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This paper explores the efficacy of the cushion
fitting technique using foam cut out cushions for
off-loading bony prominences in the sitting position,
with a particular focus on reducing the high risk of
developing pressure injuries among aging wheel-
chair users. This technique, historically employed
at Rancho Los Amigos National Rehabilitation
Center, has shown promising results in reducing
pressure injuries for patients with spinal cord inju-
ries. However, its widespread adoption remains
limited. This manuscript aims to raise awareness
about foam cut out cushions, its historical context,
and its contemporary relevance by presenting cus-
tomized solutions for individual patients with speci-
fic deformities. Key clinical points are highlighted,
emphasizing the importance of skilled clinicians in
the fitting process and the need to consider foam
cut out cushions alongside other preventive measu-
res. Case examples illustrate successful outcomes,
demonstrating improved pelvic stability, posture,
and off-loading of bony prominences. By promo-
ting foam cut out cushions as a valuable cushioning
option, this manuscript equips clinicians with know-
ledge to utilize this technique effectively.
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he growing aging population, including those with
disabilities, has raised the risk of pressure ulcers.
Advanced age increases not only the frequency but also

/LAY ABSTRACT )

This paper investigates the effectiveness of using
foam cut out cushions to relieve pressure on bony
areas while sitting, especially for elderly wheelchair
users who are prone to developing pressure injuries.
This study delves into the historical background of
foam cut out cushions and emphasizes their rele-
vance in addressing the needs of modern patients.
By customizing the cushions according to individual
requirements, this research highlights a successful
alternative for providing personalized cushion solu-
tions to wheelchair users. The findings underscore
the importance of adopting the cushion fitting techni-
que to reduce pressure-related health risks, making
it a valuable approach for enhancing the comfort and

Kwell-being of aging wheelchair users. j

the severity of these ulcers (1, 2). According to the Agency
for Healthcare Research and Quality (AHRQ), in the
United States, approximately 2.5 million people develop
pressure ulcers yearly (3). According to a clinical practice
guideline for healthcare professionals published by the
Consortium for Spinal Cord Medicine, pressure ulcers are
an underestimated healthcare problem, particularly for
individuals with spinal cord injury (4). The annual inci-
dence of pressure ulcers among individuals with spinal
cord injuries (SCI) is between 23 and 30%, but up to 85%
of SCI individuals develop a pressure ulcer at some point
during their lifetimes (1). The risk of developing pressure
ulcers increases with injury duration, from 15% at 1 year
to 30% at 20 years of follow-up (5). Hence, seat cushions
with pressure-relief properties are crucial for preventing
pressure ulcer development in aging individuals with SCI.

The foam cut out cushion (FCC) fitting technique is
a specialized approach aimed at reducing pressure and
minimizing the risk of pressure injuries, particularly
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targeting vulnerable areas like the ischial tuberosities and
coccyx during prolonged sitting. This method has demon-
strated a consistent track record of success, particularly at
the Rancho Los Amigos National Rehabilitation Center
(Rancho), where individuals with SCI continue to expe-
rience its benefits even after completing their treatment at
the center (6).

For individuals who rely on wheelchairs over the long
term, the development of postural deformities such as
kyphosis, scoliosis, pelvic obliquity, and posterior pelvic
tilt is a common concern (7-9). These deformities can sig-
nificantly compromise functional abilities while sitting in
a wheelchair, resulting in increased discomfort, suscepti-
bility to pressure injuries, compromised balance, and
limited use of the upper extremities. FCCs have proven to
be highly effective in preventing pressure injuries, parti-
cularly for users with tissue atrophy in the pelvic region,
as they completely alleviate pressure from high-risk areas.
Despite the demonstrated effectiveness of this technique,
widespread adoption among clinicians who have not been
specifically trained at Rancho remains limited.

This paper aims to provide a historical and current context
for FCC, paying tribute to its developers and demonstrating
its contemporary applicability by illustrating the customiza-
bility of the FCC tailored for patient case example.

