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Abstract 
The relationship between a tracheobronchial stent and 

the airway it is deployed within is complex. This study 

investigates the interaction using computational 

methods developed and calibrated against ovine in-vivo 

data.  

 

1. Introduction 
  Tracheobronchial stents are tubular scaffolds deployed 

to provide support to damaged or diseased airways. The 

stent must keep the affected lumen patent while limiting 

tissue damage and stent migration. The interaction 

between the airways and tracheobronchial stents needs 

to be understood to be able to improve current stent 

designs, but to-date little work has been reported in the 

literature on this relationship [1]. This study 

investigates the interaction of bare and polyurethane 

(PU) covered self-expanding stents with an ovine 

bronchial model, under different loading conditions, 

using a validated stent material model and in-vivo data 

of stent deployment. 
 

2. Methods 
  A nitinol stent is designed and experimentally 

validated; computational models of crimp and 

deployment in bare and PU covered configurations are 

generated using Abaqus/Explicit. A realistic in-vivo 

ovine lung geometry is obtained from CT using the 

commercial software Mimics. Material properties for 

the airway are obtained experimentally. In-vivo stent 

deployment is simulated in Abaqus and calibrated 

against fluoroscopy results pre- and post-stenting. 

Physiological lung deformation is coupled with a 

pressure analysis to evaluate the effect of breathing and 

coughing on both the bronchus tissue and the stent in 

question. Results of the analysis are compared to in-

vivo animal results with respect to inflammation and 

migration. 

 

3. Results 
 Computational and experimental results simulating 

stent crimp and deployment confirm that the 

computational models replicate stent behavior during 

loading (Figure 1 (a)). This has not been previously 

demonstrated for a covered stent simulation. The in-

vivo stent deployment and pressure loading analyses 

indicate that the stress in the tissue directly after stent 

deployment (Figure 1 (b)) is almost 5 times higher than 

the maximum stress observed in the same area during 

an unstented cough analysis. 

 

 
Figure 1 (a) Computational and experimental 
radial force results for bare and covered stent 
configurations. (b) Deployed stent showing 
stress distribution in bronchus. 
 

4. Discussion 
  This study combines validated stent computational 

models with in-vivo loading to produce a model to 

improve understanding of the stent-bronchus 

relationship. Further enhancement of the model will 

allow validation against in-vivo animal results which 

can lead to improved stent design.  
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