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Influence of different types of seat cushions on the static
sitting posture in individuals with spinal cord injury

NL Metring1, MIFAS Gaspar1, ECL Mateus-Vasconcelos2, MM Gomes1 and DCC de Abreu1

Study design: Cross-sectional study.
Objectives: To evaluate the efficacy of the Postural Assessment Software PAS/SAPO in the posture analysis of individuals with spinal
cord injury (SCI) during sitting position and to analyze if the use of different types of seat cushions—gel and foam, with no cushion—
can interfere in the individual’s posture during sitting position.
Setting: Centre of Rehabilitation at the University Hospital (FMRP—USP), Ribeirão Preto, Brazil.
Methods: Eight individuals, four paraplegics and four tetraplegics with SCI and 20 healthy individuals participated in the study.
Photos were taken of individuals in the sitting position using foam, gel cushions and with no cushion. They were analyzed using the
PAS/SAPO. The alignment of the anterior–superior iliac spine (ASIS) and the posterior pelvic tilt were evaluated from the angle formed
between the ASIS and the greater trochanter of the femur.
Results: The group of healthy individuals presented the best postural alignment when compared with the group with SCI, both for the
ASIS alignment (Po0.05) and for the degree of posterior pelvic tilt (Po0.05). No significant differences were found in the variables
analyzed when the seat cushions were compared.
Conclusion: The different types of cushions did not alter the sitting posture; however, individuals with SCI showed worse postural
alignment than the healthy individuals. PAS/SAPO was demonstrated to be useful for postural assessment.
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INTRODUCTION

An injury in the spinal cord can cause major functional deficits and
result in significant deficiencies and disabilities.1 Owing to the use of
the non-postural muscles to compensate for the functional loss of the
erector spine muscle2 and the differences in the location of the center
of gravity, the posture of individuals with spinal cord injury (SCI)
usually changes.3,4 Individuals with SCI have difficulty in maintaining
a sitting position with back straight or in varying this position,5 and
usually postural disorders such as lateral deviation of the pelvis and/or
spinal cord and reduced lumbar lordosis, or the presence of the
kyphosis lumbar and posterior pelvic rotation, are observed.5,6

The wheelchair cushions were developed for pressure management
mainly in the ischial tuberosity. There are many cushion materials,
such as water, gel, foam, convoluted (egg-crate), viscoelastic7,8 and the
contoured cushion, which is shaped to fit the individual’s body. The
materials have many characteristics and can be used for improving
stability, positioning, comfort and prevention of ulcers.9 Takara et al.10

did not observe the influence of gel and foam cushions on balance
during the seated position in individuals with paraplegia. However, it
is not known if these types of cushion can accentuate the misalign-
ment posture occurs due to the muscular deficit observed in subjects
with SCI.
Spinal cord-injured subjects, due to the functional loss of the

erector spine muscle, have difficulty in maintaining an appropriate

sitting position and, consequently, it impairs their posture. However,
in the lower injury levels, the posture impairment is not a concern of
most health professionals and the indication of the cushion type is
based on the prevention of ulcers. Therefore, based on the fact that the
SCI subjects have a tendency to have posture problems and most
prescribed cushion types in many rehabilitation centers in Brazil are
not the contoured type, it is relevant to study the impact of these
cushions on the posture alignment of SCI subjects.
Studies that have evaluated the seated posture have used imprecise

methods of analysis, such as photo printing with manual measure-
ments of posture5 or expensive equipments, which are not used
in clinical practice, such as tridimensional-movement analysis or
radiological evaluations.11,12

The computerized photogrammetry has been used for quantitative
postural evaluation, which provides an accurate value for the analysis.
The postural assessment software PAS/SAPO was developed based on
the information provided by many research centers in Brazil. This
software is considered to be reliable in the upright posture assessment,
besides it is accessible and inexpensive. However, there is no evidence
of its use in the seated position assessment. We hypothesize that the
PAS/SAPO would be effective in identifying differences in the postural
alignment between individuals with SCIs and able-bodied subjects,
and to evaluate if the type of cushion would change the posture of
individuals with SCI.
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The objectives of the study were to evaluate the efficacy of PAS/
SAPO in the posture analysis of individuals with SCI during sitting
position and to analyze if the use of different types of seat cushions—
gel and foam, with no cushion—can interfere in the individual’s
posture during sitting position.13

