Simulations of tissue loads In the seated
buttocks on an air-cell-based cushion In
bariatric/diabetic wheelchair users

Amit Gefen, Ph.D.
Professorin Biomedical Engineering

Department of Biomedical Engineering
Faculty of Engineering
Tel Aviv University

Email: gefen@eng.tau.ac.il

Kara Kopplin )-\\'ﬁ
SeniorDirector of Efficacy and Research RUHU
ROHO, Inc., a Permobil Company .
Belleville, IL, USA

Email: kara.kopplin@permobil.com P'E"“'lobﬂ



Pressure ulcers

Category 4.
full thickness skin loss; fat and
muscle damage; bone Is L
exposed B e o —— s

e e




Distinct mechanisms of
deep versus superficial pressure ulcers
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Sustained deformation is the direct cause
of cell and tissue death

Much faster than ischemia

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



Adeqgquate envelopment minimizes

tissue deformations
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Example: Greater envelopment substantially reduces localized tissue

loads during wheelchair sitting
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Integrate previous modeling concepts
with pathoanatomical and biomechanical tissue
changes that result from obesity and diabetes...

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



Modeling tissue Ioads on foam Cushlons

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

¢ Shoham & Gefen (2015) used
the Same method to explore Elsner & Gefen, J Biomech 2008
how fat mass affects tissue

loads on contoured foam ., 4
CUShlonS +40% fat, severe Fi

Sopher and Gefen, J Biomech 2010
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Model variants to simulate weight gain while sitting on an

ACB cushion
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SKin tissue stresses In diabesity models
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Muscle tissue stresses in weight-gain models

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

Diabesity: The combined effect of obesity and diabetes
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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

e 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.

« 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.
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A Computer Modeling Study to
Evaluate the Potential Effect of Air
Cell-based Cushions on the Tissues of
Bariatric and Diabetic Patients

Ayalet Lavy, MSc; Kara Kopplin, BSc; and Amit Gafen, PhD

Abstract

Sitting-acquired pressure uicers (Pls) are a potentialy life-endangering
obese and hawe dinbetes melitus. The increased body weight and
properties hawe been identified in the iterature to increase the risk for PUs

medeling study was conducted to evaluate the biomechanical effect of an air ACH) cushion on tissues with
increased fat mass and diabetes, which causes altered stiffness in ‘tissues with respect 1o healthy
t—.uﬁ)ﬂnllr mflmm[FE]m-m d ith the: strain and stress distributions.

and DTis to assess the effects of fat
=s in the soft fissues of buttocks during sitting

nance imaging examination of an individual with a spinal cord injury. The ACE cushion faciitated & modemte increass in
muscle strains jup to 15%E) and stresses jup o 30%), li=wise oderate i
with the incsease i fat mass, for both disbetic and frondiabetic conditions, Thess simulation resubs suggest wheelchair
usgens'w ho are obese and have diabetes may be -'w g 1iimis i i
stresses in the weight-bearing soft tissues i b
mdul-ﬁ'lgd:u.rtlumkhnbulol
s robust preclinical comp e studi ide much-nesded evidence to help dinicians makes informed PU pre-

wention ard wheslchair cushion population and other wheslchair bound individuals.
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tocks tha result from these conditions. Clinical studies to increase
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