KEY CLINICAL POINTS OF FCC
RECOMMENDATION

This paper highlights key clinical considerations for
recommending FCCs, including:

» Effective off-loading of high-risk bony areas like the
ischial tuberosities and coccyx.
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* Customizability for accommodating various bony
prominences and patient-specific asymmetries.

» The positive impact on quality of life, sitting tolerance,
and pressure sore prevention.

* The importance of skilled clinicians in understanding
patient anatomy and cushion interaction, facilitating
patient training for self-replicable results.

* The recognition that cushion choice alone is insuffi-
cient for pressure injury prevention necessitates addi-
tional preventive measures.

CONCEPT OF OFF-LOADING VS.
IMMERSION IN PRESSURE RELIEVING
CUSHIONS

There are 2 main concepts of pressure relief in cushions:
off-loading and immersion. The concept of immersion
aims to minimize pressure beneath bony prominences by
distributing the pressure more evenly over larger surfa-
ces (Fig. 1). On the other hand, the concept of off-loading
involves completely unweighting high-risk areas, such
as bony prominences, by recessing the surface beneath
the sitting area. This redistribution of pressure directs it
toward larger and less bony structures, such as the pos-
terior thighs and trochanters. The table presents the safe
sitting pressure values proposed by Reswick in his influ-
ential 1976 paper (see Table I) (6). These thresholds are
provided for different body regions to help assess the risk
of pressure-related injuries, particularly in individuals
who are immobile or have limited mobility. The values
are given in millimeters of mercury (mmHg) and serve as
guidelines for determining appropriate support surfaces
or interventions to prevent the development of pressure
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Fig. 1. Pressure mapping illustrates reduced direct pressure on at-risk bony prominences (ischial tuberosity and coccyx) with an off-loading foam
cut out cushion (FCC) compared to an immersion fluid cushion by redistributing pressure to the cutout’s soft tissue edges (gluteus maximus and

hamstrings).
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Table I. Safe sitting pressures (6)

Ischial tuberosities 30-40 mm Hg
Greater Trochanter 60 mm Hg
Posterior Thighs 100 mm Hg
Sacrum/Coccyx 10 mm Hg
Tips of Coccyx 0 mm Hg

Mm Hg: Millimeters of Mercury.

ulcers or bedsores. The FCC technique developed by
Rodgers and Reswick (6) utilizes the concept of off-
loading (6) to achieve safe sitting pressures.

HISTORICAL PERSPECTIVE IN THE
CONCEPT OF FOAM CUT OUT
CUSHIONS

The concept of FCC, designed to alleviate pressure, traces
its roots back to John Rogers, a pioneering rehabilitation
engineer at the Tissue Trauma Group in Rancho. He esta-
blished the first pressure clinic in the early 1970s (6, 10,
11), and the development of the FCC cutting and fitting
technique by John Rogers and Dr. Shannon Stauffer pre-
ceded the establishment of this clinic. During this period,
pressure injuries were prevalent, affecting 68% of indivi-
duals with SCI and 35% of geriatric nursing home resi-
dents (12).

To ensure safe pressure levels in custom-designed
FCCs, John Rogers devised a simple single transducer sen-
sor and fitting technique. Like modern pressure mapping
systems, this sensor allowed therapists to gauge pressure
beneath bony prominences. By placing the sensor beneath
the prominence and palpating it, therapists could deter-
mine the appropriate pressure level. This method allowed
for effective customization of pressure-relieving cushions
(FCCs) to target high-risk areas, particularly the ischial
tuberosities. As a result, it was possible to maintain safe
pressure levels, with a maximum sub-ischial pressure of
approximately 30 mmHg and a safe pressure of 60 mmHg
(10). The concept of FCCs, along with patient education,
fitting techniques, and pressure measurement,
was shared globally, reaching countries like
Scotland and South Africa through collabora-
tion and information exchange (10, 11, 13).
Publications from various clinics echoed the
approach developed at Rancho, with some vari-
ations in the fitting technique (10, 13).

