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Hypotheses

• Ischemia
– Lack of oxygen, 

nutrients, etc.

• Deformation
– Cells die because of 

the pure deformation



Hypotheses

• Deformation is the 
most important factor

• Ischemia does not 
give any effect before give any effect before 
22 hours

• Cells behave like 
water balloons

• The membrane is 
stretched
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The road of pressure ulcers

Reaction forces



The Seated Human

• Webcast www.anybodytech.com

• Prof. John Rasmussen 
(development)

• By me (Validation)

• Inverse dynamic model
• Human sitting in a 

generic chair
• Chair

– Seat, Backrest, Armrest, 
Legrest, Footrest, and 
headrest

– Adjustments:
• Friction coefficients
• Backrest, seat, foot, etc., can 

be adjusted



Validation

• Experiments
– Reaction forces
– Seated postures

• Model• Model
– Input = Seated posture
– Reaction forces



• Setup
– Angles and distances

• Calculating forces acting between 
chair and body 

The Seated Model

chair and body 
– (Boundary conditions)







FE-model of buttocks

• Wölfel Beratende 
Ingenieure GmbH

• Casimir/Automotive
• Non-linear model• Non-linear model
• Automotive seating
• Vibration analysis



Casimir FE-model of buttocks

• Continuum model
– Bones
– Soft tissue
– Muscles for posture– Muscles for posture

• Strain results depends 
on positioning in the 
chair



Interface

Seated AnyBody Model

• Depends on posture incl. 
muscles

• Calculate reaction forces

Casimir/Automotive

• Detailed tissue strain
• Depend on boundary 

condition
• Fast calculations

• No soft tissue • Depend on boundary 
conditions



Interface

Gravity only Gravity and 80N shear force

Preliminary Example



Interface

• Work in progress
• Geometry (Casimir)
• Material Properties (Casimir)
• Boundary conditions (Anybody) • Boundary conditions (Anybody) 
• Mesh refinement

– Tissue strains

Relate posture with tissue strain



Tissue strain

• Cells die due to deformation
– What type of deformation?
– Tissue is nearly incompressible

• Water balloon analog• Water balloon analog

Compression

Tension Shear

Hydrostatic



Mechanical tests of cells

Gawlitta, D. (2007)Breuls, RGM. (2003)



• Early study show 
similar results

• Pressure cuff 
around rat leg

Mechanical tests of cells

around rat leg
– Point load
– Hydrostatic



The road of pressure ulcers

Reaction forces
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