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Abstract 
The mechanical behaviour of ovine bronchial tissue is 
paramount to understanding of material requirements 
for bronchotracheal medical devices, such as bronchial 
stents and filters, but is poorly understood. This study 
characterises the mechanical properties of ovine 
bronchial tissue using uniaxial and biaxial tensile 
testing to determine the anisotropic behaviour of the 
tissue and derive constants for a constitutive 
representation of the material to aid in computational 
modelling. Histology of the tissue is also conducted to 
study cartilage plates. The material anisotropy of the 
tissue is demonstrated.  
 
1. Introduction 

Lung cancer has the highest incidence of mortality in 
Europe, accounting for 20% of total cancer deaths1. 
Cancerous tumour can occlude bronchial airways, leading to 
impaired respiration. Bronchotracheal devices (e.g. bronchial 
stents and filters) for the treatment of respiratory diseases are 
limited in their design due to the lack of understanding of the 
mechanical properties of bronchial tissue2. This study 
characterises the mechanical properties of ovine bronchial 
tissue as a surrogate model for human bronchi, to derive 
constants for an anisotropic constitutive model that can be 
applied in computational modelling.  
 
2. Methods 

Bronchial tissue was extracted from the first generation of 
ovine main bronchi and samples were prepared for 
circumferential, longitudinal and biaxial tensile testing. A 
Zwick/Roell tensile tester applied a displacement rate of 
1mm/min and samples were tested to failure. Stress-strain 
experimental data curves for uniaxial and biaxial loading 
modes were obtained. Anisotropy of ovine bronchi tissue was 
studied quantitatively, using a stress-based anisotropy 
measure. The degree of material anisotropy Aσ was 
characterised by comparing the biaxial stresses in the 
circumferential (σc) and longitudinal (σl) direction. (Aσ = abs 
[(σc-σl)/σl]) 

Fresh ovine bronchi tissue was fixed in formalin, wax 
embedded, sectioned into 5𝝻m cuts and mounted on glass 
slides. A staining protocol for glycosaminoglycans (sGAG) 
with Alcian Blue was enacted. ImageJ software was used to 
measure the content and alignment of cartilage within bronchi 
sections. 

 
3. Results 

Anisotropy of the tissue was observed in the biaxial 
experimental curves (Figure 1(a)). Assuming Laplace’s law, 
where the bronchus is a thin-walled vessel, the hoop stress 
was calculated (σθθ = Pd/2h). For a bronchus diameter (d) of 
18 mm and a wall thickness (h) of 1 mm, the hoop stress3 was 
calculated to be 0.11 MPa, where the maximum expiratory 
pressure (P) of the main bronchi in humans is 0.012 MPa3. An 
average anisotropy of 0.27 was calculated. 

  

 
 A volume fraction of 25.2% cartilage within the bronchi 
was obtained, where the remaining tissue is composed of 
connective tissue (Figure 1(b)). Preferential alignment of the 
hyaline cartilage plaques was evident in the histological 
images, consistent with the stress anisotropy. 
(b) 

 
Figure 1: (a) Biaxial tensile testing results; 

(b) Composite histological image of cross-section through ovine 
bronchus  

 
4. Discussion 

Ovine bronchial tissue demonstrates considerable 
anisotropy, attributed to the mechanical properties and 
inhomogeneous alignment of the hyaline cartilage plaques 
within the connective tissue of the bronchial wall. The 
experimental results allow for the characterisation of 
bronchial mechanical behaviour and constitutive law 
development, which will advance computational modelling of 
bronchial tissues for bronchotracheal device design.  
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