However, in the early 1980s, off-the-shelf
cushions using the immersion principle (air,
gel or fluid mediums) for pelvis support
became more accessible. Consequently, the
use of FCCs declined among therapists outside
of Rancho. Yet, our continued experience
demonstrates that off-loading bony prominen-
ces with FCCs has been successful in preven-
ting skin degradation, both in new injury cases
and the aging population. Furthermore, the
customization options offered by FCCs address

other prominences (such as the pubic ramus, trochanter,
and posterior femur) and asymmetries (such as the deve-
lopment of heterotrophic ossifications, scoliosis, and pel-
vic obliquities) that affect positioning and seating.

CURRENT RESEARCH COMPARING OFF-
LOADING AND IMMERSION CUSHIONS

Recent research on off-loading cushions, like the RIDE™
orthotic-style cushion, confirms FCCs’ benefits and app-
licability through pressure mapping and magnetic reso-
nance imaging (MRI) techniques (14, 15). Crane et al.’s
study compared off-loading and immersion cushions
using pressure mapping (14).

While pressure mapping aids clinicians in cushion
selection, it does not predict tissue deformation, increa-
sing the risk of pressure injuries (16). In contrast, MRI
studies by Call et al. (15) and Sonenblum et al. (17) mea-
sured tissue deformation in high-risk areas, alongside
pressure mapping peak pressures and PPI, supporting
Crane’s findings.

These MRI studies, coupled with scientific models,
enhance clinicians’ understanding of tissue defor-
mation when assessing different cushions (14, 15,
17-21). Despite not being available during Rogers and
colleagues’ cushion fitting technique development in the
1960s, these principles of off-loading cushions remain
valid.

STANDARD CUT OUT CUSHION

Reswick and Rogers (6) introduced a 4” high cushion
composed of Polyurethane, featuring a density of 0.07
g/cm® (#5 Ib. foam) with 3” high lamination beneath 1”
of softer, lower-density material at 0.03 g/cm® (#4 Ib.
foam). They established a guideline to maintain tissue
loading under bony prominences below 30 mm Hg (22).
A wooden template (Fig. 2) aids in precisely marking the

Wis en

Fig. 2. Customization of cut out area using a wooden template.
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Fig. 3. Standard cut out cushion design specifications.

cut out location, considering cushion width and pelvic
anatomy. Cadaver studies showed that the male pelvis is
about an inch narrower than the female pelvis. Therefore,
cut out dimensions for females are 8 inches wide by 6
inches deep with a 3-inch depth (Fig. 3), while for males,

it should be 7 inches wide by 5 inches deep with a 3-inch
depth.

This standard cut out foam cushion is suitable for
most clients without pelvic, hip or spine postural defor-
mities or asymmetries (Fig. 4, Video 1). Polyurethane
foam typically lasts 6 months to a maximum of 1 year
with normal patient use. A comparison of sitting pres-
sure (Fig. 5) illustrates the difference between a cushion
without a cut out and a modified cushion with a cutout
(Video 2). The top left image shows a cushion without
a cutout, exerting excessive pressure on both ischial
tuberosities, as seen in the pressure mapping below it.
In contrast, the bottom right image displays a modified
cushion with complete cutouts under the trochanters and
posterior femur, effectively alleviating pressure from the
ischial tuberosities.

CUSTOM CUT OUT CUSHIONS TO
ADDRESS DEFORMITIES

The evaluation of postural deformities of the pelvis, hips
and spine can be done on a mat or supine in a power recli-
ner. In assessing scoliosis or asymmetries of the pelvis,
hips, and spine, it is important to discern whether the
deformity is fixed or flexible. A flexible deformity can be

Fig. 4. Illustration of a standard cut out foam cushion, displaying the positioning of the pelvis within the cutout, effectively suspending the ischial
tuberosities and coccyx.
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Fig. 5. Sitting pressure comparison, showing the difference between a cushion with (left) and without (right) a cutout.

