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Category 1: Changes in skin

Category 4:
full thickness skin loss; fat and
muscle damage; bone is
exposed

Pressure ulcers



Distinct mechanisms of 
deep versus superficial pressure ulcers



Exposure to deformations kills cells and tissues fast! 
Much faster than ischemia  

Sustained deformation is the direct cause 
of cell and tissue death

Conclusion: support surfaces and devices for prevention should minimize 
internal tissue deformations and loads, not (just) interface (skin) pressures!



Gefen, Ostomy Wound Management 2014

Adequate envelopment minimizes
tissue deformations
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Flat foam cushion
stiffness= 10 kPa 

Example: Greater envelopment substantially reduces localized tissue 
loads during wheelchair sitting  



Integrate previous modeling concepts
with pathoanatomical and biomechanical tissue 
changes that result from obesity and diabetes…

Goal

…to determine how a support surface might 
reduce this risk.



• Sopher & Gefen (2010) used
FE models to investigate how
BMI variations influence tissue
loads on flat foam cushions

Modeling tissue loads on foam cushions

Shoham et al. Adv Sk in Wound Care 2015

Sopher and Gefen, J Biomech 2010Elsner & Gefen, J Biomech 2008

• Shoham & Gefen (2015) used
the same method to explore
how fat mass affects tissue
loads on contoured foam
cushions

• Both studies reported a
considerable increase in
muscle strains/stresses with
increased levels of BMI or fat
mass



Model variants to simulate weight gain while sitting on an 
ACB cushion



Skin tissue stresses in diabesity models

The locally increased soft 
tissue stiffness in skin and fat 
imposes the risk of elevated 
tissue stresses, while also 
subjecting nearby tissue 
segments to an increased risk 
of deformation-inflicted injury 

Diabetic skin and fat tissues 
were considered as being 
40% stiffer than non-diabetic 
tissues according to the 
literature 



Muscle tissue stresses in weight-gain models

Volumetric exposure to elevated
gluteal muscle tissue stresses
increases as bodyweight rises



Diabesity: The combined effect of obesity and diabetes 

ACB cushions keep the effective average strain/stress values from exceeding
a +20% increase for up to +20% increase in fat mass (equivalent to BMI of 30)
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Key Finding

Tissue stresses in the “worst case” diabetic, obese 
simulation seated on an ACB cushion, were a fraction of 
the stresses reported in the literature for “best case”, non-
obese, non-diabetic simulated subjects on foam.

Through immersion and envelopment, this risk of 
diabesity was substantially reduced by the ACB cushion.



Discussion and Wrap-Up

• The ACB cushion's adaptability and adjustability allow 
it to conform to a variety of anatomies and 
pathophysiological changes, including this often 
overlooked risk factor of diabesity.

• Previous research demonstrated that strains and
stresses in weight-bearing tissues of the buttocks
significantly increase with rise in body or fat masses

• However, the ACB cushion was able to dramatically
counter this pathophysiological risk factor of
diabesity.
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