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Background 

ÅIn France, 11% of workers are exposed to Hand-Arm transmitted Vibrations (HAV)

Â 8% have an exposure time 20 hours / week

ÅA sustained exposure to HAV can perturb some mechanical quantities inside the digital artery:

Â Wall Shear Stress (WSS) values (the mechanical shear stress exerted by the blood on the arterial wall)

Â Dynamic stress and deformation fields.

ÅOn the long term, these perturbations may lead to various 

vascular pathologies and disorders such as:

The vibration-inducedwŀȅƴŀǳŘΩǎ ǎȅƴŘǊƻƳŜi.e.

Vibration White Finger(VWF). Vibration White Finger
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Background 

ÅRaynaud’s syndrome: a vascular disorder that causes vasospasms in the body extremities (fingers 
and toes), often triggered by cold or emotional stress.

ÅIt is characterized by an arterial growth and remodeling potentially induced by an intimal 
hyperplasia phenomenon.

ÅOur goal is to develop a model of the intimal hyperplasia that can predict the degree of arterial 
growth upon exposure to vibration.

Thickening of the intima due to:

Å Presence of Smooth Muscle Cells (SMCs)
in intima instead of in media only.

Å Pathological proliferation of SMCs 
+ SMCs synthesis of ExtraCellularMatrix 
inside the intima.



.4

ÅVibration can reduce the WSS values between the blood and the endothelium and causes a Low 
Shear Stress (LSS) flow inside the digital artery (Noël and Settembre, 2017).

ÅThe LSS can alter some endothelium functions

Â the Endothelial Cells (EC) secretion of Growth Factors (GF).

ÅThese Growth Factors control the Smooth Muscle Cells (SMCs) proliferation and migration.

Methods

LSS GF secretion SMCs Proliferation and Migration

Keystoneof intimal hyperplasia phenomenon

endothelium

Media (SMCs)
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Methods

Vibration-inducedLSS

Lattice Agent-Based Model

Arterial growth as a function 
of WSS

NetLogo© 

- GFsecretion:ά ÆÇÆ733/cell/time

- SMCsproliferation/apoptosis:03-# Ὢ ά

- ECMssynthesis/degradation:0%#- ὪὉὅὓά

-SMCsmigration:ὓ Ὢ ά Hsiehet al. 1991

Example :
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╣◐▄╪►▼

Parameters identification

Growthfactorsconsideredin our model: PDGF-BB
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Methods 

Å2 layers of a muscular artery are modelled, separated by the Internal Elastic Lamellae (IEL):

Â Intima: Endothelial Cells (ECs)

Â Media: Smooth Muscle Cells (SMCs) + ExtraCellularMatrix (ECM)(collagen and elastin fibers)
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Methods

A regularization method 
to ensure isotropic movement of the cells 

while migrating  

Rearrangement of cells following the 
minimum energy principle
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Results

ÁPhysiologicalstate: no exposureto vibration Č WSS = 3 Pa

ÁWorkingconditions: exposureto vibration Č WSS = 1 Pa
Á 4h / day

Á 1h / day

Vibration: WSS = 1 Pa

WSS = 3 Pa
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Results

ÅSimulatingthe physiologicalequilibrium(in the absence of vibration)
ὖ ὖ

ὖ ὖ
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Results

ÅSimulatingthe intimal hyperplasia 

Workingcondition: 4 h of exposure/ dayfor 5 years

50% stenosis
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Results

ÅSimulatingthe intimal hyperplasia 

Workingcondition: 1 h of exposure/ dayfor 5 years

5% stenosis
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Conclusion

ÅImplementationof a latticeagent-basedmodel of the vibration-inducedintimal
hyperplasia in NetLogo.

ÅThe model candescribethe physiologicalstate and predict the isotropicarterial
growth as a functionof exposuretime to vibration.

ÅIt cansimulatedifferent workingconditions and predict the resultingdegreeof 
arterialgrowth specificto eachcondition.

ÅThe model has the ability to includemore agents and to studydifferent and more 
complexcellular phenomena.



.13

Agent-basedModel
- Proliferation, migration, 
apoptosis…

Finiteelementmethod

Geometry, anisotropy..

Time

Outlook

Stress, deformation..
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