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Introduction

 The abdominal wall is a multilayered 

musculoaponeurotic structure essential for:

 - Organ protection and support

 - Regulation of intra-abdominal pressure (IAP)

 - Respiration and posture maintenance

 Comprised of muscles, aponeuroses, fascia, and linea

alba.

 Disruption → hernia formation.

(Ref: Moore KL et al., Clinically Oriented Anatomy, 9th ed., 2023)
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Layers of the 

Abdominal Wall
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 1. Skin – vascular, attached at umbilicus

 2. Superficial fascia – Camper’s & Scarpa’s

 3. Muscles: EO, IO, TA, RA

 4. Transversalis fascia – key in hernias

 5. Extraperitoneal fat – contains vessels

 6. Parietal peritoneum – serous lining

(Ref: Skandalakis JE et al., Surgical Anatomy, 2021)



Muscles of the 

Abdominal Wall
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 EO: Lower 8 ribs → Linea 
alba, iliac crest – 
rotation

 IO: Thoracolumbar 
fascia → Linea alba – 
flexion

 TA: Iliac crest → Linea 
alba – stabilization

 RA: Pubic crest → 
Xiphoid, costal 
cartilages – posture

(Ref: Gray’s Anatomy, 43rd ed.; 
Hall JE, 2021)



Functional Physiology

 Maintains IAP for respiration, defecation, micturition, 
childbirth.

 Coordinates with diaphragm and pelvic floor.

 Provides trunk stabilization; active in coughing, 
sneezing, lifting.

(Ref: De Troyer A, Kirkwood PA, J Appl Physiol, 2020)
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Biomechanical Properties

 Abdominal wall is anisotropic – direction-dependent 
mechanics.

 Viscoelastic: elastic (muscle) + viscous (fascia) 
behavior.

 Load transmission via linea alba & aponeuroses.

 Fascial continuity enables force coupling.

(Ref: Gherardini G et al., Plast Reconstr Surg, 2022)
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BIOMECHANICAL PROPERTIES OF ABDOMINAL WALL
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Hernia Biomechanics

 Hernia = failure in wall integrity.

 Causes: muscle weakness, collagen disorders, ↑IAP, 

surgical trauma.

 Mesh reinforcement redistributes load.

(Ref: Schumpelick V, Klinge U, Hernia Surgery, 2019)
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Mesh-Tissue Interaction & 

Recurrence

 Recurrence due to mesh-tissue interface failure.

 Ideal mesh: flexible, porous, biocompatible.

 Accurate defect sizing essential.

(Ref: Bellows CF et al., World J Surg, 2021)
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Computational Modeling

 Finite Element Modeling (FEM) simulates stress & load.

 Identifies risk zones for hernia/recurrence.

 Dynamic MRI assesses wall deformation.

 (Ref: Rath AM et al., Hernia, 2023)
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Finite Element Modeling 

(FEM) in Hernia Repair

 FEM = Computer-based simulation of mechanical 
behavior.

 Divides abdominal wall and mesh into small 
interconnected elements.

 Simulates how tissues and meshes respond to stress 
and load.

 Predicts deformation, tension, and pressure points.

 Acts as a virtual lab for surgical biomechanics.

 FEM helps visualize stress distribution during and after 
hernia repair.



Clinical Relevance of FEM

 Identifies high-stress zones → predicts risk of recurrence.

 Optimizes mesh design & placement (size, material, 
overlap).

 Guides fixation points to reduce tension concentration.

 Improves durability of repair by ensuring balanced load 
sharing.

 Supports evidence-based refinement of hernia repair 
techniques.

 FEM enhances understanding of abdominal wall 
mechanics and helps create safer, tension-free, long-
lasting hernia repairs.



Summary

 Abdominal wall: biomechanically complex structure.

 Understanding anatomy + load distribution crucial.

 Goal of repair: physiologic load restoration.
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THANK YOU
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