MATERIALS AND METHODS

Subjects
This study involved male and female with SCI (SCI group: n¼8; mean
ages¼32.33±12.67 years; mean weight¼73.33±9.33 kg; mean
height¼1.71±0.09 meters), individuals with paraplegia (n¼4) or
quadriplegia (n¼4) with at least 12 months of injury (mean time of
injury¼5.96±4.04 years) and healthy individuals (control group:
n¼20; mean age¼21.63 years (±7.37); mean weight¼66.63 kg
(±26.37); mean height¼168 cm (±0.17)) for comparison purposes.
The inclusion criteria were presence of traumatic SCI for at least 12
months and the use of wheelchair for daily activities. The exclusion
criteria were presence of a history of cranial-encephalic trauma
associated with spinal cord and amputation.

Table 1 shows the impaired segments and disability levels classified
by the American Spinal Injury Association Impairment Scale of
individuals who were subjected to the postural assessment.

Ethical commitments
This study was approved by the Ethics Committee of the School of
Medicine of Ribeirão Preto (process no. HCRP 4051/2009). All
volunteers signed a free and informed consent statement.

Local
The evaluations were carried out at the Rehabilitation Center of the
Clinical Hospital at School of Medicine, Ribeirão Preto, Brazil. All
evaluations were conducted by the same examiner.

Data assessment
Initially, the assessment of the SCI group, anamnesis and neurological
examination were carried out in accordance with the American Spinal
Injury Association protocol jointly with the postural assessment by
photogrammetry. The measures provided by PAS/SAPO are generated
in the form of distances and angles considering a plane of movement,
in a two-dimensional analysis, related to a previously defined and
calibrated scale.13

In postural assessment, each individual had his/her photographs
taken in a sitting position, in frontal-, right-side and left-side views.
Each view was photographed once in three types of seats: wheel-
chair—seat of the wheelchair itself (without additional cushion); gel—
gel cushion (viscous gel, 40�45 cm2, 10 cm thick); and foam—foam
cushion (egg crate seat pad, 45�45 cm2, thickness¼10 cm and
density¼28 g dm�3).
The selection for the types of seat cushions used in this study was

based on the types most commonly used by patients assisted at the
Rehabilitation Center Physiotherapy Unit of the Clinical Hospital at
School of Medicine.

Table 1 Number of patients of the spinal injury group with the

respective level according to the American Spinal Injury Association

Impairment Scale

Number of patients Level

2 C4 A

1 C4 C

1 C6 D

1 T3 A

1 T7 B

1 T11 A

1 T12 B

Figure 1 Frontal view in the wheelchair seat for the analysis of alignment between the right and left anterior superior iliac spine. (a) Individual from the

spinal cord injury group; (b) individual from the control group.
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A wheelchair (Baxmann Jaguaribe Ágile Reclinável, São Paulo,
Brazil) with footrest, without headrest and the arms removed was
used. It has a backrest with a 1101 inclination and was chosen because
many individuals with SCI, mainly those with poor trunk control, use
this wheelchair inclination.6 However, this backrest inclination
increases the pressure on the ischium,14 sacrum and can cause ulcers.6

Therefore, to evaluate the influence of types of cushion on posture
alignment in this backrest position seems relevant to evaluate the
more appropriate cushion to indicate in this case. The wheelchair was
positioned at a distance of 15 cm from the wall. The wall was covered
with black non-reflective fabric.
A digital camera (Sony-Cyber Shot 7.2 Megapixels, Sony, Tokyo,

Japan) was positioned on a tripod at a height of 90 cm and at a
horizontal distance of 3m from the wheelchair.13,15

