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Introduction: Pressure ulcers are wounds that result from tissue ischemia 
secondary to decreased perfusion when unrelieved pressure occurs on the skin 
and underlying tissue. Patients with pressure ulcers experience higher rates of 
morbidity and mortality. Pressure ulcers directly associate with longer and more 
costly hospital admissions. Patients with a spinal cord injury (SCI) have a higher 
risk to develop a pressure ulcer during a hospital stay. Higher sitting pressure 
measurements are associated with a higher incidence of pressure ulcers. 
Methods:  We conducted a literature review to determine current practices to 
decrease pressure ulcers in SCI patients. 
Results: The Braden Scale is the standard measurement tool used to assess 
risk factors for pressure ulcer development in patients.  Current strategies to 
prevent pressure ulcers focus on recommendations based on the Braden Scale 
Score. These strategies include using a pressure reduction surface for sitting. The 
strategies for prevention of pressure ulcers for SCI patients include specific 
recommendations for seat cushions to prevent ischia and sacral pressure ulcers.  
Factors that need consideration for seat cushion fitting for SCI patients are the 
amount of time a patient spends in the wheelchair daily, whether or not the patient 
can independently change position, level of sensation over the ischia, muscle 
strength or atrophy, and any systemic co-morbidities that would affect circulation 
and healing.  The standard of care includes proper fitting of the wheelchair to the 
patient and using computer modeling to determine interface pressure over the 
ischia. Alternating air-pressure seat cushions are superior to static foam seat 
cushions for pressure ulcer prevention. Real-time (RT) pressure mapping allows 
creating custom foam seat cushions, but our review did not identify any studies 
testing whether combining RT pressure interface measurements with an 
alternating air-pressure seat cushion would decrease the development of 
pressure ulcers in SCI patients.
Conclusion: In our review, no studies tested whether combining RT interface 
measurements with an alternating air-pressure seat cushion would decrease the 
development of sacral and ischia pressure ulcers in patients with spinal cord 
injuries. We postulate that combining RT pressure interface measurements with 
an alternating air-pressure seat cushion may be a feasible and superior option to 
decrease the development of pressure ulcers in SCI patients. We will be 
conducting a robust RCT to fully test our hypothesis.
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In our review, no studies tested whether combining RT interface measurements with an 
alternating air-pressure seat cushion would decrease the development of sacral and 
ischia pressure ulcers in patients with spinal cord injuries. We postulate that combining 
RT pressure interface measurements with an alternating air-pressure seat cushion may 
be a feasible and superior option to decrease the development of pressure ulcers in 
SCI patients. Our next step will be to conduct a RCT testing our hypothesis.  An 
alternating air-pressure seat cushion is currently being developed at The University of 
Texas at Arlington Research Institute (www.uta.edu/utari).
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PRESSURE ULCER DEVELOPMENT

In 2015, prevalence of pressure ulcers in all settings ranged from 8.8% to 28.8% 
(VanGilder et al., 2017). Lyder et al. (2012) found that 16.7% of all patients admitted 
to the hospital with a pressure ulcer subsequently suffered one or more additional 
pressure ulcers.  SCI patients were more likely to develop a pressure ulcer during a 
hospital stay than patients without a spinal cord injury, with a prevalence rate of 
49.2% for SCI patients compared to a prevalence rate of 25.2% for patients without a 
SCI (Scheel-Sailer, Wyss, Boldt, Post & Lay, 2013).

Pressure ulcers are associated with higher rates of morbidity and mortality in 
patients. From 2008-2012, hospital patients with a pressure ulcer had a mortality rate 
of 9.1%, compared with a mortality rate of 1.8% for hospital patients without a 
pressure ulcer during the same time frame (Bauer et al., 2016).  Patients with 
pressure ulcers had higher rates of death both in the hospital and within the first 30 
days after hospital discharge (Lyder et al., 2012).  

Pressure ulcers also have a significant financial impact. The Centers for Medicare 
and Medicaid Services used data from Maryland and California to estimate the cost 
of pressure ulcers to be $17,495 - $28,272 per incidence (Fuller, McCullough, Bao & 
Averill, 2009). Inpatient costs for patients with pressure ulcers have been estimated 
to be $19,000 higher per patient than costs for patients without pressure ulcers 
(Bauer et al., 2016).  