Fig. 6: Adjusting cutout for posterior pelvic tilt, demonstrating the adaptation of the cutout by a V cut to alleviate pressure on the coccyx, with
initial confirmation through palpation of the ischial tuberosities.
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corrected, whereas a fixed deformity is best accommoda-
ted, or pain or increased pressure can result (Video 3).

Posterior pelvic tilt

To accommodate for a posterior pelvic tilt, the cutout can
be moved forward 17 with a bridge or V cut to relieve the
coccyx (Fig. 6). Palpation of the ischial tuberosities initi-
ally will confirm where placement of the cutout should be.
If the patient sits with a level pelvis and upright trunk, the
standard cutout (8 wide x 6” deep or 7” wide x 5” deep)
can be cutout first. If there is excessive redundant tissue

on the buttocks, this positions the pelvis forward, and
the cutout for the ischial tuberosities needs to be moved
forward. For example, if someone is morbidly obese, the

Fig. 7. Wedge placement for addressing pelvic obliquity, showcasing
the use of a wedge or 1” lift underneath the cushion to aid in realigning
the trunk.

Fig. 8. Pre-ischial bar (PIB) for unweighting ischial tuberosities, demonstrating the placement of the PIB in
front of the cushion cutout, effectively raising the pelvis out of the cutout by utilizing leg weight to counterbalance
and offering a valuable solution for individuals requiring lower cushion height without bottoming out.

pelvis is still approximately the same dimensions width
wise, so the cutout is not wider, but the cutout will need to
be moved forward 1-3” toward the center of the cushion.

Pelvic obliquity

If the pelvic obliquity has limited flexibility, a wedge pla-
ced under the cushion base itself (not the gel pad under
the ischial tuberosity) can assist with reorienting the trunk
from leaning laterally to a more midline alignment. For
example, as in the picture, for a right pelvic obliquity, a
wedge or 17 lift underneath the cushion, under the right
hip, will provide lateral stability of pelvis and therefore a
more midline trunk (Fig. 7).

Pre ischial bar

The pre-ischial bar further unweights the ischial tubero-
sities by placing the pre ischial bar (PIB) in front of the
cutout underneath the cushion (Fig. 8). The weight of the
legs counterbalances the pelvis upward, out of the cut out.
This concept is useful if the person wants a lower cushion
height but is bottoming out. For example, someone using
an ultralightweight wheelchair with a low back, sitting on
a 4” high spring air cushion, makes the back height too
low or decreases his ability to push the wheels effecti-
vely. The addition of a PIB underneath the 3 cushion will
assist in unweighting the ischial tuberosities.

Leg trough

Accommodating a fixed hip extension deformity resul-
ting from heterotrophic ossification is crucial to prevent
pelvic obliquity and scoliosis when sitting. When 1 hip
lacks 90 degrees of flexion,
it forces the pelvis or trunk
to lean toward the opposite
side. To address this issue,
a modification can be made
to the foam cushion by cut-
ting a trough that aligns with
the fixed deformity (Fig. 9).
This trough allows the pelvis
to level out, enabling the trunk
to assume a more upright pos-
ture. By creating this accom-
modation, the foam cushion
provides better support, ensur-
ing that the pelvis remains
level and minimizing the risk
of postural imbalances. This
adjustment aims to improve
the individual’s overall seating
posture and reduce the poten-
tial complications associated
with an uneven pelvis and
trunk positioning caused by the
fixed hip extension deformity.
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Fig. 9. Leg trough modification to address fixed hip extension deformity, showcasing the critical adaptation of a foam cushion through the creation
of a trough and aligning with the fixed deformity to promote a level pelvis and an upright trunk posture.

Trochanteric cutouts

The trochanters, bony prominences slightly forward and
lateral to the ischial tuberosities, can be palpated. When
these trochanters become prominent and exhibit signs
of redness, off-loading can be achieved through various
methods: gridding the top layer of foam to reduce surface
tension, tunneling out the firmer foam underneath the
softer 4# foam or selectively removing foam specifically
under the bony prominences, as depicted in the accompa-
nying picture (Fig. 10).

