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Learning Outcome(s)
• Identify trends in risk assessment, prevention, incidence, cost, and 

litigation for perioperative hospital acquired pressure injury (HAPI).
• Explore the science of biomechanics and the impact on tissue 

deformation in surgical positioning and use of medical devices.
• Illustrate an innovative strategy to reduce harm from pressure injury 

in the surgical population



The Situation
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Current State Perioperative HAPI 22-28,32-39

• Incidence
• Range 4.5%-64.1% 
• Mean 18.96%

• Cost 
• 26.8 Billion

• Litigation
• $250,000

• Risk Assessment tools
• Braden
• Scott Triggers
• Munro Scale
• PRAMS
• Braden QD



Barriers 40-44 

• Patient factors
• Budget constraints
• Lack of standardization 
• Outdated equipment
• Siloed communication
• Out-patient surgery follow-up
• Competing priorities

Scott, S. Perioperative Pressure Injuries: Protocols and Evidence-Based Programs for Reducing Risk. PSQH, 2016;13(4), 20-28.



Desired State 28,31-32, 41-44

• Gap Assessment
• Quality Improvement/RCA2
• Risk & Skin Assessments
• OR Skin Bundles
• Staff Education & Competency
• Equipment Standardization
• Interprofessional Collaboration
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Cellular deformation and how this triggers 
the cascade toward cell death and pressure 

injury formation in the OR setting
Professor Amit Gefen, PhD
Department of Biomedical Engineering,

Faculty of Engineering, Tel Aviv University
E-mail: gefen@tauex.tau.ac.il

mailto:gefen@tauex.tau.ac.il


Our current understanding of pressure ulcer/injury etiology 

Shoham et al. Biomechanics and Modeling in Mechanobiology 2016
Gefen & Soppi Wound Practice and Research 2020



Animal models

MRI

Cell cultures
Tissue engineering

Exposure to sustained deformations kills cells 
and tissues fast, much faster than ischaemia
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What happens to cells at a forming pressure ulcer/injury site?

Slomka & Gefen Annals of Biomedical Engineering 2012
Leopold & Gefen Medical Engineering & Physics 2013
Weihs & Gefen Medical Engineering & Physics 2016
Gefen EWMA Journal 2018
Gefen Medical Engineering & Physics 2019
Gefen et al. International PU Guidelines 2019 
Gefen et al. International Consensus Document on Prevention of Device-Related Pressure Ulcers Journal of Wound Care 2020



Current understanding

Gefen British Journal of Nursing 2017 & International PU Guideline 2019

Current understanding of pressure ulcer/injury etiology (Cont.) 
Conventional thinking

Several hours 10s of minutes



The vicious cycle of pressure ulcer/injury formation & progression

Slomka & Gefen Annals of Biomedical Engineering 2012
Leopold & Gefen Medical Engineering & Physics 2013

Weihs & Gefen Medical Engineering & Physics 2016
Gefen EWMA Journal 2018

Gefen et al. Clinical Practice Guideline 2019
Gefen & Ousey, Update to International Consensus Document 

on DRPUs Journal of Wound Care 2020

The 
vicious 
cycle of 

PUs



What makes a technology effective in primary PU/PI prevention?
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How do conventional support surface technologies mitigate deformation? 

Linder-Ganz et al.Journal of Biomechanics 2006
Gefen et al. Journal of Biomechanics 2008

Shabshin, Gefen et al. 
Journal of Rehabilitation Research & Development 2010 
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The uniqueness of the operating room (OR) setting

Gefen et al. International Wound Journal 2020 



Tissue 
deformations 

on an OR table

Tissue deformations in the OR: The example of the heels

Tenenbaum, Gefen et al. Journal of Rehabilitation 
Research and Development 2013
Sopher et al. Journal of the Mechanical Behavior 
of Biomedical Materials 2011



• Precision procedures (e.g. neurological, cardiac, 
vascular, tumor removal) require body stability

Discussion: A biomechanical perspective on the 
uniqueness of the OR setting

Gefen Ostomy Wound Management 2008, Gefen Wounds International 2020 & Gefen, Journal of Elasticity 2021

In addition to the intense tissue deformations, the OR setting 
imposes serious constrains to tissue protection:
• Long (3-4 hours) immobilization periods due to 

anesthesia (& over 6 hours for neurosurgery) 

• Whole-body repositioning is not feasible 
(patients are anesthetized & ventilated) 



The Solution
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Innovation
• Why?

• Patients undergoing surgical procedures are at risk for pressure injury 
• Comorbidities 
• Nutritional status 
• Age 
• Length of surgery 
• ASA 
• BMI 
• Position and positioning aids

• .Regulatory Requirements/Reimbursement



Innovation
• How?

• Communication and Collaboration

• 5 M Fishbone

• Education

• Practice Change



Innovation
• Interventions

• Pressure Injury Prevention Risk Assessment Tool

• Positioning Templates

• Electronic Medical Record Support



Innovation



Innovation



Innovation

JHH Safe Skin Assessment Performed JHH Safe Skin Assessment Performed



Results



scotttriggers@gmail.com |   gefen@tauex.tau.ac.il |   temerso1@jhmi.edu
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