All individuals were photographed using markers consisting of
polystyrene spheres in the following anatomical points: greater right
trochanter, greater left trochanter, right and left anterior–superior iliac
spine (ASIS), right and left acromion, angle of the sternum, mentum
and tragus.13,15

Data analyses
The photos were analyzed through PAS/SAPO.13,15,16 The alignment
was evaluated between the ASIS (frontal plane) (Figure 1) and the
angle formed between the ASIS and the greater trochanter (GT) of the
corresponding side (sagittal plane) (Figure 2).
In the frontal view, it was possible to analyze, through the PAS/

SAPO software, the alignment between the ASIS, where the value 0
was considered as the ideal alignment. Positive or negative variations
are considered as changes of alignment; the greater the variations, the
more the distance from 0.13 The positive or negative values, which
represent, when the right ASIS is superior to the left, or when the left
ASIS is superior to the right, respectively, were placed in the form of a
module to consider its difference from 0.
In right and left lateral views, it was possible to analyze, by using the

function ‘measurement of free angles’ from the PAS/SAPO software
program, the angle formed between the ASIS and the GTof the Femur,
similarly to what was done by Yi et al.16 For reason of adjustment, the
value of the 1801 difference minus the angle obtained was used in
the right-side view, so that this angle could be evaluated in the same
way as the angles in the left side were obtained. This angle indicates

the amount of pelvic inclination; the lower the value of the angle
(in degrees), the greater the posterior pelvic tilt presented by the
individual.

Statistical analysis
Three analyses of two-factor analysis of variance were carried out,
including the particular group and the types of seat cushion. The
dependent variables were: in the first analysis, the ASIS alignment; in
the second analysis, the angle between the right ASIS and the right GT;
and in the third analysis, the angle formed between the left ASIS and
the left GT. Significant difference for values of Po0.05 was set.
Software SPSS 16.0 (SPSS, Chicago, IL, USA) was used.

RESULTS

Figure 3 shows the average values of ASIS alignment in different types
of cushion. In both groups, when the seat cushions were compared,
there was no difference between them: wheelchair and gel, gel and
foam, and foam and wheelchair (Po0.05). Despite this, the control
group presented values closer to 0, when compared with the SCI
group in three types of seats (Po0.05), that is, they exhibited better
alignment.
Figure 4 shows the average values of the angle formed between the

ASIS and the GT, right and left sides in different types of seat cushions.
In both groups, no differences were found between the cushions
(P40.05); however, the control group showed higher values com-
pared with SCI in three types of cushion (Po0.05), which indicates
that the control group presents lower posterior pelvic inclination in
relation to the SCI group.

DISCUSSION

Postural changes are common in individuals with SCI.3,4 In addition,
this population frequently uses cushions in their wheelchairs to
prevent ulcers and to increase comfort. When choosing the
appropriate cushion, some aspects should be regarded as: comfort,
prevention of ulcers and postural stability generated by these types
of seats.
For postural management, the contoured cushion type is recom-

mended however, in Brazil, many subjects use the traditional cushion
for pressure management—even those individuals with high levels of
SCI, who could benefit from some sort of contouring. However, there

Figure 2 Left-side view for the analysis of alignment between the right and left anterior–superior iliac spine. (a) Individual from the spinal cord injury group;

(b) individual from the control group using the foam cushion.

Types of seat cushions and posture in SCI patients
NL Metring et al

629

Spinal Cord



are no studies that evaluate the influence of soft surface on the static
sitting posture of these individuals.
The photographic records, along with the computerized programs,

have been widely used as a tool to record accurate postural assess-
ments.17 In the previous study, the PAS/SAPO software presented high
and significant correlation with the Corel Draw software for the
measurement of angles, despite presenting low correlation with the
results obtained by goniometry.15 The PAS/SAPO software is consid-
ered to be an accurate instrument for measuring corporal angles and
distances, in addition to presenting good inter- and intra-rater
reliabilities.13