CASE EXAMPLES ADDRESSING
DEFORMITIES

The following is a collection of 5 case examples that
highlight the contemporary relevance of FCC. These
case examples highlight the importance of tailoring
cushions to meet the specific needs of each patient’s uni-
que case.

Case 1

This case report describes a young man with T2 paraplegia,
a fixed right pelvic obliquity (where the right side of his

Fig. 10. Trochanteric cut outs for off-loading, illustrating the techniques to address prominent and reddened trochanters using methods such as
gridding the top foam layer, tunneling the firmer foam beneath the softer 4# foam or selectively removing foam under the trochanters.
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Fig. 11. Application of a wedge to improve trunk stability in a T2 paraplegic patient with fixed right pelvic obliquity and lumbar curve scoliosis,
illustrating the concept of using a wedge to shift trunk weight toward the midline, enhancing seating stability and supporting individuals with

postural challenges across various cushion types.

pelvis is lower than the left), and a right lumbar curve sco-
liosis (Video 4). He uses a custom-designed back support
and prefers sitting ona ROHO , air cushion. To address the
issue of him leaning to the right due to his pelvic obliquity,
a wedge was placed underneath the ROHO cushion to shift
his trunk and weight more toward the midline, improving

his trunk stability. This concept of using a wedge can be
applied to various types of cushions, including foam cushi-
ons and floatation cushions using gel or air, to accommo-
date fixed deformities and promote a more balanced sitting
position (Fig. 11). The goal is to provide better support and
balance for individuals with postural challenges.

Fig. 12. Custom foam cushion design for a T2 paraplegic patient post skin flap surgery and left hip girdlestone procedure, featuring a diagonal cut
with a one-inch offset to address right-forward pelvic rotation and accommodate right pelvic obliquity, resulting in an improved upright posture.

This needs to be under the 5 figs on page 26.
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Case 2

This case report focuses on a young man with T2 para-
plegia who developed collapsing scoliosis, right pel-
vic rotation, right pelvic obliquity, left hip heteroto-
pic ossification, and pressure sores (Video 5). He was
admitted for skin flap surgery and a left hip Girdlestone
procedure. Preoperatively, he had difficulty maintaining
an upright position in his wheelchair due to spasticity,
fixed left hip extension and a collapsing scoliosis.

Postoperatively, the goal was to provide a cushion that
could off-load pressure from his ischial tuberosities and
accommodate his deformities. A foam cushion was cus-
tomized with a diagonal cut to address his right-forward
pelvic rotation, with the cutout offset to the left by 1
inch to accommodate his right pelvic obliquity (Fig. 12).
Additionally, the left side of the cushion was cut 1 inch
shorter to accommodate the femur length difference resul-
ting from the Girdlestone procedure.

As shown in the pictures, the patient achieved a more
upright posture when seated on the custom foam cushion
compared to a ROHO cushion (Fig. 12). These custom
solutions provided pelvic stability and midline trunk sup-
port to improve the patient’s overall seating comfort and
posture.

Case 3

This case report discusses the design of a custom-cut
cushion for a gentleman with a C6—C7 tetraplegia and fra-
gile, atrophied albino skin (Video 6). Throughout the 35

years since his injury, the patient’s skin had become more
vulnerable, requiring modifications to his cushion.

Initially, the cushion had cutouts under the ischial tube-
rosities and sacral area. However, due to the patient’s
evolving needs and changes in his anatomy, the cushion
design was adjusted. The posterior femur area became
bony, necessitating a complete cutout underneath it. The
lower cutout also featured a coccygeal relief to accom-
modate the patient’s preferred position of stability, a pos-
terior pelvis.

Additionally, the cushion had cutouts for the trochan-
ters and tailbone, which were now modified to be com-
plete cutouts under the trochanters and posterior femur
(Fig. 13). Pressure mapping was used to identify areas
of increased pressure, helping guide the customization
process. The front edge of the cutout was also graded to
reduce surface tension for the pubic ramus.

