have
reduced the validity of the pressure measurements.
The positioning of the foot support illustrates this
point. When the foot support is correctly positioned,
pressure is dispersed over the femoral region, but when
the foot support is positioned too high, the pressure
is tilted to the rear, causing additional pressure to be
distributed over the IT and SC areas.” In case of the
SCI patients in the present study, their average weight
and height were less than in normal subjects. There was
therefore little possibility that the foot support would be
positioned too high. However, it was likely that the foot
support was too low, causing the foot to dangle without
support. This would have resulted in the possibility of
the buttocks slipping further forward with the risk of
additional pressure from contact with the front edge
of the wheelchair seat. In future studies, patients with
paraplegia and tetraplegia should be in separate groups,
and as most SCI patients use a special cushion the effect
of cushions should also be incorporated in the research
design.

A second limitation is that there was no definite criteria
of demarcating region to measure average pressures. In
this study, an attempt was made to compare the average
pressures measured within a certain region unlike other
studies that measured the peak pressure in the IT or SC
areas. However, the average pressure in the optionally-
demarcated regions can’t reflect the substantial average
pressure in the IT and SC areas. For this reason, only the
changing patterns of average pressure were compared.

CONCLUSION

When compared with normal subjects, SCI patients
showed an asymmetric pressure distribution in a
wheelchair between the left and right IT areas. The
differences between normal subjects and SCI patients in
the seat-to-back angles at which pressures in the IT and
SC areas crossed as the seat-to-back angle was increased
were approximately 13.2° for average pressures and 16°
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for peak pressures. This indicated that the pelvis in the
SCI patients was tilted about 15° backwards. Lumbar
kyphosis due to weakness of the paraspinal muscles was
considered as one of the explanations for posterior pelvic
tilting.

As the wheelchair backrest angle was tilted backwards
in SCI patients, the peak pressure in the IT area reduced,
but the pressure in the SC area remained at about the
same level. This suggests that pressure ulcers may be
prevented or decreased in tetraplegia patients when the
backrest angles of their wheelchairs are more than 120°.
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