Through the analysis of the ASIS alignment, it was observed that the
cushions studied did not affect the sitting posture of individuals with
and without SCI however, some differences were observed among
individuals with SCI when compared with the healthy ones, which
suggest the efficacy of the PAS/SAPO software in identifying posture
differences between groups. The greater ASIS misalignment is prob-
ably the cause or consequence of a misalignment of the trunk, which

favors more evident postures with lateral inclination of the trunk.
These results can be compared with those obtained by Alm et al.,5

which indicate that most individuals with SCI did not have their
lumbar spine centered in the wheelchair.
Likewise, when the angles obtained between the superior iliac spine

and the GT of the femur were compared, the cushions did not exert
any influence on the anterior–posterior pelvic inclination of indivi-
duals with or without SCI.
A more stable seated posture was found with the use of chairs with

reclining seat and back, in which the individual rests his trunk against
the backrest and moves the pelvis forward, shifting the center of mass
backward.5,18 However, this posture increases the pressure on the
ischium and sacrum, and can cause ulcers.6,14 In the present study, it
was observed that individuals with SCI have a pelvic tilt in the sitting
position, greater than individuals without such injury. An interesting
fact observed is that the different cushions evaluated did not interfere
with pelvic inclination, which suggests that the choice among these
types of cushions does not have influence on the alignment between
the ASIS, nor an effective action in the correct positioning of the
sacrum. It is important, as a previous study14 already demonstrated
that the 1101 backrest inclination increases the pressure on the
ischium and none of the types of cushions evaluated in the present
study improved the pelvis tilt.
Although the studied cushions did not alter the sitting posture, it is

known that some wheelchair components can be used for postural
management, such as contoured cushions, reclined backrest, seat belt,
headrest, armrest, footrest, shoulder harness and chest trap.18 Such
wheelchair components have an influence on the postural alignment,
pressure management, comfort and ability to perform the reach task
and self-propel, besides its role in the prevention of muscular and joint
disorders.19

Individuals without SCI, as expected, present lesser postural devia-
tions in relation to lateral inclination of the pelvis and the pelvic tilt,
which demonstrates the relationship between SCI and the deficit in
postural alignment.
The cushion types evaluated in the present study seems not to

influence the sitting posture with a 1101 backrest inclination and they
should not be considered as postural management in individuals with
SCI. The results show that the indication of the cushion type must
consider not only the pressure and comfort aspects, but also the
posture deficit. It is relevant, as most individuals with SCI in Brazil use
gel or foam cushion, without concern about the postural alignment
and the appropriate management for this aspect.
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Figure 4 Angle between ASIS and GT of the femur. (a) Right side; (b) left side. aPo0.05, spinal cord injury versus control.
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Additionally, PAS/SAPO was demonstrated to be useful for postural
assessment, as it was capable of detecting differences between subjects
with and without SCI. The results demonstrate that the PAS/SAPO, a
simple, rapid and inexpensive software, can be used as an additional
tool in order to provide a posture evaluation, which can help in the
treatment management of these individuals.
The limitations of the study are related to: small sample number,

which prevented a separate assessment of individuals with paraplegia
and quadriplegia, the lack of analysis of lateral deviations of the spinal
cord and the deviation of adduction and internal rotation of the thighs
due to the inability of the PAS/SAPO software to evaluate the posture
in three dimensions. The study was limited to the analysis of only two
types of cushions; however, there are other options that can also be
used by individuals with SCI, such as air, viscoelastic and contoured
cushions, which may have a different influence on the sitting posture
of these individuals. Also, only a wheelchair with reclined backrest was
investigated in the present study.
Additional studies should be carried out to better clarify the influence

of these and other cushion types and other wheelchair backrest angles
on the sitting posture of individuals with SCI, considering the postural
and pressure managements, besides the functional range of motions.

CONCLUSION

Among the cushions evaluated, no difference was found in postural
alignment when the use of foam, gel cushions and without cushion
was compared in individuals with SCI and healthy ones. On the other
hand, it was verified that individuals with SCI have greater misalign-
ment of the torso and greater posterior pelvic inclination than the
healthy individuals, which suggest the efficacy of PAS/SAPO software
in the evaluation of posture.
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