Pressure ulcers are injuries to the skin and underlying tissue and are usually 
located over a bony prominence (Bryant & Nix, 2012). The mechanism of injury 
is the closure of capillary blood flow by pressure on the skin and tissue, as 
described by Bryant and Nix (2012). The capillary pressure needed to move 
fluid through the capillary membrane is 12-32 mmHg, therefore, higher 
pressures on the capillary bed due to pressure will shut off the capillary blood 
flow. After capillary blood flow is obstructed, tissue ischemia will begin due to 
hypoxia. This tissue ischemia will result in a pressure ulcer if the damage is 
severe enough.  
Stages:  Pressure ulcers are identified by stages, as described by Hess (2013).  
Stage 1 pressure ulcers are characterized by intact skin and non blanchable 
erythema, and are usually found over a bony prominence. Stage 2 pressure 
ulcers are shallow, partial thickness open wounds. The ulcer extends into, but 
does not go below, the dermis. Stage 3 pressure ulcers are full thickness open 
wounds, and subcutaneous fat or yellow, devitalized tissue called slough, may 
be visible. Stage 4 pressure ulcers are full thickness open wounds, and muscle, 
tendons, or bone may be visible. There are two additional pressure ulcer stages 
that are not numbered.  Deep tissue injuries (DTI) are closed wounds similar to 
Stage 1, with deep, dark purple discoloration to the area, and these wounds can 
rapidly progress to Stage 3 and Stage 4 ulcers. Unstageable ulcers are full 
thickness wounds where the wound bed is completely obscured by slough or 
eschar, therefore, since the wound bed is not visible, the wound cannot be 
staged appropriately until the devitalized tissue is removed. 
Braden Scale:  The Braden Scale is the standard measurement tool used to 
assess risk factors for pressure ulcer development in patients (Bergstrom, 
Braden, Kemp, Champagne, & Ruby, 1998). Health care providers use the 
Braden scale to assign a score for each patient and recommendations for 
pressure ulcer prevention are indicated according to the score received 
(Bergstrom et al., 1998). The Braden scale measures sensory perception, 
moisture, activity, mobility, nutrition and friction and shear, and a lower score 
indicates a higher risk for developing a pressure ulcer (Bergstrom et al., 1998).   

Using the aforementioned Braden scale to determine the risk level for pressure 
ulcer development will provide recommendations to prevent pressure ulcer 
development (Bergstrom et al., 1998). These recommendations, according to 
Krasner (2014), range from mild to very high risk pressure ulcer prevention. Mild 
risk prevention would include a turning schedule, physical therapy, using a 
pressure reduction surface for chair and bed as needed, heel protection, and 
strategies for managing nutrition, moisture, friction and shear. Moderate risk 
prevention includes all of the above plus a turning schedule for repositioning every 
2 hours while in bed and every hour while seated, and not raising the head of the 
bed above 30 degrees. The high risk prevention plan includes the previous while 
adding foam wedges for positioning and more frequent, smaller shifts in position. 
The very high risk prevention plan includes all of the above plus adds a higher 
level support surface for the bed. 

Pressure ulcer prevention strategies for spinal cord injury patients include 
specific recommendations for seat cushions to prevent ischial and sacral pressure 
ulcers (Söderback, 2009).  Seat cushions are needed to provide support for 
correct posture and air circulation, prevent heat and moisture buildup, and provide 
stability and comfort (Krasner, 2014). Lachenbruch, C., Tzen, Brienza, Karg and 
Lachenbruch, P. (2015) found that increased interface pressure under the ischial 
tuberosities was a predictor of reactive hyperemia, which is an indicator of 
arteriole occlusion, the precursor to pressure ulcer development.  

Levy, Kopplin and Gefen (2013) determined that air cell cushions are better at 
preventing pressure ulcers than foam cushions. Gil-Agudo et al., (2009) conducted 
a comparative study of low profile air cushions, high profile air cushions, dual 
compartment air cushions and gel/foam cushions found that dual compartment air 
cushions had the lowest pressure readings of the cushions studied (p < 0.05). 
Trewartha and Stiller (2011) compared single air cell cushions and interconnected 
air cell cushions and found that air cushions with interconnected cells provided 
better pressure redistribution than single air cell cushions Arias et al., (2015) 
studied the effect of air cell cushions with alternating pressure on able bodied 
volunteers, and the cushions were shown to reduce overall peak pressure (p = 
0.010) and to increase oxygenated hemoglobin at the ischial tuberosities (p < 0.01). 
Alternating air cell cushions relieve interface pressure better than static air cushions 
regardless of the pattern, according to Mandala (2011).
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