The report emphasizes the importance of palpation and
pressure mapping as essential tools for designing custom
foam cushions. These techniques help ensure that the
cushion is tailored to the patient’s specific anatomy and
pressure relief needs, especially when dealing with fragile
skin and changing conditions over time.

Case 4

This case report involves a patient with a complex medi-
cal history, including spinal cord injury, brain injury, and
the presence of heterotrophic ossificans (HO) in the left
hip and knee (Fig. 14, Video 7). Despite previous surgi-
cal intervention for the HO, the patient faced challenges

Fig. 13. Custom cushion design for a C6—-C7 tetraplegic patient with fragile skin and evolving needs, featuring complete cutouts under the trochanters
and posterior femur, coccygeal relief, and graded front edge to reduce surface tension, emphasizing the role of palpation and pressure mapping in
tailoring foam cushions to evolving patient anatomy and pressure relief requirements.
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Fig. 14. Comparative illustration depicting the therapeutic impact of a customized foam cutout cushion on the postural challenges for this patient.
(A) Frontal view in sitting, R pelvic obliquity and thoracolumbar curve observed with use of hands to balance. (B) Lateral view in sitting, posterior
pelvic tilt, decreased lumbar lordosis, and increased thoracic kyphosis observed with use of hands to balance. (C) Posterior view in sitting, R pelvic
obliquity, and thoracolumbar curve observed. (D) In supine (mat evaluation), limited L hip range of motion (fixed), pelvic obliquity (flexible), and
thoracolumbar curve (semi-flexible). (E) In supine (mat evaluation), R hip flexion and knee flexion (adequate for sitting). Hip and knee extension
limited. (F) Foam cut out cushion with trough made on L side to accommodate for the fixed hip extension contracture secondary to H.O. causing
R pelvic obliquity and scoliosis. Posterior cutout for bony prominences shifted 1/2” forward and laterally to account for location of the sacrococcyx
and ischial tuberosities from palpation. (G) Seated on foam cut out cushion with trough allowing hands-free balance. Semi-flexible pelvis leveled

and semi-flexible thoracolumbar improved due to trough accommodating the fixed left hip extension contracture.

in sitting upright and maintaining balance without upper
extremity support due to recurrence of HO in the left
hip. As a result, the patient sought a cushion to enhance
balance and posture.

A comprehensive evaluation assessing skin integrity,
sensation, spasticity, tone, range of motion, strength,
and posture was performed. The patient exhibited mul-
tiple postural deformities, including right flexible pelvic
obliquity (Fig. 14A), right semi-flexible thoracolumbar
scoliosis, and fixed left hip extension contracture due to
recurrence of HO (Fig. 14B, C).

To address these issues, a FCC was selected as the
most suitable solution to accommodate and correct these
postural deformities while maintaining transfer status.
The customized cushion featured a trough on the left
side to accommodate the left fixed hip extension cont-
racture (Fig. 14D, E). This leveled the pelvis and reduced
the semi-flexible scoliosis. The cushion also incorpora-
ted cutouts under the ischial tuberosities and coccyx to
relieve pressure on these bony prominences. Subsequent
reassessment of the patient on the foam cushion (Fig.
14F) revealed improved pelvic alignment, upright sea-
ted posture, and enhanced balance with raised arms (Fig.
14G).

In summary, this case report highlights the assessment
and intervention for a patient with complex postural
challenges, culminating in the customization of an FCC
to promote stability, balance, and better posture in the
patient’s power wheelchair.

SUMMARY

This paper investigates the efficacy of FCCs in preven-
ting pressure injuries among elderly wheelchair users. It
offers a historical perspective on FCC development, emp-
hasizing their customization for individual patients. This
paper raises awareness about FCC as a viable cushion
option and encourages clinicians to consider it. Key points
include complete off-loading of high-risk areas, customi-
zation benefits, enhanced quality of life, skilled clinician
involvement, and the need for more than cushion selec-
tion to prevent pressure injuries. This paper concludes by
highlighting FCC benefits in patients, such as improved
pelvic stability, posture, bony prominence off-loading,
and cushion customization.
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